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INTRODUCTION

Canada's new Department of the Environment came into being on
June 11, 1971 and amalgamated those elements within the federal
government involved in work related to the environment and re-
newable resources. "Environment Canada" comprises five mission-
6riented services:
Atmospheric Environment Service
Environmental Management Service
Environmental Protection Service
Fisheries and Marine Service
Planning and Finance Service
Six main goals were listed by Environment Minister Jack Davis
following the creation of the new Department:
(a) Carry on established resource programs and services
(b) Clean up and control pollution
(c) Assess and control the environmental impact of major
development
(d) Initiate long-term environmental programs. Promote and
support international environmental initiatives

(e) Develop an environmental information and education program.

Vs

fﬂe federal environmental role is prescriptive (objectives, criteria,

standards), descriptive (state of the environment) and punitive

(prosecution).

The general policy of Environment Canada is to control any

contaminant (pesticide) which, upon release or escape into the



environment, may have a harmful effect on living resources,

andfhhich poses a threat t9 human héa]th. The basic steps

involved in a pesticide (i.e., insecticide or herbicide)

hazard control program are:

(a) to gather the necessary information on the kinds, quantities
and locations of the release of a pesticide.

(b) to undertake certain teéts on suspected contaminants to the
énvironment, or require the producer to undertake these
(i.e., toxicity to non-target organisms, sublethal effects
etc.).

(c)‘ to restrict the release of certain pesticides, partially or
totally as the tests indicate, by ﬁegu]ations?under new and
existing legislation, or by employing the regulations of
others.

(d) to conduct an appropriate program of research and monitoring
of the effects of the pesticide on the environment. Of
fundamental importance to the entire strategy are pathway
determination and mass-balance studies of pesticides and

potentially adverse changes in biota from contamination by

toxic substances including pesticides.

A number of Acts and Regulations assist Environment Canada to
fulfill its mandate. The five Acts utilized most frequently in
relation to pesticides are:

Canada Water Act

Clean Air Act

Fisheries Act



Migratory Birds Convention Act

Forestry, Development and Research Act

2?/ lLavn w~Act““?h“’Con:?m1nants Actf"ié//pes?ﬁ??@ﬁxﬁﬁ?up
formy a 4;Jmengzeanad |

It is appreciated that the use of some chemicals to control the

impact of pests on man's food, health and general welfare justifies
their use and that, furthermore, their use in the future is
necessary to ensure a sufficient supply of food"in a finite land
space with a rapidly increasing human population. The problem
therefore becomes one of the wise and carefully controlled use of
such chemicals, backed by a sound program of research and control
to define and minimize the potential for trouble involved in their

use.



ROLE, INVOLVEMENT AND CONCERNS --

2.1. Atmospheric Environment Service:

The Atmospherié Environment Service is not directly involved with
pesticide and herbicide application, but has available a fund of
information and expertise on the meteorological parameters which
direct]y effect the dirft and.deposition rate of emitted chemical
treatments. To produce the correct dosage and planned spatial
coverage requires the advance knowledge of the local wind field
and turbulence structure which will be present during application.
‘ heﬁiiéj;ﬁ —esseptial-to-have—advancesknowledge of the loc_
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appHic . Further, it is essential to have advance knowledge

of the probability of precipitation occurring after application

and before the chemicals have had their desired effect.

Meteorological advice may be inserted into.the planning at a

number of stages. For example: -

(a) Long-term climatological data may be analysed to isolate
periods of time in which the correct meteorological para-

meters are likely.

(b) An operational outlook may be made available up to a week
before planned application at which time the probability of

the selected climatological events occurring may be decided.



(c) In the period 12 hours to 48 hours before application an
operationé] weather forecast may be made, based on the
synoptic situation and the effects of the local topography

on the larger scale weather.

(d) On site meteorological advice may be necessary during
application in particularly complex terrajn;

This type of weather advisory assistance was applied with evident

success in June, 1973, when the Canadian Forestry Service conducted

aerial spraying of the Sprucewoods Forest Reserve near Carberry,

Manitoba.

Research relative Fo the transport of particulate matter provides
an excellent basis:for the assessment of large-scale transport

of pesticides. Because of their size, pesticide sprays, dusts

and their residues can be readily picked up by the atmosphere
through turbulence, and transported great distances by wind.

The pesticide is returned to the earth mainly through the processes
of turbulence, sedimentation, impaction, and rain-out. Depending
on the nature of the pértic]e and atmospheric conditions,

pesticide residues from a single source area can travel vast
distances or remain suspended in the air for hundreds of days.
While the deposition may be extremely widespread, local subsidence,
rain-out and/or persistent synoptic-scale patterns may cause certain

regions to receive more substantial accumulations than others.

(Mukammal and McKay, 1971).



3.

ROLE, INVOLVEMENT AND CONCERNS --

3.1.

(a)

Environmental Protection Service:

The priméry role of the Environmental Protection Service,
(EPS), as the name implies, is to safeguard the ecosystems
from the effects of deleterious chemicals or substances.
This includes pesticides, whether they be in the form of
solids, liquids, or gases, dissolved or otherwise,\and
irrespective of the methbd by which they are discharged.
In April, 1972, the Environmental Protection Service in
Vancouver was formed and has since assumed those pesticidé
control responsibilities thét.were brevious]y administered

by the Fisheries Service.

E.P.S. is also responsible for the coordination of all

matters relating to pesticides Within the.Department of the
Environment. Pest control programs submitted to the

British Columbia Interdepartmental Pesticide Committee are
forwarded to E.P.S. for comment. E.P.S., in turn, forwards
details of these programs to appropriate servfces within
Environment Canada for review and comment. A final coordinated
reply on behalf of Environment Canada is provided to the
program sponsor and to the Chairman of British Columbia

Interdepartmental Pesticide Committee.

Furthermore E.P.S. conducts surveillance and monitoring of
selected pest control programs to evaluate the impact of
pesticides on the environment, particularly non-target species,

under British Columbia conditions.

6.



(b)

(c)

Additionally liaison with Federal and Provincial government
departments, universities, industry and the public is

maintained.

E.P.S. Pacific Region (comprises B.C. and the Yukon Territory)
participates in numerous control programs. A strict examina-

tion and assessment is carried out with respect to:

(1) The type of pesticide USed,

(ii)  Formulation,

(iii) Rate, hethod, concentration, number of, timing and
location of application, etc.,

(iv)  Possible hazard§ of each toxicant and/or its metabolites
on the environment, especially non-target flora and fauna,

(v) Monitoring of spray drifts and their effects on non-
target aquatic and terrestrial invertebrates, fishes,
birds, mammals, etc.,

(vi) Establishing whether detrimental pesticide effects, if

any, are temporary or permanent.

The major programs we have been involved with in the past year
are:

(i) Mosquito Abatement Projects

Lower Fraser Valley Mosquito Control Program

Interior of Southern British Columbia Mosquito
Abatement

Yukon Territory Mosquito Control Project

(i) Blackheaded Budworm Operation of Western Hemlock

near Port Alice and Port McNeill of Northern



(iii)

(iv)

Vancouver Island. E.P.S. and other Environment
Canada Services were involved in this program from the
initial stéges through the auspices of the Pest Control

Committee of the Council of Forest Industries.

Rights-of Way Programs of B.C. Hydro and Dept. of

Highways.

These involve the use of several herbicides, chiéf]y

triazines and phenoxy compounds.

Alder Control Programs of B.C. Forest Industries.

A number of herbicides are used for alder suppression,
mainly the phenoxy and triazine toxicants. E.P.S. is
presently engaged in a pesticide project involving the
use of phenoxy compounds for roadside control of alder.
The principal object of this study is to obtain data
regarding the influence of phenoxy compounds on British
Columbia ecosystems, with emphasis on the following
observations:

-- Impacts on non-target organisms, especially
aerial arthropods, birds, plants, and wild-
life;

-- Forests pesticide spray drifts and their
influence on non-target flora and fauna,
including fish and fish food organisms;

-- Minimum dosage required to suppress target

species;



-~ Timing of application to achieve satis-
factory control with minimum environmental

damage.

(d) The E.P.S. main concern is the potenﬁia] hazards of pesticide
v»contamination of the environment, particularly non-target
aquatic and terrestrial species. Certain pesticides, their
residués, metabolites and/or contaminants have been reported
to have adverse gffects on some segments of the ecosystem.
Their introduction to such systems could initiate a number
of. reactions, which invariably have a detrimental effect on

man. For example:

(i)  Reduction of‘§pecies number

The direct épplication of pesticides to crop lands,
forests, and other habitats may reduce and sometimes
temporarily exterminate not only the pest, but also

non-target organisms in the treated area.

(i1) Alteration of habitats
Pesticides afe effective in altering habitats.
Herbicide de;truction of plants on which animals
depend for food and shelter, may cause significant
reduction in their numbers in the treated area. Changes
in vegetation afe usually detrimental to dependant
species, but may also be favourable for other species.

For instance, when the tops of mature forest trees



(iii)

were killed with herbicides, the trees sprouted from
their bases, thus improving browse for some animals,

e.g. deer, (Pimental, 1971).

Pesticide persistence, movement and residues in the

Environment.

Persistent pesticides remain in the environment and
are biologically effective over long periods of time.

The obvious disadvantage is that the longer the chemical

persists in the environment the greater are the risks

involved. Residues can result in prolonged hazards to
organisms in the treated area. Furthermore transport of

the chemicals and/or residues by soil, water, air, or

' organisms?far removed from the point of application.

Persistent chemical residues, for example, DDT are
widespread in nature. Some degradation products are

more staq1e and toxic to certain segments of the environ-
ment thanithe parent compound. The methylation of
mercury Snd epoxidation of certain of the cyclodiene
pesticidés are additional examples illustrating these

phenomena.

Biochemical, behavioural, physiological and reproductive

changes in species.

The chronic effects of sub]ethal concentrations of

pesticides are often difficult to recognize and diagnose

10.



buE)may be more hazardous than acute toxicity: For
example, long-term exposure to minute amounts of;
pesticide and or their metabolites have been

reported to adversely affect normal functions of some
organisms. In some instances insects, mites and some

mammals have acquired resistance to certain pesticides.

Biological magnification

The ability of some living organisms to accumulate certain
pesticides in their body tissues appears to be a

commdn physiological phenomenon. The organochlorine
insecticides are most often involved in this process.

The capability for concentrating pesticides is best
illustrated by oysteré and waterfleas. Oysters exposed
to 1 ppb_of DDT have been reported to concentrate it
70,000 time; in their bodies. (Butler, 1964; and Pimental
1971). watérfleas are even more efficient; they were
able to concentrate 0.5 ppb of DDT by a factor of
100,600, (Priester 1965; and Pimental 1971). Normally,
the capabi]ity for biological magnification is not

as great as %his, but when the event is repeated through
several links in the food chain, extremely high
concentrations of pesticide residues can occur in the
species at the top of the food chain. An example is

the simple food chain involving soil, earthworms and

1.



robins: An initial DDT level in the soil of 9.9 ppm,
reached 141 ppm in the earthworms, and about 444 ppm
in robins, (Hﬁnt, 1965; and Pimental, 1971). This
high concentration in the robins was toxic to some

birds.

12.



4, ROLE, INVOLVEMENT AND CONCERNS -- Environmental Management Service

This Service of Environment Canada comprises the following:

4.1.

Canadian Forestry Service
Canadian Wildlife Service
Inland Waters Directorate

Lands Directorate

The Canadian Forestry Service (CFS):

CFS is the largest forestry research agency in Canada.
Its prime function is one of forestry and forest products
research rather than forest management which is conducted
largely by the various provincial governments. The
Minister of the Environment administers the Forestry,
Development and Research Act, which providés "for the

conduct of research relating to the protection, management,

“and the better utilization of forest products”. The Act

also stipulates that the Minister may undertake, promote

or recommend measures to encourage public cooperation in

the wise use of the country's forest resources, and that

he may enter into agreements with the provinces or any
person in connection with the forest protection, management,
utilization, and reTated research, or for forestry
publicity or_education. This responsibility is channelled
through the Director General of the Canadian Forestry

Service.

13.



Research activities are conducted at six regional

centres across Canada, including the Pacific Forest
Researéh Centre, Victoria, and at six specialized institutes,
the Petawawa Forest Experiment Station, and at the Eastern
and Western Forest Products Laboratories in Ottawa and
Vancouver. A1l the regional centres areICOncerned to

some extent with pest problems, although priorities vary,
as each establishment pursues the forestry problems of most
immediate concern to the areas served. Two institutes,

the Insect Pathology Research Institute, Sault Ste. Marie,
Ontario, and the Chemical Control Research Institute,
Ottawa, are exc]usive]ybconcerned with pests and pest-
related research, whereas most of the other instituteé
have, on occasion, investigated aspects of pest problems
related to their fields of specialization. The activities
of all these establishments are coordinated through the
Directorate of:Operations in the Canadian Forestry Service

Headquarters, dttawa.

In addition to the primary activities of pest research
and serVices, the Canadian Forestry Service participates
in the.review of pesticide regulation and use through
representation on various committees of the federal
government, including:

" 1. Federal Interdepartmental Committee on
Pesticides. ;

14.



2. The N.R.C. Associate Committee on Scientific
Criteria for Environmental Monitoring.

3. The N.R.C. Associate Committee on Agriculture
and Forestry Aviation.

4. The Interdepartmental Committee on Forest
Spraying Operations.

5. The Annual Forest Pest Control Forum.

6. Canadian Forest Pest Control Committee.

Brief descriptions of committees 1, 2 and 3 follow below.
Committees 4,5 and 6 are described in more detail as

they relate more directly to forest pest problems.

Federal Interdepartmental Committee on Pesticides

This Committee was formed in 1964. Current official
representation is as follows: Agriculture (2 members),
Consumer and Corporate Affairs (1), Environment (5 members:
Environmental Protection, Wiidlife, Forestry, Fisheries,
and Water), Indian Affairs and Northern Development (1),
National Research Council (1), and National Health and

Welfare (2).

Briefly, the terms of reference for this Committee are as
follows: to assess the adequacy of the overall Canadian
program on pesticide use; to take appropriate action on
recommendations flowing from the Health and Drug Directorates
of the Department of National Health and Welfare; to

~ provide the liaison with appropriate provincial authorities;

15..



and finally, to advise the federal government on inter-
national developments affecting insecticides. This
Committee, chaired by the Assistant Deputy Minister of
Agriculure, meets twice annua]]y and reports to the
Ministef of Agriculture; copies of reports going to

Ministers of other Departments represented on the Committee.

N.R.C. Associate Committee on Scientific Criteria for
Environmental Monitoring

This Committee was formed in 1970, with representation

from the National Research Council, Department of Agri-
culture, Department of the Environment, Department of National
Health and Welfare, Cyanamid of Canada and York Unfversity.
The terms of reference fo the Committee are basically to
prepare and publish criteria for po]]utanfs in air, water

and soil, and to this end three sub-committees have been

established, one dealing with pesticides.

This sub-committee is just beginning to operate and is
directing its attention initially to developing procedures
for meésuring pesticides within the human sphere of

protection, as well as within the environment in general.

N.R.C. Associate Committee on Agriculture and Forestry
Aviation

This Committee was formed in 1966, with representation

from the National Research Council, Canadian Transport

16.



Commission, Departments of the Environment, Agriculture,
National Health and Welfare, the Ministry of Transport,

and 13 members from industry. It is a national committee,
with the following objectives: to promote and advise on the
design and performance of spray aircraft equipment; to
promote deve]opment and improvement in spray aircraft
operationa] techniques, and to advise on chemical safety

and flight during operational spray programs.

The committee encourages close liaison and cooperation with
| any agency dealing with large-scale aerial spray programé,
and it should be kept fully informed on operationaf

spray programs undertaken by a province with federal

financial assistance.

Interdepartmental Committee on Forest Spraying Operations

This Committee has been superseded by the two described
bé]ow, but since it has been mentioned in other briefs,

its history is summarized for the record. It was formed

in 1958 following & meeting called to discuss the conflicts
between fisheries and forestry resources, which had been
brought into focus by DDT spraying operations in eastern -
and western Canada. The Committee was originally comprised
of representatives of the Fisheries Research Board, the
Department of Fisheries, the Canadian Wf]dlife Service,

and the Canadian Forestry Service. Additional representa-
tioh has since been provided by the Departments of Agri-

culture, National Health and Welfare and other federal

17.



agencies. Throughout the 1life 6f the Committee, the

meetings were regularly attended by representatives of

provincial Forestry Services, including British Columbia,
and industrial agencies such as the Council of Forest

Industries of B.C. The aims of the Committee included:

(a) Review of forest insect outbreaks, prdbabi1ity
of damage to the forest, and hézards to other
forms of 1ife that would result from chemical
control operations.

(b) Coordination of recommendations for control
action and safeguards to be taken.

(c) Support of additional research to develop less
hazardous insecticide formulations and improved
methods of application.

During the period 1969-1972 the federal government with-

drew financial support to forest spraying operations, but

the Interdepartmental Committee on Forest Spraying Opera-.
tions remained a viable forum for the exchange of infor-
mation. In 1973 federal support for selected control
operations in cooperation with Provincial agencies was
renewed under the authority of the Minister of the Environ-
ment, énd the Interdepartmental Committee on Forest Spray-
ing Operations was dismissed. Thé following forum and

committee were formed in its place.

18.



Annual Forest Pest Control Forum

This meeting, organized by the Canadian Forestry Service,
will replace the communication fun;tion of the above
Committee and encourage the exchange of information
between province, industry and research agencies on forest

pest control problems.

Canadian Forest Pest Control Committee

This Committee was formed in 1973 to enter into agree-
ments with the provinces for the sharing of costs involved
in certain pest control operations. At present, financial
assistance is limited to control bperations against

spruce budworm, hem]bck looper, the pine sawflies; and

accidentally introduced pests.

The Committee consists of representatives of the Depart-
ments of the Environment, Agriculture, National Health
and Welfare and other Departments as required. It will
review requests from the provinces from the standpoint
of controlling forest pest outbreaks, which, if unchecked,
would have: |

-- deleterious effects on the environment over large

areas;
-- adverse economic consequences on the forest indus-

try;

19.



-- significant.sociologica1 consequences such as
reduced employment or loss of_recreationa] use of
forest land; or

-- serious risk of spread across interprovincial or
international boundaries. _

The Committee will also consider proposed control methods
to be employed, and health and environmental hazards. It
will recommend to the Minister of the Environment control
projects which, in its opinion, Warrant federal financial

assistance.

A variable threshold deductible, to be paid wholly by

the province, has been set for each province. It is

based on provincial forestry revenues at national

average provincial rates, per capita. Above the threshold
there is an escalating rate 6f»federa1 financial support,
ranging from 25 per cent for the first $25,000 above

the threshold to 50 per cent of costs in excess of

$1,250,000.

Pest Control Committee - Council of Forest Industries

In British Columbia, the Canadian Forestry Service
participates as an active adviser to the Pest Control
Committee.of the Council of Forest Industries. The
purposeland functions of this Committee are described in

the Council of Forest Industries‘brief.

20.



4.1.1.

X
Y

The existing forum for discussion of forest pest

problems has been an invaluable committee; however,

its 1fmitations should be recognized. It does not permit
a province-wide review of the forest pest situation, nor
is it concerned with pest probiems in amenity or
recreation areaé unless they coincide with the interest

of production forestry.

esearch and Services 1n Pest Control in the Canad1an
Forestry Service.

(a Pesticides:

No attempt has been made to develop or maintaiﬁ an accurate
estimate of lesses as a result of insects and diseases in the
forest of British Columbia; however, they are usually con-
s1dered to approximate the losses from wildfire. Many pests
are involved and all tree species are susceptible. The
destructive action may be sudden and dramatic, (e.g., out-
breaks of bark beetles, defoliators), or slow and prolonged,
(e.g., stem diseases, wood borers). Frequently pests do not
ki1l trees, but render them unsuitable as a forest product
or reduce their amenity values, e.g. tip weevils. Al1 stages
from seed to over-mature relics are subject to attack by
these organisms; this is a natural biological process and,

in fact most of the forests of British Columbia are the

result of the natural ecological processes of insects,

21.



disease and fire, acting separately or in concert

through time.

CFS scietists have reéognised this for many decades: and

the investigations on major pests, which began in the early
1920's, have béen directed toward determining the eco-
1ogica1, sociological and economic factors, to formulate
forest management guidelines designed to prevent con-

ditions that increase the risk of pest outbreaks.

The current program at the Pacific Forest Research Ceqtre,
prepared in consultation with the Provincial Forest Service,
industry and the University of British Columbia, reflects

to a large extent, the areas of major concern and priority

in the forests of British Columbia.

There are major projects on:

- bark and wood-boring insects
- defoliators
- the balsam woolly aphid
- tip and shoot mining insects

- stem diseases
- root diseases
- forest nursery pests
- the biological control of decay and root fungi
- detection and appraisal of tree pests and damage

- seed and cone insects

22.



Twenty-seven scientiéts are involved in these studies.

In addition to foresters, forest entomologists and
patho]ogisté, this group includes insect physiologists,
tree physiologists, taxonomists, mycologist, a nematologist
and an insect toxicologist. Other disciplines, including
chemistry, climatology, hydrology, mathematics, soil
science, silviculture, plant ecology, economics, etc.,

are available in the Centre and actively cooperate as
required.

Some Canadian Forestry Service Accomplishments in Reducing
the Need For Pesticides in British Columbia

-~ The aim of the Canadian Forestry Service research program
is to develop forest management gufdelines that will reduce
losses and the need for direct control action. A few
examples follow.

-- The attractiveness of cut logs to the ambrosia beetle is

direct]y related to the time of year when the tree was
felled; thus, by adjusting log movements from the forest,
the risk of ambrosia beetle attack can be considerably
reduced.

-- The balsam woolly aphid, which has defied direct control,

has been contained within a static area since 1967. This
may be due to a quarantine on all balsam fir seedlings and
voluntary restrictions on log movehents agreed to by the
forest companies. Considerab]e research on the climato-
Togical and dispersal characteristics of this pest formed

the basis of these guidelines.

23.



-~ Several management practices have been recommended to

control bark beetles, all aimed at reducing the availa-

bility of breeding material. These include removal of low-
vigor, high-risk trees through selective cutting;
sanitation through cleaning up material such as logging
slash, windfall and fire-killed timer; and reduced

stump heights. Another practice is to log attacked

trees before the beetles emerge to infest other trees.
These practices are feasible and effective in situations
where the outbreaks are re]ative]y_sma]]. Many of the

1973 timber sales in the interior of the province are

stands of beetle-killed trees.

-- The hemlock dwarf mistletoe problem can be resolved

largely by sanitation cutting, where all hemlock are
felled during the logging operation to ensure that a
mistletoe infection source is not left on residual

standing trees to infect future stands.

-- The impact of root rot diseases, which are difficult to

control, can be reduced through silvicultural manipulation
of infected stands, such as early removal 6f infected |
trees, clear-cutting of infected stands followed by
planting of resistant species, and removal of infected

stumps and roots in high-value sites.

24.



-- In forest tree nurseries, it is imperative to control

forest pest damage in order to preserve the continuity
of sustained yield management from year to year.
Pesticides are frequently used in these nurseries, but
there has not been the same degree of concern because
their use is confined to fe]ative]y small areas.
Nevertheless, the nurseryman is able to employ several
cultural practices that reduce the amount of pesticide

required.

Research programs have shown that the following practices
can reduce the need for pesticides: controlling soil '
moisture, temperature, nitrogen level and pH; time of
planting; summef fa]]owing; sanitation practices, such as
burning infected material; removing alternate hosts for
certain fungus diseases; inspection of imported plant stock;

- and growing species (e.g., pine) outside the natural range

of its major pest (e.g., European pine shoot moth).

Role of Canadian Forestry Service Institutes in Pest
Control in B.C.

The experience and consultative services of other regional

Centres are readily available to the Pacific Forest Research

Centre.

The Institute, Sault St. Marie, Ontario, with a staff of 19
scientists is directed to the study of insect pathogens,

(bacteria, viruses, fungi and protozoans).

25.



pheromones and insect reproduction physiology. There
have been some notable successes in the field of insect
pathology, e.g., control of certain sawflies by the use
of viruses; mére will be said later about biological

control.

The program of the Chemical Control Research Institute,

Ottawa, with 13 scienfists, is directed toward insecticide
testjng and application trials, studies of environmental
impact of pesticides, and the integrated use of biological and

chemical control.

The general procedures of the Chemical Control Research
Institute serve as a model for the Canadian Forestry
Sérvice protocol for dealing with pesticide investigations
across Canada. Briefly, this Institute reviews the data on
new pesticide compounds submitted to it as candidates for
forestry use. %hose satisfying certain criteria, including
1owvtoxicity to non-target organisms, are tested in the
Taboratory for effectiveness against various forest pests.
The most promising materials are tested more rigorously in
the laboratory and, if warranted, sma]l-sca]e field trials
are carried out to assess effectiveness under natural
conditions. If the material is still promising, large-

scale field trials are carried out to assess effectiveness

under natural conditions. If the material is still promising,

26.



Targe-scale experimental tria]s will be conducted with
operational app]1catan equipment apq techniques. Effects

on non-target organisms are monitored and checked by

wildlife ecologists aﬁd residue che&ists, who collaborate
with scientists in other missions of the Department of
thé‘Environment and other government agencies or with univer-
sities through contractual arrangements. If the candidate
chemical survives the testing procedure, it can be used

on an operational scale, where monitoring is continued. If
the chemical is still acceptable, it can be recommended

for registration and general forestry use against the

target species. Registration for use against other species
of insects is not granted until additioné] testing is done.
The insecticide, fenitrothion, which the Canadian Forestry
Service recommended this year for use against the blackheaded
budworm in northern Vancouver Island, is a major example

of an insecticide that has been subjected to this rigorous

~ screening program. Two reports (Krehm 1973; Yule 1971)

illustrating the comprehensive information available are

submitted separately to the Commission.

Role of Canadian Forestry Service in Major Pest Control
Projects '

Where outbreaks of destructive forest insects aré extensive,
the forest manager is faced with the risk of widespread and

severe losses of timber. In British Columbia, outbreaks of
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the hemlock looper and the blackheaded budworim have

extended over hundreds of thousands of acres and killed
hundreds of millions of board feet of prime timber. In
Central B.C.,’over one-billion cubic feet of spruce was lost
to the spruce!bark beetle in the major outbreak between

1956 and 1965. Destructions of this magnitude can have a

Tong-term effect on the forest ecosystem and on the socio-

economic sturcture of a region.

Aerial spraying with pesticides has been used extensively
to protect 1arge areas of foresf from severe defoliation.
The most notable examples are the spraying operations
against eastern hemlock looper in Newfoundland. Most of
the spraying operations in British Columbia were reported

in the Council of Forest Industries brief.

i .
At present, direct control techniques are not practical
for the bark beetles, although significant advances are

being made in developing procedures that may have applica-

fion in the future. For defoliators, there are several

insecticides that can be sprayed from the air, and this

Jechnique has proved to be effective on many occasions.

The Canadian Forestry Service role ‘in these operations is

to provide advice and guidance to the resource manager in

the decision-making process and the conduct of the operations,

and in the assessment and reporting of the results. Costs

may also be shared according to the formula described earlier.
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Procedures and the ratioha]e employed in the decision-
making process in these large-scale operations are described

below.

The CFS conducts an annual survey of forest insect and
disease conditions throughout Canadé. Specially trained
scientists and technicians are in the field throughout

the summer, collecting samples in pre-selected areas and
where insect outbreaks occur or are suspected. They
collaborate closely With industry and other government
forestry staffs to survey, map and report promptly on

pest conditions. Serious pest outbreak conditions are
reported in detail to the B.C. Forest Service and to the
coordinating and action committees, such as the Pest antro]
Committee of the Council of Foresf Industries or the Kdotenay
Pest Control Committee. In situations where there is a
potential for significant tree mortality, special surveys
are made in collaboration with industry and the B.C.

Forest Service to collect detailed data on the conditions
of the outbreak area. This information is énalyzed and
presented to special meetings where repfesentatives of
industry, B.C. Forest Service and other provincial aﬁd
federal agencies responsible for the several aspects of
resource and environmental management can evaluate the

situation and determine an appropriate course of action. In
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most 1nstances, no control action is warranted, in a few
cases, preparat1on for control iwth the ‘option to abort may

~ be necessary (e.g., hemlock needle miner outbreak on North
Vancouver Island, 1965). On rare occasions, it is

necessary to conduct a protective control operation;

however, only a portion of the infestation area is considered
for protective action. Eradication of a pest, or control

of epidemic popd]atidns, is not regarded as feasible or

desireable.

In arriving at the decision, the forest managérs will

consider:

(1) The forecasted population density and its effect
on tree condition.

(ii) The present condition of the forest in terms ;f recent
defo]iation.history, vigor and age of stands, species
composition and susceptibility to the pest.

(fii) Alternatives to direct cdntro] action and their

consequences. These include: salvage logging,

in which the capability to salvage must be assessed
along with the cost of a]tering.logging plans through
decadence of unharvested standSGWhich must be left
while the salvage operation is undertaken, and no
action, resulting in extensive mortality and loss of
timber and increased fire hazard over large areas

for many years.
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(iv) The overall forest management plans for the area
and the region.

(v) The alternative objectives of the proposed operation
that must be considered. These can range from:

(a) simply keeping trees alive that would die if
defo]iated.the next year, to (b) preventing

reductions in annual increment and risk of loss to

decay by top killing or accelerated decadence in
old-growth stands, to (c) protecting amenity, recreation-
al, property and other non production forestry

related values.

(vi) The economic and social consequences of inaction and
various levels of action. Some form of cost benefit
analysis is usually required. For relatively small
operationé, where the benefits are obviously high,

- the analysis may be curéory and'highly subjective, but
it is mandatory for thellarger programs;IWhere federal

financial support is expected.

The Canad{an Forestry Servfce also advises on the choice of
insecticide, the dosage and method of application. Regional
centres usually consult with the operational manager con- .
cerning the boundafieﬁ of the area to be treated, and advisé
on the development of the insect throughout the area and
when to commence and ceasé operational spraying. The

Service also assesses the effectiveness of the operation in
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/.
terms of insect population reduction and foliage
protection. Special studies are usually carried out by
CFS staff to determine effects on potentially sensitive
non-target organisms. For example, in the operation this
year on North Vancouver Island, the Chemical Control
Research Institute conducted a special study to monitor the
effects of fenitrothion on birds and small mammals in the
coastal B.C. forest ecosystem. Special studies are also
made on spray application equipment and procedures, coverage

and drift.

Current Trends in Pesticide Use in Forestry

The nature and manner of pesticide use in forestry has
changed significantly in the past decade. This is most.
evident in eastern Canada, where large-scale aerial

spraying programs are still required to prevent extensive
1ossés to the spruce budworm in the forests of Quebec and

~ New Brunswick. A decade ago DDT and Phosphamidon were widely
used'at dosages of 1/2 to 1/4 1b. per acre. Today a more
selective insecticide, fenitrothion, is used in these programs
along with Zectran and Metacil. Application technology has
improved considerably and dosages are in the order of 1 to

3 ounces per acre; with spray droplet sizes and frequency
across the swafh approaching that achieved with sophisticated

Ultra Low Volum (ULV) apparatus.
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Large 4 motor airéraft (DC-6B) equipped with electronic
navﬁgationa] instruments for guidance were used in Quebec
this year and demonstrated the advantages and disadvantages
of this new system in contrast to the more conventional spray
aircraft (Grumman TBM Avenger) guided by observers flying
above them in "bird-dog" aircraft. It was originally

planned to spray at night with the DC-6 system and, although
not approved this year, the concept of nighttime forest
spraying will undoubtedly be thoroughly tested in the

next few years.

‘An apparently successful attempt was made to control a

developing outbreak of the spruce budworm in northwestern
Ontario in 1968 and 1969. In this case an apparent
epicentre was sprayed thoroughly before the epidemic spread
into the surrounding forest. This approach has much to

commend it and should be tested elsewhere.

Experiments were carried out in New Brunswick in 1972 and
again ih 1973 to spray adult moths of the spruce budworm.

Massive moth flights into sprayed areas had often reduced
the effectiveness of the spray conditions in the past and
these trials were.conducted after laboratory studies had

shown that the adults were very sensitive to light dosages
of Dimecron. Tracking of moth flights with radar was also

successfully tested there in 1973.
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In other areas of forestry, emphasis is being placed on
the use of systemic chemicals which are absorbed or
injected into the root system. While the cost factor is
high, the technique may be practical in the protection of

valuable shade and park trees.

Future Need for Pesticides

After a decade of relatively low forest pest activity, we
haye experienced a dramatic increase in the number of
defoliator outbreaks in this province in 1972 and 1973
(Table 1). Most will probably collapse before control is
required but, on the basis of past experience, we expect
that some outbreaks will require protective action if
extensive tree mortality is to be prevented. Each case

will have to be considered on its merits, but it is obvious
that there is a continuing requirement for pesticides in
forest protection. In our opinion, the safeguards incor-
porated into the registration procedures and in the reviews
of proposals by federal and provincial agencies are adequate
to ensure that proposed pest control operations are necessary
and that they will be conducted with minimal risk through-

out the forest environment.
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(b) Biological Control of Forest Insects:
Tz

P
S
,

Jﬁgfihe casual observer of eco]ogica] problems, biological
control is an attractive alternative to pesticides. Un-
fortunately, T1ike most biological processes, it is an
extremely complex and highly detailed subject which, within
the lTimitations of our present knowledge and 1imited
financial resources, only rarely pro?ides a solution to
current pest problems. Rather than review the progress and
theory, we are attaching to the brief a recent review of
biological control programs against insects and weeds in
Canada for the period 1959-1968. This review summarizes'
the current situation in both forestry and agriculture,

and includes many valuable recommendations which we endorse.

We recommend Parts III and IV of this document for the

consideration of this Royal Commission.

Current efforts in the introduction of parasites'and
predators to control pests in B.C. {nclude programs on

the larch casebearer and the balsam woolly aphid.' We

also plan to introduce a promising parasite of the larch
sawfly into B.C. in 1974-75. Successful control of the
larch casebearer has been achieved elsewhere in North
America and we are optimistic of good results in B.C. in
the next few years. Although many species of predators of
the balsam woolly aphid have been introduced into British

Columbia and_e]sewhere in North America, biological control
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with introduced predators of this pest has’not succeeded.

With regard to native biological control organisms, we

" recovered a fungus disease, Cordyceps militaris, from the

green-striped forest looper during the recent outbreak on
Northern Vancouver Island. Techniques have been developed
to propagate this fungus and it Has béen tested in the
laboratory and in the field against several defoliators,
with promising results in some cases. Deve]opment work

is continuing.

A few strains of the bacterium Bacillus thuringiensis

Berliner are available commercially, Effectiveness of B.t.
varies with the strain used, the target species, app]ication
time and dosage and many environmental factors. In many
ways this bacterium appears to act more as a chemical
insecticide than a pathogen, since its effect depends
largely on fhe toxicity of a protein crystal that accompanies
the bacterium spore. Susceptibility varies between orders
and families of ihsects, but the Lepidoptera are among the
more susceptible. Since B.t. acts selectively with 1ftt1e

~ risk of adverse envirpnmenta] effects, it is generally
desirable for widespread application, provided an adequate

degree of pest reduction can be achieved.

Insect pathologists in the Canadian Forestry Service have
experimented with various strains of B.t. for many years

and have been active in its development. Recent experiments
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.

have shown that the effect of B.t. on spruce budworm can be
enhanced with the addition of the enzyme chitinase. Several
trials were conducted in Eastern Canada in 1973 to compare
the effectiveness of two strains of B.t. (with and without
chitinasé) with the insecticide fenitrothion. One strain
oflg,g, was also tested against the false hemlock looper
near Salmon Arm in 1973. This trial was conducted by the
British Columbia Forest Service, Abbott Laboratories Inc.
and the Canadian Forestry Service to determine the suscepti-
bility of the looper through a range of dosages from 1/4

1b. to 1 1b. per acre. It is our expectation that the use
of B.t. will increase considerably. We encourage its use
against lepidopterous defoliators jn parks and other
recreation areas, and near lakes and streams. Further
testing and development may be required before it can be
recommended or becomes practical for general use in

production forests.

(c) Development of Alternative Control Techniques:

The development and implementation of forest management
guidelines to reduce the risks and magnitude of pesticide
outbreaks is a long-term aim of most Canadian Forestry
Service pest research projects. For mahy insects and some
diseases, pesticides offer an immediafe relief in a crisis
situation. Fortunately, the technology of pesticide use

and application has been refined and the risk of wide-spread
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ecosysfem catastrophies has beéh-reduced in a well-

managed operation. Outbreaks of major pests cannot be
confroT]ed by insecticides without causing unreasonable
damage to the forest ecosystem, and thus, chemical

control action is not warranted (e.g., bark beetles and
balsam woolly aphid). However, alternative approaches are
being inyestigated,-some of which appear promising for pests
that cannot be controlled at present and for those that

can be controlled by pesticides.

Pheromones:

Synthetic pheromones that attract certain forest insects
have been produced and are being tested. Ih this region,

we are testing attractants for the spruce budworm and the
spruce beetle in cooperation with scientists in other
Canadian Forestry Service establishments and in the United
States. Both pheromones are proving to be valuable aids

in surveying and estimating population densities. The

bark beetle pheromone, frontalin, is being used to aggregate
spruce beetles and induce them to attack pre-selected

trees, which is a major advance in the manipulation of the

behavior of a population.

Fertilizers:

Laboratory studies with the balsam woolly aphid have shown
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that significant population increases anq decreases

occur when the host tree is treated with different forms

of nitrogenous fertilizer. An extensive study to test

this hypothesis under field conditions is being carried out

in a balsam woolly aphid infested forest near Duncan.

Insect Hormones:

Extracts with juvenile hormone-like properties have been
taken from western red cedar, Douglas-fir and the balsams

in B.C. by scientists at the Western Forest Products
Laboratory and the Pacific Forest Research Centre. These
extracts, and natural and synthetic juvenile hormone compounds,
have been tested in the laboratory at the PFRC and at the
Insect Pathology Research Institute. A small field test
~against the eastern hemlock Tooper, using a commercially
produced juvenile hormone ana]qgue, was conducted this year
by staff of the Laurentian Forest Research Centre in Quebec,
however, results are not yet available. These compounds
hold some promise for insect control but considerable
investigation will be required to establish specificity,
since this group of hormones is associated with the moulting

process, which is common to many arthropods.

ATl of these techniques interfere with biological processes
and hence with ecosystem stability, and it should be

recognized that their use will disrupt some components of
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the ecosystem. For example, the bark beetle pheromone,
frontalin also attracts an important predator which is
caught with the beetles. As with'pesticides, these
techniques will be refined, but théy will always have an

undesirable gﬁﬁgct on some component of the ecosystem.
% ,j%ﬁw !

Ql”\.
Y,
(d) Herbicides:

The use and extent of herbicide treatments in British
Columbia forests has been outlined in other briefs to

the Commission (Council of Forest Industries of British Col-
umbia and the British Columbia Forest Service). The
Canadian Forestry Service has received few requests for
research in the use of herbicides in forestry or their
effects in the forest ecosystem. Consequently, this type

of work has a low priority in our research program.

The Chemical Control Research Institute has no éctive
investigations in herbicides,‘but it maintains a file

and bibliography on properties and side effects. The

- institute also maintains an active Tiaison with those
engaged in research and regulation of herbicides,
principally in the_Canada Department of Agriculture and

in industry, and has been able to answer questions referred

to them at short notice.
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The Canadian Forestry Service has not conducted any
research on the use or effects of herbicides in British
Columbia, but in recognition of the increasing forestry
use of these compounds, particularly in the western

- United States and Canada, it has contracted to have an
annotated bibliography of herbicides in forest ecosystems
prepared. This report, to be available shortly, forms’
the basis for a critical review to be completed during
1974-75. The prerequisites and priorities of herbicide
research will be examined in.the light of this review and
reports of the findings of this Royal Commission and
other hearings on this subject that are scheduled in the
near future (e.g., United States Environmenta]‘Protection
bAgency hearfng; on 2,4,5-Trichlorophenoxyacetic acid, April,

1974).
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-4.1.2.

Canadian Forestry Service -- Western Forest Products
Laboratory.

Because of the value of forests in the Canadian economy,
the Western Forest Products Laboratory was established to
stddy means to utilize more effectively Western Canadian
forest resources. Research effort is concerned with the
physical, chemical and anatomical properties of wood, wood
processing technology and wood pathology and preservation.
These relate to the use of wood as building material,
engineered components, plywqod; fibre products, fuel,

and as a source of chemicals.

Wood as a biological material is subject to deterioration
by fungi, insects and marine animals that utilize it for
shelter and food. Because of the latter factors, wood may
deteribrate, eventually becoming valueless as a structural
material or as a source of fibre of chemicals. To prevent
this Toss and to extend the useful life of wood, protection
against attack by organisms is a necessary consideration in
the utilization of wood. Studies of this aspect form a

basic part of the Laboratory research effort.

The presence of moisture and air in wood favors its attack
by organisms. These conditions exist in wood in the tree and
in the freshly manufactured product, and the most practicaI

means of preservation is to remove moisture. However, to
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produce a dry product is both time-consuming and
expensive in terms of equipment, production and storage,

hence pesticide treatment is a much used alternative.

Treatment of Tumber and timbers with pesticides falls

into two categories: (1) temporary protection of green
tumber with anti-stain and mould preventives during water-
borne shipment to overseas markets, and (2) the more
permanent preservative treatment of utility poles,

railway ties, marine piling, bridge timbers, wharves and
bridge decking, etc. These categories will be discussed

separately.

(a) Temporary Protection:

About- 4,000 million board feet of lumber is shipped gqnnually
by sea, mostly in packages in the green condition. To
protect against stain and mou]d formation during shipment,
_this Tumber is treated by dipping or by spraying with a
dilute solution of majn]y tetra and trichlorinated phenols.
‘This treatment has been successfully used for some years.l
It is applied to about 80 per cent of the production of
coastal mills and to about 7 per cent of the interior
production when unseasoned Tumber is moved to the Coast for -
transhipmént to overseas markets. An amount.in excess of
250 tons of prepéred concentrates is required annually for

this purpose.
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Research at the Western Forest Proddcts Laboratory,

which formerly concentrated on adequate treatment, measurement
of retentions, etc., is now mainly concerned with studies

of degradation of chlorinated phenols by microorganisms where
it has been shown that certain common fungal strains can
detoxify these compounds. Other work is concerned with
testing newly developed fungicides of low mammalian

toxicity for this purpose. In cooperation with industry,
application methods are under surveillance, and recent changes
in sawnills, for example, have seen a reduction in leakage

of chemicals through greater use of enc]osed lumber dipping

tanks, instead of broadcast spray units.

It is intended that the Laboratory prepare a handbook of
correct procedures for handling anti-stain chemicals,
including techniques for waste disposal, to ensure that all
personnel conéerned with operation and management are

aware of environmental hazards.

(b) Permanent Preservative Treatment:

The second major area of chemical treatment is concerned

with pressure processes where larger loadings are required
: BreZGice

to protect wood in bio]ogica]]y environments, such -

\
as ground contact areas of high humidity or in marine

uses (pilings, wharves, etc.).
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After pressure preservative treatment, products, such as

poles, railway posts, ties and bridge timbers, can be

expected to serve for 30 years or more. Without treatment,

they would fail in 6-10 years. Untreated piling for

wharves has been known to fail within 3 years. Some

600,000 poles and piles, one mi]]ion railway ties and

13 million board feet of lumber are treated annually in

plants in the Tower mainland, the Prince George area, the
Kootenays and Dawson Creek. Over 300 tons of pentachlorophenol,
3000 tons of creosote and 140 tons of copper-chrome arsenate

salts are applied annually.

It is our °pi£;§9 that in the wood-production industry, there
is an Eﬁmgg"ﬁwarggess of the environmental hazards of using
wood preservatives. In particular, préssure treating plants
are making greater efforts to recover excess treating
solutions that may spill during the process, and also to
destroy toxic residues in high-temperature furnaces rather

than through use of waste pits.

Preservation research at the Western Forest Products

Laboratory has been mainly concerned with i pr.ving’ -
M&éw "“”'/J Wj
penetration, quality control methods, and-means—of- Z?
/l/('p/&
identfﬁrhnrﬁhe*presewv&%ive—neteniion-poten%+a+—o#
-ind+vﬁdua+—trees*af*specfes*usEd-f0r4po%es-and~ma$ine~

pilinge———
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4.2.

The laboratory has technical personnel in wood pathology
and wood preservation, as well as an Environmental Quality
Officer available for consultation on all facets of the

use of pesticides of a wood preservative nature.

Canadian Wildlife Service (CWS):

The Canadian Wildlife Service is another component of

the environmental Management Service. Studies have been
carriee out to assess hazards of mercury and organochlorine
insecticides in terrestrial and aquatic wildlife (Keith and
Reyno]ds, 1971; Vermeer, 1971; Fimreite, Fyfe and Keith,
1970), the effects on wildlife of prolonged, large-scale
§hemical spray operations uSing_phosphamidon and fenitrothion
in New Brunswick, (Pearce, 1971), organochlorine residues

in prairie falcons (Fyfe, et al, 1969) and ecological
considerations of herbicide use in Alberta (Patterson, 1973).
On the Pacific coast preliminary studies are currently being
conducted to determine the effects of petroleum hydrocarbons
on aquatic ecosystems and their sublethal effects on

marine seabird populations.

About 27 million acres of cropland in the Canadian prairies
are sprayed annua]]y withsphenoxy herbicides (about 20
million pounds of 2,4,-D and MCPA) (Maybank and Yoshida,
1969). In British Columbia the‘field crop acreage treated
in 1972 amounted t6:§;§§;>acre§ (14,000 1b. 2,4,-D and MCPA).
6"
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Maybank and Yoshida (1969) demonstrated that in
Saskatchewan, up to 30% of the ground sprayed, 2,4-D

is subject to drift. As a result of spray drift and
atmospheric contamination, one of the serious side effects
is the impact on non-target ecosystems and habitat damage.
bluaddon®e€ herbicide spray programs on rights-of-way

for roads, railroads, pipelines, utility transmission

Tines and irrigation projects comprising about one/q/:iszg
million acres (Oetting, 1971) and the ecological ;
of picloram on non-cropland vegetation are being evaluated

(Patterson, 1973).

Some effects on wildlife of prolonged large-scale chemical
spray operations to protect New Brunswick forests against
defoliation by the sprucé budworm have been reviewed by_
Pearce (1971). The éhort-]ived organophosphate insecticides,
phosphamidon and fenitrothibn, which replaced DDT, damaged
bird populations at dosages used initially. The hazard

was reduced when application rates were lowered. _Current]y,_
fenitrothion is used to control forest insects in B.C.

In 1973, 29,000 acres in the Port Alice area was sprayed.

No biological studies comparable to those conducted by
Canadian Wildlife Service personnel in New Brunswick were

carried out.

Organochlorine insecticides, such as DDT and dieldrin, have
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been used extensively in agriculture, forestry, and
industry for the control of disease vectors for more than
20 years. This type of substance persists in the environ-
ment much longer than most pesticides and also shows the
feature of fat solubility which causes it to be stored

in lipids. This in turn enables it to be tranﬁferred from
one organism to another. From a model to predict the
global distribution and accumulation of DDT, Cramer (1973)
suggested that the time required to return to edui]ibrium
after the termination of DDT usage lies somewhere between
25 and 110 years. The concentration of DDT in marine 1ife
is already near its equilibrium value and should not
increase significantly in the future. In recent years,
experimental studies have shown that persistent ofgano-
chlorine insecticides have a wide range of subacute effects
at doses considerably below the acute ones. These include
effects on enzyme induction, fine structure, metabolism,

reproduction and behaviour.

The Canadian Wildlife Service is concerned about the

sublethal effects of the widespread distribution of
organochlorine insecticides in the food-chain and the
concentration of these residues fn marine seabird populations.
Eggshell thinning and egg breakage associated with large
residues of organochlorine insecticides have been

reported in heron, golden eagle, peregrine and sparrowhawk.
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TABLE ITI: DDE, AND TOTAL MERCURY LEVELS IN FISH-EATING BIRDS -- PACIFIC COAST:

: ' Mean ppm.
SPECIES SITE TISSUE N DOE g
Pelagic Cormorant Nanimo Liver 5 -- 2.060
Pelagic Cormorant Mandarte Eggs 10 0.819 0.350
Pelagic Cormorant Mittlenatch Is. Eggs 10 0.549 0.160
Double-Crested Cormorant Mandarte Is. Eggs 3 4.070 0.360
White Pelican ° Stum Lake Eggs 10 2.800 0.376
Sooty Shearwater | Massett/71 Carcas 1 0.116  0.080
- Whole
Fork-tailed Petrel Skedans Is./70 Eggs 2 4.080 0.280
Leach's Petrel Cleland Is./70 Eggs 10 2.160 0.380
Glaucous winged gull Boundary Bay Muscle 6 0.120 --
- Brain 6 0.038 --
Glaucous winged gull Port Alberni Liver 3 -- 0.039
Glaucous winged guT] Nanimo Liver 1 - 0.100
Glaucous winged gull Horseshoe Bay Liver 4 -- 0.500
Glaucous winged gull Cleland Is./70 Eggs 10 1.590 0.130
Glaucous winged qull Mandarte Is./70 Eggs 10 0.750 0.130
Glaucous winged gu11 Mittlenatch Is./70 Eggs 10 0.456 0.210
Glaucous winged gull Stevenson Islets Eggs , 10. 1.430 0.170
Glaucous winged gull Lucy Is./70 Eggs 10 0.282 0.160
Glaucous winged gull Skedans Is./70 Eggs 10 - 0.342 0.080
Glaucous winged qull Bonilla Is./70 Eggs 10 0.224 0.050

(Northwest Rocks)




TABLE IIT: DDE, AND TOTAL MERCURY LEVELS IN FISH-EATING BIRDS -- PACIFIC COAST:

: Mean ppm.

SPECIES SITE - TISSUE N DDE g
Western qull Nanaimo/68 Liver 3 - 0.250
Bonaparte gull Horseshoe Bay -~ - -- 0.190

Osprey Kootenay R./69 Egg 1 6.110 --

Osprey Kootenay R./69 Egg 1 3.370 --

Common Murre Q.C. Whole 1T 1.210 --

’ , Bird-
Common Murre Samiahmoo Bay Liver 1 0.580 0.410
Common Murre Samiahmoo Bay Liver 1 0.630 0.230
Pigeon Guillemot Skedans Is./70 Eggs 2 1.640 0.330
Pigeon Guillemot Cleland Is./70 Egg 1 .1.260 0.450
Pigeon Guillemot Mittlenatch Is./70 Eggs 10 0.604 0.470
Tufted Puffin Cleland Is./70  Egg 1 0.424  0.110
Tufted Puffin Cox Is. (Q.C.)/71 Whole 1 0.259 0.340
Carcas
Tufted Puffine : Cox Is. (Q.C.)/71 HWhole 1 0.480 0.260
: Carcas '

Rhinocerous Auklet Explorer Bay Muscle 1 0.232 --

Langara Fat 1 17.700 -

1 - -

Liver 1 0.551 --

Brain - 0.143 -~

Muscle 1 0.115 -




TABLE III: DDE, AND TOTAL MERCURY LEVELS IN FISH-EATING BIRDS -- PACIFIC COAST:
1

SPECIES SITE TISSUE N DD'é'ea" PP 5
Rhinocerous Auklet Explorer Bay Fat 1 6.420 --
o Langara .- T .- --
Liver 1 0.381 --
Brain 1 0.067 --
Rhinocerous Auklet Lucy Is./70 Eggs 10 2.840 0.320
Rhinocerous Auklet Moore Is./70 Egg 1 2.090 @ 0.130
Rhinocerous Auklet W.Q.C. Is. Whole 1 3.510 0.430
Bird
Rhinocerous Auklet W.Q.C. Is: -- 1 9.840 0.310
Cassin's Auklet Q.C. Whole 1 0.174 0.180
: Bird
, -- 1 1.260 0.130
Cassin's Auklet Moore Is. Eggs 3 2.920 0.050
Ancient Murrelet Langara Is./68 Eggs 5 0.900 --
Ancient Murrelet Langara Is./68 Muscle 7 0.150 -~
Ancient Murrelet Langara Is./68 Fat 7 5.270 --
Ancient Murrelet Langara Is./68 Liver 7 0.128 -
Ancient Murrelet Langara Is./68 Brain 6 0.046 --
Ancient Murrelet Langara Is./68 Chick 2. 5.740 --
Ancient Murrelet Langara Is./68 Whole 2 1.320 0.230
Bird '
Marbled Murrelet Port Alberni Liver 3 -- 0.380
Marbled Murrelet - - Horseshoe Bay Liver 3 -- 2.220 (4.9)
Marbled Murrelet Egeria Bay Muscle 3 0.310 -~
(Q.C.)/67 Fat 3 1.510 -
Liver 3 0.147 -
Brain 3




4.3.

Bogan and Banine (1972) repgg%%g that.thé ratio of
organochlorine (pp'- DDE):“levels in the Kittiwake was

at least 60 compared with ratios of 2 to 10 in other
Atlantic seabirds.. The total organochlorine content

in muscle and liver was generally low in auks and shear-
waters (0.1 - 1.0 ppm). DDE levels were higher in the
kittiwake, fulmar and storm petrels, 1 - 10 ppm. The
highest levels were found in glaucous gulls breeding
above seabird colonies. The TeVe]s in normal birds
ammounted tb 17 ppm DDE in the liver. 1In others, the
levels were 67 ppm DDE in fat. DDE concentrations of fish-
eating birds were reported by Pearce et al. (1973). He
suggested that North Amerféan species were appreciably
more contaminated than closely-related species in Europe
(Table II). DDE levels in fish-eating species on the
Pacific coast (Tab]e IiI) tended to be lower than levels
found in gannets, double crested cormorant (Gulf of St.
Lawrence) (Table III) and were similar to levels reported

in British seabirds.

Inland Waters Directorate (IWD):

The role of the Water Quality Branch of the Inland Waters
Directorate is largely described by the terms of the
Canada Water Act. When there is a significant national
interest in the management of a water resource, the IWD is

required to assess the quality and use of the water
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and to initiate and implement programs to restore, preserve,
or enhance the water quality. Our role as it relates to
pésticides is thus to measure the level in inland waters
of national interest and to recommend action required to

reduce or maintain these levels of pesticides;

.Our major concerns are:
(a) The accessibility of pesticides used on land areas

to the aquatic environment;

(b) the direct use of pesticides on or in the aquatic

environment;

(c) the degradation rate of pesticides in the aquatic

environment;

(d) the impact of the pesticide and ifs degradation

products on the aquatic environment.
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~ ROLE, INVOLVEMENT AND CONCERNS -- Fisheries and Marine Service:

This service consists of three components:
Fisheries Operations
Fisheries Research and Development

Marine Sciences Directorate

5.1. Fisheries Operations:

Fisheries Operations, (formerly the Department of Fisheries)
is primarily responsible for all aspects of the management

of the fisheries resource and other aquatic organisms.

Section 33 (2) of the Fisheries Act prohibits the deposit

of substances deleterious to fish “into waters frequented

by them. A1l chemical basé pesticides are demonstrably

toxic to fish under experimental conditions so that pesticide
applications must be kept under careful surveillance and
control if deleterious effects are not to ensue as a
consequence of pesticide use near fish-bearing waters

(McKee and Wolf, 1971; Richmond and ITnytzky, 1972; Rudd

and Genelly, 1956). |

Historically, the Department of Fisheries first became
deeply involved with Targe scale pesticide application ih
1956-57 when 155,000 acres of forest were treated with
DDT at the rate of 1 1b. per acre to control a serious
outbreak of blackheaded budworms on Northern Vancouver

Island.
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The consequences of the decision to treat the infested
forest without due regard to its impact on the fisheries
resource becamé shockingly evident in four major streams
(the Keogh, Benson, Klashkish and Waakaas Rivers).

The progeny from an estimated 43,000 coho salmon spawners
and several thousand steelhead and trout were almost
totally eliminated (Crouter and Vernon, 1959). The coho
was the only salmon species affected because only their

progeny weripﬁresent in the stream at the time of spraying.

The 1956“gzho salmon spawning escapement to the affected
streams have not yet returned to the pre-spray population
levels and the estimated direct cost to the fishing industry
is in the order of millions of dollars. Indeed, the
immediate effects on the fisheries resource and the resulting
public outcry became so apparent that fhe Pest Control
Committee became the first resource use body to adopt the

concepts of multiple resource management in British Columbia.

Since that initial, disastrous exposure to the hazards of
Targe scale pesticide app]icdtion,_fﬁrest spraying for
pest control has not been the cause of a fish kill in
British Columbia. Referral systems were developed, the
advice of fisheries representafives to the Pest Control
Committee fell on receptive ears, dosages were modified,
the Teave strip concept was a]host'universally applied,

timing of applications to coincide with non-critical
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periods was adopfed when possible, 6n~the-spot surveillance
was increased to stop pesticide applications when unforeseen
hazards deve]oped; alternative pesticides less hazardous to
fish were tested and utilized and the application rates
required to control insect infestations were subjected to
more intense scrutiny so that the likelihood of applying
pesticides at dosages three or four times greater than
required ultimately became extremely remote, (Jackson, 1960;
Todd and Jackson, 1961; Schouwenburg, 1964; Schouwenburg

and Jackson, 1966; Jackson, 1966).

In 1963 another major fish kill occurred from the application
of DDT in the Shuswap Lake area to control mosquitos. An
estimated three million juvenile sockeye and chinook salmon
were killed. These mortalities imposed a direct cost on

the fishing industry of approximately $250,000. The
applicator was successfully prosecuted under Section 33 (2)
of the Fisheries Act -- the first such prosecution under this
Tegislation for pesticide misuse in British Co]umbia. From |
that time on, Fiéheries Operations was represented on

boards or associations known to sponsor mosquito control
programs so that fisheries concerns were recognized during

the planning stages of future control operations.

Following the Shuswap incident, Fisheries Operations also
undertook a substantial public education program in which

‘members of our technical staff would participate in training
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programs for spray applicators and citizen groups which

were sﬁonsored by the Provincial Department of Agriculture.
In these sessions the environmental hazards of pesticide
usage were explained and illustrated, as was the methodology

of hazard assessment and hazard avoidance.44gz?

Presently our concern is the chronic or sublethal effect
many pesticides may have on fish life. (It is interesting
to note that DDT was withdrawn from the market‘when some of
its subtle detrimental effects became known.) Conventional
safe practises will reduce the chance of chemicals entering
the waters and thereby the probability of experiencing

sublethal effects. However, little information is available

on the effects that low dosages of water borne pesticides

may have on fish food organisms.

Monitoring of the 1973 fenitrothion program on Northern
Vancouver Island showed that no acute fish toxicities
occurred but the 600 foot leave strips did not prevent a
massive killing of terrestrial streamside invertebrates

upoh which reéring fish'depénd for a large portion of their
food supp]y.(iln addition these contaminated invertebrates
fell into the streams in large quantities where rearing

fish fed upon them/ No immediate or direct fish mortalities
were documented but due to a reduction of food supply the
survival of fish in the stream could be reduced (Taylor and

Langer 1973).
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5.1

1.

Vegetation Control.

The volume of applications for the use of herbicides in

the forest has increased approximately five times since

1965. Extensive use of 2,4,-D, 2,4,5-T, picloram, borates
and related compounds is made in a wide range of forestry
programs 1nc]udihg road maintenance, alder and maple control,
conifer thinning, and other reforestration techniqués

(brown & burn). These programs involve hundreds of acres,
many of which are adjacent to fish-bearing streams and their

tributaries.

Close cooperation between the forest companies and the
govérnment has discouraged the use of the more acutely
toxic herbicides and has maintained buffer strips between

streams and the treatment areas.

In general we try to keep all non-aerial spray applicator
equipment 50 feet from streams; but a minimum of 30 foot
untreated area should be left between stream and spray
deposition areas. However, se]ectivé hand application
may be undertaken to within 10 feet of the stream bank.
A 10 foot bankside green’strib is ﬁecessary fo provide
erosion control, shade and protection for rearing fish,
habitat for terrestriaT insect forms that serve as fish

food organisms, and to provide deciduous litter that
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contributes to the aquatic nutrients necessary for
stream invertebrate population which again serve as fish

food organisms.

Our main concerns with herbicide usage are basically

related to sublethal effects. Sublethal effects could be

catagorized as (a) the removal of streamside vegetation

and the effect this produces on aquatic 1ife and (b) the
reaction of aquatic organisms to sublethal doses of

chemical that may entef the stream. There is littlie infor-
mation available on the sub]ethal effect of herbicides on
f1sh a]though herbicides have been shown to adversely affect
fish growth at concentrations as.little as 3% of their
commonly referred to toxicity (LC50 or TLm) level (Webb

and Brett 1973)

Routine forestry usage of herbicides carries with it the
problems of adequate app]icétor education, and adequate
monitoring and inspection to ensure guidelines are
effective and are being adhered to. Considering the

large number of individuals involved in forestry pesticide
‘application, continual applicator upgrading seems a

prime requisite.
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5.1.2.

Industrial Weed Control.

Industrial weed eontro1 usually involves the treatment

of areas with herbicides where unwanted plants become a
nuisance. Such areas include powerline and telephone
right-of—ways; ditches, yards and other genera] equipment

areas where no ground cover is preferred.

Our concerns for these types of programs are very

similar to those mentioned in the previous]y discussed for-
estry pfograms involving herbicides. The only difference

is that in industrial weed control programs larger dosage
rates of more persistant herbicides are used to sterilize

the ground for as long a time period as possible. Since

most 1arge‘sca1e programs (e.g., road, railroad, powerline
right-of-ways) usually cross streams and runoff channels,

the probability of herbicides entering fish frequented waters

is fairly great.

Fortunately‘most such large scale programs are forwarde ,bJﬂ/
/pr‘;M t L,'S‘”’-‘

to Fisheries Operations for review. We have insisted eu_%

dosage\pates‘that~doﬂn0t‘exceed\those/recommended~by~the

jmanufacturér and that generous leave strips be left around

fish frequented water bodies or drainages leading to such

waters. The programs of greatest concern are those wheafbwykﬁﬂ\

NNN§ LmQ\Bﬁkx%N&b e
herbicides are applied by helitopter or railroad-cars.

This type of dispensing equipment usually does not enable

the applicator to respect streams because the sprayer is p

over the stream before it 1§-ne&n’1nr’//<?a>ﬂ/ /ﬁk/ /49/C°0’
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5.1

3.

Most spray programs involving vegetatibn control
around industrial 1nsta]1ation$ such as pipelines,
refineries, yard drainage ditches, etc. rarely are
forwarded to our Service for review. Many of these

programs are known to involve commercial applicators.

Other than the acute toxicity problems inherent in such
programs one muSt consider unknown sublethal effects

such as physiological stress, and the removal of )
bankside cover, and the promotion of erosion by disatiow= S

Y19 good ground cover.

Agricultural Pesticide Use.

The agriéu]ture industry is one of the ]argegt pesticide
users in this province in terms of volumes used and areas
treated. Since most agricultural activities are restricted
to valley bottoms, most agricultural pest control programs
are adjacent to water bodies frequented by 1iving organ-

isms. Non-commercial farm applicators are relatively

uncontrolled in this province and this area of pesticide

use is of an extreme concern to Fisheries Operations.

The industry uses agricultural chemicals for biting
insect control, crop insect control, seed treatment, crop
weed contro], grazing land pest control and parasite

control. A broad spectrum of pesticides are used that can

be extremely toxic. Farmer applicators do not have to
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attend applicator courses and their programs have

harmed aquatic life in the past. Fofvexample, a farm in

the Chilliwack area is presently being prosecuted for
indiscriminately storing large volumes of chehica]s,

‘including deadly Dinitrophenol, alongside a fish stream M&ﬁil
and allowing spillage of herbicide into the stream where g;@////

it is alledged to have caused a substantial fish kill.
In 1970 another fish kill occured in the same area. The )
dead fish had quantities of herbicide in their body tissues
when analysed. The adjoining field had recently been

sprayed with a boom sprayer which could have easily

extended over the stream.

Grasshopper control programs cover hundreds of acres of
Interior crop and rangeland. In 1972 an unexplained fish
ki]] occurred in the Nicola River immediately adjacent to
such a program conducted by ah inexperienced summer

student employee.

These are a few-examp]es of some of the acute effects
uncontrolled agricultural peéticide use may haye on fish
bearing waters. It is our belief that this uncontrolled
uﬁe is doing widespreadidamage through direct kills and
numerous undocumented sublethal effects. These subiethai
effects can include the lowering of the physiological

resistance of fish to various other environmental stresses,

59.



5.1.4.

the destruction of fish food organisms, and the lowering

of primary production in streams.

Mosquito Control.

One form or another of mosquito control is practiced in

most well populated areas of British Columbia. Unfortunately

fmproper mosquito control can clash with the fishery
resource because often mosquito larvae devé]op in waters
frequented by fish. Chemicals have become the most
convenient method of controlling mosquitos in this:

province.

It fs our policy that chemicals must only be used as a
last resort. Presently not enough emphasis is placed

on the physical control of mosquitos on their breeding
grounds. For example stagnant pools can be drained as

a permanent solution and pools that cannot be drained

can be treated with Tight oils to kill the larvae. If
these methods are impractical chemical larval control with
'Abate' is acceptable. Once the mosquitos have emerged, no
adult control program can be effective and chemical
adulticiding poses the greatest threat to the fishery
resource. i Therefore it must be considered a Tast resort

measure.

Since the discontinuation of 'DDT', 'malathion' has been
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introduced whiéh is much more acceptable because of its
rapid breakdown. However, it is still very toxic to

all aquatic life. Most mosquitq control programs

depend upon adulticiding with 'malathion' as an important
part of their prorams activities. Usually the 'malathion' is
dispensed by fixed wing aircraft and such programs must

be well controlled not to harm other resources. Organized
control programs such as in Kamloops and the Fraser Valley
are well contro]]gd_but Tittle effort is made to monitor
each program on a continuing basis. This is necessary
becau#e the applicators and contfo] officers continually

change over a period of years.

Little is known about the aftempts of mosquito control by
unorganized areas or the homeowneg,bﬁ% “Lua]]y where they
have "attempted a program and not sought advics)the Z%;'c
program has been a failure or a disaster such as»%ﬁ?éhe
massive Shuswap Lake fish kill. The chemicals for

mosquito control are readily available and many users of
these chemicals do not knqw how to use them properly to
take other environmental considerations into account or use
alternate and possible more effective methods of mosquito

control.
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5.1.5.

WA

Industp}gﬂ Pesticide Discharges.

(a)Qy;?owth Control Agents:

This category of pesticide releases may contain chemicals
that are not often thought of as pesticides. Included are
toxic chemicals used to control algae growth in water
systems and fungus and slime growths.in industriéi
processes including pulpmills, sewage treatment plants,

hatcheries, etc.

The very toxic and the persistant chemicals should be
avoided. In the past growth cdntro]]ing_agents havé
included mefcury, copper, arsenic and cadmium compounds.
Such elements are extremely lethal to fish life and

have accumulated in food chains'to such a degree that
they can make fish unsafe for human conSumption, .For
this reason most mercury and cadmium compounds have been

removed from the market.

Chlorine is used extensively to control aquatic plant
populations where they interfere with intake screens and
water systems. Chlorine treatment is also used to
control bacteria] growth in sewége releases. Residual

chlorine and chlorine by-products are extremely toxic to

hate
fish 1ife (Environment Canada 1973}, | MK?C ' o MW((’
A)UQLQ3.>
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(b) Pesticide Formulators and Distributors:

British Columbia's pesticide supply is formu]atéd and
distributed by a variety of commercial companies. The
process of formulation puts the technical gradé chemical
into its usable form. The‘process usually produces an
effluent that is contaminatedbwith pesticides. In 1972
the effluent of one such company was analyzed and a
variety of pesticides were detected,inclhding '‘malathion’
at a concentration of 11 ppm. This effluent flowed

directly into the Fraser River.

(c) Lumber and Miscellaneous Forest Industries:
| ot |\ .
Presently sawmills and pole mitbs in B.C. use vast Lug
quantities of wood presérvatives_tb protect _the finishe 4
4 ouﬁmdibuﬁihdgﬁ' ﬂuNWA

product from disease prior to exporﬂgy H ndreds of tons YN

W

of Pentachlorephenol are used for this purbbse every year.,

RCP—is one of the most broad spectrum pesticides on the
~market and is extremely toxic to all aquatic life (McKee,
¢ 1971). (I§§Q20cumented fish kills have been caused by its
use during the last two yearsbuﬂfd

)
Sawmills using @ﬁ? are located immediately adjacent to the

tidal portions of large salmon streams. It is in such areas
as in the Fraser River where each year 10's of millions
of adult and young salmon congregate on their respective

upstream and downstream migrations. The mills
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5.1.6.

P N

use thousands of gallons ofﬂﬁﬁ(and losses often were

large at certain operat1ons because Tittle attempt has

been made in the past to conta1n 1osses of the chensh, Ciawvuaw(

Miscellaneous Pesticide Use.

(a) Aquatic Weed Control:

It has come to our attention during the past year that
large quantities of chemical aquatic weed control agents
are used in this province. Some are used in drainage
ditches but the bulk are used to control excessive aquatic
plant growth in recreational waters such as in marinas and

beach areas in Shuswap Lake.

Unfortunately areas of lakes that have good E? growth
very important as fish rearing areas. Z%EQVQ}fOP f1sh
protection and serve as a substrate for the growth of fish
food. Their total removal by any method destroys a vital
portion of the fish habitat. The addition of a chemical
to water to remove such weeds can also cause acute fish
toxicities and will have a direct sublethal effect by the

poisoning of aquatic invertebrates and algae upon which

fish must depend for food.

In the past such aquatic herbicide programs have not been
referred to our Service and it has been impossible to

identify the applicators -- most of which are probably
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non-licensed. The use of such chemicals are a threat
to the fishery resource and are totally uncontrolled.
Limited physical removal of excessive aquatic weeds is an

obvious alternative to chemical removal.

(b) MollusR, Control:

Swimmers' itch can be controlled by the destruction bf
freshwater snails which are the vectors of the blood

fluke of aquaiic birds. This can be accomplished by the
spreading of copper sulphate over the breeding grounds

of snails on an annual basis. The only annual program

is carried out at Cultus Lake by B.C. Research (Howard, Hal-
verson, and Walden 1964) but numerous resort centres are
interested in ridding‘their beaches of the problem, especially

in thé B.C. interior.

Copper sulphate, the chemical used to control "swimmer's
itch", is extremely toxic to aquatic life and can cause

fish mortality at concentrations of 25 parts per billion.
AAt the effective dosage rates it can easily cause fish

kills and'great1y reduce the productivity of treated waters
by destroying invertebrate and plant 1ife in treated areas.
In féct, the early treatment programs at Cu]ius Lake
resulted in extensive fish kills. Continuous use could also

give rise to a copper accumulation in the biota and the
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use of this toxic agent should be discouraged.

Sodium arsenite and arsenate compounds have been used

to control tBredo activity in marine wood structures

This activity has been discouraged in recent years because
the arsenic compounds are toxic and will accumulate in the
tissues of edible fish. The actual treatment ofexitsting
—wood»s@phfiyméé usually took place in water and therefore

its spillage was difficult to control.

(c) Household Pesticides:

Many manufactured PéStiCides_are available to any home
owner through retail outlets. Most British Columbia
households have an adequate sdpp]y of pesticides to cause
a substantial fish kill if a protion of this supply was
diéposed of in a storm drain, ditch etc. leading to a
fish-frequented stream. Such was the case in the Campbe]i
River when someone in the Surrey area disposed of their
garbage into the stream. A fish ki1l resulted because the
garbage contained two cartons of flea powder, a common

household pesticide.

Assessment.

Currently the main thrust of Fisheries Operations assessment
of the hazards of pesticide usage involves the utilization of

information pertaining to short-term fish toxicity. Little
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5.2.

5.2.1.

is known about sublethal or genetic effects or about
impacts of fish food supply reduction following pesticide
utilization. Little information concerning the basic
chemical reactions which take place following the
fntroducfion of pesticides into water cr the bio-chemical
kesponseé brought on by breakdown products exists. These
are areas requiring further basic research and it is
anticipated that Fisheries Operafions wi11; in the future

undertake or sponsor investigations in this sphere.

Fisheries Research and Development:

Pacific Bio]ogical‘Station:

Activities at the Pacific Biological Station involve a
number of different research disciplines which are

directly concerned with the ecology of living resources.
Through these activities, most Station biologists encounter
and become keenly aware of the results of man's impact on
his environment. Professionally, fhey are concerned about
environmenta] modification and contamination, resulting
pertubations occurring in ecosystems, and attendant damage
to populations of resource}organisms. Many uses of
pesticjdes and herbicides contribute to problems of the

nature indicated.
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From 1953 to 1963 a limited amount of research was
conducted on biocides at the Nanaimo Stationi/gln 1971-72

a specific programmé was conducted on sublethal effects of

% //fsod1um pentach]orophenate[ Such work had as its ob]
PL é\ (a) a search for insecticides for use in forest spray _
*% b%& operations which would be less hazardous ecologically than

inﬁ DDT, the initially préferred control agent, and (b)
development of‘methodology for investigating the environmental
impact bf.pollutants, including biocides, on young salmon
We remain highly concefned about degradation and contamination

of the aquatic environment, we have done some work on pesti-

cides and herbicides but we are not currently highly |

involved in studies of such problems.

As mentioned, a major concern of aquatic ecologists is the

potential disruption of ecosystems which can occur when

pesticides or herbicides are introduced into the environment.

The plants and animals of an ecosystem generally form

complex associatioﬁs and may be highly interdependent. Plants
and animals occupy positions in food webs through which energy
is transported from sunlight, thkough a succession of |

intermediate organisms, to organisms of direct use to man.

The removal of one or more elements of the food web forces
a revision in the relations between the remaining elements.

Such revisions may have subtle, unsuspected and, too
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frequently, damaging side-effects. Too frequently damage
is done to the organisms near the top of the food web, such
as trout and salmon -- those of direct social and economic

benefit to man.

Testing of chemical Contro]_agents prior to their intro-
duction or use may lead to direct but very limited appre-
ciation of potentié] hazards. Nevertheless, the complexity
of ecosystems and theif COmponent organisms is such that
the full impact of control chemicals often may not be |
fully appreciated.unti] they have been put to actual field
use. Too often in the past follow-up investigations of
bioiogica] effects have been insufficient to identify
deleterious side-effects at an early stage of damage.
Sometimes side-effects are very subtle and develop slowly
over an extended period of time. Once side-effects are
recognized, there has often been considerab]e resistance

on the part of users of control agents against modification
of their activities. One reason for this is the fact that
opponents of ecological damage often have been sorely
pressed to eva]uate‘the eéonomigs of environmental damage,
compared with the obvious, accountable, and real but narrow

benefits obtained by the user.

It is worth pointing out that some sectors of natural
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resource utilization traditioné]]y appear to compete with
one another (e.g;, forestry and fisheries), when in fact
they really interact with one another. If both sectors

of resource.utilization are desirable, some form of
managerial compromise must be reached in which each
resource can be self-sustaining. It is almost a certainty

Do G
AP eq . . . .
that mghimum utilization rates of interacting resources

would be below those levels set on the basis of the false

assumption that such resources exist independently. Often

the extent of such compromises arrived at in the past have

been based on short-term economic criteria. These criteria
may be totally at variance with the longer term biological

needs in a real economic-ecological compromise. Unilateral
decisions on utilization of interacting resources are

certain to create both economic and resource imbalances.

There is no question that pesticides and herbicides have

been of major value to man in agriculture, human health

~and forestry. However, there is now abundant evidence to
show that benefits of chemical control have not been achieved
without appreciable costs.arising from environmental |
contamination. Control chemicals should and will continue

to be used. As ecologists, we conclude that they must be
used with a profound and growing'respect for their ability

to create highly deleterious side effects among ecosystems

and resource organisms.
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5.2.2.

Recognition of the potential hazards of chemical control
agents should, if anything, force a concerted effort to
develop other, more specific control methods. Chemical
control methods can no longer be viewed as a panacea;
research should strive to make biocides unnecessary through

the development of less hazardous alternatives.

Pacific Environment Institute:

During its brief history the Pacific Environment Institute
has not become involved in studies .of pesticide levels in
waters or biota of the Pacifié Coast. It is agreed that a
paucity oflinformation exists concerning these levels in
seawater, and how much is being added, year by year, by
rainfall, by freshwater systems carrying runoff from
agricultural, forestry and industrial operations is

completely unknown.

The many commercial pesticides (biocides) registered for
sale in this country, display a wide variety of chemical
structures. Many of these wil] contain ”unfaﬁi]iar" types
of chemical groupings in terms of types of material whiéh
normally are degraded by bacteria or other microorganisms.
An example of these are chlorinated hydrocarbons su§ﬁ§as
’%E§§$which are extremely persistent in the environment.

One major concern therefore is tﬁat many of these per-
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sistent pesticides are probably being added to the
environment at rates greatly in excess of their removal

rate. Furthermore, manifestations of toxicity of these
biocides are not readily detectable except in spectacular
cases where high local concentrations may result in fish
kills and massive deaths of shore birds. Although the
technical capabi1ity to measure the levels of such com-
pounds in.water or biological samples is good, our ability -
to assess the likely impact on fish and wildlife of

‘existing and future levels of biocides remains poor.

We do not know what some of the sublethal effects may be

“on various trophic levels in fréshWater or marine food
chains, which trophic levels are involved in bioaccumulation,
or what "safe" levels might be in selected organisms.

Safe should be defined in this context to include ability

to function and reproduce without impairment. Other unknown
factors include the possibility of mutagenic, teratogenic or
carcinogenic effects on fish and molluscs and the possibility
that some of these agents may have appreciable toxicity to

invertebrates (larvae) and phytoplankton.

There is undoubtedly an impulse on the part of regulatory
agencies, in response to public pressure, to ban the use of.
selected biocides without a prdper and complete evaluation
of the ecological impact of their substitutes. One can

refer here to the use of Methoxychlor as a substitute for
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DDT. Although this material was tested against rats and
found to be non-toxic, subsequent usage in the field has

uncovered toxic effects on fish populations.

These various concerns would indicate that not enough
research is currently being done to define adequately
what are the dangerous levels of biocides and what

biological impact they are having in our land today.

5.2.3. Vancouver Laboratory: L

_ . A
The activities of the Vancouver Laboratory, Fisheries Q&Jﬂ&ﬁ@

6“§Research &gﬁﬁ%, are primarily concerned with various
aspects of fish technology and a limited effort is
directed to problems related to water pollution, mainly
in areas requiring expertise in biochemistry and analytical

chemistry. There is an obvious need for an adequate

assessment of sublethal effects of pesticides on fish and

to emphasize the significance of biochemical ihvestigations

in this field.

(a) Lethal Action:

The Tethal potency of pesticides and other chemicals on fish
is measured by acute toxicity bioassays in which the
mortality of experimental animals is determined as a

function of concentration of the toxic agent and time of
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exposure. As indicated below this technique presents
serious limitations for estab]ishing the levels of water
pollutants that can be considered safe to fish. However,
it must be stressed that the aéute toxicity bioassays
will continue to play a major role in monitoring water
bo]]ution, since in absence of other information they -
provide useful comparative data on the toxicity of
chemicals to fish. The chief shortcomings of the acute
toxicity bioassays are that they are of short duration
(usué]]y 1 to 4 days), not begfnning to approach the

1ife span of fish or the timé of exposure to pollutants
that would take place in natural conditions. Also, they
give no information on the sublethal physiological

damage or ecological side effects whiéh may ultimately
result in a pronounced decrease in fish population or

the elimination of some species.

(b) Sublethal Action:

The sublethal action of pesticides on fish may lead to an
impéirment of normal functions (s]owed reactions to external
stimuli, physical weakness, Towered resistance to diseases,
etc.) which make the animal unfit to survive under com-
petitive conditions in the natural environment. A reduced
reproductive capacity, high mortality in early stages of
deve]opmeht and diminished abundance of animals or plants

serving as food, are among the other factors contributing
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to a decrease in fish population in polluted waters.

In addition to these biological effects some water
pollutants can reduce the value of species utilized in
commercial or recreational fisheries, due to the accumu-
lation in the body of fish of compdunds that alter the

flavour or are hazardous to human health.

Biochemical and physiological investigations on the

effects of pesticides and other water pollutants on fish have

as primary objective the detection of toxic manifestations
that are more sensitive than mere survival. Toxic chemicals

are known to interfere with various vital processes in

| the anima], such.as growth and reproduction of cells,
utilization of energy reserves, response of the nervous

" system, mechanism of excretion and osmoregulation,

hormonal balance etc. The methods developed in clinical
chemistry and human toxico]ogy have often been adapted to
detect the departure from normal activity pattern in fish
exposed to water po]]ufants. The approaches which showed
promising results involve the investigation of the changes
in blood chemistry, histopathological damage to various
tissues (gills, Tiver, reproductive okgans, etc.), inhibi-
tion of specific enzyme systems and metabolic indicators

of stress. In more general terms, the deterioration of
physiological conditions of fish exposed to pesticides can

be assessed by measuring the swimming performance (speed,
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5.3.

endurance), respiration (rate of oxygen uptake or gill

ventilation), food conversion efficiency and growth rate.

It might be concluded that the detection of sublethal
effects of pesticides through the use of biochemical
and physiological techniques represents an important

aspect of water pollution control.

Marine Sciences Directorate:

Marine Sciences Directorate of the Fisheries & Marine

Service has an interest in the physics and chemistry of the
oceanic environment. The Ocean Chemistry Division of the
Directorate, has been involved in studies on the chemical
properties of sea water, thé budget and routes of chemicals
in the marine environment and problems of marine environmen-
tal quality in general. Its on-going marine hydrocarbons
program encompasseé studies of petroleum-based, natural and
chlorinated hydrocarbons in the marine environment.

However, due to overall program priorities, effort has

been limited to aspects of petroleum-based hydrocarbons

only. In future, Ocean Chemistry may look into chlorinated

hydrocarbons, especially the monitoring of the persistent

types, in the marine environment.

Our main concern is the lack of critical and quantitative
data on the occurrence of pesticides in the marine

environment.
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Even for the much investigated pesticide, such as DDT

and its degraded products, actual quantitative data in

the marine environment are few. Furthermore, the reliability
of these few results is severely hampered by analytical and
contamination problems arising from high concentrations

of interfering materials, such as PCB and from the very

Tow concentrations of the pesticide.

The inorganic pesticide compounds used include toxic

metallic compounds of copper, mercury, arsenic and lead.
Their tybical natural concentrations in sea water are:

1 ppb. (part per bi]]jon, or microgram per 1iter) of

copper, 0.1 ppb. of mercury, 2 ppb. of arsenic and 0.02

ppb. of Tead. (Dryssenetal 1971). The contributions of

such inorganic pesticidal compounds to sea water concentrations
are unknown. Investigations of the occurrence of pesticides
in the marine environment have Been made on DDT and its
metabolites mainly. Very few measurements for halogenated
hydrocarbons in sea water have been made. DDT‘residue
concentrations in sea water were reported (Cox, J.L., 1971)

to be 2.3 - 2.7 pp trillion (10'2) from Vancouver to San
Fransisco and 3.0 - 5.6 pp trillion off the Californian coast.
This agrees with a predicted DDT concentration in the surface
sea water of 5 pp trillion, baséd.on rainfall statistics

and calculated DDT residue concentrations in rainwater. The
level of DDT residue in surface marine sediments has not

been investigated much: levels of 0.04 - 0.61 ppb of DDE
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were found in the top few centimeters of surface marine
sediments near the U.S. northwest coast, (Claeys, pers. comm.,

1972).

This oceanic value of 5 pp trillion is significant if the
measurements were valid. Fresh water concentrations of
1-3 pp trillion in Lake Michigan, (Reinert, 1970), were
associated with fish tissue concentrations of 3 ppm; and

evidence of environmental degradation.

The distribution in the biota of the marine environment is
Tittle investigated, and the scant results available show

it to be highly variable, even at the same locality.

The concentrations of DDT residues in the marine biota were

estimated (Woodwell, et.al., 1971) in Table IV.

TABLE IV: ESTIMATES OF DDT RESIDUES IN MARINE BIOTA IN THE LATE 1960's:

DDT Content (ppm. ) Total DDT (x 10° g.)
Open ocean algae ' 0.1 1.0
Continental shelf algae 1.0 3.0
Attached algae 1.0 20.0
Total oceanic algae --- 24.0
Fish 1.0 6.5
Mammals : 1.0 0.55
Others (protozia, coelenterates, annelids, 0.1 3.2
nematodes, mollusks, echinoderms, arthropods)
Total oceanic animals --- 10.25

The concentrations in a polluted estuary (Carmans River
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estuary, Long Island, N.Y.) (Woodwell, et.al. , 1967) for

‘marine biota are shown in Table V.

TABLE V: DDT RESIDUES IN MARINE BIOTA OF A LONG ISLAND, N.Y. POLLUTED

ESTUARY:
DDT
Sample . residues
(ppm. )

Water : 0.00005
Plankton, mostly zooplankto 0.040
Shrimp 0.16
Opsanus tau, oyster toadfish (immature) 0.17
Gasterosteus aculeatus, threespine

sticklieback 0.26
Spartina patens, shoots 0.33
Fundulus heteroclitus, mummichog 1.24
Strongylura marina, Atlantic needlefish 2.07
Spartina patens, roots 2.80
Sterna hirundo, common tern 3.42
Butorides virescens, green heron 3.57
Larus argentatus, herring gull(immature) 5.43
Sterna hirundo, common tern '
(five abandoned eggs) 7.13
Larus argentatus, harring gull 9.60
Pandion haliaetus, osprey
(one abandoned eqg) 13.80
Larus argentatus, herring gull 18.50

Mergus serrator, red-breasted merganser 22.80
Phalacrocorax auritus, double-crested

cormorant (immature) 26.40
Laurus delawarensis, ring-billed gull
(immature) 75.50

Due to this lack of data, it is impossible to ascertain the
amount of pesticides, and in particular DDT residues, in

sea water and the fraction retained by marine biota.
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5.3.1.

5.3.2.

Routes of Entry of Pesticides into the Marine Environment:

Paths of entry into the ocean include atmospheric fallout,

agriculture runoffs and sewage outfalls.

The atmosphere‘has a tropospheric saturation capacity of
10'2 g. of DDT (Woodwill, et.al. 1971) and constitutes
a major reservoir of airborne pesticides. Rainfall is
suggested to be the main removal mechanism for DDT in
the atmosphére: the amount removable by rainihas been

10

estimated to be 2.4 x 10°~ g. per year (Natl. Acad.

Sciences, Washington, D.C. 1971) into the ocean, estimated

. to be 25% of the annual production of DDT/? Amount trans-

ported by river into the ocean was minor, estimated to be
only]O8 g. per year, or 0.1% of the annual DDT production.
Contributions through sewage outfalls are unknown quantita-

tively.

Removal Mechanism from the Ocean:

DDT residues in sea water are removed by incorporation
into marine organisms and with organic matter as suspended
particulates or dissolved organics. Surface film on the
ocean, with high fatty acids and a]cohols, tends to
concentrate the residues. There is a lack of data on -
direct measurements of sedimentation of DDT residues

incorporated with organic matter.
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5.3.3. Persistency and Toxicity:

DDT compounds are characterised by high volatility, Tow
solubility in water and high affinity for organic matter,
silt particles and soil (Risebrough, 1971. Although the
longevity of ch]okinated hydrocarbons fn soils is known
to be 10-40 years after‘app1ication, (Rudd, 1971), a
similar study in the oceanic environment is lacking.
Based on carbon dioxide transfer rate in the surface mixed
layer, a mean transport rate of 4 years (Woodwell et. al.
‘197]) for DDT from the surface miked layer of the ocean into
deep waters is indicated. A residence time of 5 years was
estimated by the U.S. National Academy of Sciences Panel.
Another aspect of the persistency is the retention and
magnification of the chlorinated hydrocarbons up the

marine food chain, as evident in Table IV.

There are few investigations on the toxicity, or more
appropriately the sublethal effects, of chlorinated
hydrocarbons on marine organisms. Species difference
wou]d be expected in their response, as shown in the case
of marine phytoplankton (Menzel et. al. 1970): a green

estuarine flagellate Dunaliella tertiolecta would be

insensitive to 1 ppm. while an open ocean diatom Cyclotella

nana was sensitive to 0.1 ppb. of DDT. Chlorinated
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hydrocarbons have a]so been shown to inhibit photosynthesis
in marine phytoplankton cultures at 1 ppb. level (Wurster,
1968). Thus, the effects of ch]orfnated hydrocarbons on
total photosynthesis of the ocean would not.be expected

to be significant but there should be concern on the

species-dependent effects, at the sublethal concentrations.
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6. RECOMMENDATIONS

" 1. It is recommended that the use of persistant toxic pesticides

be reduced wherever possible and practical.

2. Increased research efforts should be directed to the

development of:

(a) selectively toxic chemicals,

(b) non-persistent toxicants,

(c) 1less toxic solvents, adjuvants, diluents, etc. for
pesticide, |

(d) selective methods of application,

(e) non-chemical control methods such as use of attraétants,
sterilization, cultural and physical controls, etc.,

(f) integrated control methods, v

- (g)  measures and guidelines to'protect the ‘environment from
known farmful biocides,

(h) information on the éhemica] reactions which t&ke place
following the introduction‘of pesticides into the environ-
ment ahd the biochemical responses that occur as a result
of breakdown products.

(i) information on chronic and sublethal effects of pesticides
and their degradation products on all segments of the

environment.

3. Research relevant to British Columbia should be conducted on
all aspects of pest control. Emphasis should be placed on
pesticide monitoring to establish baseline data and contamina-

tion, particularly at sublethal levels to non-target aquatic
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and terrestrial species, and on techniques for prediction

of environmental effects.

More effort should be made to quantify, through statistics
and data collection, the input, budget, and removal rate of
pesticides; especially the persistent ones, in all segments
of British Columbia environment - land, air, marine,

freshwater, etc.

In cases of 1arge scale pesticide programs, contingency plans
S

should be available to rapidly deal with spillage of chemicals.

These plans shou]d include safe methods for disposal of

surplus product as well as "empty" packages and/or containers.

Additionally, a program should be initiated for the appropriate
disposal of unwanted pesticide products as well as their con-
~ tainers or packages that would be applicable to the commercial

and domestic user.

An informationa] program on the benefits and hazards of proper
pesticide use should be extended.  In addition, a program on
control by means other than the use of chemicals should be

provided to the public.

A more stringent continual upgrading of all licensed applicatbrs
and dispensers should take place to insure that only the most
qualified will handle pesticides. This would enable applicators
to be career men and would reduce fhe overall number of applica-
tors. (Ihe dispensers of pesticides should have the equivalent

education of a pharmacist and all pésticides should be dis-

2
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10.

11.

pensed by such qualified peop]e:)

e

A1l current uses of persistent chemica1$ should be fu]]y Z’ f% i;p
reviewed in the light of recent advances in understanding the‘ﬁﬁwféfd
undesired effects of some pesticides. (The acceptable uses A

should be selected and agreed to unanimously by the appro-

priate departments. Such uses should be restricted for

essential purposes, limited to the lowest effective dosage

required for the production of essential foods and fibre,

and replaced by safer alternatives wherever possible.)

An independent body should be created to set pest control
policy, guidelines, and regulations. It would also direct
education, license applicators, coordinate research, and

generally control pesticide use to insure an unbiased approach

so as no further environmental degradation will occur in

this province.

A forest Pest Control Committee should be formed by the B.C.
Forest Service to review the forest pest situation annually
and to determine a course of action regarding these pests.
this committee should have representafion from the B.C. Forest
Service, other provincial government agencies and the forest
industry, as well as advisory representation from the Canada
Department of the Environment, similar to the present Pest
Control Committee of the Council of Forest Industries of
British Columbia. It would differ from the latter committee:

in that it would be responsible to the Minister of Lands,
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‘Forests and Water Resources and/or other_ministers of the
Government of British Columbia. The Committee should have

the adthority to form sub-committees to consider in detail
pest problems on a district or on a problem basis as they
occur. It should recommend control acfion when necessary

and shaould be allocated the means to conduct these operations,
including special surveys, public information and discussion,

etc., in cooperation with industry and other agencies.

86.



References and Literature Cited

Alderdice, D.F. (1972).

Resume of the Properties of Pentachlorphenol and the
Interpretation of its Effects in a Fish Kill in the
Campbell River, B.C. M.S. (not published) 1973.

American Chemical Society (1969).
Cleaning our Environment, The Chemical Basis for Action
195-249.

Ashton, F.M. and Crafts, A.S. (1973). .
Mode of Action of Herbicides. John Wiley and Sons. N.Y.

Bogan, J.A. and Banine, W.R.P. (1972).
Organochlorine Levels in Atlantic Seabirds. Nature. 240-358.

Butler, P.A. (1964).
Commercial Fisheries Investigations, p. 65-77. In "The
Effects of Pesticides on Fish and Wildlife. U.S. Fish
Wildlife Services Circ. 226.

Claeys (persona] communication, 1972).
quoted in Baseline studies of pollutants in the marine
environment and research recommendations, IDOE Conference,
1972.

Commonwealth Institute of Biological Control.
Biological Control Programmes Against Insects and Weeds in
Canada 1959-1968. Tech. Commun. No. 4. Trinidad pp.105-255.

Cooper, G.S. (July,1973).
Recent Status of Phenoxy Herb1c1des Departmental Corres-
pondence (Chairman, Sub. Committee on Pesticides, Cyanamid
of Canada, Rexdale 604, Ontario).

Cox, J.L. (1971). :
DDT Residues in Seawater and Particulate Matter in the
California Current System, Fisher Bull., 69, 443-450.

Cramer, J. (1973).
Model of the Circulation of DDT on Earth. Atmosph. Envir.
7:241-256.

Crouter, R.A. and Vernon, E.H. (1959).
Effects of Blackheaded Budworm Control on Salmon and Trout
in British Columbia. The Canadian Fish Culturist, No. 24.

David, E.E. (March, 1971).
Report on 2,4,5,-T. Executive Office of the President,
Office of Sc1ence and Technology. U.S. Government
Printing Office.

87.



Deichmann, W.B. (July 1973).
Pesticides and the Environment: A Continuing Controversy.
Intercontinental Medical Book Corporation. N.Y.

Dow Chemical of Canada, Limited (1973).
Phenoxy Herbicide Technical Information. Vol. I and II.

Dyrssen, D., Patterson, C., Ui, J., and Weichart, G.F. (1971).
FAO Fisheries Reports, No. 99, Supl. 1, Report of the
Seminar on Methods of Detection, measurement, and
Monitoring of Pollutants in the Marine Environment, P.40.

Edwards, C.C. (1973). '
Recent Status of Phenoxy Herbicides. Departmental Communi-
cations. (The Commissioner, Food & Drug Administration,
Rocksville, Maryland, U.S.A.)

Fimreite, N., Fyfe, R.W., and Keith, J.A. (1970).
Mercury Contamination of Canadian Prairie Bird Eaters and
Their Avian Predators. Can. Field - Nat. 84:269-276.

Finegan, R.P. (1969). '
Pesticide Uses in Relation to Fish and Wildlife Branch.

Fyfe, R.W., J. Campbell, B.Hayson, and K. Hodson. (1969).
Regional Population Declines and Organochlorine
Insecticides in Canadian Prairie Falcons. Can. Field -
Nat. 83:191-200. -

Holdgate, M.W. (1971).
The Seabird Wreck of 1969 in the Irish Sea. Nat. Envir.
. Res. Council. Ser. C. No. 4.

Howard, T.E., Halvorson, H.N., and C.C. Walden (1964).
Toxicity of Copper Compounds to the Snail Vector Host of
the Agent Schistosome Dermatitis in Waters of Differing
Hardness. Am. Jour. Hyd. 80:33-44.

Hunt, L.B. (1965). ‘
Kinetics of Pesticide Poisoning in Dutch Elm Disease
Control, p.12-13. In "The Effects of Pesticides on Fish
and Wildlife." U.S. Fish Wildl. Serv. Circ. 226.

Jackson, K.J. (1969). .
The Role of the Department of Fisheries of Canada in
Dealing with Problems Presented by the Use of Pesticides
in British Columbia. The Canadian Fish Culturist. No. 37.

Jackson, K.J. (1960).
A Field Experiment to Determine the Effect upon Coho
Salmon Fry (Onchorhynchus Kitsutch) from Spraying
Sawlogs with an Emulsified Mixture of Benzene Hexachloride.
The Canadian Fish Culturist. No. 27.

88.



Jensen, S., Johnels, A.H., Olsson, M., And Otterlind, G. (1969).
Nature, 224-249,

Johnson D.W. (1968).
Pesticides and Fishes -- A Review of Selected Literature.
Trans. Am. Fish Soc. 97(4): 298-424.

Koeman, J.H., M.C. Ten Noeuer de Bran, and R.H. deVos. (1969).
Nature. 221:1126.

Krehm, H.S. (March, 1973).
' Fenitrothion. Chem. Control Research Inst. Ottawa, Ont.
Infro. Rpt. CC-X-39.

McKee, J.E. and H.W. Wolf. (1971).
Water Quality Criteria, The Resources Agency of
California, State Water Resources Control Board.
Pub11cat1on 3- A

Martin, H. (1972). ”
Pesticide Manual. British Crop Protection Council.

Matsumura, F., G.M. Boush, and T. Misato. (1972).
Environmental Toxicology of Pesticides.

Maybank, J. and K. Yoshida. (1969).
Delineation of Herbicide Drift Hazards on the Canadian
Prairies. Trans ASAE, 12:759-762.

Menzel, D.W., J. Anderson, and A. Randtke. (1970).
- Marine Phytoplankton Vary in Their Response to
Chlorinated Hydrocarbons. Science, 167, 1724-1726.

Montgomery, M.L. and L. A. Norris. (1970).
A Preliminary Evaluation of the Hazards of w,4,5,-T
in the Forest Environment. Research Note. U.S.D.A.
Forest Service PNW-116.

Mrak, E.M. (1969).
Secretary's Commission on Pesticides and Their Relationship
to Environmental Health. U.S. Department of Health,
Education, and Welfare. U.S. Government Printing Office.

Mukammal E.I., and G.A. McKay. (1971).
Canada Committee on Agricultural Meteorology; 12th
Annual Meeting, Jan. 27, 28, 1971. Ottawa, Ontario.

National Academy of Sciences, Wash1ngton, D.C. (1971).
Chlorinated Hydrocarbons in the Marine Environment, --
A Report Prepared by the Panel on Monitoring Pers1stent
Pesticides in the Marine Environment of the Committee on
Oceanography. 21 pp.

89.



Norris, L.A. (1971).
Pesticides, Pest Control and Safety on Forest Range Hands .
A Continuing Education Book. Corvallis, Oregon.

Oetting, R.B. (1971).
. Right-of-way Resources of the Prairie Provinces.
Blue Jay. 179-183.

Oloffs, P.C. (1970).
Toxicity of Herbicides. Pestology Centre, Dept. Biological
Sciences, Simon Fraser University, Burnaby 2, B.C., Canada.

Oloffs, P.C., L. J. Albright, and S. Y. Szeto. (1973).
Factors Affecting the Behavior of Five Chlorinated Hydro-
carbons in Two Natural Waters and Their Sediments.
Canadian Journal of Microbiology. Vol. 18 No. 9 pp.1393-
1398.

Oloffs, P.C. (1973).
Movement of Chlordane Within the Environment. J. Fisheries
Res. Board of Canada. :

O0loffs, P (Ju]y, 1973).
Recent Status of Phenoxy Herbicides, Departmental Communi-
cations. (Pesticide Toxicologist, Pestology Centre,
Simon Fraser University, Burnaby, B.C.)

Patterson, J.H. (1973).
Comments on Certain Ecological Considerations of
Herbicide Use in Alberta. C.W.S. Typewritten Report. 24pp.

~ Pearce, P.A. (1971). o
Side effects of Forest Spraying in New Brunswick. Trans.
36th N. Amer. Wildl. and Nat. Res. Conf. 163-170.

Pearce, P.A. I.M. Gruchy and J.A. Keith. (1973).
Toxic Chemicals in Living Things in the Gulf of St.
Lawrence. C.W.S. Pesticide Report. No. 24. 28pp.

Pimental, D. (1971).
Ecological Effects of Pesticides on Non-Target Species.
Executive Office of the President, Office of Science and
Technology. U.S. Government Printing Office Stock No.
4106-0029. '

Priester, L.E. (1965).
The Accumulation in Metabolism of DDT, Parathion, and Endrin
by aquatic food-chain oranisms. Ph. D Thesis, Clemson
Univ. 74 p.

90.



Quinby, G.E. (1972).
Polychlorobiphenyls (PCBS) and Related Chlorophenyls:
Effects on Health and Environment. 1I. Bibliography-
1881-1971. National Tech. Info. Service. U.S. Dept. of
Commerce. ‘

Reinert, R.E. (1970). _
Pesticide Concentrations in Great Lakes Fish.
Pesticides Monitoring J., 3, 233-240.

Richmond, H.A., and S. Ilnytzky. (1972)."
Forest Pesticide Handbook of British Columbia Council of
Forest Industries of British Columbia. :

Risebrough, R.W. (1971).
Chlorinated Hydrocarbons. In: Impingement of Man on the
Oceans, ed. by D.W. Hood, Pub. Wiley-Interscience,
Pp. 259 286.

Rudd, R.L. (1971).
Pesticides. In: Environment, Resources, Pollution and Society.

Ed. by W.W. Murdoch, Sinauer Asso. Inc., 279-301.

Rudd, R.L. and R.E. Genelly. (1956).
Pesticides: Their Use and Toxicity in Relation to
Wildlife. State of Calif. Dept. of Fish and Game.
Game Bulletin No. 7, pp.. 209. :

Savage, E.P., (Sept. 1971). :
The Current Status of Polychlorinated Biphenyls. Chemical
. Epidomiology, Colorado State Univ. presented at
Relationship of Pesticides to Man and the Env1ronment,
Montana State Univ.

Schouwenburg, W.J., and K. J. Jackson. (1966).
A Field Assessment of the Effects of Spraying a Small
Coastal Stream with Phosphamidon. The Canadian Fish
Culturist, No. 37.

Schouwenburg, W. J (1964).
A Report on the Relative Toxicity to Juvenile Coho Salmon
- of Herbicides Used in British Columbia. Unpublished M.S.

Shaw, M. (1973).
Recent Status of Phenoxy Herbicides. Departmental Corres-
pondence. (Faculty Head of Agricultural Sciences, Uni-
versity of British Columbia, Vancouver, B.C. Canada)

Sterling, T.D. (1971).

Report of the Advisory Comm1ttee on 2,4,5, T (Personal
Communication to E.P.S. Vancouver, B.C. )

91.



- Swackhamer, A.B. (July, 1973).

Recent Status of Phenoxy Herbicides. Departmental Corres-
pondence. (Division of Pesticides, Food Advisory Bureau,
Ottawa, Ontario.)

Taylor, R. and 0.E. Langer. (1973).
Effects on Stream Life from the Use of Sumithion to Control
Blackheaded Budworm Populations Along Salmon Streams
(M.S. in preparation).

Todd, I.S. and K. J. Jackson. (1961).
The Effects on Salmon of a Program of Forest Insect
Control with DDT on Northern Moresby Island. The Canadian
Fish Culturist, No. 30.

Tucker, R.K. and D.G. Crabtree, (1970). ' '
Handbook of Toxicity of Pesticides to Wildlife. U.S.D.I.
Bureau of Sprot Fisheries and w11d11fe Resource Publication
#84.

U.S. Department of Agriculture.(1968).
The Pesticide Review -- 1968.

Vermeer, K. (1971).
A Survey of Mercury Residues in Aquatic Bird Eggs in the
Canadian Prairie Provinces. Trans. 36th N.A. Wildl. and
Nat. Res. Conf. PP. 138-152.

Webb, P.W. and J.R. Brett. (1973).
Effects of sublethal concentrations of sodium pentach]oro-
phenate on growth rate, food conversion efficiency and
swimming performance in under yearling sockeye salmon
(Oncorhynchus nerka) Jour. Fish. Res. Bd. Canada 30 (3)

White-Stevens, R. (1971).
Pesticides in the Environment. Marcel Dekker Inc. N.Y.
Vol I and II.

Wilson, J.G. (1973).
Teratological potential of 2,4,5,-T. Down To Earth, Vol.
28 No. 4 (p. 14-17).

Wilson, J.G. (July, 1973).
Recent Status of Phenoxy Herbicides. Departmental Communi-.
cations. (Children's Hospital Res. Found., University of
Cincinnati, College of Medicine, Ohio, U.S.A.)

Wilber, C.G. (1969).

The Biological Aspects of Water Pollution. Charles C.
Thomas, Springfield, U.S.A. pp. 296.

92.



Woodwell, G.M., P.P. Craig and H.A. Johnson (1971).
“DDT in the Biosphere: Where Does It Goes?", Science, 174
1101-1107.

‘Woodwell,. G.M. C.F. Wurster, Jr., and P.A. Isaacson (1967).
DDT Residues in an East Coast Estuary: A Case of
Biological Concentration of a Persistent Insecticide,
Science, 156, 821-824. :

Woodwell, G.M. PP. Craig and H.A. Johnson (1971).
DDT in the Biosphere: Where Does it Goes?, Science,
174, 1103. '

Wurster, C.F. (1968).
DDT Reduces Photosynthesis by Marine Phytoplankton.
Science, 159, 1474-1475.

Yule, W. N., A.F.W. Cole and I. Hoffman. (1971).
A Survey for Atmospheric Contamination Following Forest
Spraying with Fenitrothion. Bull. Environmental
Contamination and Toxicology, 6 (4) 289-296.

93.



