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1. INTRODUCTION 

Canada's new Department of the Environment came into being on 

June 11, 1971 and amalgamated those elements with in the federal 

government involved in work re la ted to the environment and r e 

newable resources. "Environment Canada" comprises f i v e miss ion-

or iented s e r v i c e s : 

Atmospheric Environment Service 

Environmental Management Serv ice 

Environmental Protect ion Service 

F i sher ies and Marine Serv ice 

Planning and Finance Service 

Six main goals were l i s t e d by Environment M in i s te r Jack Davis 

fo l lowing the c reat ion of the new Department: 

(a) Carry on estab l i shed resource programs and serv ices 

(b) Clean up and control p o l l u t i o n 

(c) Assess and control the environmental impact of major 

development 

(d) I n i t i a t e long-term environmental programs. Promote and 

support in te rnat iona l environmental i n i t i a t i v e s 

(e) Develop an environmental information and education program. 

/ 
The federal environmental ro le i s p r e s c r i p t i v e ( o b j e c t i v e s , c r i t e r i a , 

s tandards) , d e s c r i p t i v e (state o f the environment) and puni t ive 

(prosecut ion) . 

The general p o l i c y of Environment Canada i s to control any 

contaminant (pes t i c ide) which, upon re lease or escape into the 



environment, may have a harmful e f f e c t on l i v i n g resources, 

and^which poses a threat to human hea l th . The basic steps 

involved in a p e s t i c i d e ( i . e . , i n s e c t i c i d e or herb ic ide) 

hazard control program are: 

(a) to gather the necessary information on the k inds , q u a n t i t i e s 

and locat ions of the re lease of a p e s t i c i d e . 

(b) to undertake c e r t a i n tests on suspected contaminants to the 

environment, or require the producer to undertake these 

( i . e . , t o x i c i t y to non-target organisms, sublethal e f f e c t s 

e t c . ) . 

(c) to r e s t r i c t the re lease o f c e r t a i n p e s t i c i d e s , p a r t i a l l y or 

t o t a l l y as the tests i n d i c a t e , by regulat ions under new and 

e x i s t i n g l e g i s l a t i o n , or by employing the regu lat ions of 

others . 

(d) to conduct an appropr iate program of research and monitoring 

of the e f f e c t s o f the p e s t i c i d e on the environment. Of 

fundamental importance to the e n t i r e strategy are pathway 

determination and mass-balance studies of p e s t i c i d e s and 

p o t e n t i a l l y adverse changes in b iota from contamination by 

t o x i c substances inc lud ing p e s t i c i d e s . 

A number of Acts and Regulations a s s i s t Environment Canada to 

f u l f i l l i t s mandate. The f i v e Acts u t i l i z e d most f requent ly in 

r e l a t i o n to pes t i c ides are : 

Canada Water Act 

Clean A i r Act 

F i sher ies Act 



Migratory Birds Convention Act 

Forest ry , Development and Research Act 

" i r e i f n f l ^ ^ ' f f ^ 

mem 

It i s appreciated that the use of some chemicals to control the 

impact o f pests on man's food, health and general welfare j u s t i f i e s 

t h e i r use and that , furthermore, t h e i r use in the future i s 

necessary to ensure a s u f f i c i e n t supply o f food in a f i n i t e land 

space with a r a p i d l y increas ing human populat ion . The problem 

therefore becomes one o f the wise and c a r e f u l l y c o n t r o l l e d use o f 

such chemicals , backed by a sound program of research and control 

to def ine and minimize the potent ia l fo r trouble involved in t h e i r 

use. 



ROLE, INVOLVEMENT AND CONCERNS -

2 . 1 . Atmospheric Environment Serv ice : 

The Atmospheric Environment Service i s not d i r e c t l y involved with 

p e s t i c i d e and herb ic ide a p p l i c a t i o n , but has a v a i l a b l e a fund of 

information and expert ise on the meteorological parameters which 

d i r e c t l y e f f e c t the d i r f t and depos i t ion rate o f emitted chemical 

treatments. To produce the cor rect dosage and planned s p a t i a l 

coverage requires the advance knowledge o f the loca l wind f i e l d 

and turbulence s t ructure which w i l l be present during a p p l i c a t i o n . 

J-t-^i=^-ess;e(it4a-l—to-have;:cidvanpe=^kn 

jfesenT^^u^ng 

aply^f^i'^ilofi'. Further , i t i s essent ia l to have advance knowledge 

of the p r o b a b i l i t y of p r e c i p i t a t i o n occurr ing a f t e r a p p l i c a t i o n 

and before the chemicals have had t h e i r des i red e f f e c t . 

Meteorological advice may be inser ted into the planning at a 

number of stages. For example: 

(a) Long-term c l i m a t o l o g i c a l data may be analysed to i s o l a t e 

periods of time in which the cor rec t meteorological para

meters are l i k e l y . 

(b) An operat ional outlook may be made a v a i l a b l e up to a week 

before planned a p p l i c a t i o n at which time the p r o b a b i l i t y o f 

the se lected c l i m a t o l o g i c a l events occurr ing may be decided. 



(c) In the period 12 hours to 48 hours before a p p l i c a t i o n an 

operat ional weather forecast may be made, based on the 

synoptic s i t u a t i o n and the e f f e c t s of the loca l topography 

on the l a rger scale weather. 

(d) On s i t e meteorological advice may be necessary during 

a p p l i c a t i o n in p a r t i c u l a r l y complex t e r r a i n . 

This type of weather advisory ass is tance was appl ied with evident 

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

a e r i a l spraying of the Sprucewoods Forest Reserve near Carberry , 

Manitoba. 

Research r e l a t i v e to the t ransport o f p a r t i c u l a t e matter provides 

an e x c e l l e n t basis fo r the assessment o f l a r g e - s c a l e t ransport 

o f p e s t i c i d e s . Because o f t h e i r s i z e , p e s t i c i d e sprays, dusts 

and t h e i r residues can be r e a d i l y picked up by the atmosphere 

through turbulence, and transported great d istances by wind. 

The p e s t i c i d e i s returned to the earth mainly through the processes 

o f turbulence, sedimentation, impact ion, and r a i n - o u t . Depending 

on the nature of the p a r t i c l e and atmospheric c o n d i t i o n s , 

p e s t i c i d e residues from a s i n g l e source area can t rave l vast 

d istances or remain suspended in the a i r f o r hundreds of days. 

While the depos i t ion may be extremely widespread, l o c a l subsidence, 

ra in-out and/or pers i s tent synopt i c -sca le patterns may cause c e r t a i n 

regions to rece ive more substant ia l accumulations than others . 

(Mukammal and McKay, 1971). 



3. ROLE, INVOLVEMENT AND CONCERNS - -

3 .1 . Environmental Protect ion S e r v i c e : 

(a) The primary ro le o f the Environmental Protect ion S e r v i c e , 

(EPS), as the name i m p l i e s , i s to safeguard the ecosystems 

from the e f f e c t s of de le te r ious chemicals or substances. 

This inc ludes p e s t i c i d e s , whether they be in the form of 

s o l i d s , l i q u i d s , or gases, d i sso lved or otherwise, and 

i r r e s p e c t i v e o f the method by which they are d ischarged. 

In A p r i l , 1972, the Environmental Protect ion Serv ice in 

Vancouver was formed and has s ince assumed those p e s t i c i d e 

contro l r e s p o n s i b i l i t i e s that were prev ious ly administered 

by the F i s h e r i e s S e r v i c e . 

E .P .S . i s a l so respons ib le f o r the coord inat ion of a l l 

matters r e l a t i n g to p e s t i c i d e s w i th in the Department o f the 

Environment. Pest contro l programs submitted to the 

B r i t i s h Columbia Interdepartmental P e s t i c i d e Committee are 

forwarded to E .P .S . fo r comment. E . P . S . , in t u r n , forwards 

d e t a i l s of these programs to appropr iate serv ices with in 

Environment Canada for review and comment. A f i n a l coordinated 

rep ly on behal f of Environment Canada i s provided to the 

program sponsor and to the Chairman of B r i t i s h Columbia 

Interdepartmental P e s t i c i d e Committee. 

Furthermore E .P .S . conducts s u r v e i l l a n c e and monitor ing o f 

se lected pest contro l programs to evaluate the impact o f 

p e s t i c i d e s on the environment, p a r t i c u l a r l y non-target s p e c i e s , 

under B r i t i s h Columbia c o n d i t i o n s . 



A d d i t i o n a l l y l i a i s o n with Federal and Prov inc ia l government 
I 

departments, u n i v e r s i t i e s , industry and the pub l i c i s 

maintained. 

(b) E .P .S . P a c i f i c Region (comprises B.C. and the Yukon T e r r i t o r y ) 

p a r t i c i p a t e s in numerous control programs. A s t r i c t examina

t i o n and assessment i s c a r r i e d out with respect t o : 

( i ) The type of p e s t i c i d e used, 

( i i ) Formulat ion, 

( i i i ) Rate, method, concentrat ion , number o f , t iming and 

locat ion of a p p l i c a t i o n , e t c . , 

( i v ) Poss ib le hazards o f each tox icant and/or i t s metabol ites 

on the environment, e s p e c i a l l y non-target f l o r a and fauna, 

(v) Monitoring of spray d r i f t s and t h e i r e f f e c t s on non-

target aquatic and t e r r e s t r i a l i n v e r t e b r a t e s , f i s h e s , 

b i r d s , mammals, e t c . , 

( v i ) E s t a b l i s h i n g whether detrimental p e s t i c i d e e f f e c t s , i f 

any, are temporary o»p permanent. 

(c) The major programs we have been involved with in the past year 

are : 

( i ) Mosquito Abatement Projects 

Lower Fraser Va l l ey Mosquito Control Program 

I n t e r i o r of Southern B r i t i s h Columbia Mosquito 
Abatement 

Yukon T e r r i t o r y Mosquito Control Project 

( i i ) Blackheaded Budworm Operation o f Western Hemlock 

near Port A l i c e and Port McNeil l o f Northern 



Vancouver Is land. E .P.S. and other Environment 

Canada Services were involved in t h i s program from the 

i n i t i a l stages through the auspices o f the Pest Control 

Committee of the Council of Forest Indust r ies . 

( i i i ) R ights-of Way Programs of B.C. Hydro and Dept. of 

Highways. 

These involve the use of several h e r b i c i d e s , c h i e f l y 

t r i a z i n e s and phenoxy compounds. 

( iv) A lder Control Programs of B.C. Forest Indust r ies . 

A number of herb ic ides are used f o r a lder suppress ion, 

mainly the phenoxy and t r i a z i n e t o x i c a n t s . E .P .S . i s 

present ly engaged in a p e s t i c i d e pro ject invo lv ing the 

use of phenoxy compounds f o r roadside contro l o f a l d e r . 

, The p r i n c i p a l object o f t h i s study i s to obta in data 

regarding the in f luence o f phenoxy compounds on B r i t i s h 

Columbia ecosystems, with emphasis on the fo l lowing 

observat ions: 

— Impacts on non-target organisms, e s p e c i a l l y 

a e r i a l arthropods, b i r d s , p l a n t s , and w i l d 

l i f e ; 

- - Forests p e s t i c i d e spray d r i f t s and t h e i r 

in f luence on non-target f l o r a and fauna, 

inc lud ing f i s h and f i s h food organisms; 

- - Minimum dosage required to suppress target 

spec ies ; 



- - Timing of a p p l i c a t i o n to achieve s a t i s 

factory control with minimum environmental 

damage. 

The E .P .S . main concern i s the potent ia l hazards of p e s t i c i d e 

contamination of the environment, p a r t i c u l a r l y non-target 

aquatic and t e r r e s t r i a l spec ies . Certa in p e s t i c i d e s , t h e i r 

res idues , metabol ites and/or contaminants have been reported 

to have adverse e f f e c t s on some segments of the ecosystem. 

Their in t roduct ion to such systems could i n i t i a t e a number 

o f r e a c t i o n s , which i n v a r i a b l y have a detrimental e f f e c t on 

man. For example: 

( i ) Reduction of species number 

The d i r e c t a p p l i c a t i o n o f pes t i c ides to crop lands , 

f o r e s t s , and other habi tats may reduce and sometimes 

temporar i ly exterminate not only the pest , but a l so 

non-target organisms in the treated area . 

( i i ) A l t e r a t i o n o f habitats 

Pest i c ides are e f f e c t i v e in a l t e r i n g h a b i t a t s . 

Herbic ide dest ruct ion of p lants on which animals 

depend f o r food and s h e l t e r , may cause s i g n i f i c a n t 

reduct ion in t h e i r numbers in the t reated area . Changes 

in vegetation are usua l ly detr imental to dependant 

spec ies , but may a lso be favourable f o r other spec ies . 

For ins tance , when the tops of mature f o r e s t t rees 



were k i l l e d with h e r b i c i d e s , the trees sprouted from 

t h e i r bases, thus improving browse f o r some animals, 

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

( i i i ) P e s t i c i d e p e r s i s t e n c e , movement and residues in the 

Environment. 

Pers i s tent pes t i c ides remain in the environment and 

are b i o l o g i c a l l y e f f e c t i v e over long periods of t ime. 

The obvious disadvantage i s that the longer the chemical 

p e r s i s t s in the environment the greater are the r i s k s 

invo lved . Residues can r e s u l t i n prolonged hazards to 

organisms in the t reated area . Furthermore t ransport o f 

the chemicals and/or residues by s o i l , water, a i r , or 

organisms f a r removed from the point of a p p l i c a t i o n . 

Pers i s tent chemical res idues , f o r example, DDT are 

widespread in nature. Some degradation products are 

more s tab le and tox ic to c e r t a i n segments of the env i ron-

i 

ment than, the parent compound. The methylation o f 

mercury and epoxidation of c e r t a i n o f the cyc lodiene 

p e s t i c i d e s are add i t iona l examples i l l u s t r a t i n g these 

phenomena. 

( iv ) Biochemical , behav ioura l , phys io log i ca l and reproduct ive 

changes in spec ies . 

The chronic e f f e c t s of sublethal concentrat ions of 

p e s t i c i d e s are often d i f f i c u l t to recognize and diagnose 



but may be more hazardous than acute t o x i c i t y : For 

example, long-term exposure to minute amounts of 

p e s t i c i d e and or t h e i r metabol ites have been 

reported to adversely a f f e c t normal funct ions of some 

organisms. In some instances i n s e c t s , mites and some 

mammals have acquired res i s tance to c e r t a i n p e s t i c i d e s . 

B i o l o g i c a l magni f i cat ion 

The a b i l i t y o f some l i v i n g organisms to accumulate c e r t a i n 

pes t i c ides in t h e i r body t i s s u e s appears to be a 

common phys io log ica l phenomenon. The organochlor ine 

i n s e c t i c i d e s are most often involved in t h i s process. 

The c a p a b i l i t y f o r concentrat ing pes t i c ides i s best 

i l l u s t r a t e d by oysters and water f leas . Oysters exposed 

to 1 ppb of DDT have been reported to concentrate i t 

70,000 times in t h e i r bodies . ( B u t l e r , 1964; and Pimental 

1971). Waterfleas are even more e f f i c i e n t ; they were 

able to concentrate 0.5 ppb of DDT by a f a c t o r of 

100,000, ( P r i e s t e r 1965; and Pimental 1971). Normally, 

the c a p a b i l i t y f o r b i o l o g i c a l magni f i cat ion i s not 

as great as t h i s , but when the event i s repeated through 

several l i n k s in the food c h a i n , extremely high 

concentrat ions of p e s t i c i d e residues can occur in the 

species at the top of the food cha in . An example i s 

the simple food chain invo lv ing s o i l , earthworms and 



rob ins : An i n i t i a l DDT leve l in the s o i l o f 9.9 ppm, 

reached 141 ppm in the earthworms, and about 444 ppm 

in rob ins , (Hunt, 1965; and Pimental , 1971). This 

high concentrat ion in the robins was tox ic to some 

b i r d s . 



4. ROLE, INVOLVEMENT AND CONCERNS — Environmental Management Serv ice 

This Service o f Environment Canada comprises the f o l l o w i n g : 

Canadian Forestry Serv ice 

Canadian W i l d l i f e Serv ice 

Inland Waters D i rectorate 

Lands D i rectorate 

4 . 1 . The Canadian Forestry Serv ice (CFS): 

CFS i s the l a rges t f o r e s t r y research agency in Canada. 

Its prime funct ion i s one o f f o r e s t r y and f o r e s t products 

research rather than f o r e s t management which i s conducted 

l a r g e l y by the various p r o v i n c i a l governments. The 

Min i s te r o f the Environment administers the Fores t ry , 

Development and Research Ac t , which provides " fo r the 

conduct o f research r e l a t i n g to the p r o t e c t i o n , management, 

and the bet ter u t i l i z a t i o n o f f o r e s t products" . The Act 

a l so s t i p u l a t e s that the M i n i s t e r may undertake, promote 

or recommend measures to encourage pub l i c cooperation in 

the wise use o f the country ' s f o r e s t resources , and that 

he may enter into agreements with the provinces or any 

person in connection with the f o r e s t p r o t e c t i o n , management, 

u t i l i z a t i o n , and re la ted research , or f o r f o r e s t r y 

p u b l i c i t y or educat ion. This r e s p o n s i b i l i t y i s channel led 

through the D i r e c t o r General o f the Canadian Forestry 

Serv i ce . 



Research a c t i v i t i e s are conducted at s ix regional 

centres across Canada, inc lud ing the P a c i f i c Forest 

Research Centre, V i c t o r i a , and at s i x s p e c i a l i z e d i n s t i t u t e s , 

the Petawawa Forest Experiment S t a t i o n , and at the Eastern 

and Western Forest Products Laborator ies in Ottawa and 

Vancouver, A l l the regional centres are concerned to 

some extent with pest problems, although p r i o r i t i e s vary, 

as each establishment pursues the f o r e s t r y problems of most 

immediate concern to the areas served. Two i n s t i t u t e s , 

the Insect Pathology Research I n s t i t u t e , Sault Ste. Marie, 

Ontar io , and the Chemical Control Research I n s t i t u t e , 

Ottawa, are e x c l u s i v e l y concerned with pests and pest-

re la ted research , whereas most o f the other i n s t i t u t e s 

have, on occas ion , invest igated aspects of pest problems 

re la ted to t h e i r f i e l d s of s p e c i a l i z a t i o n . The a c t i v i t i e s 

of a l l these establishments are coordinated through the 

D i rectorate of .Operat ions in the Canadian Forestry Serv ice 

Headquarters, Ottawa. 
I 

In add i t ion to the primary a c t i v i t i e s of pest research 

and s e r v i c e s , the Canadian Forestry Serv ice p a r t i c i p a t e s 

in the review of p e s t i c i d e regu la t ion and use through 

representat ion on various committees o f the federal 

government, i n c l u d i n g : 

1. Federal Interdepartmental Committee on 
P e s t i c i d e s . 



2. The N.R.C. Associate Committee on S c i e n t i f i c 
C r i t e r i a f o r Environmental Monitor ing. 

3. The N.R.C. Associate Committee on A g r i c u l t u r e 
and Forestry A v i a t i o n . 

4. The Interdepartmental Committee on Forest 
Spraying Operations. 

5. The Annual Forest Pest Control Forum. 

6. Canadian Forest Pest Control Committee. 

B r i e f descr ip t ions of committees 1, 2 and 3 fo l low below. 

Committees 4,5 and 6 are described in more d e t a i l as 

they r e l a t e more d i r e c t l y to f o r e s t pest problems. 

Federal Interdepartmental Committee on Pest i c ides 

This Corrmiittee was formed in 1964. Current o f f i c i a l 

representat ion i s as fo l lows: A g r i c u l t u r e (2 members). 

Consumer and Corporate A f f a i r s ( 1 ) , Environment (5 members: 

Environmental P r o t e c t i o n , W i l d l i f e , Fo res t ry , F i s h e r i e s , 

and Water), Indian A f f a i r s and Northern Development ( 1 ) , 

National Research Council ( 1 ) , and National Health and 

Welfare (2) . 

B r i e f l y , the terms of reference f o r t h i s Committee are as 

fo l lows: to assess the adequacy of the o v e r a l l Canadian 

program on p e s t i c i d e use; to take appropriate act ion on 

recommendations f lowing from the Health and Drug D i rectorates 

of the Department of National Health and Welfare; to 

provide the l i a i s o n with appropriate p r o v i n c i a l a u t h o r i t i e s ; 



and f i n a l l y , to advise the federal government on i n t e r 

nat ional developments a f f e c t i n g i n s e c t i c i d e s . Th is 

Committee, chaired by the A s s i s t a n t Deputy M i n i s t e r o f 

A g r i c u l u r e , meets twice annual ly and reports to the 

M in i s te r of A g r i c u l t u r e ; copies of reports going to 

Min is ters o f other Departments represented on the Committee. 

N.R.C. Associate Committee on S c i e n t i f i c C r i t e r i a fo r 
Environmental Monitoring 

This Committee was formed in 1970, with representat ion 

from the National Research C o u n c i l , Department of A g r i 

c u l t u r e , Department of the Environment, Department of National 

Health and Welfare, Cyanamid o f Canada and York U n i v e r s i t y . 

The terms of reference fo the Committee are b a s i c a l l y to 

prepare and pub l i sh c r i t e r i a f o r p o l l u t a n t s in a i r , water 

and s o i l , and to th i s end three sub-committees have been 

e s t a b l i s h e d , one deal ing with p e s t i c i d e s . 

This sub-coimiittee i s j u s t beginning to operate and i s 

d i r e c t i n g i t s a t tent ion i n i t i a l l y to developing procedures 

f o r measuring p e s t i c i d e s with in the human sphere o f 

p r o t e c t i o n , as well as wi th in the environment i n genera l . 

N.R.C. Assoc iate Committee on A g r i c u l t u r e and Forestry 
Av ia t ion 

This Committee was formed i n 1966, with representat ion 

from the National Research C o u n c i l , Canadian Transport 



Commission, Departments of the Environment, A g r i c u l t u r e , 

National Health and Welfare, the M i n i s t r y of Transport , 

and 13 members from indust ry . I t i s a nat ional committee, 

with the fo l lowing o b j e c t i v e s : to promote and advise on the 

design and performance of spray a i r c r a f t equipment; to 

promote development and improvement in spray a i r c r a f t 

operat ional techniques, and to advise on chemical safety 

and f l i g h t during operat ional spray programs. 

The committee encourages c lose l i a i s o n and cooperation with 

any agency deal ing with l a r g e - s c a l e a e r i a l spray programs, 

and i t should be kept f u l l y informed on operat ional 

spray programs undertaken by a province with federal 

f i n a n c i a l ass i s tance . 

Interdepartmental Comnlttee on Forest Spraying Operations 

This Committee has been superseded by the two descr ibed 

below, but s ince i t has been mentioned in other b r i e f s , 

i t s h i s t o r y i s summarized f o r the record . It was formed 

in 1958 fo l lowing 3 meeting c a l l e d to discuss the c o n f l i c t s 

between f i s h e r i e s and f o r e s t r y resources , which had been 

brought into focus by DDT spraying operat ions in eastern 

and western Canada. The Coirmittee was o r i g i n a l l y comprised 

of representat ives of the F i sher ies Research Board, the 

Department of F i s h e r i e s , the Canadian W i l d l i f e S e r v i c e , 

and the Canadian Forestry Serv i ce . Addi t iona l representa

t i o n has s ince been provided by the Departments of A g r i 

c u l t u r e , National Health and Welfare and other federal 



agencies. Throughout the l i f e o f the Committee, the 

meetings were r e g u l a r l y attended by representat ives of 

p r o v i n c i a l Forestry Serv i ces , Including B r i t i s h Columbia, 

and i n d u s t r i a l agencies such as the Council of Forest 

Industr ies o f B.C. The aims of the Committee inc luded: 

(a) Review of f o r e s t insect outbreaks, p r o b a b i l i t y 

of damage to the f o r e s t , and hazards to other 

forms of l i f e that would r e s u l t from chemical 

contro l operat ions . 

(b) Coordination o f recomnendations f o r contro l 

ac t ion and safeguards to be taken. 

(c) Support of add i t iona l research to develop less 

hazardous i n s e c t i c i d e formulations and improved 

methods of a p p l i c a t i o n . 

During the per iod 1969-1972 the federal government wi th

drew f i n a n c i a l support to f o r e s t spraying operat ions , but 

the Interdepartmental Committee on Forest Spraying Opera

t ions remained a v iab le forum f o r the exchange of i n f o r 

mation. In 1973 federal support f o r se lec ted control 

operations in cooperation with Prov inc ia l agencies was 

renewed under the author i ty of the M i n i s t e r of the Envi ron

ment, and the Interdepartmental Conmittee on Forest Spray

ing Operations was d ismissed. The fo l lowing forum and 

committee were formed in i t s p lace . 



Annual Forest Pest Control Forum 

This meeting, organized by the Canadian Forestry S e r v i c e , 

w i l l replace the communication funct ion of the above 

Committee and encourage the exchange of information 

between prov ince , industry and research agencies on f o r e s t 

pest control problems. 

Canadian Forest Pest Control Committee 

This Committee was formed in 1973 to enter in to agree

ments with the provinces f o r the shar ing of costs involved 

in c e r t a i n pest control operat ions . At present , f i n a n c i a l 

ass istance i s l i m i t e d to control operations against 

spruce budworm, hemlock looper , the pine s a w f l i e s , and 

a c c i d e n t a l l y introduced pests . 

The Conmittee cons is ts o f representat ives o f the Depart

ments o f the Environment, A g r i c u l t u r e , National Health 

and Welfare and other Departments as r e q u i r e d . I t w i l l 

review requests from the provinces from the standpoint 

of c o n t r o l l i n g f o r e s t pest outbreaks, which, i f unchecked, 

would have: 

- - de le ter ious e f f e c t s on the environment over large 

areas; 

- - adverse economic consequences on the f o r e s t indus

t r y ; 



- - s i g n i f i c a n t s o c i o l o g i c a l consequences such as 

reduced employment or loss of recreat iona l use of 

f o r e s t l a n d ; or 

— ser ious r i s k of spread across i n t e r p r o v i n c i a l or 

in ternat iona l boundaries. 

The Committee w i l l a l so consider proposed contro l methods 

to be employed, and health and environmental hazards. It 

w i l l reconmend to the M i n i s t e r of the Environment control 

projects which, i n i t s o p i n i o n , warrant federal f i n a n c i a l 

a s s i s t a n c e . 

A var iab le threshold d e d u c t i b l e , to be paid wholly by 

the prov ince , has been set f o r each prov ince. It i s 

based on p r o v i n c i a l f o r e s t r y revenues at nat ional 

average p r o v i n c i a l r a t e s , per c a p i t a . Above the threshold 

there i s an esca la t ing rate o f federal f i n a n c i a l support , 

ranging from 25 per cent fo r the f i r s t $25,000 above 

the threshold to 50 per cent o f costs in excess of 

$1,250,000. 

Pest Control Cormiittee - Council o f Forest Industr ies 

In B r i t i s h Columbia, the Canadian Forestry Serv ice 

p a r t i c i p a t e s as an a c t i v e adv iser to the Pest Control 

Conmittee o f the Council o f Forest Indust r ies . The 

purpose and funct ions o f t h i s Committee are descr ibed in 

the Council o f Forest Industr ies b r i e f . 



The e x i s t i n g forum for d i scuss ion of fo res t pest 

problems has been an inva luable committee; however, 

i t s l i m i t a t i o n s should be recognized. It does not permit 

a province-wide review of the f o r e s t pest s i t u a t i o n , nor 

i s i t concerned with pest problems in amenity or 

recreat ion areas unless they co inc ide with the i n t e r e s t 

of production f o r e s t r y . 

1. «|Research and Serv ices in Pest Control i n the Canadian 
f\ # F o r e s t r y Serv i ce . 

^(a) P e s t i c i d e s : 

No attempt has been made to develop or maintain an accurate 

estimate o f losses as a r e s u l t o f insects and diseases in the 

f o r e s t o f B r i t i s h Columbia; however, they are u s u a l l y con

s idered to approximate the losses from w i l d f i r e . Many pests 

are involved and a l l t ree species are s u s c e p t i b l e . The 

dest ruc t ive ac t ion may be sudden and dramatic , ( e . g . , out

breaks o f bark b e e t l e s , d e f o l i a t o r s ) , or slow and prolonged, 

( e . g . , stem d iseases , wood b o r e r s ) . Frequently pests do not 

k i l l t r e e s , but render them unsuitable as a f o r e s t product 

or reduce t h e i r amenity va lues , e . g . t i p weev i l s . A l l stages 

from seed to over-mature r e l i c s are subject to attack by 

these organisms; t h i s i s a natural b i o l o g i c a l process and, 

in f a c t most of the f o r e s t s o f B r i t i s h Columbia are the 

r e s u l t o f the natural eco log i ca l processes of i n s e c t s . 



disease and f i r e , act ing separate ly or in concert 

through time. 

CFS s c i e t i s t s have recognised t h i s fo r many decades-and 

the inves t iga t ions on major pes ts , which began in the e a r l y 

1920's, have been d i r e c t e d toward determining the eco

l o g i c a l , s o c i o l o g i c a l and economic f a c t o r s , to formulate 

fo res t management guide l ines designed to prevent con

d i t i o n s that increase the r i s k o f pest outbreaks. 

The current program at the P a c i f i c Forest Research Centre , 

prepared i n consu l tat ion with the Prov inc ia l Forest S e r v i c e , 

industry and the U n i v e r s i t y o f B r i t i s h Columbia, r e f l e c t s 

to a large extent , the areas o f major concern and p r i o r i t y 

i n the f o r e s t s o f B r i t i s h Columbia. 

There are major pro jects on: 

- bark and wood-boring insects 

- d e f o l i a t o r s 

- the balsam woolly aphid 

- t i p and shoot mining insects 

- stem diseases 

- root diseases 

- f o r e s t nursery pests 

- the b i o l o g i c a l contro l of decay and root fungi 

- detect ion and appra isa l o f t ree pests and damage 

- seed and cone insects 



Twenty-seven s c i e n t i s t s are involved in these s t u d i e s . 

In add i t ion to f o r e s t e r s , fo res t entomologists and 

p a t h o l o g i s t s , t h i s group includes insect p h y s i o l o g i s t s , 

t ree p h y s i o l o g i s t s , taxonomists, mycologist , a nematologist 

and an insect t o x i c o l o g i s t . Other d i s c i p l i n e s , inc lud ing 

chemistry, c l imato logy , hydrology, mathematics, s o i l 

s c ience , s i l v i c u l t u r e , p lant ecology, economics, e t c . , 

are a v a i l a b l e in the Centre and a c t i v e l y cooperate as 

requi red . 

Some Canadian Forestry Serv ice Accomplishments i n Reducing 
the Need For Pest i c ides in B r i t i s h Columbia 

- - The aim of the Canadian Forestry Service research program 

i s to develop fores t management gu ide l ines that w i l l reduce 

losses and the need f o r d i r e c t contro l a c t i o n . A few 

examples fo l l ow. 

- - The a t t rac t iveness o f cut logs to the ambrosia beet le i s 

d i r e c t l y re la ted to the time of year when the tree was 

f e l l e d ; thus, by adjust ing log movements from the f o r e s t , 

the r i s k o f ambrosia beet le attack can be considerably 

reduced. 

— The balsam woolly aph id , which has def ied d i r e c t c o n t r o l , 

has been contained wi th in a s t a t i c area s ince 1967. Th is 

may be due to a quarantine on a l l balsam f i r seedl ings and 

voluntary r e s t r i c t i o n s on log movements agreed to by the 

fo res t companies. Considerable research on the c l imato

l o g i c a l and d ispersa l c h a r a c t e r i s t i c s o f t h i s pest formed 

the basis of these g u i d e l i n e s . 



- - Several management prac t i ces have been recommended to 

control bark b e e t l e s , a l l aimed at reducing the a v a i l a 

b i l i t y of breeding m a t e r i a l . These inc lude removal of low-

v i g o r , h i g h - r i s k trees through s e l e c t i v e c u t t i n g ; 

s a n i t a t i o n through c leaning up mater ia l such as logging 

s l a s h , w indfa l l and f i r e - k i l l e d t imer; and reduced 

stump he ights . Another p r a c t i c e i s to log attacked 

trees before the beet les emerge to i n f e s t other t r e e s . 

These p rac t i ces are f e a s i b l e and e f f e c t i v e in s i t u a t i o n s 

where the outbreaks are r e l a t i v e l y smal l . Many of the 

1973 timber sa les in the i n t e r i o r of the province are 

stands of b e e t l e - k i l l e d t r e e s . 

- - The hemlock dwarf mis t le toe problem can be resolved 

l a r g e l y by s a n i t a t i o n c u t t i n g , where a l l hemlock are 

f e l l e d during the logging operat ion to ensure that a 

mis t le toe i n f e c t i o n source i s not l e f t on res idual 

standing trees to i n f e c t future stands. 

- - The impact of root rot d i seases , which are d i f f i c u l t to 

c o n t r o l , can be reduced through s i l v i c u l t u r a l manipulation 

of in fec ted stands, such as e a r l y removal of in fected 

t r e e s , c l e a r - c u t t i n g of in fec ted stands fol lowed by 

p lant ing of r e s i s t a n t s p e c i e s , and removal of i n f e c t e d 

stumps and roots in high-value s i t e s . 



- - In f o r e s t tree n u r s e r i e s , i t i s imperative to control 

fo res t pest damage in order to preserve the c o n t i n u i t y 

of sustained y i e l d management from year to year . 

Pest i c ides are f requent ly used in these n u r s e r i e s , but 

there has not been the same degree of concern because 

t h e i r use i s confined to r e l a t i v e l y small areas . 

Nevertheless, the nurseryman i s able to employ several 

c u l t u r a l p r a c t i c e s that reduce the amount o f p e s t i c i d e 

requ i red . 

Research programs have shown that the fo l lowing p r a c t i c e s 

can reduce the need f o r p e s t i c i d e s : c o n t r o l l i n g s o i l 

moisture, temperature, n i trogen l e v e l and pH; time of 

p l a n t i n g ; suimier f a l l o w i n g ; s a n i t a t i o n p r a c t i c e s , such as 

burning in fected m a t e r i a l ; removing a l t e r n a t e hosts f o r 

c e r t a i n fungus d iseases ; inspect ion o f imported p lant stock; 

and growing species ( e . g . , pine) outs ide the natural range 

o f i t s major pest ( e . g . , European pine shoot moth). 

Role o f Canadian Forestry Serv ice I n s t i t u t e s in Pest 
Control in B.C. j 

The experience and consu l ta t i ve serv ices o f other regional 

Centres are r e a d i l y a v a i l a b l e to the P a c i f i c Forest Research 

Centre. 

The I n s t i t u t e , Sault S t . Mar ie , Ontar io , with a s t a f f o f 19 

s c i e n t i s t s i s d i rec ted to the study o f insect pathogens, 

( b a c t e r i a , v i r u s e s , fungi and protozoans). 



pheroniones and insect reproduction physiology. There 

have been some notable successes in the f i e l d of insect 

pathology, e . g . , control o f c e r t a i n sawf l ies by the use 

of v i r u s e s ; more w i l l be sa id l a t e r about b i o l o g i c a l 

c o n t r o l . 

I 

The program of the Chemical Control Research I n s t i t u t e . 

Ottawa, with 13 s c i e n t i s t s , i s d i rec ted toward i n s e c t i c i d e 

t e s t i n g and a p p l i c a t i o n t r i a l s , s tudies of environmental 

impact of p e s t i c i d e s , and the integrated use of b i o l o g i c a l and 

chemical c o n t r o l . 

The general procedures o f the Chemical Control Research 

I n s t i t u t e serve as a model fo r the Canadian Forestry 

Service protocol f o r dea l ing with p e s t i c i d e i n v e s t i g a t i o n s 

across Canada. B r i e f l y , t h i s I n s t i t u t e reviews the data on 

new p e s t i c i d e compounds submitted to i t as candidates f o r 

f o r e s t r y use. Those s a t i s f y i n g c e r t a i n c r i t e r i a , i n c l u d i n g 

low t o x i c i t y to non-target organisms, are tested in the 

laboratory f o r e f fec t iveness against various f o r e s t pests . 

The most promising mater ia ls are tested more r i g o r o u s l y in 

the laboratory and, i f warranted, smal l - sca le f i e l d t r i a l s 

are c a r r i e d out to assess e f fec t i veness under natural 

cond i t ions . If the material i s s t i l l promising, l a r g e -

scale f i e l d t r i a l s are c a r r i e d out to assess e f fec t i veness 

under natural cond i t ions . I f the material i s s t i l l promis ing. 



l a r g e - s c a l e experimental t r i a l s w i l l be conducted with 

operat ional a p p l i c a t f p n equipment and techniques. E f f e c t s 

on non-target organisms are monitored and checked by 
i 

w i l d l i f e e c o l o g i s t s and res idue chemists, who co l laborate 

with s c i e n t i s t s in other missions of the Department of 

the Environment and other government agencies or with un iver

s i t i e s through contractual arrangements. I f the candidate 

chemical surv ives the t e s t i n g procedure, i t can be used 

on an operat ional s c a l e , where monitoring i s cont inued. I f 

the chemical i s s t i l l acceptable , i t can be reconmended 

f o r r e g i s t r a t i o n and general f o r e s t r y use against the 

target spec ies . Reg is t ra t ion f o r use against other species 

of insects i s not granted u n t i l add i t iona l t e s t i n g i s done. 

The i n s e c t i c i d e , f e n i t r o t h i o n , which the Canadian Forestry 

Service recommended t h i s year f o r use against the blackheaded 

budworm in northern Vancouver I s land , i s a major example 

of an i n s e c t i c i d e that has been subjected to t h i s r igorous 

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

i l l u s t r a t i n g the comprehensive information a v a i l a b l e are 

submitted separate ly to the Commission. 

Role of Canadian Forestry Serv ice in Major Pest Control 
Projects 

Where outbreaks o f des t ruc t ive f o r e s t insects are extens ive , 

the fo res t manager i s faced with the r i s k o f widespread and 

severe losses o f t imber. In B r i t i s h Columbia, outbreaks o f 



the hemlock looper and the blackheaded budworm have 

extended over hundreds o f thousands o f acres and k i l l e d 

hundreds o f m i l l i o n s o f board feet o f prime t imber. In 

Central B . C . , over o n e - b i l l i o n cubic feet o f spruce was l o s t 

to the spruce bark beet le in the major outbreak between 

1956 and 1965. Destruct ions of t h i s magnitude can have a 

long-term e f f e c t on the f o r e s t ecosystem and on the s o c i o 

economic s turcture of a reg ion . 

A e r i a l spraying with p e s t i c i d e s has been used extens ive ly 

to protect large areas of f o r e s t from severe d e f o l i a t i o n . 

The most notable examples are the spraying operat ions 

against eastern hemlock looper i n Newfoundland. Most of 

the spraying operat ions i n B r i t i s h Columbia were reported 

in the Council o f Forest Industr ies b r i e f . 
i 

At present, d i r e c t control techniques are not p r a c t i c a l 

fo r the bark beet les , although s i g n i f i c a n t advances are 

being made in developing procedures that may have a p p l i c a 

t ion in the f u t u r e . For d e f o l i a t o r s , there are several 

i n s e c t i c i d e s that can be sprayed from the a i r , and t h i s 

tiechnique has proved to be e f f e c t i v e on many occas ions . 

The Canadian Forestry Serv ice ro le in these operations i s 

to provide advice and guidance to the resource manager in 

the decision-making process and the conduct of the operat ions , 

and in the assessment and report ing o f the r e s u l t s . Costs 

may a lso be shared according to the formula descr ibed e a r l i e r . 



Procedures and the ra t iona le employed in the d e c i s i o n 

making process in these l a r g e - s c a l e operations are descr ibed 

below. 

The CFS conducts an annual survey of f o r e s t insec t and 

disease condi t ions throughout Canada, S p e c i a l l y t ra ined 

s c i e n t i s t s and technic ians are in the f i e l d throughout 

the summer, c o l l e c t i n g samples in pre-se lected areas and 

where insect outbreaks occur or are suspected. They 

co l laborate c l o s e l y with industry and other government 

f o r e s t r y s t a f f s to survey, map and report promptly on 

pest cond i t ions . Serious pest outbreak condi t ions are 

reported in d e t a i l to the B.C. Forest Service and to the 

coordinat ing and act ion coiranittees, such as the Pest Control 

Committee o f the Council o f Forest Industr ies or the Kootenay 

Pest Control Conmittee. In s i t u a t i o n s where there i s a 

potent ia l f o r s i g n i f i c a n t t ree m o r t a l i t y , spec ia l surveys 

are made in c o l l a b o r a t i o n with industry and the B.C. 

Forest Serv ice to c o l l e c t d e t a i l e d data on the condi t ions 

of the outbreak area . This information i s analyzed and 

presented to spec ia l meetings where representat ives o f 

indust ry , B.C. Forest Serv ice and other p r o v i n c i a l and 

federal agencies responsib le f o r the several aspects of 

resource and environmental management can evaluate the 

s i t u a t i o n and determine an appropr iate course of a c t i o n . In 



most instances , no control act ion i s warranted; in a few 

cases , preparat ion f o r control iwth the option to abort may 

be necessary ( e . g . , hemlock needle miner outbreak on North 

Vancouver Is land , 1965). On rare occas ions , i t i s 

necessary to conduct a p ro tec t ive control operat ion ; 

however, only a port ion of the i n f e s t a t i o n area i s considered 

f o r p ro tec t ive a c t i o n . E rad icat ion of a pest , or contro l 

of epidemic populat ions , i s not regarded as f e a s i b l e or 

d e s i r e a b l e . 

In a r r i v i n g at the d e c i s i o n , the f o r e s t managers w i l l 

cons ider : 

( i ) The forecasted populat ion dens i ty and i t s e f f e c t 

on t ree c o n d i t i o n . 

( i i ) The present cond i t ion o f the f o r e s t in terms of recent 

d e f o l i a t i o n h i s t o r y , v igor and age o f stands, species 

composition and s u s c e p t i b i l i t y to the pest . 

( i i i ) A l t e r n a t i v e s to d i r e c t control act ion and t h e i r 

consequences. These inc lude : salvage logg ing , 

in which the c a p a b i l i t y to salvage must be assessed 

along with the cost o f a l t e r i n g logging plans through 

decadence o f unharvested stands which must be l e f t 

while the salvage operation i s undertaken, and no 

a c t i o n , r e s u l t i n g in extensive m o r t a l i t y and loss o f 

timber and increased f i r e hazard over large areas 

f o r many years . 



( iv) The overa l l f o res t management plans fo r the area 

and the reg ion . 

(v) The a l t e r n a t i v e object ives o f the proposed operation 

that must be considered. These can range from: 

(a) simply keeping trees a l i v e that would die i f 

d e f o l i a t e d the next year , to (b) preventing 

reductions in annual increment and r i s k of loss to 

decay by top k i l l i n g or acce lerated decadence in 

old-growth stands, to (c) protect ing amenity, r e c r e a t i o n 

a l , property and other non production f o r e s t r y 

re la ted values . 

(v i ) The economic and soc ia l consequences of inac t ion and 

various l e v e l s o f a c t i o n . Some form of cost benef i t 

ana lys i s i s usua l ly requ i red . For r e l a t i v e l y small 

operat ions , where the benef i ts are obvious ly h igh , 

the ana lys i s may be cursory and h igh ly s u b j e c t i v e , but 

i t i s mandatory f o r the l a r g e r programs, where federal 

f i n a n c i a l support i s expected. 

The Canadian Forestry Service a l so advises on the choice o f 

i n s e c t i c i d e , the dosage and method of a p p l i c a t i o n . Regional 

centres usua l ly consult with the operat ional manager con

cerning the boundaries o f the area to be t r e a t e d , and advise 

on the development of the insect throughout the area and 

when to commence and cease operat ional spray ing . The 

Serv ice a lso assesses the e f fec t iveness o f the operat ion in 



terms of insect population reduct ion and f o l i a g e 

p r o t e c t i o n . Special studies are usual ly c a r r i e d out by 

CFS s t a f f to determine e f f e c t s on p o t e n t i a l l y s e n s i t i v e 

non-target organisms. For example, i n the operat ion t h i s 

year on North Vancouver Is land , the Chemical Control 

Research I n s t i t u t e conducted a spec ia l study to monitor the 

e f f e c t s of f e n i t r o t h i o n on b i rds and small mammals in the 

coastal B.C. f o r e s t ecosystem. Special studies are a l so 

made on spray a p p l i c a t i o n equipment and procedures, coverage 

and d r i f t . 

Current Trends in P e s t i c i d e Use in Forestry 

The nature and manner of p e s t i c i d e use in f o r e s t r y has 

changed s i g n i f i c a n t l y in the past decade. Th is i s most, 

evident in eastern Canada, where l a r g e - s c a l e a e r i a l 

spraying programs are s t i l l required to prevent extensive 

losses to the spruce budworm in the fo res ts of Quebec and 

New Brunswick. A decade ago DDT and Phosphamidon were widely 

used at dosages o f 1/2 to 1/4 l b . per acre . Today a more 

s e l e c t i v e i n s e c t i c i d e , f e n i t r o t h i o n , i s used in these programs 

along with Zectran and M e t a c i l . A p p l i c a t i o n technology has 

improved considerably and dosages are in the order o f 1 to 

3 ounces per ac re , with spray drop let s i zes and frequency 

across the swath approaching that achieved with s o p h i s t i c a t e d 

U l t r a Low Volum (ULV) apparatus. 



Large 4 motor a i r c r a f t {DC-6B) equipped with e l e c t r o n i c 

navigat ional instruments for guidance were used in Quebec 

t h i s year and demonstrated the advantages and disadvantages 

of t h i s new system in contrast to the more conventional spray 

a i r c r a f t (Grumman TBM Avenger) guided by observers f l y i n g 

above them i n "b i rd-dog" a i r c r a f t . I t was o r i g i n a l l y 

planned to spray at n ight with the DC-6 system and, although 

not approved t h i s year , the concept o f nighttime f o r e s t 

spraying w i l l undoubtedly be thoroughly tested in the 

next few y e a r s . 

An apparently successfu l attempt was made to contro l a 

developing outbreak of the spruce budworm in northwestern 

Ontario in 1968 and 1969. In t h i s case an apparent 

ep icentre was sprayed thoroughly before the epidemic spread 

into the surrounding f o r e s t . This approach has much to 

commend i t and should be tested elsewhere. 

Experiments were c a r r i e d out in New Brunswick in 1972 and 

again in 1973 to spray adult moths of the spruce budworm. 

Massive moth f l i g h t s in to sprayed areas had of ten reduced 

the e f fec t iveness of the spray condi t ions in the past and 

these t r i a l s were conducted a f t e r laboratory studies had 

shown that the adults were very s e n s i t i v e to l i g h t dosages 

of Dimecron. Tracking of moth f l i g h t s with radar was a lso 

s u c c e s s f u l l y tested there in 1973. 



In other areas o f f o r e s t r y , emphasis i s being placed on 

the use o f systemic chemicals which are absorbed or 

i n j e c t e d into the root system. While the cost f a c t o r i s 

h igh , the technique may be p r a c t i c a l in the protect ion o f 

valuable shade and park t r e e s . 

Future Need f o r Pes t i c ides 

A f t e r a decade of r e l a t i v e l y low f o r e s t pest a c t i v i t y , we 

have experienced a dramatic increase in the number o f 

d e f o l i a t o r outbreaks in t h i s province in 1972 and 1973 

(Table 1) . Most w i l l probably co l l apse before control i s 

required but , on the basis o f past exper ience, we expect 

that some outbreaks w i l l require p r o t e c t i v e act ion i f 

extensive t ree m o r t a l i t y i s to be prevented. Each case 

w i l l have to be considered on i t s m e r i t s , but i t i s obvious 

that there i s a cont inuing requirement f o r p e s t i c i d e s in 

f o r e s t p r o t e c t i o n . In our o p i n i o n , the safeguards i n c o r 

porated in to the r e g i s t r a t i o n procedures and in the reviews 

of proposals by federal and p r o v i n c i a l agencies are adequate 

to ensure that proposed pest contro l operat ions are necessary 

and that they w i l l be conducted with minimal r i s k through

out the f o r e s t environment. 



(b) B i o l o g i c a l Control o f Forest Insects : 

the casual observer o f eco log i ca l problems, b i o l o g i c a l 

control i s an a t t r a c t i v e a l t e r n a t i v e to p e s t i c i d e s . Un

f o r t u n a t e l y , l i k e most b i o l o g i c a l processes, i t i s an 

extremely complex and h ighly d e t a i l e d subject which, with in 

the l i m i t a t i o n s o f our present knowledge and l i m i t e d 

f i n a n c i a l resources , only r a r e l y provides a s o l u t i o n to 

current pest problems. Rather than review the progress and 

theory, we are at taching to the b r i e f a recent review of 

b i o l o g i c a l control programs against insects and weeds in 

Canada f o r the per iod 1959-1968. Th is review summarizes" 

the current s i t u a t i o n in both f o r e s t r y and a g r i c u l t u r e , 

and includes many valuable recommendations which we endorse. 

We recommend Parts III and IV of t h i s document f o r the 

cons iderat ion o f t h i s Royal Conroission. 

Current e f f o r t s in the in t roduct ion o f paras i tes and 

predators to contro l pests in B.C. inc lude programs on 

the larch casebearer and the balsam woolly aphid. We 

also plan to Introduce a promising paras i te of the la rch 

sawfly in to B.C. in 1974-75. Successful contro l o f the 

l a rch casebearer has been achieved elsewhere in North 

America and we are o p t i m i s t i c of good r e s u l t s in B.C. in 

the next few years . Although many species of predators o f 

the balsam woolly aphid have been introduced into B r i t i s h 

Columbia and elsewhere i n North America, b i o l o g i c a l contro l 

-^.1.1 . 
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with introduced predators of t h i s pest has not succeeded. 

With regard to nat ive b i o l o g i c a l contro l organisms, we 

recovered a fungus d isease , Cordyceps m i l i t a r i s , from the 

green-str iped fo res t looper during the recent outbreak on 

Northern Vancouver Is land. Techniques have been developed 

to propagate t h i s fungus and i t has been tested in the 

laboratory and in the f i e l d against several d e f o l i a t o r s , 

with promising r e s u l t s in some cases. Development work 

i s cont inu ing . 

A few s t r a i n s of the bacterium B a c i l l u s thur ing iens i s 

B e r l i n e r are a v a i l a b l e commercial ly . E f fect iveness of B̂ .t̂ . 

var ies with the s t r a i n used, the target spec ies , a p p l i c a t i o n 

time and dosage and many environmental f a c t o r s . In many 

ways t h i s bacterium appears to act more as a chemical 

i n s e c t i c i d e than a pathogen, s ince i t s e f f e c t depends 

l a r g e l y on the t o x i c i t y of a prote in c rys ta l that accompanies 

the bacterium spore. S u s c e p t i b i l i t y var ies between orders 

and f a m i l i e s of i n s e c t s , but the Lepidoptera are among the 

more s u s c e p t i b l e . Since B.t .̂ acts s e l e c t i v e l y with l i t t l e 

r i s k o f adverse environmental e f f e c t s , i t i s genera l ly 

des i rab le f o r widespread a p p l i c a t i o n , provided an adequate 

degree o f pest reduction can be achieved. 

Insect patho log is ts in the Canadian Forestry Serv ice have 

experimented with various s t r a i n s o f B̂ .t̂ . f o r many years 

and have been act ive in i t s development. Recent experiments 



have shown that the e f f e c t o f B.t. on spruce budworm can be 

enhanced with the add i t ion o f the enzyme c h i t i n a s e . Several 

t r i a l s were conducted i n Eastern Canada in 1973 to compare 

the e f fec t iveness of two s t r a i n s o f B .̂t, (with and without 

c h i t i n a s e ) with the i n s e c t i c i d e f e n i t r o t h i o n . One s t r a i n 

of B^.t. was a lso tested against the f a l s e hemlock looper 

near Salmon Arm in 1973. Th is t r i a l was conducted by the 

B r i t i s h Columbia Forest S e r v i c e , Abbott Laborator ies Inc. 

and the Canadian Forestry Serv ice to determine the s u s c e p t i 

b i l i t y o f the looper through a range of dosages from 1/4 

l b . to 1 l b . per acre . It i s our expectat ion that the use 

of B̂ .t̂ . w i l l increase cons iderab ly . We encourage i t s use 

against lepidopterous d e f o l i a t o r s in parks and other 

recreat ion areas, and near lakes and streams. Further 

t e s t i n g and development may be required before i t can be 

recommended or becomes p r a c t i c a l f o r general use in 

production f o r e s t s . 

4 . 1 . 1 . (c) Development o f A l t e r n a t i v e Control Techniques: 

The development and implementation o f f o r e s t management 

gu ide l ines to reduce the r i s k s and magnitude o f p e s t i c i d e 

outbreaks i s a long-term aim of most Canadian Forestry 

Serv ice pest research p r o j e c t s . For many insects and some 

d iseases , p e s t i c i d e s o f f e r an immediate r e l i e f i n a c r i s i s 

s i t u a t i o n . For tunate ly , the technology o f p e s t i c i d e use 

and a p p l i c a t i o n has been re f ined and the r i s k o f wide-spread 



ecosystem catastrophies hus'T>e^-redttced in a w e l l -

managed operat ion . Outbreaks o f major pests cannot be 

c o n t r o l l e d by i n s e c t i c i d e s without causing unreasonable 

damage to the fo res t ecosystem, and thus, chemical 

control act ion i s not warranted ( e . g . , bark beetles and 

balsam woolly aph id) . However, a l t e r n a t i v e approaches are 

being i n v e s t i g a t e d , some of which appear promising f o r pests 

that cannot be c o n t r o l l e d at present and f o r those that 

can be c o n t r o l l e d by p e s t i c i d e s . 

PherOmones: 

Synthet ic pheromones that a t t r a c t c e r t a i n f o r e s t insects 

have been produced and are being t e s t e d . In t h i s reg ion , 

we are t e s t i n g a t t r a c t a n t s f o r the spruce budworm and the 

spruce beet le in cooperation with s c i e n t i s t s in other 

Canadian Forestry Serv ice establishments and in the United 

States . Both pheromones are proving to be va luable a ids 

in surveying and est imat ing populat ion d e n s i t i e s . The 

bark beet le pheromone, f ronta l i n , i s being used to aggregate 

spruce beetles and induce them to attack pre-se lected 

t r e e s , which i s a major advance in the manipulat ion o f the 

behavior o f a populat ion . 

F e r t i l i z e r s : 

Laboratory studies with the balsam woolly aphid have shown 



that s i g n i f i c a n t populat ion increases and decreases 

occur when the host t ree i s t reated with d i f f e r e n t forms 

of nitrogenous f e r t i l i z e r . An extensive study to t e s t 

t h i s hypothesis under f i e l d condi t ions i s being c a r r i e d out 

in a balsam wool ly aphid i n f e s t e d f o r e s t near Duncan. 

Insect Hormones: 

Extracts with j u v e n i l e hormone-like proper t ies have been 

taken from western red cedar, D o u g l a s - f i r and the balsams 

in B.C. by s c i e n t i s t s at the Western Forest Products 

Laboratory and the P a c i f i c Forest Research Centre. These 

e x t r a c t s , and natural and synthet ic j u v e n i l e hormone compounds, 

have been tested in the laboratory at the PFRC and at the 

Insect Pathology Research I n s t i t u t e . A small f i e l d t e s t 

against the eastern hemlock looper , using a conmerc ia l ly 

produced j u v e n i l e hormone analogue, was conducted t h i s year 

by s t a f f o f the Laurentian Forest Research Centre in Quebec, 

however, r e s u l t s are not y e t a v a i l a b l e . These compounds 

hold some promise f o r insect control but cons iderable 

i n v e s t i g a t i o n w i l l be required to e s t a b l i s h s p e c i f i c i t y , 

s ince t h i s group of hormones i s assoc iated with the moulting 

process , which i s conrnon to many arthropods. 

A l l o f these techniques i n t e r f e r e with b i o l o g i c a l processes 

and hence with ecosystem s t a b i l i t y , and i t should be 

recognized that t h e i r use w i l l d i s r u p t some components of 



the ecosystem. For example, the bark beet le pheromone, 

f ronta l in a l so a t t r a c t s an important predator which i s 

caught with the beet les . As with p e s t i c i d e s , these 

techniques w i l l be r e f i n e d , but they w i l l always have an 

undesirablej^e|,lect on some component of the ecosystem. 

( d f Herb ic ides : 

The use and extent of herb ic ide treatments in B r i t i s h 

Columbia fores ts has been out l ined in other b r i e f s to 

the Conmission (Council of Forest Industr ies o f B r i t i s h C o l 

umbia and the B r i t i s h Columbia Forest S e r v i c e ) . The 

Canadian Forestry Service has received few requests f o r 

research in the use o f herb ic ides in f o r e s t r y or t h e i r 

e f f e c t s in the f o r e s t ecosystem. Consequently, t h i s type 

of work has a low p r i o r i t y in our research program. 

The Chemical Control Research I n s t i t u t e has no a c t i v e 

i n v e s t i g a t i o n s in h e r b i c i d e s , but i t maintains a f i l e 

and b ib l iography on propert ies and s ide e f f e c t s . The 

i n s t i t u t e a l so maintains an a c t i v e l i a i s o n with those 

engaged in research and regu lat ion o f h e r b i c i d e s , 

p r i n c i p a l l y in the Canada Department o f A g r i c u l t u r e and 

in indust ry , and has been able to answer questions r e f e r r e d 

to them at short n o t i c e . 



The Canadian Forestry Serv ice has not conducted any 

research on the use or e f f e c t s of herb ic ides in B r i t i s h 

Columbia, but in recogni t ion of the increas ing f o r e s t r y 

use of these compounds, p a r t i c u l a r l y in the western 

United States and Canada, i t has contracted to have an 

annotated b ib l iography o f herb ic ides in f o r e s t ecosystems 

prepared. Th is repor t , to be a v a i l a b l e s h o r t l y , forms 

the basis fo r a c r i t i c a l review to be completed during 

1974-75. The p r e r e q u i s i t e s and p r i o r i t i e s o f herb ic ide 

research w i l l be examined in the l i g h t of t h i s review and 

reports o f the f ind ings o f t h i s Royal Commission and 

other hearings on t h i s subject that are scheduled in the 

near future ( e . g . . United States Environmental Protect ion 

Agency hearings on 2 ,4 ,5-Tr ich lorophenoxyacet ic a c i d , A p r i l , 

1974). 
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4 . 1 . 2 . Canadian Forestry Service — Western Forest Products 
Laboratory. 

Because o f the value o f fo res ts in the Canadian economy, 

the Western Forest Products Laboratory was estab l i shed to 

study means to u t i l i z e more e f f e c t i v e l y Western Canadian 

f o r e s t resources. Research e f f o r t i s concerned with the 

p h y s i c a l , chemical and anatomical propert ies of wood, wood 

processing technology and wood pathology and preservat ion . 

These r e l a t e to the use o f wood as b u i l d i n g m a t e r i a l , 

engineered components, plywood, f i b r e products, f u e l , 

and as a source of chemicals. 

Wood as a b i o l o g i c a l mater ial i s subject to d e t e r i o r a t i o n 

by f u n g i , insects and marine animals that u t i l i z e i t f o r 

s h e l t e r and food. Because o f the l a t t e r f a c t o r s , wood may 

d e t e r i o r a t e , eventua l ly becoming va lue less as a s t r u c t u r a l 

mater ial or as a source o f f i b r e o f chemicals . To prevent 

th i s loss and to extend the useful l i f e o f wood, p rotec t ion 

against attack by organisms i s a necessary cons iderat ion i n 

the u t i l i z a t i o n of wood. Studies o f t h i s aspect form a 

basic part o f the Laboratory research e f f o r t . 

The presence of moisture and a i r i n wood favors i t s attack 

by organisms. These condi t ions e x i s t in wood in the tree and 

in the f r e s h l y manufactured product , and the most p r a c t i c a l 

means of preservat ion i s to remove moisture. However, to 



produce a dry product i s both time-consuming and 

expensive in terms of equipment, production and storage, 

hence p e s t i c i d e treatment i s a much used a l t e r n a t i v e . 

Treatment o f lumber and timbers with p e s t i c i d e s f a l l s 

into two categor ies : (1) temporary protect ion of green 

lumber with a n t i - s t a i n and mould preventives during water-

borne shipment to overseas markets, and (2) the more 

permanent preservat ive treatment o f u t i l i t y po les , 

rai lway t i e s , marine p i l i n g , bridge t imbers, wharves and 

bridge deck ing , e t c . These categor ies w i l l be d iscussed 

separate ly . 

(a) Temporary P ro tec t ion : 

About 4,000 m i l l i o n board feet o f lumber i s shipped qnnual ly 

by sea, mostly in packages in the green c o n d i t i o n . To 

protect against s t a i n and mould formation during shipment, 

t h i s lumber i s t reated by dipping or by spraying with a 

d i l u t e so lu t ion o f mainly t e t r a and t r i c h l o r i n a t e d phenols. 

Th is treatment has been s u c c e s s f u l l y used f o r some years . 

It i s app l ied to about 80 per cent of the production o f 

coastal m i l l s and to about 7 per cent of the i n t e r i o r 

production when unseasoned lumber i s moved to the Coast f o r 

transhipment to overseas markets. An amount in excess o f 

250 tons o f prepared concentrates i s required annual ly f o r 

t h i s purpose. 



Research at the Western Forest Products Laboratory, 

which formerly concentrated on adequate treatment, measurement 

of r e t e n t i o n s , e t c . , i s now mainly concerned with studies 

of degradation of ch lor inated phenols by microorganisms where 

i t has been shown that c e r t a i n common fungal s t r a i n s can 

detox i fy these compounds. Other work i s concerned with 

t e s t i n g newly developed fung ic ides of low mammalian 

t o x i c i t y f o r t h i s purpose. In cooperation with i n d u s t r y , 

a p p l i c a t i o n methods are under s u r v e i l l a n c e , and recent changes 

in sawmil ls , fo r example, have seen a reduct ion in leakage 

of chemicals through greater use o f enclosed lumber dipping 

tanks, instead of broadcast spray u n i t s . 

It i s intended that the Laboratory prepare a handbook of 

cor rect procedures fo r handling a n t i - s t a i n chemicals , 

inc lud ing techniques f o r waste d i s p o s a l , to ensure that a l l 

personnel concerned with operat ion and management are 

aware of environmental hazards. 

(b) Permanent Preservat ive Treatment: 

The second major area o f chemical treatment i s concerned 

with pressure processes where l a rger loadings are required 

to protect wood in biologically/fiazardoiA environments, such 

as ground contact areas of high humidity or in marine 

uses ( p i l i n g s , wharves, e t c . ) . 



A f t e r pressure preservat ive treatment, products , such as 

po les , rai lway posts , t i e s and bridge t imbers, can be 

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

they would f a i l in 6-10 years . Untreated p i l i n g f o r 

wharves has been known to f a i l wi th in 3 years . Some 

600,000 poles and p i l e s , one m i l l i o n rai lway t i e s and 

13 m i l l i o n board feet o f lumber are treated annual ly in 

plants in the lower mainland, the Prince George area , the 

Kootenays and Dawson Creek. Over 300 tons o f pentachlorophenol , 

3000 tons of creosote and 140 tons o f copper-chrome arsenate 

s a l t s are appl ied annual ly . 

It i s our opinion that in the wood-production indust ry , there 

i s an .^^ujp awareness o f the environmental hazards o f using 

wood p r e s e r v a t i v e s . In p a r t i c u l a r , pressure t r e a t i n g p lants 

are making greater e f f o r t s to recover excess t r e a t i n g 

so lut ions that may s p i l l during the process , and a lso to 

destroy tox i c residues in high-temperature furnaces rather 

than through use o f waste p i t s . 

Preservat ion research at the Western Forest Products 

Laboratory has been mainly concerned with improving' ^ 

penetrat ion , q u a l i t y control methods, and-m©dftS-of— . i^ 

i cten1rHTmg-i±e-pres-er^*4^^-4 :eieni i^ / 

i ndfviTiuai~trees-of-spe'ctes-T:iseid--forTKrl-^^ 

fuJ-j-ng.,. 



The laboratory has technica l personnel in wood pathology 

and wood preservat ion , as well as an Environmental Qua l i ty 

O f f i c e r a v a i l a b l e f o r consu l tat ion on a l l facets o f the 

use of p e s t i c i d e s o f a wood preservat ive nature. 

4 .2 . Canadian W i l d l i f e Service (CWS): 

The Canadian W i l d l i f e Serv ice i s another component o f 

the environmental Management Serv i ce . Studies have been 

c a r r i e e out to assess hazards o f mercury and organochlor ine 

i n s e c t i c i d e s in t e r r e s t r i a l and aquatic w i l d l i f e (Keith and 

Reynolds, 1971; Vermeer, 1971; F imre i te , Fyfe and K e i t h , 

1970), the e f f e c t s on w i l d l i f e o f prolonged, l a r g e - s c a l e 

Ihemical spray operations using phosphamidon and f e n i t r o t h i o n 

in New Brunswick, (Pearce, 1971), organochlor ine residues 

in p r a i r i e fa lcons (Fyfe , et al^, 1969) and e c o l o g i c a l 

considerat ions of herb ic ide use in A lber ta (Patterson, 1973). 

On the P a c i f i c coast pre l iminary studies are c u r r e n t l y being 

conducted to determine the e f f e c t s o f petroleum hydrocarbons 

on aquat ic ecosystems and t h e i r sublethal e f f e c t s on 

marine seab i rd populat ions . 

About 27 m i l l i o n acres of^^cr^land in the Canadian p r a i r i e s 

are sprayed annual ly with«'f)henoxy herb ic ides (about 20 

m i l l i o n pounds of 2,4,-D and MCPA) (Maybank and Yoshida, 

1969). In B r i t i s h Columbia the f i e l d crop acreage treated 

in 1972 amounted tb 3,50p^acres (14,000 l b . 2,4,-D and MCPA). 



Maybank and Yoshida (1969) demonstrated that in 

Saskatchewan, up to 30% of the ground sprayed, 2,4-D 

i s subject to d r i f t . As a r e s u l t o f spray d r i f t and 

atmospheric contamination, one of the ser ious s ide e f f e c t s 

i s the impact on non-target ecosystems and hab i ta t damage. 

Eî !8€fefeiaEffl̂ e< herb ic ide spray programs on r ights-of-way 

for roads, r a i l r o a d s , p i p e l i n e s , u t i l i t y transmission 

l i n e s and i r r i g a t i o n pro jec ts comprising about 

m i l l i o n acres (Oett ing , 1971) and the eco log ica l ^^a-lwH^n-

of pic loram on non-cropland vegetat ion are being evaluated 

(Patterson, 1973). 

Some e f f e c t s on w i l d l i f e o f prolonged l a r g e - s c a l e chemical 

spray operat ions to protect New Brunswick f o r e s t s against 

d e f o l i a t i o n by the spruce budworm have been reviewed by 

Pearce (1971). The s h o r t - l i v e d organophosphate i n s e c t i c i d e s , 

phosphamidon and f e n i t r o t h i o n , which replaced DDT, damaged 

b i r d populat ions at dosages used i n i t i a l l y . The hazard 

was reduced when a p p l i c a t i o n rates were lowered. C u r r e n t l y , 

f e n i t r o t h i o n i s used to control f o r e s t insects in B.C. 

In 1973, 29,000 acres in the Port A l i c e area was sprayed. 

No b i o l o g i c a l s tudies comparable to those conducted by 

Canadian W i l d l i f e Serv ice personnel in New Brunswick were 

c a r r i e d out. 

Organochlorine i n s e c t i c i d e s , such as DDT and d i e l d r i n , have 
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been used extens ive ly in a g r i c u l t u r e , f o r e s t r y , and 

industry f o r the control of disease vectors f o r more than 

20 years . This type of substance p e r s i s t s in the env i ron

ment much longer than most p e s t i c i d e s and a lso shows the 

feature of f a t s o l u b i l i t y which causes i t to be stored 

in l i p i d s . This in turn enables i t to be t rans fer red from 

one organism to another. From a model to p r e d i c t the 

global d i s t r i b u t i o n and accumulation of DDT, Cramer (1973) 

suggested that the time required to return to equ i l ib r ium 

a f t e r the termination of DDT usage l i e s somewhere between 

25 and 110 years . The concentrat ion o f DDT in marine l i f e 

i s a lready near i t s equ i l ib r ium value and should not 

increase s i g n i f i c a n t l y in the f u t u r e . In recent y e a r s , 

experimental studies have shown that p e r s i s t e n t organo

ch lor ine i n s e c t i c i d e s have a wide range of subacute e f f e c t s 

at doses cons iderably below the acute ones. These inc lude 

e f f e c t s on enzyme i n d u c t i o n , f i n e s t r u c t u r e , metabolism, 

reproduction and behaviour. 

The Canadian W i l d l i f e Serv ice i s concerned about the 

sublethal e f f e c t s o f the widespread d i s t r i b u t i o n of 

organochlor ine i n s e c t i c i d e s in the food-chain and the 

concentrat ion of these residues in marine seabird populat ions . 

Eggshell th inning and egg breakage associated with large 

residues of organochlorine i n s e c t i c i d e s have been 

reported in heron, golden eag le , peregrine and sparrowhawk. 



SPECIES SITE TISSUE N ^^!jean ppm 
DDE Hg 

Pe lag ic Cormorant 

Pe lagic Cormorant 

Pe lag ic Cormorant 

Nanimo 

Mandarte 

M i t t l enatch Is, 

Double-Crested Cormorant Mandarte Is . 

White Pe l i can 

Sooty Shearwater 

F o r k - t a i l e d Petre l 

Leach's Petre l 

Glaucous winged gu l l 

Glaucous 

Glaucous 

Glaucous 

Glaucous 

Glaucous 

Glaucous 

Glaucous 

Glaucous 

Glaucous 

Glaucous 

winged gu l l 

winged g u l l 

winged g u l l 

winged gu l l 

winged gu l l 

winged gu l l 

winged gu l l 

winged gu l l 

winged gu l l 

winged gu l l 

Stum Lake 

Massett/71 

Skedans Is./70 

C le land Is./70 

Boundary Bay 

Port A lbern i 

Nanimo 

Horseshoe Bay 

C le land Is./70 

Mandarte Is./70 

M i t t l e n a t c h Is./70 

Stevenson I s l e t s 

Lucy IS./70 

Skedans Is./70 

B o n i l l a Is ./70 
(Northwest Rocks) 

L i v e r 

Eggs 

Eggs 

Eggs 

Eggs 

Carcas 
Whole 

Eggs 

Eggs 

Muscle 

Brain 

L i v e r 

L i v e r 

L i v e r 

Eggs 

Eggs 

Eggs 

Eggs 

Eggs 

Eggs 

Eggs 

5 — 2.060 

10 0.819 0.350 

10 0.549 0.160 

3 4.070 0.360 

10 2.800 0.376 

1 0.116 

0.120 

0.038 

6 

6 

3 

1 

4 

10 1.590 

10 0.750 

10 0.456 

10 1.430 

10 0.282 

10 0.342 

10 0.224 

0.080 

2 4.080 0.280 

10 2.160 0.380 

0.039 

0.100 

0.500 

0.130 

0.130 

0.210 

0.170 

0.160 

0.080 

0.050 



SPECIES SITE TISSUE N 
Mean ppm. SPECIES SITE TISSUE N 

DDE Hg 

Western gu l l Nanaimo/68 L i v e r 3 — 0.250 

Bonaparte gu l l 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 
B i rd 

1 1.210 — 

Common Murre Samiahmoo Bay L i v e r 1 0.580 0.410 

Common Murre Samiahmoo Bay L i v e r 1 0.630 0.230 

Pigeon Guil lemot Skedans Is./70 Eggs 2 1.640 0.330 

Pigeon Guil lemot Cleland Is./70 Egg 1 1.260 0.450 

Pigeon Gui l lemot Mi t t lenatch Is./70 Eggs 10 0.604 0.470 

Tufted Puf f in Cle land Is./70 Egg 1 0.424 0.110 

Tufted Puf f in Cox Is . (Q.C.)/71 Whole 
Carcas 

1 0.259 0.340 

Tufted Puff ine Cox Is . (Q.C.)/71 Whole 
Carcas 

1 0.480 0.260 

Rhinocerous Auklet Explorer Bay Muscle 1 0.232 

Langara Fat 1 

1 

1 

17.700 

L i v e r 

1 

1 

1 0.551 — 

Brain - 0.143 — 

Muscle 1 0.115 — 



SPECIES SITE TISSUE N ^ Mean ppm. 
DDE Hg 

Rhinocerous Auklet Explorer Bay Fat 1 6.420 •B — 

Langara — 1 — 

L i v e r 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. I s . Whole 1 3.510 0.430 

B i rd 

Rhinocerous Auklet W.Q.C. Is . — 1 9.840 0.310 

Cass in ' s Auklet Q.C. Whole 1 0.174 0.180 
B i rd 

— 1 1.260 0.130 
Cass in ' 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 L i v e r 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 

B i rd 

Marbled Murrelet Port A lbern i L iver 3 0.380 
Marbled Murrelet Horseshoe Bay L i v e r 3 2.220 
Marbled Murrelet Egeria Bay Muscle 3 0.310 

(Q.C.)/67 
Fat 3 1.510 — 

L i v e r 3 0.147 — 

Brain 3 0.048 



Bogan arfd Banine (1972) reported that the r a t i o o f 

organochlor ine ( p p ' - DDE) ' leve ls in the Kitt iwake was 

at l e a s t 60 compared with r a t i o s of 2 to 10 in other 

A t l a n t i c seabirds. . The to ta l organochlor ine content 

in muscle and l i v e r was genera l ly low in auks and shear

waters (0.1 - 1.0 ppm). DDE l e v e l s were higher in the 

k i t t iwake , fulmar and storm p e t r e l s , 1 - 10 ppm. The 

highest l e v e l s were found in glaucous g u l l s breeding 

above seabird c o l o n i e s . The l e v e l s in normal b i rds 

ammounted to 17 ppm DDE in the l i v e r . In o thers , the 

l eve l s were 67 ppm DDE in f a t . DDE concentrat ions o f f i s h -

eat ing b i rds were reported by Pearce e t al^. (1973). He 

suggested that North American species were apprec iably 

more contaminated than c l o s e l y - r e l a t e d species i n Europe 

(Table I I ) . DDE l e v e l s in f i s h - e a t i n g species on the 

P a c i f i c coast (Table III) tended to be lower than l e v e l s 

found in gannets, double crested cormorant (Gulf of S t . 

Lawrence) (Table III) and were s i m i l a r to l e v e l s reported 

in B r i t i s h seabi rds . 

Inland Waters D i rectorate (IWD): 

The ro le o f the Water Qua l i ty Branch of the Inland Waters 

D i rectorate i s l a r g e l y descr ibed by the terms of the 

Canada Water Act . When there i s a s i g n i f i c a n t nat ional 

i n t e r e s t in the management o f a water resource , the IWD i s 

required to assess the q u a l i t y and use o f the water 



and to i n i t i a t e and implement programs to r e s t o r e , preserve, 

or enhance the water q u a l i t y . Our ro le as i t re la tes to 

p e s t i c i d e s i s thus to measure the l e v e l in in land waters 

of nat ional i n t e r e s t and to recommend act ion required to 

reduce or maintain these l e v e l s of p e s t i c i d e s . 

Our major concerns are : 

(a) The a c c e s s i b i l i t y o f p e s t i c i d e s used on land areas 

to the aquatic environment; 

(b) the d i r e c t use of p e s t i c i d e s on or in the aquat ic 

environment; 

(c) the degradation rate o f p e s t i c i d e s in the aquatic 

environment; 

(d) the impact of the p e s t i c i d e and i t s degradation 

products on the aquat ic environment. 



5. ROLE, INVOLVEMENT AND CONCERNS F i sher ies and Marine Serv i ce : 

This serv ice cons i s t s o f three components: 

F i sher ies Operations 

F i s h e r i e s Research and Development 

Marine Sciences D i rectorate 

5 .1 . F i s h e r i e s Operat ions: 

F i s h e r i e s Operat ions, (formerly the Department o f F i s h e r i e s ) 

i s p r i m a r i l y respons ib le f o r a l l aspects o f the management 

o f the f i s h e r i e s resource and other aquat ic organisms. 

Sect ion 33 (2) o f the F i s h e r i e s Act p r o h i b i t s the depos i t 

o f substances de leter ious to f i s h in to waters frequented 

by them. A l l chemical base p e s t i c i d e s are demonstrably 

tox ic to f i s h under experimental condi t ions so that p e s t i c i d e 

a p p l i c a t i o n s must be kept under care fu l s u r v e i l l a n c e and 

contro l i f de le ter ious e f f e c t s are not to ensue as a 

consequence of p e s t i c i d e use near f i s h - b e a r i n g waters 

(McKee and Wolf, 1971; Richmond and I lnytzky , 1972; Rudd 

and Gene l ly , 1956). 

H i s t o r i c a l l y , the Department o f F i s h e r i e s f i r s t became 

deeply involved with large sca le p e s t i c i d e a p p l i c a t i o n in 

1956-57 when 155,000 acres of f o r e s t were t reated with 

DDT at the rate o f 1 l b . per acre to contro l a ser ious 

outbreak o f blackheaded budworms on Northern Vancouver 

Is land. 



The consequences o f the dec i s ion to t r e a t the i n f e s t e d 

fo res t without due regard to i t s impact on the f i s h e r i e s 

resource became shockingly evident in four major streams 

(the Keogh, Benson, Klashkish and Waakaas R i v e r s ) . 

The progeny from an estimated 43,000 coho salmon spawners 

and several thousand s tee l head and t rout were almost 

t o t a l l y e l iminated (Crouter and Vernon, 1959). The coho 

was the only salmon species a f fected because only t h e i r 

progeny were p^resent i n the stream at the time of sprayin( 

The 1956 |;oho salmon spawning escapement to the a f f e c t e d 

streams have not yet returned to the pre-spray populat ion 

l e v e l s and the estimated d i r e c t cost to the f i s h i n g industry 

i s in the order of m i l l i o n s o f d o l l a r s . Indeed, the 

immediate e f f e c t s on the f i s h e r i e s resource and the resu l t ing 

pub l i c outcry became so apparent that the Pest Control 

Committee became the f i r s t resource use body to adopt the 

concepts of mu l t ip le resource management in B r i t i s h Columbia. 

Since that i n i t i a l , d isastrous exposure to the hazards of 

large sca le p e s t i c i d e a p p l i c a t i o n , f o r e s t spraying for 

pest contro l has not been the cause o f a f i s h k i l l i n 

B r i t i s h Columbia. Referra l systems were developed, the 

advice o f f i s h e r i e s representat ives to the Pest Control 

Committee f e l l on recept ive ears , dosages were modi f ied , 

the leave s t r i p concept was almost u n i v e r s a l l y a p p l i e d , 

t iming o f a p p l i c a t i o n s to co inc ide with n o n - c r i t i c a l 



periods was adopted when p o s s i b l e , on-the-spot s u r v e i l l a n c e 

was increased to stop p e s t i c i d e app l i ca t ions when unforeseen 

hazards developed, a l t e r n a t i v e p e s t i c i d e s less hazardous to 

f i s h were tested and u t i l i z e d and the a p p l i c a t i o n rates 

required to control i n s e c t i n f e s t a t i o n s were subjected to 

more intense s c r u t i n y so that the l i k e l i h o o d of apply ing 

p e s t i c i d e s at dosages three or four times greater than 

required u l t i m a t e l y became extremely remote, (Jackson, 1960; 

Todd and Jackson, 1961; Schouwenburg, 1964; Schouwenburg 

and Jackson, 1966; Jackson, 1966). 

In 1963 another major f i s h k i l l occurred from the a p p l i c a t i o n 

of DDT in the Shuswap Lake area to control mosquitos. An 

estimated three m i l l i o n j u v e n i l e sockeye and chinook salmon 

were k i l l e d . These m o r t a l i t i e s imposed a d i r e c t cost on 

the f i s h i n g industry of approximately $250,000. The 

a p p l i c a t o r was s u c c e s s f u l l y prosecuted under Sect ion 33 (2) 

of the F i sher ies Act - - the f i r s t such prosecution under t h i s 

l e g i s l a t i o n f o r p e s t i c i d e misuse in B r i t i s h Columbia. From 

that time on. F i sher ies Operations was represented on 

boards or assoc iat ions known to sponsor mosquito control 

programs so that f i s h e r i e s concerns were recognized during 

the planning stages o f future contro l operat ions . 

Fol lowing the Shuswap i n c i d e n t . F i s h e r i e s Operations a lso 

undertook a substant ia l pub l i c education program in which 

members of our technica l s t a f f would p a r t i c i p a t e in t r a i n i n g 



programs for spray app l i ca tors and c i t i z e n groups which 

were sponsored by the Prov inc ia l Department of A g r i c u l t u r e . 

In these sessions the environmental hazards of p e s t i c i d e 

usage were explained and i l l u s t r a t e d , as was the methodology 

of hazard assessment and hazard avo idance . .^^^ 

Present ly our concern i s the chronic or sublethal e f f e c t 

many pes t i c ides may have on f i s h l i f e . ( I t i s i n t e r e s t i n g 

to note that DDT was withdrawn from the market when some of 

i t s subt le detrimental e f f e c t s became known.) Conventional 

safe pract i ses w i l l reduce the chance o f chemicals enter ing 

the waters and thereby the p r o b a b i l i t y o f exper iencing 

sublethal e f f e c t s . However, l i t t l e information i s a v a i l a b l e 

on the e f f e c t s that low dosages o f water borne p e s t i c i d e s 

may have on f i s h food organisms. 

Monitoring of the 1973 f e n i t r o t h i o n program on Northern 

Vancouver Island showed that no acute f i s h t o x i c i t i e s 

occurred but the 600 foot leave s t r i p s d id not prevent a 

massive k i l l i n g o f t e r r e s t r i a l streamside invertebrates 

upon which rear ing f i s h depend f o r a large port ion of t h e i r 

food s u p p l y . ^ I n add i t ion these contaminated invertebrates 

f e l l into the streams in large q u a n t i t i e s where rear ing 

f i s h fed upon thern^ No immediate or d i r e c t f i s h m o r t a l i t i e s 

were documented but due to a reduct ion of food supply the 

surv iva l of f i s h in the stream could be reduced (Taylor and 

Langer 1973). 



5 . 1 . 1 . Vegetation C o n t r o l . 

The volume o f a p p l i c a t i o n s f o r the use o f herb ic ides i n 

the f o r e s t has increased approximately f i v e times s ince 

1965. Extensive use o f 2 , 4 , - D , 2 ,4 ,5-T , p ic loram, borates 

and re la ted compounds i s made in a wide range of f o r e s t r y 

programs inc lud ing road maintenance, a lder and maple c o n t r o l , 

c o n i f e r t h i n n i n g , and other r e f o r e s t r a t i o n techniques 

(brown & burn). These programs invo lve hundreds o f acres , 

many of which are adjacent to f i s h - b e a r i n g streams and t h e i r 

t r i b u t a r i e s . 

Close cooperation between the f o r e s t companies and the 

government has discouraged the use of the more acute ly 

tox ic herb ic ides and has maintained buf fer s t r i p s between 

streams and the treatment areas . 

In general we t ry to keep a l l non-aer ia l spray a p p l i c a t o r 

equipment 50 feet from streams; but a minimum of 30 foot 

untreated area should be l e f t between stream and spray 

depos i t ion areas. However, s e l e c t i v e hand a p p l i c a t i o n 

may be undertaken to with in 10 feet o f the stream bank. 

A 10 foot bankside green s t r i p i s necessary to provide 

eros ion c o n t r o l , shade and protect ion f o r rear ing f i s h , 

habi tat fo r t e r r e s t r i a l i n s e c t forms that serve as f i s h 

food organisms, and to provide deciduous l i t t e r that 



contr ibutes to the aquat ic nut r ients necessary f o r 

stream invertebrate populat ion which again serve as f i s h 

food organisms. 

Our main concerns with herb ic ide usage are b a s i c a l l y 

re la ted to sublethal e f f e c t s . Sublethal e f f e c t s could be 

catagor ized as (a) the removal o f streamside vegetat ion 

and the e f f e c t t h i s produces on aquat ic l i f e and (b) the 

react ion o f aquat ic organisms to sublethal doses o f 

chemical that may enter the stream. There i s l i t t l e i n f o r 

mation a v a i l a b l e on the sublethal e f f e c t o f herb ic ides on 

f i s h although herb ic ides have been shown to adversely a f f e c t 

f i s h growth at concentrat ions as l i t t l e as 3% of t h e i r 

coimionly re fe r red to t o x i c i t y ( LC^ Q or TLm) l e v e l (Webb 

and B r e t t , 1973). 

Routine f o r e s t r y usage of herb ic ides c a r r i e s with i t the 

problems of adequate a p p l i c a t o r educat ion, and adequate 

monitoring and inspect ion to ensure gu ide l ines are 

e f f e c t i v e and are being adhered t o . Consider ing the 

large number o f i n d i v i d u a l s involved i n f o r e s t r y p e s t i c i d e 

a p p l i c a t i o n , continual a p p l i c a t o r upgrading seems a 

prime r e q u i s i t e . 



5.1 .2 . Industr ia l Weed Cont ro l . 

Industr ia l weed control usua l ly involves the treatment 

o f areas with herbic ides where unwanted plants become a 

nuisance. Such areas inc lude powerline and telephone 

r ight-of -ways , d i t c h e s , yards and other general equipment 

areas where no ground cover i s p re fer red . 

Our concerns f o r these types of programs are very 

s i m i l a r to those mentioned i n the prev ious ly d iscussed f o r 

es t ry programs invo lv ing h e r b i c i d e s . The only d i f f e r e n c e 

i s that in i n d u s t r i a l weed control programs l a r g e r dosage 

rates o f more p e r s i s t a n t herb ic ides are used to s t e r i l i z e 

the ground f o r as long a time period as p o s s i b l e . Since 

most large sca le programs ( e . g . , road, r a i l r o a d , powerline 

r ight-of-ways) usual ly cross streams and runoff channels , 

the p r o b a b i l i t y of herbic ides enter ing f i s h frequented waters 

i s f a i r l y great . 

Fortunately most such large sca le programs are forwarded 

to F i s h e r i e s Operations fo r review. We have insisted'^oji ^ 

dosage-ratfs~-that--do-not-exceed~-thQse-recommended-by-the 

^manufacturer and that generous leave s t r i p s be l e f t around 

f i s h frequented water bodies or drainages leading to such 

waters. The programs of greatest cpnce.rn are thqse wheriP„ft^^V^\ 

herbic ides are appl ied by h&lj/bopteV or fa^tIcodd-car§. 

This type o f dispensing equipment usua l ly does not enable 

the a p p l i c a t o r to respect streams because the sprayer i s 

over the stream before 



Most spray programs invo lv ing vegetation control 

around i n d u s t r i a l i n s t a l l a t i o n s such as p i p e l i n e s , 

r e f i n e r i e s , yard drainage d i t c h e s , e t c . r a r e l y are 

forwarded to our Service f o r review. Many of these 

programs are known to involve commercial a p p l i c a t o r s . 

Other than the acute t o x i c i t y problems inherent in such 

programs one must consider unknown sublethal e f f e c t s 

such as phys io log ica l s t r e s s , and the removal of 

bankside cover , and the promotion of eros ion by d+effWw- \; 

T̂p' good ground cover. 

5 . 1 . 3 . A g r i c u l t u r a l Pes t i c ide Use. 

The a g r i c u l t u r e industry i s one o f the l a rges t p e s t i c i d e 

users in t h i s province in terms of volumes used and areas 

t reated . Since most a g r i c u l t u r a l a c t i v i t i e s are r e s t r i c t e d 

to v a l l e y bottoms, most a g r i c u l t u r a l pest contro l programs 

are adjacent to water bodies frequented by l i v i n g organ-

1sms. Non-commercial farm a p p l i c a t o r s are r e l a t i v e l y 

uncontrol led in t h i s province and t h i s area of p e s t i c i d e 

use i s o f an extreme concern to F i s h e r i e s Operat ions. 

The industry uses a g r i c u l t u r a l chemicals f o r b i t i n g 

insec t c o n t r o l , crop insec t c o n t r o l , seed treatment, crop 

weed c o n t r o l , grazing land pest contro l and paras i te 

c o n t r o l . A broad spectrum o f pes t i c ides are used that can 

be extremely t o x i c . Farmer a p p l i c a t o r s do not have to 



attend a p p l i c a t o r courses and t h e i r programs have 

harmed aquatic l i f e in the past . For example, a farm in 

the Ch i l l iwack area i s present ly being prosecuted f o r 

i n d i s c r i m i n a t e l y s t o r i n g large volumes o f chemicals , 

inc lud ing deadly D in i t ropheno l , a longside a f i s h stream 

and a l lowing s p i l l a g e o f herb ic ide in to the stream where 

i t i s a l l edged to have caused a substant ia l f i s h k i l l . 

In 1970 another f i s h k i l l occured in the same area . The ^ 

dead f i s h had quant i t i es of herb ic ide in t h e i r body t i ssues 

when analysed. The adjo in ing f i e l d had recent ly been 

sprayed with a boom sprayer which could have e a s i l y 

extended over the stream. 

Grasshopper control programs cover hundreds of acres of 

I n t e r i o r crop and rangeland. In 1972 an unexplained f i s h 

k i l l occurred in the Nico la River irmnediately adjacent to 

such a program conducted by an inexperienced summer 

student employee. 

These are a few examples o f some o f the acute e f f e c t s 

uncontro l led a g r i c u l t u r a l p e s t i c i d e use may have on f i s h 

bearing waters. I t i s our b e l i e f that t h i s uncontro l led 

use i s doing widespread damage through d i r e c t k i l l s and 

numerous undocumented sublethal e f f e c t s . These sublethal 

e f f e c t s can inc lude the lowering o f the p h y s i o l o g i c a l 

res is tance of f i s h to various other environmental s t r e s s e s . 



the dest ruct ion of f i s h food organisms, and the lowering 

of primary production in streams. 

5 .1 .4 . Mosquito Cont ro l . 

One form or another of mosquito contro l i s pract i ced in 

most well populated areas of B r i t i s h Columbia. Unfortunately 

improper mosquito control can c lash with the f i s h e r y 

resource because often mosquito larvae develop in waters 

frequented by f i s h . Chemicals have become the most 

convenient method of c o n t r o l l i n g mosquitos in t h i s 

province. 

It i s our p o l i c y that chemicals must only be used as a 

l a s t r e s o r t . Present ly not enough emphasis i s placed 

on the physical contro l of mosquitos on t h e i r breeding 

grounds. For example stagnant pools can be drained as 

a permanent so lu t ion and pools that cannot be drained 

can be treated with l i g h t o i l s to k i l l the l a r v a e . I f 

these methods are impract ica l chemical l a rva l contro l with 

'Abate' i s acceptable . Once the mosquitos have emerged, no 

adult control program can be e f f e c t i v e and chemical 

a d u l t i c i d i n g poses the greatest threat to the f i s h e r y 

r e s o u r c e . ' Therefore i t must be considered a l a s t resor t 

measure. 

Since the d iscont inuat ion of 'DDT', 'malathion' has been 



introduced which i s much more acceptable because of i t s 

rapid breakdown. However, i t i s s t i l l very tox ic to 

a l l aquatic l i f e . Most mosquito control programs 

depend upon a d u l t i c i d i n g with 'malathion' as an important 

part o f t h e i r prorams a c t i v i t i e s . Usual ly the 'malathion' is 

dispensed by f i xed wing a i r c r a f t and such programs must 

be well c o n t r o l l e d not to harm other resources. Organized 

control programs such as in Kamloops and the Fraser Va l ley 

are well c o n t r o l l e d but l i t t l e e f f o r t i s made to monitor 

each program on a cont inuing b a s i s . This i s necessary 

because the app l i ca tors and control o f f i c e r s c o n t i n u a l l y 

change over a per iod of years . 

L i t t l e i s known about the attempts of mosquito control by 

unorganized areas or the homeowneru,^ (Isually where they 

program has been a f a i l u r e or a d i s a s t e r such a s / t h e 

massive Shuswap Lake f i s h k i l l . The chemicals f o r 

mosquito control are r e a d i l y a v a i l a b l e and many users of 

these chemicals do not know how to use them proper ly to 

take other environmental cons iderat ions in to account or use 

a l te rnate and poss ib le more e f f e c t i v e methods of mosquito 

c o n t r o l . 

have attempted a program and not sought adv ice , the 



. 5 . I n d u s t r i a / Pes t i c ide Discharges. 

(a) ^"Growth Control Agents: 

This category of p e s t i c i d e re leases may contain chemicals 

that are not often thought o f as p e s t i c i d e s . Included are 

tox i c chemicals used to control algae growth in water 

systems and fungus and sl ime growths in i n d u s t r i a l 

processes inc lud ing p u l p m i l l s , sewage treatment p l a n t s , 

hatcher ies , e t c . 

The very tox i c and the p e r s i s t a n t chemicals should be 

avoided. In the past growth c o n t r o l l i n g agents have 

included mercury, copper, a rsen ic and cadmium compounds. 

Such elements are extremely l e t h a l to f i s h l i f e and 

have accumulated in food chains to such a degree that 

they can make f i s h unsafe f o r human consumption. For 

t h i s reason most mercury and cadmium compounds have been 

removed from the market. 

Chlor ine i s used extens ive ly to contro l aquatic p lant 

populat ions where they i n t e r f e r e with intake screens and 

water systems. Chlor ine treatment i s a l so used to 

control b a c t e r i a l growth in sewage re leases . Residual 

c h l o r i n e and c h l o r i n e by-products are extremely t o x i c to 

f i s h l i f e (Environment Canada 1973^^ / V ^ " ^ ! ^ ' ^ ' ^ -



(b) P e s t i c i d e Formulators and D i s t r i b u t o r s : 

B r i t i s h Columbia's p e s t i c i d e supply i s formulated and 

d i s t r i b u t e d by a v a r i e t y o f commercial companies. The 

process o f formulat ion puts the technica l grade chemical 

in to i t s usable form. The process usua l l y produces an 

e f f l u e n t that i s contaminated with p e s t i c i d e s . In 1972 

the e f f l u e n t of one such company was analyzed and a 

var ie ty of p e s t i c i d e s were detected inc lud ing 'malathion' 

at a concentrat ion o f 11 ppm. This e f f l u e n t flowed 

d i r e c t l y in to the Fraser R iver . 

(c) Lumber and Miscel laneous Forest Indust r ies : 

Present ly sawmills and pole m*i3>s in B.C. use vast ' 

q u a n t i t i e s o f wood preservat ives to protect the,f. inishe( 

produ£t^fr|)m dise^se^pri^^ to exporv^ Hundreds o f tons 

of EentaGh-l-orophenoi are used for this purpose every year., 

<K£^s one of the most broad spectrum pesticides on the 

market and is, extremely toxic to all aquatic l i fe (McKee, 

1971). rTwoKdocumented fish ki l ls have been caused by its 

use during the l a s t two years 

Sawmills using are located immediately adjacent to the 

t i d a l port ions of large salmon streams. It i s in such areas 

as in the Fraser River where each year 10's of m i l l i o n s 

of adult and young salmon congregate on t h e i r respect ive 

upstream and downstream migrat ions . The m i l l s 



use thousands of gal lons o f / P ^ a n d losses often were 

large at c e r t a i n operat ions because l i t t l e attempt has 

been made in the past to contain losses o f the chBflTl\̂ *«^ cXe^^W^ 

5 .1 . 6 . Miscel laneous Pest i c ide Use. 

(a) Aquatic Weed Cont ro l : 

It has come to our a t tent ion during the past year that 

large q u a n t i t i e s o f chemical aquat ic weed control agents 

are used in th i s prov ince. Some are used in drainage 

d i tches but the bulk are used to control excessive aquat ic 

p lant growth in recreat iona l waters such as in marinas and 

beach areas in Shuswap Lake. 

Unfortunately areas of lakes that have ^od^__^ed^jr^^h||n^e 

very important as f i s h rear ing areas. T^ey-'Hil^rVish 

protect ion and serve as a substrate f o r the growth of f i s h 

food. The i r to ta l removal by any method destroys a v i t a l 

port ion o f the f i s h hab i ta t . The add i t ion of a chemical 

to water to remove such weeds can a l so cause acute f i s h 

t o x i c i t i e s and w i l l have a d i r e c t sublethal e f f e c t by the 

poisoning of aquatic invertebrates and algae upon which 

f i s h must depend f o r food. 

In the past such aquatic herb ic ide programs have not been 

re fer red to our Service and i t has been impossible to 

i d e n t i f y the app l i ca tors - - most o f which are probably 



non- l i censed. The use of such chemicals are a threat 

to the f i s h e r y resource and are t o t a l l y uncont ro l l ed . 

Limited physical removal o f excessive aquatic weeds i s an 

obvious a l t e r n a t i v e to chemical removal. 

(b) Mollusl?^ Cont ro l : 

Swimmers' i t c h can be c o n t r o l l e d by the dest ruct ion o f 

freshwater s n a i l s which are the vectors o f the blood 

f luke of aquatic b i r d s . This can be accomplished by the 

spreading o f copper sulphate over the breeding grounds 

of s n a i l s on an annual b a s i s . The only annual program 

i s c a r r i e d out at Cultus Lake by B.C. Research (Howard, Ha l -

verson, and Walden 1964) but numerous resor t centres are 

in terested in r idd ing t h e i r beaches of the problem, e s p e c i a l l y 

in the B.C. i n t e r i o r . 

Copper su lphate , the chemical used to control "swimmer's 

i t c h " , i s extremely tox i c to aquatic l i f e and can cause 

f i s h m o r t a l i t y at concentrat ions of 25 parts per b i l l i o n . 

At the e f f e c t i v e dosage rates i t can e a s i l y cause f i s h 

k i l l s and great ly reduce the p r o d u c t i v i t y o f t reated waters 

by destroying invertebrate and p lant l i f e in t reated areas . 

In f a c t , the e a r l y treatment programs at Cultus Lake 

resu l ted i n extensive f i s h k i l l s . Continuous use could a l so 

give r i s e to a copper accumulation in the b iota and the 



use of t h i s tox ic agent should be discouraged. 

Sodium arsen i te and arsenate compounds have been used 

to control tflredo a c t i v i t y in marine wood structures 

This a c t i v i t y has been discouraged in recent years because 

the arsenic compounds are tox i c and w i l l accumulate in the 

t i ssues of ed ib le f i s h . The actual treatment of^exfstifhgf 

-wood-s.feA3;dtu>j7^^ usua l ly took place in water and therefore 

i t s s p i l l a g e was d i f f i c u l t to c o n t r o l . 

(c) Household P e s t i c i d e s : 

Many manufactured p e s t i c i d e s are a v a i l a b l e to any home 

owner through r e t a i l o u t l e t s . Most B r i t i s h Columbia 

households have an adequate supply o f p e s t i c i d e s to cause 

a substant ia l f i s h k i l l i f a prot ion o f t h i s supply was 

disposed of in a storm d r a i n , d i t c h e t c . leading to a 

f i sh- f requented stream. Such was the case in the Campbell 

River when someone in the Surrey area disposed of t h e i r 

garbage in to the stream. A f i s h k i l l resu l ted because the 

garbage contained two cartons o f f l e a powder, a comnon 

household p e s t i c i d e . 

5 . 1 . 7 . Assessment. 

Current ly the main thrust of F i s h e r i e s Operations assessment 

o f the hazards o f p e s t i c i d e usage invo lves the u t i l i z a t i o n o f 

information per ta in ing to short-term f i s h t o x i c i t y . L i t t l e 



i s known about sublethal or genetic e f f e c t s or about 

impacts of f i s h food supply reduct ion fo l lowing p e s t i c i d e 

u t i l i z a t i o n . L i t t l e information concerning the bas ic 

chemical react ions which take place fo l lowing the 

in t roduct ion o f pes t i c ides into water or the bio-chemical 

responses brought on by breakdown products e x i s t s . These 

are areas requ i r ing fur ther basic research and i t i s 

a n t i c i p a t e d that F i sher ies Operations w i l l , in the future 

undertake or sponsor i n v e s t i g a t i o n s in t h i s sphere. 

5.2. F i sher ies Research and Development: 

5 , 2 .1 . P a c i f i c B i o l o g i c a l S t a t i o n : 

A c t i v i t i e s at the P a c i f i c B i o l o g i c a l Stat ion involve a 

number o f d i f f e r e n t research d i s c i p l i n e s which are 

d i r e c t l y concerned with the ecology o f l i v i n g resources . 

Through these a c t i v i t i e s , most Stat ion b i o l o g i s t s encounter 

and become keenly aware o f the r e s u l t s o f man's impact on 

his environment. P r o f e s s i o n a l l y , they are concerned about 

environmental modi f i cat ion and contamination, r e s u l t i n g 

pertubations occurr ing i n ecosystems, and attendant damage 

to populations o f resource organisms. Many uses of 

pest i c ides and herbic ides contr ibute to problems of the 

nature i n d i c a t e d . 



From 1953 to 1963 a l i m i t e d amount of research was 

conducted on bioc ides at the Nanaimo Stat ion . J i n 1971-72 

a s p e c i f i c programme was conducted on sublethal e f f e c t s o f 

\^sodium pentach1orophenate.|^'''Sucir\A^^ hadarTts""obj&e<ives 

(a) a search f o r i n s e c t i c i d e s fo r use in fo res t spray \ . 

operat ions which would be l e s s hazardous e c o l o g i c a l l y than 

DDT, the i n i t i a l l y preferred contro l agent, and (b) 

development o f methodology f o r i n v e s t i g a t i n g the environmental 

impact of p o l l u t a n t s , inc lud ing b i o c i d e s , on young sa lmon^^:^ 

We remain h ighly concerned about degradation and contamination 

of the aquatic environment, we have done some work on p e s t i 

c ides and herb ic ides but we are not c u r r e n t l y h igh ly 

involved in studies of such problems. 

As mentioned, a major concern o f aquatic e c o l o g i s t s i s the 

potent ia l d i s r u p t i o n of ecosystems which can occur when 

p e s t i c i d e s or herb ic ides are introduced in to the environment. 

The p lants and animals o f an ecosystem genera l l y form 

complex assoc ia t ions and may be h igh ly interdependent. Plants 

and animals occupy pos i t ions in food webs through which energy 

i s transported from s u n l i g h t , through a succession o f 

intermediate organisms, to organisms of d i r e c t use to man. 

The removal of one or more elements of the food web forces 

a r e v i s i o n in the r e l a t i o n s between the remaining elements. 

Such r e v i s i o n s may have s u b t l e , unsuspected and, too 



f requent ly , damaging s i d e - e f f e c t s . Too f requent ly damage 

i s done to the organisms near the top o f the food web, such 

as t rout and salmon - - those o f d i r e c t s o c i a l and economic 

b e n e f i t to man. 

Test ing o f chemical control agents p r i o r to t h e i r i n t r o 

duction or use may lead to d i r e c t but very l i m i t e d appre

c i a t i o n o f potent ia l hazards. Nevertheless , the complexity 

o f ecosystems and t h e i r component organisms i s such that 

the f u l l impact o f contro l chemicals often may not be 

f u l l y appreciated u n t i l they have been put to actual f i e l d 

use. Too often in the past fo l low-up i n v e s t i g a t i o n s o f 

b i o l o g i c a l e f f e c t s have been i n s u f f i c i e n t to i d e n t i f y 

de le ter ious s i d e - e f f e c t s at an e a r l y stage of damage. 

Sometimes s i d e - e f f e c t s are very subt le and develop s lowly 

over an extended per iod o f t ime. Once s i d e - e f f e c t s are 

recognized, there has often been considerable res i s tance 

on the part o f users o f contro l agents against mod i f i ca t ion 

of t h e i r a c t i v i t i e s . One reason f o r t h i s i s the f a c t that 

opponents o f eco log ica l damage often have been sore ly 

pressed to evaluate the economics o f environmental damage, 

compared with the obvious, accountable, and real but narrow 

benef i t s obtained by the user . 

I t i s worth po int ing out that some sectors of natural 



resource u t i l i z a t i o n t r a d i t i o n a l l y appear to compete with 

one another ( e . g . , f o r e s t r y and f i s h e r i e s ) , when in f a c t 

they r e a l l y i n t e r a c t with one another. I f both sectors 

of resource u t i l i z a t i o n are d e s i r a b l e , some form of 

managerial compromise must be reached i n which each 

resource can be s e l f - s u s t a i n i n g . It i s almost a c e r t a i n t y 

that m.9hvi.ritum u t i l i z a t i o n rates o f i n t e r a c t i n g resources 

would be below those l e v e l s set on the basis o f the f a l s e 

assumption that such resources e x i s t independently. Often 

the extent o f such compromises a r r i v e d at in the past have 

been based on short-term economic c r i t e r i a . These c r i t e r i a 

may be t o t a l l y at variance with the longer term b i o l o g i c a l 

needs in a real economic-ecological compromise. U n i l a t e r a l 

dec is ions on u t i l i z a t i o n of i n t e r a c t i n g resources are 

c e r t a i n to create both economic and resource imbalances. 

There i s no question that p e s t i c i d e s and herb ic ides have 

been of major value to man in a g r i c u l t u r e , human health 

and f o r e s t r y . However, there i s now abundant evidence to 

show that benef i t s o f chemical contro l have not been achieved 

without apprec iable costs a r i s i n g from environmental 

contamination. Control chemicals should and w i l l continue 

to be used. As e c o l o g i s t s , we conclude that they must be 

used with a profound and growing respect fo r t h e i r a b i l i t y 

to create h ighly de leter ious s ide e f f e c t s among ecosystems 

and resource organisms. 



Recognition of the potent ia l hazards o f chemical contro l 

agents should , i f anything, force a concerted e f f o r t to 

develop other , more s p e c i f i c contro l methods. Chemical 

control methods can no longer be viewed as a panacea; 

research should s t r i v e to make b ioc ides unnecessary through 

the development o f less hazardous a l t e r n a t i v e s . 

5 .2 .2 . P a c i f i c Environment I n s t i t u t e : 

During i t s b r i e f h i s t o r y the P a c i f i c Environment I n s t i t u t e 

has not become involved in studies o f p e s t i c i d e l e v e l s in 

waters or b iota of the P a c i f i c Coast. I t i s agreed that a 

paucity of information e x i s t s concerning these l e v e l s in 

seawater, and how much i s being added, year by y e a r , by 

r a i n f a l l , by freshwater systems car ry ing runoff from 

a g r i c u l t u r a l , f o r e s t r y and i n d u s t r i a l operat ions i s 

completely unknown. 

The many commercial p e s t i c i d e s (b ioc ides) reg i s te red f o r 

sa le in t h i s country, d i s p l a y a wide v a r i e t y o f chemical 

s t r u c t u r e s . Many of these w i l l contain "unfami l ia r" types 

o f chemical groupings in terms of types o f mater ia l which 

normally are degraded by bac ter ia or other microorganisms. 

An example o f these are ch lo r inated hydrocarbons S;u|i^s. 

^Cfei^which are extremely p e r s i s t e n t in the environment. 

One major concern therefore i s that many of these per-



s i s t e n t p e s t i c i d e s are probably being added to the 

environment at rates g reat ly in excess of t h e i r removal 

r a t e . Furthermore, manifestat ions o f t o x i c i t y o f these 

b ioc ides are not r e a d i l y detectable except in spectacu lar 

cases where high loca l concentrat ions may r e s u l t i n f i s h 

k i l l s and massive deaths o f shore b i r d s . Although the 

technica l c a p a b i l i t y to measure the l e v e l s of such com

pounds in water or b i o l o g i c a l samples i s good, our a b i l i t y 

to assess the l i k e l y impact on f i s h and w i l d l i f e of 

e x i s t i n g and future l e v e l s o f b ioc ides remains poor. 

We do not know what some of the sublethal e f f e c t s may be 

on various t roph ic l e v e l s in freshwater or marine food 

cha ins , which t rophic l e v e l s are involved in bloaccumulat ion, 

or what "safe" l e v e l s might be in se lected organisms. 

Safe should be def ined in t h i s context to inc lude a b i l i t y 

to funct ion and reproduce without impairment. Other unknown 

factors inc lude the p o s s i b i l i t y of mutagenic, teratogenic or 

carc inogenic e f f e c t s on f i s h and molluscs and the p o s s i b i l i t y 

that some of these agents may have apprec iable t o x i c i t y to 

invertebrates ( larvae) and phytoplankton. 

There i s undoubtedly an impulse on the part of regulatory 

agencies, i n response to pub l i c pressure , to ban the use o f 

se lected b ioc ides without a proper and complete evaluat ion 

o f the eco log ica l impact of t h e i r s u b s t i t u t e s . One can 

r e f e r here to the use of Methoxychlor as a s u b s t i t u t e fo r 



DDT. Although t h i s mater ial was tested against rats and 

found to be non-tox ic , subsequent usage in the f i e l d has 

uncovered tox i c e f f e c t s on f i s h populat ions . 

These various concerns would i n d i c a t e that not enough 

research i s c u r r e n t l y being done to def ine adequately 

what are the dangerous l e v e l s o f b ioc ides and what 

b i o l o g i c a l impact they are having in our land today. 

5 .2 .3 . Vancouver Laboratory: 

The a c t i v i t i e s o f the Vancouver Laboratory, Fjsher-tes 

aspects of f i s h technology and a l i m i t e d e f f o r t i s 

d i r e c t e d to problems r e l a t e d to water p o l l u t i o n , mainly 

in areas r e q u i r i n g exper t i se in biochemistry and a n a l y t i c a l 

chemistry. There i s an obvious need for an adequate 

assessment o f sublethal e f f e c t s of p e s t i c i d e s on f i s h and 

to emphasize the s i g n i f i c a n c e o f biochemical i n v e s t i g a t i o n s 

in t h i s f i e l d . 

(a) Lethal A c t i o n : 

The le tha l potency o f p e s t i c i d e s and other chemicals on f i s h 

i s measured by acute t o x i c i t y bioassays in which the 

m o r t a l i t y of experimental animals i s determined as a 

funct ion o f concentrat ion of the t o x i c agent and time of 

Research , are p r i m a r i l y concerned with various 



exposure. As ind icated below t h i s technique presents 

ser ious l i m i t a t i o n s f o r e s t a b l i s h i n g the l e v e l s of water 

po l lu tants that can be considered safe to f i s h . However, 

i t must be stressed that the acute t o x i c i t y bioassays 

w i l l continue to p lay a major r o l e in monitor ing water 

p o l l u t i o n , s ince in absence of other information they 

provide useful comparative data on the t o x i c i t y o f 

chemicals to f i s h . The c h i e f shortcomings of the acute 

t o x i c i t y bioassays are that they are o f short durat ion 

(usual ly 1 to 4 days) , not beginning to approach the 

l i f e span of f i s h or the time of exposure to po l lu tants 

that would take place in natural c o n d i t i o n s . A l s o , they 

give no information on the sublethal phys io log i ca l 

damage or eco log ica l s ide e f f e c t s which may u l t imate ly 

r e s u l t in a pronounced decrease in f i s h populat ion or 

the e l iminat ion of some spec ies . 

(b) Sublethal A c t i o n : 

The sublethal act ion o f p e s t i c i d e s on f i s h may lead to an 

impairment o f normal funct ions (slowed react ions to external 

s t i m u l i , phys ica l weakness, lowered res i s tance to d i seases , 

e t c . ) which make the animal u n f i t to surv ive under com

p e t i t i v e condi t ions in the natural environment. A reduced 

reproduct ive capac i ty , high m o r t a l i t y in e a r l y stages of 

development and diminished abundance of animals or p lants 

serving as food, are among the other fac to rs c o n t r i b u t i n g 



to a decrease in f i s h population in po l lu ted waters. 

In add i t ion to these b i o l o g i c a l e f f e c t s some water 

po l lu tants can reduce the value of species u t i l i z e d in 

commercial or recreat iona l f i s h e r i e s , due to the accumu

l a t i o n in the body of f i s h o f compounds that a l t e r the 

f lavour or are hazardous to human hea l th . 

Biochemical and phys io log ica l i n v e s t i g a t i o n s on the 

e f f e c t s of p e s t i c i d e s and other water po l lu tants on f i s h have 

as primary ob jec t ive the detect ion of tox ic manifestat ions 

that are more s e n s i t i v e than mere s u r v i v a l . Toxic chemicals 

are known to i n t e r f e r e with var ious v i t a l processes in 

the animal , such as growth and reproduction of c e l l s , 

u t i l i z a t i o n o f energy reserves , response o f the nervous 

system, mechanism of excret ion and osmoregulation, 

hormonal balance e t c . The methods developed in c l i n i c a l 

chemistry and human tox ico logy have often been adapted to 

detect the departure from normal a c t i v i t y pattern in f i s h 

exposed to water p o l l u t a n t s . The approaches which showed 

promising r e s u l t s involve the i n v e s t i g a t i o n of the changes 

in blood chemistry, h i s topatho log ica l damage to various 

t i ssues ( g i l l s , l i v e r , reproduct ive organs, e t c ) , i n h i b i 

t i o n o f s p e c i f i c enzyme systems and metabolic i n d i c a t o r s 

o f s t r e s s . In more general terms, the d e t e r i o r a t i o n o f 

phys io log ica l condit ions o f f i s h exposed to p e s t i c i d e s can 

be assessed by measuring the swimming performance (speed. 



endurance), r e s p i r a t i o n (rate of oxygen uptake or g i l l 

v e n t i l a t i o n ) , food conversion e f f i c i e n c y and growth r a t e . 

It might be concluded that the detect ion of sublethal 

e f f e c t s of p e s t i c i d e s through the use o f biochemical 

and phys io log i ca l techniques represents an important 

aspect of water p o l l u t i o n c o n t r o l . 

5.3. Marine Sciences D i r e c t o r a t e : 

Marine Sciences D i rec tora te o f the F i s h e r i e s & Marine 

Serv ice has an i n t e r e s t in the physics and chemistry o f the 

oceanic environment. The Ocean Chemistry D i v i s i o n o f the 

D i r e c t o r a t e , has been involved in studies on the chemical 

propert ies o f sea water, the budget and routes of chemicals 

in the marine environment and problems of marine environmen

ta l q u a l i t y in genera l . Its on-going marine hydrocarbons 

program encompasses studies o f petroleum-based, natural and 

c h l o r i n a t e d hydrocarbons i n the marine environment. 

However, due to overa l l program p r i o r i t i e s , e f f o r t has 

been l i m i t e d to aspects of petroleum-based hydrocarbons 

only . In f u t u r e . Ocean Chemistry may look in to c h l o r i n a t e d 

hydrocarbons, e s p e c i a l l y the monitoring of the p e r s i s t e n t 

types, in the marine environment. 

Our main concern i s the lack o f c r i t i c a l and q u a n t i t a t i v e 

data on the occurrence o f p e s t i c i d e s in the marine 

environment. 



Even f o r the much i n v e s t i g a t e d p e s t i c i d e , such as DDT 

and i t s degraded products , actual q u a n t i t a t i v e data in 

the marine environment are few. Furthermore, the r e l i a b i l i t y 

o f these few r e s u l t s i s severe ly hampered by a n a l y t i c a l and 

contamination problems a r i s i n g from high concentrat ions 

o f i n t e r f e r i n g m a t e r i a l s , such as PCB and from the very 

low concentrat ions o f the p e s t i c i d e . 

The inorgan ic p e s t i c i d e compounds used inc lude t o x i c 

m e t a l l i c compounds o f copper, mercury, a r s e n i c and l e a d . 

T h e i r t y p i c a l natural concentrat ions in sea water are : 

1 ppb. (part per b i l l i o n , or microgram per l i t e r ) o f 

copper, 0.1 ppb, of mercury, 2 ppb. o f a r s e n i c and 0,02 

ppb. o f l e a d . (Dryssenetal 1971). The c o n t r i b u t i o n s o f 

such inorganic p e s t i c i d a l compounds to sea water concentrat ions 

are unknown. Invest igat ions o f the occurrence of p e s t i c i d e s 

in the marine environment have been made on DDT and i t s 

metabol i tes main ly . Very few measurements f o r halogenated 

hydrocarbons i n sea water have been made. DDT res idue 

concentrat ions in sea water were reported (Cox, J . L . , 1971) 

to be 2.3 - 2,7 pp t r i l l i o n (10 ) from Vancouver to San 

Frans isco and 3.0 - 5,6 pp t r i l l i o n o f f the C a l i f o r n i a n coast . 

Th is agrees with a p red ic ted DDT concentrat ion in the sur face 

sea water o f 5 pp t r i l l i o n , based on r a i n f a l l s t a t i s t i c s 

and c a l c u l a t e d DDT residue concentrat ions in ra inwater . The 

l e v e l o f DDT res idue i n s u r f a c e marine sediments has not 

been i n v e s t i g a t e d much: l e v e l s o f 0.04 - 0.61 ppb o f DDE 



were found in the top few centimeters o f sur face marine 

sediments near the U.S. northwest coas t , (C laeys , pers . comm., 

1972). 

This oceanic value o f 5 pp t r i l l i o n i s s i g n i f i c a n t i f the 

measurements were v a l i d . Fresh water concentrat ions o f 

1-3 pp t r i l l i o n in Lake Mich igan, (Re iner t , 1970), were 

assoc ia ted with f i s h t i s s u e concentrat ions o f 3 ppm. and 

evidence o f environmental degradat ion. 

The d i s t r i b u t i o n in the b iota o f the marine environment i s 

l i t t l e i n v e s t i g a t e d , and the scant r e s u l t s a v a i l a b l e show 

i t t o be h i g h l y v a r i a b l e , even at the same l o c a l i t y . 

The concentrat ions o f DDT res idues in the marine b iota were 

est imated (Woodwell, e t . a l . , 1971) in Table IV. 

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

DDT Content (ppm.) Tota l DDT (x 10^ g . ) 

Open ocean algae 0.1 1.0 
Cont inental s h e l f algae 1.0 3.0 
Attached algae 1.0 20.0 
Total oceanic algae — - 24.0 

F i sh 1.0 6.5 
Mammals 1.0 0.55 
Others ( p r o t o z i a , c o e l e n t e r a t e s , a n n e l i d s , 0.1 3.2 

nematodes, mol lusks , echinoderms, arthropods) 
Tota l oceanic animals — - 10.25 

The concentrat ions in a p o l l u t e d estuary (Carmans River 



e s t u a r y . Long I s l a n d , N.Y.) (Woodwell, et .a l_ . , 1967) f o r 

marine b io ta are shown in Table V. 

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

DDT 
Sample res idues 

(ppm.) 

Water 0.00005 
P lankton, mostly zooplankton 0.040 
Shrimp 0.16 
Opsanus t a u , oyster toadf i sh (immature) 0.17 
Gasterosteus a c u l e a t u s , threespine 

s t i c k l e b a c k 0.26 
Spart ina patens, shoots 0.33 
Fundulus h e t e r o c l i t u s , mummichog 1.24 
Strongylura marina, A t l a n t i c n e e d l e f i s h 2.07 
Spart ina patens, roots 2.80 
Sterna hirundo, common tern 3.42 
Butor ides v i r e s c e n s , green heron 3.57 
Larus argentatus , her r ing gul l( immature) 5.43 
Sterna h i rundo, common t e r n 
( f i v e abandoned eggs) 7.13 
Larus argentatus , hf:rring g u l l 9.60 
Pandion h a l i a e t u s , osprey 
(one abandoned egg) 13.80 
Larus argentatus , herr ing gu l l 18.50 
Mergus s e r r a t o r , red-breasted merganser 22.80 
Phalacrocorax a u r i t u s , double-crested 
cormorant (immature) 26.40 
Laurus de lawarens is , r i n g - b i l l e d g u l l 
(immature) 75.50 

Due to t h i s lack o f data , i t i s impossible to a s c e r t a i n the 

amount o f p e s t i c i d e s , and in p a r t i c u l a r DDT r e s i d u e s , i n 

sea water and the f r a c t i o n reta ined by marine b i o t a . 



5 . 3 . 1 . Routes of Entry of Pest i c ides into the Marine Environment: 

Paths of entry into the ocean inc lude atmospheric f a l l o u t , 

a g r i c u l t u r e runoffs and sewage o u t f a l l s . 

The atmosphere has a tropospher ic saturat ion capac i ty of 
1 p 

10 g. of DDT (Woodwill, e t .aX . 1971) and const i tu tes 

a major r e s e r v o i r of a i rborne p e s t i c i d e s . R a i n f a l l i s 

suggested to be the main removal mechanism f o r DDT in 

the atmosphere: the amount removable by ra in has been 

estimated to be 2.4 x 10^^ g . per year ( N a t l . Acad. 

Sc iences , Washington, D.C. 1971) in to the ocean, estimated 

to be 25% of the annual production o f DDT^iAmount t r a n s 

ported by r i v e r into the ocean was minor, estimated to be 
g 

only 10 g. per year , or 0.1% of the annual DDT product ion. 

Contr ibut ions through sewage o u t f a l l s are unknown q u a n t i t a 

t i v e l y . 

5 . 3 . 2 . Removal Mechanism from the Ocean: 

DDT residues in sea water are removed by incorporat ion 

into marine organisms and with organic matter as suspended 

p a r t i c u l a t e s or d i sso lved organ ics . Surface f i l m on the 

ocean, with high f a t t y ac ids and a l c o h o l s , tends to 

concentrate the res idues . There i s a lack of data on 

d i r e c t measurements o f sedimentation o f DDT residues 

incorporated with organic matter. 



5 .3 .3 . Pers istency and T o x i c i t y : 

DDT compounds are character i sed by high v o l a t i l i t y , low 

s o l u b i l i t y in water and high a f f i n i t y f o r organic matter , 

s i l t p a r t i c l e s and s o i l (Risebrough, 1971. Although the 

longev i ty of ch lo r inated hydrocarbons in s o i l s i s known 

to be 10-40 years a f t e r a p p l i c a t i o n , (Rudd, 1971), a 

s i m i l a r study in the oceanic environment i s l a c k i n g . 

Based on carbon dioxide t r a n s f e r rate in the surface mixed 

l a y e r , a mean transport rate o f 4 years (Woodwell e t . al^. 

1971) f o r DDT from the surface mixed layer of the ocean into 

deep waters i s i n d i c a t e d . A residence time of 5 years was 

estimated by the U.S. National Academy o f Sciences Panel . 

Another aspect o f the pers is tency i s the retent ion and 

magni f icat ion of the ch lo r inated hydrocarbons up the 

marine food cha in , as evident in Table IV. 

There are few i n v e s t i g a t i o n s on the t o x i c i t y , or more 

appropr ia te ly the sublethal e f f e c t s , of c h l o r i n a t e d 

hydrocarbons on marine organisms. Species d i f f e r e n c e 

would be expected in t h e i r response, as shown in the case 

of marine phytoplankton (Menzel et̂ . al^. 1970): a green 

estuar ine f l a g e l l a t e D u n a l i e l l a t e r t i o l e c t a would be 

i n s e n s i t i v e to 1 ppm. while an open ocean diatom C y c l o t e l l a 

nana was s e n s i t i v e to 0.1 ppb. o f DDT. Chlor inated 



hydrocarbons have a lso been shown to i n h i b i t photosynthesis 

in marine phytoplankton cu l tures at 1 ppb. leve l (Wurster, 

1968). Thus, the e f f e c t s o f ch lor inated hydrocarbons on 

t o t a l photosynthesis o f the ocean would not be expected 

to be s i g n i f i c a n t but there should be concern on the 

species-dependent e f f e c t s , at the sublethal concentrat ions . 



RECOMMENDATIONS 

1. It i s recommended that the use o f p e r s i s t a n t t o x i c p e s t i c i d e s 

be reduced wherever poss ib le and p r a c t i c a l . 

2. Increased research e f f o r t s should be d i r e c t e d to the 

development o f : 

(a) s e l e c t i v e l y t o x i c chemicals , 

(b) non-pers is tent t o x i c a n t s , 

(c) l ess tox i c s o l v e n t s , adjuvants , d i l u e n t s , e t c . f o r 

p e s t i c i d e , 

(d) s e l e c t i v e methods o f a p p l i c a t i o n , 

(e) non-chemical contro l methods such as use o f a t t r a c t a n t s , 

s t e r i l i z a t i o n , c u l t u r a l and phys ica l c o n t r o l s , e t c . , 

( f ) in tegrated contro l methods, 

(g) measures and gu ide l ines to protect the environment from 

known farmful b i o c i d e s , 

(h) information on the chemical react ions which take place 

fo l lowing the in t roduct ion o f p e s t i c i d e s in to the env i ron

ment and the biochemical responses that occur as a r e s u l t 

o f breakdown products. 

( i ) informat ion on chronic and sublethal e f f e c t s o f p e s t i c i d e s 

and t h e i r degradation products on a l l segments of the 

environment. 

3. Research re levant to B r i t i s h Columbia should be conducted on 

a l l aspects of pest c o n t r o l . Emphasis should be placed on 

p e s t i c i d e monitoring to e s t a b l i s h basel ine data and contamina

t i o n , p a r t i c u l a r l y at sublethal l e v e l s to non-target aquat ic 



and t e r r e s t r i a l spec ies , and on techniques f o r p r e d i c t i o n 

of environmental e f f e c t s . 

More e f f o r t should be made to quant i f y , through s t a t i s t i c s 

and data c o l l e c t i o n , the input , budget, and removal rate of 

p e s t i c i d e s , e s p e c i a l l y the p e r s i s t e n t ones, in a l l segments 

of B r i t i s h Columbia environment - l and , a i r , marine, 

freshwater, e t c . 

In cases o f large sca le p e s t i c i d e programs, contingency plans 

should be a v a i l a b l e to r a p i d l y deal with s p i l l a g e o f chemicals . 

These plans should inc lude safe methods f o r d isposal o f 

surplus product as well as "empty" packages and/or conta iners . 

A d d i t i o n a l l y , a program should be i n i t i a t e d f o r the appropr iate 

d isposal of unwanted p e s t i c i d e products as well as t h e i r con

ta iners or packages that would be a p p l i c a b l e to the cotiBnercial 

and domestic user . 

An informational program on the benef i t s and hazards o f proper 

p e s t i c i d e use should be extended. In a d d i t i o n , a program on 

contro l by means other than the use o f chemicals should be 

provided to the p u b l i c . 

A more s t r ingent continual upgrading of a l l l i censed a p p l i c a t o r s 

and dispensers should take place to insure that only the most 

q u a l i f i e d w i l l handle p e s t i c i d e s . This would enable a p p l i c a t o r s 

to be career men and would reduce the o v e r a l l number o f a p p l i c a -

t o r s . The dispensers of p e s t i c i d e s should have the equiva lent 

education of a pharmacist and a l l p e s t i c i d e s should be d i s -



pensed by such q u a l i f i e d p e o p l e . ^ 

A l l current uses o f p e r s i s t e n t chemicals should be f u l l y I^HT^-J M 
: cfi-^f}"'' 

reviewed in the l i g h t o f recent advances in understanding the ^iC^"^ 

undesired e f f e c t s o f some p e s t i c i d e s . (The acceptable uses I 

should be se lec ted and agreed to unanimously by the appro

p r i a t e departments. Such uses should be r e s t r i c t e d f o r 

e s s e n t i a l purposes, l i m i t e d to the lowest e f f e c t i v e dosage 

required f o r the production o f e s s e n t i a l foods and f i b r e , 

and replaced by sa fe r a l t e r n a t i v e s wherever p o s s i b l e . ) 

An independent body should be created to set pest contro l 

p o l i c y , g u i d e l i n e s , and r e g u l a t i o n s . It would a l so d i r e c t 

educat ion , l i c e n s e a p p l i c a t o r s , coordinate research , and 

genera l l y contro l p e s t i c i d e use to insure an unbiased approach 

so as no f u r t h e r environmental degradation w i l l occur i n 

t h i s prov ince . 

A f o r e s t Pest Control Committee should be formed by the B.C. 

Forest Serv ice to review the f o r e s t pest s i t u a t i o n annual ly 

and to determine a course of ac t ion regarding these pests , 

t h i s committee should have representat ion from the B.C. Forest 

S e r v i c e , other p r o v i n c i a l government agencies and the f o r e s t 

i n d u s t r y , as wel l as advisory representat ion from the Canada 

Department o f the Environment, s i m i l a r to the present Pest 

Control Committee of the Council o f Forest Industr ies o f 

B r i t i s h Columbia. It would d i f f e r from the l a t t e r committee 

in that i t would be respons ib le to the M i n i s t e r o f Lands, 



Forests and Water Resources and/or other min i s te rs o f the 

Government o f B r i t i s h Columbia. The Committee should have 

the author i ty to form sub-committees to consider in d e t a i l 

pest problems on a d i s t r i c t or on a problem bas is as they 

occur . I t should reconmend contro l ac t ion when necessary 

and should be a l l o c a t e d the means to conduct these operat ions , 

inc lud ing spec ia l surveys, p u b l i c information and d i s c u s s i o n , 

e t c . , i n cooperation with industry and other agenc ies . 



7. References and L i t e r a t u r e C i ted 

A l d e r d i c e , D.F. (1972). 

Resume of the Propert ies of Pentachlorphenol and the 
Interpretat ion o f i t s E f fec ts in a F ish K i l l in the 
Campbell R iver , B.C. M.S. (not publ ished) 1973. 

American Chemical Soc iety (1969). 
Cleaning our Environment, The Chemical Basis f o r Act ion 
195-249. 

Ashton, F.M. and C r a f t s , A . S . (1973). 
Mode of Act ion of Herb ic ides . John Wiley and Sons. N.Y. 

Bogan, J . A . and Banine, W.R.P. (1972). 
Organochlorine Levels in A t l a n t i c Seabirds . Nature. 240-358. 

B u t l e r , P.A. (1964). 
Commercial F i s h e r i e s Inves t igat ions , p. 65-77. In "The 
E f fec ts o f Pest i c ides on F ish and W i l d l i f e . U.S. F ish 
W i l d l i f e Serv ices C i r c . 226. 

Claeys (personal coimiunication, 1972). 
quoted i n Basel ine s tud ies o f p o l l u t a n t s in the marine 
environment and research recommendations, IDOE Conference, 
1972. 

Commonwealth I n s t i t u t e o f B i o l o g i c a l C o n t r o l . 
B i o l o g i c a l Control Programmes Against Insects and Weeds in 
Canada 1959-1968. Tech. Commun. No. 4. T r in idad pp.105-255. 

Cooper, G.S. ( Ju ly ,1973) . 
Recent Status of Phenoxy Herb ic ides . Departmental Corres-" 
pondence (Chairman, Sub. Committee on P e s t i c i d e s , Cyanamid 
of Canada, Rexdale 604, O n t a r i o ) . 

Cox, J . L . (1971). 
DDT Residues in Seawater and P a r t i c u l a t e Matter in the 
C a l i f o r n i a Current System, F isher B u l l . , 69, 443-450. 

Cramer, J . (1973). 
Model o f the C i r c u l a t i o n of DDT on Earth . Atmosph. Env i r . 
7:241-256. 

Crouter , R.A. and Vernon, E.H. (1959). 
E f f e c t s of Blackheaded Budworm Control on Salmon and Trout 
in B r i t i s h Columbia. The Canadian F ish C u l t u r i s t , No. 24. 

David, E .E. (March, 1971). 
Report on 2 , 4 , 5 , - T . Executive O f f i c e o f the Pres ident , 
O f f i c e of Science and Technology. U.S. Government 
P r i n t i n g O f f i c e . 



Deichmann, W.B. (Ju ly 1973). 
Pes t i c ides and the Environment: A Continuing Controversy. 
Intercont inental Medical Book Corporat ion. N.Y. 

Dow Chemical o f Canada, Limited (1973). 
Phenoxy Herbic ide Technical Information. V o l . I and I I . 

Dyrssen, D., Pat terson, C , U i , J . , and Weichart, G.F . (1971). 
FAO F i s h e r i e s Reports , No. 99, S u p l . 1, Report o f the 
Seminar on Methods of Detect ion , measurement, and 
Monitoring of Po l lutants in the Marine Environment, P.40. 

Edwards, C C . (1973). 
Recent Status o f Phenoxy Herb ic ides . Departmental Communi
c a t i o n s . (The Commissioner, Food & Drug Admin i s t ra t ion , 
R o c k s v i l l e , Maryland, U .S .A . ) 

F imre i te , N . , Fy fe , R.W., and Ke i th , J . A . (1970). 
Mercury Contamination o f Canadian P r a i r i e B i rd Eaters and 
The i r Avian Predators . Can. F i e l d - Nat. 84:269-276. 

Finegan, R.P. (1969). 
P e s t i c i d e Uses i n Re lat ion to F ish and W i l d l i f e Branch. 

Fyfe , R.W., J . Campbell, B.Hayson, and K. Hodson. (1969). 
Regional Populat ion Decl ines and Organochlorine 
Insec t i c ides in Canadian P r a i r i e Fa lcons. Can. F i e l d -
Nat. 83:191-200. 

Holdgate, M.W. (1971). 
The Seabird Wreck o f 1969 i n the I r i s h Sea. Nat. Env i r . 
Res. C o u n c i l . Ser. C. No. 4. 

Howard, T . E . , Halvorson, H .N . , and C C . Walden (1964). 
T o x i c i t y o f Copper Compounds to the Snai l Vector Host o f 
the Agent Schistosome Dermatit is in Waters of D i f f e r i n g 
Hardness. Am. Jour . Hyd. 80:33-44. 

Hunt, L .B. (1965). 
K inet i cs o f P e s t i c i d e Poisoning in Dutch Elm Disease 
C o n t r o l , p.12-13. In "The E f f e c t s of Pes t i c ides on F ish 
and W i l d l i f e . " U.S. F i sh W i l d l . Serv. C i r c . 226. 

Jackson, K .J . (1969). 
The Role o f the Department o f F i s h e r i e s o f Canada in 
Dealing with Problems Presented by the Use o f Pes t i c ides 
in B r i t i s h Columbia. The Canadian F ish C u l t u r i s t . No. 37. 

Jackson, K .J . (1960). 
A F i e l d Experiment to Determine the E f f e c t upon Coho 
Salmon Fry (Onchorhynchus Ki tsutch) from Spraying 
Sawlogs with an Emuls i f ied Mixture o f Benzene Hexachlor ide. 
The Canadian F ish C u l t u r i s t . No. 27. 



Jensen, S . , Johnels , A . H . , O lsson, M., And O t t e H i n d , G. (1969). 
Nature. 224-249. 

Johnson, D.W. (1968). 
Pes t i c ides and Fishes - - A Review of Selected L i t e r a t u r e . 
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). 
F e n i t r o t h i o n . Chem. Control Research Inst . Ottawa, Ont. 
In f ro . Rpt. CC-X-39. 

McKee, J . E . and H.W. Wolf. (1971). 
Water Qua l i ty C r i t e r i a , The Resources Agency o f 
C a l i f o r n i a , State Water Resources Control Board. 
Pub l i ca t ion 3-A. 

Mart in , H. (1972). 
P e s t i c i d e Manual. B r i t i s h Crop Protect ion C o u n c i l . 

Matsumura, F . , G.M. Boush, and T. Misato. (1972). 
Environmental Toxicology o f P e s t i c i d e s . 

Maybank, J . and K. Yoshida. (1969). 
De l ineat ion o f Herbic ide D r i f t Hazards on the Canadian 
P r a i r i e s . Trans ASAE, 12:759-762. 

Menzel, D.W., J . Anderson, and A. Randtke. (1970). 
Marine Phytoplankton Vary in The i r Response to 
Chlor inated Hydrocarbons. Sc ience, 167, 1724-1726. 

Montgomery, M.L. and L. A. N o r r i s . (1970). 
A Pre l iminary Evaluat ion of the Hazards of w,4 ,5 , -T 
in the Forest Environment. Research Note. U.S.D.A. 
Forest Serv ice PNW-116. 

Mrak, E.M. (1969). 
S e c r e t a r y ' s Conmission on P e s t i c i d e s and The i r Re lat ionsh ip 
to Environmental Health . U.S. Department o f Hea l th , 
Educat ion, and Welfare. U.S. Government P r i n t i n g O f f i c e . 

Mukammal E . I . , and G.A. McKay. (1971). 
Canada Committee on A g r i c u l t u r a l Meteorology; 12th 
Annual Meeting, Jan. 27, 28, 1971. Ottawa, Ontar io . 

National Academy of Sc iences , Washington, D.C. (1971). 
Ch lor inated Hydrocarbons in the Marine Environment, — 
A Report Prepared by the Panel on Monitoring Pers i s tent 
Pest i c ides in the Marine Environment o f the Cormiittee on 
Oceanography. 21 pp. 



N o r r i s , L.A. (1971). 
P e s t i c i d e s , Pest Control and Safety on Forest Range Hands. 
A Continuing Education Book. C o r v a l l i s , Oregon. 

O e t t i n g , R.B. (1971). 
Right-of-way Resources o f the P r a i r i e Provinces, 
Blue Jay. 179-183. 

O l o f f s , P.C. (1970). 
T o x i c i t y of Herb ic ides . Pestology Centre, Dept. B i o l o g i c a l 
Sc iences , Simon Fraser U n i v e r s i t y , Burnaby 2, B . C . , Canada. 

O l o f f s , P . C , L. J . A l b r i g h t , and S. Y. Szeto . (1973). 
Factors A f f e c t i n g the Behavior of Five Chlor inated Hydro
carbons in Two Natural Waters and The i r Sediments. 
Canadian Journal of Microbio logy. V o l . 18 No. 9 pp.1393-
1398. 

O l o f f s , P.C. (1973). 
Movement o f Chlordane Within the Environment. J . F i s h e r i e s 
Res. Board o f Canada. 

O l o f f s , P.C. ( J u l y , 1973). 
Recent Status o f Phenoxy Herb ic ides , Departmental Comnuni-
c a t i o n s . (Pes t i c ide T o x i c o l o g i s t , Pestology Centre , 
Simon Fraser U n i v e r s i t y , Burnaby, B.C.) 

Patterson, J . H . (1973). 
Comments on Certa in Eco log ica l Considerat ions o f 
Herbic ide Use in A l b e r t a . C.W.S. Typewritten Report. 24pp. 

Pearce, P.A. (1971). 
Side e f f e c t s o f Forest Spraying in New Brunswick. Trans. 
36th N. Amer. W i l d l . and Nat. Res. Conf. 163-170. 

Pearce, P.A. I.M. Gruchy and J . A . Ke i th . (1973). 
Toxic Chemicals in L i v i n g Things in the Gulf o f S t . 
Lawrence. C.W.S. Pes t i c ide Report. No. 24. 28pp. 

P imental , D. (1971). 
Eco log ica l E f fec ts of Pest i c ides on Non-Target Species . 
Executive O f f i c e o f the Pres ident , O f f i c e o f Science and 
Technology. U.S. Government P r i n t i n g O f f i c e Stock No. 
4106-0029. 

P r i e s t e r , L .E . (1965). 
The Accumulation in Metabolism of DDT, Parath ion, and Endrin 
by aquat ic food-chain oranisms. Ph. D. Thes i s , Clemson 
Univ. 74 p. 



Quinby, G.E. (1972). 
Polychlorobiphenyls (PCBS) and Related Chlorophenyls: 
E f f e c t s on Health and Environment. I . B ib l iography-
1881-1971. National Tech. Info. S e r v i c e . U.S. Dept. o f 
Commerce. 

Re iner t , R.E. (1970). 
Pes t i c ide Concentrations in Great Lakes F i s h . 
Pest i c ides Monitoring J . , 3., 233-240. 

Richmond, H.A. , and S. I lnytzky . (1972). 
Forest P e s t i c i d e Handbook o f B r i t i s h Columbia Council of 
Forest Industr ies of B r i t i s h Columbia. 

Risebrough, R.W. (1971). 
Chlor inated Hydrocarbons. In: Impingement o f Man on the 
Oceans, ed. by D.W. Hood, Pub. Wi ley-Intersc ience , 
pp. 259-286. 

Rudd, R.L. (1971). 
P e s t i c i d e s . In: Environment, Resources, P o l l u t i o n and Soc iety . 
Ed. by W.W. Murdoch, Sinauer Asso. I n c . , 279-301. 

Rudd, R.L. and R.E. Genel ly . (1956). 
P e s t i c i d e s : The i r Use and T o x i c i t y in Re lat ion to 
W i l d l i f e . State o f C a l i f . Dept. o f F i sh and Game. 
Game B u l l e t i n No. 7, pp. 209. 

Savage, E . P . . (Sept. 1971). 
The Current Status o f Po lych lor inated B iphenyls . Chemical 
Epidomiology, Colorado State Univ. presented at 
Re lat ionsh ip of Pest i c ides to Man and the Environment, 
Montana State Univ. 

Schouwenburg, W . J . , and K. J . Jackson. (1966). 
A F i e l d Assessment of the E f fec ts o f Spraying a Small 
Coastal Stream with Phosphamidon. The Canadian F ish 
C u l t u r i s t , No. 37. 

Schouwenburg, W.J. (1964). 
A Report on the Re lat ive T o x i c i t y to Juven i le Coho Salmon 
of Herbic ides Used in B r i t i s h Columbia. Unpublished M.S. 

Shaw, M. (1973). 
Recent Status o f Phenoxy Herb i c ides . Departmental Corres
pondence. (Faculty Head of A g r i c u l t u r a l Sc iences , U n i 
v e r s i t y o f B r i t i s h Columbia, Vancouver, B.C. Canada). 

S t e r l i n g , T .D . (1971). 
Report o f the Advisory Conroittee on 2 , 4 , 5 , - T . (Personal 
Communication to E .P .S . Vancouver, B . C . ) . 



Swackhamer, A .B . ( J u l y , 1973). 
Recent Status of Phenoxy Herb ic ides . Departmental Corres
pondence. ( D i v i s i o n of P e s t i c i d e s , Food Advisory Bureau, 
Ottawa, Ontar io . ) 

T a y l o r , R. and O.E. Langer. (1973). 
E f f e c t s on Stream L i f e from the Use o f Sumithion to Control 
Blackheaded Budworm Populations Along Salmon Streams 
(M.S. in p reparat ion) . 

Todd, I .S . and K. J . Jackson. (1961). 
The E f f e c t s on Salmon of a Program of Forest Insect 
Control with DDT on Northern Moresby Is land . The Canadian 
F ish C u l t u r i s t , No. 30. 

Tucker, R.K. and D.G. Crabtree, (1970). 
Handbook o f T o x i c i t y of Pest i c ides to W i l d l i f e . U . S . D . I . 
Bureau of Sprot F i s h e r i e s and W i l d l i f e Resource P u b l i c a t i o n 
#84. 

U.S. Department o f A g r i c u l t u r e . ( 1 9 6 8 ) . 
The P e s t i c i d e Review — 1968. 

Vermeer, K. (1971). 
A Survey o f Mercury Residues in Aquatic B i rd Eggs in the 
Canadian P r a i r i e Provinces. Trans. 36th N.A. W i l d l . and 
Nat. Res. Conf. PP. 138-152. 

Webb, P.W. and J .R . B r e t t . (1973). 
E f f e c t s o f sublethal concentrat ions of sodium pentachloro-
phenate on growth r a t e , food conversion e f f i c i e n c y and 
swinming performance in under y e a r l i n g sockeye salmon 
(Oncorhynchus nerka) Jour. F i s h . Res. Bd. Canada 30 ( 3 ) . 

White-Stevens, R. (1971). 
Pes t i c ides in the Environment. Marcel Dekker Inc. N.Y. 
Vol I and I I . 

Wi lson, J . G . (1973). 
T e r a t o l o g i c a l potent ia l o f 2 , 4 , 5 , - T . Down To Ear th , V o l . 
28 No. 4 (p. 14-17). 

Wi lson, J . G . ( J u l y , 1973). 
Recent Status o f Phenoxy Herb ic ides . Departmental Correnuni-
c a t i o n s . (Ch i ld ren ' s Hospita l Res. Found. , U n i v e r s i t y o f 
C i n c i n n a t i , Col lege o f Medic ine, Ohio, U .S .A . ) 

Wi lber , C.G. (1969). 
The B i o l o g i c a l Aspects of Water P o l l u t i o n . Charles C. 
Thomas, S p r i n g f i e l d , U.S.A. pp. 296. 



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

Woodwell, G.M. C .F . Wurster, J r . , and P.A. Isaacson (1967). 
DDT Residues in an East Coast Estuary: A Case o f 
B i o l o g i c a l Concentration o f a Pers i s tent I n s e c t i c i d e , 
Sc ience, 156, 821-824. 

Woodwell, G.M. PP. Cra ig and H.A. Johnson (1971). 
DDT in the Biosphere: Where Does i t Goes?, Sc ience , 
174, 1103. 

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

Yu le , W. N . , A.F.W. Cole and I . Hoffman. (1971). 
A Survey f o r Atmospheric Contamination Fol lowing Forest 
Spraying with F e n i t r o t h i o n . B u l l . Environmental 
Contamination and Toxico logy , 6 (4) 289-296. 


