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ABSTRACT

Species compositibn, abundance, and diversity of Winnipeg River
benthic macroinvertebrates were studied upstream and downstream of the
Whiteshell Nuclear Research Establishment (WNRE) to determine the envi-
ronmental effects of the facility's liquid effluent. Concentration and
distribution of total beta activity in sediment and invertebrates were
determined. Radiation dose absorbed by the benthos was estimated.

Reduced abundances of some major taxa, most notably Hexagenia
limbata and the chironomids, indicated that some of the benthos immedi-
ately downstream (90m) of WNRE were negatively affected by the effluent.
However, no reduction in diversity, and the presence and high abundance
of some pollution-sensitive taxa, suggested the impact was not severe.
Adverse impact to the benthos was attributed to organic coolant, which
leaked from the reactor's cooling circuit and deposited on the bottom
sediment.

Total beta activities in benthos and sediment downstream of WNRE
ranged from 1 to 116 Bq/g dry wt., with the highest concentrations
occurring close to the outfall. No bioaccumulation of beta-emitting
nuclides (mostly Cesium-137) occurred. It was proposed that the ratio
'unit radioactivity of organism/unit radioactivity of sediment' is a
more realistic assessment of nuclide accumulation in benthic organisms
than the commonly used expression 'unit radioactivity organism/unit
radioactivity surrounding water'. Radiation dose rates received by the
benthos (0.0006-0.069 rads/day) were three‘to five orders of magnitude
lower than the rate at which biological effects due to radiation have

been observed.
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Environmental effects of WNRE liquid effluent were isolated to the

area immediately downstream of the outfall. It was recommended that the

study of benthic macroinvertebrates be repeated within the next five to

ten years, as there have been no measurable organic coolant leaks since

1979 and some changes may be expected in the downstream zone.
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CHAPTER 1

INTRODUCTION

The Whiteshell Nuclear Research Establishment (WNRE) of Atomic
Energy of Canada Limited is situated on the east bank of the Winnipeg
River, about 8 km south of Lac du Bonnet, Manitoba (Fig. 1). The estab-
lishment was opened in 1963. It comprises laboratories for handling
radionuclides, a 60 megawatt (thermal) research reactor (WR-1), hot cells
for examining intensely radioactive materials, and other facilities.
WNRE's operating licences, issued by the Atomic Energy Control Board,
authorize the establishment to release up to specified quantities of
radionuclides to the environment. WR-1 was started up in November, 1965.
Since that time, the Winnipeg River has continuously received varying
amounts of low-level radioactive liquid effluent released from WNRE, in
addition to the normally non-radioactive cooling water discharged from
the heat exchanger circuit of the WR-1 reactor. The organic coolant from
the reactor's primary cooling circuit leaked into the river between
January and May, 1978 (Guthrie and Acres, 1979). Some of this material
was deposited on the riverbed while the remainder was transported down-
stream.

In order to determine the environmental effects of the liquid ef-
fluent released from WNRE, the benthic macroinvertebrates upstream and
downstream of the establishment were studied in 1966-67 (Ireland, 1968)

_ and again in 1978-79. The results of the 1978-79 study are presented in
this thesis. The 1966-67 study served as background information for the

present study.
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Y]

(2)

(3

objectives of the present study were:

to determine the changes that have occurred in the benthic
macroinvertebrate community of the Winnipeg River attributable
to WNRE liquid effluent;

to determine the concentration and distribution of total beta
activity in river-bed sediment and benthic macroinvertebrates
near the WNRE effluent outfall, and;

to estimate the radiation dose absorbed by the benthic macro-

invertebrates in the vicinity of the WNRE effluent outfall.




CHAPTER II

LITERATURE REVIEW

1. Pollution and pollution assessment

An aquatic pollutant is any substance causing or inducing objection-
able conditions in any watercourse which adversely affects the use of its
water (Federal Department National Health and Welfare, 1978). Because
of the increasing demand for the use of surface waters, the need for
assessment of pollution has increased. Most often, water quality in
rivers has been determined by chemical analysis. However, chemical tests
indicate river conditions only at the time of sampling, and indicate
nothing about the biological consequences of a pollutant (Wilhm, 1972).
In recent years, many workers have used river biota to assess water quality.
Biological methods are based on the assumption that pollutants produce
distinct and measurable effects on structural and functional parameters
of organisms or groups of organisms (Wilhm, 1972). Thus, organisms are

used as ecological indicators.

2. The use of benthic macroinvertebrates in pollution studies

Benthic macroinvertebrates have frequently been used in pollution
studies. These animals live in or on the substrate of a body of water
(EPA, 1973). The major benthic taxa in freshwaters are insects, annelids,
molluscs, crustaceans, and nematodes. They occupy intermediate levels of
the aquatic food chain, between the producers and the top carnivores.

They may be divided into the following functional groups: shredders,
collectors, scrapers (grazers) and predators (Brinkhurst and Cook, 1974;

Fuller, 1974; Merritt and Cummins, 1978). Shredders process living or



dead vascular plant tissue. Collectors process suspended or deposited
particulate organic matter. Scrapers ingest periphyton, and predators
generally feed on other macroinvertebrates. Many species of benthic
macroinvertebrates are a major food source for larger carnivores, par-
ticularly fish.

Benthic macroinvertebrates are suited for pollution studies because
their specific habitat preferences and limited mobility cause them to be
continuously affected by substances entering their environment (Cook,
1976). Benthic species vary considerably in their sensitivity to various
pollutants (Roback, 1974). A pollutant released into a river may eliminate
or reduce the densities of species sensitive to the stress, until only
the organisms that can survive the adverse conditions predominate. Thus,
benthic macroinvertebrate communities in stressed habitats usually are
characterized by a reduction in total number of species, and are often
numerically dominated by individuals of a few tolerant species (Cairns
and Dickson, 1972).

(A) Methods used for the assessment of water quality using
macroinvertebrates

Various methéds have been used to assess environmental conditions,
including indicator organisms (Forsyth and Fox, 1976; Scullion and Edwards,
1980), indices of community structure based on richness and diversity
(Cairns and Dickson, 1971; Dills and Rogers, 1974; Howell and Gentry, 1975;
Ruggiero and Merchant, 1979), and invertebrate density (Cole and Kelly,
1978; Langford and Aston, 1972; Lenat, 1979). However, relying entirely
on only one of these methods can lead to a misunderstanding of prevailing

environmental conditions (Harman, 1974). Two of these methods have been



used for the present study, as follows:

a. Invertebrate density

The density of benthic macroinvertebrates is usually expressed
in number of organisms per m?. 1In pollution studies, both density of the
total number of invertebrates (standing crop) and the densities of in-
dividual taxa or taxonomic groups, have been used to determine environ-
mental conditions. Pollution-sensitive invertebrates exposed to a pol-
lutant decline in density,while the densities of tolerant forms do not
change or may increase (Armitage, 1980; Lenat, 1979). Fremling (1970)

demonstrated that the densities of the pollution-sensitive mayfly nymph

Hexagenia limbata could be used to indicate varying degrees of organic

pollution in the Mississippi River. No nymphs were found in grossly
polluted areas of the river; intermediate densities (400/m?) were found in
moderately polluted regions; and larger densities (800/m?) in clean water

areas.

b. Indices of community structure

Richness refers to the total number of taxa in a defined area.

The more taxa that are present, the greater the richness. Various studies
indicate pollutants released into a river reduce the richness of benthic
macroinvertebrate populations (Dills and Rogers, 1974; Gaufin and Tarzwell,
19563 Wilhm, 1970). For example, an area of the Savannah River receiving
thermal effluents supported 10 benthic macroinvertebrate species while an
undisturbed control area supported 29 species (Howell and Gentry, 1975).

The measurement of diversity takes into account how equally indi-

viduals are distributed among the taxa and the number of taxa involved



(Pielou, 1969). The more equal the distribution (evenness) and the
greater the number of taxa, the greater the diversity. A number of
equations have been proposed to measure diversity (e.g., Good, 1953; Hill,
1973; May, 1975; Pielou, 1969). The one most widely used is the Shannon-
Weaver diversity index:
n, n,

d=-73 /N log /N,
where d is the diversity index, ng is the number of individuals in the
ith taxon, and N is the total number of individuals (Pielou, 1966, 1969).
It has been used often for pollution studies (e.g., Cole and Kelly, 1978;
Dills and Rogers, 1974; Emery and McShane, 1980; Hughes, 1978; Johnson and
Brinkhurst, 1971; Kaeslar and Herricks, 1979; Ruggiero and Merchant, 1978)
because it is simple, it combines evenness and richness, and it is rela-
tively independent of sample size (Wilhm, 1970, 1972). 1In this thesis,
diversity will refer to abundance of invertebrate taxa as summarized by
the Shannon-Weaver equation.

Many workers have shown an inverse correlation between diversity
index values for benthic macroinvertebrate communities and environmental
stress (Cairns and Dickson, 1971; Dills and Rogers, 1974; Howell and
Gentry, 1975; Wilhm, 1970, 1972; Wilhm and Dorris, 1966, 1968). The mean
diversity of benthic macroinvertebrates in Skeleton Creek for example was
0.8 in those areas receiving large amounts of organic wastes; 1.59 in
areas receiving smaller amounts of waste; and 3.4 in the areas not re-
ceiving wastes (Wilhm, 1970).

Measurements of richness and diversity have been criticized because
their application results in a loss of information, data being reduced to
a single number (MacArthur, 1972; May, 1975). Since richness and diver-

sity indices provide only a measure of structure, and exclude qualitative



data, environmental changes which might result in species replacement are
not detected (Kaesler and Herricks, 1979). Another problem is that more
factors affect species richness and diversity in an environment than the
stress imposed by pollutants. Low values of richness and diversity do
not necessarily indicate polluted conditions. For example, interspecific
competition in a homogeneous environment often appears to reduce richness
and diversity (Harman, 1972). Also, factors such as sediment type (Cole
and Kelly, 1978; de March, 1976; Ruggiero and Merchant, 1979); sampling
method (Hughes, 1978); time of year samples were taken (Wilhm and Dorris,
1966) ; and taxonomic level used to calculate the index (Hughes, 1978;
Kaeslar and Herricks, 1979) may also affect richness and diversity values.
These factors must be standarized before comparisons between richness
values, and between diversity index values, can be made with any justi-
fication (Hughes, 1978).

3. Potential effects of WNRE liquid effluents on Winnipeg River
benthic macroinvertebrates

(A) Heated water

Benthic macroinvertebrate communities in waters receiving heated-
water effluents are often characterized by a reduction in standing crop,
richness, diversity and biomass (Cairms, 1967; Coutant, 1962, 1977; Howell
and Gentry, 1975; Shiomoto and Oslo, 1978). Water 10°C above ambient dis-
charged into Lake Keowee from the Oconee Nuclear Station eliminated
_ Ephemeroptera, Odonata, Trichoptera and Hemiptera (Ferguson and Fox,
1978). The only invertebrates which survived the stress were from several
species of Chironomidae and Ceratopogonidae. Heated effluent can also

increase initial growth rates and spur precocious maturation of some



species, resulting in decreased adult size and abbreviated life span
(Parker and Krenkell, 1969). Other sub-lethal functional responses such
as effects on metabolism, behavior and reproduction have also been

observed (Clark, 1969; Parker and Krenkell, 1969).

(B) Organic coolant

Organic coolant is, initially, a mixture of partially hydro-
genated ortho-, meta-, and para-terphenyls, similar in appearance to
cooking oil. Exposure to the heat and ionizing radiation in the core of
the reactor causes pyrolytic and radiolytic reactions in the coolant,
producing a complex mixture of compounds with a wide range of molecular
weights (Guthrie and Acres, 1979). This irradiated coolant is a viscous
black liquid.

To date, no workers have investigated the effects of organic coolant
on benthic macroinvertebrates. Fish appear to be sensitive to compounds
similar to organic coolant, such as various terphenyl compounds (Guthrie
and Acres, 1968) and similar aromatic compounds (Holland et al., 1960;
Truelle, 1958). Benthic invertebrate communities in waters receiving
other types of organic material, such as 0il refinery wastes and sewage,
are often characterized by a reduction in richness and diversity (Damback
and Olive, 1969; Fremling, 1970; Johnston and Brinkhurst, 1971; Loch and

Gregory, 1973; Wilhm and Dorris, 1966) .

(C) Radiation
Pertinent aspects to the study of effects of radiation on
Winnipeg River macroinvertebrate populations include: (1) the types of

radionuclides released to the river from WNRE, (2) the behevior of



ecologically important radionuclides in the aquatic environment and its

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

a. Radiological background

When the ratio of numbers of neutrons to protons in the nucleus
of a given nuclide lies outside the stability range for that mass number,
the nuclide will be radioactive. The unstable nucleus, called a radio-
nuclide, will become more stable usually by emitting alpha or beta
particles and gamma photons. This stabilization process is called radio-
active decay. The rate of decay is a characteristic property of the
nuclide. Since alpha and beta particles and gamma photons may remove the
orbital electrons from atoms, they are called ionizing radiations. The
damage to tissue caused by the passage of ionizing radiation is propor-
tional to the number of ions and the concentration of free radicles pro-
duced per unit mass of tissue. The amount of radiation received by a
tissue or by an organism is called the absorbed dose.

b. Radionuclides of ecological concern released to the Winnipeg
River from WNRE

The major radionuclides released to the Winnipeg River from

WNRE are Cesium-137 (Cs-137) and Strontium-90 (Sr-90). Cs-137 emits gamma
and beta radiation. Sr-90 emits beta radiation only. Neither radionuclide
is chemically toxic. Cs-137 and Sr-90 are ecologically important because
of their longevity (physical half-lives are 28 and 30 yr respectivelyf
. and tendency to be assimilated by aquatic organisms (Reichle et al., 1970;
Rice and Baptist, 1974).

Cs-137 is the largest contributor to potential radiation dose re-

ceived by benthic macroinvertebrates in the Winnipeg River. Suspended
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and deposited sediments in the Winnipeg River, because of their high clay
content, readily sorb Cs-137 by ion exchange (Guthrie, 1964). Suspended
particulate material with sorbed Cs-137 eventually will settle in quiet-
water areas. Thus, benthic macroinvertebrates in slow-water areas in the
vicinity of WNRE's effluent outfall may be exposed to local concen-~
trations of the nuclide. Conversely, Sr-90 does not readily sorb to sus-
pended material in the Winnipeg River (Guthrie, 1964) so is transported
downstream in the water and high concentrations are unavailable to the
benthic macroinvertebrates in the vicinity of WNRE.

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

Aquatic organisms accumulate Cs-137 in three ways: (1) surface
sorption, (2) intake via the gills and/or mouth, and (3) assimilation from
ingested food (Rice and Baptist, 1974). Small organisms with large surface
area to volume ratios (e.g., zooplankton) probably acquire most of their
Cs-137 via surface sorption (Cushing, 1970; King, 1964; Reichle et al.,
1970). Larger organisms, such as macroinvertebrates and fish, obtain most
of their Cs-137 from food (Reichle et al., 1970).

The term "biological half-life" is defined by Cushing (1970) as the
time it takes the initial radionuclide burden within an organism 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 with body size, is the
most important of these factors (Reichle, 1970). The biological half-

1ife of Cs-137 in Chironomus plumosus (Gerking et al., 1976), Lethocerus

americanus (Guthrie and Brust, 1969), and a variety of fish (Hasanen



11

- et al., 1967; Hewett and Geffenson, 1978; Williams and Pickering, 1961),
was 4, 4.5, 10 and 40-200 days respectively.

Retention and elimination of Cs-137 in aquatic organisms is also
affected by physical and chemical conditions of the aquatic environment.
Accumulation of Cs-137 by a variety of aquatic vertebrates and inverte-
brates is inversely related to the potassium concentration in the water
(Gustafson, 1962; Guthrie and Burzynski, 1972; Kolehamainen et al., 1967).
Organisms in oligotrophic (nutrient-poor) lakes generally have higher
Cs-137 concentrations than organisms in eutrophic (nutrient-rich) lakes
(Carlson and Liden, 1978; Kolehamainen et al., 1967; Reichle et al., 1970).
Increased water temperature increases the rate of uptake and accumulation
of Cs-137 by chironomid larvae (Gerking et al., 1976) and by mosquito
larvae (Guthrie and Burzynski, 1972).

Bioaccumulation is pertinent to the study of radiation effects on
aquatic orgamisms, because it will result in a higher radiation exposure
for the organisms involved. Although it is known that aquatic food chains
play a role in the transfer of Cs-137, the fate of this radionuclide at
each successive level in the food chain is largely unknown. The highest
concentrations of Cs-137 in aquatic ecosystems are usually found in algae
and sediment (Guthrie, 1970; Shure and Gottschalk, 1976; Wrenn et al.,
1971). Guthrie (1970) found that the specific activity of Cs-137 in
aquatic insects decreased from the primary consumer to the predator level.
Mean Cs-137 activity in the primary consumers (e.g., ephemeropteran
nymphs, chironomid larvae) was one order of magnitude higher than the
acitivity in predators such as dytiscid larvae and dragonfly nymphs

(Guthrie, 1970). Wrenn et al. (1970) found the Cs-137 concentration in
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the fish species of the Hudson River did not increase with trophic level.
However, other studies indicate that Cs-137 increases in concentration
between trophic levels (Aoyama, 1978; Carlson and Liden, 1978; Gustafsonm,

1967).

d. Absorbed radiation dose

The total radiation dose absorbed by benthos consists of an
external and an internal, component. The external component is the result
of exposure to radiocactivity in the surrounding water and sediment. The
internal component is received from ingested radionuclides (Blaylock,
1972). The radioactive effluent discharged from a nuclear facility may
contribute to both components of the total dose. In most cases the
internal dose accounts for the largest fraction of the total absorbed
radiation dose (IAEA, 1976).

One of the problems in evaluating radiation effects in mnatural
situations is estimating the actual radiation dose received by the animal
(Ophel, 1979; Turner, 1975). Dose rates have been calculated from
measured concentrations of radionuclides in the biota, water, and sediment
(Blaylock, 1972; TAEA, 1976). Accurate estimates of radiation dose using
this method are difficult to make because: several sources of radiation
must be considered (IAEA, 1976; Turner, 1975); the geometry of organisms
can only be approximated (TIAEA, 1976); and the concentrations of radio-

nuclides in an organism fluctuate during its life time.

e. Chronic low-level radiation and benthic macroinvertebrates

Most studies of the effects of radiation on aquatic biota have

investigated the effects of acute (high dosage for a short period of time)
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exposure (IAEA, 1976). TFew studies have investigated the effects on
natural benthic populations of chronic exposure to low dose rates of
radiation (Blaylock, 1972). However, the studies to date indicate that
aquatic biota is unaffected by the dose typically occurring in the
vicinity of nuclear power stations (Blaylock, 1972; IAEA, 1976). Radio-
nuclides discharged into disposal ponds from the Hanford laboratories and
reactors for over 20 yr had not adversely affected the ponds’' benthic in-
vertebrate populations (Emery and McShane, 1980). The ponds were grouped
into 10, 102 - 103, and 105 - 10° millirads per week categories, according
to dose rates received at the water/sediment interface. Invertebrates
commonly found in small uncontaminated ponds used as controls also were
found in the Hanford ponds. Similar benthic invertebrate populations
existed in the higher and lower dose rate ponds.

Most studies on benthic populations exposed to chronic radiation
have been conducted on populations of snails and insects inhabiting White
Oak Lake, Tennessee, a former settling basin for low-level radioactive
liquid effluents discharged from the Oak Ridge National Laboratory.
Organisms living in the bottom sediments of the lake received about 240
rads/yr. An increased frequency of chromosomal aberrations occurred in

benthic chironomid larvae, Chironomus tentans (Blaylock, 1966) but these

genetic aberrations were rapidly eliminated by natural selection or
genetic drift and had no effect on the population. The population

structure of the snail Physa heterostropha living in White Oak Lake was

similar to that from a control lake (Cooley and Nelson, 1970). Frequency
of egg capsule production by the exposed snail population was reduced
but there was no reduction in total egg production because each capsule

contained an increased number of eggs.
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CHAPTER III

DESCRIPTION OF STUDY AREA

1. The Winnipeg River

The Winnipeg River extends approximately 320 km from Kenora on the
Lake of the Woods, to Traverse Bay on Lake Winnipeg. The river flows
tﬁrough an area underlain by granite and granitic gneisses of the
Precambrian Shield (Davies et al., 1962). This area is the transitional
zone between the coniferous forests of the Canadian Shield and the aspen
parklands of the prairies (Bird, 1930).

The Winnipeg River is classified as a medium sized lowland river
(Elton, 1966). It has a drainage basin of 125,500 km?, which includes
a large portion of northwestern Ontario and eastern Manitoba. The
river's mean discharge in the vicinity of WNRE is 730 m3/s (calculated
from measurements taken by Manitoba Hydro at the Seven Sisters Generating
Station between 1963 and 1978). Discharge varied between 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 discharge. Con-
sequently, a number of lakes exist along its course to Lake Winnipeg.

The Winnipeg River flows north past WNRE at a rate of 0.1 to 0.5
m/s (Merritt, 1965). The stretch of river in the vicinity of WNRE,
between Seven Sisters Hydroelectric Generating Station and Lac du Bonnet
(Fig. 1), has a mean depth of 4.8 m, a mean width of 390 m, and a fall
of 0.3 m in 4 km. Banks in this area are moderately steep and eroded.
The regional overburden is clay. Cover along this stretch is dominated

by thick stands of birch, poplar, and pine.
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No industrial effluents are released into the Winnipeg River between
the Manitoba-Ontario boundary and WNRE. However, domestic effluents
from a number of small towns and summer cottages enter this section of

the river.

2. The study area

Merritt (1965), using a dye injected into the WNRE effluent outfall,
showed that liquid effluent forms a plume along the east bank of the
river (Fig. 2). Therefore, this study concentrated on the east side of
the river, using a control area upstream and a treatment area downstream
of the WNRE effluent outfall. The treatment (T-) zone (Fig. 3) began
90 m downstream of the effluent outfall and extended a further 1 km.

The control (C-) zone (Fig. 4) began 2.9 km upstream of the outfall and
extended a further 0.5 km. Both zones were somewhat sheltered from the
main channel of the river by points of land. Current speeds were low
in both zones. Fine grained sediments predominated. Rooted aquatic
plants were abundant.

Sampling was restricted to stations, used by Ireland (1968),
having fine particulate substrates (clay, silt or very fine sand). The
sampling transects established by Ireland (Appendix A(1) and A(2)) in
T- and C- zones were re—established in 1978. Of these, five transects
were selected in each of the T- (Fig. 3) and C- zones (Fig. 4). The
1.0 m and 2.0 m depth contours were sampled on each tramsect. A

typical transect marked by red and white stakes is shown in Fig. 5.
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Figure 2. The Winnipeg River in the vicinity of the Whiteshell Nuclear
Research Establishment (WNRE). The control (top) and
treatment (bottom) sampling zones are shown. WNRE appears
just above the square which outlines the treatment zone.
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CHAPTER 1V

MATERIALS AND METHODS

1. Physical and chemical measurements

Physical and chemical measurements were taken to describe the
general habitat in which the benthos live; to assess whether T-zone and
C-zone habitats were sufficiently similar to warrant comparisons of
their benthic faunas; and to assess whether effluents released from
WNRE had affected habitat of the benthos.

Temperature and dissolved oxygen (DO) of the river water were
measured with a Yellow Springs Instrument (YSI) Company Model 54 ARC DO
meter equipped with a YSI 5739 DO probe. These measurements were made
at weekly intervals between 12:00 P.M. and 4:00 P.M. from June through
September of 1978 and 1979. They were taken 0.2 m above the river-bed
at locations Tl-2 m and Cl-2 m. In addition, measurements of temperature
and DO were taken at all stations in T- and C-zomes on 25 July 1978
and 30 August 1979.

Mean weekly discharges of the river were calculated from mean daily
discharge records compiled by Manitoba Hydro at the Seven Sisters
Generating Station, 6 km upstream from WNRE.

Velocity of the river water was measured with a Teledyne Gurley
622-E current meter at each sampling station ~0.2 m above the bottom.
sediment on 24 August 1979. Another measurement was taken 3 m below
the water surface at the middle of the river, midway between the east
and west bank.

Secchi disc readings (Welch, 1948) were taken weekly to measure
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relative transparency of the Winnipeg River water. Measurements were
taken in the middle of the T-zone and also in a region located 5 km
upstream of the Seven Sisters Generating Station.

Samples of macrophytes collected in the vicinity of each sampling
station, were pressed, dried, and identified to species using Scoggan
(1957) and by comparing samples to the WNRE botanical reference col-
lection. Relative plant densities were noted at the time of sampling.

River-bed sediments were sampled using a modified version of the
Treland sampler (Ireland, 1968). The sampler was constructed of
stainless steel and teflon and consisted of a 20x15x3 cm steel pan with
a door that slides through teflon grooves (Fig. 6). The door was closed
by a rope which passed through a guide fitted to a stainless steel pipe
handle attached to the pan. To operate, the sampler with the door open,
was pushed firmly into the bottom sediment and the sliding door was
closed by pulling the nylon rope. The sampler was then retrieved from
the bottom and the contents examined.

Fach sediment sample was qualitativgly classified according to
texture and appearance and the presence OT absence of organic coolant
was noted. A small (i cm3) sub-sample was taken from each sediment

sample for total beta counting.

2. Benthos sampling

(A) Sampling procedures and schedule

Samples from the Ireland sampler were washed through 500 um
mesh Nitex cloth (Fig. 6). Organisms and debris retained by the net

were placed in jars half-filled with water, and left undisturbed for at



Figure 6.

The Ireland sampler.
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least 6 h to give the organisms time to eliminate their gut contents.
The sample (organisms and debris) was then preserved in 10% buffered
formalin, from which the organisms were subsequently removed and counted,
using a 2x dissecting microscope, and preserved in 70% ETOH.

Single macroinvertebrate samples were collected once a month from
each of the 20 sampling stations, from June to September 1978 and 1979
(Table 1). The time separating the first and last sample of a period
was usually <1} days. The same substrate surface area was not sampled

more than once during a season.

(B) TIdentification of organisms

The following reference keys were used to identify the in-
vertebrates: Ephemeroptera: Burks (1953); Odonata: Walker (1958)
Plecoptera: Frison (1935); Megaloptera: Usinger (1963); Trichoptera:
Wiggins (1977); Coleoptera: Brown (1972) and Usinger (1963); Diptera:
Mason (1973); Oliver et al. (1978), Saether (1971, 1977), Stewart and
Loch (1973), and Usinger (1963); general: Merritt and Cummins (1978);
Amphipoda: Bousfield (1958); and other invertebrates: Pennak (1953).
Invertebrate identifications were verified by Mr. J. Flannagan
(Ephemeroptera); Dr. T. Galloway (Trichoptera); Dr. W. Hilsenhoff
(Coleoptera); and Mr. B. Bilyj (Chironomidae).

Chironomid larvae were reared to the adult stage to provide life
cycle stages for identification. Adults and immatures were slide
mounted according to Beirne (1963). A reference collection of reared
and dissected Chironomidae was prepared for the WNRE area. Identifi-
cations of larvae collected in the 1978 sampling season were verified

using the reference collection. Chironomid larvae collected in 1979



Table 1. Dates and duration of benthos sampling.
Sampling Date and duration
period of sampling period
1978
#1 June 2-9
#2 July 20-21
#3 August 16-17
4 September 10-11
1979
#1 June 1-2
#2 July 4-5
#3 August 14-15
#4 September 11-12

25



26

were used for total beta counting and, hence, were not identified past

the family level.

3. Radioassay of sediment and macroinvertebrates

Sediment and invertebrate samples were radioassayed by counting total
beta emissions (Guthrie and Grummitt, 1963). Wet sediment samples were
dried overnight in a hot air oven at 110°c. The dry samples were ground
to a fine powder, and coarse grit and detritus were removed. The ground
samples were evenly spread on tared 3 cm diameter stainless steel plan-
chets,moistened with a 1:10 colloidon-acetone mixture, dried under heat
lamps, and weighed. Total beta emissions were counted in a Nuclear
Chicago end window gasflow beta detector, equipped with an automatic
sample changer. The average background of the counter was 2.5 counts
per minute. The K-40 equivalent procedure used to calibrate the counter
is described in Guthrie and Grummitt (1963). Total beta activity was
expressed as Becquerels (Bq)/gram (g) dry weight (K-40 equivalent).

Tndividual invertebrates of the same taxon were pooled to obtain
sufficient biomass to allow total beta counting. They were washed with
distilled water, weighed, dried overnight at llOoC, then weighed again.
They were then dissolved in a minimum amount of concentrated nitric
acid, spread out on stainless steel planchets, dried under heat lamps,
and total beta activity was counted.

Two of the most radioactive Hexagenia limbata samples were examined

by gamma spectroscopy to determine which gamma emitting radionuclides
were present.
Maximum radiation dose rates received by the benthic macroinverte-

brates were estimated for each sampling transect. The equation used
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to calculate total dose received by benthic invertebrates from all beta-
emitting radionuclides is as follows (Blaylock, 1972; Killough and

McKay, 1976):

Di = (1.3824 x 107 §; €5 Eg
where,
(1.3824 x 10_3) = constant to convert Bq/g of biota to dose

rate in rads/day,

Si = the concentration of beta emitting radio-
nuclides in sediment expressed in Bq/g,

Cib = bioaccumulation factor (conc. in biota)/
(conc. in sediment) for biota,

Ei = the effective absorbed energy of the beta

emitting radionuclides in the biota.

This equation implies (1) the diameter of the organism is larger than
the maximum range of the beta particles in tissue and, (2) no self-
shielding of particles. Consequently, it assumes all radiation emitted
within an organism is absorbed.

In this study, the bioaccumulation factor defined as (conc. in
biota)/ (conc. in sediment), was used rather than the expression (conc.
in biota/conc. in water) to make the above equation a more realistic

dose estimate for benthic macroinvertebrates (See V.3.B.c.).

4., Statistical methods

Invertebrate collections were separated into counts of H. limbata
and counts of total numbers of invertebrates (standing crop). Data

were transformed using 1oge (x+1) to ensure homogeneity of variance
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(Snedecor and Cochran, 1967). The null hypothesis of no difference in
numbers of invertebrates between sampling transects, periods, and depths,
and no interaction between these, was tested using a three-way analysis
of variance (AOV) (Smedecor and Cochran, 1967). The multiplicative

model can be written:

= u,.T..P..D, . . . .
Xige = HTiPye Dy (TP 5 (TD) jpr D) g By
where: 1 = mean effect
Ti = transect effect (T5, T4, T3, T2, T1l, Cl, C2, C3,
C4, C5), i = 1 to 10
Pj = period effect (June, July, Aug., Sept.), j =1 to 4
Dk = depth effect (lm, 2m), k = 1 to 2
. . th
(TP)ij = effect due to the interaction of the ' level
. th
of T with the j—- level of P
(TD)ik = effect due to the interaction of the iEE level of
. th
T with the K level of D
(PD)jk = effect due to the interaction of the jEE-level of
. th
P with the K level of D
gijk = experimental error

All factors in this model were treated as fixed effects. Ortho-
gonal contrasts (Snedecor and Cochran, 1967) were used to compare T-
and C-zones, and to determine the source of significant F values from
the AQV.

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

in diversity between 1 m and 2 m depths on any given transect, so these
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samples were pooled. Shannon-Weaver diversity index values were cal-
culated for pooled samples on each transect for each sampling period.
Diversity index values were calculated at the genus level. Diversities
were not calculated for the 1979 data because the chironomids were not
identified below family level.

Two-way AOV was applied to the diversity data. The multiplicative

model can be written:

Y,.,=u. T,. P,. E..
i3 1 J 1]
where:
Ti = transect effect (15, T4, T3, T2, T1, Cl, C2, C3, C4,
C5), i = 1 to 10
Pj = period effect (June, July, Aug., Sept.), 3 =1tod
gij = experimental error

All factors in this model were treated as fixed effects. Two-way AOV,
using the above model, was also applied to the water temperature and

dissolved oxygen data.
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CHAPTER V

RESULTS AND DISCUSSION

1. Benthic habitat

(A) Water temperature and dissolved oxygen

Tn 1978 and 1979, the temperature of Winnipeg River water rose
quickly in May and June to about 170C, reached a maximum of 21 to 23°%¢
at the end of July, and declined gradually in August and September to
about 18%¢ (Fig. 7, 8). The difference between T- and C-zone water tem-—
peratures on the same sampling day never exceeded 2.0%C. Daily tem-
peratures were not significantly different (two-way AOV; P>0.05) between
stations (Table 2). There was no detectable increase in water tem-
peratures beyond a 70 m radius of the effluent outfall (0., Acres, pers.
comm.). Thus, heated water released from WNRE effluent outfall was
cooled by the Winnipeg River and had no impact on the watef temperatures
of T-zone.

Percent saturation of oxygen was high during both summers, ranging
from 85 to 99% (Table 3). 02 concentrations and % saturation did not
differ significantly (two-way AOV; P>0.05) between sampling stations on
25 July 1978 or on 30 August 1979 (Table 2). Thermal discharges from
WNRE had no impact on the DO concentration in the river. Uniformly high

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

(Ireland et al., 1973).

(B) River discharge

Discharge of the Winnipeg River ranged between 1000 and 1200
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Table 2. Temperatures and dissolved oxygen (DO) of Winnipeg River mea-
sured upstream (control zone) and downstream (treatment zone)
of the Whiteshell Nuclear Research Establishment on 25 July
1978 and 30 August 1979. Measurements were taken 0.2 m above
the bottom substrate.

July 25, 1978 Aug. 30, 1979

Station Temp DO Temp DO

(°c) (ppm) (°c) (ppm)

Treatment

1-1m 20.0 8.7 19.5 8.1
-2m 20.0 8.5 19.0 8.4
2 -1m 20.5 8.3 19.5 8.4
-2m 21.0 8.3 19.5 8.1
3~-1m 20.0 8.3 18.5 8.6
-2 m 20.5 8.6 19.0 8.7
4 -1m 20.0 8.6 19.0 8.1
-2m 20.0 8.3 19.0 8.2
5-1m 20.5 8.7 19.5 8.1
-2m 20.5 8.4 19.0 8.4
Control
1-1m 20.0 8.3 19.0 8.0
-2 m 20.5 8.1 19.0 8.0
2 -1m 20.5 8.7 19.5 8.6
-2m 20.5 8.7 20.0 8.6
3-1m 20.5 8.8 - 19.5 8.1
-2 m 20.5 8.4 19.5 8.3
4 - 1m 21.0 8.5 19.0 8.7
-2mn 21.0 8.3 19.5 8.1
5-1m 20.0 8.3 19.5 8.1
- 2m 20.0 8.1 19.5 8.2




Table 3. Dissolved oxygen (DO) in the Winnipeg River upstream (control zone) and downstream (treatment
zone) of the Whiteshell Nuclear Research Establishment. Measurements were taken 0.2 m above
the bottom substrate. Means of two measurements are given.

1978 1979
Month Treatment Control Treatment Control
and DO DO DO DO DO DO DO DO
week (ppm) (% satn) (ppm) (% satn) (ppm) (% satn) (ppm) (% satn)
May 1 - - - - 12.1 99 11.6 97
"9 _ - _ _ _ _ _ _
June 1 - - - - 11.0 97 10.8 96
"2 - - - - 9.5 90 9.6 85
"3 9.0 91 8.7 88 - - - -
"4 - - - - 8.8 89 8.8 91
July 1 - - - - 8.2 86 8.1 85
o2 - - - - 8.5 91 8.4 91
"3 8.7 95 8.5 97 8.6 93 8.7 97
"4 8.7 95 8.3 93 8.3 92 8.1 93
Aug. 1 8.6 92 8.7 90 8.3 92 8.4 95
"2 8.5 91 8.1 87 8.1 88 8.7 97
"3 - - - - 8.4 91 8.8 96
"4 8.4 90 8.4 92 - - - -
Sept. 1 8.3 89 8.6 87 8.1 85 8.5 89

" 2 8.5 89 8.6 91 8.4 88 8.2 85

€e
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m3/s during May, June and August 1973 (Fig. 9), with increases up to

1400 m3/s in mid-July and late September. Fluctuation of discharge was
greater in 1979, reaching a maximum of 1700 m3/s in late May and declin-
ing thereafter. Discharge remained comparatively stable during August
and September (500-700 m3/s). Manitoba Hydro lowered the water level

at Seven Sisters Generating Station about 1 m in spring and early summer
1979 to accommodate dam repairs. The consequent release of water up-
stream increased discharge in early summer, but low upstream water levels
in late summer decreased discharge.

Although there was concern that fluctuating discharge may severely
affect water levels at the sampling stations, water levels fluctuated
only *+ 0.1 m between May and September 1978. TFluctuations were more
pronounced in 1979, with water levels dropping about 0.2 m between May
and August. However, invertebrates in the sampling areas apparently

were unaffected by this decrease in water levels.

(C) Current velocity

Water velocities at the sampling stations ranged between 3.7
and 11.9 em/s (Table 4) whereas a velocity of 30 cm/s was recorded in
the middle of the river. The current velocity at all sampling stations
was <20 cm/s, the velocity under which fine suspended material will
settle out (Hynes, 1970). As a result, fine-grained sediments pre-
dominated in both sampling zones. Although there were insufficient data
to determine significant differences in current speeds between stations,
the predominance of very fine sand at C-zone stations compared to clay
at T-zone stations (V. 1. F) suggests that current velocity was slightly

greater in C-zone.
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Table 4. Water velocity (cm/s) 0.2 m above the bottom substrate upstream
(control) and downstream (treatment) from the Whiteshell
Nuclear Research Establishment on 24 August 1979.
Sampling zones
Treatment Control
Depth
contour T5 T4 T3 T2 T1 Ccl C2 C3 Ch C5
1m 8.2 3.7 5.8 4.9 4.0 11.9 6.1 9.5 9.8 11.6
2 m 8.5 8.5 9.4 9.1 6.7 6.7 7.2 9.1 9.4 11.3
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(D) Water transparency

The mean Secchi disc depth for 1978 in T-zone (Table 5) was
fairly constant at 0.97 m, range 0.79 to 1.22 m. In 1979, water trans-
parency was slightly greater during May and June, than during July
through September (Table 5). Control Secchi disc measurements were
taken 5 km upstream of Seven Sisters Hydro Electric Dam in 1979. Water
transparency ranged from 1.21 to 1.31 m in May and June, and was lower
during the rest of the summer (x = 1.05 m).

There appeared to be a slight seasonal fluctuation in the trans-
parency of Winnipeg River water, but there was no difference between up-
stream and downstream of WNRE. Although there is usually a positive
correlation between discharge and turbidity (Hynes, 1971), the transparency
of Winnipeg River water was greatest during periods of high discharge.
The decrease in transparency from July through September may be due to
increased phytoplankton growth caused by the warmer water temperatures.

(E) Aquatic macrophytes

Potamogeton richardsonii (pondweed), Vallisnmeria americana

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

and C-zone sampling stations (Table 6). P. richardsonii and V. americana

were the most widely distributed aquatic plants. P. richardsonii was

found at all sampling stations, except T1-2 m and Cl-2 m. V. americana
was found at all sampling stations except Tl-1 m. E. canadensis occurred
at 10 of the 20 sampling stations. At least two of the plant species
were found at each sampling station. Plant abundances were lowest at

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

a reflection of an environmental disturbance caused by WNRE's effluent.



Table 5. Secchi disc depths in the Winnipeg River during 1978 and
1979. T-zone is downstream from the Whiteshell Nuclear
Research Establishment (WNRE); the Seven Sisters zone
is upstream from WNRE.
Secchi disc
depth (m)
Month
and T-zone T-zone Seven Sisters zone
week (1978) (1979) (1979)
May 1 - 1.22 -
"2 - - 1.30
June 1 - 1.28 1.21
" 2 - — -
" 3 - - —
" 4 - 1.09 -
July 1 - 0.99 1.10
" 2 1.22 - -
" 3 0.95 1.10 0.94
" 4 0.79 1.07 -
Aug. 1 - 1.28 -
" 2 1.09 - 1.15
" 3 - 1.07 -
" 4 0.79 - 1.03
Sept. 1 - 1.09 -
" 2 0.95 0.99 -

38
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Table 6. Species and relative abundances of macrophytes at treatment
(T) and control (C) stations in the vicinity of the
Whiteshell Nuclear Research Establishment. + = presence of
a species. =xxx = >1 macrophyte/400 em?; =xx = 1 macrophyte/
1600 cm?; x = 1 macrophyte/3200 cm?.

Relative
Potamogeton Vallisneria Elodea abundance
Sampling richardsonii americana canadensis of
station (pondweed) (tape grass) (waterweed) macrophytes
Tl-1m + + X
T1-2m + + X
T2-1m + + X X
T2-2m + + + X X X
T3~1m + + X X
T3-2m + + X X X
T4~1m + + X X
T4-2m + + X X X
T5-1m + + + X X X
T5-2m + + X X
Cl-1m + + X X X
Cl-2m + + X X X
C2-1m + + X X X
C2-2m + + X X X
C3~1m + + X
C3-2m + + + X
C4~1m + + X
C4=~2m + + + X X
C5-1m + + + X
C5-2m + + X X
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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 Tl-1 m, T1-2 m,
T5-1 m, and T5-2 m almost entirely clay, and the remaining stations
comprised 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 silt, except for C4~1 m and C4-2 m which were
comprised of equal amounts of clay, silt and very fine sand. Sediments
at all T- and C-zone stations contained small amounts (V5% of grab
sample volume) of plant debris. However, plant debris at T4-2 m and
C4-1 m composed about 20% of the sample volume. Sediment type did not
change at any sampling station during the study period.

Sediment type is the most important factor controlling benthic
community characteristics at any given location (EPA, 1973). Con-
sequently, only fauna from sites having similar substrates provide valid
data for comparison (EPA, 1973; Ruggiero and Merchant, 1979). All the
sampling stations used in this study were dominated by burrowing benthic

macroinvertebrates, especially Hexagenia limbata, chironomids, and

oligochaetes. These taxa are characteristic of fine particulate sedi-
ments. The minimal variation in sediment type between sampling stations
did not appear to influence the benthic invertebrate fauna and, thus,

the comparability of the statioms.

(G) Organic coolant

A viscous film of organic coolant was visible on the surface

of the sediment samples from Tl in 1978, but was not perceptible in the



Table 7. Bottom sediment at treatment and control stations in the Winnipeg River near the Whiteshell
Nuclear Research Establishment. v.f. sand = very fine sand; org. db. = organic debris.

Transect Depth
Im 2m
Treatment
1 clay clay
2 clay + silt + v.f. sand clay + silt + v.f. sand
3 clay + silt + v.f. sand “clay + silt + v.f. sand
4 clay + silt + v.f. sand clay + silt + v.f. sand + org. db.
5 clay clay
Control
1 v.f. sand v.f. sand
2 v.f. sand v.f. sand
3 v.f. sand v.f. sand
4 clay + silt + v.f. sand + org. dbr. clay + silt + v.£f. sand + org. db.
5 v.f. sand v.f. sand

iy
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other T-zone sediment samples at this time. Although the concentration
of coolant was not measured in this study, the concentration in the region
of T1 in 1977 (Guthrie and Acres, 1979) was about 8 g/m?.

In 1979, coolant was plainly visible on the surface of all sediment
samples taken in T-zone. The largest amounts were found in the samples
from T1, where it was present as a viscous film. Coolant at the remaining
stations may have been the result of a recent leak from WNRE. Conversely
it may have been washed in from deeper parts of the T-zone bay where the
concentrations were comparatively high (Guthrie and Acres, 1979), or
transported by the river current from the region of high deposition in

the immediate vicinity of the outfall.

(H) Radiocactivity

Radioactivity in the benthic habitat in the vicinity of WNRE

is discussed in V. 3.

(I) Summary and conclusion

a. Benthic habitat and comparability of sampling stations

The benthic habitat at the study sites is characterized
by low river current 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 discharge occurred
during the study period, but the resulting minimal changes in water

jevel are considered to have inconsequential effects on the benthos.
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b. Effects of heated water and organic coolant on the
benthic habitat

No increase in ambient water temperatures attributable to
WNRE liquid effluent was detected at any of the sampling stations.
Therefore, heated water released from WNRE was not a limiting factor
for the benthic fauna. Visual inspection indicated that the sediment
samples taken in 1978 and 1979 immediately downstream of the outfall
contained the largest amounts of organic coolant. Smaller amounts of

coolant were found in the sediment further downstream in 1979.

2. Benthic macroinvertebrates

(A) Introduction

Standing crops, diversity indices, and densities of benthic
macroinvertebrates, were compared between sampling transects to ascertain
if WNRE effluents have disturbed these populations in the Winnipeg

River.

(8) General description of the benthic macroinvertebrate fauna

Organisms collected in 1978 and 1979 are listed in Appendices
Bl-4 and Cl-4. Seventy taxa were collected during 1978 and 1979. The

benthic fauna was dominated numerically by Hexagenia limbata (Serville),

larval Chironomidae (26 genera), Hvalella azteca (Saussure), Pelecypoda,

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

86% of the total number of organisms collected.

(C) Ephemeroptera

Ephemeropteran nymphs comprised 23% of the macroinvertebrate



Table 8. Macroinvertebrates collected in all samples taken upstream (control) and downstream (treatment)
from the Whiteshell Nuclear Research Establishment in 1978.

Taxa
% Composition within major
Number Mean density of total no. of taxonomic

Taxon collected (no. /m2) orgs. collected group
Ephemeroptera 1074 449 .2 23.1 7
Odonata 11 4.6 .2 2
Plecoptera 0
Megaloptera 28 11.7 .6 1
Trichoptera 34 14.2 .7
Coleoptera 101 42.1 2.2 4
Diptera (excluding

Chironomidae) 80 33.3 1.7 5
Chironomidae 1163 484.6 25.0 26
Acarina 7 2.9 .2 1
Amphipoda 1000 416.7 21.5 5
Mollusca 537 223.8 11.5 2
Annelida 564 235.0 12.1 2
Nematoda 43 17.9 .9 1
Others (unidentified) 14 5.8 .3 -
TOTALS 4660 1941.8 100.0 64

K&



Table 9. Macroinvertebrates collected in all samples taken upstream (control) and downstream (treatment)
from the Whiteshell Nuclear Research Establishment in 1979.

Taxa
% Composition within major
Number Mean density of total no. of taxonomic
Taxon collected (no. /m?) orgs. collected group
Ephemeroptera 1144 476.7 24,1 5
Odonata 6 2.5 1 2
Plecoptera 18 7.5 4 1
Megoloptera 41 17.1 .9 1
Trichoptera 33 13.7 7 4
Coleoptera 117 48.7 2.5 4
Diptera (excluding
Chironomidae) 169 70.4 3.6 3
Chironomidae 806 335.8 17.0 1
Amphipoda 360 148.9 7.6 4
Mollusca 924 384.9 19.5 2
Annelida 1036 442.9 22.4 2
Nematoda 59 24,6 1.2 1
Others 1 A .1 1
TOTALS 4741 1975.1 100.0 30

SY
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community in 1978 (Table 8), and 24% in 1979 (Table 9). Hexagenia
limbata comprised 89-96% of the Ephemeroptera collected and was the most
abundant invertebrate collected during the study (Tables 10, 11).
H. limbata was the most abundant macroinvertebrate in the Winnipeg River
in the vicinity of WNRE in 1966 and 1967 as well (Ireland, 1968).
Nymphs of H. limbata construct U-shaped burrows in the bottom sediment,
and are largely restricted to a substratum which is soft, yet firm
enough to permit maintenance of the burrow (Edmunds et al., 1976). The
nymphs, often found in large lakes and shore regions of large rivers
(Fremling, 1970), are abundant in Lake Winnipeg (Flannagan, 1970) and
the Winnipeg River (Gregory and Loch, 1973). Two size groups of H.
limbata nymphs were found in the sediment samples. This suggests the
presence of two distinct cohorts, each having a generation time of about
2 years, with emergence in alternate years. A similar life cycle was
reported by Ireland (1968).

There was a significant difference (P<0.01) in the number of
H. limbata collected between sampling months in 1978 (Table 12). These
temporal changes are to be expected from their life cycle patterns
(Hunt, 1953). Following a peak of numbers in July (Table 10), the
number of nymphs declined due to emergence of the adults. Numbers
obtained in August were relatively low. The September increase in
numbers consists of one year old nymphs and newly hatched nymphs.

There were no significant differences (P>0.05) between sampling
transects or depths (Table 12) in 1978. However, densities of H. limbata
in T-zone were lowest at Tl, the transect immediately downstream of the

outfall (Fig. 10). The density of nymphs declined in T-zone and increased



Table 10.

Numbers of nymphal Hexagenia limbata collected upstream (control-zone) and downstream (treatment-—
zone) of the Whiteshell Nuclear Research Establishment in 1978. Samples from 1 m and 2 m were
pooled.

Treatment transects Control transects
5 4 3 2 1 X 1 2 3 4 5 X X
June 11 40 71 44 6 34.4 17 21 19 11 21 17.8 26.1
July 26 79 63 40 13 442 3 6 13 20 16 11.6 27.9
Aug. 21 19 22 10 10 16.4 2 4 12 12 13 8.6 12.5
Sept. 51 49 8 33 19 32.0 17 27 48 20 23 27.0 29.9
X 27.3  46.8 41.0 31.8 12.0 31.8 9.8 14.5 23.0 15.8 18.3 16.3 24.1

Ly




Table 11. Numbers of nymphal Hexagenia limbata collected upstream (control-zone) and downstream (treatment-
zone) of the Whiteshell Nuclear Research Establishment in 1979. Samples from 1 m and 2 m were

pooled.
Treatment transects Control transects
5 4 3 2 1 X 1 2 3 4 5 x x
June 5 2 1 4 4 3.2 15 9 20 2 24 14.0 8.6
July 34 40 37 62 24 39.4 56 20 42 33 35 37.2 38.3
Aug. 21 25 38 32 2 23.6 36 30 32 26 18 28.4 26.0
Sept. 20 18 23 21 8 18.0 32 57 51 40 41 bh .2 31.1
X 20 21.3  24.8 29.8 9.5 21.1 34.8 29.0 36.3 25.3 29.5 31.0 26.0

8%




Table 12. Analysis of variance for differences between numbers of Hexagenia limbata at sampling transects,
depths, and periods, in the vicinity of the Whiteshell Nuclear Research Establishment in 1978.
T = treatment; C = control; **P = 0.01. Orthogonal contrasts are in parenthesis.

Degrees of Sum of Mean
Source of wvariance freedom squares square F-statistic
Main effects
Transect (T5,T4,T3,T2,T1,C5,C4,C3,C2,C1) 9 13.74 1.53 2.15
(T1 vs all other transects) L (2.54) (2.54) (3.58)
(Treatment vs control) @B (4.74) (4.74) (6.68) %%
Period (June, July, Aug., Sept.) 3 6.25 2.11 2.97%%
Depth (1m, 2m) 1 1.30 1.30 1.83
Interaction effects
Transect x period 27 15.27 .57 .80
Transect x depth 9 5.17 .57 .80
Period x depth 3 4.63 1.54 2.17
Experimental error 27 19.14 .71
Total 79 65.50

6%
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in C-zone by 1979 (Fig. 10) although their demsity at T1 remained low.
H. limbata densities were significantly lower (P<0.01) in T-zone than
in C-zone (Table 13), and were significantly lower (P<0.05) at T1
relative to all the other transects.

Liquid effluents released from WNRE may have detrimentally affected
the H. limbata community at Tl. There appeared to be a correlation
between low numbers of H. limbata and the presence of organic coolant
in sediments. T1 was the only transect where organic coolant was found
in both years. By 1979, organic coolant was present at all T-zone stations
and H. limbata - densities declined, relative to 1978. However, the
densities of this species also changed in the C-zone from 1978 to 1979
(Fig. 10), indicating natural fluctuations in H. limbata populations.
Nevertheless, the conmsistently low densities recorded immediately down-
stream of the outfall suggest that some disturbance has occurred.

Other Ephemeropterans collected, in decreasing order of abundance

were: Caenis spp., Ephemera simulans (Walker), Heptagenia spp.,

Siphlonurus spp., Ephemerella temporalis (McDunnough) , and Hexagenia

rigida (McDunnough). Only Caenis spp. comprised >1% of the total
benthic population. T- and C-zone samples had similar numbers of Caenis
spp., except for the relatively large abundances of nymphs found at C&4

and C5 (Fig. 11). Unlike H. limbata, Caenis spp. nymphs did not appear

to be detrimentally affected by effluent releases. The burrowing
mayfly, E. simulans, was more abundant in T- than in C-zone during both
years, but the population in T-zone declined between 1978 and 1979.

Numbers of other species of Ephemeroptera were too low to analyze.



Table 13. Analysis of variance for differences between numbers of Hexagenia limbata at sampling transects,
depths, and periods, in the vicinity of the Whiteshell Nuclear Research Establishment in 1979.

T - treatment; C = control. *P = 0.05; **P

0.01. Orthogonal contrasts are in parenthesis.

Degrees of Sum of Mean
Source of variance freedom squares square F-statistic
Main effects
Transects (T5,T4,T3,T2,T1,C1,C2,C3,C4,C5) 9 12.01 1.33 3.41%%
(Treatment vs control) (1) (5.27) (5.27) (13.51) %%
(T1 vs all other transects) (8) (7.51) (.94) (2.41)*
Period (June, July, Aug., Sept.) 3 31.22 10.41 26.69%%*
Depth (1lm, 2m) 1 0.66 0.66 1.69
Interaction effects
Transect x period 27 14.72 0.55 1.41
Transect x depth 9 3.72 0.41 1.05
Period x depth 3 0.45 0.15 0.38
Experimental error 27 10.42 0.39
Total 79 73.20

[4)
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(D) Minor orders

Individuals of Odonata, Plecoptera, Megaloptera, and Tri-
choptera each comprised <1% of the total number of organisms collected
during 1978 (Table 8) and 1979 (Table 9). Realistic numerical estimates

for the Odonata Ophiogomphus columbrinus (Selys) and Enallagma spp. were

not obtained because the former species can avoid the sampler and the
latter is found in vegetation, a habitat not sampled.

Acroneuria spp. were the only Plecopteran nymphs collected. Numbers
probably would have been higher if rocks or fallen logs, their preferred
habitats (Frison, 1935), were sampled specifically. Plecopteran nymphs
are sensitive to stresses such as organic wastes, low 02, and biocides
(Roback, 1974) so the presence of these nymphs indicates high water
quality (Patrick, 1953). Although higher numbers of Plecopterans were
collected in T-zone than C-zone, the small numbers of specimens collected
preclude any conclusive statements concerning water quality.

Larvae of Sialis spp. (Megaloptera) were collected at all sampling
transects, and were almost equally abundant in both zones in 1978
(Fig. 12). 1In 1979, however, their numbers had declined in T-zone, and
none were found at T1 or T5. The smaller numbers of Sialis spp. in the
T-zone in 1979 also suggests the occurrence of an environmental
disturbance.

Trichoptera generally are not abundant in the Winnipeg River
(Crowe, 1971; Gregory and Loch, 1973). The seven genera collected,

in decreasing order of abundance, were: Phylocentropus spp., Hydroptila

spp., Polycentropus spp., Agraylea spp., Pycnopsyche spp., Agrypnia

spp., and Rhyacophila spp. The three most abundant genera prefer soft
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sediment (Wiggins, 1977), so bottom sediment sampling should provide

adequate estimates of their population densities. Phylocentropus spp.,

Hydroptila spp., and Polycentropus spp. were each equally abundant in

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

statements concerning water quality.

(E) Coleoptera

Larval Coleoptera comprised about 2% of the total number of
organisms collected in 1978 and 1979 (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 Winnipeg River. The
density of Dubiraphia spp. was low at Tl in 1978 and 1979 (Fig. 13),
and declined at the remaining T-zone transects in 1979. Liquid effluent
released from WNRE may have detrimentally affected the Dubiraphia
community at Tl. Also the community may have been affected further
downstream in 1979, however low numbers at this time may be due to
natural fluctuatioms.

Other beetle taxa collected, in decreasing order of abundance
were: Donacia spp., Haliplus spp., Galerucella spp., Gyrinus spp., and
Coptotomus spp. These taxa are swimmers and climbers (Merritt and
Cummins, 1978) therefore realistic numerical estimates could not be

obtained from samples of bottom sediment.

(F) Diptera
Larvae of Chironomidae were the predominant Dipterans col-
lected, comprising 25% of the total number of organisms collected in

1978 and 17% in 1979 (Tables 8, 9). The mean densities of Chironomidae
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in T- and C-zones were similar in 1978 (Fig. 14), but the density at T1
was lower than at all other transects. Mean larval densities at T1 did
not change from 1978 to 1979 but they declined at each of the other T-
sone transects in 1979. There was an increase in larval densities at
Cl, and a decline at the other C-zone stations between 1978 and 1979.
Large variationsin larval densities were apparent in C-zone stations in
1979. Low densities of Chironomidae at Tl in 1978 may be due to WNRE
effluent and the presence of organic coolant at T2-5 in 1979 may have
depressed the densities. However, variable chironomid densities in
C-zone in 1979 indicate natural fluctuations in the Winnipeg River
chironomid population, so declines in T-zone in 1979 may be ascribed to
natural changes in their population density.

Twenty-six genera of Chironomidae were identified in 1978 (Table

14). Procladius spp., Microtendipes spp., Endochironomus spp.,

Tanytarsus spp., Paratanytarsus Spp., Cryptochironomus spp., and

Ablabesmyia spp. were found at all sampling tramsects and comprised 72%

of the total number of chironomid larvae collected. T- and C-zones had
similar generic compositions (Table 14), with a slightly higher

occurrence of rare genera at the T-zone transects (x no. of genera = 18;
range 16-20) and C-zone transects (x = 16; range = 14-16). In T-zone,

the lowest number of genera was found at Tl. However, lower numbers of
genera were found at most C-zone stations. Although there was no

evidence that suggested WNRE effluents had altered the generic composition
at Tl, the comparatively low abundance of some major taxa (Procladius

spp., lanytarsus spp., Paratanytarsus Spp., Cryptochironomus spp.,

Ablabesmyia spp.) (Table 14) suggested some disturbance had occurred at this
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Table 14. Numbers of larval Chironomidae collected upstream (control) and downstream (treatment) of the
Whiteshell Nuclear Research Establishment in 1978.

Treatment transects Control transects Total
5 4 3 2 1 1 2 3 4 5 Treatment Control
Procladius spp. 13 41 11 29 4 24 13 5 26 31 98 99
Microtendipes spp. 10 16 2 6 17 9 5 70 20 5 51 109
. Endochironomus spp. 7 11 45 11 27 6 5 2 12 8 101 33
Tanytarsus spp 11 16 14 27 3 5 17 2 6 3 71 33
Paratanytarsus spp. 3 6 2 3 1 26 28 7 8 17 15 86
Cryptochironomus spp. 9 6 7 10 1 14 9 15 3 6 33 47
Ablabesmyia spp. 4 16 15 17 1 1 1 1 5 13 53 21
Orthocladiinae #3 17 14 2 1 2 15 3 3 36 21
Glyptotendipes spp. 3 18 1 8 2 5 13 1 30 21
Stempellina spp. 3 2 1 1 6 13 6 3 7 28
Demicryptochironomus spp. 1 2 2 2 2 3 10 1 1 7 9 22
Orthocladiinae #4 1 1 1 13 15 3 28
Polypedilum spp. 1 2 2 4 4 6 7 3 13 16
Stictochironomus spp. 3 1 1 16 5 1 2 5 24
Orthocladiinae #5 4 4 2 1 2 1 10 4
Paralauterborniella spp. 1 2 1 2 4 1 4 7
Orthocladiinae #2 2 1 1 1 1 1 1 4 4
Dicrotendipes spp. 1 1 1 1 2 4 2
Paratendipes spp. 1 3 1 1 4
Orthocladiinae #1 1 2 1 1 3
Phaenopsectra spp. 1 1 1 3 0
Brillia spp. 1 1 1 3 0
Cricotopus spp. 2 0 2
Conchapelopia spp. 2 0 2
Pagastiella spp. 1 1 0
Total number of Chironomidae 94 160 113 120 76 136 133 139 115 128 563 651
Total number of genera 17 18 19 20 16 16 17 14 14 19 24 23

6G
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transect. Species of Procladius, Ablabesmyia, and Tanytarsus are known

to be intolerant of organic contaminants (EPA, 1973; Gregory and Loch,
1973; Roback, 1974).

The remaining Dipterans collected, in decreasing order of abundance
were, Ceratopogonidae, Chrysops spp., Simulium spp., Tipulidae, and

Atherix variegata. Comparatively low densities of ceratopogonid larvae,

mostly Probezzia spp., at Tl in 1978 and 1979 (Fig. 15) may indicate a
disturbance close to the outfall. The large increase in ceratopogonid
density which occurred in C-zone from 1978 to 1979, did not occur in the
T-zone population. This may indicate that the presence of organic
coolant at T2-5 in 1979 depressed the numbers. Alternatively, natural
spatial fluctuation may be responsible. The other Dipterans were rela-

tively rare in both zones (Appendix Bl-4).

(G) Crustacea

The amphipod Hyalella azteca (Saussure), comprised about 207%

of the total number of invertebrates collected in 1978 (Table 8), and
7% in 1979 (Table 9). 1In 1978, the average density of H. azteca was
similar in both T- and C-zones (Fig. 16), but densities were more
variable among the C-zone transects. By 1979, there was a decline in
the density of H. azteca in both zones, but the means remained similar.
The similarity between T- and C-zone densities indicates H. azteca popu-
lations in the T-zone have not been disturbed by WNRE liquid effluents.
Cladocera, Anostraca, Decapoda, and Ostracoda were also collected

but non-quantitatively, because of either their small size or mobility.
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(H) Mollusca

The molluscs made up a significant portion of the macro-
invertebrate community (Table 8, 9). Most of the gastropods collected
were Amnicola spp., but several specimens of Campeloma spp. and Helisoma
spp. were also found. The mean density of Gastropoda was slightly
higher in T-zone than C-zone in 1978 and 1979 (Fig. 17). There were
large variations in density between the transects in each zone. The
relatively low densities at some T-zone stations may have resulted from
the apparent unequal spatial distribution of gastropods in the Winnipeg
River. However, the consistently lower densitieé at Tl than at any
other transect during both years may reflect a disturbance to gastropods
near the WNRE effluent outfall.

Fingernail clams (Sphaerium and Pisidium) were the only pelecypods

collected. The mean density of Pelecypods was greater in T-zone in 1978
and 1979 (Fig. 18). The pelecypod density at Tl was relatively low at
T1 in 1978, but was higher in 1979. There is no indication that

Pelecypoda were disturbed by WNRE effluents.

(I) Annelida
Oligochaeta were the most common annelids collected. They
tended to break into pieces during sampling and washing. Consequently,
density estimates were inaccurate. Densities were higher in the T-zone
than C-zone in 1978 and 1979 (Fig. 19). Densities were consistently
lower close to the outfall in T-zone, suggesting that WNRE's effluent

may be responsible.

(J) Standing crop

There was a significant difference (P<0.01) in invertebrate
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total standing crops between sampling months in 1978 (Table 15) and
again in 1979 (Table 16). Temporal changes in invertebrate standing
crop are to be expected because of their life cycle patterns (Hughes,
1978; Hynes, 1971). There was no significant difference in standing
crop between sampling depths in 1978 (Table 15) or 1979 (Table 16).

There was a significant (P<0.01) difference in standing crop
between sampling transects in 1978 (Table 15), but there was no sig-
nificant difference in standing crops between T- and C-zones. Sig-
nificant differences in standing 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 difficult to ascribe low standing
crop at any T-zone transect to WNRE effluents and there was no statis-
tical evidence to suggest that WNRE effluents have disturbed the standing
crop in T-zone. However, Tl had the lowest standing crop in the T-zone
(1300 org/m* versus 1700 - 2800 org./m?, Fig. 20), which indicates that
the standing crop immediately downstream from WNRE has been disturbed.

In contrast to 1978, the T-zone standing crop in 1979 was signifi-
cantly lower (P<0.05) than the C-zone crop (Table 16). The largest
decreases from 1978 to 1979 occurred at T2, T3 and T4 (Fig. 21), where
organic coolant was present. Standing crop at Tl remained low.

Organic coolant released from WNRE may have caused the low standing

crop at Tl in 1978 and in 1979 and in T-zone generally in 1979.

(K) Diversity

Diversity (d) values were calculated only for the 1978 data
{Chapter V. 4). Values of d varied significantly (P<0.01) between

sampling months (Table 17). Mean monthly d values were high in June



Table 15. Analysis of variance for differences between macroinvertebrate total standing crops at sampling
transects, depths, and periods, in the vicinity of the Whiteshell Nuclear Research Establishment
in 1978. T = treatment; C = control; *P = 0.05; **P = 0.01. Orthogonal contrasts are in parenthesis.

Degrees of Sum of Mean
Source of variance freedom squares square F-statistic
Main effects
Transect (T5,T4,T3,T2,T1,C1,C2,C3,C4,C5) 9 10.22 1.14 4,88%%
(Control vs treatment) . (1) (0.81) (0.81) (3.48)
(C1 vs C2 vs C3 vs C4& vs C5) (&) (5.80) (1.45) (6.22) %%
(Tl vs T2 vs T3 vs T4 vs T5) (%) (3.61) (0.90) (3.86)*
Period (June, July, Aug., Sept.) 3 9.45 3.15 13.52%%
Depth (lm, 2m) 1 0.57 0.57 2.45
Interaction effects
Transect x period 27 7.86 0.29 1.25
Transect x depth 9 1.87 0.21 0.89
Period x depth 3 0.86 0.29 1.23
Experimental error 27 6.29 0.23
Total 79 37.12
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Table 16. Analysis of variance for differences between macroinvertebrate total standing crops at sampling
transects, depths, and periods, in the vicinity of the Whiteshell Nuclear Research Establishment

in 1979. T = treatment; C = control; *P = 0.05; **P = 0.01. Orthogonal contrasts are in parenthesis.

Degrees of Sum of Mean
Source of variance freedom squares square F-statistic
Main effects
Transect 9 7.42 0.82 3.57%*
(Control vs treatment) (1) (1.14) (1.14) (4.96) =%
(C1 vs C2 vs C3 vs C4 vs C5) (4) (3.90) (0.97) (4.22)
(T1 vs T2 vs T3 vs T4 vs T5) (4) (2.38) (0.60) (2.59)
Period (June, July, Aug., Sept.) 3 16.55 5.52 24 ,00%%
Depth (Im, 2m) 1 0.15 0.15 0.65
Interaction effects
Transect x period 27 5.84 0.22 0.96
Transect x depth 9 1.69 0.19 0.83
Period x depth 3 2,94 0.98 4.,26%
Experimental error 27 6.20 0.23
Total 79 40.79
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Table 17. Analysis of variance for differences between Shannon-Weaver diversity index values calculated
for macroinvertebrate communities in the vicinity of the Whiteshell Nuclear Research
Establishment in 1978. T = treatment transect; C = control tramsect; **P = 0.0L.

Degrees of Sum of Mean
Source of variance freedom squares square F-statistic
Transect (T5,T4,T3,T2,71,C1,C2,C3,C4,C5) 9 0.71 0.08 1.33
Period (June, July, Aug., Sept.) 3 1.69 0.56 9.33%%
Experimental error 27 1.66 0.06
Total 39 4.05

TL
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(2.09) and July (2.37), and lower in August (1.85) and September (1.89)
(Table 18). Seasonal changes in d values are due to life history
patterns of the invertebrates (Mackay and Kalff, 1968; Hughes, 1978).
Increased diversity from June to July was caused by increased numbers

of genera (mostly Chironomidae) (Table 19). Fewer genera were collected
in August because of emergence (Heptagenia spp., Cloeon spp., Probezzia
spp., Chrysops spp., Ablabesmyia spp., Procladius spp., Hydroptila spp.,

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

number of genera found in September increased (Table 19) as a result of
recently hatched eggs, but d increased only slightly because of the
decline in evenness in the benthic community (Pielou, 1969) caused by
the numerical domination of a few taxa such as H. limbata and H. azteca.

Mean d for C-zone was 2.05 (range: 1.74-2.24) (Fig. 22), and for
T-zone was 2.03 (range: 1.95-2.12). There were no significant dif-
ferences (P<0.05) in d among sampling transects (Table 17), or between
T- and C-zones. No reduction in the value of d at Tl was evident. There
is no indication from diversity'indices that WNRE effluents have
deleteriously affected the benthic community.

Use of the Shannon-Weaver diversity index in this study should be
qualified. Generic rather than specific level data were used. Although
many workers have shown that d values calculated using generic identi-
cations can reveal significant pollution effects (Hughes, 1979; Kaes%ar
and Herricks, 1979; Wilhm, 1972), others contend that only calculations
using species can satisfactorily reveal an effect on community structure
(May, 1976). The use of genus-level data ignores the possibility that

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



Table 18.

Shannon-Weaver diversity index values for macroinvertebrate communities at transects upstream
(control) and downstream (treatment) from the Whiteshell Nuclear Research Establishment in

1978. Each value was calculated from 2 pooled bottom samples. Genus level was used.
Treatment transects Control transects Total

5 4 3 2 1 X 1 2 3 4 5 X x
June 1.90 1.97 1.69 2.09 2.23  1.98 2.42 1.79 2.06 2.26 2.48 2,20 2.09
July 2.70 2.61 2.40 2.55 2.26 2.50 2.06 2.40 2.04 2.42 2,24 2.23 2.37
Aug. 1.65 1.89 1.58 1.78 1.92 1.76 1.75 2.15 1.56 2.19 2.04  1.94 1.85
Sept. 2.03 1.82 2.18 2.04 1.39 1.89 1.95 2.15 1.29 2,10 1.92 1.88 1.89
X 2,07 2.07 1.96 2.12 1.95 2.03 2.05 2.12  1.74 2.24 2.17 2.06 2.05
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Table 19.

Number of taxa at transects upstream (control) and downstream (treatment) from the Whiteshell
Nuclear Research Establishment in 1978.
pooled samples.

Each value represents the number of genera in two

Treatment transects Control tranmsects Total
5 4 3 1 1 x 1 2 3 4 5 x x
June 14 17 14 16 15 15.2 18 10 11 15 21 15.0 15.1
July 23 25 25 29 18 24.0 20 21 20 18 19 19.6 21.8
Aug. 8 13 10 12 11 10.8 18 10 8 12 17 13.0 11.9
Sept. 17 14 21 15 18 17.0 19 15 11 14 11 14.0 15.5
X 15.5 17.3 17.5 18 15.5 16.8 18.8 14 12.5 14.8 17 15.4 16.1
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species may react differently to environmental stress (Resh and Unzicker,
1975) and may comprise different proportions of the benthic community.
Thus the use of species-level rather than generic-level data may yield
different d values resulting in different conclusions concerning

environmental impact.

(L) Comparison with the 1967 study

The invertebrate data from the 1967 study (Ireland, 1968;
Ireland et al., 1973) and the present study could not be compared
quantitatively. A significantly larger number of invertebrates were
removed from the sediment samples during the present study relative to
the former study (800 invertebrates/m? in 1967 versus 1900/m? in 1978
and 1979). The use of a 2x microscope in this study enabled small
macroinvertebrates (e.g., early instar insects) to be collected which
would otherwise be missed by the unaided eye.

These data, however, were compared to determine whether any gross
changes had occurred in the benthic community. There were few changes
in the composition of the benthic fauna from 1967 to 1978-79. Benthic
communities were numerically dominated by Hexagenia spp., chironomids,
gastropods, pelecypods, and oligochaetes (Table 20). Odonata,
Trichoptera, Megaloptera, and Plecoptera comprised small percentages of
the total number of invertebrates collected. There was, however, a large
increase in the abundance of H. azteca from 1967 to 1978-79 (Table 20).
Elmid spp. were replaced by Dubiraphia spp. These changes were observed
in treatment and control zones in 1978-79 and, hence, could not be

attributed to WNRE effluents. Acknowledged clean water organisms (e.g.,



Table 20. Major taxa collected downstream from the Whiteshell
Nuclear Research Establishment in 1967 (Ireland,

1968), 1978 and 1979.

Numbers represent the percent

of total number of organisms collected during each

year.

1967 1978 1979
Hexagenia spp. 13.9 24.7 22.2
Ephemera simulans .8 1.0 .2
Caenis spp. 1.0 o5 .6
Sialis spp. .1 A .3
Chironomidae 26.1 25.5 13.1
Ceratopogonidae 4.6 1.1 1.5
Dubiraphia spp. 0 1.1 1.0
Elmus spp. 5.0 0 0
Hyalella azteca .1 14.3 8.6
Pelecypoda 3.4 6.6 9.2
Gastropoda 4.4 8.1 11.3
Oligochaeta 30.8 12.6 27.0
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Hexagenia spp. and E. simulans) which were present in 1967 were not
eliminated from the area receiving effluent. Eleven years of exposure
to WNRE liquid effluent has not caused any gross qualitative changes

in the benthic fauna of the Winnipeg River.

(M) Summary and conclusions

Similar taxa were collected in T- and C-zones. Burrowers
and other invertebrates associated with slow, soft-substratumed rivers
dominated the benthic fauna.

Densities of H. limbata, Dubiraphia spp., Chironomidae,

Procladius spp., Tanytarsus spp., Paratanytarsus spp., Cryptochironomus

spp., Ablabesmyia spp., Ceratopogonidae, Gastropoda, and total standing
crops, were low at Tl compared to the other T- and C-zone transects in
1978. Densities of these taxa and total standing crop remained com-
paratively low at T1 in 1979. Total standing crops and the densities of

H. limbata, E. simulans, Dubiraphis spp., and Ceratopogonidae also

declined at other T-zone stations (T2, T3, T4, T5) in 1979. Consistently
low invertebrate_densities at T1 throughout the study period indicated
that WNRE effluents have detrimentally affected the benthos in the
immediate vicinity of the outfall. The benthos may have also been
affected further downstream in 1979. However, the greatest impact
occurred close to the outfall, where more taxa were affected and declines
in density were most pronounced.

There was no apparent change in densities of H. azteca, Caenis spp.,

and Pelecypoda between 1978 and 1979. Taxa common in C-zone were also
present in T-zome. Pollution sensitive species, such as H. limbata and

E. simulans, which probably would not be found in highly contaminated
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habitats, were not eliminated at any T-zone transect. There was no
decrease in generic diversity, as measured by d, of the benthic community
in those regions of the river-bed receiving WNRE effluent. These results
suggest any impact on the benthic fauna attributable to WNRE effluent

was not severe.

3. Radioactivity of sediment and biota

(A) Beta activity of the sediment

Total beta activities of T-zone sediments were consistently
greater than those of C-zone (Fig. 23, 24). The mean beta activity of
C-zone sediments was 0.65 Bq/g in 1978 and 0.61 Bq/g in 1979, with little
variation amongst sampling locations and sampling times. The highest
and most variable beta activities occurred in Tl sediments where
activities ranged from 1.7 to 116 Bq/g (i.e., 3-185 times greater than
the average level of total activity of C-zone sediments). Beta activities
of the remaining sediments in T-zone ranged from 1.2-9.5 Bq/g, 2-15
times greater than C-zone sediments. Sediments sampled at T3, T4, and
T5 had higher beta activities than those sampled at T2. Possibly, the
more sheltered location of the first three sampling sites allowed water-
borne radionuclides to settle out at a greater rate.

Highest beta activities in T-zone sediments were in those sampled
during 1979 (Fig. 24) when river discharge was low. Temporal variation
in beta activity may, therefore, be related to river discharge. Sedi-
mentation of particulate radionuclides such as Cs-137 increases with
lower current speed so the specific activity of the sediment increases

(Smedile and Queirazza, 1976).
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(B) Radioactivity of the biota

a. Radionuclides present in the biota

Cs-137 was the dominant radionuclide present in H. limbata.
Trace amounts of Ce-144 and Zr-90 + Nb-90 were also detected. Cs-137
released from WNRE was deposited in greater concentrations in T- than
C-zones and was the most abundant radionuclide available to those in-

vertebrates which feed on bottom material.

b. Radiocactivity of Hexagenia limbata

The concentrations of beta-emitting radionuclides in nymphs
of H. limbata were greater in T-zome, 0.9-88.0 Bq/g, than in C-zone,
0.3-1.25 Bq/g (Fig. 23, 24). Beta activities at Tl were considerably
higher than those of nymphs sampled further downstream.

The beta activity of H. limbata and the sediment are correlated
(r = 0.80; p<0.05) (Figs. 23, 24), suggesting that H. limbata nymphs
accumulate most of their radionuclide body burden from the sediment on
which they feed.

c. Accumulation of beta emitting radionuclides by
Hexagenia limbata

Concentration factor, Bq/g wet wt. organism describes
Bq/g water

the relationship between the concentration of radionuclides in the
organism and its environment when water is the primary source of uptake
(Ophel et al., 1971; Shure and Gottschalk, 1976). The purpose of this
ratio is to determine whether radionuclides are bioaccumulating. This
is an important consideration when assessing the radiation dose to
benthos, because it is internally deposited radionuclides which make

the largest contribution to the organism's total dose (Blaylock, 1972).
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When sediment is the primary source of ingested radionuclides,
however, it is suggestéd that a more appropriate ratio would be the
Concentration Factor Benthos (CFB). This ratio describes the relation-
ship between the concentration of radionuclides in the organism and the
sediment in which it lives:

_ Bg/g dry wt. organism

CFB = Bq/g dry wt. sediment

The mean CFB for H. limbata was 1.15*0.13 (Appendix D). A CFB close
to one indicates that the concentration of beta-emitting radionuclides
is in equilibrium with the concentration in the sediment, and that no

bioaccumulation occurred.

d. Radiocactivity of other invertebrates

Total beta activity also was counted in other organisms
(Appendix D). Beta activity for all specimens was greater in the T-zone
than in the C~-zone and beta activity of organisms at Tl was greater than
for other T-zone transects. Beta activity of the organisms and the
sediment were positively correlated.

The predators, O. colubrinus and Sialis spp., had the lowest total

beta activities. The total beta body burden of these invertebrates is
probably obtained from their prey (King, 1964; Rice and Baptist, 1974).
Since the beta activity of the predators was less than that of the non-
predaceous forms, it appears that there is no increase in the concen-
tration of beta-emitting radionuclides between trophic levels. These
results agree with Guthrie (1970), Reichle et al. (1970), and Wrenn et al.
(1970). The CFB does not apply to these organisms because they do not

accumulate radionuclides from the sediment.
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The other invertebrates probably obtain their internally deposited
radionuclides from ingested sediment, and had higher beta activities
than the predators. Chironomids (CFB = 0.73%.16), Chrysops spp. (CFB =
0.49+0.31), pelecypods (CFB = 0.79%.07), gastropods (CFB = 0.57%0.13),
and oligochaetes (CFB = 0.78+0.07), concentrated radionuclides in their
tissues from the sediment by factors less than one (Appendix D).

H. azteca and Dubiraphia spp. had the highest CFB's, 1.67%.19 and 1.89%

.47 respectively. Overall, CFB's indicate no concentration of beta

emitting nuclides by benthic macroinvertebrates.

e. Radiation dose received by benthos in the vicinity of WNRE

The radiation dose received by benthic macroinvertebrates
was estimated to assess whether it was large enough to cause biological
damage. A bioaccumulation factor of one was used in the calculation of
estimated dose (See Chapter IV. 3.).

The highest maximum dose was 0.001-0.069 rads/day, calculated
for benthos at Tl (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.

Maximum dose rates received by the benthos in the vicinity of the
WNRE outfall were compared with dose rates received by invertebrates in
other studies where sub-lethal effects such as chromosomal aberrations
and behavioral changes have been observed (Blaylock et al., 1978; Eméry
and McShane, 1980; IAEA, 1976; Polikarpov, 1966) (Fig. 25). Some fresh-
water invertebrates begin to show damage from radiation at doses ranging

from 60-1100 rads/day. The highest maximum dose rate received by
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benthos in the Winnipeg River was 0.069 rads/day, about 3 orders of
magnitude lower. The typical maximum dose to the benthos in T-zone
(0.0007 and 0.0056 rads/day) was 4 to 5 orders of magnitude lower than
the damaging range (Fig. 25). Thus, locations downstream from the WNRE
outfall have not been exposed to levels of radiation which detrimentally

affect benthic populations.

c. Summary and conclusion

Cs-137 was the most abundant radionuclide present in the
benthic habitat downstream from WNRE, and contributed most of the beta
activity in the sediment and biota. Highest total beta activities were
in the sediments sampled closest to the outfall.

There was a positive correlation between the beta activity of
benthic organisms and that of sediment, indicating that benthic in-
vertebrates which feed on bottom sediment accumulate radionuclides from
the sediment. Therefore, the ratio 'beta activity of the organism/beta
activity of the sediment', affords a more realistic estimate of radio-
nuclide accumulation by benthos, than does the commonly used expression
'activity of the organism/activity of the water'. Beta activity of the
benthos achieved a steady state with that of the sediment, and bio-
accumulation of beta~emitting radionuclides did not occur.

The maximum dose rate received by the benthos downstream of WNRE
(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
improbable that radioactive effluent released by WNRE has harmed Winnipeg

River benthos.
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CHAPTER VI

GENERAL SUMMARY AND CONCLUSIONS

The Whiteshell Nuclear Research Establishment (WNRE) has released
the following potential contaminants to the Winnipeg River: (1) process
water at above ambient temperature, (2) low-activity liquid radioactive
effluent, and (3) organic coolant originating from the primary cooling
circuit of the WR-1 nuclear reactor. Communities of Winnipeg River
benthic macroinvertebrates upstream and downstream of WNRE were studied
during the summer months of 1978 and 1979 to determine if these releases
have affected the benthos downstream of WNRE. Species composition,
abundance, and diversity of benthic invertebrates downstream were com-
pared with those of upstream. Total beta radioactivities of sediments
and organisms in both regions of the river were measured.

Habitat of the benthos in the vicinity of WNRE is characterized
by low river current speed, fine-grained clay-sand bottom sediments,
and rooted vegetation. Burrowing animals, especially the mayfly nymph

Hexagenia limbata, and chironomid larvae were predominant. Amphipods

(Hyalella azteca), coleopterans, gastropods, oligochaetes, and

pelecypods also were abundant.

Reduced abundance of some major taxa, most notably H. limbata and
the chironomids, suggest that some of the benthos downstream of WNRE
have been affected by the liquid effluent released. These reductions
were apparent 90 m downstream of the outfall in 1978 and 1979, and
further downstream (200-600 m) in 1979. Effects were most pronounced

in the 90 m area, suggesting that the greatest impact on the benthic
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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
reduction in generic diversity indices, all indicate the impact of the
effluent has not been severe.

Heated process water is not responsible for these effects. WNo in-
creases in ambient water temperatures attributable to WNRE liquid
effluent were detected at any of the sampling stationms.

Total beta activities of the river-bed sediments downstream of the
WNRE outfall ranged from 1.2-116 Bq/gm (dry wt.), or 2-185 times greater
than the average level of total beta activity of upstream sediments.
Total beta activities of H. limbata nymphs downstream of WNRE varied
from 0.9-88 Bq/g (dry wt.), or 3-120 times greater than the average
activity of nymphs sampled upstream.

Bioaccumulation of beta-emitting radionuclides did not occur in the
invertebrates. The ratio 'unit radioactivity of organism/unit radio-
activity of sediment' is proposed as a more realistic assessment of
nuclide accumulation than the commonly used expression 'unit radio-
activity organism/unit radioactivity surrounding water'.

The most abundant gamma emitting nuclide present in the sediments
and in the mayfly nymphs was Cs-137. Trace amounts of Ce-144 and
Zr-90 + Nb-90 were also detected.

The maximum dose rate of ionizing radiation absorbed by any benthic
organism was estimated to be 0.069 rads/day at 90 m downstream from the
effluent outfall. At 200 to 600 m downstream from the outfall, the
estimated maximum dose-rate was 0.0006-0.0056 rads/day. These dose rates
are between three and five orders of magnitude less than the dose-rates

at which biological effects due to radiation have been reported (IAEA,
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1976) . Hence, the observed impact on the benthos in the vicinity of
WNRE is not attributed-to ionizing radiation.

Largest amounts of organic coolant were present in sediment samples
obtained 90 m downstream from the outfall in 1978 and 1979. Organic
coolant also occurred further downstream (200-600 m) in 1979. Inverte-
brate densities were depressed where organic coolant was present. Any
adverse impact to the downstream benthos is attributed to the presence
of organic coolant on the river bed sediment.

It is recommended that the benthic macroinvertebrate study in the
Winnipeg River upstream and downstream of the WNRE effluent outfall be
repeated within the next five to ten years. Although the impact on
the macroinvertebrate community appeared to be limited to the area
immediately downstream of the outfall, it should be determined if this
impact zone is increasing or decreasing in size. Since no measurable
leaks of organic coolant have occurred since 1979, some change may be
expected in the downstream zone.

Both the radiological activity and the organic coolant content of
each sediment sample should be measured and correlated with invertebrate
data. Organic coolant concentrations in sediments should be determined
by chemical analysis (Guthrie and Acres, 1979), rather than by the
visual examination used in the present study.

Unless time and funds are available to identify all invertebrates
to species, it is recommended that any future study examine only stand-
ing crop and several selected species to determine impact on benthos.

Hexagenia limbata is an ideal test species because it is abundant,

easily identified, and sensitive to WNRE effluents.



90

The use of the Ireland sampler (Ireland, 1968) in future studies of
Winnipeg River benthos is not recommended. As the sampler is lowered
into the water it creates a compression wave which forces away some
organisms at the water-sediment interface. A sampler of known efficiency
for estimating macroinvertebrate densities (e.g. Ekman grab) is

recommended.
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APPENDIX A(1)

Location of treatment zone transects downstream of the Whiteshell Nuclear
Research Establishment (WNRE) established by Ireland (1968). Co-ordinates
(based on the WNRE co-ordinate system) for each transect are: 0.5 = 67+
25N; 1.0 = 69+95N, 1.5 = 72+00N; 2.0 = 76+10N; 2.5 = 80+00N; 3.0 = 81+90N;
3.5 = 85+10N; 4.0 = 86+60N; 4.5 = 89+07N; and 5.0 = 90+90N.
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APPENDIX A(2)

Location of control zone transects upstream of the Whiteshell Nuclear
Research Establishment (WNRE) established by Ireland (1968). Co-

ordinates (based on the WNRE co-ordinate system) for each transect are:
1.0 = -26+55N; 2.0 = -30+25N; 3.0 = -34+15N; 4.0 = -36+80N, 5.0 = ~40+00N,

and 6.0 = 42+40N.

#Transects used for the present study
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Appendix B(1).

Invertebrate taxa collected downstream (treatment zone) and upstream (control
zone) from the Whiteshell Nuclear Research Establishment in June, 1978.

Taxa

Control transects

2 Total
organiens

[}

C4 o5 Total

% Total
organisss

Ephemeroptera

Hexagenia livbata
Hexagenia rigida
Ephemers sisulans
Caenis spp.
Epheserella temporalis
Siphlonurus ®pp.
Baetisca app.
Heptagenis epp.

Cloean spp.

Y

17

n 21 89

1 1
& 1 19

15.8

.2
34

Odonata

Ophiogosphus colubrinus

hus 6pp.

Enallagas spp.

Plecoptera

Acroneuria spp.

Megaloptera

Siulis spp.

Trichoptera

Agrypnia app.
Hydroptils opp.

Agraylca spp.
Pycnopsyche spp.
Phylocentropus spp.
Polycentropus spp.
Unidentified Trichoptera

Coleoptera

Halfplus spp.
Jonacia spp.
Hydroporus spp.
wbiraphia spp.
Dyrinus app

Galerucella spp.
Coprotomus spp.

Diptera

Ceratopogonidae
Sipul{um app.
Tipulidae
Chrysops spp.
Atherix variegats

13

4.1

Dipters

{Chirononidse)

Chironomus spp.
Pagastiells spp.
Cryptochironomus spp.
Deaicryptochironomus epp.
tictochironcous spp.
erborniella spp.

Endochironomus #pp.

FPhaenospectra spp.
Steapellioa epp.
Paratanytarsus spp.
Tanytarsus spp.
Brillia spp.
Cricoropus spp.
Orthocladiinee #1
Orthocladiinee #2
Orthocladiinse #3
Orthocladiinae #4
Orthocladtinae #5
Ablsbeswyis spp.
Procladius spp.
Conchapelopis epp.

[SI R Y
-
W

¥

o
[ers

17

-

N
0o

N

P

.9
2.9

s

@ e

Y]
o
"

i

3.2

4.6

Acarina

Acarina

Crustacea

Cladocera
Eyalella arteca
Ancstracs
Daecapoda
Oatracods

-8

8.2
.2

32

14 A9 96

Mollusca

Prlecypoda
Castropods

T2\
~o
~un

14
14

15

10 L33

Armelida

Oligochaets
Birudines

16

17 85

Fematoda

Rematods

Others (imidentified)

Yotal nuubers

144

51 19 562

1002

Huzmber of taxa

18
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Invertebrate taxa collected downstream (treatment zone) and upstream (control
zone) from the Whiteshell Nuclear Research Establishmwent in July, 1978.

Yaxa

Treatment

Cootrol

T4

13

12

n

Total

2 Total
organises

c1

€2

€3

C4

cs

Ephemeroptera

Bexagenis lisbata
Bexagenia rigida
Ephemera simuluns
Caenis spp.
Ephemerella temporalis
Siphlonurus epp.
Bactisco spp.
Heptagenia epp.

Cloeon epp.

26

63

40

13

221

CE3

o

22.9

4
.1

B3
.2

3

1

[

20

16

Toral
58

1

X Total
organimms

8.4

1.6

Odonata

Ophiogomphus colubrinus
Comphus spp.
Ensllagns spp.

.1

Plecoptera

Acroneuria spp.

Megaloptera

Sialis spp.

Trichoptera

Agrypnia spp.
Hydroptils epp.

Agraylea spp.
Pycnopayche opp.
Phylocentropus app.
Polycentropus spp.
nidentified Trichoptera

e e

Coleoptera

Raliplus epp.

[ P
Dubiraphia spp.
Gyrinus spp.

Calerucells spp.

Coptotomus app.

~

17

3.0
W1

DPiptera

Ceratopogontidas
Siwuliva spp.
Tipulidae
Chrysops app.
Atherix variegata

no

.9
.2

Diptera
{Chirononidee)

Chironomus app.
Papastieila spp.
Cxyptochironcuus spp.
Demicryptochironomus app.
Stictochironomus spp.
Faralauterborniells app.
Microrendipes spp.
Paratendipes spp.
Dicrotendipes spp.
Glyptotendipen spp.
Polypedilum spp.
Endochironomus epp.
Phaenospectra spp.
Stewpellina Bpp.
Faratanytaraus spp.
Tany pp.
Brilifa epp.
Cricotopus spp.
Orthocladiinae #1
Orthocladiine #2
Orthocladiivae #3
Orthocladiinse #&
Orthocladiinae #5
Ablabesmyis spp.
Procladius spp.
Couchapelopia spp.

(=R ™

W

o

16

ue

14
19

[YFEENY

N

12
24

N

17

o@D

-
w

wduonda

G

42
55

3N

@0

o

1

No

e

R

[

Acarina

Acarins

Crustaces

Cladocera
Hyalells artecs
Anostracs
Decapods
Oatracoda

16

37

125

82

18

14

Kolluaca

Pelecypoda
Gaatropoda

XY

-

18

-

-

Annelids

Oligocheera
EBirudinea

12

61

2

22

HRematods

Hematoda

13

Others

Total mumbers

120

233

218

305

88

100%

189

152

147

105

100

1002

FRuzmber of taxa

23

2%

18

21

18

19
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Appendix B(3). Invertebrate taxa collected downstream (treatment zone) and upstream (control
zone) from the Whiteshell Nuclear Research Establishment in August, 1978.

transecte Control transects

I fotal % Total
Taza 15 T4 T3 n n Total organises cl €2 c3 [~ €5 Totsl organisen

Ephemeroptera Hexagenia limhats 21 19 21 10 10 81 25.2 2 4 12 12 13 43 12.1
Hexagenia rigida

Ephemera gimulana 1 1 2 6 1 1 .3
Caenis spp. 1 1 .3 1 1 2 .6
Ephemerella temporalis

Siphlonurus spp.

Bactiscs spp.

Heptagenia spp.

Tlocon spp.

Odonsta Ophiogomphus colubrinus 1 1 2 .6
Comphus 8pp.
Enallagms #pp.

Plecoptera Acvoneuria spp.

Hegalopters Sialis spp. 2 1 3 .9

Trichopters Agrypnia epp. 4 4 1.1
Hydroptila spp.

Agrayles spp.

Pycropayche Bpp.

Phylocentropus spp. 2 2 4 1.2 1 .3
Polycentropus epp.

Unident{fied Trichoptera

Colecptera Holfplus spp.

donacis 8pp.

Hydroporus spp.

ubiraphia epp. 2 1 1 4 1.2 8 4 1 13 3.7
yrinus spp.

Galerucells app.

Coptotosus spp.

Diptera Ceratopogonidae 2 1 3 .8
Siwulium app.
Tipulidae
Chrysops spp.
Atherixz variegata

Diptera hironomus spp.
{Chironomidae) Pagastiella spp.
Cryptochironomus spp.
Demicryptochironomus 6pp.
tictochironomus 8Pp.
aralauterborniella 8pp. 2 1
Microtendipes epp. 4 10 5 19
Paratendipes app. 2
Dicratendipes #pp. 1 1
Glyptotendipes spp. 1
Polypedilus sp
Fndochironomua spp. 1 3
Phaenospectra spp. 1
Steopellina #pp. 3
Paratanvtarsus spp. 3
Tanytarsus spp.
Brillia epp.
Cricotopus spp.
Orthocladitnae 11
Orthocladitnae #2
Orthocladiinse #3 8
Orthocladiinse #4
Orthocladiinse #5
Ablabesmyis spp.
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clopia #pp.

Acarina Acarim 2 2 6

Crustacea Cladocera
Byslella srteca 12 1? 18 12 8 67 20.8 B4 1 19 30 134 3.6
Anostracs
Decapoda
Oatracods 3 3 .8

Holuscs Pelecypoda 2 3
Gestropods 12 22

1.6 1
10.6 10

¥
@

o
~
>4

o |ve

Annelida Oligochseta 13 8 58 i 20 4.8 6 11 3 2 7 9
- Hirudines

Hematoda Rematoda

Others 1 1 .3 1 1 .3

Total puzbers 60 59 117 56 30 322 1002 142 45 25 ° 74 356 1002

Ruzber of taxs 8 13 10 12 1n 26 18 10 8 12 17 25
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Invertebrate taxa collected downstream (treatment zone) an
zone) from the Whiteshell Nuclear Research Establishment in September,

107

d upstream (control

1978.

Taxa

Treatmest traosectsa

Control transects

Th

T3 12 n

Total

% Total
organisss

[#]

c2

€3

cs

Total

% Total
orgenisms

Ephemeroptera

Bexagenis limbata
Hexagenin rigids
Ephenera sizulans
Cacnis spp.
Ephemerells temporalls
Siphlonurus spp.
Bactisca Bpp.
Heptagenia mpp.

Clceon spp.

51

49

8

33 19 160
1 2

19.7

.2

.1

17

27

48

ch
20

15

23

11

135

29

26.8

5.8

Odonata

Ophjogomphus colubrious
Couphus epp-
Enallagoma epp.

Flecoptera

Acroneuria app.

Megaloptere

Sialis spp.

Trichoptera

Agrypnia spp.
Bydroptila spp.

graylea spp.
Pycnopoyche spp.
Phylocentropus spp.
Polycentropus spp.
Gnideotified Trichopters

.2
$1

Coleopters

Rsliplus spp.
Domacia #pp.
Hydroporus spp.

Dubiraphis spp.
Gyrinus sp)

Talerucella spp.
Coptotomus #pp.

Diptera

Ceratopogonidae
Simliug spp.
Tipulidae
Chrysops spp.
Atherix variegata

10

Diptera
(Chironomidae)

Cohi{roncsus 8pp.
Fagastislla spp.

Cr Tonomus BPP.
micryptochironomss app.
Stictochironomus Spp.
Paralauterbornieila spp.
Wicrotendipes Bpp-
Faratendipes spp.
Dicrotendipes spp.
Glyptotendipes spp.
Polypedilum 8pp.
Endochironomus spp.
Phaenoapectra $pp.
Stespellina spp.
Parstanytarsus spp.
Tanytarsus spp.
Brillis wpp.
Cricotopus spp.
Orthocladiinse #1
Orthocladiinze #2
Orthocladiinac #3
Orthocladiinse #4
Orthocladitane #5
Ablabeswvia epp.
Procladius #pp.
Conchapelopia app.

N

13

o

[
"
Swow

v
—
Bo ww

18

o

[

22

LRNE

Nw

~
-

Crustscea

Cladocera
Byalells arteca
Ancstraca
Decapoda
Ostracoda

-39

43

12 93 238

19
114

126

Mollusca

Pelecypods
Cestropoda

14
10

wa

58
23

22
28

100
67

-

o

Annelida

Oligochaets
Birudinca

by

43 3 105

o | ve

Fematoda

Hepatods

Others (umidentified)

Toral numbers

149

210

163 140 814

63

65

1002

Fusber of taxa

17

21

1

3
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Appendix C(1). Invertebrate taxa collected downstream (treatment zone) and upstream (control
zone) from the Whiteshell Nuclear Research Establishment in June, 1979.

1 Control trensects

% Total 2 Total
Taxa 5 T4 13 T2 T Total organismo €l €2 €3 c4 ] Total organisma

Bexagenia limhata 5 2 1 4 & 16 7.3 15 9 20 2 24 k] 21.5
Hexagenia rigids

Ephemera simulans

Caenis 8pp. 1 1 .5 1 1 <3
Ephemerella remporslis

Siphlonurus spp. 1 1 .3
Bactioca spp.

Heptagenia epp.

Cloeon spp-

Ephemeroptera

odonata Ophiogomphus colubrinus 1 1 .5
Comphus spp.
Enallagos 8pp-

Plecoptera Acroneuris spp. 2 2 .9 1 1 2 6

Mepaloptera Sialis spp.

Trichoptera Agrypnia spp.

Bydroptila spp.

‘Agravlea spp.

Pycnopsyche spp.

Fhylocentropus spp.

Polycentropus spp. 1 1 5

Coleoptera Haliplus epp.
Donaclas spp. 2 2 K]
Hydroporus #pp-
Dubiraphia spp. 2 2 K 6 & 10 1.1
yrinus spp.
Galerucelia spp.
Coptotomus opp.

N
N
o

Diptera Ceratopogonidas 3 3 1.4 5 3 4 2 14 4.3
Sipulium spp.
Tipulidae
Chrysups Spp. 2 1 3 1.4 5 4 3 12 3.7

Atherix variegata
Thirononidae 5 18 9 7 39 17.7 45 12 12 13 82 25.7

Crustaces Clsdocera
Byalells arteca 4 18 1 28 51 23,2 16 4 16 36 1.0
Apostraca
Decapoda
Ostracods

Nolluscs Pelecypods
Castropods 6

=~
we
N>

15 4.6
25 7.7

®w
"
S
wo
-3
-

Annelida Oligochaeta 3 19 6 7 5 40 18.2 26 5 1 14 & 36.1
Birudines 3 3 .9

Reematoda Kematoda H 1 3 1.4 2 2 1 5 1.5

Others 1 1 .3

Total 5 18 26 0 21 220 1002 146 56 58 3 63 326 1002

Fuzber of taxa 6 10 5 10 6 15 16 10 7 2 8 17
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Invertebrate taxa collected downstream (treatment zone) and upstream (control

zone) from the Whiteshell Nuclear Research Establishment in July, 1979.

Taxa

Treatment transects

Control transects

T

T3

12

Total

1 Toral
organisms

{51

c2

€3

cA

cs

Ephemaroptera

exagenis limbata
Hexagenis riglds

P sivulang
aenis $pp.

1la tewporslis
{phlonurus spp.
Baetinca spp.
Beptagenia spp.

Cloeon spp.

15,
34

N

40

38

62

2
3

198

3
11

21.4

.3
1.2

.2

56

&2

3

5

Total
186

14

% Total
organiswms

22.1

1.7

Odonata

Ophiogomphus colubrinus

hus 8pp.
Enallagna app.

Plecoptera

Acroneuris spp-

Megalopters

Sialis spp.

Trichoptera

Agrypnia opp.
Bydroptila spp.
Agrsyles spp.
Pycnopsyche spp.
Phylocentropus spp.
Polycentropus spp.
Hydropsyche spp.

“w

~w

Coleoptera

aliplus spp.
Donacia spp.
Bydroporus epp.
Dubliraphia spp.
yrinus epp.
Calerucells spp.
Coptotomus spp.

Y

17

2.0

Diptera

Ceratopogonidae
Simulium spp.
Tipulidae
Chrysops #pp.
Atheriz variegats
Chirooonidae

18

23

37

12

176

82

15

43

41

37

53

244

Crustaces

Cladocers
Byalella atteca
Anostraca
Decapoda
Ostracoda

12

45

Mollusca

Pelecypoda
Gastropoda

16

21
61

14
32

72
13t

7.8
14.1

10
27

ww

Ty

23
59

Annelida

Oligochacta
Hirudinea

74

62

54

250

27.0

Kematoda

Bewmatoda

23

Others

Total

137

165

210

222

193

927

289

136

13

843

1002

Mumber of taxn

12

15

19

10

n
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Invertebrate taxa collected downstream
zone) from the Whiteshell Nuclear Research Establishment in August,

110

(treatment zone) and upstream (control
1979.

Toxa

Treatment

Conmtrol transects

15

T4

13

12

T

Totsl

2 Total
organisas

€1

€2

€3

CA

[%]

Total

2 Total

nisma

Ephemeroptera

Hexagenia limbste
Hexagenia rigida
Ephenera simulans
Caenis spp.
Ephenerells temporalis
Siphlocurus spp.
Eaetisca spp.
Heptagenia epp.
Cloeon spp.

21

25

32

18

20.8
.2

36

32

26

18

142

22,7

Odonata

Ophiogouphus colubrinus
Gomphus spp-
Enaliagns opp-

Plecoptera

Acropeuria spp.

Megalopters

Sialis epp.

Trichopters

Agrypnis spp.
ydroptila Spp.
Agrsyles app.
Pycnopsvche app.
Fhylocentropus 8pp.
Polycentropus Spp.
Rhyacophila epp.

ww

By

o~

Coleoptera

Haliplus spp.
Sonacia wpp.
Hydroporus &pp.
Bubiraphia spp.
Syrinus Bpp-
Calerucells spp.
Coptotomus spp-

10

23

Diptera

Ceratopogonidae
Simulium spp.
Tipulidae
Chrysops app.

Atheriz variegata
Chironomidae

19

16

53

9.3

3

3

10

134

1.9

.4

Crustaces

Cladocera
Hyalella arrece
Anostra
Decapods
Oatracods

11

26

16

8.9

¥ollusca

Pelecypoda
Gastropoda

o »

12
37

43
116

-

18

11
24

"t

b
[
T3

Annelids

Oligochaeta
Birudinea

N

163
2

10

23

-
k3
Ly

Kematoda

Remstoda

Othera

.3

Total

150

61

126

1713

58

568

129

124

154

626

100%

Fumber of taxa

16

11

n

1

pLY

18




111

Appendix C(4). Invertebrate taxa collected downstream (treatment zome) and upstream (control
zone) from the Whiteshell Nuclear Research Establishment in September, 1979.

TIreatment Control transects
% Total X Totsl
Taxa 15 T4 T3 T2 T Total organiszs [ c2 €3 Ch (4] Total organisms
Ephemeroptera Hexagenia limbata 20 18 23 21 8 90 18.4 32 57 51 40 98 278 36.9

Hexagenia rigida

Ephesera simulsna

Caenis spp 3 1 .2 2 2 .3
Ephewerells tesporalis

Siphlgourus spp.

Baetiscs app.

Beptagenis opp. 1 1 1 3 .6 1
Cloeon spp.

Odonats Ophiogomphus colubrinus

Plecoptera Acroneuris app.

Hegaloptera Sialis spp-. 2 1 3 .6 & 3 5 & 16 2.1

Trichoptera Agrypnis spp. 2 2
Hydroptils spp.
Agrayles wpp.
Pycnopsvche pp.
Phylocentfopus app.
Polycentropus spp.

Coleoptera Haliplus spp. 2 1
Jonacia pp.

Hydroporus spp.

Dubiraphis spp. 1 2 4 1
Gyrinus spp.

Talerucella spp.

Coptotoms app.

Diptera Cera topogontdae 1 1 3 2 7 1.4 1 1 3 2 7 9
Simuliva spp.
Tipulidae
Chrysops spp. 2 2 4 2 10 2.0 3 1 1 1 6 .8

Atherix variegata
Chironomidae 5 10 14 8 1 38 7.8 17 3 5 6 9 &0 5.3

-
RN
~
-

Y
® s
-
w
-
w
S

Crustaces Cladocers
Byalella axesca 5 3 22 30 1 61 12.5
Anostrace
Decapoda 1 1, .2
Ootracoda 1 18 18 2.5

Bu
~
I
~
w
w
3
-
@

Mollusca Pelecypods 12
Gastropoda 9

Annelida Oligochaeta 42 3 10 K 3% 152 3l [}8 [ 27 27 101 13.4
Hirudines 2 1 6

-8 11 X 14 9 5 63 9.2
& 16 A4 22 16 13 111 14.7

o

Hewmatodx Neuwatoda 1 3 1 5 3 9 1.8 1 1 2 4 .5

Others 1 1 1

Yotals 101 78 100 134 5 488 1002 176 1% 109 111 167 753 1002

Fusber of texa 12 10 16 16 10 20 20 10 10 10 1n 21




Appendix D. Total beta activities of invertebrates and sediment in the Winnipeg River near the Whiteshell
Nuclear Research Establishment in 1978-79. Concentration factors for benthos (CFB; see text
for definition) are calculated for each invertebrate sample. J = June; Jy = July;

A = August; S = September; P = all months pooled.

Number Total beta activity ?iinegig
Sampling of Bq./g dry wt. Bq./g dry wt. group (* one

Date Organism station organisms in organisms in sediment CFB standard error)
1978-J H. limbata T1-2m 2 2.25 6.11 .37 X =1.15 t .13

" T2-2m 2 1.19 1.92 .62

" T2-2m 37 1.43 1.92 T4

" T3-1m 15 3.30 1.60 2.06

" T3-2m 40 1.20 2.80 43

" T4~2m 36 3.57 6.15 .58

" T5-1m 6 .95 4.57 .21

" Cl-1m 1 .05 .48 .10

" C3-2m 2 .19 .82 .23

" C4-2m 9 .12 .73 .16

" C5-1m 9 .69 .68 1.01
1978-Jy " T3-1m 13 3.09 2.24 1.38

" T3-2m 50 2.59 1.82 1.42

" T4~1m 32 2.48 1.47 1.69

" T4~2m 47 2.68 2.50 1.07
1978-S " Tl1-1m 4 10.18 1.76 5.72

" T1-2m 4 6.50 5.58 1.16

" T2-1m 12 1.49 1.45 1.03

" T3-1m 4 2.33 2.42 .96

" T3-2m 1 6.97 2,70 2.58

" T4-1m 7 1.14 1.42 .80

" T4-2m 3 2.24 3.51 .64

" T5-1m 11 1.66 2.71 .61

" T5-2m 5 2.01 3.24 .62

" Cl-Im 3 .80 .52 1.53
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Appendix D (Continued)

Number Total beta activity ?iinegii
Sampling of Bq./g dry wt. Bq./g dry wt. group (* one

Date Organism station organisms in organisms in sediment CFB standard error)
H. limbata C3-2m 3 .88 .62 1.42
" C4—-1m 5 43 .70 .61
" C4-2m 3 1.25 71 1.76
" C5-1m 2 1.15 .69 1.66
" C5-2m 10 1.08 .52 2.07
1979-Jy " T1l-1m 4 2.45 2.36 1.04
" T1-2m 3 4.09 4,00 1.02
" T2-1m 24 3.23 2.54 1.27
" T2-2m 4 3.08 3.87 .80
" T2-2m 34 3.80 3.87 .98
" T3~1m 2 2.23 2.59 .86
" T3-2m 10 1.65 2.49 .66
" T4~1m 1 4,96 2.38 2.08
" T4-2m 4 3.13 2.78 1.23
" T5-1m 3 2.54 1.80 1.41
" T5-2m 2 .91 2.46 .40
" Cl-1m 2 A5 .56 .80
" Cl-1m 35 .38 .56 .68
" C3-2m 4 47 .61 .77
" C4-1m 14 45 .73 .62
" C4-2m 1 .17 .71 1.08
" C5-2m 21 <34 .56 .61
1979-A " C2-1m 17 .39 .54 .72
" T1-1m 2 87.71 116.72 .75
" T2~2m 17 13.85 2.54 5.45
" T3-2m 6 9.51 4.82 1.97
" Th-1m 10 6.50 7.01 .93
" T4—-2m 8 12.96 5.48 2.36
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Appendix D (Continued)
Number Total beta activity ?iinegZi
Sampling of Bq./g dry wt. Bq./g dry wt. group (% one
Date Organism station organisms in organisms in sediment C¥FB standard error)
H. limbata T5-2m 11 3.78 5.19 .73
" Cl-1m 8 .55 .62 .89
" Cl-2m 9 .40 .53 .75
" C3-1m 6 .80 1.00 .80
" C4-2m 5 .80 .66 1.21
" C5-1m 10 .26 .51 .51
1978-J 0. colubrinus T1-1m 2 1.15 3.34 .34 X =0.25 % .04
b T1-2m 1 1.39 6.11 .21
" Cl-1m 2 .04 .48 .08
" C4-1m 2 .22 .88 .25
1978-Jy " T2-2m 1 .66 1.66 .40
1978-A " T4-1m 1 .60 1.88 .32
1979-Jy " T2-1m 1 .70 2.54 .28
" T4-1m 1 .35 2.38 .15
1978-p Dubiraphia spp. T1+2 17 3.57 3.18(x% 1.12 X = 1.89 = .47
" T3 15 3.31 2,22 " 1.49
" T445 21 3.77 2.97 " 1.27
" C-all 24 1.79 .63 " 2.84
1979-P " T1+2 21 6.68 18.79 " .35
" T3+445 25 2.35 3.29 " .71
" Cl 34 2,11 .58 " 3.63
" c2 22 2.08 .56 " 3.71
1978-P Sialis spp. T-all 14 1.24 2.90 43 X =0.22 = .11
1979-P " T-all 15 .78 9.47 .08
" C-all 34 .09 .61 .15 E
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Appendix D (Continued)

Number Total beta activity ?ﬁinegz:
Sampling of Bq./g dry wt. Bq./g dry wt. group (* one
Date Organism station organisms in organisms in sediment CFB standard error)
1979-P Chironomidae T1 95 7.08 34.94 .20 X=0.73 % .16
" T2 73 1.63 2.63 .62
" T3+4 110 1.65 3.19 .52
" 5 73 2.78 3.49 .80
" Cl 174 .43 .58 T4
" Cc2 85 .84 .56 1.50
" Cc3 82 .95 .67 1.42
" Ch 62 .10 .68 .15
" C5 103 .37 .58 .64
1979-P Chrysops spp. T-all 20 1.67 9.47 .18 X =0.49 & .31
" C-all 20 .49 .61 .80
1978-p  H. azteca T1-1m 72 6.14 3.07 2.00 X =1.67 £ .19
" T1-2m 54 3.91 6.19 .63
" T2 90 2.81 1.72 1.63
" T3 98 2.14 2.22 .96
" T4 97 3.22 3.13 1.03
" Cl-1m 136 1.30 .76 1.71
" Cl1-2m 176 1.67 .54 3.09
" C2+3 67 1.06 .63 1.68
" C4 67 1.29 .75 1.72
" Cé 107 .94 .66 1.42
1979-P " T3+4 140 5.56 3.19 1.74
" C-all 101 1.46 .61 2.39
1978-P  Pelecypoda T1 10 4,86 4.63 1.05 X=0.79 = .07
" T2 12 2.01 1.72 1.17
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Appendix D (Continued)

Number Total beta activity ?iinegzg
Sampling of Bq./g dry wt. Bq./g dry wt. group (% one
Date Organism station organisms in organisms in sediment CFB standard error)
Pelecypoda T3+445 i3 1.92 2.72 .71
" T3+4+5 7 2.09 2,72 .77
" Cl+2 22 .52 .55 .95
" C3 19 .63 .68 .97
" C4+5 12 .49 .71 .69
1979-P " T1 16 6.97 34.91 .20
" T2+43+4+5 36 2.82 3.12 .90
" T243+4+5 26 1.75 3.12 .56
" Cl1+243 16 .46 .60 .77
" C4+5 9 47 .63 .75
1978-Jy Gastropoda T2-2m 1 .33 1.66 .20 X =0.57 + .13
1978-A " C2-1m 1 .37 .58 .64
1979-A " T1-1m 1 4.06 5.02 .81
" Cl-1m 1 .35 .56 .63
1978 Oligochaeta T1 70 4.02 4.63 .87 X=0.78 £ .07
" T2 149 1.67 1.72 .97
" T3+4 192 2.71 2.68 1.01
" T5 109 2.49 2.80 .89
" Cl+2+3 164 .30 .59 .51
" C4+5 149 .38 .71 .54
1979-p " T1 176 10.24 34,94 .29
" T2 294 2.87 2.63 1.09
" T3+4 270 2.95 3.19 .92
" T5 349 1.71 3.49 49
" Cl 315 .48 .58 .83
" C243+4 226 .49 .64 .77 B
" c5 175 .57 .58 .98 <






