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Environment Canada is conducting an ongoing study determining the effects of pesticides on aquatic  biota  in 
the'Fraser  River  Estuary  Management Pro  am  (FREMP)  and  adjacent areas. This  report examines the effects 
of dinoseband endosulfan on  the  aquatic 4 biota gr of the Nicomekl  River. Recommendations for future pesticide 
monitoring projects in the FREMP  and adjacent areas are also provided. 

I 
I This study integrated chemical analyses, laboratory bioassays, and field monitoring. lko study  ditches 
(Burrows,  Logging) and  four' river stations were selected after a preliminary survey. Concentrations of 
endosulfan and dinoseb, plus. numerous  other water quality  parameters,  were measured  monthly from 
November, 1989 to July, 1990, and again in  November, 1990 in the ditch and river water and sediments. A 
battery of laboratory tests assessing the effects of the ditch waters was,conducted  from November, 1989 to 

' April, 1990. Artificial substrates were used throughout the study to assess effects on macroinvertebrates. An 
in situ test, using rainbow trout embryos/alevins,  was conducted in November, 1990. 

Concentrations of dinoseb and endosulfan in the ditches and river  exceeded CCREM (1987) guidelines only . ' 
in  February - March, after heavy rains., Concentrations  in the riveistations only slightly exceeded guideline ' 
levels, but  concentrations in the ditches reached lev,els.which were above those known to have effects in 
previous laboratory tests. Concentrations of many  metals,  especially  aluminum, in the ditches and river 
routinely exceeded B.C. MOE (Ministry of Environment)  Water Quality Criteria. The ditches  had high 

, nutrient (P,  N, organic  C),levels, and.nutrient  concentrations.in the river tended to increase from'upstream 
to downstream/ 

No negative effects  were observed in  laboratory b i o w y s  despite  the high concentrations of the target . ' 

pesticides, at least in  February - March, and of other contaminants. .Plants (algae,  duckweed) responded 
positively .to the nutrient-rich ditch waters, showing increased growth and reproduction. Ceriodaphnia also ' . 

produced more .young in the ditch waters,  which may  have contained high numbers of bacteria, than in ' . 
... standard contqol k t e r  (20% Perrier water). The control  waters  for  these bioassays are unsuitable for 

comparison with nutrient-rich waters. Therefore, we also compared the effects of the ditch wateis with those 
of the receiving waters  (taken from a station upstream of the ditch outlets). There were no significant 

. differences,  except for ,a slight increase in the total number of duckweed fronds produced in  the ditch waters 
relative to the river  water. . 

In general, algae and  invertebrates are  not sensitive to !he target pesticides, and show an obvious response to 
nutrient enrichment. The most sensitive organisms are  fuh, usually at early life  stages. Therefore, we also 
examined  effects on growth, development and  yolkconversion efficiency of rainbow trout alevins. The aievins 
performed better  in  ditch  and river waters than in dechlorinated Vancouver tap water. Our subsequent  studies 
have demonstrated  that this is an effect of water hardness. There were no significant differences in alevin 
.r&ponse &tween ditch  and  ilver waters, even in February - March  when' endosulfan and  dinoseb 

'. concentrations were  high. We  attribute  the absence of'effects to: sorption or complexation associated with 
high organic  carbon and iron levels, or pesticide loss during static-renewal bioassays. Similar interactions, such, 
as between metals and hardness, may also have limited the effects of other contaminants; these influences are . 
standard problems in, this type of  testing. 
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Rainbow trout alevins incubatedin ditches in  November, 1990, had lower suMval, growth and yolk conversion , 

efficiency than  those incubated in the river. No differences were observed between ditch and river waters when 
the alevins,  from the field were reared for 10 d in  laboratory water. , Low dissolved  oxygen &IS the most 

z .  
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: probable cause of the poor performance in the ditches; dinoseb and endosulfan concentrations were less than , ,  

detection limits at  the time. I 
1 

The macroinvertebrate community colonizing artificial substrates was dominated by Oligochaeta  and 
Chironomidae. Lesser taxa included Ephemeroptera,  Plecopteh, and F e r a l  marine cptaceans. Total 
abundance was greater in spring and summer tham  in fall and winter, and abundance increased downstream. 
The abundance of Ephemeroptera and Plecoptera (EP taxa, both  absolute  and relative to Chironomidae) 
decreased downstream. These trends were interpreted as an indication of impact.€rom phpical  and chemical 
stressors. A downstream increase in abundance (especially of the tolerant Oligochaeta and Chironomidae) is 
usually indicative'of enrichment, and a downstream decrease in the  abundance of the intolerant EP taxa is 
usually indicative of physical or chemical stress. There was no evidence that this downstream change in the 
macroinvertebrate communities was greatest when pesticide .levels were highest (February - March). As 
integrators, the macroinvertebrates probably reflect the overall impacts on  the Nicomekl River from multiple 
stresses. 

, 

The analyses, and tests described could only detect chronic (greater than a few  days) exposure to, and effects 
of the target pesticides. Acute effects may occur immediately after spraying, through  aerial  drift of the 
pesticides into ditches or the Nicomekl River. To address this issue, a chemical and toxicologiocal assessment 
of the ditch and river waters immediately after spraying was planned as part of the project. The elevated 
pesticide levels measured in February - March, 1990, suggested that the target pesticides were being used in 
1989, although  not neixessarily in  the immediate study area. The  spring  and summer of 1990 provided the 
only opportunity to measure exposure and effects immediately after spraying, but  the  farmers in the immediate 
study area  stated  that they no longer used the target pesticides. Thus, it was not possible to conduct tests at 
.the time of spraying, and the possibility that acute effects from the target or other pesticides occur immediately 
after spraying cannot be discounted. In retrospect, the tests should have been conducted during spraying, eyen 
if the pesticides used were not the target pesticides. 

~ 

I The results .of this study led to  the following conclusions and recommendations: 
I 

1. Dinoseb and Endosulfan 
\ 

Use of the target pesticides,  especially dinoseb, should continue to decline. The major concerns are 
the effects of accumulated endosulfan in sediments, and in the  marine  environment of Boundary Bay. 

2" Status of the NicomeW River 

The  Niimekl River is subject to multiple stressors, and remediation will be difficult. The primary 
concerns are low summer oxygen  levels, nutrients, metals, and channelization/drainage control. The 
effects of runoff from agricultural fields could be decreased by reducing, if possible, fertilizer  and 
manure application and including education about environmentally sound farming practices with 
Agriculture 'Canada extension services. 

3. Pesticide Monitorine in Other Areas 

Monitoring studies should split effort equally between chemicalanalyses, laboratory bioassays and field 
monitoring. The focus should shift from chemical concentrations in ditches to biota  in receiving 
rivers. Chemical QNQC programs and interlaboratory studies .should focus on estimating  and 
reducing temporal. and spatial variation in actual field concentrations, as well as inilaboratory  and 
instrument error. Guidelines should be developed using a consistent  and logical -procedure (a 
regression approach is suggested), and compared with concentrationk causing effects in the field. 
Effects of pesticides will be diffrcult to distinguish from those of other factors, as found in this study. 
This problem may be partially solved by determining NOECs (No Observed Effect Concentrations) 
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. using receiving water samples spiked with the target pesticides, and by comparing effectsin the field , 
between times of high and low pesticide concentrations. 

, 
! 
I - 

Acute effects from aerial drift can'be asses& by measuring  chemical concentrations and  conducting. ' 

in sifu toxicity or other biological tests during and  immediately after spraying. To some degree, the 
-Nicomekl River may be protected from acute effects during and after spraying becarise the pesticides . 
may  only enter the river directly from aerial 'drift. Ditches, especially those with flap,gates,  are 
unlikely to be discharging during spring and  summer  when spraying occurs. In  other areas,  there may 
be an  important  additional load from either uncontrolled ditch or tributary discharge, or from direct 
runsff  into rivers and streams. . 

. .  

4. Assessment of Integrated Pesticide Management  (IPM) ' I  

~ 

! 
I .  

Both  the  federal and provincial governments are committed to implementing  IPM practices, and have 
begun to do so as of 1993. Implementation of  IPM should reduce the amount of pesticide applied, , 

the use of pesticides during .times when effects on non-target organisms are greatest, and  the use of. . 

the most. toxic pesticides. The success of IPM practices in  reducing effects on local biota could be 
assessed in monitoring programs by comparing areas where the practices are applied yith areas  where 
they are  not applied, or by comparing the areas before and  after  implementation of I€". I- 

. .  . .  . .  
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INTRODUCTION 
, 

1.0 

Following the introduction of DDT in 1942, an increasing number of synthetic organic chemicals have become 
available and widely used in pesticide formulations.' Although the advantage& of these  products,.both in 

' preserving valuable crops from attack by pests and destroying,vectors of communicable diyxse,  attracted much 
attention initially, the environmental hazards arising from large-scale use ?f pesticides have caused increasing 
concern to legislators in Canada (MacKenzie et, al., 1975). 'he Water Quality Branch, Inland Waters 
Directorate is in the process of,developing and  implementing ,an approach to  determine  the effects of selected 

, pesticides on  aquatic biota,. and applying the  approach in the Fraser River  Estuary  Management  Program 
(FREMP) study area. " ' 

, 

I 

A multi-year project assessing the potential ioxic effects of agricultural crop pesticides on aquatic biota within 
the Lower Fraser Valley,  B.C, began in late 1988. Phak I ( M c h y ,  1989) developed a  site-specific approach 

- for predicting and  monitoring the potential toxic effects on aquatic biota of. pesticides entering a  receiving- . . 

water body by surface water runoff  from  commercial  farms.  Based on this appraisal, dinoseb (herbicidej and 
endosulfan (insecticide) were selected for investigation of their  presence  and  potential toxicity to aquatic life 
in the study area. Prospective study sites were visited and a decision made to confine the project to a portion 

' of the Nicomekl River in Lower  Mainland, B.C. and adjacent drainagehigation ditches (Figures 1 and 2). . 

Based on  the foregoing, an  approach for future site-specific toxicity assessments of the study area was 
presented. The present study implement& the recommended  approach  with revisions & described. 

' ,  1 .  

, 4  . I  

' 1.1 J Problem Statement 
. .  

' ' In  spite of agricultural success  &ing  pesticides, there  are  environmental concerns'regarding the presence of "" 

these compounds in the  aquatic environment.  Run-off can  transport pesticides through surface and 
. ' groundwater from the point of application. In the study area, irrigation and/or  drainage ditches discharge 

seasonal runoff from adjoining commercial  farms  directly to the Nicomekl  River. In  the  summer (when the 
ditches are used for imgation) pesticides  in the ditches may be returned to fields. The two most  important .' . 

concerns regarding pesticides are' short and long term effects. Pesticide drift or runoff shortly after application 
can cause direct(i.e., short-term) damage to fish or other .organisms.'The long-term persistence of pesticides 
in the aquatic  environment  can impact  adversely on the productivity of  fish and/or other  aquatic organisms " 
(e.g., algae,  invert'ebrates)  which  ultimately support fish  resources. Definitive information is not available 
regarding the effeqs of exposure to the target pesticides on 'native aquatic  plants  and animals. 

For this reason, a seasonal study of condentrations and biological effects of dinoseb  and  endosulfan was .' 

unbertaken to assess possible impacts on biota in the Nicomekl River and to form the basis for 
recommendations to mitigate any  adverse effkts. Since each ditch outlet  can be .considered,a point source 

1 

, 
' ,  



2 

of pollution, the ditch waters were treated as effluents, with their effects on the receiving waters of the 
Nicomekl River examined. \ .  

1.2 Objectives 

?he principal objective of this study was to examine the effects of endosulfan  and  dinoseb from agricultural 
runoff in drainage (irrigation) ditches on .biota in the Nicomekl River watershed. Specific objectives were: 

1. Interview federal and provincial  agencies  (and, if necessary, users responsible for the application of 
pesticides to crops in the Nicomekl  River watershed) to determine  where  and  when dinoseb and 
endosulfan are used as the predominant pestigdes; 

2. Select three agricultural drainage (irrigation) ditches for initial evaluation of toxicity and for 
measurement of dinoseb  and  endosulfan concentrations in both sediment and water; 

3. S e l e c t  one ditch for further study utilizing laboratory bioassays as well as in sim evaluation of effects 
of endosulfan  and dinoseb on fish, invertebrates, and algae; 

' . '  

4. Recommend practical mitigative procedures (if warranted) to reduce the impact of toxicity from 
drainage ditches to the Nicomekl  River. 

Objective 3 was expanded so that two ditches, and their effects on  the receiving waters of the Nicomekl River, 
were studied. Four stations on the river were dtablished so that increases in contaminant  concentrations  and 
effects downstream of ditch outlets cou1d:be  monitored. Objective 4 was expanded to include the provision 
of recommendations for monitoring pesticide effects in other areas.' An interim report (Paine, 1990) provided 
the results of the study,  Covering the period from November, 1989 to March; 1990. The present  report 
provides the complete study results, from  November, 1989 to November, 1990. Raw data have been  provided 
separately in an accompanying report  (Volume II). 

The study was also originally intended to examine exposure  and effects from aerial drift immediately  after 
spraying of the target pesticides.  However, local farmers stated that they were  not using the target @ticides 
in the spring  and  summer of 1990, even though  there was evidence that the compounds  had  been used in 1989. 
Therefore, the studies during  .and after spraying could not be conducted as planned. , 
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1 3  Study Area 

i.3.i Nicomekl River Watershed . r  

.. 

-. 
, .  

.I 
,- 

The  Niwmekl River  watershed is shown in Figure '1. The river is approximately 34 km long, originating east 
of Langley, and  emptying  into Boundary Bay. The river  becomes  progressively more turbid downstream, and 
.the substrate shifts from  graveUrubble to a  very fine silt or mud: The shift to the mud substrate occurs just 
before our study area (inset in Figure 1; Figure 2). Upstream of  the study area, the"river receives discharges . I 

from  stormwater ,runoff, some  domestic sewage, several industries, a landfill, and several feedlots (Swain and 
Holms, 1988a, Swain and Holms, 1988b). In the study area, the river  receives runoff from vegetable croplands 
,$a drainage ditches. Swain and Holms (1988b) and McLeay (1989) identified the following parameters of 
concern:  metals, phosphorous,  ammonia, nitrite, faecal coliforms, and low  dissolveid  oxygen. These authors 
concluded that  the largest impact on the water quality of the Nicomekl Riyer came,from diffuse agricultural 
operations. These impacts were largely due to nutrient input, but the authors  also expressed concern about 
the impacts of pesticides from agricultural drainage. 

' . The Nicomekl and adjacent watersheds are used by salmonids, including Pacific salmon (Oncorhynchccs species), 
cutthroat  trout (0. clurk~>, and steelhqd (0. m y k i m )  (Figure 1). Spawning is largely confined to the upper 
reaches or tributaries. All of these salmonids are  anadromob, with the young migrating to sea a few weeks 
to several years after hatching. Escapement of coho  salmon (0. kinrtch) in the Nicomekl.River ranges from 
< 100-7500, but is usually 1OOO-2ooo (Hancock  and Marshall, 1985). Spawning occurs through  November and . 

December, with a peak in,  late November. The embryos incubate over winter, and hatch as alevins in early 
spring., Some  young migrate downstream as alevins  immediately after  emerging  from the gravel; others migrate 
as juveniles a  year later. Thus, the major fisheries concern in the study area is impacts on rearing and 
downstream migration of coho alevins or juveniles,  which occurs in springsummer (April to August). 
Anadromous  cutthroat spawn in the early spring 'rather  than fall, but the young  would be migrating 
downstream  through the study area  at roughly the same  time as coho. 

. .  

13.2 Study Reach , . 

I The study reach is shown in detail in Figure 2 The river is slow, and 5-20 m wide in this area. Midstream 
depth vahes considerably, reaching a  maximum of  5 m durigg high  water, and a minimum of < 1 m during the 

I . summer. The  substrate is fine mud,  except at the extreme  upstream end. The only  known salmonid  spawning , . - 

grounds in the studyprea  are in what Swaiqand Holms (1988b) referred to the "Old Logging Ditch'  (Figure ' 

1). 'This is not the same as the ditch McLeay (1989) and outselves refer to as the 'Logging Ditch' (Figure 2). 
Instead it is a smaller. ditch entering the river opposite E r i c b n  ditch. .Apparently, cutthroat  trout have been 

, observed  spawning in this ditch in the pa& (B. Clark, B.C. M:O.E, personal communication)  although no 
surveys  have;been made recently.  Many  of the ditches in the area follow old temporary or permanent  stream 
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beds, it is not surprising that  trout would use the ditches as spawning areas. However, it is not qed that 
the embryos  survive, as the ditch substrate is also mud. 

There  are  numerous ditches in the study area; we have only shown the three we  studied. Burrows and Logging 
ditches are  the' two largest, but large ditches also run parallel to north-south streets. There  are irrigation as 
well as drainage pumps at the outlets of Burrows and Logging  ditches. The p u m p h o k  and ditch system are 
maintained by the Surrey  Diking District, whose commissioners arel&l farmers. During periods of heavy 
rain, usually September to April or May, the drainage pumps move water  from the ditches into the river. Flap 
valves at the end of outlet pipes prevent backflow  from the river. During the summer, irrigation pumps move 
water  from the river into the ditches to irrigate fields. - 

The major crops in the study area  are  root vegetables - potatoes, onions, and carrots. Insecticide application 
may be more or less continuous  through the spring and summer. Herbicides are used in the spring  prior to 
emergence of crop plants to control weeds.  They are often applied again in August for pre-harvest top kill. 
Generally, W t i c i d e s  are applied in the spring (April-May), with possible repeated  applications  through the 
spring and  summer. Previous studies (e.g.,  McLeay, 1989, Moody, 1989; Wan, 1989) had identified dinoseb 
and  endosulfan as pesticides used extensively, although the 1-1 farmers indicated to us that they had recently 
discontinued dinoseb use, and did not plan to use endosulfan in.1990. 

\ 

\ I 

1 .  . 

1.4 Properties and Effects  of Dinoseb and Endosulfan 

The following  review of the two target pesticides is taken  from CCREM (1987), McLeay (1989), MacDonald 
et al. (1990); these publications should be &nsulted for more details. 

1.4.1 Dinoseb 

Dinoseb (2-sec-butyl-4,6dinitrophenol) has been registered for use since 1947. In 1990, use was restricted to 
raspberry, bean  and pea crops (Agriculture Canada, lm), and use will be restrictedxo beans and peas after 

. the 1993 growing season. Registration is expected to be withdrawn  eventually. The U.S. EPA suspended the 
registration of dinoseb products in 1986. The primary  concerns of both Canadian and US. agencies was the 
risk of teratogenic effects, cataract formation, and effects on male  ,reproduction (i.e., direct risk to users; 
indirect risk to people in agricultural areas). 

The major use of dinoseb was as a  fop-kill herbicide for potatoes, although it has also  been used as an 
insecticide and miticide. Dinoseb tends to be a transitory compound, as it is quickly removed  from soils and 
does not persist from one season to the next. The compound may be present as the parent compound, various 
Salts, or a phenol. Dinoseb  acetate is also a  herbicide. The solubility of dinoseb in water at neutral pH is 52 
mg/L,  which is high for a pesticide, and certainly higher than concentrations producing effects. The propensity 
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of dinoseb to leach into water from soils led Agriculture Canada to rate it high on their List of potential 
cdntaminants. . ' 

Dinoseb is lethal to salmonids at concentrations ranging from 32-1400 pgL, with effects decreasing w i t h .  . 

increasing pH. Long-term or chronic mortality can occur at concentrations as low as 12 p& The lowest 
concentration known to produce sublethal effects on fish is 50.5 pg/L or 500 ng/L (Woodward 1976; this was 
the lowest concentration tested so the No Observed Effects Concentration or NOEC could  not be determined). 
This concentration caused reduced growth in young lake trout (SufveW namaycush) which had been exposed 
continuously for 81 d from the eyed egg  stage. Salmonids are  the most sensitive fish, as dinoseb 
cincentrations causing lethal or sublethal effects in other species are higher than those given above. 

Invertebrates and plants are less sensitive to dinoseb than' are fish, although effects on the early life stages of 
invertebrates have not  been examin+ extensively. L a o s  for invertebrates range  from 100 to 2800 p%L; 

sublethal effects may occur at lower conc&trations. Effects on algae (inhibition of photosynthesis) have been 
observed at  wncenmitions >500 pg/L MacDonald et al. (19!30). found only one study of dincseb effects on 
aquatic plants (OBrien and Prendeville, 1979). Dinoseb concentrations of ' 2 4  pg/L affected membrane 
permeability,'~~ that electrolytes leaked jnto .the surrounding medium: The extent of lealage was not 
quantified, and its significance is obscure. , I  

/ 

/ 

Bioaccumulation of dinoseb does, not  'appear to be a major  concern (McDonald et al., 1mj. 
.> Bioconcentration .factors (BCFs) are <lo, and the compound is rapidly eliminated. 'Thus, there is a  low 

potential for significant accumulation  from food and  subsequent food chain biomapification.  MacDonald et 
al.  (.199O),wncluded that direct lethal and sublethal effects, primarily on salmonid fishes, were the fundamental 
concern. 

. .  

Based on their review, McDonald et aL (1990)  recommended 0.05 pg/L (50 ng/L) a s .  an  appropriate guideline 
for the protection of aquatic life. This was derived'by dividing the'lowest concentration affecting aquatic life, 
500 ng/L from Woodward (1976); by a  mfety factor of 10. . .  

\ 

1.4.2 hdot+m ' .  

. .  

.. Endosulfan is an insecticide, p&iarily'used to control aphids,  mites, and insects on vegetable crops. :There 
are 11' products containing endosulfan registered for use in Canada; Th iean  is probably the most  common 

. brand name.. . Endosulfan is . 6,7,8,9,10,10-h~chloro-l~~a,6,9,~-hexa~ydro~;9-methano-2,4~- 
benzqdiogthiepin-3-oxide. Technical grade endosulfan consists of two. isomers, a- and  pendosulfan, in- the 
usual ratio of 23. Endosulfan sulfate is f o h e d  by oxidation. of endosulfan  under  aerobic conditions. a- , ' 

endosulfan appears to de&nipose in soikmuch faster than does p-endosulfan; neither is very qluble  in water 
1 (solubilities are 0.15 and 0.06 mg/L at neutral pH, two to three  orders of magnitude  lower than those for 

,dinosebj. Endosulfan.sulfate &n persist in soils for several years: Thus, endosulfan does not  enter  aquatic. ~ 

, . -  
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systems as quickly as dinoseb does, except through aerial drift immediately after spraying, but persists longer 
in soils and sediments. 

. 
The effects of endosulfan have  been tested on a  broad range of organisms. The mean for the most sensitive 
species, rainbow trout juveniles, is 0.34 pg/L (340 ngh). Acute effects on invertebrates occur at  concentrations 
rahging from 23 to 740 pg& algae are. generally not affected by concentrations <loo0 p a  The 
concentrations given  refer to technical grade formulations. The toxicity of aendosulfan is 16-33 times that 
of Bendosulfan,  and the toxicities  of the formulations are intermediate. The lowest LC50 values have been 
recorded in flow-through tests, as considerable loss from solution may occu,r in static tests. Toxicity dois not 
appear to be'affected by pH,.but increases,with temperature. 

r 
Chronic effects on mortality of fathead minnows (Rmephafespromefas) occur at  concentrations of 280 ng/L 
Concentrations as low as 50 ngL can produce biological effects such. as physiological or histopathologkal 
alterations. Invertebrates are less sensitive, with sublethal effects occumng at concentrations an  order.of 
'magnitude higher than those affecting fish. Bioaakmulation appears to be a minor  concern as BCFs  range 
from <10 to 1000, and  endosulfan is rapidly eliminated, at least by fish. 

The  current  CCREM (1987) guideline for protection of aquatic life is 20 ng/L endosulfan. The guideline was 
derived by applying an application factor of 0.05 to the average LCSO (340 ngh)  of the most sensitive species, 
rainbow trout. US. EPA (1987) water quality criteria for freshwater biota are 220 n g h  for acute effects and 
56 n g h  for chronic effects. The EPA criteria are simply the lowest concentrations that  have been observed 
to produce  acute or chronic effects. Note the difference  between the derivation of Canadian guidelines for 
endosulfan  and dinoseb. If the endosulfan guideline were derived in the same way as that, for dinoseb, it would 
be the lowest concentration causing chronic effects (56 na) divided by a safety factor of 10, or 5 ng/L If the 
guideline for dinoseb were calculated in the same way as that for endosulfan, it would be 40pgh (approxirxiate 
average LC50 at low to neutral  pH for juvenik lake trout) multiplied by an application factor of 0.05, or 2 
pg/L (2000 ngL,  or 4 times the concentration known to have chronic effects). These discrepancies are  noted 
not as a criticism of the derivation of the guidelines, but to guide the comparison,of guidelines with observed 
concentrations of the target compounds. Exaxdance of the guideline for endosulfan is likely to have greater 
ionsequences than  exaxdance of the guideline for  dinoseb. , 

. .  
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' 2.0 'METHODS AND MATERIALS 
- .  . .  

, %  

2.1 . . Study Design . I 

The study was initially intended to consist of three phases: a preliminary survey; an extensive round of toxicity , . 

testing; and  subsequent seasonal monitomg. For the preiiminary phase, water  and,sediment  simples were 

' - River (see Figure 2 for locations). These samples  were analyzed for pestihdes,  and used for several screening 
bioassays. After the preliminary'  phase, the second  and third phases  were  conducted more or less . ' 

simul&neously, from December, 1989, through to July, 1990, and resumed again in November, 1990. These 
second and third phases consisted of cheecal analyses of water  and  sediment samples, laboratory bioassays, ' . 

\ collected in November, 1989, from Erickson, Burrows, and  Lbggingditches,  and  Stations 1-4 in the Nicomekl . ' . . 

- .  

. and field biomonitoring (in sinc kinbow  trout alevin  bioassay, anifidal substrates). 

Testing and'monitoring  during the second'and third phases were restricted to Bunows  and Logging ditches, 
and  the four river stations; Erickson ditch was under construction 'for much .of the study . p e r i o d .  .- The basic . '' 

, .  ' approach was to determine  the effects of the ditch waters, &I laboratory bioassays or through biomonitoring . . ' 

at the river statiok, and  relate these effects to codcentrkions of the target pesticides and other chemicals 
present in the ditches or river. 

7 

. .  

2 3  Water  arid Sediment Samples 
. ,  

2.2.1 ; Routine Sampling and Analyses 

Water'and sediment  samples  were &llected from the river by boat, a& 

i 

. .  

om the ditches from  pumphouse .. ,. "fr 
platforms. Water  samples  from the Nicomekl River  and the ditches were collected by holding a 4 L darkglasi 
bottle 5 &n , b e l p ~  the water surface and allowing it to 6ll. The bottles were stored overnight at 4°C in the 
dark, then delivered to the analysts. Samples for laboratory bioassays were usually collected at the same time. 
Sediment  samples  were collected with a Petite  Ponar grab. These samples  were  composites of at least three 
subsamples  taken  along  a transect across the river or ditch. Individual subsamples within a t r a m  were ' , *  

transferred from the Ponar to a stainless stkl dish. M e r  all subsamples had been taken, the contents of the ' . ' . . 

dish were  thoroughly mixed, and a 500 mL composite  spooned into a brown glass jar. These composite 

I .  

\ 

samples  were also stored overnight at 4°C and  then delkred'  to the analyst. . ,  

Analyses of pesticides was performed by Zenon  Environmental of Burnaby, B.C The focus was on din&b 
and endosulfan, but other pesticides were noted and their mncentrations recorded. The protocol for these 

,analyses .is summarized  in Figures 3 and'4. Because of problemwith the R.orisi1 &!lumns, Bendosulfan and 
endosulfan sulfate concentrations were  not measured prior to February, 1990. The results of a QNQC ' 

program evaluating the methodology are provided in Appendix L Chromatographs have been provided . 

separately to the Scientific Authority, Mr. Fred Mah of Environment Canada. 
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Sediment  and  water simples were also collected for  analysis of physical parameters  (suspended solids, turbidity, 
colour) and inorganic compounds (ions, nutrients, metals) by Environment  Canada Iahratories. These 
samples  were collected at  the same  time as samples for pesticide analyses.  Basic water quality data such as 
dissolved  oxygen and conductivity were usually  recorded in. the field, and  were routinely recorded as part of 
laboratory bioassays. 

Water for the bioassays was collected in a stainless steel bucket, and  stored in 57' L glass jugs in the dark at 
' 4°C The  stored test water was usually replaced with a fresh sample within a  week, and sometimes more 

frequently.  Bioassays were usually initiated with water  that had .been collected the previok day. 
Concentrations of the target pesticides were measured  in at least one, and  often two or more,  samples of each 
test water. The results from all three  components could  easily be integrated because samples for pesticide 
analysis, inorganics analysis, . .  and bioassay testing were often taken .simultaneously, and  from the same sites. 

One minor difference between samples used for chemical  analyses and 'those used for bioassays should be ' 

noted. All chemical analyses were  conducted on' samples collected at River  Station 1, but bioassays were 
conducted using water collected from a site  further upstream, at the 184th Street bridge ('Upstream"; see . 

Figure 2). The Upstream  samples  were used as an on-site control; and as a diluent. Since large volumes  were 
often required on a frequent basis, it was much more convenient to collect samples  from the bridge, rather 
than from  Station 1, as a boat was not required.  However, it was not practical to conduct field bioassays near 
the bridge, because of the increased probability of vandalism. Station 1 was more  suitable for field bioassays, 
as it was not visible from the bridge. 

. .  

2.2.2 OU Hydrocarbons 

On  June 7, 1990, an oil spill from an industry  upstream of the study area  occurred on the Nicomekl River. 
An oil slick was visible in the study area by the morning.of June 8. Several water  and  sediment  samples  were 
collected during June and July for measurement,of oil hydrocarbons. Water  sampleswereccollected  from the 
Upstream site, and the two ditches, on  June 8. Water  samples  were also collected'July 3 from the ditches, and 
from all four river sites. Oil and grease concentrations in these samples  were  measured in accordance with 
Standard  Methods (APHA, 1985) by ASL Analytical Service Laboratories of Vancouver, B.C. Oil and grease 
concentrations were also measured in sediment samples  from the ditches, and from Stations 1 and 4 on July 
2 These analyses were  conducted by Zenon; the samples were .originally collected for pesticide analysis, but 
the analysts suggested that the oil would interfere with the analysis. 

-. 

23 Labiatory Bioassays 

Protocols 'for laboratory bioassays are provided below. .'The bioassays can conveniently be divided into 
screening tests (rainbow trout  pm/fail, residual oxygen bioassay) designed to provide a rapid assessment of 
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lethal effects, and sublethal tests (rainbow  trout alevin, Ceriodaphnia; Selenasmm, and duckweed) measuring 
effqts on growth and reproduction. 

I 

I . .  

23.1 . Screening Bioassais 

23.1.1 Rainbow Trout PasdFail 

This bioassay assesses the acute lethal effects of undiluted test waters on rainbow trout juveniles., Replicates 
were 40 L aquaria and each contained 20 L of test water  and 10 trout juveniles. Mortality was monitored 
daily, and dead trout removed. For regulatory pu'poses, an effluent passes if.mo&ity is ' 4 0 %  over 4 d. 
Control mortality should not exceed 10%: Following M c h y  (1989), mortality > 10% in the test waters was 
considered an indication of lethal effects. The procedure for the test is d&bed in detail in Environment 
Canada (1980). 

The test was us& to examine the effects of waters in the Erickmn, Burrow,  and Logging ditches during !he 
. preliminary 'survey. in November, 1989. Two replicates were used for each of the ditch waters and the 

laboratmy  control (dechlorinated city tap water). 
1 

23.1.2 Residual Oxygen Bioassay 

The residual oxygen bioassay measures, the effect of a toxicant on the ability of a fish'to withstand oxygen 
depletion. The test is actually a challenge test, rather.than  an  acute  lethal bioassay.  However, it is useful as 
a rapid means of assessing the relative effects of different toxicants. The test procedure is described in detail 
in Vigers and Maynard (1977). Each replicate was a 300 mL  BOD bottle, filled completely with test water 
plus three rainbow trout juveniles, then sealed. Test waters were aeratedheforehand to achieve 100% oxygen 
saturation. The bottles were  then  monitored until the trout died from lack of oxygen  (usually 4-8 h). The 
time to death was recorded, and  the oxygen remaining in the bottles measured. Toxicants usually decrease the 
ability of the fish to withstand low  oxygen  levels, leading to a higher oxygen content in the.bottles a t  the time 
of 100% .mortality. Effects on time to death are more Triable, as the toxicant may actually increase time to 
death by reducing metabolic activity and oxygen uptake rate. 

\ 

Residual oxygen bioassays were conducted  during November, 1989, on water  and  sediment  elutriates from 
E r i c b n ,  Burrows, and Logging  ditches. Elutriates were  prepared by placing 200 g of sediment in 4 L of 
laboratory water in a 4 L jar. The sealed jar 4 then placed on a beltdriven mixer which rotated the jar for 
24 h. The fluid (=elutriate) was then  decanted from the jar  and placed in test bottles. There were two BOD 
bottles containing fish for each  water  and  elutriate sample, plus a third bottle without fish. The fishless bottles 
,provided an indication of the BOD  and COD of the samples. Controls (laboratory water) were  alsb included. 
I .. 

. .  
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Tests (LCSOS) with reference toxicants  indicated that trout alevins were  more sensitive than juveniles. 
Therefore, alevins (8 per bottle) were used  in subsequent residual oxygen  bioassays. The first such test W& 

conducted in December, 1989, using undiluted water from  Burrows and Logging ditches, the Upstream site, 
and laboratory water. Theie were  three replicates (one fishless) for each of these test waters. Unfortunately, 
the test results were not valid because the control fish died within hours at a high oxygen level (8 m a ) .  We 
have no explanation for this; chlorine anal& indicated that the laboratory water was being effectively 
dechlorinated. The next test was conducted March, 1990, using test waters from the same sites, but with four 
replicates (one fishless) of each. 

\ 

23.2 Sublethal Weeta Bioassays 

23.2.1 Experimental Design and Statistical Analysis 

In order to compare the results from the various tests for sublethal effects, the  same  experimental design and 
anabis  was used for all tests. This  approach differed  from tiie approach generally required by regulatory 
agencies (e.g.,  U.S. EPA), but is statistically'more sound, and directly addressed hypotheses relevant to our 
study objectives.  Any  minor. deviations from the standard approach are noted in the individual test protocols. 

The  same set of treatments was used for the rainbow trout alevin, Ceriodnphniu, Sefenusmm, and duckweed 
bioassays. These  treatments were: 

laboratory control (varies with  test; see protocols) 
I 

water  from  Upstream site 

10,.30,  100% Burrows' ditch water 

10,30,  100% Logging ditch water. 

In all tests initiated in 1989, lab control water was used to dilute  the  ditch.waters, because the chemical and 
toxic properties of the Upstream  water  were not known. Subsequently, the  Upstream  water was used as the 
diluent to more closely simulate the dilution of ditch waters  in the Nicomekl  River. 

Analyses of variance (ANOVA) or covariance (qNcOVA) and  orthogonal  contrasts  were used to analyze 
all dag. Most agencies (e.g,  U.S. EPA) use multiple comparisons (e.g., Dunnett's Test) to compare individual 
-treatment means  with control means. There  were  other  comparisons which were of interest to us and these 
comparisons  can be made using contrasts. The variation among treatments in any ANOVA can be divided 
into several independent  comparisons or contrasts, following procedures desixibed in Soh1 and Rohlf (1980). 
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Each contrast can be considered a mini-ANOVA,  testing  a  specific hypothesis. Contrasts  are discussed in 
more detail in Appendix 11. The following contrasts were used: 

# 

laboratory control versus all  other treatments - does the control  mean differ from the grand  mean 
I \  

for all river and ditch' waters combined? . .  

Upstreiim (re&iving) water versus ditch waters - doe4 the Upstream  mean differ from the grand 
mean for all 'ditch waters combined? 

between 'ditches - do the grand means for the two ditches differ? 

The first contrast simply tests the differences  between laboratory and  natural (river, ditch) waters. It indicated 
' more  about the appropriateness of the yuious required control waters than it did about any effects likely to . 

' o c c u r  in the study area. The &ad contrast Was the key test of whether the ditch waters  would have  a 
- negative impact on the biota in the river, &use the Upstream  water yas the experimental and- natural 

diluent. The third contrast was useful for testing whether  any differences in the concentrations of chemicals 
between ditches led to differences in effects. There  are -other contrasts that could have been used. For 
example, it would be possible to test the significance of differences in concentrations of the ditch waters, or 
to ,test for a log-bear or quadratic dosckponse relationship. However, these  other  contrasts  were of little I 

interest given the resulk observed. ._ ' 

I 

23.2.2 Rainbow Trout Alevin Bioassay 

This bioassay measures the lethal  and sublethal eff* of toxicants on rainbow trout embryos and alevins. We ' ,' 

are still refining the procedures  and analyses, and attempting to adapt the test to field conditions. The test 
is based. on similar studies conducted by Hodson  and  Blunt (1981, 1986) on rainbow trout. Tests were 
conducted  December, 1989 - January, lm, February - March, 1990; and November, .1990. 

.Eyed embryos were obtained from a local hatchery, and transported to the EVS' laboratory. 'They were 
transferred to a 40 L aquarium containing aerated dechloAated  tap water, and acclimated in darkness to 

.15=3"C for 48 h. The embryos were  then.transferred to the test containers, 2 L glass beakers with .1 L of test 
. solution in eack Twenty  embryos  were,  placed  in each beaker, with three  beakers (replicates) per test solution.., I 

The embryos were held in 90 mm diameter glass petri dishes attached with silicone e l a n t  to nylon  mesh dip 
nets. These incubation'baskets could &ily be removed  from the beakers whenlsolutions were ,changed (three 
times weekly). Test containers were gently aerated, and held in darknessat 15°C. 

\ 

- 
I 

~ Dead alevins and embryos were  counted  and removed  daily. Embryos were  considered dead when they did 
not move, and  when the eggs were  opaque. Alevins were considered dead when they did not move,  lacked  a 
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heart beat, and  were rigid and  opaque. Dissolved  oxygen,  pH, and  temperature of the test solutions  were 
monitored  three times weekly, just before solutions were  changed. 

Tests were  conducted until most  alevins  reached the swim-up stage (approximately 20 d from the start of the 
experiment). ' The objective was to terminate the test before the alevins used all their yolk, but to allbv 
sufficient time for any differences in mortality and  development to manifest themselves. At the end of the 
kperiment, total (body plus yolk) and body (yolk removed)  wet  weight of surviving alevins were  measured. 
All surviving  alevins within a replicate were  pooled before weighing, then the mean weights calculated by 
dividing  by the number weighed. , I 

Acute'lethality tests using the reference toxicant sodium dodecyl sulfate (SDS) were  also  conducted on alevins, 
s20 d after hatch. These tests followed the same protocol as the longer tests, except that they lasted for only 
% h and  solutions were not changed. One replicate was used for each of seven concentrations (0,3.2, 5.6, 
10.0,18.0,32.0, and 56.0 ppm SDS); two of these tests were  conducted.  'Alevin mortality was monitored daily. 
% h LcSOs were calculated for comparison with % h LcSOs for  juveniles. Tests on juveniles are conducted 
routinely because SDS is one of our standard reference toxicants;  thus, there was no need to conduct any 
specifically for this project. ' 

The response variables measured in this bioassay  included embryo  and alevin mortality, developmental rate, 
and yolk conversion efficiency. These are all simple yet biologically important  measures calculated from the 
daily counts of dead individuals  plus the weights of the alevins. 

. .  , (  

h 

Embrvo and Alevin Mortalitv 

Embryo mortality was the percentage of  embryos that failed to hatch.  Alevin mortality was the number of 
individuals dying after hatching, expressed as a percentage of the individuals that  hatched successfully. Both 
variables required an arcsin square  root transformation prior to analyses. 

\ . . ,  

Developmental Rate 

Yolk is converted to body tissue as an embryo or alevin  develops. Therefore, body weight relative to yolk 
weight can be used as a measure of developmental rate. Rigorous statistical analysis of developmental rate 
is difiicult, because yolk conversion efficiency  can be affected by toxicants, 'altering the body weightyolk weight 
rqlltionship (see below).  However, if yolk weight is significantly  lower, and body weight significantly greater, 
in one  treatment relative to controls, it seems reasonable to conclude  that the treatment has increased 
developmental rate. 
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Yolk Conversion Efficiencv NCE) 

. Yolk conversion efficiency is the efficiency  with  which  yolk is converted to alevin body tissue (Hodson and 
Blunt, 1%), and  can be calculated directly by dividing the change in body weight  over  some interval by the , . , 

change in yolk  weight. Alevins with a greater efficiency  wil1,produce more grams of body tissue for each gram 
, of yolk used. Yolk  konversion efficiency should not be confused with  yolk  conversion rate  (the Arne as ' 

developmental rate, as defined  above). For example, one  group of alevins may be convening  yolk to body 

tissue at a faster rate than: another, but might  have  a  lower  efficiency, producing less body tissue per gram of ' 

yolk used. 

Statistical analysiS of conversion efficiency  involves comparing body weights at a fixed yolk weight using 
analysis of covariance (ANCOVA). We could not calculate YCE directly, as the initial yolk and body weights 

. . can be hard to obtain from embryos (the yolb  are harder to remove, and the embryos have to be excised €mm 
egg  envelopes). There should be a  negative relationship between body and yolk weight. A sample of several 
individuals taken at some time  should  produce  such a relationship, provided  that  some, variation in 
developmental rate exists. That relationship should be similar to the  relationship  that exists over  time.for  an 
'individual alevin, and the slope of the line should theoretically be equal to the average YCE (there  are several , . 

,. statistical reasons why the slope is almost invariably  less than YCE calculated directly,'although the difference 
rarely affects  conclusions). Alevins that  are efficient at converting yolk to bddy tissue will lie above the line; . 

-- alevins that  are inefficient will lie below the line. An ANCOVA siniply tests whether  the position of alevins 
with respect to the overall line differs among treatments. 

5 

/ 

\ 

23.23 ceriodcrpturia 7day Life Cyde Bioassay 

This test measures the effects of toxicants on mortality and  reproduction of Ceriodaphnia  dubia. Each replicate 
consisted of a single female  placed in 15 mL of test solution in a 3 0  mL vial. These females were all e24 h 
old and had not yet produced  their first brood of young.  Occasionally one of the individuals turned out to ' ' 

.. be a  male, although a healthy population generally.produce only females  (via parthenogenesis). Males  were, 

of 20% Perrier'water in deionized water,  which ensures a standard  control in  every laboratory regardless of 
local water chemistry. In all Cerio&phnia tests, test waters were filtered through a 50 pm filter to remove any 
potential predators. Test waters were chhangeddaily, and  any young produced  were removed and counted. 
Previously, U.S. EPA.protocols called for a 7day tesi  which  allowed for the  piduction of three broods. New , 

protocols allow the test to be extended. for a few extra  days until  the  controls have produced  three  broods 
(U.S. EPA, 1989). 

The data analyzed were mortality and the  total number of young  produced  per female. If mortality does not 
differ significantly among treatments, dead females (usually wit6 0 young produced) are normally included in 
the analysis of the  number of young  produced. We have reservations about this, but followed the established 

' I  of course, not included in the results. Ten replicates were used per treatment. The  control water consisted 

t 

I 
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protocol in order to comply with external standards. Test results are considered valid if 260% of the dontrol 
females produce 15 young each, and if control mortality does not exceed 10%. 

R o  tests were initiated during 1989. In the .first test, no control  female  produced 15 young, and few 
experimentals did In the second test,  only  five (or 50%) control females produced 2 15 young, although 
many experimentals did. We suspected that our laboratory stock culture was losing its vigour after many 
generations of asexual reproduction and consequent  accumulation of deleterious mutations, and replaced it. 
A third test was, therefore, conducted during February, 1990, using the new culture. Even then, the test had 

. to be extended to 10 days for 60% of the control females to produce 15 young, although  most experimentals 
' produced  double  that amAunt. 

Transformations of the data were not necessary for the first two tests.' In the third test, there  were  one  or 
more females producing few  young in most treatments. These outliers skewed distributions  and led to 
heterogeneous variances. The data were, therefore, rank-normalized,  which is equivalent. to conducting a 
nonparametric test, but enables contrasts to -be calculated. 

1 

233.4 &hmastnm 4 4  Bioassay 

This test measures the effects of treatment waters on population growth of the freshwater alga Sefenusfmrn 
cup?icom&un. Procedures are described in detail in U.S. EPA (1989). Flasks containing the test h t e r s  were 
inoculated with a standard density algal culture, and nutrients added. The addition of nutrients  supposedly 
ensured that any inhibitory effects of a test water  were not due to nutrient deficiency. The flasks were. 
incubated at 24°C for 4 days. After 4 d, the densities of algal cells in each flask was estimated by counting the 
number of cells in a fixed area  on a gridded slide. M counts were  made-for  each flask; if they  were not 
within 10% of each other  further counts were made. The densities were d e n  expressed as number of cells 
per unit volume  (our  approach here) or as a percentage increase (=stimulation) or decrease (=inhibition) 
relative to controls. 

Our test was conducted  during  December 1989 during Phase 2 All test water y filtered through a 1 pm 
lilter to remove other algae and herbivores. Three replicates (flasks) were used for each  treatment. Algal 
densities were log-transformed prior to analysis. 

2335 Dukhveed Bioes& 
. .  

Vari0.m versions of this test exist, using a number of different Lema species. The ASTM is currently 
attempting to standardize the procedures, and define appropriate guidelines for contiols. AU protocols are 
5imilar that duckweed fronds are cultured in flasks containing test waters for 4-14 d. The number of fronds 
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(each plant &mists of &era1 fronds), and-usually their weight, is then determined. As in the SeleMsflun 
, bioaqay, nutrients are added  to each flask. 

\ 

Duckweed were collected in April from  a  highway  ditch in Richmond, B.C. The area  near the ditch was not 
deve1oped.for agricultural activities, and presumably  lacked  high  levels of contaminants including pesticides. 
The plants were  cultur& for approximately one week in laboratory water  supplemented with a commercial 
nutrient solution: Ten plants (32-40 fronds) were then placed in each test container (200 mL flask). Three 

container to provide an excess of nutrients; 100 mL of test water  were used per container. Water.q&ty 
measurements  were  made on selected containers  throughout the b i k y .  

. test contahers were used for each test water. One mL of the commercial nutrient  solution was added to each . 

. .  

I The test ,ran for 7 days under constant iight, with temperature ranging ,from 21-23"C At the end of the 
experiment, the fronds were counted, dried, overnight - at 60°C and weighed. The response variables were 
therefore .dry weight, and the, number of  fronds; Fronds  were classified viiually as .green or pale (a potential 
indicator of chlorophyll deficiency). The initial dry weight was also measured, so that the biomass increase 
over the 7d test period could be calculated. ' I  . . .  

I 
1 

2.4 Field 'Bioassays and Monitoring 

2.4.1 Artificial Substrates . I ? .  

, 

2.4.1.1 P r o c e d U I W ,  
. ,  , 

Artificial substrates were used to examine  effects on macroinvertebrates.  Normally, to determide whether the 
benthic community in the Nicomekl River changed  downstream as more ditch i t e r ,  entered, samples of 

.benthic  invertebrates'would. be collected at each  site with a grab or other sampling device. However, any 
changes obymed might be due to changes in substrate which were not related to .water  quality. If a standard 

heterogeneity of substrate are removed.  Normally, these substrates would be placed near the river bottom, , 

Therefore, they were  suspended &low the surface but well above the substrate. 

' Substrate is placed in the stream  at each station, and left for 6-8 week  to be colonized, problems due to . . 

. but in the Nicomekl, the substrates would  have sunk  into the predominantly muddy natural substrate. 
. .  

I 

, Similar artificial substrates have been successfully used to document khanges in macroinvertebrate &mmuniti+ 
in the Peace River, B.C, associated with an improvement  in  wastewater treatment  (Gibbons, 1991). Because 
the substrates were  suspended  above the natural substrate, they we!e probably colonized by drift organisms 
rather  than by the resident benthos. In-a comparisdn of natural  and artificial substrates, Munkittrick et al. 
(1990) noted that the 6mmunities from artificial substrates were more a function of water quality than ' 

. A i m e n t  quality; the reverse was true  for communities from natural substrates. 

"u 
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Artificial substrates were placed  in the Nicomekl River for 4-8 weeks on four occasions: 

December 14,  1989 - January 29,  1990  (47 d); 

February 23 - .April 12, 1990  (49 d); 
7 

April 26 - July 4,  1990 (70 d); 1 

November  2-27, 1990 (26 d). 

. On each occasion, six substrates were placed at  each of the four river stations. The original plan was to leave 
the substrates in the river for the same  amount of time on each of the  four occasions.  However, they were' 
left in place for an additional 3 weeks in'June, 1990, to assess the effects of the oil spill which occurred June 

would &h them away. 

Rocks for the artificial substrates were obtained from a local quarry. The rocks were sorted by size by the 
. quarry operators,  and  were  approximately 5 cin diameter. The rocks were placed in wire  cylindrical barbecue 

baskets approximately 30 cm long and 15 cm diameter. These baskets were then clipped to floats, which were 
in turn tied to anchors. The floats 'kept the baskets suspended 1 m below the surface; the  anchors  prevented 

I . the baskets from be&g  washed  downstream. After some floats and  substrates  were lost during December- 
January, an additional weight was added midway along the anchor rope. The extra weight sat on the bottom 
during low water, maintaining the basket in midstream, but lifted off the bottom  during high water with the 
anchor still holding the basket in place.  Approximately one  substrate  per site was lost (detached from  float, 
drifted to bank or downstream)  during each 4-8 week monitoring period, except in November, 1990. All 
substrates at Station 1 were lost in November, as vandals apparently detached the baskets from the floats. 
(The floats were recovered at the 176th Street bridge, upstream of other stations; the equipment  belonging 
to the Erickson ditch construction crew was also vandalized at the same time.) 

The baskets were removed by lining them out of the water  and unclipping them  from the floats. A net was 
held under the baskets during lifting to catch any organisms washed out of the rocks. The baskets were placed 
in tubs of water  and  taken to shore. There the baskets were opened  and the rocks thoroughly  scrubbed while 
to dislodge any invertebrates. The contents of the tubs were &shed through a 250 pm sieve, and the 
invertebrates retained by the sieve were preserved in 5% formalin. The invertebrates collected were  returned 
to the laboratory, transferred to 70% ethyl alcohol, and  later sorted, identified and counted. In  some cases, , ' 

samples  were  split because of the large number of organisms present. Insects were identified to genus, and 
' species if possible,  except for Chironomidae, which were identified'pnly to family. The level of identification 

differed for non-insect taxa, but large crustaceans and gastropods were identified to genus or species whenever 
possible. Identification was -provided by Mr. Bob Wsseman of Comllis, Oregon, an expert on Pacific 
Northwest invertebrates. 

' 7. They were removed early in November, 1990, because of the danger  that the high discharge in the river , 
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2.4.1.2 Statistical Analysis 
. .  

For the purposes of analyses, the invertebrate taxa were .lumped  into 10. broad  groups (cf. Results). 
Dkerences in abundance'and community composition  among seasons and.stations  were the tpha ry  focus of ' 

analyses.  Changes from  upstream to downstream (downstream trends) were the site differences of interest 
The expectation was that  any positive .or negative  impact of discharges -from the ditches would result iri a 

' downstream trend in abundance or composition. Contrasts were used- to test for the existence of these . 

downstream trends (cf. Appendix 11), and varioy other relevant hypotheses (cf. Results). The standard 
. analyses were ANOVAs, with station  and 'season as factors. Each analysis was conducted twice -with all 

stations included and November data excluded, and with Stations 1 excluded and  November data included. 
' The two approaches  were necessary because there were no  data from Station I.  in November. 

. .  

The first step was to conduct .multivariate ANOVAs (MANOVA), with abundances of the 10 taxonomic 
groups (transformed to log {x+l)) as variables: . T h e s e  MANOVAs tested 'for overall differences among 

' sixsons or sites, and for any other differences  specified by contrasts.. Vectors  (=discriminant functions or 
cananical"vectors), or linear combinations 'of the variables, were created which  'maximized the differences 

. among sites or seasons. The relationship between the original variables and these vectors, or new variables, 
is usually expreked by giving the correlation betwen them. Thus, if abundance of a particular taxon is kghly 

. correlated with a vector, then  that taxon contributes substantially to the differences among groups. The signs 
of the correlations are also important. Suppose  that  abundances of two taxa are highly correlated  @ut with 
opposite signs) with the vector that best describes downstream  changes. This'means  that  one taxon increases, 

. . while the other decreases, in a downstream direction. In ecological t e k ,  this would be replacement of one. 
taxon by another. ' . . .  . .  

If only a few taxa are considered, the information obtained from a ,MANOVA can easily be obtained from ' 

' simple inspection' and  comparison of means for individual variables. However, if there  are  more  than three 
or four kriables, patterns can be more easily determined by MANOVA  In our analyses  we used.MANOVA 

'. .to identify th& patterns, and suggest some  appropriate simple indices to analyze furiher. Plafkin et al. (1989) 
provides  a  good  review of ,indices used for assessing  impacts on' macroinvertebrate communities. Many of 
these i n d i h  are considerably more complex than vectors  from  MANOVAs.  Commonly used indices are 

, ' actually similar to MANOVA vectors in that they are combinations o f  the original variables. For any specrfic 
' . study, the MANOVA veer provides  a better description of the differences among stations or seasons. 

However, vectors will differ from study to study, and can be difficult to relate to environmental impacts. 
Indices are the same from study. to study, and the relationship between changes' i n .  index values .and 
environmental  impacts are better known. Thus, identifying appropriate indices by MANOVA  and  then 

I . .  

' analyzing the indices  combined the best of both approaches. 

. .  
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2.4.2 Rainbow Trout Alevin in situ Bioassay 

This test measures the Same responses as does the laboratory test. Embryos or alevins were incubated in the 
river and ditches in November, 1990, in containers known colloquially as 'egg,sandwiches". Our containers' 
differed  slightly from those traditionally used (e.g., Mohr et al., 1990; we would r e c o b e n d  the traditional 
design for  future research), as our sandwiches  were  made of the gridded plastic crating used to cover 
fluorescent lights (Figure 5). In the laboratory, embryos (20  per sandwich) were placed 'in the central 
compartments  formed by the grid. The gridded plates making up the sandwich were then bolted together, and ,C  

the sandwiches transported in cool water to the river on October 31,1990. The sandwiches  were  suspended 
in small (25 x 15 x 20 cm) mesh  cages (two sandwiches per cage) and firmly attached by cord to the sides of 
the cages. The obj&ive was to maintain the sandwiches 'in a fixed position in the water, without subjectihg 
them to physical damage from drifting objects, fish, birds and mammals. Three cages were used at each of the 
four river stations and in each ditch. Cages.at the river stations  were clipped to floats used to suspend, 
artificial substrates;-cages in the ditches were secured to pumphouse  intake grates, away from the central part 
of the intake current. 

The sandwiches were left in place for 4 weeks, they were  checked weekly, and dead  embryos removed if 
possible. The sandwiches  from Station 1 were lost when the floats and artificial substrates  were vandalized, 
one  pair of sandwiches was also lost from Station 3. By November 27, the embryos had hatched, but the 
temperature Was decreasing. The subsequent growth and survival of the alevins was likely to be minimal. The 

the remaining sandwiches were returned to the laboratory and reared for 9 d in EVS laboratory water. By that . 

time, they had consumed most  of their yolks, and the bioassay ended.  Procedures and  containers for the 
laboratory rearing were the same as those used for the laboratory bioassay. All alevins were later dissected 
and weighed. 

The variables analyzed for both the field and laboratory components  were % mortality, yolk  and body weight, 
and yolk conversion efficiency  (YCE). ANOVAs or ANCOVAs  were used to compare  sites (stations plus 
ditches). Contrasts were used to compare ditches with river stations, and to determine if response variables 
.increased or decreased from upstream to downstream. The pairing of sandwiches allowed us to calculate YCE 
directly for laboratory reared alevins. Remember  that alevins  from one sandwich of each pair were preserved 
just prior to the start of the laboratory rearing. We assumed that the weights of these alevins approximated 
the initial weight of alevins  from the remaining sandwich  in the pair, and  then calculated changes in yolk and 
body weight Over the 1O-d period. 

'. surviving  alevins  in one sandwich from  each cage were immediately counted  and preserved. The survivors from 
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3.1 Background 
. .  - 

I /  
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' 3.1.1 Climate I 
.. 

Temperature  and precipitation patterns for Surrey Municipal Hall in Newton (the narest  weather  monitoring 
station)  are provided in Figure 6. The temperature records reflect the north  temperate climate. The ' I  

July and Au&t Even in winter, most of the precipitation is rain rather  than snow. ~ 

: ' precipitation recordsahow that precipitation was greatest from  October  through  March,  and very  low d b g  .' 

I 
. .  

I 
\ -  . .  . .  

3.1.2 Hydrology 
- .  

. .  
I ~ 

Figure 7 provides discharge in the Nicomekl River, measured at a  gauging station at 2Mrd Street (-3 km 
upstream of the study area).  Discharge was greatest from October to April, reflecting rainfall patterns; there . ' 

is n6 springhummer contribution from mountain snow melt as there is in other B.C. streams. D q  average , . 

. (7410) is 0.13 m3/s  (Swain and Holm, 1988b). Water  temperatures during sampling trips a re  given in Table , 
. ' , . flows at this site have  historically ,ranged from' 0.125 to 35.4 m3k the ten year m e n  day average  low @ow ~, 

1. The river temperatures followed  changes in air temperature, but the extremes-were not as grat The 
ditches were colder than the river in winter, and warmer in summer. . 

. The pumps at' the BUKW and-logging ditch pumphouses have  a  maximum discharge of 0.75 and 0.95 m%, 
respectively (E Johnson, S U K ~  Municipality, personal communication). Theoretically, the maxhum . 

discharge could be double these values, since two pumps, set to go on  at different water . .  levels, are employed 
' at each pumphouse. How&er, both pumps are ,rarely operating for extended periods (if they did there Would 

be no flood control), and the pumps are less efficient at high tide when the water level in the river rises. Thus, . 

with a discharge of r l  m3b  from each,ditch, dilutiok factors should be =1:10 at times of high discharge 
, .' the river (10 m%). Dilution factors at lower  river  discharges  would be lower than this during the infrequent . ' 

&riods when the pumps  were operating, and would be higher when ditch discharge Was passive or zero. There 
are.severa1 other large ditches in the study a r k  discharging to the river. Some of the& are  equipped with . 

pumps with a  capacity similar to that of the study ditch pumps. ' A s  a result, the dilution  provided by the river 
at  logging ditch would be gre&er than  at Burrows ditch. The, extra dilution would consist of ditch water, , 

providing little benefit in terms of reducing contaminant concentratio&. ,Instead, contaminant  concentrations 
. would increase downstream,  assuming that the ditches were the .source of contaminants. 
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3.13 Pesticide Use in the Study Area 

The farmers in the area generally applied herbicides  in the spring (April) prior to emergence of crop plants, 
and then again in August as top-kill.  Insecticides were applied at various times through the spring  and 
summer. None of the  three farmers in the, immediate  area of the study ditches would  admit to ushg dinoseb 
when questioned in 1989, and all were  aware of the potential hazards to their health. The results of our 

' ' chemical analyses (see below)  suggest that dinoseb was being used in the area in 1989, although  not necessarily 
by the farmers questioned. Tbe farmers also indicated that  endosulfan,use'was decreasing in the area; Mr. 
Ward Strong, a local bticide consultant, suggested that  there  were concern that  endosulfan was becoming 
less effective because the target organisms were developing resistance. 

The farmers indicated that herbicides  used  were  glyphosate (applied prior to ploughing), chlorpropham (used 
as a top-killer), and paraquat. Chlorpyrifos was used by one farmer for insect control. The Municipality of 
Surrey rarely uses pesticides for mosquito. control, but may use Aquashade (a combination of dyes which 
reduces light penetration) to control algal growth. The Municipality indicated copper  sulfate  had  not  been 
used for algal control for years, and may  never  have  been used. In general, users in the area  were  aware of. 
concern  about various pesticides from the perspective of effects on human health, and had been 'switching 
to less toxic alternatives over the years. 

- ,  

, 

33 Water  and Sediment Quality 
. .  

Federal (CCREM) and provincial (B.C. MOE) water quality guidelines or criteria for freshwater aquatic biota 
&e given in Table 2 Our discussion  below, and Figures 8-18. are largely restricted to basic k t e r  quality 
parameters, nutrients, and metals  which  exceeded the criteria. B.C MOE criteria, rather  than CCREM 
guidelines, are shown  in the Figures only because they are available for more  parameters (in many cases the 
two are the same).  Swain and Holms (19%8a,b) provide some objectives specifically for the Nicomekl  River 
but these have been  superseded by the B.C. MOE  'dteria. Freshwater  sediment  criteria are  not available. 
The complete chemical data are  pbvided in Volume 11. 

/ 

3.2.1 Basic Water Quality 

Basic water quality data are given in Table 1 and Figures 8-10. Dissolved  oxygen levels in the ditches were 
' usually less than in the river, but rarely below 8 mgh, except in November, 1990 (Table 1). On some sampling 

dates, there was a slight downstream decline in  oxygen  levels,  presumably the result of the addition of ditch 
, k t e r s  with lower oxygen  levels. The two study ditches probably did not  contribute to this' trend. The 

pumphotps pump the ditch water into the river with such force that considerable turbulence occurs. Further 
oxygenation occurred  when  water levels were low in the river because the exit pipes from the ditches were  then 
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3.2.2 Nutrients 
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above water. Water pumped from the Logging ditch resulted in higher oxygen levels in the river (e.g., Station 
4) on February 12. i 

, The river water was neutral to slightly alkaline, and hard (Figure 8). pH in the ditches was,simdar to that 
in the river, but hardness was elevated on mqst  sampling dates, especially in Burrows ditch (Figure 8). The 
water was usually softer  at Site 1 than at the other three river stations, suggesting that discharge from the 

"' ditches elevated hardness in the river. Note that whenJhe ditches were not discharging in July, hardness was ' . 

similar at all river stations. Except in July,  conductivity was greater in the ditches than in the river and 
increased in a .  downstream direction (Figure 9). Concentrations of individual ions followed the same trends. I ,  

We have  shown sodium levels in Figure 9 to demonstrate  that the ditches, and  not tidal action  and salt water 
intrusion, were respohible  for the doimtream increases  in ion concentrations. 

The water in the ditches, especially Buriows ditch, was highly coloured relative to.the river water (Figure 10). 
Colour in the river increased from  upstream to downstream,  especially below Burrows ditch (bom Station 2 
to 3). Even in July,  when the water in the ditches was pumped from the river, colour was greater in the 
ditches. Suspended solids (non-filterable residue) levels  in the ditches were not markedly elevated over levels 
in the river (Figure 10; turbidity values showed the same pattern). There was some  tendency  for  suspended 
solids and turbidity levels to increase dowhstream.  However, the major source of the solids was probably  not 
the study ditaes, but  other ditches that drained-directly into the. river. The pumps in the study ditches draw 
water  from 1 m above  the substrate, and would not be expected to disturb and discharge sediment particles. '. . ' 

1 

/ 

I 

11. .LZWIS of nitrogen, 
phosphorous,  and organic carbon 'were  elevated  in the ditches, and  tended to hicrease in the river from 
upstream to downstream. Levels of these nutrients in the sediments  were  also higher in the ditches than in 
the river. Probably -because of the high nutrient levels, the ditches can  become  overgriwn with algae and 
duckweed in the summer; our .bioassay results (Section 3.3) certainly were consistent with the nutrient data. . 

\ 

3.224 Metals \ 

.' 

, . Levels of aluminum, cadmium (Figure 12), copper (Figure 13), iron (Figure 14), lead (Figure 15). manganese 
(Figure 16). mercury (Figure 17), and zinc (Figure 18) in the river or ditch waters exceeded provincial water 
quality criteria on  one or more occasions.  Aluminum concentrations always exceeded the  criterion for acute 
effects. Arsenic, barium, beryllium,  cob'alt,  chromium, lithium, molybdenum, nickel, selenium, strontium,  and 
vanadium  levels  never exceeded the provincial criteria. 

\ 
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The concentrations of nutrients in the river and ditches are shown in Figure 
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Concentrations of the metals followed several different patterns, not all of  which indicated that the ditches 
were important sources. Zinc and manganese  levels  were  generally higher in the ditches than in the river, and 
levels  in the river increasd downstream. This suggests that these metals originated from the ditches, perhaps 
as trace elements in fertilizer. Most of the metal levels were lower at Station 1 than at  other river stations, 
but not necessarily higher in the ditches. Contribution from other sources in the study area (e.g., roadside 
ditches) is suggested. Aluminum levels are a good  example of this type of pattern (Figure 12). However,  even 
in July, when  run& ,from both agricultural and roadside ditches is'minimal, aluminum levels exceeded the 
criterion for acute effects. There  are upstream  and natural metal  sour& on the Nicomekl (Swain and Holm, 
1988a,b) which  might explain elevated levels of metals at 'Station 1, and  the, absence of higher levels in the ! 

ditches and any downstream increase (mercury is a'good example of a metal m m n g  at elevated levels with 
no  apparent increase in the study area).  Finally,  metal  levels in the ditch sediments  tended to be as high a& 
or higher than, those in the river sediments (Figure 13-18), reflecting either a higher binding capacity or a 
source near the ditches. 

I 

I 
3.2.4 Target Pesticides 

Concentrations of dinoseb and endosulfan in water  and  sediment from the ditches and river stations are given 
' in Tables 3 and 4. Raw data, including concentrations of some other pesticides, are provided in Volume 11. 

The detection limits for dinoseb and  endosulfan matched the federal (CCREM) guidelines given in Section 
1.4, .so any detectable quantities would exceed those guidelines.  Exceedance was restricted to February  and 
early March, 1990, when concentrations of both pesticides in the ditches were very  high. Unfortunately, 
samples  from  Station 1 and 3 from February were  destroyed (broken bottles). The concentrations' of dinoseb, 
and p-endosulfan and  endosulfan sulfate, increased  from Station 2 to 4, presumably reflecting the  input from 
the ditches. The increases were consistent with a dilution factor of al:10 for both ditches. Concentrations 
of aendosulfan did not increase between Station 2 and 4. The predicted increase, based on 1:lO dilution, 
would be small (20 ng/L), and difficult to detect. The concentrations of all compounds in February  were 
elevated at Station 2, suggesting input from  upstream sources. Other ditches (e.g., Erickson) are  more likely 
sources, but sources upstream of the study area .cannot be ruled out because no data were available for 
Station 1. 

The high- concentrations of the target compounds in February were unexpected - February was not a 
particularly rainy month with respect to daily  average or monthly total (Figure 6). However, the rainfall in 
the-week preceding the February 12 ympling  date was much  heavier than before all  other sampling  dates 
except  November 14,1989 (Table 5). The major contributor was the 47.6 mm of rain on February 9, making 
that the rainiest day of the study period (some November, 1990, days may exceed this value, when the data 
become available). Thus, there may  ha% been considerable runoff  from  nearby fields at. this time, but  one 
wonders why the same high concentrations did not occur in November, 1989 (or 1990). 
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Dinoseb was occasionally present in the ditch sediments, but never in the river sediments, at >5 nglg (Table 
4). Thk is consistent with  the high solubility of the compound. a-end?sulfan-wis also present at low levels' 
only  in the ditch sediments, and at trace or .nondetectable levels in the river sediments. p-endosulfan  and 
endosulfan sulfate were occasionally detected at low  levels in the river sediments, and  were  almost always 
detected i.n the ditch sediments.  Levels of the  cbmpounds  were higher  in ,February and  March than.  later in 
the study period, probably  reflecting adsorption from the  water during February. . ' 

I 

3.25 Oil Hydrocarbons , , .  

I I 

Oil and grease concentrations in water on June 8 were 5.7 mgL  at the  Upstream site, e1 mgL in  Burrows 
' ditch, and 2 3  mg/L  in  Logging  ditch. By July 3, oil and grease concentrations in water  were e 1 mgL in both 

ditches and at all four river stations.  At  that  time the ditch shiments had elevated levels of hydrocarbons .: 
(1140' and. 1440 pglg for Burrows and h u n g ,  respectively); the river sediments hail lower levels (168 and 
336 p u g  for Stations 1 and 4, respectively). The most reasonable hypothesis is that hydrocarbons  entered the 
ditch water,.and eventually the sediment, when imgation'water was pumped from the river. Flushing rates 
for sediment  hydrocarbons would subsequently be greater in the river,.and the sorptive capacity of the less , , 

, organic sediments would be lower. As a result, higher hydrocarbon levels would p&ist longer in the ditch 
sediments.\ If this hypothesis is true, the river actually discharged contaminants into  the ditches. 

/- 

\ 

I 

33 ' Laboratory Bioassays t 

Bioassay results are. provided below. Dates  and water quality data, as well as dinoseb  and  endosulfan 
concentrations for one or more samples, are given for each test water. 

' ,  
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33.1 Acute (Lethal) Effects Tests 

33.1.1 Rainbow  Trout Passflail 

Test Date: November 15-18,  1989 
Samples Collected: November 14,  1989 

Temperature ("C): 14-15 

DO (6): 8.6-9.8 

Control , ' 

9' 27*  6.6-7.2 Burrows 

<20 < 50  6.1-7.2 

WXm!? 6' 361 6.6-7.1 ~ 

Erickson 9* 23* 6.6-7.2 

NOTE: Values  given as u were  below stated detection limits (x), with no evidence of trace 
amounts  (above background or blank); values marked '*' are below stated  detection 
limits, but  indicate  that  apparent  trace  amounts of the target pesticides were  present 

No mortalities were  observed in any test waters in the pass/fail  test. 

I 
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33.1.2 Residual O e e n  Bioassays 

Test D s k  November  18,  1989 , 
Samples Collected: November 14 (water),  16  (sediment),  1989 
Temperature ("C): a15 (not measured) 

f 

NOTE: Values  given as e' were  below  stated detection limits (x), with no evidence of trace.amounts  (above 
background or blank);  values  marked '+. are below stated detection limits,  but  indicate  that  apparent 
trace amounts of the  target  pesticides  were present 
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Test Date: March 8, 1990 
Samples Collect& March 1,  1990 

Temperature ("C): =IS (not measured) ' 
-\ 

. oxygen Endosulfan Dinoseb 
Site a- P- Sulfate PH Demand 

(mgn) ( n p )   ( n g n )   ( n g n )  (ngn) 

Control 

780 340 42 100 7.2 3.9 BUKOWS 

7;s 0.6 Upstream 

5.6 0.4 
, .  

LQgging 18. '18* 23 110 7.2  4.0 
c 

NOTE: Valued marked '*' are below stated detection limits,'but indicate that  apparent  trace  amounts of the 
target pesticides were present 

Results of the residual oxygen  bioassays are given in Table 6. Trout in control  laboratory  water invariably 
expired at higher oxygen concentrations than did trout ;in test waters. Statistical analyses using contrasts 
showed that  almost all of the  vaeation among test waters was due to the difference between controls and 
others. This difference was significant in the November test (P = 0.02) and nearly so'in  the March test (P 
= 0.07). No other contrasts were significant, and in  November there was no  tendency for water  and  elutriate 
samples  from the same ditch to differ. In November, concentrations of dinoseb  and  a-endosulfan  were lower 
in the  elutriates  than'in  the waters, and lower in Erickson ditch water  than in other  ditch waters.  All 
concentrations were at trace levels and therefore must be regarded as negligible and similar. 

1 1  
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3.3.2 Sublethal Effects Bioassays 

3.3.2.1 Rainbow Trout  Alevin Bioassay 

Test Date: ' December 12,  1989 -'January 2,  1990 . 

Samples Collected: December 11, 14.27,  1989 

Temperature CC): 14-15 

DO (tug&): 9.2-10.0 
' Diluent: Control 

, 

Control 

Upstream 6.4-7.6 

N M  N M  

NM = not measured' 

: NOTE: Values given as u were  below  stated detection limits (x), with no evidence of trace amounts (above 
background or blank); values marked a*" are belowstated detection limits, 6ut indicate  that  apparent 
trace amounk of the target pesticides  were  present 
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Test D a k  February 16 - March 7, 1990 
Samples Collected: February 12, March 1; 1990 
Temperature ("C): 13-17 

8.8-10.8 
Upstream 

Site 

Control 

Upstream . 

BUKOWS . 

PH 

I I 

I Dinoseb I Endosulfan 
Sulfate 

(ngn) 

5.6-6.5 I I 
I I r 

6.4-7.6 
* .  I 42 . 340 

800 
780 

I 110 I 23 I 18* 
680 
18* 

NOTE: Values  marked '*' are below stated detection limits, but indicate that  apparent  trace  amounts of the 
' target pesticides were present 

Test D a k  November 5-22,1990 
Samples Collected: November 2, 1990 
Temperature ("C): 15-16 
.DO  (mgk): 9.3-i0.2 
Diluene Upstream 

" 

Dinoseb  Endosulfan 
Site PH a- $- Sulfate 

(ngn)   (nsn)  (nsn) (ng/L) 

Control 

6.6-7.6 < 50 <20 <20 < 20 Upstream 

I 6.6-7.7 

6.2-7.1 <so <20 <20 < 20 Logging 

6.i-7.4 , <50 <20 4 0 .  <20 . BUKOWS 

I 

\ 
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Embryo. and. alevin, mortalities did not- differ  among test waters i n  any of. the tests conducted,  and-  were I 
I generally  lower than 1095, except  in  December-January (Table 7). , 

. , In all tes&  alevins  from laboratory controls had smaller Wies, and usually larger yolks, than did alevins from' 
the ditch or .river waters (Figures 19-21). The control alevins, therefore, developed  more slowiy. Yolk 
conversion efficiency (YCE) may also have  been  lower for the labdratory controls, but they were so far . 

removed from the body-yolk  weight relatioriship for the other alevins that  comparisons  would be unwise 
(Figures 19,20). The retarded development of the laboratory controls was almost certainly a function of water 
hardness, as we have  largely eliminated the problem  in other studies by increasing hardness  (Hamilton  and 
Nix, 1991). The laboratory controls,were notincluded in  any subsequent statis'tical  analyses, as their inclusion 
would cause problems in ANCOVAs. Differences  between the controls and the other test waters  are not ' 

' . ' 'relevant to this project. \ 

Differences  in yolk and body weight among test waters occurred only  in February-March (Table 8). 
Concentrations of the target pesticides were elevated  in sampies taken then, and  were higher in Burrows  than 

, . in Logging  ditch. Thus, if the pesticides  had  any  effect, test.waters would be ranked' Upstream > Logging > 
Burrows for any characteristic reflecting good condition or ,health. Instead, yolk and body weight did .not differ . 

between the ditches and  Upstream,  but did,  differ  between the ditches (Table' 8). The Burrows alevins 
. developed  slightly faster, and  the Logging  alevins  developed  slightly  slower; than  the  Upstream al& (Figure ' ' 

20). This is best seen in the  bottom graph. 'The Burrows  alevins lie to the left (faster'development), the' .. 

Logging alevins to the right (slower development),  and the Upstream alevins almost exactly in the middle. 

. , at  ,the  time had an effect. Note'also  that  there were. no differences  in body weight relative to yolk weight 

. _  

-_ 

. ' The observed pattern is entirely inconsistent with  any  hypothesis suggesting that  the  target pesticides present I ' 

(YCE; Table 8). 

The regressions of body on yolk weight  provided poor estimates of thdactual yolk conversion efficiency. 
Slopes ranged  from  positive values (not significantly different from 0, in  November, 1990) to -1 to -1.5 (mg 

a reasonable 'estimate of the  true conversiqn efficiency, as it matched that'measured directly by Hodson  and 
Blunt (1981). The ,results of the 'alevin in sinc bidassay, and the results of tests conducted for other clients 
(Hamilton  and N k .  1991), suggest that the actual YCE is -2 to -2.5. The slopes from this study 
underestimated the true YCE because there was not a large difference in yolk and body weights between 
'treatments (excluding laboratory controls). Thus the range of data, and  strength of &relations, was restricted. ' 

\ 
I 

' body/mg yolk) in the other tests. In our interim ieport (Paine; 1990). we stated that -1'to -1.5 was probably . , 

' -r ' , Again,  we emphasize  that this does not affect our conclusions about yolk-conversion  efficiency, the in sifu 
bioassay results demonstrate. 

' . 96-h LcSQs for the reference toxicant SDS were 7 and 18 ppm for alehns d 0 . d  after  hatch  (measured in 
March, 1990). These values were lower than LCSQs for juveniles obtained from the same source, which ranged 
from 25-40 ppm (10 tests). over the first six months of the present study. Therefore, alevins appear more 

. .  
. .  

. .  



sensitive than juveniles to contaminant effects. More extensive testing is required to determine if the difference 
is statistically and biologically significant. I '  

In our interim report (Paine, 1990), we suggested  several changes to the protocol for the rainbow trout alevin 
. test, which  have been jmplemented for other clients.  Many of these changes  have been incorporated' in 

Environment  Canada protocols for salmonid early life stage tests (Environment  Canada, 1992). Those 
protocols emphasize short (7d) tests on emblyos rather than alevins. We did not  change our protocols during 
this study, in order to maintain cbmparability among tests conducted at different times.  However, our 
suggestions are still vaud,-and have proven successful. The test can be initiated with newly hatched alevins, 
rather  than embryos,  which  removes any  confounding effects o f  differences in time to hatch. If initial yolk and 

. , body  weight are measured on a sample  when the test starts, changes in yolk and body weight  can be calculated, 
and YCE directly calculated. A 7d test is sufficient for.alevins to use >SO% of their yolk and, thus, for 
contaminants to affect the conversion of yolk to body tissue. A hard-water control (50-75 mg/L C a )  is 
demonstrably  superior to softer City of Vancouver water (< 15 mg/L Ca), and is more similar to the hardness 
in larger B.C. streams and rivers  (such as the Columbia or the Nicomekl). .With the reammended changes, 
the test takes less time  than the Ceriodaphnia bioassay, and is comparable in cost. The major restriction on 
the use of the modified  alevin bioassay would be that alevins are unavailable year-round 

. /  

I 
r I , .  

33.2.2 Ceriodaplurio 7day Ute Cycle Bioassay 

Test Date: December 12 - 19,1989 
Samples Coli- . December 11,  14; 1989 

Temperature ("C): 21-24 , 

DO (mg/L): 7.9-9.0 ! 

Diluent: Control (20% Perrier water) 

Site I Dinoseb or-endosulfan 

Control 7.3-7.5 

Upstream 7.4-9.8 Nh4 NM 
4 0 .  <20 

NOTE: Values given as u were below stated detection limits (x), with no evidence of trace  amounts (above 
background or blank);  values marked '*" are below stated detection limits, but indicate that  apparent 
trace  amounts of the target pesticides were present 
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Test D i h -  December 28,1989 - January 4,1990 . . , 

' Samples Collected. December 27,''  1989 
' Temperature ("C): 20-22 . .  

. .  

. .  
1 

8.1-9.1 ' 
Control (20% Pemer water) 

I : 

Control . ' 

< 20 <50 7.5-7.7 Logging 

< 20. - <so 7.5-7.7 . Burrows 

7.6-7.9 Upstream 

' 6.7-7.1' 

. .  

Test D a h  - February 13-23,19!30 
Samples Collected: February. 12,1990 

Temperature ("C): 21-23 
DO (*): ' . 7.8-9.5 

,. 

DUuent: 

Site 

Control 

Upstream 

BUKOWS 

Upstream ' . .  

.pH' 
\ 

7.1-7.9 
L 

7.1-7.7 

7.0-7.3 

7.0-7.5 

I 

' I  

Dinokb I Endosulfan 
B- 

/ 

Sulfate 

Resulis of tests conducted  during December to'Febmry are shown  in Figure 22; results of statistical analysis 
are provided in Table 9. In two cases (out of 24), 2 females (of 10) in . .  a treatment died; in the remainder, 1 
(three cases) or 0 females died. 'Thus, there were  nq effects on  mohlity. ' . 

. .  
. .  
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In the first December test, the  number of young  produced per female was similar in all test waters (Figure 22) 
and  no contrasts were significant  (Table 9). In the second December test the  only significant. trend was an 
increase in the  number of young produced with  increasing concentration of ditch water  (Figure 22). Such a 
trend would be expected if the  daphnids were eating the bacteria in the ditch waters; these bacteria would be 
less abundant in diluted ditch water  and absent in controls. However, if this were true, the  production of 
young even in the dilute ditch waters would be greater than  that in the controls, which , y k  not the case. The 
presence of bacteria in the test waters might explain the results of the February test. Reproduction was 
Significantly  lower in the controls than in  any of the ditch or river  waters, although ,we still expected an 
increase in reproduction'with an increase in concentration. Reproduction Was also significantly higher in 
Logging ditch waters than in BUKOWS ditch waters. 

\ 

33.23 S e d  44ay Bioassay 

Test Date: . December 15 .- 19,  1989 . 
/ 

samples collected: December 14,1989 

Temperature (T): 21-24 
Diluent: Control (prepared water) 4 .  

I Control 

NOTE: Values given as u were below stated detection limits (x), with no evidence of trace  amounts  (above 
background or blank);  values marked I*' are below stated detection'limits, but indicate that  apparent , 

trace amoune of the target pesticides  were present 

Algal numbers  were significantly lower in the control water than in  any of the  other  test waters (Figure 23, . 2 

Table 9). The most obvious explanation is that nutrients are limiting in the controls, so that  the  addition of 
nutrients Erom the river or ditch waters promoted growth. Table 10 compares  nutrient levels in the  test waters 
and in the culture medium. The controls and culture medium are  the same. The  test waters contained  the 
concentrations listed p& those listed for the culture medium (a ked volume of a concentrated  nutrient 
solution is added to each test ' f l a s k ,  then  the flask is topped off with deionized water  and/or  test  water to 

/ 
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provide the required dilution). If phosphorous & the limiting nutrient,,Figure 23 indicates that  there was 
a large increase in growth between 0.19 mg/L (Control) and 0.29 mg/L (Upstream). Beyond that  concentration 
only modest incr- occurred. The best growth  occurred  in 10k Logging ditch water (0.32'  mg/L). Growth 
in 100% Burrows (3.0 m a )  and Logging ditch (1.52 m a )  waters was less than in Upstream water. Nitrogen . 
may have been limiting in the ditch waters'as N P  was le& than  the 141 considered indicative of phosphorous 
limitation (Wetzel, 1983). -Growth declined  with increasing concentration of both ditch waters,suggestidg that 
the positive effects of nutrient addition were less than the negative,effects of some  other compounds. Ions, 
metals or decreased light penetration were the most probable causes of these negative  effects. The Target 
pesticides were present only at trace or  nondetectable levels. I 

I 

333.4 Duclrweed Bioassay - 
. -  \ i 

Test Dak  April 27 - May 4,1990 

Samples'CoUected. April 26,1990 
\ 

Temperature PC): 20.5-23.0 
DO (m%L):. 7.8-11.4 
DLluent: Upstream f 

~~ 

Site 

Control 

X20 <20 t20 e50 7.0-89 Burr- 

20 <M) e50 7.4-8.4 Upstream 

7.2-7.6 

. i  

Logsing < 20 <20 e20 e 50 7.2%. 1 

I :  

Test results a r e ' s h k  in Figure 24, and  Table 9. The laboratory controls produced fewer  fronds, and'less ' ' 
frond biomass, than the  other test waters. The replicates Were initially stocked with 3240 fronds, with a mean 
dry weight of 5.4 mg. Over the 7 6  test, the number of e n d s ,  and  the  total dry weight, in the river and ditch 

- waters doubled. Increases in weight and frond number in the controls were ~50%. The only other differen? 
of note was ' that  the ditch waters produced a greater number of fronds than did the  Upstream water. 
Howevpr, the number of green fronds, and their total dry weight, ' i n  the ditch waters was not _significantly 
greater than in the Upstream water. Thus, the ditch waters were at best a marginally superior  growth medium. 

I 
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As for SelenasarUn, the most  obvious explanation for the enhanced g r y h  of duckweed  in the ditch and river 
waters is that they contained  more nutrients. The  nutrient  solution provided large excesses of some 
compounds (P,K), but not,  others (N) (Table 11). It was no  more effective as a growth  medium at 1:lOO 
dilution than  at  the 1:1O,O00 dilution -used in the preliminary trial d w b e d  in Paine (1990). 'Th; problem 
with  using  excess amounts of nutrient solutions is that  the limiting factor is unknown, and the  concentrations 
of other factors 'such as metals or ions may increase to toxic levels. 

. .  
I* 
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3.4 ' Field Monitoring 
. .  

z 

3.4.1 Artificial substrates , 

The contributions of ten major taxa to  the macroinvertebrate communities colonizing the substrates are shown 
in Figures 25 to 27; complete  taxonomic lists are given  in Volume 11. Note  that relative, rather  than absolute, 
abundances are given in the figures,  which standardink  the scale for all stations  and seasons, but  it may 
obscure  some seafonal or spatial trends in absolute numbers. Oligochaeta (Figure 25) and  Chironomidae 
(Figure 27) were the dominant taxa. They usually accounted for >80% of the total  numbers and were 
abundant  throughout the year. The only other taxa to account for ~ 5 %  of the total were Amphipoda in 
February-April and Plecoptera in December-January. 

The  communities were. unusual in that non-insect taxa were  more  abundant  than in .most other  stream 
communities. There were several marine or estuarine iaxa present, despite  the low salinities recorded in water 
samples (Figure 9). All amphipods  were  estuarine or marine - Paraamoera'nr. carlottensir,  Allorchestes sp., and 
RarneUogammarUp ramellus (Kozloff, 1987). One of the two isopod taxa, Gnorimosphaeroma  oregonense, 
estuarine; the  other, Asellus  occidenrulis, was freshwater. Rarer marine forms included polychaetes and the 
mysid shrimp Neomysir. 

Results of the multivariate analyses (MANOVA) o f  the abundances of the ten taxa are given in Table 12 We 
examined differences among seaso&, downstream trends, and the interaction  between  the two (i.e., changes 
in downstream  trends  with season). Univariate tests indicated that  the abundance of every  taxon except Asellus 
differed  significantly among the four seasons, largely because abundance was much greater in spring and 
summer  than in fall or  binter (Figure 28). The multivariate P was <O.O001. The major vector describing 
seasonal differences was positively correlated with the abundance of every  taxon except Plecoptera. Stoneflies 
are unusual  among insects. Many species emerge as adults in late  winter  rather  than in summer or fall (Hyues, 
1970). The taxa most strongly correlated with the first seasonal vector were Oligochaeta, Amphipoda,  and / 

Plecoptera. Including or excluding  November data had no effect on the analyses of seasonal trends, as the 
univariate and multivariate results did not change. 

I I 

I . .  

I 

The  abundances of mpst taxa also showed  significant downstream  trends (Table 12). The multivariate P for 
the downstream contrast was <O.O001. Taxa which increased in abundance  downstream (indicated by a 
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positive correlation with the downstream vector) were Nematoda,  and the two dominant taxa, Oligochaeta  and , 

Chironomidae. All other taxa,  except Amphipoda  and Copepoda, declined  in abundance  downstream. Note 
that  the  estuarine Gnbrimosphaeroma was abundant only at Stations 1 and 2 (Figure 26). We had separated 
the two isopod taxa in our analyses; on  the assumption that the abundance of the  marine species would 
increase downstream,  whereas that of h e f f z u  would decrease. However, the two species followed similar 
patterns. (Although the broad  downstream'trend did not change if November data were included, and  Station 
1 excluded, there were  some  changes in the taxa contributing the most to  the downstream trend. These I 

changes were largely a function o f  seasonal effects - for example, Plecoptera were  abundant in November, and 
if those data  were included, then Plecoptera made a major contribution to  the downstream vector. 

The fact that including the November data  could  alter the downstream trend suggests. that  there was an 
interaction between seasonal and  downstream effects, and  there was (6. univariate results in Table 12; 
multivariate P was <O.OOOl). The interaction.= significant for only a few taxa, including the two dominants, 
Oligochaeta  and'chironomidae.  For Gnorimosphaeromo, Plecoptera, and  Ephemeroptera, the sigmficance of 
the interaction depended  on which stations or seasons were included. For all five taxa, the  interaction  meant 
that a downstream  trend was present or strong  in.some  months, usually when the taxon was most  abundant, 
and absent or even reversed  in others. 

- > .  
, .  

1 

The results of the multivariate analyses, plus the chemical  analyses (Section 3.2), suggested two variables and 
several hypotheses for further testing. The two variables were  total  abundance, which should reflect nutrient 
levels and food availability, and  EP/C (the abundance of Ephemeroptera  and Plecoptera divided by the ., 

< abundance of Chironomidae).  EP/C is similar to  an index  commonly used in macroinvertebrate monitoring 
'studies - the  ratio of EFT  (Ephemeroptera, Plecoptera, Trichoptera; the abundance of Trichoptera was ' 

negligible  in our study) and  Chironomidae abundance (Plafkin et al., 1989). The EFT taxa are considered I .* 

sensitive to impacts; Chironomidae are considered tolerant. Thus a low EP/C suggests negative impactk from 
chemical or physical  factors. 

Seasonal  and spatial changes in total  abundance  and  EPIC are shown  in Figure 28. There were significant . 

differences among Seasons for  both variables (Table 13). As noted earlier for individual taxa, abundance was. 
much greater in the spring and  summer  than in the fall and winter. EPIC waS higher in winter and fall than 
at  other times, because of the additional cqntribution of Plecoptera. Downstream t y d s  were also significant ' . 

' for both variables (Table 13). Total abundance increased  downstream,, reflecting increases in Oligochaeta  and 
Chironomidae. EP/C decreased dowktream, paralleling the decrease in the relative abundance'of the  EP taxa 
(Figure 27); These results suggest a downstream  deterioration associated *th enrichment, and  a decrease in 
the abundance of sensitive taxa. 

The ,chemical  analyses  showed/that concentrations of the  target pesticides were greatest in February-March 
(Section 3.2.3). If these concentrations . .  had an affeci on  the local biota, the downstream  trends  should be 
stronger  at  that time. This hypothesis was tested explicitly  with contrasts. Downstream trends in total 
abundance,.but  not EP/C, were stronger in February to  April than  at other times (Table 13). However, the 
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trend was a downstream increase in abundance, which is an unusual response to  an insecticide such as 
endosulfan. Howexer, the increase was primarily restricted to  the two tolerant taxa, Chironomidae  and 
Oligochaeta. The downstream trends for each  month are given  in Table 14. The  strong  downstream increase 
in total  abundance may be an artifact, reflecting the fact that statistically it is easier to  detect  such a trend 
when abundances are higher (February to April, April to July) than when abundances are lower  (December 
to January, November). 'The doimtream decrease in EP/C was significant  in  every month, but  not strongest 
in February to  April, (Table 14). 

Although  not tested explicitly,  a final hypothesis is that the downstream trends should be weakest in April'to 
July, when ditches are much  less  likely to discharge to  the fiver. This hypothesis assumes  that the ditches are 
the soyce of a steady stream of a broad range of contaminants'and nutrients. The data in Table 14 do  not 
support this hypothesis. During the April to July period, spraying of pesticides, although  probably not the 
target pesticides,  would  have  occurred.  It could be argued  that any acute effects from aerial drift of pesticides 
to the Nicomekl River  should be evident from artificial substrates in place at  the time.  It is not clear that any . 
acute effects on invertebrates on the substrates would  persist, if'invertebrates were cqntinuously available for 
recolonization. It  would also be naive to assume  that drift and any associated effects would increase the 
strength of downstream trends. Any effects  would depend on when and  where the spraying'occurred. Finally, 
while the effects of drift should  not be'ignored,  they are not necessary to explain the trends in EP/C and,. to 
a lesser extent, total  abundance in Table 14. A decrease in the abundance of EPT taxa relative to 
Chironomidae and other more  tolerant taxa, is a  classic response to organic enrichment, and  the  data  on 
nutrient concentrations certainly indicate that  enrichment was occurring. 

\ 

3.4.2 Rainbow Trout Alevin in situ Bioassay ' 
\ 

. Table 15 provides mortality of alevins,incubated in sifu for four weeks, and in the laboratory for an additional 
9 d. In the field, mortality Was significantly  lower  in the ditches than in the river stations (Table 16); only 2% 
of alevins in Logging ditch survived. There  =.no evidence that mortality in the river i n c r . d  downstream. 
Mortality in the laboratory was negligible,  except ,for one case in  which  alevins experienced high accidental 
mortality. 

I 

Field and laboratory growth are shown  in  Figures 29 and 30. Alevins reared in  Burrows ditch had significantly 
'' smaller bodies, and larger yolk than did alevins reared in the river  (Table 16). The'Bumws alevins were  also 

less efficient a t  converting yolk to body tissue (Figure 29, Table 16). However,  when the alevins were  returned 
to the laboratory, growth and conversion efficiency  were similar in ditch- and river-reared groups (Figure 30, 
table 16). Downstream trends were  not evident for either field or laboratory growth. 

\ 

\ 

\ 
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Yolk  conversion  efficiencies (YCE) were  directly  calculated for lab  growth,  and  averaged -215 mg  body/mg 
yolk.  Conversion-  efficiency was analyzed by comparing  body-yolk  weight relationshik by ANCOVA, but 
analysis of YCE values  in an ANOVA provided  identical conclkions.  The  slope of the body-yolk  weight 
relationship was not significantly  different  from 0 because the range of data was limited. 
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4.0 DISCUSSION 
- 

4.1 Dinoseb and Endosulfan 

4.1.1 Seasonal Patterns 

Concentrations of the two target pesticides exceded CCREM  water quality guidelines only in February and 
.early  March, 1990. Our initial expectation, and  that of reviewers of the interim report (Paine, 1990), was that 
concentrations would be highest  in  November-December,  following  heavy fall rains. This expectation was not 
met in either 1989 or 1990. In a study of pesticides  in southwestern B.C. drainage ditches, including one  on 
168th Street draining into  the Nicomekl River (Figure 2). Wan (1989) also obse~~ed that maximum 
concentrations of dinoseb  and  endosulfan lagged one  to several months  behind fall rains. However, maxima 
in his study were generally  observed in December,  rather  than in February. Wan (1989) also  measured high 
levels (1500 &) of endosulfan in ditch waters 30 min after spraying, concentrations  immediately  after 
spraying were  not  measured in the present study. The discussion  below is largely restricted to longer term 
patterns o f  pesticide concentrations associated with runoff and ditch discharge, but  transient higher 
concentrations after spraying should  not be ignored. 

Pesticides may take some time to move from fields into ditches. The elevated clay banks of the larger ditches, 
such as BUKOWS and Logging,  would impede surface runoff and  groundwater penetration. Certainly this is 
the case for pesticide entry into  the river,  which has clay banks elevated 2-3 m above  ground level. Runoff 
can only enter  the river via  ditches. The banks must be impermeable to groundwater intrusion, since they are 
designed to prevent salt  water intrusion into fields.  However, pesticides do  not need to  enter  the ditches via 
runoff or groundwater flow, as the farmers actively pump  water  into the  ditches  during heavy rains. We 
believe that pesticide entry into  the ditches'is a complex function of soil types, ditch construction: flood control 
practices, and  the  amount of rainfall at specific  times. As a result, the timing of maximum concentrations in 
ditches and"rivers may be unpredictable, except that it occus in late fall to early winter. This has some 
implications for monitoring strategies (Section 4.3). 1 

In this study, dinoseb cbncentrations in sediments  were lower than those recorded by Wan (1989) and McLeay 
(1989) in ditches leading to  the Nicomekl, and were' detectable only  in winter. Endosulfan, primarily @- 
.endosulfan and endosulfan sulfate, persisted in sediments  throughout  the year, although concentrations were 
highest in winter and spring. From an environmental peispective, the effects of endosulfan in sediments are 
likely to be less seasonal than those of endosulfan in  water, and persist for some  time  after  termination of 
endosulfan use. Concentrations of both pesticides in the river sediments were low throughout  the year. The 
endosulfan concentrations we observed  in ditch sediments were lower than  those  observed by Wan (1989; >600 
ng/g a-, @-endosulfan, and  endosulfan sulfate combined). 

, 
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4.1.2 . Biological Effects 

. ,  
, 

4.1.2.1 Lab01W0~ Bioassays 

With  the possible exception of the Sefenusinun bioassay, none of the bioassays conducted. revealed any 
significant negative impacts of the ditch waters relative to  the receiving (Upstream) water. Even in the 
Sefenusmun bioassay, algal growth was o w  suppressedt in undiluted ditch water, but  not -at 10 or 30% 
dilutions. \The  dilutions were similar to those expected in the river, and  growth  in those  dilutions may be more . 

relevant to field conditions. Furthermore,.  the effects of the undiluted ditch water  were probably not 
attributable  to  the target pesticides, which  were present  only at trace levels,.but to  other compounds (e.g., 
metals and other ions). The  literature  on these pesticides (Section 1.4) indicates'that algae are only affected 

, 

-. at concentrations much higher than  thomaffecting fish; and  no effects on fish  were observed. 
, , 

Effects due to. the target pesticides-were only  expected in February-March, as CCREM guidelines were  not 
exceed& at  .other times. (The issue of effects due  to  other compounds is addressed in Section 4.2.) The 
rainbow trout alevin 'and the Ceriodophnig bioassays were conducted at that time. There  are several 

. hypotheses that would explain the absence of any  effects: 
. .  

Hjpothesis 1: The guidelines  are p r  predictors of the potential for. effects. 
-7 

If guidelines protect biota, this hypothesis must be true. Guidelines are concentrations at which , 

. effeqs should not occur, not  concentrations at which effects  should occur. Thus, there should be only 
a remote possibility of observing effects at concentrations only slightly in excess of ,the guidelines. 
This may explain why  effectS were  not observed in.some of the dilutions of ditch water. However, . 

concentrations of dinoseb and endosulfan  in  the  undiluted ditch waters,'especially from  Burrows ditch, 
exceeded the guidelines by one or more  orders of magnitude, and were at l&els at which effects have 
actually been observed. The'concentration.of  a-endosulfan in Burrows'ditch on February 12 (170 
ng/L) was one-half the average LC50 for rainbow trout (340 n g k  the LC50 actually refers to a 7030 
mix of the a- and 8-isomers, which  would contain 240 ng/L aendosulfan). We doubt  that  dose- 
r tyonse relationships are so  steep  that mortality would not'be observed at 250% Of the LC50; 
certainly, application factors are  not so low that  sublethal or chronic effects would not occur. The 
concentration of dinoseb (1600 ng/L)  was  below the LC50 (>32,000 ng/L) but was tripke the 
concentration known to affect lake  trout embryosfluveniles. - .  

Ijlpothesis'2: The bioassqs were not sensitive to pesticide flee& ' 

Sensitivity refers to biological, procedural, and  statistical sensitivity. The lack o f  biological sensitivity 
may explain the absence of effects in the Ceriodaphnia test. Although  concentrations of the pesticides 
in the  ditch waters were,at the level at which effects on fish are expected, invertebrates are l e y  likely 
to be affected, given their lower sensitivity (see Section 1.4). Furthermore, the positive effects of any 

\ 
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I additional nutrition (i.e., bacteria) may  have  negated  any  slight  negative  effects from  the pesticides. 
However, rainbow trout alevins represent the most sensitive stage of a sensitive group of fishes. We 
know  from this study and  others (e.g., Woodward, 1976) that effects on alevins m r  at concentrations 
well  below the LC50 for juvenile trout. EVS Consultants has been examining the e f f p s  of oil sands 
tailing pond and related waters for 10 years, and  the alevin  bioassay has proven to be the most 
sensitive in test batteries (Nix and Paine, 1990, Nix et al., 1990). The normal  procedure has been to 
subject test waters to a rainbow trout pass/fail  test. If mortality occurs, the waters are'then 
subjected to  the alevin  test. The alevin test often reveals lethal or sublethal effects of waters which 
had no  lethal eff& on juveniles. 

There  are two aspects of the alevin test protocol which  may  have reduced  test sensitivity. Fmt, the, 
fish were exposed for 3-4 weeks, rather  than  the 80 d used by Woodward (1976). In general, a longer 
exposure  time  should yield a lower NOEC or LOEC, within certain limits. Thus,  sublethal effects due 
to dinoseb might not be expected,  especially  ,if  rainbow trout  are less sensitive than  are  lake  trout. 
However, this would not account for the  absence of effects from endosulfan. Second, aeration of the 
test beakers, and  the use of a static-replacement rather than flow-through test, probably  reduced the 
concentration of the pesticides,  especially  endosulfan. A five-fold increase in L a 0  values . i s  the 
maximum expected (McLeay, 1989). It is not clear that this would  have bemsufficient  to reduce 
endosulfan concentrations below the levels  causing sublethal effects, but  it is certainly a  factor  worth 
considering.  However, 96-h LCSOs as low as 300 n g L  endosulfan have been recorded in static 
bioassays  (McLeay, 1989). \ 

Statistical sensitivity refers to statistical power - the probability of detecting an effect of a given 
magnitude  (Peterman, 1990). Power depends on variability, the number of replicates, and  the 
statistical test used. The power of contrasts varies depending on thehypothesis tested. Therefore, we 
cannot give a blanket power estimate for the alevin test (see Appendix I1 for details). We were able 
to detect significant differences in  yolk and body weight  between ditches in the February-March tests 
(Table 8). Thesidifferences were 4 %  of mean body weight, and 35% of mean  yolk weight. For 
c o m p a h n ,  the significant difference in body weight  between controls and 500 ngR. in Woodward 
(1976) represented a 34% reduction; in general, MATCs (maximum acceptable toxicant concentrations 
or the geometric mean of NOEC  and  LOEC) from chronic effects bioassays are equivalent to a 25% 
difference from controls (Suter et ai., 1987). Thus, we are confident that our test was statistically as 
powerful or more powerful than alternatives. 

Hjpothesis 3: m e  pesticides were not available for uptakc I 

Pesticides in water  samples may be in solution, available for uptake (bioavailable), or sorbed to 
panicles or  other compounds, and thus unaiilable for uptake. The fraction in  solution can be 

* calculated from  .the  total  suspended solids, the organic carbon  content of the particles, and  the 
organic-carbon normalized  solid-liquid partition coefficient (K,J (Oliver, 1987). Oliver also provides 
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'a relationship for calculating K, from the  octanol-witer  partition coefficient (K,). Thus, the fraction 
in solution in our February samples can be calculated using the observed TSS of 30 mg/L, a maximum 

q organic carbon conte'nt of 40% (the organic carbon  content of biological organisms such as bacteria 
and algae), and K, values given in CCREM (1987) and MacDonald et al.  (1990). The  fraction,of  the 
pesticides in solution would then be. 80% (or '20% sorbed). Thus hrption would not remove a- 
significant amount of pesticides from solution. We emphasize that we tried several-approaches  to 

I - calculating the fraction in 'solution, including using the formula o f  DiToro (19%5), which assumes that 
sorption t o  suspeided particles is greater  than to sediment particles. The approach discussed above' 
gave the maximum, fraction sorbed. 

. .  . I  

. \  

, , The effects of pesticides can also be altered by water'quality parameters. For example, the  toicity , 

of dinoseb increases with decreasing pH.- Considering that  the ditch waters,in FebruaIy were  more '. 

acidic than  at any other time of year (Figure 8), pH was unlikeIy to reduce toxicity. There is some . . 

evidence that  contaminants may be associated with dissolved organic molecules and, thus, unavailable 
for uptake. Oikari  and Kukkonen (1990) observed a 5-10-fold reduction in bioaccumulation of '. 

' . ,' benzo(u)pyrene by Daphnia as dissolved organic carbon (DOC) levels increased- from 1 to 20 m g L  j . ,  
Assuming that bioaccumulation has some directrelationship with  toxicity, and  that most bioassays are 
conducted using water 4 t h  low DOC, the high DOC in the ditch waters (-25 mg/L total  organic 
carbon, which includes particulate as well as dissolved) may  have reduced the availability and toxicity 
of the target pesticides.' From Oikari  and  Kukkonen (1990), the maximum istimated  reduction 
effective concentration would be 5-10-fold, probably sufficient to reduce or eliminate  sublethal effects. 
However, Capel and Eisenreich (1990) estimate  that DOC is =SO% as effective as particulate 0% at  '( 

removing contaminants. Assuming that DOC in the  ditch.waters was at  ,least  equal to particulate 
TOC ((2540.4 x 30) ={0.4 x M}), an additional 20% of the pesticides would be associated with DOC, 
which  leaves 60% in solution. Thus, it is unclear whether'DOC could remove sufficient pestiade  to 
eliminate effects, and  the extent of removal probably depends on  the type of DOC present. 

.Organic'molecules are not the only .molecules which can reduce the. effective amcentration'of ' 

pesticides.. Greve and Wit (1971) noted that,  iron  in-solution (14 mg/L Fe) effechvely removed 
endosulfan, apparently by sorption  and by acting as a catalyst for hydrolysis. Iron levels in the ditches ; 
and river were high (Figure 14), although  not  >14 m g L  These  authors  also' noted that suspended 
silt removed 80% of the endosulfan; their  statement is misleading. After centrifugingwater samples 
they found. that, 80%- of. the endosulfan was associated with the lower silt-containing fraction. ' 

., , However, that fraction was still liquid, with silt levels of only 25-50 m g L  Actual measurements of , 

concentrations on silt particles indicated that solid-liquid partitioning coefficients were not  greater , 

than  .those we used in our calculations. 

. .  

. ,  . .  
. I  
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In conclusion, the  concentrations of pesticides, especially endosulfan, in  the ditch waters in February were high 
enough that biological effects should have been. detected unless the effective concentrations were somehow . ' 

. ,  
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reduced. Therefore, either the static-renewal.prdure or removal by DOC or iron was responsible for the 
absence of effects; the data do not exist to decide which,factor was responsible. , 

4.i.2.2 Field Monitoring 

In contrast to laboratory bioassays, the artificial substrates and alevin in sinc test prdided some indications 
that discharges to the 'river, and the ditch waters themselves, had &pacts on aquatic biota. The major, 
question is whether these impacts can be attributed  to the target pesticides or other contaminants. 

The in si& test demonstrated that alevins performed poorly in the ditch waters relative to the river. It is 
unlikely that  the target pesticides, or any oJher lipophilic and/or bioaccumulated compound, was responsible 
for the poor performance in the ditches. First, the pesticides were not present in detectable levels, and  no 
effects were observed in laboratory bioassays conducted at the same time.  However, our sampling could easily 
have missed a pulse of high ,pesticide levels during the 4-week exposure period, and,the field tests may be more 
sensitive than the laboratory tests because they are flow-through.  Second,  we were unable to observe any 
reduction in performance downstream  in the river, associated with the addition of ditch water. However, the 
dilution factor may have been sufficient to eliminate effects .in the river. Also, survival was variable, and 
replication limited, which reduced statistical-power. Third, the alevins  from the ditch waters performed as well 
as those' from the .river when reared in the laboratory for 10 d. Lipophilic compounds; such a s ,  the target 
pesticides should accumulate in the lipid-rich yolk, and result in delayed effects when the yolk is used and the 
compounds Ilkrated into the body (e.g., Solbakken et al., 1984). (In Section 1.4, we indicated that the target 
compoune were eliminated rapidly, but,"rapidlf refers-to elimination in  days, rather  than months or years.) 
The evidence for delayed effects on juveniles  briefly exposed ,to endosulfan and then transferred to 
uncontaminated water is admittedly equivocal ( M c h y ,  1989); these delayed effecwhave  not been examined 
in l a m e   o r  alevins. 

The most probable cause of the poor performance of al&ns in ditch waters was low  oxygen  levels. The 
dissolved oxygen was low in the .ditches on occasion  (Table l), and the cages and sandwiches in the ditches 
were more extensively  clogged with particulate matter than those in the river. ,However, we cannot  rule out 
the possibility that some non-accumulated compound such as nitrite or nitrate was responsible for the poor 
sumival in the ditches. 

The abundance of Ephemeroptera and Plecqptera, both absolute and relative to Chironomidae, declined from 
upstream to downstream, whereas total abundance (primarily Chironomidae and Oligochaeta) increased. Both 
trends have. been associated with environmental stress or effluent discharges in previous studies (e+, Gibbons, 
1991; see Plafkin et al., 1989 for a  review). Using the system of Biological Scoring Criteria in Plafkin et al. 
(1989, p. 6-27), the reduction in EP/C we obse,med from upstream to downskam (>90% except in December- 
January) would result in the classification of the downstream areas is severely  impaired. However, the scoring 
criteria should really be avedged over several  indices, rather than derived from only one. We would  have 
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preferred toms2 more indices, but the taxa present in the Nicomekl  were not ones 'commonly used to calculate 
indices,  which are primarily based on i,ns&ts. The raw data in Volume I1 include calculation of some  other . 
indices for the interested reader. . .  

It  would be difficult to:attribute  the.downstream changes  in  EPIC and abu/ndance  specificaliy to  the target ' , 

pesticides. First, downstream changes such as those observed  can occur naturally, although usually 'over a 
much longer stretch  than our study reach (e& Munkittrick et al., 1990; Gibtyns  et al., 1991; Kilgour  and 
Gibbons, 1991). Because downstrkm drift would be an  important  source of coloniiing invertebrates, the 
community changes we, observed may reflect impacts further upstream, rather than in our study area. Second, 
other compounds which could have produced. the observed effects.were present. The- EP taxa, for example, 
are especially intolerant of metals relative to Chironomidae (Platkin  et^ al., 1989). Nutrient  addition would 
be an obvious potential cause of increased abundance downstream. Third, there wg no evidence that  the 

. ' downstream trends were strongest when  pksticide  levels were highest (February-April).' Abundance actually 
increasep do&tream,  which ,would be difficult to reconcile with insecticide use. The contrast used was 
statistically less powerful than  other contrasts, and if the pesticides affected young and small invertebrates 
( < Z O  pm), the effects might. not be apparent until later when the affected taxa were large enough to retain 
in sieves. 

. I  
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4.13 Status of the Target Pesticides 

3 .  

We conclude that, dinoseb and endosulfan had no measurable chronic.effects on the  biota of the Nicomekl 
River. ' Thepsticides may have contributed to some overall degradation of mahoinvertebrate  communities 

Nicomekl  Rive; were generally.low and 'below CCREM guideline values except in February, 1990. Dissolved . . 

organic molecules and  iron in the river water may further reduce the effects of these low aincentrations. 
Concentitions in ditch sediments are lower than those recorded:by Wan (1989) in a nearby ditch, suggesting 
that use has been declining. Certainly our in t e rv ik '  indicated that dinoseb should not be a pollutant of 

,. concern after recent and proposed future reitrictions. The CCREM guidelines appear  adequate in terms of 
. protecting aquatic biota, although we argue elsewhere that, in general, guidelines have very little predictive 

\ '  from upstream to downstream, but  their contribution was. minor. Concentrations of the pesticides in  the 

, . .  

value; and their derivation does not maximize the use of available information (Section 4.3.5). . 

' Dinoseb and especially endosulfan levels in ditches in winter may be high enough to affect ditch biota, if our 
failure. to detect eff& of ditch water in February-March &n be,attributed to the use of a static-renewal rather 
than flow-through bioaisay.  Reviewers o f  our interim report suggested that we should also  monitor pesticide . , 

levels in the. ditches immediately after application in springsummer, 1990 [this would accodnt for aerial 
pesticide drift only, as Wan (1989) 'demonstrates  that runoff is negligible until fall]. This proved to be 
impossible as no f a k e r  would admit to using endosulfan, and dinoseb should not have been in use. In 
.retrospect, acute effkts immediate@ after spraying should have been measured, especially in the Nicomekl 
River (i.e., as opposed to the ditches only), even  if pesticides other  than  the target pesticides were being 
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sprayed. There is no question that concentrations of pesticides iri nearby waters can reach lethal levels ., 
immediately after spraying (e.g.,  Wan, 1989; Ernst et al., 1991). However, the effects may be severely restricted 
in time and space. Their importance should be evaluated relative to more persistent (chronic) effects from 
factors such as nutrient addition, channelization and siltation. 

Our major concerns with respect to chronic effects are effects of endosulfan (and other pesticides) in 
sediments, and in the marine environment of Boundary Bay. The r e & s  of this study and'Wan (1989). plus 
the review in MacDonald et al. (1990), indicate that dinoseb will disappear rapidly from sediments following 
restrictions on use. Endosulfan, particularly @endosulfan and endosulfan sulfate, are much more likely to . 

persist in the sediments. ' In both this study, and Wan (1989). endosulfan was present in sediments throughout 
the year,  even though levels did increase in the wet  season. The compounds in the sediments can be released , 

into the interstitial and bottom water after  =.has ceased Ditch dredging may also liberate sediment-bound 
contaminants. Our residual oxygen  bioassays with elutriate suggested that these sorts of effects were unlikely ' 

to be toxic, but.we did not test for sublethal effects in elutriate or sediment bi&ys. Direct accumulation 
of sediment-bound endosulfan by organisms  feeding on detritus is unlikely to be a problem, given the rapid 
elimination of this compound. 

, Problems with pesticides in the Nicomekl River are probably transitory and largely restricted to the wet season 
or immediately after spraying.  However, the river  has been adding pesticides to Boundary Bay for years and 
much may still reside in the Bay sediments. Thise sediment loads may pose problems in the long term. Short 
term exposures of estuarine organisms to pesticides  in the water column may also represent an environmental 
hazard, .because marine organisms may be more sensitive than  are freshwater organisms. The EPA (1986) 
marine acute criterion for endosulfan at 8.7 ng/L is almost an  order of magnitude below the freshwater 
criterion of'56 n g L  Inflow from the Nicomekl is diluted in  Boundary Bay, but the diluent is in part inflow 
from other rivers and streams carryids pesticides  from agricultural areas. , 

. 
4.2 Status of Nikmekl River 

The Nicomekl River has been subjected to many  physical,  biological, and chemical impacts (this study, Swain 
and Holms, 1988a,b; McLeay, 1989). Discharge into the river is regulated by pumphouses; tidal flux is 
regulated by tide gates. Vegetation has been removed  from the banks  which  have been built up to form dykes. 
Tributaries have been channelized into drainage or irrigation ditches, and these ditches and roadside ditches 
probably contribute, a. substantial silt load. The flap gates on the ditch outlets restrict access to former 
salmonid spawning areas. The water is highly coloured so that visibility is limited. The only fish we observed 
during.our field work  were introduced carp (CLpnnUs carpio), which used our anchor  ropes. as spawning 
substrate while we were u n s u k f u l l y  trying to locate a source of salmonid eggs to use for in situ bioassays. 
Faecal coliforms from  dairy cattle and poultry farms enter the river and, presumably, Boundary Bay. 
Temperatures rise in'the summer in the absence of shade, and dissolved oxygen  levels decline to unacceptable 
levels. The list of water quality parameters exceeding criteria or guidelines w a s '  limited largely by the number 
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Basic Water Quality 
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Basic  water  quality of Nicomekl  River (bars; Stations 1-4), and the  stddy  ditches (triangles; 
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Figure 25. Relative  abundance of miscellaneous  invertebrate taxa colonizing  artificial substrates in the 
Nicomekl  River.  Values  are means of 4-6 substrates. 
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Nicorneh  River'  Macro'invertebrates' -- Insects 
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APPENDIX I 

Chemical QAJQC 

-1 

* 1. First Round 

Sediment and water collected  from upstream of Station 1 were spiked with dinoseb and endosulfan by 
Environment Canada laboratory personnel. . Subsamples were shipped to Zenon for analysis. Environment ' 

Canada also analyzed subsamples using the same procedures. The results revealed that a n o n  was using a *. 
defective Flohil column and were thus unable to recover gendosulfan  and endosulfan sulfate. This problem 
was rectified after  the first round of QA/QC. The results for water samples were: 

. %.Recovery 

' Analyst Dinoseb . aendosuifan 
210 mg/L 2140 mg/L 100 mg/L 5170 mg/L 

Zenon 20 570 45 
103 11 460 69 
104 8 

~! 
Environment Canada <24 . 114 <20 ' 2  I 

I .  

Both Environment Canada and a n o n  did not detect dinoseb or endosulfan in the original matrix which was 
the only point of agreement. The high spike solution was kept in storage (4°C; dark) for an additional week, 
and then another sample sent to Zenon. (We were interested in loss during storage.) They measured dinoseb 
and endosulfan concentrations within 15% of their initial measurements. We suspect this is evidence that 
pesticide loss was minimal during storage; but under the circumstances, it was impossible to be confident. 

\ \ . .  . 

Obviously, the results for dinoseb were  unacceptable; the low  recovery of endosulfan from the low spike was 
{disturbing. The sediment spike results were even  worse as recovery for low and high spikes was 1-2% for both . 
analysts. Zenon argued that  the spike levels  had  been  miscalculated as. their recoveries were a' reasonably 
consistent 1-2% for both dinoseb and endosulfan (and gendosulfan and endosulfan sulfate when samples of 
the remaining extract. were run through a .functioning Florisil column). 

The obvious solution was to conduct another round of analyses, and Environment Canada prepared and 
shippep water and sediment samples in February, 1990. . /  

2. S e h d  Round (Februarv. 19901 

Environment Canada apparently provided a .second set of spiked sampled- to Zenon in February, 1990. 
However, no results were ever received by EVS Consultants from either Environment Canada or Zenon 
despite repeated requests. Either  the samples were  never sent or one or both parties misplaced the samples 
or the results. Zenon, therefore, offered to conduct a third round of sample spiking in the spring of 1991 after . 

the study  had been completed. - 
\ 

3. Third Round lMav - June. 1991) 

EVS Consultants provided samples of water and sediment from the Upstream reference station;  Zenon spiked 
these samples with various concentrations of dinoseb and endosulfan. Results are provided in Tables 1-1 and 

L 
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1-2. Recoveries of PC- and fbendosulfan in  water  samples centred around 100% (Z2-115%), but recoveries of 
dinoseb and endosulfan sulfate were lower (7242% for dinoseb, 67-70% for endosulfan sulfate). Surrogate 
(various brominated phenols) recoveries  ranged  from 60-127%, the range included the full range'of recoveries 
for the target compounds. The target compounds were not detected in  blanks. 

Recoveries of the target compounds from sediments were all < 100%'(Table 1-2). Recoveries of dinoseb. (72- , 

88%) were greater than recoveries of the endosulfan compounds (50-72%). Sumtigate recoveries ranged from . 
60-140% and centred around 100% suggesting that recovery of the surrogates was more complete than 
recovery of the target compounds. The target compounds were not  detectid in blanks. 

These results suggest that  the recoveries of the target compounds were generally good. Concentrations may 
have been underestimated for dinoaeb and endosulfan sulfate in water, and dinoseb and especially the 
endosulfan compounds in.sediments. Also the concentrations in the spiked samples were 25 times detection 
limits so the conclusions may not extend to samples with  lower concentrations. The spiked samples were also 
prepared and anaryzed after the study W h e d ,  and  the samples were not spiked by an independent laboratory 
(e.g., Environment Canada). Thus, the results may not be applicable to concentrations measured during the 
study.  However, a n o n  did ensure  that the same methods and technicians used during the study were also I 
used in the analysis of the spiked samples. \ 
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Table 1-1. Recovery of dinoseb and endosulfan in  spiked water samples, May, 1991. 
': ~ 

Compound 

Dinoseti. 

Endosulfan 
aendosulfan 
pendosulfan . . 

; Endosulfan sulfate 

Surrogates 
Br2Pehnol 
BrPhenol . , ' 

Br2Pehnol2 

High Concentration 

% R q v e r y  Added (ng/L) % Recover Added (ng/L) 

: Low Concentration 
I .  

1,OOO 72 - 92 250 79 - 85 

630 ' \  92 - 115 130 103 - 105 
630 

69 130 65 -70 630 
. .  92 - 115 130  106,- 110 

. - ,  76 - 86 
- 

60 - 77 
94 - 104 66-90 . -  

' 127 120 - 122 

NOTE: Recoveries are based on two replicate extractions " 

. Table 1-2 Recovery of dinoseb and endosulfan in spiked sediment samples, June, 1991. 

High Concentration 

%Recovery Added (ng/L) %Recover Added (ng/L) 

Low Concentration 
Compound 

, 
Dinoseb 

Endosulfan . .  

7 2 - 8 0 .  ' 2 5 .  88 125 

aendosulfan ' 

' . 50 - 51 125 56 - 59 625 Endosulfan sulfate 
50 - 51 12.5 53 - 54 625 , pendosulfan 
.67 - 72 125 59 - 64 .I 625 

Surrogates 
.-. 

BRPehnol 

. 8 8 - 9 5  89 - 92 BRPehnol2 
82-90 116 "'140 Br3Phenol 
60 - 78 lo2 - 105 

NOTE. Recoveries are based on two replicate extractions. 

I 

, '. 



\ 

. .  
/ 

I 

- _  I 

I 



L 

11- 1 I 

- . .  

- 
.APPENDIX I1 

Contrasts and Hypothesis 'Testing 
. .  

. .  

A contrast (L) is a linear combination of treatment means (Ml): 

?he coeffiaerits (c,) usually sum to 0, and are  set  up so that L is some difference of interest. For example, 
we  might compare a control (MJ to some.treatment (say M,): 

F 

L = (lj(M,) + ( -I)(MJ 
. I  

) 

We then test the hypothesis that L = 0 to  deteAine if there is a significant  difference. For any study with 
(I treatment means, there are'@ - 1) independent (onhogonal)'l-degrk-of-freedom (d.f.) mntrasts. 

If a set of j contrasts orthogonal, then: 

. .  

zc, = 0 

For each contrast; and 

I 

. .  

Consider the example of the contrasts used in %oratory bioassays (Section 3.3). The ci were: 

1 I 
Treatment 

B L I 
30% I 100% 

z 
I I 

1n 

116.  116  116 

0 -1n  -1n ' -1n 

0 

-11126  -11126  -11126 0 

I 
1P 1n ' 0 ,  rn in 1n 

116 116 116 ' 

1n In ' 1n 

C vs others 

U vs ditches 

Between ditches 

product 

I 

11126  11126  11126 

For each contrast Ec, = 0, and the sum of the products. of the ci for each treatment is also 0. 



11-2 

It is also possible to test multiple d.f. contrasts; for example, the seasonal differences among macroinvenebrate 
abundances (see Sokal and Rohlf, 1981). In a two-factor ANOVA, it is also possible to use contrasts to test 
interactions of interest; for example, seasonal changes  in downstream trends. The appropriate ti are 
determined by multiplying ci for the main effects. Consider the simplified.case of four river.stations and two 
SeaSoI1s: . -  

- 
Contrast 

Season . Downstream (DS) ti DS 

1 114 -3 -314 
2 114 -1 - 114. 
3 114 1 114 
4 114 3 314 

1 -114 -3 314 . 

2 - 114 -1 s ' 114 
3 - 114 1 - 114 
4 , .  - 114 3 -314 

Station 

Why use contrasts instead of multiple comparison procedures such as Dunnett's Test?  Multiple  comparison 
procedures provide protection against making I errors (declaring a difference significant when it is not) 
when making comparison which are  not independent. Consider the case of the ci for  all  comparisons of 3 
treatment means with a control: 

The sum of the products is not 0; the compa.risons are not independent. Multiple.comparison procedures are 
always too conservative (declaring a difference not significant when it 7s real) when the comparison are 
independent. Furthermore, if an investigator cannot construct several specific independent hypotheseq to test 
prior to an experiment, then perhaps the experiment should not'be conducted. Most agricultural  journals no 
longer accept multiple comparison p r d u r e s ,  and contrasts are widely used in agricultural experiments. It 
should be noted  that linear and  quadratic contrasts, coefficients for which can be found in  almost any statistical 
text, are ideal for examining dose-response relationships in thicologicai experiments. 

The drawbacks to using contrasts are  that  an  LOEC or NOEC cannot be established, and  that a surprising 
result cannot be tested by contrast specified (I prion'. The first drawback  would not exist if dose-response 
relationshipswere used to establish E m s  or some other effect percentile as Suter et al., (1987) suggest. It 
should be noted  that NOECs established in different &riments depend on  the number of treatments 
compared, and the sample size so that comparison of NOECs from different studies is a dubious exercise. The 
second drawback can  always be eliminated by using a pszerion' multiple comparison procedures to test. 
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surprising results.  Designing experiments specifically testing. a priori for, the. existence of these surprising ' 

results would be a d e  follow-up. 

Two final points should be made. First, using contrasts (and multiple comparison procedures) becomes more 
complicatedwhen .sample sizes are  unqual. Most statistical programs (e.&, SAS, SYSTAT)  have general 
linear model packages that will ensure contrasts are independent even' if sample sizes are unequal. Second 
statbtical power calculations are possible  for  contrasts. ,The basic  formula for Ctests is (Sokal and Rohlf, 

. .  

1980): 

I 

, 
, .  where: I ,  

n . . = sample size 
s = standard deviation I 

b = size of difference to be detected 
t . ' = student t - value ' . I  

a = significance  level  (usually 0.05) 

. .  
0. , 

. ,  
I 
I 

1 P = probability of detehing the difference I 
>) 

Usually the investigator wants to find the appropriate n to have a high probability (P) of detecting some 
difference 8,.but  the formula can be rearranged to solve-for P or 8. For mntrasts,  one should substitute Zcfi 
for 2 (which is Zct for comparing hyo means) and use t-values for the  total error d.f. For multiple 
comparisons, the appropriate test statistic (e.g. Dunnett's f )  is substituted for Student's r. The formula for n ' . 

must be .solved iteratively as the, error d.f. change with 'n. (Appr6ximation.s and  computer packages are 
available to eliminate iteration by hand.) 

Two cautions should be noted when  calculating sample sizes or power for contrasts. First, unequal sample 
sizes will complicate the calculations if power is calculatd after the fact. It is also possible to increase power 
apriori by using deliberately unequal sample sizes when, for example, there  are more treatments  than controls 

., or more stations upstream of an effluent discharge than 'downstream. 

Second, investigators should take care to calculate exactly  what L is when  using linear or interaction contrasts. 
The significance of L does not change if the coefficients are multiplied by a constant but, obviously, the value . 

of the difference will depend on the coefficients.  In other words, testing lO(M, - Ma = 0 i's the same as . 

testing (MI - Md = 0, but 10 (MI - Md # (MI - Ma. i 

Finally, an example of the power of the alevin  bioassay to detect differences between upstream and:ditch 
waters using the  contrast given earlier. The calculations were based on. 3 reps for each of 7 treatments 
(controls excluded) and  the variance (2) for the February - March tests. Values given are 6 (mg) or the 
differences that could be detected with a given  probability 0f.P. 

. .  

. .  

Variable S '  
1 

26 3.6  4.6 20 Yolk weight 

9.3 13.1 17.0 7.3 Body weight 

0.50 0.80 0.95 
I 



With an overall mean of 120 mg for body weight and 28 mg for yolk weight, we had - 50% probability of 
detecting a 10% difference and >95% probability of detecting a 20% difference. The contrast testing 

' .  ' differences between ditches was even more powerful (compare Bc:). 
I 
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' .  of concern in the study area would be nutrients, io&, metals, and pesticides. 
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Fertilhk, con&ercial or manure,:are the most obvious'source of phosphorous, nitrogen, perhaps organic 
carbon, ions (a-pecially potassium), and trace elements (elg:, copper, manganese, zinc). This is why the ditch. 
watek wGe.such effective nutrient sources for algae and duckweed. There iS a@  nutrient addition from cattle '. , -. 

and chicken  manure.  Runoff from'theselatter sources can-be controlled-by good. farming practice, and we . ' , , 

by Surrey Municipality, and the farmers have switched to.less toxic pesticides.' The installation of pumpdous&, ' 

with pumps' drawing water from n&r the 'surface,*r,ed$& the . .  silt, load.  However, the' flow and water level in 1 \ . 

. .  

. .  
I .  

. . ' 

. . question the need for fertilizer addition, to xhe extent that occurs.  Pesticide, use h e  been curtailed, especially . ' '. 
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of crjteria available.and the number of parameters measured. Although endosulfan and dinoseb may not b e '  

major bncerns,  other . .  pesticides  have  replaced  them. The recdrd of past use of &ticides, including DDT, still 
.remains  in the sediments. The oikspill in June, 1990 served as an example of;the river polluting the drainage 
ditch&. . .  

Despite thkse impam, laboratory bioassays indicated 'only enhanced growth .and/or,  reproduction. due to 

nutrient addition . .  (algae,'duckweed, Ceriodaphnia), or kater   hardne (alevins).' The suitability of control 
w'aters for the bioassays is questionable. We alsb note that,the bioassays cannot test the effects o f  prolonged 
exposure, and 'the effects of.factors such as, physical altenitions to habitat. The.downstream decline in the 
relative 'abun&nce of Ephemeroptera' and Pledoptpra, and 'the incre+e in abundance 'of tolerant taxa such as 
Chironomidae and Oiigochaeta, are probably  a more accurate reflection o f  impam  on biota.; Even 'the 
estua~e.~~''G~~~norimosphaeromo successfully colonized'substrates. at the upstream sites, rather  than those 
- .  at the . downstream,sites closer to'thetstuary.  The introduced carp seem to be thriving in the area, whereas 
the salmonids, especially cutt,hroat trout, may be declining;  Any  young .salmonids 'migrating .dowqtream u;rill 
experience problems seeing prs", feeding  efficiency and. growth decline 'rapidly with increasing turbidity 
(Everest et al., 1985). The recreational fishery is limited, perhaps because fish cannot see . .  lures .or' flies. 

The' various \impacts on the river may b e ,  anta'gonistic to some exient. ' For example, high iron 'levels  may 
reduce 'the effects of endosulfan. :The potential for increased algal growth from elevated nutrient .levels is 
probably  cancelled by the negative e f f k  of reduced light penetration in the wloured waters, and the absence 
of a suitable  substrate for attached algae. ,The hard,water and, perhaps, the high DOC, may limit the effects . 

. ' of%metals. These sorts,of interactions may explain the absence of effects in labbrhory bioassays. The-balance ' 
bekeeri positive and negative impacts should not be a reason for complakncy. 

Giventhe large number of impacts in'the Nicgmekl  River, and the altered nature o f  .the,habitat, remediation 
may, seem an impokible task. The local farmers were strongly opposed to any attempt to restore str&&ide ' 

vegetation to .the river, as the roots tend to'crack the dyke walls resulting in salt water intrusion. &'long as 
the arei is d ~ f o r  agriculture,. there &ill b$ a drainagehmgation system-in pla,ce, and the river will never 
revert to'its original state.(probably lowland  river/marsh). Some of the compounds present at elevated levels, 
such as iron, may have natural sources'(Shin  and Holms, 1988a,b). Otliers, such is aluminum, may originate 
upstream of the study area, and remediation would involve'control at the source. The primary compounds- . 
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the river fluctuates more with the sporadic ditch  discharge.  Small deeper ponds'on roadside ditches might . 

' settle silt and metals but would  probably not be effective during'flood conditions. Diffuse contamination from 
agricultural runoff  will continue  to be the major  problem  in the'study.  area for some time, but  the problem 
could be reduced. The best way to limit the impacts of the many users may be to include environmentally 

. ' sound practices as part of the extension services offered by',Agriculture Canada and the provincial Ministry , , 

Management (IPM) should reduce pesticide effects, although a similar emphasis on reducing nutrient and 
other effects'may be more beneficial to aquatic environments in agricultural areas. 

c of Agriculture, Food and Fisheries (B.C. MAFF). The federal and provincial focus on Integrated Pest - ., 

.. . . '  . 
I 

I 4 3  Monitoring Pesticides in Other Areas 

A go& environmental monitoring program integrates chemical  analyses  with laboratory bioassays and field 
monitoring of resident biota (Chapman et al., 1987;. 1991; Power et al., 1991). The'objectives should be to 
estimate the effects of the target. pesticides on the resident biota, -and to &hate the.effectiveness,of water 

' qualitj guidelines based on laboratory tests for protecting field populations. ' The' present study attempted to 
meet these objectives by using chemical  analyses, bibassays, .and field monitoring. There is clearly room for : 

improvement in any subsequent pesticide monitoring programs Environment Canada undertakes. Below, the' 
three major components - chemical  analyses, laboratory bioassays, and field monitoring - as well as overall 
strategy, are discussed. We then discuss methods of developing and'&ing guidelineS  which have predictive( 
as well as regulatory (protective) value. . I 

\ '  

I 

. .  - 
' I  , 

c 

43.n Chemical Analyses 
! '  

. .  

The major concerns d t h  chemical analyses are technical  (lowering detektion limits, ensuring  that procedures 
are accurate and precise),'and strategical (sampling on the  appropriate temporai and  spatial scale, measuhng 
the  appropriate compounds). Technical concerns receive a disproportionate  share of attention,  and monitoring. ' 
studies may be distorted as a result.,. Chemical'data should be treated in the same way any other variable 
in a study or experiment. - ., 

Pesticides monitoring programs should include QNQC analyses of spiked samples, as described in Appendix 
I. However, thh is. a small part of calibrating chemical  analyses, and is the equivalent of trying to minimize 
measurement error for klers or balances' u&d in a fish grovith study. Measurement error is, or should be, 
a trivial yurce of va$ance relative to spatial or temporal heterogeneity among samples (discussed below), and 

i 

/ 

-. 

vahance among laboratories; Another distinction which should be made is between the MDL (method 
detection,  limit) and the PQL (practical quantitatian level). The MDL is the lowest level  which is 
distinguishable from'zero (Le., a 'plus-minus' distinction); the PQL is the lowest level at which quantitative 
comparisons should' be made. (Federal .Register, lZW). The  PQL should really be estimated from 
interlaboratory comparisons,,but can be roughly approximated.by 5-10 times the MDL The MDLk only 
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useful-foi  stating  whether a compound is 'dr$ not present in a particular sample. me PQL is the appropriate - 1  , 

' , lower limit for comparisons . .  among studies and comparisons with &idelin&. Thus, in our study, it,might have 
. , been more  appropriate  to,set  the PQL, father ,than the MDL, at the guideline levels, so that we could be , . 

reasonably confident that  exceedanca were real.  However, even that does not  help  comparisons with past ' I , , . . ' 

studies, as we cannot change PQLs from the past (i.e., the PQL  for our study would onlyapply to comparisons' .. 

. . .  

. with.studies'uSing the same procedures). . . . 

~On&  technicalhriability  his been.accounted  for by QNQC analyses of spiked samples, and  esbtilishment ' 

o f  POLS and MDLs, the ,next step ii to account for spatial  and  temporal heterogeneip in sample collection. 
. . Assessing . \  temporal heterogeneity usually involves sampling on a <monthly or-seasonal basis. ' B a s e d ,  ,on the 

. discussion in &tion. 4.1.1, sampling should b e ,  conputfat+ in .the wet season,( which would be Okober to 
March in  the Fraser Valley. Investigators must accept that  the timing ofmaximum  concentrations within this ' 
period will be unpredictable.,' Theyshould also be aware that if short-term variability is high, spot samples ' . ' 

tiken. monthly. may 'not. reflect real seasonal . patteins. Thus, it is G i b l e  that brief exposures to high ' ' 

conctdations may be missed (a problem of  estimating extremes), and'that  the  spot'samplq will not  represent ' I 

avenge conditions over longer term exposures (a'problem of estimatkg means without replication). A s  
discussed in Haith (1987), a statistical approach to these issues would,require long-term sampling  and  frequent . . 

expensive analysis. From a more  prictical perspective, investigators may wish to focus sampling on days 
immediaiely after heavy rains, an4 to composite samples over.time. The first solution  requires a fleiible, work 
schedule; 'the .second solution' may be &pensive. If pesticide loss during  storage  in the cold' and dkk were '* 

minimal, samples could be composited .over time by sampling .frequently, and adding  ,those  samples to a large ;(' 
composite sample. ' This w0u.d be very  costly if the  sample  site were far 'from the laboratory; there  are ' 
automated ddca used for effluent monitoring that might be adaptable for continuous field monitoring. ' 

' \  . .  

IddUy,  spatial variability, ' ispyially~~h .sediment samples, should be estimated from a pilot  study examining ~ 

variation at different level (among grabs, among composites from the  same site, among  different sit&).\ This 
step, which m&ures an important  source of variability, . i s  often kerlooked in monitoring  program design. ' .. . 
Wehrge Environment Canada and other.interested  parties to jncorpokite  estimates o f  sampling Mriability into . . 

interlaboratory. . .  comparisons by .requesting the  ,participating  laboratories to collect their Own sampie from a 
reference / .  site, Ather  than' simply analyzing a reference' sample sent to them (see Hamilton, 1991, .for 'a good 

. . 'discussion. of the issue). '-.In any specific study, if fun& cannot cover the. costs' o f  estimating  spatial\ 
heterogeneity in a pilot study, a practit$compromise is  to^ composite samples over  an"appropriate scale. T h e '  

scale would depend on the.objectives. In our study,  we were interested'in effects at specific river stations,  and . , , 

I .  our composite Samples included subsamples from\the sides and middle of the &er. In general, taking a -/ 

thorough  composite of many subsamples over a broad area adds little to sampling costs, as ,the major .costs . ' ' 

' are associated with equipment and getting to  the siudy site.. . , .  

T h e .  d e i o n  above refers to measurement .of pesticide concentrations from .runoff ,or\ ditch discharge: . 

Concentrationi  should also ' b e  monitored immediately after spraying. I If appropriate  arrangemenk can be ' ' . 

made with local fannek, the time of Ampling is predictable. iSampling should be exten&ive.enough to measure 
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. the temporal and spatial extent of expected high concentrations from aerial drift. The data can then be used 
'to k l u a t e  the longer term implications of any transitory lethal concentrations,'jo establish appropriate set- 
back distances (Le., the minimum distance between the area sprayed and the nearest water course), and to 
compare various methods of, application (e+, on foot, from a  vehicle, from. an aircraft). 

'Planning monitoring studies also requires identifyingwhich compounds should be measured. In the &e of 
a pesticide study, this means identifying the most toxic widely used pesticide+  In our study, we were fortunate 
that preliminary surveys had been conducied (e.g., Moody, 1989; McLeay, 1989; Wan, 1989). We were also 
fortunate  that Environment Canada laboratories conducted analyses of other water quality parameters. 'In any 
system with numerous and diffuse sources, such as the: Nicomekl River, these additional analyses are 
invaluable.  They also serve to put the effects of'pesticides ii~ perspective. 

The major problem we encountered was the rapid decrease use of the target pesticides,  .especially  dinoseb.' 
We  might  have decided on other target compounds after more extensive  interviews.  However, the presence 

, . of dinoseb and endosulfan in the winter of 1989-90 did not support the'farmers' assertions that they no longer 
used these compounds. The fantiers in the study area -face the conflicting pressures of expanding suburb 
development, and environmentalist efforts to preselve or restore fisheries and. wetland habitat. Hence, they . . ' 

accurate informatibn from distributors; and went so far as to recommend that  the ixiterviewees be forced to 
comply witb interviewers'  requests.  We  suggest that sufieys of pesticide use might best be conducted in 
conjunction with Agriculture Canada or provincial extension se,Mces. 
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. are  often'resistant to questions about  their practices. Moody (1989) alsomperienced problems obtaining .' 

1 

433 Laboratory Bioassays , 

.. 

' ,  
taboratory tests can,conveniently be separated into standardized bioassays (e.g., C d a p h n i a ,  Selenasmm, 
rainbow trout juvenile LC50) and experiments (e.g., the studies of Woodward, 1976). The duceeed and 
alevin  bioassays  probably  fall bekeen these two types, as they have p x n  conducted in similar fashion by 

. others, but do not yet have standardized protocols. The advantage of the standardized bioassays'is that results 
from different studies are comparable, and they provide a good relative measure of toxicity. Thus they a n  . 

be used to monitor effluents or river sites'bver  time to determine changes in  toxicity.  However, the tests or 
the organisms may not be particularly sensitive, and the standardized protocols (statistical tests, control waters) 
may.not be appropriate for specific studies. In the case of pesticide studies,it 4 important  that the tests 
control the effec& of excess nutrients, which will be present-in agricultural areas. Using the receiving water 
(e.g., Upstream) as a diluent and  control or  reference may solve this problem, but it removes the advantage. 
of cbmparability with other studies. The insensitivity of the test organisms to pesticide effects suggests that. ' 

the bioassays should only be used when  effects are expected to occur, and that  the results should never be used 
as an indication of the magnitude of effects expected omresident or more Sensitive  biota. 
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' Carefully conducted experiments can be used to match, exposure conditions to those expected in the field, and 
to test hypotheses and species of specific'interest. The advantage o f  t h e e  experiments is that they are  more 

' realistic, and usually more sensitive, than standardid bioassays. It, would be very interesting to survey the 
lowest LOECs for a broad range of compounds; we suspect that these LOECs would come primarily from 
expeqments conducted in the 1960s and 197oS,,before,the ~ d e s p r e a d  use of standardized bioassays. Note-tht 

. . ' this is the case for dinoseb, with the lowesi LOEC colhing from Woodward  (1976; hk study also provides the 
' lowest LOEC for piclorap that we haveseen). The experiments may not be comparable with.those conducted ' 

by other investigators, and the costs of  developing 'and knducting long-term flow-through tests can high. 

The duckweed and alevin  bioassays represented an attempt to combine the best features of standardized 
, , bioassays and specific  experiments.  The.duckweed  bioassay  probably combined the woist of the two test types 

- the organisms may be insensitive, the effects  of hxs 'nutr ients  were not removkd, the  test was expensive . '  

. : '  (more than  the price.  actually chargid), and the results were not really comparable with those of,other 
. . investigators using'  somewhat different' protqcols., Thelonly advantage. was that'  the duckweed . i s  a 'native : 

vascular plant, whick  has some :meet, in a #study of herbidde effeds. The alevin bioassay; in contrast, seems 
' much more 'promkig. 'he test' species 4 native 'to.  the ar& and, sensitive to contaminant (especially ' :, 

Y pesticide) effects; the confounding effects of  the preienk'of food bur- in the test waters is 8 non-issue for ~ 

the. non-feeding  alevins. The test An be shortened "to .redue costs to a reasonable level; and  the problems , ,' 
b , .  ', .. 
' caused by soft \;rater controls are easily  solved. Although other studies may not follow our protocol exictly, 
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. and yolk conversion efficiency may not be calculated  directly;  yolk and body weight or length are commonly . , 

,, 

measured in early life stage tesy ie.g., Wood-rd, 1976; the studies reviewed  in Hodson and Blunt, 1981,1986, ,: 

Paine et al., 1988, 1990,' 1991). The test is easily adapted to other: species, which makes .it useful for in sinc 
tests of-native species. The qajor disadvantage is' that eggs are not available in late  spring  and summer. ' ' . 

1 

\ 

' The best approach to laboratory testing for pesticide monitoring would be to b e  some simple, fairly common ' 

experimental approach, with a sensitive species (preferably  native).' In most cases, this would mean an alevin, 
larval, or juvenile growth/development  study  with a salmohd species.' Flexibility in experimental design and . , 

test species should probably be encouraged. Standardized bioassays should be used for Saeening or if a 
' reasdnable pcobability exists that effects \Gill occur. -Sediment bioassays may also be useful, although freshwater 

,: tests are  not welldeveloped. We  suggested a c@yfish  bioassay in our interim report (Paine, 1990), but that 
would be feasible only in the field.  Recen;  experience in'our iaboratory with Duphnia magna bioassays wi\h 

, ' sediment look promising. 
1 , '  . . ,  . I  . .  - 

., I . . ,Macroinvertebrate community studies and'in si@ bioassars are probably the best methods, for assessing' " . 
i, : pesticide  effects in'the field.' \Monitoiing studies often ass& fish populations, as well, but  the only fish  in  many . . . 

lower F r p x  Valley  rivers may be anadromoris 'salmonids.and stickleback (Guir&omus), or exotics such as ' ' 

, : carp. The  addntage'of field,monitoring is that it provides a ,more dire& measure of effects than  do laboratory -' 
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tests, and may,be more sensitive. Control of factors other than pesticide effects is more difficult than in the 
laboratory, and it is very difficult to determine if effekts are related to elevated concentrations of'the .target 
pesticides. In a  system with multiple s tkses ,  such as the Nicomekl, it is not dear that this is'a disadvantage 
if the effects really are  due to the combined$ effects o f  the stressors. , A potential disadvantage of field , 
monitoring i s ,  that the results are rarely comparable with other studies, except in broad and relative terms. 

. Therefore, a sat4factory internal  control or reference site m&t be used, and hypotheses must be tailored to 
identify important patterns (e.g., by testing for downstream trends rather  than simply comparing one or more 
impacted sites with the reference). / 

Our in situ test successfully documented signkcant differences  between ditch and river waters, 'although the 
effects were,almost certainly not  due to the target pesticides. Rearing the alkins in the laboratory  after field ' 
exposure may be a prorhising means of separating the effects. of accumulated compounds such as pesticides 
from those of nonaccumulated compounds or low  oxygen. The approach would be verifieh if tissue levels of 
the thrget pesticides were measured before and after -1aboratoryrearing. In  siru tests can be conducted with 
almost any species and life stage. Tests can be shorter y t h  alevins and larvae, as weight-specific growth is 
faster.  However, these stages are only seasonally available. Juveniles'and adults are available year-round, and 
have'broader temperature tolerances than do younger  stag&. .Thus, the time of year would determine the best 
life stage to use. 

In  siru tests are also the best means of assessing effects immediately after spraying. Transporting samples to 
the laboratory would be logistically diffidlt in such cases, and problems in the field with vandalism, clogging 
.of test containers, etc would be largely eliminated with the investigators on site. Monitoring natur/al 
invertebrate or fish communities .might not reveal transient acute effects if these communities were able to 
recover  rapidly. 

Maqoinvertebrate immunities are sensitive to pollutants. and other stressors, and provide an almost 
continuous record of eff&. This study was unusual, as the natural substratecwas not very suitable for 
maaoinvertebrates,  and  there were signhnt%umber;sof marine organisms colonizing the artificial substrates. 
As a result many of the indices given  in  Plafkin et al. (1989) could not be used. In other areas, the natural 
substrate may be more suitable for. sampling, and insects may be more dominant. Then investigators can . 

eliminate the extra odsts associated with artificial substrates, and use a broader range of indices. We would, 
however, recommend that artificial substrates be used wherever natural substrates change from station to ' 
station, and that multhriate analyses be used as an objective method to establish which indices are most 
suitable. Our experience has been that the abundance of EP" taxa relative to Chironomidae  and Oligochaeta, 

, species richness, and total abundance are usually  sufficient to assess ixi~pacts. Investigators should be wary of 
complicated derived  indices, such as diversity. The ,component parts (evenness, richness) are  better analyzed .. 
separately. Other indices, such as the abundance of various feeding groups or Hilsenhoffs Biotic Index, may 
require expensive identification to species, especially of Chironomidae, or may apply only to specific types of 
communities (e.g., rodk-riffle). 
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One addition we would like to see in macroinvertebrate monitoring is the use of total and mean biomass fo; 
the  entire community, or for  individual dominant cxq: n e  results could then be placed  in the cdntext. of the 
extensive literature, on the eqilogical importance of t h y  size (see Peters, 1983 for a review). Biomass, rather 
than numbers, may be.a  better measure of nu,trient dfecti, and we suspect that a- dedine in mean, biomass. 
would iy a useful indicator of.environmenp1 stress. . Minimal effort.and'cost would-be  required to d n  and, 
weigh entire samples;  or'subsampl+ of tlie'dominarit ' h a .  ' 
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Investigatorswill always  find it difficult to relate effects on macroinvertebrates tvtarget pesticides, and to 
the eff- of short-'term "slugs" of high concentraiions. The macroinvertebrates provided an$indication 

of overall'  effects of all .stressors over.longer perioQs of time (probably equal to  the average li're'qcle of the 
organisms) - they are integrators. Iffactors  other"than target pesticides are responsible for effects, or if the 
invertebrates recover  quickly from the effects of short-term "slugs", then perhaps we should not .focus on  the 
pesticides, , . . ' , 

However, it is necessary to relate effects to specific causes, in order to implement effective remediation. , We 
attempted to do so by examining time-site interactions which. test whether the greatest difference among sites 
occurred when pesticide concentrations were  highest. This is the generally recommended approach 'for 
environmental impact studies '(Green, 1989). It works  wed  when  assessing the effects of improved effluent 
treatment,using years rather than Seasons within y e y s  asthe time periods (Gibbons, 1991), However, the tests 
used are  statistielly less  powerful, than are  other simpler tests of time or site effects, and  the pesticide effects; 
may not be immehately  apparent if they are greatest on early  instars. I n  situ tests could be used, if the high 
concentrations were  predictable. ' Unfortunately, these &ma  will probably occur in winter, when gro&h of 
any.test organism i d 1  be negligible. Thus, it may only be;possible to 'test effects on surviw&. 
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J 43.4 ~ Overill Monitoring Strategy 

, ,  

, .  . .  
. I  

. .  
\ : 

There  are two important points to be mad-e with respect'to overall strategy: . 
I .  

1. the effort expended on the &io,us components (chemical  analyses; laboratory bidassays, 
- field monitoring) should be cohsitent with- the objectives; 

' \  : 
. .  

'. , . .  
. .  

I 

2. some screening procedures can be used,to limit cos&, but  all t h r k  components  are . , 

nece&y for v i n g  pesticide  effects. ., . ,  
\ 

I . ,  

The'first point may seem obvious but'is usuaily Golated (and was in this study). In this study, approximately 
one-half o f  the budget was s$nt on costs common to all three compbnents - trapportation and labour for 
field trips, project'managemeni repoq writing,.data analysis, intedews with fanners  and  other individuals. 
Of the remaining one-half, 50% went to chemical  analyses (not including the costs of the chemical analyses 
conducted, by Environment Canada);Z% went to laboratory bioassays, and. 25% went to, field monitoring. -. : 
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The focus of preliminary phases was almost exclusively  chemistry  (Wan, 1989). or split between chemistry and 
a literature review of pesticide toxicity  ih laboratory bioassays ( M c h y ,  1989). We appreciate  that pesticide 
concentrations m h t  be measur@ in pesticide monitori-ng studies, that  the high cos& of these analyses are 
unavoidable, and that there probably was no literature on effkts on actual biological communities' to review. 
However, not  one single biological test was conducted- in four years of preliminary studies. A more effeaive 
and logical distribution of costs and effort would be an equal split between the three components, which would 
be consistent with' the objectives stated in'Section 1.2. 

Sampling and testing strateb in a monitoring program  must ,also match  objectives. If chronic effects are.of 
interest, chronic tests should be used, and if possible,  chemical concentrations should be averages over the 
appropriate exposure period. If the effects of short-term "slugs" are of 'interest, then  some means of predicting 
these "slugs"  must be geveloped, and acute tab and short exposures  must be used. If effects on river biota, 
rather than ditch biota, are of interest, then samples should be taken predominantly from the river, and  the 
river biota should be sampled.  Again,  in the preliminary studies (Wan, 19W, McLeay, i989).samples were 
taken almost exclusively from ditches, rather than receiving  waters. If the variation of interest is between 

I .  

times, or between different sites, then temporal and spatial variation, not instrument error, should be the focus 
- of QNQC programs. If effktive remediation is to be implemented, then  the stressors of concern should be I 

identified and receive priority, even if these stressors are not the target pesticides. 

There are some screening procedures which,  could be used to, reduce the costs of monitoring programs. 
Several  reviewers  of the interim report noted that we should not have been conducting laboratory bioassays 
on samples in which pesticide concentrationi did not exceed CCREM guidelines. This criticism was warranted, 
but we would  recommend  using some level  higher than theCCREM guidelines as the level at which laboratory 
testing would be initiated (=screening level). The probability of observing effects at the guideline levels in 
laboratory tests should be remote-(& Section 4.3.9, and many "no effect" results would be generated if the 
guidelines were used 'as a screening ldel. 

1 

/ - .  

i 

The  appropriate screening level can be established  in two  ways. The first  would be fo use the regression 
approach described in Section 4.3.5 to calculate the concentration at which there is a high probability (e.g., 
25 or 50%) of detecting effects. A better approach would be tyestablish NOECs by spiking samples of the 
receiving water with known quantities of the target compounds; the spiked samp!es ,could also be used as part 
of the chemical QNQC'program.  The sensitivities of potential tests could easily be established using this 
approach and, then, the most&nsitive test selected  for future use. If tests conducted on actual samples with 
levels greater than this screening level subsequently revealed no effects, then it would be reasonable to 
conclude that  there were some antagonistic factors preient. 

We  would still recommend conducting some tests on samples with  levels  below the NOEC,  in order  to 
determine if other factors, or those factors combined  with  low  pesticide  levels,  had effects. Chemical analyses 
results would also not be available until several  weeks after sample collecFion. If the screening level were 
ex&&, the sample might not be available, and concentrations in ditches or rivers  might have declined by 

\ \ \ .  

I / 



the time'a sample is collected for laboratory b i o k y s .  Thus, investigators'  would probably begin testing, or 
. . , I . intensify the.frequency of testing, when.cdncentrations . .  . exceeded the.screening level, or start by automatically 
. .' conducting t?ts,during the wet  season,-and terminating the testing when concentrations declined to below the 

I 
1 screening .level. If samples were iomposited over time, or if makoinveitebrate  communities  were  also 
. monitored, the consequences of notbeing able to reict q,uickly enough to test during  short-term maxima would 
be minimized. 

I 
. .  

. .  . .  

. . I .  , , .  
, 

. ,  . \  < . _. . . .  
' 1  

' . .  . a  

' , i .  

- A screening- approach  should,  not be used to determine whether to conduct 'field monitoring. One of the 
purposes of field monitoring is to determine if experimentally guidelines'derived are low enough to protect 
real aquatic ,communities. Thw;.the monitoring should be -conducted at lower cdncentrations  than are 

' , laboratory bioassays. Macroinvertebrate communities will also reflect.exposure conditions &er the l i t  year. 
'Therefore, the pesticide concentrations measured at'a particular time may not.be good predictors of effects 

rl .' . .  

. . .  

. .. , to be found-in communities sampled concurrently. . . . .  
. .  

. .  I 

. / :  I 
I \ f .  

From  the perspective of Costs, i t  would , b e  best to develop some s&ekning procedure to limit chemical 
' . analyst&. .One could,tfor &ample, not conduct chemical analyses u n l k  effects on macrpinvertebrates were. 

detected. . However, there would be no way to evaluate guidelines udess &ncentr+ions were measured  during 
. . laboratory bioassays and field monitoring: All three  components are required in pesticide monitoring studies, 

. as they provide different types of  infopation. In most cases, screening procedures' cannot  work.becau& 
' I - analysis of ' d a t a  takes too long to .provide meaningful feedback. ' 

I .  

. .  . .  . 

, .  

. .  * i .  , . .  
I . I  ' .  

, I  . 1  

Based on the above discussion, the ideal pesticide monitoring study would proceed as follows (any implied . '' 

criticism of previous studies .should be 'tempered by the fact that we .have the  enohnous advantage of ' . 

retrospect), First, the  contract wou!d tendered and awarded in spnng,  not fall, to allow time,  for necessary - , . , 

preliminary steps. Fanners and agri&ltpral officials  would be interviewed to determine  the target pesticides. 
Sediment samples from theditches  and receiving river or 'stream would be analyzed to verify the interview . , . ' 

results, and provide a record'of'past  useof persistent pesticides; Suitable study ditch& and  river-stations 
would'be s(?lect& during these preliminary visits.FDuring'the spring or summer, the effects of post-spray drift , . . 

could be assessed in a'small study, using bi situ bioassays. Sheeningkvels; and the most sekiitive test, would 
b e ,  established .by conductihg labohtory bioassays'with spiked simples.  Appropriate PQLs would be L .  

established, 'and, a 'chemical QNQC I program 'using spiked samples conducted. In.  late August, 
macroinvertebrate cdmmunities from natural substrates would be sampled, or artitcia1  substrates would be 

'' placed in the river (abundanca"  are highest in fall,. and the  .i,pects are present 'as late instars which makes ' 

identifibtion edsier). If possible, both'artiicial and  natural subsrrates would be used for the remainder of the' " , ' '  

study. The natural  substrates would be sampled 'once (fall) or twice. (fall,' Spring) a year, the .artificial 
substrates would be deployed 'in September-November, December-Fehary,. and' March-May. ' Sample I' 

collection for chemi&l.analyies'would be conducted approximately every 4-8 weeks, and  samples would be ' . .' 
qmposited over the,  appropriate.  space and, if possible,  time. A broad range of chemical and physical 

"parameters, not  just the target pesticides, would be measured on t h w  samples. Sampling effort. would be split ./ 
evenly between the study ditches.and the river, Laboratory bioassays  would be 'conducted only once or t w i c e '  . - . , 
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over the wet season, unless concentrations were  above the screening level'on a sustained basis. IN sinc 

bioassays  would be conducted as required.  Alevin  tests could , b e  used when temperatures were 210°C; 
juveniles  growth/survival tests-might be useful  in  fall, or late winter/early  spring. , 

I .  
I 
I .  

b .  

\ 

4 3 5  Developing  and Assessing Guidelines 

Guidelines'are developed from laboratory bioassays. Their ahequacy in protecting aquatic  biota can only be 
assessed by comparing effects on real communities (e.g., macroinvertebrates) with measured concentrations, 
However, there are several .problems with the existing procedures for developing guidelines, which  we feel 
could be partially eliminated by using the regreion approach we'describe'below. The problems are: 

I .  

\ 

I 

procedures for developing guidelines . .  are not consistent'(see  !kction 1.4) 

.an application factor ,(LOEC/LCSO) of 0.05 seems reasonable, but should be verified 

I guidelines are based on extremes, and 'do not take advantage of the  aiailable  data 

. safety factors should not be arbitrag, but should be related to estimates of probability or risk 

guidelines are  not useful for working environmental biologists  (arguably, that may not be their ' 

I .  I .  

~. , 
. I  

. function). . . , - J 

We  suggest that guidelines should be developed  from  regressions similar to those in Suter et al. (1987). Those 
authors provide regressions of MATCs on LCS& foi several types of contaminants and tests. Most of the 
chronic effects studies revieyed in CCREM (1987) would also include LCSOs for the compound and species 
tested. An alternative would be to use the rainbow trout LC50 as the predictor ' ( X )  variable; since these data 

, are available for most compounds. Hoyqrer, its use would  probably increase 'the  scatter  about the regression 
.line. ,A regression of MATC, LOEC, or NOEC on LC50 defines the application factor. From  Suter et al. 
(1987), it'appears  that  an application factor of 0.05 is rebnabie. If their geometric mean MATC is divided 
by the geometric mean LC50, the application factor is 0.05; if the slope of the log-log regression is k u m e d  
to be 1 (it is 1.07), the antilog of the intercept is the application factor and that is 0.03. These *plication 
factors will differ  slightly, if subsets of tests or cdmpounds are analyzed. Thus, for guideline development, 
separate regressions might be used for different classes of compounds - pesticides, narcotik, metals, etc ' 

If the regression approach only  verified that the application factor currently used was correct, it would not be . 

an improvement over present prow$ues. However;the applicition factor is not consistently applied to 
guideline development (note difference between derivation of endosulfan and dinoseb guidelines). 
Furthermore, it might be more appropriate to use the lower 95% prediction limit of the MATC as the 

, .  - . .  

, guideline, rather  than  the m&n or 50th percentile. If the mean is used, there wouid be'a 50% probability of ' 
, 

. .  
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' observing.an.effect at  the guideline level,  which may be too high  a risk (the risk can be lowered by using the . ' . 

i: 

LC50 from the most sensitive species to develop the .guideline, although it might be better  to,standardize  the ( 

procedure by using the rainbow trout :&50): Usidg the lower 95% prediction intend is the .equivalent of 
using a safety factor, exkpt that safety factors are not asSociated 6 t h  specific risks. . .  

Using  a safety factor of 10 is a -reapnable procedure, as 95% prediction intervals from Suter  et'aL (1987) . 
cluster around 1 (log lo), How&er,'that safety factorshould  not be'applied in'the way it Was in  the derivation 
of the dinoseb guidelie. (MacDonald et aL, 1990). The guideline was derived by dividing 'the lowest LOEC 
by '10; we would.argue  that lowest LOEC already represented the lower 95% (or some other percentage) 
,prediction l&it. The guideline shoule have been 200 ng/L - the,lake  trout LC50 . -  (4.0 p a )  multiplied by the ,' ' 

application factor of 0.05, then divided bjr 10 to give the iower 95%'prediction limit The,end&ulfan guideline 
would be 2 ggR. .- the rainbow trout-LCSO (340 ngL) multiplied by 0.05, then divided by 10. These two. 
guidelink. would, express approximately equal risks, given the fact that endosulfan is 10 times as toxic as . I 

dinoseb, despite the similarity of the existing guidelines. . . .  Of dourse, . .  the actual regressiops for .pesticides,.and . ,  

not those from Suter et ,al. (1!387),'would be used to calculate the.prediction interval and risk 

Note  that if the regression approach is used, the 'data from the excellent and. sensitive studies of Woodward 
'(1976)  would  play  a role in defining'the lower prediction lim'it for all pesticides. . A s  Peters (1986).p?ints out, 
biologists . I  knduct: research as if only they kn& what the "perfed test k, and .their failure to u s e ,  &king 
data represents a real ' m i p e  of funds. We ,have  suggested the 95% .prediction libit as an  appropriate risk 
level (25%), but regulatory agencies would be free to =,whatever risk they  felt, was appropriate. These risks 
.would be stated explicitly and woula be calculateh bom all available data  rather  than from just a few extremes ,, 
for indiddual obmp6unds. The working biologist could calculate' the concentration 'at which tbere.was.a 
reasonable (25% or 50%) probability of.observing effects-in laboratory tests, and structure testing programs ' 
around that value. Depending on the  amount.of data available, multiple regression analysis could indicate 
whether other variables (hardness, 'pH, test speci&,'endpoint used, exposure duration) were also us&l 

.. \ . .  
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predictors of NOECS 01' MATCS. 
. I  
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There. are 'limitations-to  the regression approach.. . : T h e  basic assumption is ;hat the relationship between 
MATCS 'and LC5& is ,similar am& broad groups of cqmpounds; and act& species. The width of the 
prediction intemils 'probably depends. & much on differences among invistigatok as it does on differences 
among test species or some other factor of interest. These assumptiow'are  also behind the use o f  application 
and safety factors associated with.'current procedures.' The r-1 limitation, of any method of guideline 
.development is that  it is based on laboratory bioassays, not, field monitoring. Ideally,  a  regresSion  between 
existing @idelin&, LC5Os, or MAT&, and concentratio& causing effects  in the field'would be used to develop 
'more,refia;ed  guidelines. L .  That .ideal is unlikely to be r e a l e  in the near future. 
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5.0 CONCLUSIONS/RECOMMENDATIONS \ 

This study indicated that the . .  Nicomekl River was suffering from physical,  biological, and chemical stresses, 
.which appeared to impact macroinvertebrate communities. No evidence was found that these impacts were 
due to the target pesticides,  even though concentration3 in February significantly exceeded CCREM guidelines. 
The absence of pesticide effects may  have resulted from removal by iron or dissolved organic molecules. In 
general, laboratory tests were unable to demonstrate any effects other  than  those of nutrient addition (algae, 

' ' duckweed, Ceriudaphnju)\ and water hardness (alevins). ' Remediation in the study area will require kntrol of 
. . diffuse sources, and probably some effort to integrate environmental awareness into Agriculture Canada 

extension services. Our general recommendations for future  studies'are  that funds and effort be distributed 
more equitably between chemical  analyses, laboratory bioassays, and field monitoring, and  that sampling and 
tdting approaches match objectives more closely than they have  in  past studies. 'Specific recommendations 

' I  

I 

are given  below. 

5.1 Dinoseb and Endosulfan ' \ 

I .  

Use of endosulfan appears t o  be declining, and dinoseb use should be completely eliminated sodn. The 
priority areas for study would be the effects o f  endosulfan ,in sediments, and in'the  marine environment 
(Boundary Bay). Current guidelines appear adequate for the protection of aquatic biota, although the 
endosulfan guideline may be too liberal in areas ,with low iron and dissolved organic carbon levels. 

( '  

[ 

5 3  Status ot.Nicomekl River . '  '/ ' 
I 

The Nicomekl River could be described as'an environmental disgkce. 'The primary factors of concern are 
I metals, nutrient&  and physical alterations associated with drainage control. These concern were identified 

; by Swain and Holm (1988a.b) and hnfirmed in this study. ,Remediation will require  control of upstream 
sources and diffuse agricultural sources. As an agricultural area suffering from creeping suburbanization, the 
study area is unlikely to ever revert to its natural state. Howeyer, some alteration in farming practices would 
limit nutrient  and silt loads. 

I 

/ \ ,  

5 3  . ' Monitoring Pesticides in Other A r e a s .  k I . . '  
. 

' Based on this study we offer the following recommendations for future.monitoring studies: 

. .  1. 'Combine  chemical  analyses, laboratory bioassays, and field monitoring in approximately equal 
. proportions, . \ 
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2. Interlaboratory comparisons .conducted .by Environment Canada should include estimates . .  of , 
variance associated yith sampling procedures, rather than just.jnstrument  error. This . c a n  be 
accomplished, by having participating laboratories collect their owp simples from a common ' 

reference site. , ' , 1 ,  

' ,  

. .. 

3. PQIs (practical quantitation 'limits), rather than MDLs (method detection. U&ts), should 
probably be established .to meet  objectives, and used when  making  compa+ns k t h  other 
studies. ' - 

3 
. .  

, . .  . .  I , 

. .  . .  , I , -  
. .  

. I _  
, .  4.. Cbllection of 'samples for chemical  analyses 'must & conducted on appropriate  spatial  and . '  

, . temporal s c a l e s .  Usually this 'dll  mean compositing samples'over space, and  time (if 'possible). , , . ' , 

. .  
, I  

, In.the .. p&t,  sampling effort has  been almost exclusively'restricted to  ditches'fkther  than receiving 
. , . /  

t . 'waters (rivers oi, streim).' 
' I  . ,  - I .!* , 

: . .  I , -  
I 

Standardized laboratory biokays  are likely to behensitive  to pestidde effects, and provide an 
inexpensive relative.mhure of toxicity. Experiments designed to use longer exposures, and test 
hypotheses of  interest, are likely to be more .sensifive, but also more expensive. A suitable 
compromise would be' tests such' as the alevin  bioassay, wh,ich are (or should be) sensitive, 
relatively  inexpensive, and comparable with similar studies conducted in the past. Spiked samples 
h n  be used to assess the sensitivity of potential tests, and establi$h a screening level at which 
labomtory testing is initiated-or intensified. ' 

Asyssment of macroinvertebrate .communities,  from natural and/or artificial substrates,-should 
'be  the main f& of field  monitoring. These, and fish, are  the organisw  Environment Canada 
and.other agenciesare charged  with protecting:/It willalways be difficult to'kparate  the effe& 
of pestihdes  from.those of other factors, because $& system ksubj&t  tomuidpie stress& and 
macroinvertebrate:,&mmunities.are integrators. I .  sinr tests may partially solve this problem, if 

. .  

I 

> . .  
. r  

, ,  ' I  

I <  

. .  
. '  

', conducted at times when  pesticide  effects are expected to be maximal (i.e., after.sprapng). 
. ,- 

I .  

.- \ 

Regulatory agencih should, consider  using a regressionapproach ( d @ & d  in Section'4.3.5) to 
develop-guidelines. The approach would  make  maximal we of,available data, associate guidelines 
with  specific  risk  levels, ,remove inconsistencies  in current approaches, and b e .  much more usehrl 
to working tiidlogis& than' are existing  guidelines.  However, the adequacy of guidelines can only 
be assessed by comparing effk on;natural communities with meaiured field con&ntrations: 

' I  

\ 

- .  . 
, 

, .  - . .  \ 

I ', 
. ,  , .  . .  

I .  

. .  . 

. I  ' :  



, \  
' \  I 

- .  

/ 58 . 

8 .  6.0 ' REFERENCES I 

i I 

, ,  
. .  

. APHA (American'Public Health Association). 1985. Standard methods for. the examination of water and I 
.wastewater.  American Public Health Association.  Washington, D C  

' \  

Agriculture Canada. 1990. Dinoseb - Regulatory position. Cab Note 90-01. ..Food' Production  and 
Inspection 'Branch.  Pesticides Directorate. Agriculture 'Canada, Ottawa, Ontario. 9 pp. 

CCREM (Canadian. Council of Resource and Environment Ministers). 1987. Canadian water quality 
. guidelin&i' Available from Water Quality Objectives  Division, Water Quality Branch, Inland Waters 

Directorate, Environment Canada, Ottawa. , .  
. .  

Capel, P.D. and SJ. Eisenreich. 1990. Relationship between'chlorinated hydrocarbons and  organic  carbon ' ' . 

in sediment and porewater. J. Great Lakes Res. B245-257. . .  

' Chapman, P.M.,  R.N. Dexter and LS. Goliistein. 1987. Development of monitoring programs to assess the 
long-term health of aquatic -systems - a  model from Puget Sound, U.S.A, Mar. Pollut. Bull. s521- , ' 

527. . .  
8 .  

Chapman, P.M.,  R.N. Dexter, H. Anderson and EA Power.. 1991. Evaluation of effects associated with an 
oil platform, using the Sediment Quality Triad.  Environ.  Toxicol.  Chem. u:407424. 

' . DiToro, D.M. 1985. A particle interaction model of reversible organic chemical sorption. Chemosphere 
141503-1538. 

. .  
" 

Emst, W.R.,  P. Jonah, K .Doe, G. Julien and P. Hennigar. 1991. Toxicity to aquatic organisms of off-target 
, deposition of endosulfan applied by aircraft.  Environ.  Toxicol.  Chem. u103-114. 

- Environment Canada. 1980. Standard procedure' for testing the  acute lethality of liquid effluents. 
Environment Canada, Environmental Protection SeMce, Water Pollution Control Directorate, Rep. 
EPS 1-WP-80-1, Ottawa. 

I .  
. .  

. .  I .  I .  

Environment Canada. 1992. Early'  life-stage tests "ing salmonid fish. Final draft. Rept. EPS l/RM/-. 

. .  Everest, F.H. et al: 1W. Salmonids. pp. 199-230. 'Is: ER. Brown (4.). Management of Wildlife and Fish 
Habitats in Forests of Western Oregon and. Washington. Part 1 - Chapter Narratives. Pacific 
Northwest Division, Forest &My, US. Dept. Agriculture Publ. R6-F&WL-191-1985, Portland, OR. 

Federal Register (U.S.) 1985. Method detection 'limits and practical quantitation levels.  Vol. 50, No. 219, 

, .  
! I 

. .  

pp. 490646957. 
\ '  

Gibbons, .W.N. 1-1. Use of artificial substrate to document the recovery of sites impacted by oil refinery 
effluent waters. ~ P r o c  17th Aquat. Toxic Workshop.  Can..Tekh.  Rept. Fsh. Aquat. Sci. 1774 (in ' 
p i a ) .  - .  

\ . .  I 

Gibbons, W.N., LA Dear, B.W. Kilgour and KR Munkittrick 1991. Baseline environmental studies of the ~ 

Pine River. Report prepared for Louisiana Pacific  Canada  Ltd. and B.C Ministry of Environment. 
EVS Consultants, North Vancouver. 

\ / . .  
Green, RH. 1989. Power  analysis and practical strategies for environmental monitoring: Environ. Res. 

- 50 195-205. 

"24 
MI5 

. .  
. .  - 

3' . I  



. I  

' .  8 ,  i . ,  . / .  , <  
x-. 

' \  '. :. i 
\ 

5 9 .  ' 

- 1  

,- 
- - 

. .  

'Greve, P.A. and3.L Wit.' 1971. .Endosulfan in the Rhine River. J. Wat.  Pollut.  Contr;"Fed. 43:233&2348. 

. Faith, D+ 1987. *Extreme &vent. anal)sis of pesticide 'loads to surface waters. J. Wat., .Pollut. .Contr. Fed. ' J 

.. 
b 

59284-288. . .  - I ,  

. \  
Hamilton, EI. 1991. '\Use and abuse of reference materiais.  Mar.  Pollut.  Bull.. &Sl. 

Hamilton; S.H. and P.G. NU 1991. Feasibility study for a wetlands treatment, of dyke drainagewater. Draft . ' 

' 1- . ,  

' .  ' . . +  
I .  . . ,  

report, prepared for Sunkr-  Inc, Oil Sands Division. EVS Consultants; 4 North Vancouver. . x 

\ '  
'; \ 

. . Hodson, P.V. and B.R. Blunt. 1981: 'Temperature - induced changes in -pentachloropherioi chronic toxicity - , . ' 

to hr ly  life stages of rainbow trout. Aquat. Toxicdl. k113-127. 
. .  . 

1 . .  

. .  
, Hodson, 'P.V. 'and, B.R. 'Blunt. 1986. The effect of time from' hatch on.  the yolk .conversion efficiency of , 1 ' 

, .  , .  

. ' . rainbow trout, Salmo gairdneri.' J. Fish Bioi. 237-46.' , . ,  
/ 

Hynes, H.B.N. 1970. The &logy of running waters.  Univ. .Toronto Press, Toronto. 
. ,  . 

i . ,  \, 

.-I  

Kilgour, ,BtW. ,and W.N. Gibbons. 1991. Baseline environmental studies of the Lesser Slave  River. , Volume' 
. -  11.' 'Draft rept. prepared for .Slave Lake Pulp. Corp. EVS Consultants; North Vancouver. , - - - ' (  . .  

. .  
% .  

. r \  

Kozloff. EN.. 1987: Marine invertebrates of the Pacific  nonhw&t."Univ. .Washington press: Seattle. ' 

.MacDonald, D.D., RA. Kent, .and B.D. Pauli. 1990. Canadian water quality guidelines fotdinoseb. Draft I' 
report, Scient. Ser. No. 189, Environment:Canada, Inland Waters Directorate, Water Qual@ Branch, :' , . . 

Ottawa. 

, 

, ' 'I, 8 . '  

..MacKenzie.  CJ.G., Oldham, W.K. and W.. P,owrie. 1975. Royal Commission of inquiry. into the & of '. . '  

pesticides and herbicides. B.C. Legislature, Victoria. . , , \ . .  . 

: .. . .  . -  

' '  M c L y ,  DJ., , 1 9 8 9 .  Preliminary evaluation of selected pesticides i n !  the Nicomekl River watershed, Lower , 

. .  Environment Canada, .Inland Waters Directorate, Water Quality Branch,  Vancouver. Coastline , . 
Fraser Valley;  B.C, and proposed approaches for assessing  toxicity to aquatic biota. Prepared for.. . , ' ' 

.Environmendl SeMc?s Ltd., Vancouver. - . I 
". 

. .  

, .  Mohr, LC, KH:  Mills,' and J.F. 'Klaverkamp. 1980. Survival.and dekelopment of lake-trout (Salvefinus' 
numaymsh) embryos  in an acidified  lake in northwestern Ontario. -Can. J. Fish. Aquat. Sci. a:%: ' . . 

243. . ,. . .  . .  
I 

, I  , 

Moody, AI. 1989; .Pestidde distribution and use patterns in the Lower Fraser Valley of British Columbia., . 
' P,repared for Environment,Canada. AIM Ecologicil Consultants Ltd., West  Vancouver. 

. .  
< 

Munkittrick, KR., B.W. Kilgour, W.N. Gibbons and W.M. Gibson.'.1990.  Bqseline environmental studies,of . ,' 

the Lesser Slave River. Volume I.. Report prepared for Slave Lake Pulp Cbrp. EVS Consultants. 
North Vancouver. . 

. I '  

. ' N&  P.G: and .M.D. Paine" ,1990. ' -  Water quality inventory of tailings ponds and assessment, of in situ . :. ' 

' 2 '  

\ -  experiment tanks. Repog prepared for Sun& In&, Oil Sands Div@ion. EVS Consultants, North 5 

Vancouver. : ' . .  . i  

, _  I 
I \  

. .  . , ,  . 
I . .  . .  . .  . . .  . .  

\ I ' I  . -  
c 

4 .  
I .  

. .  
' .- , e  

1 
-. 

worr.i.4 . .  
. ,  

) W U  . . - I 

' \  
I .  

. .  . .  
I (  

. . .  
" I \ 



6 0  ' .  
1 

Nix,  P.G.,  M.D. Paine, W.N. Gibbons, S.H. Hamilton and E.,A Power. 1990. Tailing sludge conceptual 
reclamation plan. Report 1 - Literature Review. Draft report,, prepared for OSLO 'Alberta, Ltd 
EVS Consultants, North Vancouver. ' >  . 

O'Brien; M.C. and G.N. Prendeville. 1979. Effects of herbicides on cell membrane permeability in 'L.emna 
minor. Weed  Res. 2:331-334. 

I 

Oikari, A and J.. Kukkonen. 1990. Bioavailability of benu>(a)pyrene and dehydrbabietic acid from a few lake 
waters containing vatying  'dissolved organic carbon concentrations to Daphnia magna. BuL Environ. 
Contam. Toxicol. 4554-61. 

Oliver, B.G. 1987. 'Partitioning relationships for chlorinated organics'between water  and particulates in the 
St. Clair, Detroit and NiagaA Rivers. p. 251-260, h:, (KLE Kaiser, Eid.), QSAR in Environmental 
Toxi&logy - 11. D. Reidel ,Publ. CO. .. ' ' \  

I 

Paine, M.D. 1990. , The effects of dinoseb and endosulfan from. agricultural drainage on the biota in 'the 
' Nicomekl River watershed. Interim report, prepared for Environment Canada, Water Quality Bianch. 

. .  EVS Consultants, North Vancouver. ~ ;'. I 
' !  

Paine, M.D.,  W.M. Gibson and  R.A Ciammaichella. 1990. Studies assesskg the potential impacts of the 
Kemano completion on the Kemano River wlichan (ntuleicht/yspucificw). Dm$ report, prepared 
for Kitimaat Village  Council. EVS Consultants, North Vancouver. , . .  

I Paine, M.D., W.C Leggett, J.K McRuer and KT. Frank. 1!388. Effects of chronic  exposure to the water- 
soluble fraction (WSF) of Hibemia crude oil on capelin (Mallow viffoszu) embryos. Can.  Tech. Rep. 
Fish. Aquat. Sci. No.  1627. ' ' .  

1 

.Paine, M.D., W.C Leggett, J.K. McRuer and KT. Frank. 1991. Effects of oiled sediment on the emergence 
behaviour of capelin (Muffom v d f o w )  larvae. Proc 17th Ann. Aquat. TOX. Workshop. ' Can. Tech. 
Rept. Fish 'Aquat. Sci. No.  1774 (in press). 

Peterkan, R.M. 1990. Statistical power analpis can improve fisheries research and management. Can. J. 
.' Fish. Aquat.".  47:2-15. 

Peters,'  R.H. 1986. The  role of prediction - in limnology.  Limnol.  Oceangr. 31: 1143-1159. 

Peters, R.H..  1983. The ecological implications of body size. Cambridge University Press, Cambridge. 329 
* -  

PP- . .  

Plafkin, J.L, M;T. Barbour, ICD. Porter, S.K Gross and R.M! Hughes. 1989. Rapid bioassessment protocols 
for use in streams and rivers: benthic macroinvertebrates and fish. , Rept. EPA/444/4-89-001, U.S. 
Environmental Protection Agency, Office of Water Regulations and Standards, Washington, DC. 

Pommen, LW. 1989. Approved and working criteria for water quality. ' B.d Ministry of Environment, Water 
. Management Branch, Resource Quality Section,  Victoria. 

\ 
f 

I Power, E.A, KR. Munkittrick and P.M. Chapman. 1991. An ecological impact assessment framework for 
decisio,n  making. h. Meyers, M.A and M.G. Barron (e.), Aquatic Toxicity and Risk Assessment. 

' . ASTMSTP (in press). ' 

I 
Sokal, R.R and FJ. Rohif. 19'80. Biometry.  2nd ed. W.H. Freeman and Co., New York.. . , , 

\ ' <  



. .  . ,  I 
L 

. .  
! Solbakken, J.E, S.'Tilseth-and ICH. Palmork. 1984. vptake and elimination of aromatic'hydrmrbons and , 

' a chlorinated biphenyl in eggs and larvae of cbd Gadus morfrua. . Mar.  Ecol.  Prog. Ser. s:297-301.' 

Suter, G.W. 11, AE Rosen, E. &der and'D.F., Parhurst. 1987. Endpoints -for responsesof fish to chronic . I 

Swain, LG. and G.B. HolmS.' 1!388b.- Water quality assessment and objectives, Fraser-Dhta  area, Boundary 
Bay and its tributaries. Technical Appendix. I B.C- Ministry of Environment and Parks, Water 

' " . . Management. Branch, R&urce Quality Section, Viqoria. , 

' I  

expokeis. Environ. Toxicol. Chem. t3793-809. , .  

\ 

.I ' . -  

,I ' ' _  

Swain, LG. and G.B. Holms. 1988a. Fraser-Delta' area, Boundary Bay and its tributaries, w'ter quaiity. - . . . 
' . assessment and objectives.. B.C Mihistry of Environment..and Parks, Water Management Bianch, 

Resource Quality Section, Victoria. , . . ,  
. .  , .  '. 

'. I I I 

U.S. EPA Ir 1989. ,Short-term methods for estimating the  chronic toxi&of effluents and'reckiiing waters to 
. freshwater organisms.  2nd &. EPA/600/4-89/001. U.S. Environmental Protection Agency, Office of 

- . Reskarch and Development, Environmental Monitoring,Systems Laboratory, Cincinnati. ~ 

. .  

U.S. EPA (U.S. Environmental Protection Agency). 4986. Quaity criteria for water. U.S. EPA,  Office .of 
;, . Water Regu1atio.q and Siandards, Rept, No. 44Q/S"(K)l,  Washington, ,DC ~ . . .  . _ I  . 

/ Y .  . .  ' 

Vigers, G.A. and A.W. Maynard. 1977. The Residual Oxygen Bioassay: A rapid procedure to predict effluent ' ', 

Wan, M.T. 1983. Levels of selkted'pesticides in farm ditches leading to rivers in the lower mainland of : . ' 

toxicity. to Rainbow Trout.' Water Res."L/343-346. 
' ,  

, I  . .  

r 
I 

British ,Columbia. . J. Environ. Sci. Health B24:183-203. , \ 
7 

Wetzel, R.G. 1983. Limnology.  2nd ed. CBS College Publ., Toronto. 767 pp. ' . ' .  

/ 
Woodward, D.F. 1976. -Toxicity of the herbicides d i n k b  and picloram to cutthroat (Suho cfurh]'.and lake ; 
. I trout (Sufve fW namaycush). J. Fish. Res.  Board Can. 2:1671-1676. . 

, .I I- - 
I *  

4 ' .  
I 

. -  . .  

I .  . .  , .  
. 1  I 

. .  

: : I  

. .  

'I. ; 

1. I 



\ 

. .  

. 



I . .  

' '5. 
W 
h 

w 
.' c 

0 

. W  9 

. .  i 
. .  

I 
. , .  

. '. , 

I .  

I. : 

/ 

! 



E w 
u u 

I 

W 

8 '  
c ' .  
cp 

U 

5 
Q '  

v1 ' ,  
C '  , o  
.I 
U 

E '  

. 

c) 
L. 

!Z ' 

I 

' .  

0 

J 



v) .CI 

- 4  

i 

. 
' J  

. .  
. .<  . , 

I .  

1 

. .  
' .  

. ,  
,, \ 

f 
J 

I '  

, . _. 
I 

. 
. .  ' \ ' .  

I 

. .  
. .  



I -  

E 
W 
o! 
8 

. .  

I 



I 

- . .  
.I  . I 

. .  
%, 

! .  ' 

- 1  

, 

G 
3 'W 

0 

L II 
0 I -  

. .  

. /  

\ 

I '  
'' . I 

, " I . ,  

' 3  ti- 
d 

' R  
0 
El z 
W 

. ,  ,' 

I 

I 

/I , 

I 

, :. 

-I 



. .  

5 C 5 
' C  0 

CI 

II 

z c) 

II. e 
0 ... 
3 c) 

0) - e  
0 
C 

. .  8, 
B 

I 

I 1 . w  
' h  

, "  3 
R 
9 
3 
.R 
n 
5 
0 

1 

P 

! 

\ 



/ .  
. .  ..\. 

\ .  .! I , . .  . 

. .  . .  

:' 
' f  

. -. 
I (  

I .  

I . 

w 

, I 

i 

d '  

. .  

I 

. .  



. .  

- 

C z 

C 
2 

rl m 



I , , ,  

3 .  . I  
. 8 .  . ,  

> I _  . ~ . I  
.. . I .  . .  

" 

. ,  Preciiitation for: . , . , . ' 

Sample Date 
, I  

., 
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I .  -a (incl. sample date) 
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16 November, 1989 
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.27 December, 1989. ~ 

12 February, 1990 Trace 0 i 81.4 

1 March, 1990 , . ; 0 I . '  0 . ' , . 4.0 
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Table 6. Residual oxygen bioassay results. Values are mean final dissolved ' oxygen 0.0.) 
concentrations 2 1 SE; initial concentrations were approximately LO m u  for all replicates. 

\ E 

i 
18 November, 1989 I 8 March'1990 

Test Water 

' 1.60 2 0.00 Control 

D.O. (mg/L) 

1.33 2 0.07 Upstream 

Test Water D.O. (mg/L) 

Control 

Burrows' - water 
- elutriate 1.00 f 0.00 

Lagging - water 1.50 f 0.30 
- elutriate ' 1.15 '2 0.05 I Burrows 

Erickson - water 1.10 f 0.10 
- ' elutriate 1.35 rf: 0.05 
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Table 8. Statistical analyses of rainbow  trout  alevin  bioassays.  Contrasts are defined in  the textand 
in  Appendix 11. 

I 

Date 

Dec 1989 - Jan. 1990 

I 

Feb. - Mar. 1990 

\ 

Nov: 1990 

I '  
' ,  

I 
.. Contrast 

Variable 
Overall Upstream vs. 

Ditches 

Yolk weight 

NS 
NS I NS Body weight , 

NS . NS 

' yolk weight , 

.Yolk weight NS 
Body weight NS . NS 1 

- adjusted for'' - NS NS 

- adjusted  for NS I 

\ * *  

yolk weight 

Yolk weight 

NS NS - adjusted  for 
NS NS Body weight 

, . NS NS 

yolk  weight . . 

* = P s 0.05 
**  = P so.01 
*** = P s 0.001 
NS ' = not  significant 

-. 

Bitwee* 
Ditches 

NS 
NS 
NS 

**  
, *  

NS 

NS 
NS 
NS 

I .  

\ 

I '  
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Table 10. Nutrient content of Selimzstm~ culture medium and t&t waters c o l l e c t e d  14 December, 1989. 
I 

All values are mgL. 
- I  

- 

. .  

. .  1 
, Chemical results are  from Station 1. , ' . , .  

I (  

2 
- \  

NaOH is often .added later-to raise pH to 7.5, so values given  are  minima. 
I '  
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Table 11. Nuiiient contents of commercial  nutrient  solution  used in duckwd bioassay,  and test $. , 
. wafers collected 26 April, 1990. All values are m g L  . . .  

1 Chemical results are from Station 1. . .  
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. Table' 13. . .  Spatial .and temporal  changes  in , t h e  total abundance of invertebrates, and in EP/C 

. ({Ephemeroptera,+.Plecopteia}/Chironomidae). Values afe,P-values for hypotheses t e s t e d '  . . 

\ '  

using contrasts.  Contrasts  are  defined in.the'text and  Appendix 11;- ' . \ 

. .  
' i 

. .  * 

, I i. , .  . .  
i 
I '  ~ 

Hypothesis -, . 

Downstream (DS) .. DS trend strongest 
trend in Feb. - Apr.? 

. <  o.oO01 : < 0,OOol 
. .  

o.ooo8 . 0.002 , . .  

<'O.OOol .  , . '. 0.12 , 

I .  . .  

< o.OOo1 0.61 

', 

' ..Variable 
Seasonal 
changes 

4 '. 

.'2.-.4 < o.mi 

I '. 

Abundance , , 

(log) . ' ' 
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r Table 16.. Rainbow thut  alevin field bioassay - results of statistical analyses. Contrasts are defined I 
in text and Appendix 11. . .  

. .  
I 

Contrast. 
Variable" \ 

. 'Among Stations ' 
Downstreim Trend River vs. Ditch(es), 

Field Mortality 

e Body weight 

Field Growth . 

** + NS 

++ . .  'Yolk weight +* NS +**  +** 
/ 

. NS. - adjusted for 
yolk weight ; NS 

Lab Gro*h 
- I .  

Yolk weight 

NS ., . NS . - adjusted for 
NS NS Body weight 
NS NS . NS 

NS 

. .  
NS 

, yolk weight 

' L  

1 
P 

' a  

I .  

1 
\ 

I 

* = P s 0.05 
*' = P io.01 

. *+* = P s 0.001 
, I  NS .= not significant 
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S.urrey .Municipal Hall Clima-te Summary 
- November 1989,to October . ,  1990 
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Daily  temperature  and  precipitation  during  the  study period (from  Atmospheric  Environment 
Se*ce,  Environment  Canada). 
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