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ABSTRACT

specÍes couposition, abundance, and díversíty of l,Iinnipeg River

benthic nacroínvertebrat.es T¡rere studied upstream and downsËream of the

l,Ihíteshell Nuclear Research Establishment (I^INRE) to deterlrline the envi-

ronmental effects of the facÍlityts liquid effluent. Concentration and

distribution of total beta actívíty in sediment and ínverLebrates were

determined. Radiation dose absorbed by the benthos I^las estimated'

Reduced abundances of sorne major taxa, most notably Hexagenia

lirnbata and the chironomids, indícated that some of the benthos irmnedi-

ately do\^IïISËrearn (90rn) of I^INRE I¡teïe negaËively affecËed by the effluent'

However, no ïeduction in diversity, and the presence and hígh abundance

of some pollution-sensitive taxa, suggested the impact vlas not severe.

Adverse impact. to Èhe benthos was attributed to organic coolant, which

Ieaked from the reactorrs cooling circuit and deposited on the bottom

sediment.

Total beta actívities in benthos and sediment downstream of ITINRE

ranged from 1 to 116 Bq/g dry wt., with the highest concentrations

occurring close to the outfall. No bioaccumulatíon of beta-emitting

nuclÍdes (mostly Cesiurn-137) occurred. It \¡las proposed that the ratio

'unit radioactivity of organism/unit radioacËivíty of sedimentr is a

more realistic assessment of nuclíde accumulation in benthic organisms

than the commonly used expression tuniL radioactivity organism/unit

radioactivity surrounding waterr. Radíation dose raËes received by the

benthos (0.0006-0.069 rads /day) were three to five orders of magníËude

lower than the rate at which biologícal effects due to radiation have

been observed.



1t-

Environmental effects of I^INRE liquid effl-uent \^Iere isolaËed to the

area iuunedíately dor,qnstream of the ouÈfal1 . It I^Ias recomnended that the

study of benthic macroinvertebraEes be repeared within the next five to

ten yeaïs, as Ëhere have been no measurable organic coolant leaks since

L979 and. some changes may be expected in the downstTeam zone'
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CIIAPTER I

INTRODUCTION

The I^Ihíteshell Nuclear Research Establishment (I^INRE) of Atomic

Energy of Canada Limited is situated on the east bank of the tr^Iinnipeg

River, about 8 km south of Lac du Bonnet, Manitoba (fig. l-). The estab-

lishment \,Ias opened in 1963. It comprises laboratories for handling

radionuclides, a 60 megawatt (thermal) research reactor (I^IR-l), hot ce11s

for examining intensely radioactive materials, and other facilities.

I{NRErs operating lícences, íssued by the Atomic Energy Control Board,

authorize Ëhe establishment Lo release up to specífied quantitíes of

radionuclides to the environmenË. L{R-l- rnlas started up in November, L965.

Since that time, the Winnipeg River has continuously received varying

anounts of 1ow-1evel radioactive liquid effluent released from TTJNRE, in

addition Ëo the normally non-radioactive cooling !üater discharged from

the heat exchanger círcuít of the I^iR-l reactor. The organic coolant from

the reactorrs prímary cooling circuít leaked inËo the river between

January and }fay, L}TB (Guthrie and Acres,1979). Some of this material

was deposited on the riverbed while the remaÍnder was transported dov¡'n-

s tream.

In order Ëo determine the envíronmenËal- effects of the liquid ef-

fluent released from IIINRE, the benthic macroinvertebrates upstream and

downstïeam of the establishmenË \,Iere studied Ln L966-67 (Ireland, f96B)

and again in 1978-79. The results of the L97B-79 study are presented in

this thesis. The 1966-67 study served as background information for the

presenË sÈudy.



The objectives of the present study r¡rere:

(1) to determine the changes that have occurred in the benthic

macroinvertebrate conrnunity of the winnipeg Ríver attríbutable

to I,trNRE liquid effluent;

(2) to determine the concentration and distribution of Lotal beta

activity in river-bed sedíment and benthic macroínverÈebrates

near the I^INRE effluent outfall, and;

(3) Ëo estimate the radiation dose absorbed by the benthic macro-

invertebrates in the vicinity of the I¡INRE effluent outfall'



CHAPTER II

LITERATURE REVIEI^]

1. Pollution and pollution assessment

An aquatic pollutanÈ is any substance causing or inducing objection-

able condiËions in any In/atercouïse which adversely affects Ëhe use of its

r¡raËer (Federal Department National Health and l{elfare, 1978). Because

of the increasing deurand f or the use of surf ace I¡taters, the need f or

assessment of polluËion has increased. Most of ten' r¡7ater quality in

rivers has been determined by chernical analysis. However, chern-ical tests

indicate ríver conditions only at the tíme of sampling, and indicate

nothing about the biological consequences of a pollutant (Wilhm, L972) '

In recenË years, ïìâny workers have used ríver biota to assess \nlater quality.

Biological methods are based on the assumption that pollutants produce

dístínct and measurable effects on structural and functional parameters

of organisns or.. groups of organisms (I,rÏilhm, L972). Thus, organisms are

used as ecological indicators.

Benthic macïoinvertebrates have frequently been used in pollution

studies. These animals live in or on the substraËe of a body of water

(EpA, Ig73). The major benthic taxa in freshwaters are insects' annelids'

molluscs, crustaceans, and nematodes. They occupy intermediate 1eve1s- of

the aquatic food chain, between the producers and Ëhe top carnivores.

They may be divided into the following functional groups: shredders,

collectors, scrapers (grazers) and predators (Brinkhurst and Cook, L974;

f'uller, Ig74; Merritt and Cumníns' l-978). Shredders plocess living or

) The use of benLhic macroinvertebrates in poflution studies
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dead vascular plant tissue. Collectors process suspended or deposited

particulate organic matter. Scrapers ingest periphyton' and predators

generally feed on other macroinvertebrates" Many specíes of benthic

macroinvertebrates aTe a major food source for larger carnivorest Dar-

ticularly fish.

Benthic macroinvertebrates are suited for pollution studies because

Ëheir specífíc habitat preferences and limited mobility cause them to be

continuously affected by subsËances enteríng theiÏ environmenË (Cook'

Lg76). Benthic species vaïy considerably in their sensitivity to various

pollutants (Roback, Lg74). A pollutant released into a river may eliminate

or reduce the densiËies of species sensiËive to the stress, until only

the organisms that can survive the adverse conditions predominate' Thus,

benthic macroínvertebraËe communities in sËressed habitats usually are

characterízed.by a reduction in total number of species, and are often

numerically dominated by indivíduals of a few tolerant species (Cairns

and Díckson, L972).

(A) l4eËhods used for Èhe assessment of water quality using
macroínvertebrates

Various methods have been used to assess environmental conditíons,

including indícator organisms (Forsyth and Fox, L976; Scullion and Edwards,

1980), indices of cormnunity structure based on richness and diversity

(caírns and Díckson, 1971; Dills and Rogers, L974; Howell and Gentry, 1975;

Ruggiero and Merchant, LgTg), and invertebrate density (cole and Kelly,

LSTB; Langford and As ton, L972; Lenat , Ig79). However, relying entirely

on only one of these methods can lead to a mísundersËanding of prevailing

environmental conditions (Harrnan, L974). Two of these methods have been



used for Ëhe present study, as follows:

a. Invertebrate density

The density of benthic macroinvertebrates is usually expressed

in number of organisms per m2. In pollution studies, both densíËy of the

total number of invertebrates (standing crop) and the densitÍes of ín-

divídual taxa oï taxonomic groups, have been used to determine envíron-

mental conditions. Pollution-sensitíve invertebrates exposed to a pol-

lutant decline in density, while the densities of Ëolerant forms do not

change or ïËy increase (AruiËage, 19BO; Lenat, L979). Fremling (1970)

demonstrated that the densities of the pollution-sensitíve mayfly nytph

Hexagenia lirnbata could be used Ëo indicate varying degrees of organic

pollutíon in the }fississippi River. No nymphs were found in grossly

polluted areas of the river; intermediate densiËies ç+OO/n2) were found in

moderately polluted regions; and larger densítíes (AOO/n2) in clean water

areas.

Indices of cormnunity structure

Ríchness refers to the toË41 number of taxa in a defined area.

The more Laxa thaË are presenË, the greater the richness. Various studies

indicaËe pollutants released inLo a river reduce the richness of benthic

macroinvertebrate populations (Dills and Rogers, L974; Gaufin and Tarzwell,

1956; I^Iílhrn, 1970). For example, an area of the Savannah River receiving

Ëhermal effluents supported 10 benthic macroinvertebrate species while an

undisturbed control area supported 29 species (Howe11 and Gentry, L975) '

The measurement of diversity takes into account how equally índi-

viduals are disËributed among the Èaxa and the number of Èaxa ínvolved
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(Pielou, Lg6g). The 1¡ore equal the distribution (evenness) and the

greater the nr:mber of taxa, Ëhe greater the diversiËy" A number of

equations have been proposed to measure diversity (e.g., Good, 1953; Hi1l,

T973;14ay, L975; Pielou, 1969). The one most wídely used is Ëhe shannon-

I^Ieaver diversity index:
n, n.

d=-la/Nlog t/N,

where d ís the díversíty index, n. is Èhe number of individuals in the

lth taxon, and N is the total number of individuals (Pielou, L966,1969).

It has been used often for pollution studíes (e.g., Cole and Kelly, L9783

Dílls and Rogers, 1974; Emery and Mcshane, l9B0; Hughes, L97B; Johnson and

BrinkhursË, L97L; Kaeslar and Herricks, L979; Ruggiero and Merchant, 1978)

because it ís simple, it combines evenness and richness, and it is rela-

Èively independent of sanple size (tr^Iilhrn, 1970, L972). In Ëhis thesís,

diversity will refer to abundance of invertebrate taxa as summarized by

the Shannon-trIeaver equation

Many workers have shor¡n an ínverse correlation between diversity

index values for benthíc macroinvertebrate comnunities and environmental

stress (cairns and Dickson, 1971; Dills and Rogers, 1974; Hor¿ell and

Genrry, i';g75; l{ilhm, Lg7O, 1972i l,iilhm and Dorrís, L966, 1968). The mean

diversity of benthic macroinvertebrates in Skeleton Creek for example was

0.8 in those aïeas receíving Large amounts of organic l^Iastes; 1.59 in

areas receiving snaller amounts of waste; and 3.4 in the areas not re-

ceiving \¡rastes (I^Iilhm, 1970) .

Measurements of richness and diversíty have been criticized because

their application resulËs in a loss of informaÈion, data beíng reduced to

a single number (MacArthut, L972; May, L975). Since richness and diver-

sity indices provide only a Eeasure of sËructure, and exclude qualítative
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data, envíronmental changes which uight result in species replacement are

noL det.ecËed (Kaesler and Herricks, 1979). Another problem is that more

factors affecË species richness and diversity ín an environment than the

stress imposed by pollutants" Low values of richness and diversity do

not necessarily indicate pcllluted conditions. For example, interspecific

competiËion in a homogeneous environment often appears to reduce richness

and diversity (Harman, Lg72). Also, factors such as sediment type (Co1e

and Kelly, t97B; de March, L976; Ruggiero and Merchant, L979); sarnpling

method (Hughes, 1978); time of year sarnples were taken (I^lilhm and Dorris,

]t966);andtaxonomíclevelusedtocalculatetheindex(Hughes'1978;

Kaeslar and Herricks, 1979) may also affect richness and diversíty values'

These factors must be standarized before comparisons between ríchness

values, and between diversity index values, can be made wíth any justi-

fication (Hughes, 1978).

3. Potential effects of InlNRn líquid effluents on Winnipeg River
benthic macroinvertebrates

(A) Heated $Iater

Benthic rnacroinvertebrate con¡nunities in \,Iaters receiving heated-

rüater effluents are ofÈen characterízed by a reduction in standing crop,

ríchness, díversity and biomass (Cairns, L967; Coutant, L962, 1977; Howell

and Gentry, L975; Shiornoto and oslo, 1978). I^Iater 10oC above ambient dís-

charged inËo Lake Keowee from the Oconee Nuclear Station eliminated

Epheureroptera' Odonata, TrichopËera and Hemiptera (Ferguson and Fox'

1978). The only inverÈebrates r¿hich survived Ëhe stress were from several

species of Chironomidae and Ceratopogonidae. Heated effluent can also

increase initial grordth rat.es and spur precocious maturation of some
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species, resulting ín decreased adult size and abbreviated life span

(Parker and Krenke11, Lg6g). Other sub-lethal functional responses such

as effects on meÈabo1Ísm, behavior and reproduction have also been

observed (Clark, L969; Parker and Krenkell, L969)'

(B) Organic coolant

organic coolant is, initíally, a mixture of partially hydro-

genated ortho-, meta-, and para-terphenyls, similar in appearance to

cooking oí1. Exposure to the heat and Íonizing radiation in the core of

the reacÈor causes pyrolytic and radiotytic reactions in the coolant,

producing a complex mixture of compounds with a r¿íde range of molecular

weights (Guthrie and Acres , lgTg). This írradiated coolant is a viscous

black liquid.

To date, no workers have investígated the effecËs of organic coolant

on benËhic macroinvertebrates. fish appear to be sensitive to compounds

siinilar to organic coolant, such as various terphenyl compounds (Guthríe

and Acres, 1968) and similar aromatic compounds (ttolland et al., 1960;

Truelle, 1958). Benthíc invertebrate comuunities in vlaters receiving

other types of organic material , such as oil refinery I^Iastes and sewage,

are often characterLzed by a reduction in richness and diversity (Darnback

and olive, l;969; Frernling, L97O: Johnston and Brinkhurst, L97L; Loch and

Gregory, Lg73; Wilhrn and Dorris, 1966)'

(C) Radiation

PerÈinent aspecËs to the sËudy of effects of radiation on

Inlinnipeg River macroinvertebrate populations include: (1) the types of

radionuclides released to the river fron I{NRE, (2) the behavior of



ecologically irnportant radionuclides in the aquatic environment and its

biota, and (3) the radiation dose absorbed by the biota.

a. Radiological background

Llhen the ratio of numbers of neutrons to proËons in the nucleus

of a given nuclide lies outside the stability range for thaË mass number,

the nuclide wíll be radioactive. The unstable nucleus, called a radio-

nuclide, will become more stable usually by emitting alpha or beta

particles and garmna phoÈons. This stabilization process is called radio-

active decay. The rate of decay is a characÈeristic Property of the

nuclide. Since alpha and beta particles and garmna photons may remove the

orbital electrons from atorns, Ëhey are called ionizing radíatíons ' The

darnage to tissue caused by the Passage of ionizíng radíation is propor-

tional to the number of ions and the concentraËion of free radicles pro-

duced per unit mass of Ëissue. The amount of radíation received by a

Èissue or by an organism is called the absorbed dose '

Radíonuclides of ecological concern released Ëo Ëhe l^iinnipeg
River from L{NRE

The major radÍonuclides released to the l,rÏinnipeg River from

ITTNRE are Cesiurn-l37 (Cs-L37) and Strontium-9o (Sr-90). Cs-137 emits gamlna

and beta radíation. Sr-90 emits beta radiation only. Neíther radionuclide

is chemically toxic. Cs-137 and Sr-90 are ecologically important because

of their longevity (physical half-líves are 28 and 30 yr respectívely)

and tendency Lo be assimilated by aquatic organisms (Reichte et a1' , L97O;

Rice and Baptist, 1974).

Cs-137 is the largest contributor Ëo potentíal radÍation dose re-

ceived by benthic macroinvertebrates in the l^Iinnipeg River. Suspended

b.
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and deposited sediments in the Winnipeg River, because of theír high clay

content, readily sorb Cs-l37 by ion exchange (Guthríe, L964) " Suspended

particulate materíal with sorbed Cs-L37 eventually wíll settle ín quiet-

\,raËer aïeas. Thus, benËhíc macroinvertebrates in slow-waËer areas in the

vicínity of IIINRETs effluent outfall rnay be exposed to 1ocal concen-

trations of the nuclide. Conversely, Sr-90 does not readily sorb to sus-

pended roaterial in the l,tinnipeg River (Guthrie ' 1964) so is Ëransported

downstream in the \,¡ater and high concentraËions are unavailable to the

benthic macroínvertebrates in the vicinity of I^INRE.

Behavior of Cs-137 in aquatic organisms and aquatic food
chains

Aquatic organisms accuurulate cs-137 ín three \,Iays: (1) surface

sorption , (2) inËake via the gills anð/or mouth, and (3) assimilation from

ingested food (Rice and Baptist, lg74). Small organisms with large surface

aïea to volume ratios (e.g., zooplankton) probably acquire most of theír

Cs-137 via surface sorption (Cushing, L97O; King, L964i Reichle et al' '

1970). Larger organisms, such as macroÍnvertebrates and fish, obtain most

of their Cs-137 frorn food (Reichle et al', 1970)'

The Ëerm "biological- half-life" is defined by cushing (1970) as Èhe

time it takes the initial radionuclíde burden withín an organísm to

decrease by 50%. Species, age, size, and physical activity all affect

the biological half-life of cs-137 in aquatic organisms but body size, or

some particular metabolic parameter correlated r+iÈh body size, is the

most iuportanË of these facËors (Reichle, 1970). The biological half-

life of Cs-137 in Chironomus plumosus (Gerking et a1., L976), Lethocerus

americanus (GuÈhrie and BrusË, Lg6g), and a variety of fish (Hasanen

c.
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et al. " Lg67; Hewett and Geffensofte L97B; I^Iilliams and Píckering, 1961) '

was 4, 4.5, l0 and 40-200 days respectively'

Retention and eliruination of Cs-l37 in aquatic organisms is also

affected by physical and chernical conditíons of the aquatic envíronment'

Aceumulation of Cs-137 by a variety of aquatic vertebrates and inverte-

brates ís inversely related to Ëhe potassium concentration in the r¡7ateÏ

(Gustafson, L962; Guthrie and Burzynski, L972; Koleharnainen et 41" L967) '

organísms in oligotrophic (nutrient-poor) lakes generally have higher

Cs-137 concentrations than organísms in eutrophic (nutrient-rich) lakes

(Carlson and Liden, L}TB; Koleharnainen eL aL., L967; Reíchle et a1', 1970)'

Increased \^/ateï tempeïaLure increases the rate of uptake and accumulatíon

of cs-137 by chironornid larvae (Gerking et aL., L976) and by mosquito

larvae (Guthrie and Burzynski, L972) '

Bioaccumulation is pertinent to Ëhe study of radiation effects on

aquatic orgamísms, because ít will result in a higher radiation exposure

for the organisms ínvolved. Although it is knor¿n that aquaËic food chains

play a role in the transfer of cs-137, Ëhe fate of this radionuclide at

each successive level in the food chain is largely unknovm. The highest

concentratÍons of Cs-137 in aquatic ecosystens are usuall-y found in algae

and sedimenË (Guthrie, L970; Shure and GotËschal-k, 1976:' Wrenn et al.'

LITL). Gurhrie (1970) found thaË the specifíc activity of cs-137 in

aquatic irisects decreased from the primary consumer to the predator 1evel '

Mean Cs-137 activity in the prímary consumers (e.g., ephemeropteran

nymphs, chironomid larvae) r¡as one order of magnítude higher than the

acitivity in predaËors such as dytiscid larvae and dragonfly nymphs

(Guthrie, 1970). I{renn et al. (1970) found the cs-137 concentratíon in



the fish species of the

However, other studies

between rroPhíc leveIs

L967).

L2

Hudson River did not increase wiËh trophic level'

indicaËe that Cs-137 increases in concenËratíon

(Aoyama , J:gTB; Carlson and Liden, L978; Gustafson,

d. Absorbed radiation dose

T.hetotalradiationdoseabsorbedbybenthosconsistsofan

external and an internal, component. The external component is the result

of exposure to radioactivity in the surrounding \^Iater and sediment' The

internal component is reeeived from ingested radÍonuclides (Blaylock'

:-]g72). The radioactive effluent discharged from a nuclear facílity may

contribute to both componenËs of the total dose' In most cases the

ínternal dose accounts for the largest fraction of the total absorbed

radiation dose (IAEA, I976).

one of the problems in evaluatíng radiation effects in natural

siËuations is estimating the actual radiation dose received by the anímal

(optrel,LgTg;Turner,Lg75).Doserateshavebeencalcu]-atedfrom

measured concentrations of radionuclides in the biota' \^Iater, and sediment

(Blaylock , Ig72; IAEA, Lg76). Accurate estimates of radiation dose usíng

this nethod are difficult to makebecause: several sources of radíation

musr be considered (IAEA, L976; Turner , Lg75); the geometry of organisms

can only be approximated (IAEA, Lg76); and the concentrations of radio-

nuclides in an organism fluctuate during its life time'

e. Chronic low-level radiat.ion and benthíc qacrilnveltebrglee

radiation on aquatic biota have

dosage for a short Period of tirne)

Most studíes of the effects of

invesËigated the effects of acute (high
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exposuïe (IAEA, Lg76) " r'ew studies have investigated the effects on

nat'uralbenthicpopulationsofchronicexposuÏeËolowdoseratesof

radiation (Blaylock, Lg72). However, the studíes to date indicate that

aquatic biota is unaffected by the dose Ëypically occurring in the

vicinity of nucleaï poü7er staÈions (Blaylock, Lg72; IAEA, L976) ' Radio-

nuclides discharged into disposal ponds from the Hanford laboratoríes and

reactors for over 20 yx had not adversely affected the ponds'benthic in-

vertebrate populations (Einery and McShane, 1980). The ponds were grouped

into 10, I02 - 103, and 105 - 106 ni1lírads per \,reek categories, according

to dose rates received at the r,rater/sedimenË interface ' InverËebrates

corrnonly found ín small uncontaminated ponds used as eontrols also vrere

found Ín the Hanford ponds. siní1ar benthic invertebrate populations

existed in the higher and lower dose rate ponds'

Most sËudies on benthic populatíons exPosed to chronic radíation

have been conducËed on populations of snails and insects ínhabiting White

oak Lake, Tenness ee, a former Settlíng basín for low-1eve1 radioactive

liquid effluents discharged from the oak Ridge National Laboratory '

organÍsms 1ivíng in the bottom sediments of the lake received about' 240

rads yr. An increased frequency of chromosomal aberrations occurred ín

benthic chíronomid larvae, chironomus tentans (Blaylock, 1966) but these

genetic aberrations .$rere rapidly eliminaÈed by natural selectíon or

genetíc drift and had no effect on the population. The population

structure of the snail Physa heterosÈroPha living in l^Ihite Oak Lake was

similar to Ëhat from a conËrol lake (cooley and Nelson, 1970). Frequency

of egg capsule production by the exposed snail population \¡IaS reduced

but there \,ras no reduction in total egg production because each capsule

contained an increased number of eggs '
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CHÄPTER IIT

DESCRIPTION OF STUDY AREA

1. The l{innipeg River

The l^Iinnipeg River extends approximately 320 km from Kenora on the

Lake of the I^ioods, to Traverse Bay on Lake I^linnipeg. The ríver flows

through an area underlain by granite and granitic gneisses of the

Precambrian Shield (Davies et al. , L962). Thís area is the transitional

zone beËween the coníferous forests of the Canadian Shíe1d and the aspen

parklands of the prairies (Bird, 1930).

The l,linnipeg River is classified as a medium sized lowland river

(Elton, Lg66). It has a drainage basin of. L25,500 kur2, which íncludes

a large portion of northwestern Ontario and eastern Manítoba. The

river's mean discharge ín the vicinity of I'INRE is 730 m3/s (calculated

from measuremefits taken by Manitoba Hydro at the Seven Sisters Generating

SraËion berween 1963 and 1978). Discharge varied betsween 320 and 2200

m3/s during this period. A series of hydro-electric dams have been

built along the river because of this large dependable díscharge' Con-

sequently, a number of lakes exist along íts course to Lake I'línnipeg.

The I^linnípeg River flows north past IüNRE at a rate of 0'1 to 0'5

ro/s (Merritt, 1965). The sÈretch of river in the vicinity of tr{NRE,

beËween Seven Sisters Hydroelectric GeneraËing SËation and Lac du Bonnet

(Fig. 1), has a mean depËh of 4.8 m, a mean width of 390 m, and a fa1l

of 0.3 m in 4 km. Banks in this area aIe moderately steep and eroded'

The regional overburden is clay. Cover along Ëhis stretch ís dominated

by thick stands of birch, poplar, and pine.
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No indusËrial effluents are released into the l^Iínnipeg Ríver between

the ManiËoba-Ontario boundary and I^INRE. However, domestic effluents

from a number of small Ëo\,rns and suuuner cottages enter this secËion of

the river.

2. The study area

Merritt (1965), using a dye ínjected ínto Lhe h¡NRE effluent outfall,

shor,¡ed that liquid effluent forms a plume along the east bank of the

river (Fig. 2). Therefore, thís study concenËrated on the easÈ side of

the river, using a conËrol area upstream and a treaËment area downstream

of the ITTNRE effluent outfall. The treaLnent (T-) zone (Fíg. 3) began

90 m downstream of the effluent outfall and extended a further I krn.

The control (C-) zone (Fíg. 4) began 2.9 km upstream of the outfall and

exÈended a further 0.5 km. Both zones r{ere somewhat sheltered from the

main channel of the river by poínts of land. Current speeds v¡ere low

in both zones. Fine grained sediments predominated. Rooted aquatÍc

plants r¿ere abundant.

Samplíng r^/as restricËed to stations, used by Ireland (1968)'

having fine particulate substrates (clay, silt or very fine sand). The

sampl-ing transecÊs established by Ireland (Appendix A(1) and A(2)) in

T- and C- zones \,Iere re-established in 1978. Of Ëhese, five transects

were selecred in each of Èhe T- (Fig. 3) and c- zones (Fig. 4). The

l-.0 m anð 2.0 m depth contours vlere sampled on each transect. A

typical transect marked by red and r¡hite stakes is shown in Fig. 5.
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CHAPTER IV

MATERIAIS AND }'IETHODS

1 - Phvsical and chemical measuremerits

Physical and chemical measurements were taken to describe the

general habitat in which the benthos líve; to assess whether T-zone and

C-zone habitats r¡ere sufficiently sirnilar to lvarranË comparisons of

their benthic faunas; and to assess whether effluents released from

hINRE had affected habitat of the benthos.

Temperature and dissolved oxygen (DO) of the ríver In/ater \'iere

measured wíth a Yellow Springs Instrument (YSI) Company Model 54 ARC D0

meËer equipped with a YSI 5739 DO probe. These measurements \^7ere made

at weekly intervals beËv¡een 12:00 P.M. and 4:00 P.M. from June through

september of L97B and 1979. They r^/ere laken tu0.2 m above Ëhe river-bed

at locations T1-2 m and Cl-2 rn. In addítion, measurements of temperature

and DO were Ëaken at all staËions ín T- and C-zones on 25 JuLy L978

and 30 August 1979.

Mean weekly <lischarges of Ëhe river were calculated from mean daily

discharge records compiled by Manitoba Hydro at the Seven Sísters

Generating Statíon, 6 ku upstream frorn WNRE'

Velocíty of the river I¡7ater I¡Ias measured with a Teledyne Gurley

622-E current meteï at each sampling station ruO.2 rn above Ëhe bottom-

sediment on 24 Augus t Lg|g. Another measurement Ì¡/as taken 3 m below

the water surface at the rniddle of the river, midway between the east

and west bank.

secchí disc readings (I,rrelch, 1948) r"¡ere Ëaken weekly Èo measure
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relat.ive transparency of the l{innipeg Ríver \47aËer ' Measurements l^7ere

taken in Ëhe middle of the T-zone and also in a region located 5 kn

upstream of the Seven Sisters Generating Station'

samples of macrophyres collected in the vicinity of each sampling

station, \¡Iere pressed, dríed, and identified to species using scoggan

(Lg57) and by comparing samples to the I^INRE botanical reference col-

lection. Relatíve plant densities T¡Iere noted at the time of sampling'

River-bed sediments were saapled using a modified versíon of the

Ireland sampler (Ireland, 1968). The sampler \¡/as constructed of

stainless steel and teflon and consisted of a 20xL5x3 cm steel pan with

a door thaË slídes Ëhrough tefl-on grooves (Fig. 6). The door was closed

by a rope which passed through a guide fitted to a staínless steel pipe

handle attached Èo the pan. To operate, the sampler with the door open,

was pushed firmly into the boËtom sedíment and the sl-idíng door was

closed by pullíng the nylon rope. The sarnpler \^7as then retrieved from

the bottom and the contents examíned.

Each sediment sample was qualiÈatively classified according to

Èexture and appearance and the presence or absence of organic cool-ant

\,ras noted. A small (1 crn3) sub-sample \¡Ias taken from each sedíment

sample for total beËa counËing.

2. BenËhos sarylln€

(A) Sampling procedures and schedule

samples from Ëhe Ïreland sampler were washed through 500 urt

rnesh Nitex cloth (Fig. 6). organisms and debris retained by the net

were placed in jars half-filled with waier, and left undisturbed for at
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least 6 h to give the organisms time to eliminaËe their gut contents.

The sample (organisms and debris) was Ëhen preserved ín LO"/. buffered

forroalín, from whích the organisms were subsequently removed and counted,

using a 2x dissecting rnicroscope, and preserved in 70% ETOH.

Single macroinvertebrate samples were collected once a month from

each of the 20 sampling stations, from June to September L978 and L979

(Table l). The time separating the first and last sample of a period

was usually .I]¿ days. The same substrate surface area Tdas not sampled

more than once during a season.

(B) Identification of organisms

The followíng reference keys were used to identify the in-

vertebrates: Ephemeroptera: Burks (r953); Odonata: walker (1958);

plecoprera: Frison (1935); Megaloptera: usinger (1963); Trichoptera:

tr^tiggíns (Lg77); Coleoptera: Brown (1972) and Usinger (1963); Diptera:

Mason (1973); Oliver et al. (1978), Saether (L97I, L977), Stewart and

Loch (r973), and usinger (1963); general: Merritt and curmrrins (1978);

Amphipoda: Bousfield (1958); and oËher invertebrates: Pennak (1953)'

InvertebraËe Ídenrífícations \^7ere verífied by Mr' J' Flannagan

(Ephemeroptera); Dr. T. Galloway (Trichoptera); Dr. I^1. Hílsenhoff

(Coleoptera); and Mr. B. Bílyj (Chíronoiuidae).

Chironomid larvae T,{ere reared to the adult stage to provide life

cycle stages for identifícation. Adults and j-mrnatures \^7ere slide

mounËed accordíng to Beirne (1963). A reference collectíon of reared

and dissected Chironornidae l¡/as prePared for the't'trNRE area' Identífí-

cations of larvae collecied in the 1978 saurpling season rrTere verifíed

using the reference collection. Chironomid larvae collected ín L979
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Table l. Dates and duration of benthos sampling

Sarnpling Date and duratíon
riod ofs

L97B

lfL

L

ll3

lÍ4

L979

llL

llz

ll3

!14

June 2-9

July 20-21

August L6-17

September 10-11

June 1-2

July 4-5

AugusË 14-15

Septenber LL-L2
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Ì.rere used for total beta counting and, hence' rlrere not identÍfied past

Ëhe farnily level

3. Radioassay of sediment and rnacroinvertebraËes

Sediment and invertebraËe samples were radioassayed by counting toËa1

beta erulssions (Guthrie and Grurunitt, 1963). I^Iet sediment samples l7ere

dried overnight in a hot air oven at l10oc. The dry samples weÏe ground

Lo a fine powder, and coarse grit and detriËus were removed. The ground

sauples were evenly spread on Ëared 3 cm diameËer stainless steel plan-

chetsrmoistened wíth a l:10 colloidon-acetorie mixture, dried under heat

1amps, and weighed. Total beta emíssions \^7ere counted in a Nuclear

Chícago end windo¡¿ gasflow beta detecto¡' equípped r'¡ith an automatic

sample changer. The average background of the counter was 2.5 counts

per ruinute. The K-40 equivalent procedure used to calibrate the counter

is described in Guthrie and GrummiËt (1963). Total beta activity was

expressed as Becquerels (sq) /gram (g) dry weight (K-40 equivalent) .

Indívidual inverËebrates of the same Laxon wele pooled Ëo obtain

sufficient biomass to a11ow total beta counting. They were washed with

distilled üIater, weighed, dried overnight at 110oC, then weighed again'

They were then dissolved ín a ur-iníEul¡ amount of concentrated nitric

acíd, spread out on staínless steel planchets, dried under heat lamps,

and toËal beta activity was counted.

Two of the most radioactive Hexagenia límbata samples l^7ere examíned

by garma spectroscopy to determine whích gamna emitting radionuclides

I.rere present.

Maximum radiation dose raËes received by the benthic macroinverte-

brates I^Iere esÈímaËed for each samplíng Lransect. The equaËíon used
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to calculate total dose received by benthic invertebrates from all beta-

eEitting radionuclides is as follows (Blaytock, 1972; KlLLough and

McKay, L976) z

ti = (1 .3824 x to-3¡ si arb Ei

where,

(L.3g24 x to-3¡ = constant to convert Bq/g of biota to dose

rate in tadsf daY"

S. = the concenËïation of beta emitting radio-
I

nuclides ín sediment expressed in Bq/ g,

h
C.D = bioaccumulation factor (conc. in biota)/

l_

(conc. in sediment) for biota,

E. = the effective absorbed energy of the beta
l_

ernítting radionuclides ín the biota'

This equation iuplíes (1) Èhe diameter of Ëhe organísm is larger than

the maximum ïange of the beta particles ín tissue and, (2) no self-

shielding of particles. ConsequenËly, it assumes all radiation ern-ítted

within an organism is absorbed.

In this study, the bioaccumulation factor defined as (conc. in

biota)/(conc. in sediment), \,ras used rather than the expression (conc.

in bíota/cotrc. in waEer) to rnake the above equatíon a more realistic

dose estimate for benthic macroinvertebrates (See V.3.8.c.).

4. Statistical methods

InverËebrate collections \¡Iere separated into counts of H. lirnbata

and counts of total nurobers of invertebrates (standing crop). Data

r¡/ere transformed using 1o8" (x*1) to ensure homogeneity of variance
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(snedecor and cochran, L967). The null hypothesis of no difference in

numbers of invertebrates between salpling transects, periods, and depths,

and no interaction between these, r¡ras tested using a three-way analysis

of variance (AOV) (Snedecor and Cochran, L967). The multiplicative

moclel can be written:

X... = u.T..P..D, . (TP),,. (TD)=,-. (PD),,,,. E,,r.'^ijk -- -i- j k 'ij 'aK JK 1JK

where: u=meaneffect

T.-
I

P. =
J

D-=
Á

transect effect (T5, T4, T3, T2' T]-, Cl,

C4, C5), i = I to l0

period effect (June, July, Aug., Sept.),

interactíon

level of P

c2, c3,

(rP) ij

j=1to4

depth effect (1m, 2m), k = 1 to2

th'of the .- level
1effect due to the

rhof T with the
J

effect due to the ínteraction of the -É level of
a

T with tf," ¡É level of D

effect due to the interaction of the 'É level of
J

P wíth the UÉ 1evel of D

experimental error

in thís model vrere treated as fixed effects ' Ortho-

(Snedecor and Cochran, 1967) were used to compare T-

to deterrnine the source of significant F values from

(TD) .. =
l_K

(PD) ., =
lK

rJK

All factors

gonal contrasts

and C-zones, and

the AOV.

Preliminary data analysis showed no sígnificant difference (P>0.05)

in diversity between 1 m and 2 m depths on any given transect, so these
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saûples \^rere pooled. Shannon-trrleaver diversity index values viere ca1-

culated for pooled samples on each transect for each sarnpling period'

Diversity index values r¡ere calculated aË the genus level. Díversities

r¡rere not calculated for t]ne L979 data because the chironornids were not

identified below fanLilY level.

Two-way AOV was applied Ëo the diversity data'

model can be written:

y.. = u. T.. p.
r-J r- J

where:

roij

Ihe multiplÍcative

T4, T3, T2, T]. , CL, C2, C3, C4,

July, Arg., Sept.), j = L to 4

Al1 factors in this model were treated as fíxed effects. Two-way AOV'

using the above modelr'n/üas also applied Èo the water temperature and

díssolved oxygen daÈa.

T. = Ëransect effect (T5,
l_

C5), i = 1 to l0

P . = períod effect (June,
J

(.. = experímental error-aJ
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CHAPTER V

RESULTS AND DTSCUSSION

1. Benthic habitat

(A) I,later Ëemperature and dissolved oxygen

In 1978 and L979, the temperature of tr^linnipeg River \¡rater rose

quickly in May and June to about !|oC, reached a maximum of 2L to 23oC

at the end of Ju1y, and declined gradually in August and September to

about tSoC (Fig. 7, 8). The difference between T- and C-zone r¡raËer tem-

peraËuïes on the same saBpling day never exceeded z.OoC. Daily tem-

peraËures I"rere not signif icantly different (Ëwo-way AQV; P>0'05) between

stations (raute z). There I^ias no detectable increase in water tem-

peratures beyond a 70 rn radius of Ëhe effluent ouËfall (0 ' Acres ' pers '

comm.). Thus, heated vüater released from l'iNRE effluent outfall was

cooled by the Lrlinnipeg River and had no ímpact on the $7ater temperatures

of T-zone.

Percent saÈuration of oxygen I¡las high duríng both summers' rangíng

frou 85 to 99:i. (Table 3). O, concentrations arld 7. satuTation did not

differ significantly (tl^7o-r,Iay AOV; P>0.05) berween sampling stations on

25 July 1978 or on 30 Augus t LgTg (faUte Z) . Thermal discharges from

I{NRE had no ímpact on the DO concenËration in the ríver. Uniformly high

DO levels are probably due Ëo velocity and turbulence of the river

- (Ireland et al., L973).

(B) River discharge

Discharge of the [^IÍnnipeg River ranged beLween 1000 and 1200
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Tab:€ 2. TemperaËures and dissolved orrygen (D0) of tr^Iinnipeg River mea-

sured upstïeam (control zone) and dovmsËream (treatment zone)

of Ëhe i,ltriteshel-l Nuclear Research Establishment on 25 July
1978 and 30 August L979. MeasuremenËs r.tere taken 0.2 m above

the bottom substTate'

""""" T3äî (#,,) T3äT (f3*)

Treatment

July 25, l97B

8.7

8.5

8.3

8.3

8.3

8.6

8.6

8.3

8.7

8.4

Aus. 30, L979

1-1rn
-2m

2-Lm
-2m

3-1m
-2m

4-lm
-2m

5-1m
-2m

ContTol

1-1rn
-2m

2-Lm
-2m

3-1n
-2m

4-lur
-2m

5-lrn
- 2m

20.0

20.5

20.5

20.5

20.s

20.5

2L.O

2L.0

20 .0

20 .0

20.0

20.0

20.5

2L.0

20 .0

20.5

20.0

20 .0

20.5

20.5

19.5

19 .0

L9.5

19 .5

18.5

19.0

19 .0

19 .0

19 .5

19 .0

8.1

8.4

8.4

8.1

8.6

8,7

8.1

8.2

8.1

8.4

8.3

8.1

8.7

8.7

8.8

8.4

8.5

8.3

Õ.J

8.1

19 .0

19 .0

t9 .5

20 .0

19 .5

19 .5

19 .0

19 .5

t9.s
19 .5

8.0

8.0

8.6

8.6

B.l
8.3

8.7

8.1

8.1

8.2



Table 3" Dissolved oxygen (lO) in Ëhe l,rlinnipeg River upstream (control zone) and downstÏeam (treatment
zone) of the Whiteshell Nuclear Research Establishment. Measurements vlere taken O-2 m above
the bottom substrate. Means of two measurements are given.

Month
and
¡¿eek

May

tt

I
2

June
It

il

lr

July
il

il

n

Aug.
tt

It

il

Sept.
It

Treatment

I
2

3

4

9.0

8,7

8.7

8.6

8.5

8.4

8.3

8.5

DO

7" satn

L97B

I
2

3

4

1

2

3

4

I
2

9T

95

95

92

9L

90

Control

8.7

8.5

8.3

8.7

8.1

8.4

8.6

8.6

DO

7" satn)

Treatment

DO

8B

t2.L

11.0

9.5

8.8

8.2

8.5

8.6

8.3

8.3

8.1

8.4

8.1

8.4

o?

o?

DO

% satn)

L979

89

B9

99

97

90

B9

B6

91

93

92

92

B8

91

B5

BB

DO

Control

90

B7

92

B7

91

11 .6

10.8

9.6

8.8

8.1

8.4

8.7

8.1

8.4

8.7

B.B

8.5

8.2

DO

7" satn

97

96

B5

9L

B5

9T

97

93

95

97

96

89

85
UJ
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m3/s during May, June and August L978 (Fig' 9), with increases up to

1400 rtr3/s in mid-July and late September. Fluctuation of discharge r'7as

grea¡er in 1979, reaching a maximum of 1700 rn3/s in late May and declin-

ing thereafter. Discharge remained comparatively stable during August

and September (500-700 *3/"). Manitoba Hydro lowered the vrater level

at Seven Sisters Generating Station about I m in spring and early summer

L979 to accor¡¡rnodate dam repairs. The consequent release of water up-

SËream íncreased discharge in early Summer, but low upstream \^7ater levels

in late sunmer decreased discharge.

A]though there I47as concern Lhat fluctuating discharge may severely

affect water levels at Ëhe samplíng stations' vlater levels fluctuated

only + 0.1 m between May and September L978. Fluctuations \¡/ere more

pronounced Ln 1979, wíLh \nTater levels dropping about 0.2 m between May

and August. However, invertebrates in the sampling areas apparenËly

were unaffected by this decrease in r¿ater levels '

(C) Current velocitY

I^Iater velocities at the saropling stations ranged between 3.7

and 11.9 cm/s (Table 4) whereas a velocity of 30 crn/s vTas recorded in

the middle of the river. The current velocity at all sampling stations

was <20 cm/s, the velociÈy under which fine suspended material wíll

settle out (Hynes, l97O). As a result, fine-graíned sedíments pre-

dominated in both saurpling zones. Although there r¿ere insufficient data

to determine significanË dífferences in currefit speeds between stations'

the predominance of very fine sand at C-zone stations compared to clay

at T-zone stations (V. 1. F) suggests ÈhaË current velocity was slightly

greaËer in C-zone.
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Table 4. l{ater velocíty (cn/s) 0.2 m above the botton substrate upstream
(conËrol) and dornmstream (treatrnent) from Ëhe I'ihiteshell
Nuclear Research Establishment on 24 August L979'

Treatment ConËro1

Depth
contour C5c4c3C2C1T1T2T3T4T5

1m

2m

8.2

8.5

3.7

8.5

5.8

9.4

4.9

9.1

4.0

6.7

11.9

6.7

6.1

1')

9.5

9.1

9. B 11.6

9.4 11.3
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(D) I¡Iater transParency

Íhe mean secchi dísc depth for 1978 in T-zone (Table 5) was

fairly constant aË 0.97 m, range 0"79 to 1.22 m. In L979' r'later trans-

parency was slightly greater during May and June, than during July

through Septenber (Tab1e 5). Control Secchi dísc measurements \{ere

taken 5 km upstream of Seven Sísters Hydro Electric Dam in L979. Water

transparency ranged from L.ZL to 1.31 rr in May and June, and was lor¿er

during the rest of the summer (x = 1.05 rn).

There appeared to be a slight seasonal flucËuation in the trans-

païency of I,^Iínnipeg Ríver rnrater, but there r¡ras no difference beËween up-

stream and downstream of I^INRE. Although Èhere is usually a positive

correlation beËr¿een discharge and turbidity (Hynes, L971-), the transParency

of trrlinnipeg River \nrater vras greatest during periods of high discharge.

The decrease in Ëranspaïency from July Ëhrough September may be due to

increased phytoplankËon gro\,lth caused by the l¡Iarmer viater temperatures'

(E) Aquatic macrophytes

potamogeton richardsonii (pondweed), Vallisnería americana

(tape grass), and Elodea canadensis (water weed) were collected from T-

artd C-zone sampling staËions (fabte 6). P. richardsonii and V. americana

rÀrere the mosË wídely distributed aquatic planËs. P. richardsonii was

found at all sampling sËations' except T1-2 m and C1-2 m. V. americana

was found at all sampling stations except T1-1 m. E. canadensis occurred

at 10 of the 20 sarnpling sËations. At least two of the plant specíes

were found aË each sarnpling station. Plant abundances \,7ere lovrest at

the Ëransect immediately downstream from the outfall (Table 6), possibly

a reflection of an environmenÈal disturbance caused by IùNRErs effluent.
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Table 5. Secchi disc depths in Ëhe I'trinnipeg Ríver during
LgTg. T-zone ís dor¿nstream from the hlhiteshell
Research Establishnent (I'üNRE); the Seven Sisters
is upstream from I,INRE.

1978 and
Nuclear

zorle

MonËh
and
week

Secchi disc

T-zone T-zone Seven Sisters zone
(1e78) QeTe) GeTe)

May 1

tr2

June 1

,r2

tt3

,r4

July I

,r2

tt3

,t4

Aug. t
,r2

tt3

,r4

Sept. 1

2

L.22

0.9s

0.79

1.09

0.79

0.95

L.22

L.2B

1.09

0 .99

1. 10

1.07

L.28

1.07

r.09

0.99

1.30

I.2L

1. t0

0.94

1.15

r.03



Table 6. Species and relative abundances of macrophytes

Cil and control (C) stations in the vicinity of
i{híteshell Nuclear Research EsËablishment' } =

a species. xxx = >l macrophyte/4OQ "t'; 
xx =

1600 cm2 ; x = I macroPhYte/ 32OO cm2'

39

at treaËment
the
presence of

1 macrophyte/

Vallisneria
americana

Elodea
canadensis

Relative
abundance

ofSampling
s tation
Tl-lrn
T1-2rn

T2-ln
T2-2m

T3-ln
T3-2n

T4-lm

T4-2m

T5-lrn

T5-2m

(pondweed) (ta rass) (waterweed

+

+

+

macro hvtes

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

X

x

x

x x

x

x

x

x

x

Y

x

X

x

x

x

x

Cl-1nt

Cl-2ur

C2-lm

C2-2m

C3-1m

C3-2m

C4-lm

C4-2m

C5-hn

C5-2m

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

xxx
xxx
xxx
xxx
xx
xx
xx
xx
xx
xx
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Ireland (1968) also found plant abundances to be low in this area'

(F) Bottom sediment

clay sediments predominated in T-zone with T1-1 m, Tl-2 m,

T5-1 m, and T5-2 m almosË ent.irely c]-ay, and the remaíning stations

cornprised of nearly equal proportions of clay, silt, and very fine sand

(Table 7). Sediments in c-zone were chiefly very fine sand with small

percentages of clay and silË, except Í.or C|-L m and C4-2 m which were

comprised of equal amounts of clay, silt and very fine sand. sediments

aE aL! T- and C-zone stations contained small amounts (n5% of grab

sample volume) of planË debris. However, plant debris at T4-2 m and

C4-1 m composed about 2O% of the sanple volume. Sediment type did not

change at any sarnpling station duríng the sËudy period'

Sedíment type is the most important factor controlling benthíc

communíËy characterístics at any given locatíon (EPA, L973). Con-

sequently, only fauna from sites having similar substrates provide va1íd

data for comparison (gPA, L973; Ruggiero and Merchant, 1979). A1l the

sarnplíng sËations used in this study \ÁIere dominated by burrowing benthíc

macroinvertebrates, eSpecially Hexagenia limbata, chironomids, and

oligochaetes. These taxa are characteristic of fine particulate sedi-

ments. The minimal variation in sediment type between sarnpling stations

did not appear to influence the benthic inverËebrate fauna and, thus,

the comparability of the staÈions.

(G) Organic coolant

A viscous filrn of organic coolant was visible on the surface

of the sediment samples from T1 in 1978, but T^7as noË perceptible in the



Table 7.

Transect

Bottom sediment
Nuclear Research

Treatment

I
2

3

4

5

Control
I
2

3

4

5

at tTeatment and
Establishment.

clay

clay * silt + v.f. sand

clay * silt * v.f. sand

clay * silt + v.f. sand

clay

v. f . sand

v.f. sand

v.f. sand

clay 4 silt * v.f. sand + org. dbr.

v.f. sand

control stations
v.f. sand = very

1m

in the Inlinnípeg Rl-ver
fine sand; org. db. =

near the l^trhiteshell
organic debris.

clay

clay*si1t*v.f.
clay*silt+v.f.
clay*silt+v.f.
clay

2m

v. f . sand

v.f. sand

v.f. sand

clay * silt * v.f. sand + org. db.

v.f. sand

sand

sand

sand * org. db.

N

H
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oËher T-zone sediment samples at this time. Although the concentration

of coolant \^las not aeasured in this study, the concentration in the regíon

of T1 in L977 (Guthrie and Acres , l:gTg) v/as about 8 g/m2 '

Tn L979, coolant was plainly visíble on the surface of all sediment

samples taken in T-zone. The largest amounts $/ere found in the samples

fron T1, where it was present as a viscous fí1m. Coolant at the remaining

sËations may have been the result of a recent leak from I^INRE' Conversely

it may have been washed in from deeper parts of the T-zone bay where the

concenËrations l¡rere comparatively high (Guthrie and Acres , L979), or

transported by the ríver current from the region of high deposíËion in

the i¡onediate viciniËy of the outfall.

(H) RadioactivitY

Radioactivity in the benËhic habitat in the vicinity of I'INRE

is discussed in V. 3.

(I) Su¡unary and conclusion

by low river curïent velocity, soft fine-particulate sediments, and

three species of deep-rooted macrophytes. Benthic faunas probably are

comparable from station to station because of the similarity of

environmental characteristics. Fluctuations in river díscharge occurred

during the study period, buË the resulfing minímal changes in I¡Iater

level are considered to have inconsequential effects on the benthos '

Benthic habitat and compaïability of sampling stat

The benthic habitat at the study sites is characterized
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b. Effects of heated \dater and organic coolant on the
benthíc habítat

No increase in arnbient water Ëemperatures attributable to

LINRE liquid effluent vlas detected at any of the sampling stations.

Therefore, heated r^later released from ITINRE rnlas not a limitíng factor

for the benthic fauna. Visual ínspection indicated that the sediment

sarrples taken ín 1978 and 1979 irnrnediately downstrean of the outfall

contained the largest amounts of organic coolant. Smaller amounts of

coolant were found in the sediment further downstream ín 1979.

2. Benthíc nacroinvertebrates

(A) Tntroduction

Standing crops, diversity indices, and densities of benthic

macroinvertebrates, r^/ere compared between sampling trafisects to ascertain

if I^INRE effluents have disturbed these populations in the Wínnipeg

River.

(B) General descríption of the benthic macroinvertebrate fauna

Organisms collected in 1978 and 1979 are listed in Appendíces

B1-4 and C1-4. Seventy taxa were collected duríng 1978 and 1979. The

benthíc fauna r¡as dominaËed numerically by Hexagenia lirnbata (Serville),

larval Chironomíð,ae (26 genera), Hyalella azteca (Saussure), Pelecypoda,

GasËropoda, and Oligochaeta (Tables 8, 9). These taxa accounted for

867. of the total number of organisms collected'

(C) Ephemeroptera

Ephemeropteran nynphs comprised 23% of. the macroinverËebrate



Table B. Macroinver tebrates
from the Inlhiteshell

Taxon

Ephemeroptera

Odonata

Pl-ecoptera

Megaloptera

Trichoptera
Coleoptera

Diptera (excluding
Chironomidae)

Chíronomidae

Acarína

Arnphípoda

Mollusca

Annelida

Nematoda

Others (unidentified)

collected ín al-l
Nuclear Research

Number
collecLed

samples taken upstream (control) and dovrnstTeam (treatment)
Establishment in L978.

L07 4

11

0

2B

34

101

BO

1163

7

1000

537

564

43

L4

Mean density
no. /^2

TOTALS

449.2

4.6

LL.7

L4.2

42.r

33. 3

484.6

)q

4L6.7

223.8

235.0

L7.9

5.8

% Cornpositíon
of total no. of

. collected
23.L

,)

.6

.7
., 1

L.7

25.0

,
2r.5
11.5

L2.L
q

.3

4660

Taxa
withín major

taxonomic

2

194r. B

I
6

4

100 .0

26

1

5

2

2

1

64

å.
-Þ.



Table 9. Macrol-nvertebrates
from the I^Ihiteshell

Taxon

Ephemeroptera

Odonata

Plecoptera

Megoloptera

Trichoptera

Coleop Èera

Diptera (excluding
Chironomidae)

Chirononr-Ldae

Amphipoda

Mollus ca

Annelida

Nematoda

Others

col-lected in a1l-
Nuclear Research

Number
collected

samples taken upstïeam (control) and downstïeam (treatrnent)
Establíshment ín L979.

IL44

6

1B

4I
33

LL7

]-69

806

360

924

1036

59

I

Mean density

TOTALS

no. f m2

476.7

2.5

7.5

T7.L

L3.7

48.7

70.4

335 .8

148.9

384.9

442.9

24.6

.4

fo
o

Composítíon
total no. of
. collected
24.L

.1
It

o

.7

2.5

3.6

17 .0

7.6

19 .5

22.4

L.2

.1

47 4t

Taxa
within major

taxonomic

L975.L

5

2

I
1

4

4

100 .0

3

1

4

2

2

I
1

30

N

Ln
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conrnuniry in 1978 (Table B), and 24% in L979 (Table 9). Hexagenía

lírnbata comprised 89-96"/" of the Ephemeroptera collected and v¡as the most

abundant invertebrate collected during the study (Tables 10, 11).

H. lirnbata vras the most abundant macroinvertebrate in the Winnipeg River

in Ëhe vícinity of I^INRE in 1966 and. L967 as well (Ireland, 1968).

Nynphs of H. lirnbata construct U-shaped burrows in the bottom sediment,

and are largely restricted to a substratum which ís soft, yet firm

enough to permit maíntenance of the burrow (Edmunds et al., L976). The

nymphs, often found in large lakes and shore regions of large rivers

(Frernlíng, 1970), aïe abundant in Lake tr{innípeg (Tlannagan, 1970) and

the l^linnípeg River (Gregory and Loch, 1973). Tr¿o size groups of H'

linrbata nymphs were found in the sediment samples. Thís suggests the

pïesence of two distinct cohorts, each having a generation time of about

2 years, with emergeïìce in alternate yeaïs. A si¡nilar life cycle was

reported by Ireland (1968).

There r¡/as a signíficant dífference (P<0.01) in the number of

H. limbata collected betr¡een sampling uonths in 1978 (Table 12). These

temporal changes are to be expecËed from their life cycle patterns

(Hunr, 1953). Following a peak of numbers in July (Table 10), thc

nuuber of nyruphs declined due to emergence of the adults. Numbers

obtained in August were relatively 1o\'ü. The September increase in

numbers consisËs of one year old nymphs and newly hatched nymphs.

There r^rere no sígnificant differences (P>0.05) between sampling

Èransects or depths (Table 12) in 1978. However, densíties of H' linrbata

ín T-zone were lo¡¿est at T1, the transect irmnedíately downsÈream of the

ouËfall (Fie. 10), The density of nymphs declined in T-zone and increased



Table 10. Numbers of nymphal llexagenia lirnbata collected upstTeam
. zor1e) of the l^Ihiteshell Nuclear Research Establishment

pooled.

June

July

Aug.

Sept.

11

Treatment transects

26

40

2T

79

51

7L

L9

63

27 .3 46.8

49

44

22

40

10

13

4l .0

33

34.4

44.2

L6.4

32.0

(control-zone) and downstream (treatmenL-
in 1978. Samples from I m and 2 m were

10

31. B

L9

T7

t2.o

Control transects

2I

31. B

L7

L9

13

27

9.8

11

L2

20

14 .5

48

2L

L2

x

I6

23.0

20

17 .8

r1 .6

8.6

27 .O

13

15.8

23

26.L

27 .9

L2 "5

29 .9

18. 3 16 .3 24.7

È.
!



Table ll. Numbers of nymphal Hexagenia l-ímbata collected upstream (conÈro1-zone) and downstreâm (treatment-
zone)ofthewhitesMrchEstab1ishmentinL979.Samp1esfrom1mand2mwere
pooled.

June

July

Aug.

Sept.

5

J4

2L

20

Treatmerit transects

2

40

25

18

"

32

37 62

38 32

23 2I

20 2L.3 24.8

4

24

2

B

;

3.2

39.4

23.6

18.0

29.8

15

56

36

32

9.5

Control transects

9

20

30

57

2I,I

202

42 33

32 26

51 40

34 .8 29.0

24

35

1B

4L

x

36 .3

14 .0

37.2

28.4

44.2

25 "3

x

8.6

38 .3

26.0

31 .1

29.5 31 .0 26 "O

È'
@



Table 12. Analysis of varíance for differences between numbers of llexagenia limbata at sampling tÏansects'
depths, and periods, in the vicínity of the l^Ihíteshell Nuclear Research Establishment ín 1978.
T = treatment; C = control; :t*p = 0.01. Orthogonal contrasts are ín parenthesis.

Source of variance

Maín effects

Transect (T5,T4,T.3 rT2,Tl,C5,C4,C3,C2,CL)
(T1 vs all other transects)
(Treatment vs control)

Períod (June, July, Aug., SePt.)

Depth (1m, 2m)

Interaction effects
Transect x period

Transect x depth

Period x depth

Bxperimental error

Degrees of
freedom

Total

9
(1)
(r)

J

Sum of
uares

1

27

9

3

27

L3.74
(2.54)
(4.7 4)

6.25

1.30

L5.27

5.17

4.63

19.14

1.s3
(2.s4)
(4.74)

2.IL

1. 30

79

F-s tatis tíc

2.L5
(3.58)
(6.68)'t't

2.97**

1. B3

.80

.80

2.t7

.57

.57

L.s4

.7L

65 .50

.Ê.'
\o
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in C-zone by L979 (Fig. 10) although their density aË T1 remained 1or¿.

H. lirnbata densities were significantly lower (P<0.0r) in T-zone than

in c-zone (Table 13), and were significantly lower (P<0.05) at T1

relative to all the other transects.

Líquid effluents released from WNRE may have detrimentally affected

the H. liurbata comnuníty at T1 . There appeared to be a correlation

betroeen low nur¡bers of H. l-imbata and Ëhe Presence of organic coolant

ín sediments. T1 was ;. .*, *ansect where organic coolant was f ound

in bofh years. By Lg7g, organíc coolant was present at all T-zone statíons

and H. lisrbata - densities declined, relatíve to L978. However, the

densíties of this species also changed in the C-zone from 1978 to L979

(Fíg. 10), indicating natural flucËuations ín H. l-ínrbata populations.

Nevertheless, the consistently 1ow densities recorded inrnediately down-

sLream of the outfall suggest that some disturbance has occurred'

Other Ephemeropterans collected, in decreasing order of abundance

\^7ere: Caenis sPP. , Ephemera simulans (I^lalker) , Heptagenía sPP' '

Siphlonurus spp.r Ephemerella temporalis (McDunnough), and HexagenÍa

rígida (McDunnough) . 0n1y caenis spp. couprised >L7" of the total

benthic populaËion. T- and C-zone samples had sirnilar nurnbers of Caenís

spp., except for the relaËively large abundances of nyinphs found aL C4

and c5 (Fig. r1). Unlike H. li¡ùata, caenis spp. nymphs did not appear

to be detriuentally affected by effluent releases. The burrowing

mayfly, E. simulans, vras more abundant in T- than in C-zone during both

years, but the populaÈion in T-zone declined between 1978 and L979.

Numb.ers of other specíes of EpherneroPtera \{ere too low to anaLyze'



Table l_3. Analysis of variance for differences between nr:mbers of HeTagenia limbata at sampling transects'
depths, and periods, in the vicinity of the lrrhiteshell Nuciear Research Establishment in 1979"

T - treafment; C = control. *p = 0.05; )'(?tP = 0.01. Orthogonal contrasts are in parenthesís.

Source of varíance

Main effects
Transects (T5,T4 rT3,T2,Tl,C1,C2 rC3,C4,C5)
(Treatment vs control)
(tl vs all other transects)

Period (June, Ju1Y, Aug., SePt.)

Depth (1m, 2¡n)

Interaction effects
Transect x period

Transect x depth

Períod x depth

Experimental error

Degrees of
freedom

Total

9
(1)
(B)

3

1

Sum of
uares

L2.OL
(s.27)
(7.sr)

31.22

0.66

L4.72

3.72

0 .45

L0.42

27

9

3

27

Mean
uare

1. 33
(s.27)
(.e4)

10.41

o.66

79

F-s tatis tic

I . {l:t:t
(r¡.st)'t't
(2.¿r)*

26.69¡vx

t.69

t.4L

1 .05

0. 38

0 .55

0 .41

0.15

0. 39

73.20

l¡
t!
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(D) Minor orders

Tndividuals of odonata, Plecoptera, MegalopËera, and Tri-

choptera each comprised <I% of the total number of organisms collected

during f97B (Tabl-e B) and L979 (Table 9). Realistic numerical estimates

for the OdonaÈa Ophíogomphus columbrinus (Selys) and Enallagrna spp' v¡ere

not obtained because the former species can avoid the sanpler and the

latter is found ín vegetation, a habitat not sampled.

Acroneulia spp. !¡ere the only Plecopteran nymphs collected. Nr:mbers

probably would have been higher if rocks or fallen logs, their preferred

habitats (Frison, 1935), Í7ere sampled specifÍcally. Plecopteran nymphs

are sensitive to stresses such as organic wastes, low 0r, and bíocides

(Roback, Lg74) so the presence of Ëhese nymphs indicaËes high water

quality (Patríck, 1953). AlEhough higher numbers of Plecopterans were

collected in T-zone Ëhan C-zone, the small numbers of specimens collected

preclude any conclusive staËements concerning water quality.

Larvae of Sialis spp. (Megaloptera) were collected at all sarnpling

Èransects, and were almost equally abundant ín both zones in 1978

(Fig.12). In 1979, however, their nurnbers had declined in T-zone, and

none \"rere found at T1 or T5. The smaller nurnbers of Sialis spp. in the

T-zone in 1979 also suggesËs the occurrence of an environmental

dis turbance .

Tríchoptera generally are not abundant in the i^linnipeg River

(crowe ,Lg7:-; Gregory and Loch, L973). The seven genera collected,

in decreasing order of abundance, \À7ere: Phylocentropus sPP., Hydroptila

sDD." PolycenÈropus spp., Agraylea sPP., Pycnopsyche sPP', Agrypnia

spp.: and Rhyacophila spp. The three most abundant genera prefer soft
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sedinenË (l^Iiggíns , L977), so bottom sediment sanpling should provide

adequate estirnates of theÍr populafion densities. Phylocentropus sPP' '

Hydroptila spp.r and PolycenËropus spp. vlere each equally abundant in

both T- and C-zones, however, their 1ow numbers overall preclude conclusive

statemenËs concerning water quality.

(E) Coleoptera

Larval Coleoptera comprised about 27. of the total nurnber of

organisrns collected in 1978 and L979 (tables 8, 9). The elmid,

Dubiraphia spp. comprised 79-92% of the beetles collected. There are

no previous records of this genus occurring in the Inlínnipeg River. The

density of Dubiraphia spp. !/as low at T1 in L978 and l-979 (Tig. l3),

and declined at the remaíníng T-zone ËransecËs in 1979. Liquid effluent

released from I{NRE rnay have deÈrimentally affected Ëhe Dubiraphia

community at Tl. Also the conununíty rnay have been affected further

downsËream in 1979, however 1ow numbers at thís tirne may be due to

natural fluctuations.

OËher beet.le taxa collected, ín decreasing order of abundance

r^rere: Donacia sPP. , Haliplus sPP. , Galerucella sPP' , Gl¡rinus spp ' , and

CopËotomus spp. These Èaxa are swimmers and climbers (Merritt and

Çummins, 1978) therefore realistic numerical estinåtes could not be

obtaíned from samples of bottom sediment.

(F) Díptera

Larvae of Chironour-idae were the predominant DiPterans col-

lected, coruprisíng 25% of Ëhe total number of organisms collected in

l97B and 1,77" in L979 (tables B, 9). The mean densiËies of Chironomidae
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ín T- and C-zones vreïe similar ín 1978 (Tig. f4), but the densíty at T1

r.¡as lower than at all other transects. Mean Larva! densities at Tl did

not change from 1978 to 1979 but they declined at each of the other T-

zone lTarlsects in L979. There r¡Ias an íncrease in larval densities at

C1, and a decline aË the other C-zone stations between 1978 and L979 '

Large variatiorsin larval densíties \^7ere apparent in c-zone stations ín

Lg7g. Low densities of Chíronomidae at Tl in 1978 rnay be due to I^INRE

effluent. and Ëhe presence of organic coolant aL 12-5 in 1979 may have

depressed the densities. However, varíable chironomid densities in

C-zone in 1979 indícate natuïal fluctuations in the l^linnipeg River

chíronomid population, so declines in T-zone ín :-979 may be ascribed to

natural changes ín their populatíon densiËy'

Twenry-síx genera of chironornidae were identífied in 1978 (Tab1e

L4) . Procladius sPP. , Mícrotendipes sPP' , Endochironomus sPP' '

Tanytarsus sPP., Paratanytarsus sPP', Cryptochironomus spp" and

Ablabesrnyía spp. ú¡ere found at all sampling transects and comprt'sed 727'

of the total nu¡¡ber of chironomid larvae collected. T- and C-zones had

similar generic corpositions (Table 14) , r^rith a slightly higher

occurrence of rare genera at the T-zone transects (i no. of genera = l8;

range L6-20) and C-zone transects (i = 16; range = I4-L6) ' In T-zone '

the lowest nunber of genera was found at T1. llowever, lower numbers of

genera were found at most c-zone statíons. Although there I\Tas no

evidence that suggested I^INRE effluents had altered the generÍc composition

aË T1, the comparatively low abundance of some major taxa (Procladius

spp. s Tanytarsus sPP. r ParaEanytarsus sPP', Cryptochironomus sPP'r

Ablabesrnyia spp.) (Table 14) suggesËed some disturbance had occurred at this
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Table 14. Numbers of larval Chironomídae collected
Whiteshell Nuclear Research Establishment

Procladius spp.
Mícrotendípes spp.
Endochironomus spp.
Tanytarsus spp
Paratanytarsus spp.
Cryptochironomus spp.
Ablabesmyia spp.
Orthocladíinae /É3

Glyptotendipes spp.
Stempellina spp.
Demicryptochironornus spp .

Orthocladi-irnae ll4
Polypedilum spp.
Stictochironomus spp.ffis
Paralauterborniel-la spp.ffi
Dicrotendípes spp.

TreatmenÈ transects

13
10

1

11
3

9

4
L7

3
3

1

Paratendipes spp.

4L
L6
11
L6

6

6

L6
L4
18

2
2

1
2

4

orFnoitaaiinae //1

upstream (control) and dovrnstream (treatment) of the
in 1978.

Phaenopsectra spp.

11
2

45
L4

2

15
2

Brillia spp.
Cricotopus spp.
Conchapelopia spp.
Pagastíella spp.

Total number of Chironomidae

Total number of genera

29
6

l1
27

3

10
L7
I
1-

I
2

1
4

4
L7
27

3

I
1
I
2
o()

Control transects

I
3
4
1

24
9
6
5

26
T4
I

1
2

1
2
1

2
1
I

1_3

5

5
L7
2B

9

1

2

1

5
70

2
2

7

l5
1

15
5
6

1

26
20
L2

6
B

J

5

3

13

1

4
1
2

I
1
1

1
1
1

6
3

13
6

16
1
2

1

31
5

B

3
T7

6

l3
3
1
3
7

3

2

1
1
2

2

13
l0
15

7

Treatment Control

94

T7

Total

160 113 L20

18 L9 20

9B
51

101
7I
t5
33
53
36
30

7

9

J
13

5

10
4
4
4
1
1
3

J
0
0
I

51
2T

31
2

99
109

33
33
B6
47
2T
2L
2L
28
22
2B

L6
24

4
7

4
2

4
3

0
0
2

2

0

76

L6

4
1

r36

L6

133 L39 115 L28

L7 L4 L4 L9

563

24

651

23
(Jl
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transect. Species

to be íntolerant of

of Procladius, Ablabesmyia, and Tanytarsus are known

I973: Gregory and Loch,organic contaminants (EPA,

L973; Roback, L974).

The remaining Dipterans collected, in decreasing order of abundance

\¡rere, Ceratopogonidae, Chrysops sPP. '

AtherÍx variegata. Comparatively low

Síurulium spp., Tipulidae, and

densities of ceratopogonid larvae,

mostly Probezzía spp. ¡ at T1 in 1978 and L979 (Fig. 15) may indieate a

disturbance close Ëo the outfall-. The large increase ín ceratopogonid

density v¡hich occurred ín C-zone frorn l97B to L979, did not occur in the

T-zone population. This may indicaËe that the presence of organic

coolanË at T2-5 in L979 depressed the numbers. Alternatively, natural

spatial flucËuation may be responsible. The other Dípterans were rela-

tively rare ín boËh zones (Appendix B1-4).

(G) CrusLacea

The arnphipod Hyalella azteca (Saussure), comprísed about 20%

of the total number of invertebrates collected in 1978 (Table B), and

77" in L979 (Table 9). In 1978, the average density of H. azteca vlas

similar ín boÈh T- and C-zones (Fig. 16), but densitíes I¡lere more

variable among the C-zone transects. By L979, there rlras a declíne in

the density of H. azteca in both zones, but the means remaíned similar.

The siurilaríty beÈween T- and C-zone densitíes indicates H. azteca popu-

laËions in the T-zone have not been disturbed by \^INRE liquid effluents.

Cladocera, Anostraca, Decapoda, and Ostracoda were also collected

but non-quanÈiÈatívely, because of eÍÈher their small size or rnobility.
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(H) Mollusca

The uolluscs made up a significant portion of the macro-

inverËebrate comunity (Table B, 9). Most of the gastropods collected

were Amnicola spp., buË several specimens of Campeloma spp. and Helisoma

spp. \^rere also found. The mean density of Gastropoda was slightly

higher in T-zone Ëhan c-zone ín 1978 and 1979 (Fig. L7). There were

large variations in density between the transects ín each zone. The

relatively low densiËies at some T-zone stations may have resulted from

the apparenË unequal spatial distribution of gastropods in the l'linnípeg

River. However, the consistenËly lower densíties at T1 than at any

other transect duríng boËh years may reflect a disturbance Ëo gastropods

near Ëhe WNRE effluent outfa11.

Fingernaíl clams (Sphaerium and Pisidium) v¡ere the only pelecypods

collecËed. The mean density of Pelecypods \"74s greater in T-zone in 1978

and L979 (Ffg. 18). The pelecypod density at Tl was relatÍvely low at

T1 in Lg7B, but was higher in L979. There ís no inclication that

Pelecypoda I¡Iere disturbed by hINRE effluenËs'

(I) Annelida

Oligochaeta r¡/ere the mosË coÍrrtlon annelids collected. They

tended Ëo break ínËo pieces during sampling and washing. Consequently,

density estimates r¿ere inaccurate. Densitíes were higher in the T-zone

than C-zone in L97B and, L979 (FiS. f9). Densities \^7ere consistently -

lower close to Ëhe outfall in T-zone' suggesting Ëhat WNREfs effluent

may be responsible.

(J) Standing crop

There \^ras a significant difference (P<0.01) in inverËebrate
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toËal

again

croP

L97B;

crop

standíng crops beËr.¡een sarnpling months ín L978 (Table 15) and

in L979 (rabte to). Ternporal changes in invertebrate standing

are to be expected because of their life cycle patterns (Hughes,

Hynes , LgT:-). There v¡as no signifícant difference in standing

berween sampling depths in 1978 (tabte L5) or 1979 (faUte t6).

There \^/as a significanË (P<0.01) dífference in standing crop

beEween sanrpling transects in 1978 (lable 15), but there was no sig-

níficant difference in standing crops beËween T- and C-zones. Sig-

nificant differences in sËanding crop occurred among the T-zone transects

(P<0.05), and those of C-zone (P<0.01). Since the variations among

transects were large (fig. 20), it was diffícult Èo ascríbe low standing

crop at any T-zone transect to IINRE effluents and there lüas no statís-

tical evidence to suggest that I{NRE effluents have disturbed the standíng

crop in T-zone. However, T1 had the lowesË standing crop in the T-zone

(l3OO org/mz veïsus 1700 - 2800 org . /m2, Fíg. 20) , which indícates that

the standing crop i¡r:medíately downstream from tr'INRE has been disturbed.

In conËrast to Lg78, the T-zone sËanding crop ín 1979 was signifi-

cantly lower (P<0.05) than the C-zone crop (Table l-6). The largest

decreases fron 1978 to L979 occurred at T2, T3 and T4 (Fig' 21), where

organic coolant was present. standing crop at Tl remained low.

Organic coolant released from hINRE may have caused the low standíng

crop at T1 in 1978 and in L979 and in l-zone generally in L979.

(K) Diversity

Diversity (ã) values lrere calculated only for the 1978 data

V. 4> " Values of ã varied signíficantly (P<0"01) be6nreen

months (Table 17). Mean monthly ã values \"Iere high in June

( Chap ter

sarnpling



Table 15. Analysis of variance for differences between macroínvertebrate total standíng crops
tïansects, depths, and periods, in the vicinity of the l^Ihiteshell Nuclear Research
in 1978. T = treatment; C = control; ?tP = 0.05; ?t?tP = 0.01. Orthogonal contrasts

Source of variance

Maín effects
Transect (T5 , T4 ,T3 rT2,Tl, Cl ,C2,C3, C4, C5)
(Control vs treatment)
(Cl vs C2 vs C3 vs C4 vs C5)
(T1 vs T2 vs T3 vs T4 vs T5)

Períod (June, July, Aug., SePÈ.)

Depth (lrn, 2m)

Interaction effects
Transect x period

TransecË x depth

Period x depth

Experirnental error

Degrees of
freedom

Total

9
(1)
(4)
(4)

J

1

Sum of
squares

L0.22
(0. B1)
(s . Bo)
(3.61)

9.45

0.57

7 .86

L.B7

0. 86

6.29

27

9

3

27

at sampl-ing
Es tablishment
are in parenthesis.

L.L4
(o . Bl)
(1.4s)
(o . eo)

3. 15

0.57

0.29

0.2L

0.29

0.23

F-s tatis tic

79

4. BBrt't
(3.48)
(6.22)'Yx
( 3. go) 

't

ll. Jl:trt

2.45

37.L2

L.25

0 .89

L.23

o\
co



Table 16. Analysis of variance for differences between macroinvertebrate total standing crops at sampling
transects, depths, and periods, ín the vicinity of the \^Ihiteshell Nuclear Research Establ-íshment
ín 1"979. T - treatmentl C = control; )tP = 0.05; *)kP - 0.01. Orthogonal contrasts are in parenthesis.

Source of variance

Main effects
Transect
(Control vs treatment)
(Cl vs C2 vs C3 vs C4 vs
(tl vs T2 vs T3 vs T4 vs

Period (June, JulY, Aug.,

Depth (1m, 2rn)

Interactíon effects
Transect x period

Transect x depth

Period x depth

Experímental error

cs)
rs)

Sept. )

Degrees of
freedom

Total

9
(1)
(4)
(4)

3

I

27

9

3

27

Sum of
uares

7 .42
( r. 14)
(3.e0)
(2.38)

16 .55

0.15

s.84

L.69

2.94

6.20

0. 82
(1.14)
(0.e7)
(0.60)

5.52

0.15

F-s tatis tic

79

J, . J /:k:t
(4 .96) 't
(4.22)
(2.5e)

l{ . QQ>t:t

0.65

0.96

0.83,

4.26,Y

0.22

0. 19

0 .98

0.2.3

40.79

o\
\o
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Table 17. Analysís of variance for differences between Shannon-Inleaver diversity index
for macroínvertebrate coamunities in the vicinity of the ltrhiteshell Nuclear
Establishment ín L978. T = treatment transect; C = control transect; rc*p -

Source of variance

Transect (T5,T4 rT3 "T2,T1,Cl rcz rC3,C4,C5)

Period (June, Ju1-y, Aug., SePt.)

Experímental error

Total

Degrees of
freedom

9

3

27

Sum of
uares

o.7L

L.69

L.66

39

values cal-culated
Research
0.01.

Mean
uare

0.08

0.56

0.06

4.05

F-statís tic

1. 33

Ç. JJtt:t

-\¡
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(2.0g) and July (2.3D, and lower in AugusË (1.85) and Septernber (1.89)

(Table 18). Seasonal changes in ã values are due to life history

patterns of the invertebraËes (Mackay and Kalff, L968; Hughes, 1978).

Increased diversity from June to July r¡las caused by increased numbers

of genera (mosËly Chironornidae) (Table 19). Fewer genera were collected

ín AugusË because of emergence (Heptagenia sPP', Cloeon sPP', Ptobezzía

spp . r Chrysops sPP . : Ablabesmyia sPP. , Procladius sPP' , Hydroptila sPP' ,

Agraylea spp.r Polycentropus spp.) and overall diversity decreased. The

nurnber of genera found in Septernber increased (Table 19) as a result of

recently hatched eggs, but ã íncreased only slightly because of the

decline in evenness in the benthic community (Pielou, 1969) caused by

the numerícal domination of a fer¡ taxa sucl'r. as H. limbata and H' azteca'

Mean ã for C-zone r¡as 2.05 (range: 1.74-2.24) (Fig. 22), and Íor

T-zone was 2.03 (range: L.g5-2.L2). There r¡Iere no significant dif-

ferences (p<0.05) in ã arnong sampling transects (Table L7), ot between

T- and C-zones. No reducËion in the value of ã at Tl was evidenË. There

is no indicatÍon from diversity índíces that I'INRE effluents have

deleteriously affected the benthic communíty'

Use of the Shannon-Weaver diversity index in Ëhis study should be

qualífied. Generic raËher Ëhan specific level data were used' Although

many workers have shown that ã values calculated using generic identi-

caËions can reveal significant pollution effects (Hughes, L979; Kaesl-ar

and Herricks, 1979; I,{ilhn, L972), others contend thaÈ only calculations

using species can satisfactorily reveal an effect on communíty structure

(May, Lg76). The use of genus-level data ignores the possibility that

a genus may be comprised of many species. The índividuals of each



Table lB. Shannon-1,{eaver diversity index values for macroinvertebrate comunities at transects uPstream
(control) and downstïeam (treatment) from the trdhiteshel-l Nuclear Research Establishment in
Lg7B. Each value vras calculated from 2 pooled bottom samples. Genus level was used.

June

July

Aug.

Sept.

1. 90

2.70

1.65

2.03

Treatment transects

L.97

2.6L

1. 89

r.82

x

L.69

2.40

1.58

2.L8

2.07 2.07

2.09

2.55

1. 7B

2.04

2.23

2.26

r.92

1. 39

x

1.96

r-.98

2.50

L.76

r. 89

2.L2

2.42

2.06

1.7 5

1.95

r.95

Control transects

L.79

2.40

2.r5

2.L5

2.03

2.06

2.O4

1.56

L.29

2.05

2.26

2.42

2.L9

2.L0

2.L2

2.48

2.24

2.04

L.92

x

L.7 4

2.20

2 "23

L.94

r. BB

Total

t )tt

2.09

2.37

l_. 85

1. 89

2.1"7 2.06 2 .05

\.1
(t



Tabl-e 19. Number of taxa at
Nuclear Research
pooled samples.

June

July

Aug.

Sept.

transects upstream (control-)
Establishment in L978. Each

L4

23

B

L7

Treatment transects

L7

25

13

L4

T4

25

10

15 .5 L7 .3

L6

29

L2

and downstream (treatment)
value represents the number

2L

15

1B

11

1B

x

L7.5

15

l-5.2

24.0

10 .8

17.0

1B

1B

20

15 .5

Control transect,s

10

2L

10

15

IB

16.8

from the Llhiteshel-l-
of genera in two

19

l_1

20

18. B

l_5

1B

L2

L4

11

2L

L9

T7

11

x

12.5

L4

15.0

L9.6

13 .0

14 .0

Total

;

14 .8

15 .l

2L.B

11.9

15 .5

t7 1s .4 16.1

!
F'
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specíes mây ïeact differently to environmental stress (Resh and Unzicker,

Lg75) and may comprise different proportions of the benthíc comrnunity.

Thus Ëhe use of species-level rather than generic-level data nay yield

different ã values resulËing ín different conclusions concerning

environmental ímpact. .

(L) Conparison with the 1967 study

The invertebrate data frou the 1967 study (Ireland, 1968;

Ireland eÈ al. , Lg73) and the present study could not be compared

quanËitatívely. A significantly larger number of invertebrates were

removed from the sedinent samples during the present study relative to

the former study (B0O invertebrates /m2 in L967 versus 1900/ur2 in 1978

anð, L979). The use of a 2x mícroscope in thís study enabled small

macroinvertebrates (e.g., early instar insects) to be collected which

would oËherwise be missed by the unaided eye.

These data, hor¿ever, \¡7ere compared to determine whether any gross

changes had occurred in the benthic cornrnunity. There were f er¿ changes

in the composition of the benthic fauna from L967 to L97B-79. Benthic

cornnunities \^Iere numerically dominated by Hexagenia sPP. , chironomids ,

gastropods, pelecypods, and oligochaetes (Table 20). Odonata,

Tríchoptera, Megaloptera, and Plecoptera comprised srna11 percentages of

the Ëota1 nurnber of ínverÈebrates collected. There was, however' a large

increase in the abundance of H. azteca from L967 to L97B-79 (Table 20).

E14i4 spp. \¡rere replaced by Dubiraphia spp. These changes were otrserved

in treatment and control zones in L978-79 and, hence, could not be

aËtributed to I{NRE effluents. Acknowledged clean r,Iater organisms (e.9.,
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Table 20 " Major taxa collected downstream from the l^Ihiteshell
Nuclear Research Establishment in L967 (Iteland,
1968) , L97B and L979. Numbers rePresenË the Percent
of total number of organísms collected duríng each
year.

Hexagenia spp.

Ephemera simulans

Caenis spp.

Sialis spp.

Chironoruldae

Ceratopogonidae

Dubiraphia spp.

E1m'!1 spp.

Hyalella azteca

Pelecypoda

Gas Ëropoda

0ligochaeta

L967

r3.9

.B

1.0

.1

26.L

4.6

0

5.0

.1

3.4

4.4

30 .8

L97B

24.7

1.0

,5

.4

25.5

1.1

1.1

0

L4.3

6.6

8.1

12.6

L979

)?,

,

.6

.3

13.1

1.5

1.0

0

8.6

o,)

11. 3

27 .O
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Hexagenia spp. and E. simulans) which qrere present in 1967 were not

eliminated from the area receiving effluent. Eleven years of exposure

to WNRE liquíd effluent has noË caused any gross qualitative changes

in the benthíc fauna of the l,Iinnípeg River.

(M) Sununary and conclusions

Sirnilar taxa vrere collected ín T- and C-zones. Burrowers

and other invertebrates associated r¿ith slow, soft-substratumed rivers

dominated the benthic fauna.

Densities of H. limbata, Dubiraphía spp., Chironornidae,

lqocl_q1igq spp., Tanytarsus spp., Paratanytarsus sPP., Cryptochironomus

spp., Ablabesmyia spp., Ceratopogonidae, Gastropoda, and total standing

crops, Írere 1or¿ at Tl compared to Ëhe other T- and C-zone transects in

1978. Densitíes of Ëhese taxa and total standing crop reÍrained com-

paratively low at T1 in L979. Total sËanding crops and the densíties of

H. linbata, E. símulans, Dubiraphis spp., and Ceratopogonidae also

declíned at other T-zone stations (T2, T3, T4, T5) ín L979. Consístently

1ow invertebrate densíties at T1 Ëhroughout the study period indicated

thaË I^INRE effluent.s have detrímentally affected the benthos in the

in¡medíate vícinity of Ëhe outfall. The benthos rnay have also been

affected further downstream Ln L979. However, the greatest imPacË

occurred close to the outfall, where nûore taxa were affecÈed and declÍnes

in density ürere most pronounced.

There vlas no apparenË change in densities of H. azteca, Caenís sPP.:

and Pelecypoda between 1978 and L979. Taxa common in C-zone were also

present ín T*zone. Pollution sensiÈíve species, such as H. l-iurbata and

E. simulans, which probably r¿ould not be found in highly conËaminated
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habitats, \^tere not eliminated at any T-zone transect. There rqas no

decrease in generic diversity, as measured by ã, of the benthic community

in Ëhose regions of the river-bed receiving I^INRE effluent. These results

suggest any impact on the benthic fauna attributabl-e to WNRE effluent

r/üas fiot severe.

3. Radíoactivity of sediment and biota

(A) Bela activity of the sedimenÈ

Total beta activities of T-zone sediments ü/ere consistently

greater than those of. C-zone (Fig. 23,24)" The mean beta activity of

c-zone sedímenrs was 0.65 Bq/e in t97B and 0.6L Bq/e ín L979, with little

variatíon amongsL sampling locations and sampling times. The highest

and most varíable beta activities occuTred ín Tl sediments where

actívities ranged from 1.7 to LL6 Bq/g (i.e., 3-lB5 times greater than

Ëhe average level of Ëotal acËivity of C-zone sediments). Beta activities

of the remaining sediments in T-zone ranged from 1.2-9.5 Bq/g,2-L5

times greater than C-zone sediments. Sediments sampled aË T3, Tlt, and

T5 had higher beta activities Ëhan those sampled at T2. Possibly, Ëhe

more sheltered locatíon of the first three sampling sites allowed \,'rater-

borne radionuclides Ëo settle out at a greater rate '

Highest beta activities in T-zone sedíments rnrere in those sampled

during 1979 (Fig. 24) when river díscharge rdas 1or¡/. Temporal variation

Ín beta actívity may, therefore, be related to river discharge. Sedi-

mentatíon of particulate radionuclides such as Cs-137 increases with

1 ower current speed so the specific acÈívity of the sediment increases

(Snedile and Queirazza' 1976) "
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(B) RadioactivÍty of Ëhe biota

a. Radionuclides present in the biota

Cs-137 ¡^ras the dominant radionuclide present in H. limbata.

Trace amounts of. Ce-L44 and Zr-90 + Nb-90 were al-so detected. Cs-137

released from I^INRE was deposited in greater concentTations in T- than

C-zones and was the most abundant radíonuclide avaÍlable to those in-

vertebrates ¡shich feed on bottom material.

b. Radíoactívity of Hexagenia límbata

The concentrations of beta-enitting radionuclides in nymphs

of H. limbaÈa rlrere greater in T-zone, 0.9-88.0 Bq/g, than in c-zone,

0.3-1.25 Bqle (Fie. 23, 24). Beta activities at T1 were consíderably

higher than those of nymphs sampled further downstream.

lhe beta activity of H. lirnbata and the sediment are correlated

(r = 0.g0; p<0.05) (FÍgs. 23, 24), suggestíng that H. limbata nyrophs

accr:mulate nost of their radionuclide body burden from Èhe sediment on

whích they feed.

c. Accumulation of beÈa emitting radíonuclídes by
Hexagenía l-inbata

concentration factor, Bq/g wet wL. organism describes
Bq/g water

the relationship between the concenËration of radionuclides in the

organísm and íts environment \,rhen rdaËer ís the prÍmary source of uptake

(ophel er al., L}TL; Shure and Gottschalk, L976). The purPose of this

ratío is to determine v¡hether radionuclides are bioaccumulating. This

is an important consíderafion when assessing the radiation dose to

benthos, because it ís internally deposited radíonuc1ídes whích nake

the largest conËribuËíon Èo Èhe organismrs total dose (Blaylock, L972).
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I,Ihen sediment ís the primary source of ingested radionuclídes,

however, it is suggested that a ÍIore appropriate ratio r¿ould be the

Concentratíon Factor BenËhos (C¡'S). This ratío describes the relation-

shíp between the concentratÍon of radíonuclides in the organísm and the

sedíment in r¿hich íÈ lives:

Bq/e dry wt. organísmAEÐ 
-urD - Bq/g dry wt. sediment

The mean cFB for H. lirnbata was 1.1510.13 (Appendix D). A CFB close

to one índicates that Ëhe concentration of beËa-emiËting radionuclides

is ín equílibrium r,¡ith the concentratíon in the sediment, and that no

bioaccumulation occurred.

d. Radioactivity of other invertebraËes

Total beta activity also vras counted in other organisms

(Appendix D). Beta activity for all specimens vlas greater in the T-zone

than in the C-zone and beta activity of organisms at T1 vlas greater than

for other T-zone transects. Beta activity of the organisms and the

sediment were positívely correlaÈed.

The predators, O. colubrinus and Síalis sPP., had the lowest total

beta acLivities. The total beta body burden of these invertebrates is

probably obËained from their prey (King, L964; Rice and Baptist, L974) .

Since the beta activity of the predators was less than that of the non-

predaceous forns, ít appears that Ëhere is no increase in the concen-

tration of beÈa-emitËíng radionucl-ides between trophic levels. These

results agree wíth Guthrie (1970), ReÍchl-e et al. (1970), and l'Irenn et al'

(1970). The Cfts does not apPly Ëo these organisus because Èhey do noÈ

accumulate radionuclides from the sediment.
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The other invertebrates probably obtain their internally deposited

radíonuclides from ingested sediment, and had hígher beta activities

Èhan the predarors. chironornids (crg = 0.73t.16), Chrysops spp. (c¡g =

0.4910.31), pelecypods (cFB = 0.79!.07), gastropods (cFB = 0.5710.13) '

and olígochaetes (Cfg = 0.78t0 .07) , concentraËed radionuclides in their

tissues from the sedirnent by factors less than one (Appendix D) '

H. azteca and Dubiraphia spp. had the highest cFBrs, I.67!.19 and 1.89t

.47 respectively. Overall, CFBts indícate no concentration of beta

enitting nuclides by benthÍc macroinvertebrates '

Ihe radiation dose receíved by benthic macroinvertebrates

was estirnated to assess whether it was large enough to cause biological

damage. A bioaccumulation factor of one was used in the calculatíon of

estimated dose (See Chapter IV. 3.).

The híghest maxímum dose ¡^ras 0.001-0.069 rads /day, calculaÈed

for benthos ar T1 (Fig. 25). Maximum doses ranged between 0.0006-0.0056

rads/day at the other T-zone transects and 0.0002-0.0006 rads/day at the

C-zone transects.

Maxímtnn dose rates received by the benthos Ín the vícinity of the

I^INRE outfall were compared with dose rates receíved by invertebrates in

oÈher studies r¡here sub-lethal effects such as chromosomal aberrations

and behavioral changes have been observed (Blaylock eË al. , L}TB; Emery

and Mcshane, l9B0; IAEA, 1976; Polikarpov, 1966) (Fig. 25). Some fresh-

waÈer invertebrates begin to show darnage from radiation at doses ranging

from 60-1100 rads/day, T.he highest maximr¡n dose rate received by

e. Radiation dose receíved by benthos in vicinity of trrrNRE
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.t ].gure ¿). Estimated radiation doses received by benthic macroínvertebrates
in the winnipeg River near the Ifhiteshell Nuclear Research

nstaUlishr"tti imfne). The treaËment transects (T1-5) are

located 90m, 360m, 480rn, 530m, and 600rn, respectively, doI^/nstream

of the ITTNRE outfaíl. Doses frorn thís study are comPared to
no-effect and rtinirnal-damage doses reported in other studies.



86

benthos in Ëhe l{ínnipeg River r¿as 0.069 rads /day, about 3 orders of

magnitude l-ower. The typícal maximum dose to the benËhos in T-zone

(0.0007 and 0.0056 rads/day) was 4 to 5 orders of magnitude lower than

the danaging range (Iíg. 25). Thus, locations dovmstream from the I^INRE

outfall have not been exposed Eo leve1s of radiation which detrimentally

affect benthic PoPulations.

c. Surrnary and conclusíon

Cs-137 r¡as the most abundant radionuclide present in Ëhe

benthíc habitat downstream from I^INRE' and contríbuted most of the beta

acLivíty in the sediurenË and biota. Highest total beËa activities v¡ere

in Ëhe sediments sampled closest Ëo the outfall'

There r^7as a positive correlatíon between the beËa activity of

benÈhic organisms and that of sediment, indicating that benthic in-

verËebrates which feed on botËom sediment accumulate radionuclides from

the sediment. Therefore, the ratio tbeta activity of the organism/beta

activÍty of the sedimentr, affords a more realístic estimate of radio-

nuclide accumulatíon by benthos, than does the cormaonly used expression

factívíty of the organísm/activity of the water¡. Beta activity of the

b-enthos achíeved a sËeady state with that of the sediment, and bío-

accr:mulation of beta-emiËting radionuclídes dÍd not occur.

1þg m¡ximum dose raÈe received by the benthos downstrea¡n of I{NRE

(0.0006-0.069 rads/day) was 3 to 5 orders of magnitude less than the

range in which sub-lethal damage has been observed. Therefore, it is

iloprobable thaÈ radioactive effluent released by I,rrNRE has harmed l^Iinnipeg

River benÈhos.
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CIiAPTER VI

GENERAT, SUI'O,IARY AND CONCLUSIONS

The trrlhiteshell Nuclear Research Establishnent (I^INRE) has released

the following potential contarninants Ëo the hrinnipeg River: (1) process

\áraËer at above ambíent temperaËure, (2) low-activity liquid radioactive

effluenË, and (3) organic coolant origínating from Èhe prirnary cooling

circuiË of the hrR-l nucleaï reactor. Cornmunities of l,iinnipeg River

benthíc ^croinvertebrates upstream and downstream of I¡INRE \,rere studied

during the surnmer months of 1978 and 1979 to determíne if Ëhese releases

have affected Èhe benthos downstream of LTNRE. Specíes composition,

abundance, and diversity of benthic invertebrates downsÈream v/ere com-

pared with those of upsËream. Total beta radioactiviÈies of sediments

and organisms in both regions of the river \,¡ere measured.

Habítat of the benthos in the vicinity of WNRE is characEexized

by low river current speed, fíne-graíned clay-sand bottom sedimenLs '

and rooted vegetation. Burrowíng animals, especially the mayfly nymph

Hexagenia liubata, and chironomid l-arvae were predoruinant. Amphipods

(Eyglg]þ azteca), c-oleopteransr Bâstropods, oligochaetes, and

pelecypods also were abundant.

Reduced abundance of some major taxa, mosË notably H. límbata and

Ëhe chironornids, suggest Ëhat some of the benthos downsËream of \nlNRE

have been affected by the liquid effluent released. These reductions

r,Jere apparenË 90 m doumsÈream of the outfall in l-978 and L979, and

further dov,¡nsËrearn (200-600 n) ín L979. Effects T¡7ere most pronounced

in the 90 m area, suggesËing that the greatesË impacË on Ëhe benthíc
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population occurred closest to the effluent outfall. However, the high

abundances of several taxa, the occurrence of clean water taxa, and no

reductíon ín generic diversiËy indices, all indicate the ímpact of the

effluent has noË been severe.

Heated process r^74Ëer is not responsíble for these effects' No in-

creases in arnbienË r¡rater tetperatures attributable Ëo I^INRE liquid

effluent were detected at any of the sarnplíng statíons.

Total beta activitíes of the ríver-bed sediments downstream of the

I,TINRE ouËfall ranged from L.2-IL6 Bq/gm (dry r¿t.), or 2-L85 times greater

than the average level of total beÈa activity of upstream sediments'

Total beta activities of H. lirobata nynphs downstream of I^INRE varied

from 0.9-88 Bq/g (dry r¿t.), or 3-120 times greater than the average

activity of nymphs sampled upstTeam.

Bioaccumulation of beta-eur-ittíng radionuclides díd not occur in the

inverËebrates. The ratío runit radioactivity of organísm/uníÈ radio-

activity of sedimentt is proposed as a uore realistic assessment of

nuclide accumulaËion Ëhan the couunonly used expression runít radío-

activity organísm/uniË radioactivÍËy surrounding waËert .

The most abundanË ganna emitting nuclide present in the sediments

and in the roayfly nyrnphs was cs-137. Trace amounts of ce-144 and

Zr-90 + Nb-90 were also detected.

The meximum dose rate of ionízing radÍation absorbed by any benthic

organism \47as estinated to be 0.069 rads/day at 90 m downstream from the

effluent outfall . At 200 to 600 m do\'/ristrearn from the outfall, the

estinated maximum dose-rate was 0.0006-0.0056 rads/day. These dose rates

are beËween three and five orders of magnitude less than the dose-rates

at whích biologícal effects due to radiation have been reported (IAEA'
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1976). Ilence, the observed iupact on the benthos Ín the vicinity of

WNRE is noË attïibuted to íonizíng radiation'

Largest amounÈs of organic coolant \¡Ieïe present in sediment sarples

obtained 90 m downstïeam from the outfall in 1978 and L979. Organic

coolant also occurred further dor^rnsËreaur (200-600 rn) in L979. fnverte-

brate densitíes were depressed where organic coolant raTas presenË' Any

adverse impact Èo Ëhe downstream benthos ís attributed to the presence

of organic coolant on the river bed sedímenË.

It Ís recommended thaË the benthic macroinvertebrate study in the

Llínnipeg Ríver upstream and downstÏeam of the IINRE effluent ouËfall be

repeated within Ëhe next five to Ëen yea1s. Although the Ímpact on

Ëhe macroínvertebraËe cotgouníty appeared to be limited to the area

imnediately downstream of the outfall, it should be determ:ined if this

impacË zone is íncreasing or decreasing in size. Since no measurable

leaks of organic coolant have occurred sínce L979 ' some change may be

expected in the downstream zorLe.

BoËh the radiological acËivity and the organíc coolant content of

each sediment sauple should be measured and correlated with ínvertebrate

data. Organic coolant concentrations in sediments should be deterrn-ined

by cherrical analysis (Guthrie and Acres , L979), rather than by the

visual exarnínation used in the present study'

Unless tírne and funds are available to identify all ínvertebrates

to species, it is reconrnended thaË any future study examíne only stand-

ing crop and several selected species to deternine irnpact on benthos '

Hexagenia lírnbata is an ideal Ëest species because it is abgndant,

easily identified, and sensitive Èo I'JNRE effluents'
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The use of the lreland sampler (Ireland, l-968) in future studíes of

WínnipegRiverbenthosisnoËrecorrrmended'.Asthesamplerislor¿ered

ínto the \.rater it creates a compression vrave vrhich forces aIüay some

organisns aÈ the ¡¿ater-sediment interface. A sampler of knov¡n efficiency

for esËimatÍng macroinvertebrate densitÍes (e.g. Ekman grab) is

recomended.
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APPENDIX A(1)

Location of treatment zone transects downstream of the I'rlhiteshell Nuclear
Research Esrablishment (LTTNRE) established by Ireland (f968). Co-ordinates
(based on the hINRE co-ordínate systen) for each transect are: 0"5 = 67+

25N; 1_.0 = 69*95N: 1.5 = 72+00N3 2.0 = 76*10N; 2.5 = 80+00N; 3.0 = B1+90N;

3.5 = 85+i-0N; 4.0 = B6+60N; 4.5 = 89+07N; and 5'0 = 90+90N'

*TransecËs used for Lhe present study
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APPENDIX A(2)

LocatÍon of controL zone transects uPstrean of the !trhíteshell Nuclear
Research EstablishuenË (I,{NRE) established by lreland (1968). Co-

ordinates (based on Ëhe trlNRE co-ordinate systero) for each transect are:
1.0 = -26+55N, 2.0 = -30+25N; 3.0 = -34*15N; 4.0 = -36+80N, 5.0 = -40+00N,
anð. 6.0 = 42*40N.

*Transects used for the presenË study
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Aooendfx B(1). Invertebrate taxa collected dænstleau (treatænt zone) and uPstreaE (control
zone) fron Êhe whiÈeshell Nucl-ear Reqearcb Establl6hæût tu Jme, 1978.
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Appendix B(2). lnvertebraÈe taxa collected domstreaD (treatænt zone) and uPstreaÐ (control
zone)fromtbe$hfteshellNuclearResearchEstabllshæntinJuly'1978.
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ApPendlxB(3).lnvertebratetâxacollecteddomstreân(treatænÈzone)anduPstreaE(control
zone) fron t}re Whlteshell Nuclear Research E6tablishænt Ín AugEÈ' l-978'
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Appen<lfxB(4).lnvertebratetaxacollecteddom6treaE(treatæntzone)anduPstreæ(control
zone)lroEÈhetìhlteshe]-l¡,luc].earResearchEstabllshæntlnSeptenber,1978.
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Aopendfx C(I). InverÈebrate taË cotlected domstreæ (treatænÈ zone) and uPstreaE (control
ÃPPEt¡s¡^ v\¡/ ' ,"i"i ir"r-lu. çh:.testrell Nuclear Research Esrabll8htrent 1n Jme, 1979,
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Appendix c(2). Invertebrate taxa coLlected domstreaD (treat¡ent zone) and upsÈreaE (control

"on") 
ttoi-l¡å whlteshell Nuclear Research Establishoent in July' 1979'
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ÀppendlxC(3).InvertebratetaËcollecteddomstreaD(treatæntzone)andupstreaD(control
zone)frouthellhlteshellNuclearResearchEstgbll6hEenÈfnAugÉt'1979.
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AppendlxC(4).lnvertebratetaËcollecteddomstreaD(treatæntzone)andupstrean(control
zore) ¡roi-t¡re l./hfteshell Nuclear Research Estâbl1shænt in Septenber, 1979'
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Appendíx D. Total- beta activÍties of invertebrates and sediment in the l^Iinnipeg Rlver near the trfhiteshell-
Nuclear Research Establishment in L97B-79. Concentratíon factors for benthos (CfS; see text
for definítion) are calculated for each invertebrate sample. J = June; Jy = July;
A = August; S = September; P = all months pooled.

Date

l-978-J H. lirnbata
1t

tt

ntsm
Sarnpling
s tation

It

tt

It

il

il

It

il

n

il

It

tt

il

tt

il

lt

ll

ll

tt

L97B-Jy

T1-2m
T2-2m
T2-2m
T3-lm
T3-2m
T4-2m
T5-1m
C1-lur
C3-2m
C4-2m
C5-lm
T3-lm
T3-2m
T4-lm
T4-2m
Tl-lrn
T1-2m
T2-lm
T3-lm
T3-2m
T4-lm
T4-2m
T5-lrn
T5-2m
C1-lm

Nurnber
of

1_9 7B-S

nr_sms

2

2

37
15
40
36

6
1
2
9

9
1_3

50
32
47

4
4

L2
4
1

3
11

5

3

Bq./e dry wt.
Total beta activity

l-n o

2.25
1.19
L.43
3.30
L.20
3.57

.95

.05

.19

.12

.69
3.09
2.59
2.48
2.68

10 .18
6.s0
L.49
2.33
6.97
1.14
2.24
L.66
2.0L

.80

]-SNS

il

il

il

il

Bq,. /e dry wt .

in sediment

6.11
L.92
L.92
1.60
2.80
6.15
4.57

"48
.82
.tJ
.68

2.24
L,82
L.47
2.50
L.76
5 .58
L.45
) lLt

2.70
L.42
3.51
2.7L
3.24

.52

CFB

Mean CFB

for each
group (t one

standard error
.37 X=1.15 1.13
.62
.74

2.06
.43
.58
.2L
.10
.23
.L6

1.01
1. 38
L.42
t.69
L.O7
5.72
1.16
1.03

"96
2.58

.80

.64

.61

.62
1.53

Continued ..
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Appendix D (Continued)

Or

H.

L979-Jy

nlsm

limbata----.ii-
It

Sampling
s tation

It

tt

il

ll

il

il

It

It

il

lt

il

il

tt

It

il

It

It

ll

ll

il

tt

n

tt

tt

il

C3-2m
C4-lm
C4-2m
C5-ln
C5-2m
Tl-lrn
T1-2m
T2-ln
T2-2m
T2-2m
T3-1¡r
T3-2rn
T4-lm
T4-2m
T5-lrn
T5-2m
C1-lm
C1-lrn
C3-2m
C4-lm
C4-2m
C5-2m
C2-Lm
T1-1m
T2-2m
T3-2m
T4-1m
T4-2m

Number
of

nl-sms

3
5
3
2

10
4
3

24
4

34
2

10
1
4
3

2
2

35
4

L4
I

2L
L7

2
L7

6
10

B

Total beta activity
Bq./e dry wt. Bq./g drY wt.

L979-A

in oreanisms ín sediment

.BB

.43
L.25
1.15
1 .08
2.4s
4.09
3.23
3.08
3.80
2.23
1.6s
4.96
3.13
2.54

.91

.45

.38

.47

.45

.77

.34

.39
87 .7L
13. 85

9 .51
6 .50

L2.96

.62

.70

.7r

.69

.52
2.36
4 .00
2.54
3.87
3.87
2.59
2.49
2.38
2.78
1. B0

2.46
.56
.56
.6L
.73
.7r
.s6
.s4

LL6.72
2.s4
4.82
7 .0r
s .48

CFB

Mean CFB

for each
group (1 one

standard error)
L.42

.6L
L.76
r.66
2.07
1 .04
L.O2
L.27

.80
"98
.86
.66

2 .08
L.23
L.4L

.40

.80

.68
"77
.62

1 .08
.61
.72
.75

5 .45
L.97

.93
2.36

Contínued ..
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Appendix D (Continued)

Date Or

H. limbata----ìi-
il

tl

il

ll

O. colubrínus----ìi_-
ll

il

il

It

il

tt

19 7B-J

LSM

1-978-Jy
1-978-A
L979-Jy

1978-P

Sampl-ing
station
T5-2m
Cl-lrn
C1-2m
C3-1m
C4-2m
C5-lm

T1-lm
T1-2rn
Cl-hn
C4-lrn
T2-Zm
T4-hn
T2-lm
T4-lur

TT+2
T3
T4+5
C-a11
TL+2
T3+4+5
C1

C2

T-al1
T-al1
C-a1l

Number
of

L979-P

Dubíraphia spp.

NASMS

11
B

9
6

5

10

Total beta actívity
sq. /s dry wt. Bg,. /e drY wt.

il

n

lt

ll

il

ll

It

1978-P
\979-P

]-n or nasns

3.78
.55
.40
.80
.80
.26

1.15
t. 39

.04
J'

.66

.60

.70

.35

3.57
3. 31
3.77
L.79
6 .68
2.35
2.LL
2 .08

L.24
.78
.09

Sialis spp.
tt

ll '

2

I
2
2
I
I
I
1

in sediment

s .19
.62
"53

1 .00
.66
.51

3.34
6 .11

.48

.88
L.66
r. BB

2.54
2.38

3. 18 (;)
a ,r', ]t

2.97 "
.63 "

lg. 79 "
3.29 "
.58 "
.56 "

2.90
9.47

.6r

L7
1_5

2L
24
2L
25
34
22

CFB

Mean CFB

for each
group (* one

standard error)

"73
.89
.75
.80

L.2L
.51

.34

.2L

.08
"25
.40
.32
.28
.15

L.L2
L.49
L.27
2.84

.35

.7L
3.63
3.7L

¿?

.08

.15

L4
15
34

1=0"25!.04

1= 1.89 ! "47

i = 0.22 ! .LI
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Appendix D (Continued)

luÎean CFB

Number ToËal beÈa activity for each

Sampling of Bq.lg dry wt. Bq'/g dry wt' group (+ one

orr. or*"ni"r "t"tion 
otgrrri"rn" in oig"rri"*t it "ãdi*"tt 

CFB "t"td"td tttot)

IgTg-p Chironomidae Tl 95 7.08 34'94 "2O I = 0 "73 ! 'L6
fr TZ 73 1.63 2.63 .62

" T3+4 1ro l- ' 65 3 ' 19 "52
,r T5 73 2.78 3.49 .80
fr CL ¡-74 .43 .58 .74
n CZ 85 .84 .56 1.50

L979-P
ll

L97B-P H. azteca
-it-It

tt

Chrysops spp.

c3 82 .95 .67 L '42
c4 62 .10 .68 '15
c5 103 .37 .58 .64

T-all 20 L.67 9.47 '18 i = 0 '49 ! '3L
C-alt 20 -49 ' 61 ' 80

L979-P rr

L

L978-P Pelecypoda
il

il

n

It

il

lt

ll

Tl-lrn
T1-2m
T2
T3
T4
C1-ln
C1-2m
c2+3
C4

C6

T3+4
C-a1l

TI
T2

72
54
90
9B
97

L36
L76

67
67

LO7
140
101

10
L2

6.L4
3.91
2.BL
2.r4
3.22
1. 30
L.67
1.06
L.29

.94
5. s6
T.46

3.07
6.L9
L.72
2.22
3. r3

.76

.s4

.63

.75

.66
3.19

.61

4.63
L.72

4.86
2.07

2 .00
.63

1.63
.96

t_.03
L.7L
3.09
r .68
L.72
L.42
L.7 4
2.39

1 .05
L.T7

1= 1.67 ! .L9

I = 0.79 ! .07
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Appendix D (Continued)

Date

L979-P

Pelecypoda
It

il

tt

fl

l1

lt

lt

It

il

Gastropoda
il

It

il

Oligochaeta

Sampling
nism statíon

1978-Jy
1978-A
]-979-A

L97B

T3+4+5
T3+4+5
CT+2
C3
c4+5
T1
T2+3+4+5
T2+3+4+5
c1+2+3
c4+5

T2-2m
C2-Lm
T1-ln
C1-lrn

T1
T2
T3+4
T5
cL+z+3
c4+5
T1
T2
T3+4
T5
C1

c2+3+4
C5

Number
of

orsanasms

L979-P

13
7

22
L9
12
16
36
26
16

9

1
1
1
1

Total beta activity

il

It

il

It

tt

il

It

It

lt

tl

il

It

Bq. /e dry wt.
]-n oI anl-sllls

L.92
2.09

.52

.63

.49
6.97
2.82
L.75

.46

.47

.33

.37
4.06

.35

4.02
L.67
2.7I
2.49

.30

.38
L0.24
2.87
2.95
L.7L

.48

.49

.57

Bq./e dry wt.
in sediment

2.72
2.72

.55

.68

.7L
34.9L
3.L2
3.1,2

.60

.63

L.66
.58

5.02
.56

4.63
L.72
2.68
2.80

.59

.7L
34.94
2.63
3. 19
3.49

.58

.64

.58

70
L49
L92
109
L64
L49
L76
294
270
349
315
226
L75

CFB

Mean CFB
for each

group (t one
standard error

.71
"77
"95
.97
.69
.20
.90
.56
"77
.75

.20

.64

.81

.63

.87

.97
1.01

.89

.51

.54

.29
1.09

.92

.49

.83

.77

.98

X = 0.57 t .1_3

Í=0.78t "07
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