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THE EFFECT OF 210PB AND STABLE LEAD ON THE INDUCTION

OF MOUTHPART DEFORMITIES IN CHIRONOMID LARVAE

A report prepared by G.A. Bird, W.J. Schwartz and D. Hoffman, AECL Research,

Whiteshell Laboratories, under contract to the Atomic Energy Control Board.

ABSTRACT

To determine whether mouthpart deformities in chironomid larvae from Port Hope

Harbour, Ontario, are the result of exposure to ionizing radiation or heavy metals in the

sediment, Chironomus tentans larvae were exposed in the laboratory to concentrations of
210Pb and stable lead representative of contaminant levels in the harbour. Exposure to

100, 1000, and 2000 Bq 210Pb«g-' dry sediment had no effect on the survival, growth of

the larvae or frequency of deformities. Likewise, exposure to 0.5 and 5.0 mg lead'g'1

dry sediment had no effect on the larvae, but exposure to 35.0 mg lead'g'1 dry sediment

resulted in 100% mortality of the larvae. These results indicate that the observed

mouthpart deformities in chironomid larvae in Port Hope Harbour are not the result of

radiation exposure. They also indicate that heavy metals (lead) may be having an impact

on the population.

RÉSUMÉ

Des larves de Chironomus tentans ont été exposées en laboratoire à des concentrations

de 2I0Pb et à des composés du plomb stables correspondant au degré de contamination

dans le port afin de déterminer si les déformations des pièces buccales observées chez les

larves de chironomidés dans le port de Port Hope, Ontario, sont le résultat de l'exposition

aux rayonnements ionisants ou, plutôt, de l'exposition aux métaux lourds présents dans
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ies sédiments. L'exposition à 100, 1 000 et 2 000 Bq 21oPb»g-' (sédiments secs) n'a eu

aucun effet sur la survie et la croissance des larves ni sur la fréquence des déformations.

De la même manière, l'exposition à 0,5 et à 5,0 mg Pb»g"' (sédiments secs) n'a pas eu

d'effets sur les larves, mais l'exposition à 35,0 mg Pb»g'! (sédiments secs) a entraîné une

mortalité de 100 % chez ces dernières. Ces résultats indiquent que les déformations des

pièces buccales observées chez les larves dans le port de Port Hope ne sont pas le résultat

de l'exposition aux rayonnements. Ils indiquent également que les métaux lourds (plomb)

peuvent avoir un effet sur la population de chironomidés.

DISCLAIMER

The Atomic Energy Control Board is not responsible for the accuracy of the statements

made or opinions expressed in this publication and neither the Board nor the authors

assume liability with respect to any damage or loss incurred as a result of the use

made of the information contained in this publication.



INTRODUCTION

The presence of chironomid nouthpart deformities (primarily deformities of

the hypostoma or mentum, a broad, sclerotized toothed structure) have been

reported in a number of studies in response to pollution (Bird 1989,

Dermott 1991, Janssens de Bisthoven et al. 1992, Warwick 1980a,b, 1991,

Warwick et al. 1987). In most studies, <5Z of the larvae examined are

deformed (Cushman 1984, Tennessen and Gottfried 1983, Warwick 1980a,b,

1991). However, in extremely polluted environments, up to about 80Z of the

larvae have been reported to be deformed (Warwick et al. 1987, Hare and

Carter 1976). Generally, it has not been possible to designate specific

causative agents with certainty, but agricultural and industrial pollutants

have been implicated.

Deformed chironomid larvae have been reported from Port Hope Harbour, Lake

Ontario (Warwick et al. 1987). Port Hope, Ontario, was the site of radium

and uranium refining operations. As a result of these activities, Port

Hope Harbour is contaminated by 2 3 8U and, to a lesser extent, 232Th decay

chain radionuclides and several heavy metals. The radiation dose to the

benthic invertebrate community from all sources was estimated to be about 1

mGyd"1 (Hart et al. 1986). In the more heavily polluted inner harbour,

832 (33 of 40 specimens) of the Chironomus spp. exhibited mouthpart

deformities, whereas 14Z (1 of 7 specimens) of the larvae collected from

the outer harbour exhibited deformities (Warwick et al. 1987). The authors

(Warwick et al. 1987) suggested that radiation was responsible for inducing

the deformities, although they acknowledged that heavy metals and"elevated

water temperatures may also have been involved.
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Chironomids are important in freshwater ecosystems as food for fish and for

predatory invertebrates; their populations often number in the tens of

thousands per m2. They feed on organic matter, converting it to animal

biomass, and releasing nutrients and other contaminants back into the

water. Their behaviour of pumping water through their tubules influences

surface sediment chemistry and accelerates decomposition processes by

aerating surficial sediments. Thus, chironomids are important in the

detritus food web, in the transfer of contaminants from sediments to higher

trophic levels, and in the cycling of nutrients.

Since chironomids spend most of their larval stages in surficial sediments,

they are exposed to toxicants in both water and sediments through physical

contact, respiration and ingestion. Their relatively sedentary foraging

behaviour means that their home range is restricted to localized areas.

This, together with their ubiquitous distribution in freshwater ecosystems

makes chironomids an ideal bioassay organism. The chironomid community

structure has long been used as an index of environmental quality (Saether

1979). In the case of deformities, the presence of deformed specimens

suggests that contaminants are having a sublethal effect on the population

and they are living in a stressed environment.

The purpose of the present investigation was to determine whether the

chironomid deformities observed in Port Hope Harbour are the result of a

radiotoxic response to radionuclides in the sediment or a chemotoxic

response to heavy metals. For this reason, chironomid larvae were exposed

to concentrations of 2l0Pb and stable lead representative of contaminant

levels in Port Hope Harbour.
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MATERIALS AND METHODS

Chironomid Culture

Chironomus tentans Fabricius larvae were collected from a sluice located

along Highway 23 near St. Alphonse, Manitoba, on December 31, 1991. About

two hundred specimens were sorted from the sediment in the field and

returned to the Whiteshell Laboratories. Since the larvae were in winter

diapause, it was initially necessary to break their diapause so they could

complete their life cycle (Fig. 1). This was done by housing the larvae in

screen-covered aquaria in an environmental chamber (Environmental Growth

Chambers, Model GC8-1H, Winnipeg) at 5°C, and by raising the temperature

0.5°C each day until a temperature of 20°C was reached.

The larvae were fed ad libitum with a slurry of Cerophyll, a dried cereal

of grass and leaves with natural vitamins A, B2, C and K (Ward's Natural

Science Establishment, Mississauga, Ontario), three times a week. Upon

emergence adult chironomids were aspirated from the aquaria and placed in

250-mL water bottles. About 50 mL of Winnipeg River water was added to the

water bottles and the bottles were positioned on a slight incline. This

arrangement allowed the adult females to crawl down the side of the bottle

and deposit their eggs in the water. Cultures were established and

maintained from these egg masses. Cultures were maintained at room

temperature on a diet of Cerophyll in screen-covered 4-L nalgene food pails

aerated with an aquaria pump (Optima, Rolf C. Hagen Corp., Montreal,

Quebec). Winnipeg River water was used in the study because its water

quality meets drinking water quality standards and because it was readily
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available. Water chemistry data for the Winnipeg River is presented in

Appendix Table A-l.

Experimental Design

For the study, profundal sediment from Lake 239, an oligotrophic reference

lake at the Experimental Lakes Area, northvestern Ontario, vas used as a

reference sediment. To improve the nutritional value of the sediment, and

enhance survival over the study period, Cerophyll vas added to the

sediment. For the study, 3.2 g of dry sediment (0.2 g Cerophyll + 3.0 g

sediment) vas placed in 125-mL glass vide-mouth jars to vhich 40 mL of

Winnipeg river vater vas added, and the jars vere shaken to réhydrate the

sediment. On the basis of the findings of pilot toxicity tests (Appendix

A) and contaminant levels reported for Port Hope Harbour sediments

(Tables 1 and 2), the sediment vas uniformly contaminated vith either 210Pb

(carrier free) to give a target concentration series of 0, 100, 1000 and

2000 Bq.g-1 dry sedinent or stable lead to give a target concentration

series of 0, 0.5, 5.0 and 35 mg.g-1 dry sediment. All daughter activity,

including 2 1 0Po, vere in equilibrium vith the parent 210Pb at the time of

use. To contaminate the sediment either 0, 0.75, 7.5, or 15 mL of a stock

solution of 210PbN03 (376 Bq.mL), or 0, 0.42, 4.2 or 28 mL of a PbN03 stock

solution (3.74 mg Pb^mL"1) vas added to the jars to obtain the appropriate

sediment concentrations. The volume of vater in the jars vas topped up to

70 mL and maintained at this level throughout the study. The jars vere

shaken for 24 h to enhance sorption of the 210Pb or stable lead to the

sediment. Because of the high solid/liquid partition coefficient for lead

(=105 L-kg"1 dry sediment), most of the lead vas sorbed to the sediment.
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After the shaking, the sediment was allowed to settle for about 24 h, a 20-

mL sample of the water was then taken for 210Pb or stable lead analysis,

and the remaining water was decanted off and replaced with fresh Winnipeg

River water. On the basis of the amount of 2 1 0Pb and lead remaining in the

water that was decanted off, actual sediment concentrations obtained were

0, 94, 940, and 1880 Bq.g-1 dry sediment and 0, 0.5, 5.0, and 31.9 mg

Pb-g'1 dry sediment respectively.

Eighteen replicates were used per treatment for the reasons outlined in

Appendix A. To ensure adequate numbers of larvae to examine for

deformities, 20 first-instar larvae were added to each jar to give 360

larvae (18 reps x 20 larvae-rep"1) per treatment. Because of the limited

space available in the fumehood (only about 36 jars could be handled safely

at a time in the fumehood) and the logistics of obtaining such a large

number (2880 larvae) of newly hatched larvae at one time, the 210Pb and

stable lead exposures were run on separate occasions. The two highest

concentrations of 210Pb and stable lead were housed in the fumehood,

whereas the control and low-concentration (geometric mean value for the

radionuclides and lead in Port Hope Harbour sediment) treatments were set-

up on a nearby counter (Fig. 2). The jars were gently aerated throughout

the experinent using an aquarium pump and Pasteur pipette spargers. The

larvae were fed about 75 mg of Cerophyll, which was contaminated with

either 210Pb or stable lead at concentrations equivalent to that of the

sediment in the respective treatments, five times over the study. Jars for

each treatment were color-coded to facilitate feeding the larvae the proper

concentration of contaminated food. On termination of the study at two

weeks, the larvae were sorted from the sediments and preserved in 70Z

ethanol.
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To guard against observer bias in evaluating the samples, the 72 vials of

specimens from each of the exposures were assigned a random number between

1 and 72 and coded for the individual treatments. The code identifying the

samples vas placed in the care of two people not involved in the study

until all the data were recorded. This helped to ensure that there was no

observer bias in assessing the larvae aouthparts for deformities.

For each jar, survival vas recorded and the length of each specimen was

measured to the nearest mm. The larvae were then cleared following the

procedure described by Varvick (1980a) to allow the transmission of light

through of the head capsules so that they could be examined for mouthpart

deformities under magnification. This involved clearing the specimens

overnight in an 8Z KOH solution, transferring the specimens to glacial

acetic acid for 15 minutes to neutralize the KOH, followed by a 15 min

rinse in 70% ethanol and storage in 70% ethanol until the head capsules

were mounted on microscope slides. Head capsules were mounted ventral side

up, in Hoyers media, under a dissecting microscope using gentle pressure on

the glass cover slip to extrude the mandibles and provide a clear view of

the hypostomal teeth. Each slide was identified by a code and specimen

number.

Chironomid head capsules were examined for deformities under a compound

microscope, generally at 250 or 400 x magnification. To ensure consistency

in scoring the head capsules for deformities, the head capsules were

examined only by the principal investigator. As noted above, examination

of the larvae was performed vithout knowledge (blind test) as to which

treatment the specimens had undergone, to guard against observer bias. In
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examining the head capsules for deformities, emphasis vas placed on

examining the hypostomal teeth, although the mandibles, premandlbles,

epipharyneal plate, and antennae were also examined. The hypostoma and

mandibles were classified as deformed if they exhibited extra teeth,

missing teeth, including gaps, or were very asymmetric or abnormal in

shape. Examination of the antennae was only for gross deformities, such as

missing or extra segments, or major differences in size of segments betveen

the two antennae, as opposed to the detailed examination described by

Warwick (1985).

Radioactive, Chemical and Statistical Analysis

Analysis of water samples for 2 1 0Pb activity was with a high-purity

germanium, n-type coaxial photon detector, rated at 26.4Z relative

efficiency, connected to a Nuclear Data 6700 Series MCA computer (Nuclear

Data Instruments, Schaumburg, Illinois), by measuring the adsorbance peak

at 46 keV. Stable lead concentrations were measured by inductively coupled

plasma spectroscopy (Applied Research Laboratories ARL-3560, Ecublens,

Switzerland). Two-way analysis of variance using the SAS (1985) GLH

program in combination with the Scheffe multipie-comparison procedure was

used to test the null hypothesis that the means for each treatment were

equal at the P = 0.05 level of significance. The independent variables

were the various treatments, whereas survival, biomass and frequency of

deformities were the dependent variables. An arc sine transformation was

performed on data for percent survival and percent deformed to more closely

approximate normal distributions, a requirement of the statistical tests.
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Results and Discussion

Exposure of Ĉ . tentans larvae to the various concentrations of 210Pb had no

effect on survival, bioaass or frequency of deformities (Table 3). The

poorer survival in a subgroup of the control specimens in the 210Pb

treatment (Table 3) was attributed to a kink in the air line to twelve

control jars, which caused some of the jars to become temporarily anoxic

(over a weekend). When these samples were excluded from the analysis there

was no difference in survival among the 210Pb treatments (Table 3). Thus,

doses of radiation up to 6.9 mGyd'1 (including doses due to ingrowth of

daughters) in the present study had no effect on survival, growth or

incidence of deformities in ÇU. tentans larvae. These findings suggest that

radioactivity found in the inner basin of Port Hope Harbour (Table 1) is

having no effect on the growth, survival or incidence of deforuities in the

chironomid populations.

Exposure to stable lead concentrations in sediment up to one order of

magnitude greater than the geometric mean values reported for the inner

basin of Port Hope Harbour (Hart et al. 1986) had no effect on the

survival, growth, or frequency of deformities in Ç. tentans larvae

(Table 4). At the highest concentration, 35 mg Pb.g*1 dry sediment, 100Z

mortality occurred. Therefore, the upper range of lead concentrations

reported for Port Hope Harbour sediments (Hart et al. 1986) is lethal to

chironomid larvae. The geometric mean sediment concentrations for lead in

Port Hope Harbour sediment exceed Ontario Ministry of the Environment

guidelines (0.05 mg.g-* dry sediment) for open water disposal of dredged

spoils (Persaud and Wilkins 1976).
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Port Hope Harbour is contaminated with 2 3 8U decay chain radionuclides, and

to a less extent 2 3 2Th decay chain radionuclides (Table 1) and heavy metals

(Table 2). The harbour could also be contaminated with organic compounds,

but this was not investigated by Hart et al. (1986), with the exception of

PCBs that are present at low concentrations (Table 2). On the basis of the

findings of our laboratory study, radiation would not have an effect on the

chironomid population in Port Hope Harbour. However, it is likely that

heavy metals in Port Hope Harbour (Table 2) are exerting an effect on the

larvae, considering the number of heavy metals found at elevated

concentrations. Lead, zinc, cadmium, iron, chromium and nickel In the

sediment of Port Hope Harbour exceed Ontario Ministry of the Environment

guidelines for open water disposal of dredged spoils (Persaud and Wilkins

1976). Suppressed growth of Chironomus larvae has been reported at lower

heavy metal concentrations than those reported for Port Hope Harbour

(Krantzberg and Stokes 1990).

Typical chironomid mouthpart deformities observed in the present study are

illustrated in Figure 3. The deformities were primarily confined to the

median tooth, with an indentation or cleft being the most common deformity .

(Pig. 3c-d). More extreme development of this cleft resulted in the

formation of two lobes or teeth, or a forked median tooth (Fig. 3g). Other

deformities such as gaps between teeth, missing teeth (Fig. 3b), extra

teeth, or major asymmetry of the teeth were rare. No deformed mandible or

antennae were observed. Only two specimens, one exposed to 1000 Bq

2iopb.g-i dry sediment and the other to 5.0 mg Pb-g"1 dry sediment,

exhibited gaps (Fig. 3h) similar to the deformity illustrated by Warwick et

al. (1987). The mean incidence of deformities (Table 3) in the present
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study vas considerably lower than the 83Z reported for the inner basin of

Port Hope Harbour. The overall mean frequency of deformities vas 2.3Z,

with a maximum of 16.7Z, for larvae exposed to 2 1 0Pb. A mean frequency of

deformities of 9.4Z, with a maximum of 30Z, occurred in larvae exposed to

stable lead. These values are not significantly different than the

incidence of deformities observed in control groups (Table 3 and 4), and

are generally lover than the 14Z incidence of deformities observed by

Warvick et al. (1987) in the outer basin of Port Hope Harbour. The total

number of larvae examined per treatment and frequency of deformities is

presented in Table 5.

The symmetry of the deformities observed in the present study is consistent

vith an inherited genetic basis, since somatic damage is much less likely

to be symmetrical (Hart et al. 1987). Inbreeding of stock culture may

result in an increased expression of recessive characteristics, including

morphological abnormalities vith a heritable genetic basis. An increase in

the incidence of deformities between 4th and 6th generation cultures has

been observed (Hart et al. 1987). Although our culture was established

from specimens collected from the field, the culture had undergone about 5

or 6 generations in the laboratory before the study could be initiated.

That the deformities observed in the present study may have been the result

of inbreeding is evident in the lack of a significant difference in the

incidence of deformities between treated and control specimens (Table 3).

In most studies, the presence of deformities in chironomid larvae has been

attributed to a somatic response as opposed to a heritable response. For

example, Janssens de Bisthoven et al. (1992) attributed deformities to the
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physiological disturbance in development of the buccal structures during

the moulting process. Dickman et al. (1992) found that rearing the Fx

generation from specimens collected from a site contaminated with coal tar

products in clean sediment resulted in a lover incidence of deformities

(4Z) than vas observed in the field (J.17. deformed). Frank and Kohen

(1982) also reported a reduction in the incidence of deformities vhen the

Ft generation of specimens from a contaminated site (from 5.9 to 40.3X of

the larvae vere deformed) vas reared in clean sediments (<2Z deformed). In

another study, Dermott (1991) attributed the presence of deformities in

chironomid larvae in the St. Clair River to somatic effects due to the

downstream displacement of pupae and egg masses by vater currents from

contaminated sites.

The possible mechanisms of deformity induction include gene mutations,

interference vith transcription and translation of DNA, disruption of cell

division, and metabolic disturbance. Although the absolute concentration

of teratogens may be lov in the vater, sediment binding and food chain

bioaccumulation may magnify their concentration. Indeed, larvae exhibiting

gross deformities have been demonstrated to contain elevated body burdens

of contaminants (Janssens de Bisthoven et al. 1992; Dickman et al. 1992).

Hovever, the reported body burden of lead of 16.2 fig-g'1 dry veight in

deformed larvae (Janssens de Bisthoven et al. 1992) is considerably lover

than the potential maximum body burden of 5 mg-g-1 dry veight that may have

occurred in the present study, assuming a concentration factor of one

betveen concentrations in sediment and larvae. This assumption is

reasonable since chironomid larvae are not able to regulate the

accumulation of lead (Krantzberg and Stokes 1989) and the concentration
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factor between lead concentrations in sediment and chironomid larvae is

about one (Janssens de Bisthoven et al. 1992).

In our study, exposure of the larvae to both contaminated sediment and food

ensured that the larvae were exposed to all the exposure pathways, since

the larvae would be exposed to the contaminants through both their gut and

body surface. They were also subjected to less physiological stress than

in studies without sediment, since the larvae are able to construct burrows

and adopt normal behaviour as under normal conditions. Other work has

demonstrated that the presence of food increases the toxicity of cadmium to

chironomid larvae, whereas the presence of sediment without food decreases

the toxicity of cadmium (Pascoe et al. 1990).

The toxicity of Cu to chironomids is greater in the early instar stage than

the egg stage (Hatakeyama 1988, Kosalwat and Knight 1987). This is because

the chorion, which surrounds the egg, protects the developing embryo from

the contaminant. It is only after hatching that mortality is observed

(Kosalwat and Knight 1987). In contrast, the egg stage may be more

sensitive to radiation exposure than larval stages. This is because cell

division and differentiation is more active during embryogenesis than in

later stages. It is plausible that exposure to chronic doses of radiation

may require several generations before genetic changes become severe enough

to be readily detectable, i.e., before the increase in the incidence of

mouthpart deformities becomes evident. If this is indeed the case, then

multi-generation toxicity tests are required to assess whether radiation

does indeed cause mouthpart deformities. ~
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There are several reasons why a high incidence of deformities may have been

observed in Port Hope Harbour (Warwick et al. 1987), but not in the present

study. Perhaps several generations of exposure to chronic levels of

contamination are required before deformities manifest themselves. In the

present study, larvae were only exposed to the contaminants for two weeks.

Larvae are exposed to many potential stressors in Port Hope Harbour

including radionuclides, heavy metals, organics, anoxia and elevated

temperatures. These stressors may act separately, or synergistically, to

induce deformities. In contrast, larvae in the laboratory were reared at

near optimum condition and were only exposed to a single contaminant at a

time. Other reasons involve differences in the methodology between the two

studies. Chironomid populations in Port Hope Harbour are low (Hart et

al. 1986). Presumably, because of this Warwick et al. (1987) examined only

a single sample consisting of 40 specimens from the inner harbour and 7

specimens from the outer harbour. Does this small sample size provide a

true reflection of the incidence of deformities in Port Hope Harbour? The

number of specimens examined by Warwick et al. (1987) is much lower than

the number examined in the present study (Table 5). Personal

interpretation as to what constitutes a deformity may also play a role in

contributing to the difference in the incidence of deformities observed in

the field and laboratory. Warwick et al. (1987) defined deformities as

various types of asymmetry, such as gaps in the hypostomal teeth, missing

lateral teeth, and extra processes or fused processes on the median or

first lateral teeth. They present a figure showing a gap in the hypostomal

teeth. Is this figure representative of all, or most, of the deformities

they observed, or were many of the deformities only minor asymmetry in the
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teeth? The latter were considered normal in the present study.

Examination of the specimens collected from Fort Hope Harbour would be

informative.

From this study we can conclude that exposure of (\. tentans larvae to

radiation activities up to 2000 Bq of "OPb-g"1 dry sediment and stable

lead concentrations up to 5 mg Pb.g"1 dry sediment had no effect on

survival, growth or incidence of deformities. Although exposure of larvae

to levels of radiation in the laboratory did not induce deformities similar

to those observed in Port Hope Harbour, a multi-generation exposure study

should be carried out to confirm that the deformities observed in Port Hope

Harbour are not a long-term chronic effect of exposure to radiation.
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Table 1. Geometric mean (n = 13) and range of radionuclide concentrations
(Bq-g*1 dry sediment) in the inner basin of Port Hope Harbour (Hart et al.
1986).

Parameter Geometric Mean Range

3.5-1280
0.063-76.6
0.063-76.6
0.60-682
0.30-739
0.015-5.2
0.0H-2.2

1818

u*Th-230
Ra-226
Pb-210
Po-210
Th-232
Th-228

Total
Radioactivity

92.5
6.78
1.56
6.54
5.79
0.20
0.10

22

*Ug'g'1 sediment
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Table 2. Mean concentration and range (n = 13) of chemicals in surficial
sediments in the inner basin of Port Hope Harbour (Hart et al. 1986).

Parameter Units Mean Range

pH*
H2S
N*
C*
Zn
Cd
Mn
Fe*
Co
Cu
Ag
Pb
Cr*
Ni
Ca
V
Al
Hg
Ba*
K
Sr
Na
Zr
F
PCB*

* Indicates arithmetic means; other means are geometric.

* Indicates values exceed Ministry of Environment guidelines for open
vater disposal of dredged spills.

/Jg-g-1

X
X
Jig-g-1

Mg-g-1

Mg-g'1
mg.g-i
Mg-g'1

/Jg-g-1

/ug-g-1

mg.g"1

lig-g'1

Mg-g"1
mg.g-i
Jig-g'1
mg.g-i
mg.g-i
/Jg-g'1

Mg-g-1

/ag-g'1

Mg'g'1

Mg-g'1

Mg-g'1

ng.g'1

7.9
25
0.57
5.57

205.7»
1.2»

601
32.1*
57
122»
6
0.483*
50-
58"
114
33
10.9
9.1

179
2 036
178
446
69
12
45.7

7.0-8.0
1-590

0.05-1.28
0.55-10.9
30.0-780

1-2
112-1070
12.4-51.0

8-5800
6-6600
1-71

0.01-34.0
12-123
5-6600
74-135
16-137

3.7-16.8
4.3-11.5
35-670
590-3100
114-210
260-570
23-142
3-76

5.3-77.4
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Table 3. The effect of 210Pb on the survival, growth and incidence of
deformities in C. tentans larvae.

Parameter Treatment (Bq.g-1 dry sediment)

0 100 1000 2000

Z survival 57.8 ± 24.3» 72.5 ± 13.(P> 86.1 ± 14.9b 88.6 ± 16.015

Z survival* 72.5 ± 11.8» 72.5 ± 13.0« 86.1 ± 14.9* 88.6 ± 16.0*

length (mm) 15.4 ± 1.4* 16.7 ± 1.3* 16.7 ± 1.4* 16.5 ± 1.7«

Z deformed 3.3 ± 3.7» 2.8 ± 4.7« 3.2 ± 4.6« 0.9 ± 2.0»

Arithematic mean ± standard deviation
Values with the same letter are not significantly different at
P < 0.05.
Excludes data for a subgroup of control specimens for which survival
was poorer due to a kink in the air line that caused some of the
jars to become temporarily anoxic.
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Table 4. The effect of stable lead on the survival, grovth and incidence
of deformities in C. tentans larvae.

Parameter Treatment (mg-g-1 dry sediment)

0 0.5 5.0 35

Z survival 74.2 ± 14.0« 76.7 ± 15.9» 70.0 ± 17.9« 0

length (mm) 16.9 ± 1.4* 16.6 ± 1.1* 17.3 ± 1.4*

Z deformed 4.7 ± 5.7» 8.6 ± 10.2» 10.1 ± 11.0»

Arithemetic mean ± standard deviation.

• Values with the same letter are not significantly different at
P < 0.05.
Denotes missing values due to 100Z mortality of the larvae.
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Tablé 5. The total number of larvae examined per treatment and frequency
of deformities.

Treatment Number of Larvae Z Deformed

2ioPb

Ï'1 dry sediment)

0 208 3.4
100 260 2.7
1000 316 3.2
2000 322 0.9

Lead
(mg.g"1 dry sediment)

0 259 4.6
0.5 277 7.6
5.0 262 8.0
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LARVA

Fig. 1 Stages in the life cycle of a chironotnid (Brennan 1981).
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Fig. 2 ' Experimental setup with (a) higher concentration in the fumehood
and (b) lover concentrations on a nearby counter.
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••*

Pig. 3 Representative deformities observed in C^ tentans larvae exposed
to 210Pb and stable lead in the laboratory, (a) normal, (b)
missing outer lateral tooth, (c-d) cleft median tooth, (e-f)
multiple clefts of median tooth forming three teeth, (g) forked
and (h) gap.
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APPENDIX A

Pilot Tests

To determine whether the levels of radiation and lead in Port Hope Harbour

sediments are lethal to the larvae before carrying out the proposed study,

preliminary toxicity tests were performed. Since 2 1 0Pb vas initially not

available (shipment vas not received until June) 60Co vas used as a

radiation source. A given radiation dose (Sv) should have the same

biological effect regardless of the source (Meyers 1989). Therefore, the

use of 60Co should give a reasonable estimate of the toxicity of 210Pb.

Larvae were exposed to 60Co at levels of 0, 100, and 1000 Bq-g-1 dry

sediment and lead (PbN03) concentrations of 0.5, 5.0 and 50 mg-g"
1 dry

sediment on the basis of contaminant levels reported for Port Hope Harbour

sediments (Table 1 and 2 in the sain text). The levels of radioactivity

tested reflect the sum of the geometric mean levels of radioactivity and

sum of the maximum ranges reported for the radionuclides in Table 1,

vhereas the lead concentrations represent the geometric mean and maximum

values for lead in Table 2.

Sediment from Lake 239, an oligotrophic reference lake at the Experimental

Lakes Area in northvestern Ontario (operated by the Department of Fisheries

and Oceans) vas used as a reference sediment. The sediment vas

contaminated vith 60Co by first rehydrating 3 g of dry sediment vith 40 mL

of Winnipeg River vater in 125-mL vide-mouth glass jars and adding either

0, 300 or 3000 Bq of 60Co to the jars to give a concentration of 0, 100, or

1000 Bq-g"1 dry sediment. In the case of stable lead, either 0, 0.3, 3 or

30 mL of a stock solution of PbN03 (5.0 mg Pb-mL"
1) vas added to either
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3.0, 3.0, 2.99, or 2.76 g of dry sediment to give final concentrations of

0, 0.5, 5.0 and 50 mg Pb-g-1 dry sediment respectively. Water was then

added to the jars to give a volume of 70 mL of solution and the jars were

shaken for 24 h. Because the partition coefficient for both 60Co and lead

are high, (~105 L-kg"1 dry sediment), most of the 60Co and lead sorbed to

the sediment. For the pilot studies five replicates were used per

treatment. Twenty newly hatched first instar Çj_ tentans larvae were added

to each jar. The jars were aerated and the larvae were fed -75 mg of

Cerophyll three times per week for two weeks, after which the studies were

terminated. Larvae were sorted from the sediment, and the number surviving

and total length (mm) per individual recorded. The specimens were then

cleared and mounted in Hoyers medium for examination for deformities as

described in the Material and Methods section of this report.

60Co and Lead Exposures

The survival, length, and frequency of deformities in larvae exposed to

60Co and stable lead are presented in Table A-2. Only the specimens

exposed to 1000 Bq 60Co-g"1 dry sediment and control specimens were

measured for length. Since the specimens exposed to lead appeared to be

the same size as those in the other treatments on visual inspection, they

were not measured. Only control specimens and specimens exposed to the

highest concentration of 60Co and 0.5 mg Pb-g-1 dry sediment were examined

for deformities. These short-cuts were taken to increase our efficiency

and reduce costs. Exposure to 5 and 50 mg Pb^L-1 as PbN03 resulted in

complete mortality (100Z) of the larvae. Larvae were examined at 48x

magnification for deformities using a stereomicroscope. One replicate from
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each treatment examined for deformities vas also mounted and examined at

higher magnification (250 to 400 x) for deformities. Few deformities were

observed in the presence of 60Co or lead.

Because few deformities were observed in the pilot study, and there is

little information available on the use of deformities as a laboratory

bioassay, it was desirable to use a positive control in the study.

Kosalwat and Knight (1987) reported a concentration-dependent increase in

the frequency of deformities of the epipharyneal plate in response to Cu

(Fig. A-l). Following their protocol, a further pilot study was performed

exposing larvae to 1.0, 2.0 and 3.0 mg CuS04«g
-1 dry sediment. No survival

was obtained at these concentrations.

These results caused us to question whether the toxicity was due to the Cu

or the S04. Personal communication with P. Kosalwat revealed that they had

changed the water in their study after mixing the sediment/CuS04 solution,

because the water was stained. This would have removed the S04 from their

experimental vessels. Since N03 may have been responsible for the toxicity

of PbN03, we repeated our pilot studies with both PbN03 and CuS04,

decanting off the water after the sediment/water solution had been shaken,

and replacing it with river water. This resulted in better survival of

larvae (Table A-3). Examination of larvae again revealed few deformities

and, in the case of Cu, a density-dependent increase in epipharyneal

deformities was not observed and the frequency of deformities was low. The

subtle deformities of the epipharyneal plate described by Kosalwat and

Knight (Fig. A-l) proved to be very subjective to score, the appearance of

the epipharyneal plate being subject to variation with orientation.
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Therefore, the use of a positive control involving exposure of the larvae

to Cu vas dropped from the experimental design.

In our second pilot study in vhich the vater vas changed to remove the N03

in solution, survival of larvae vas observed at 25 tag Pb^g"1 dry sediment,

the highest concentration tested. Since survival occurred at 25 mg Pb.g-1,

it vas also decided to expose the larvae to an upper concentration of 35

mg.g-1 dry sediment on the basis of maximua concentration observed in Port

Hope Harbour (Table 2 main text). In this pilot study, survival vas

relativity lov for each treatment, including the controls. Therefore, 0.2

g of Cerophyll vas added to the sediments to improve their nutritional

value and to enhance larval survival.

On the basis of these preliminary tests, it vas decided to expose the

larvae to 2 1 0Pb concentration of 0, 100, 1000 and 2000 Bq.g-1 dry sediment

and stable lead concentration of 0, 0.5, 5 and 35 mg.g-1 dry sediment,

representing the range of total radiation (Table 1) and lead (Table 2)

contamination in Port Hope Harbour. After mixing the 210PbN03 or PbN03

vith the sediments, it vas decided to change the vater to remove the N03

remaining in solution. In addition 0.2 g of Cherophyll vas added to the

sediment to improve its nutritional value and to improve larval survival.

The effect of only one radionuclide and one heavy metal on the chironomid

larvae vas investigated in the present study to reduce costs. Of the

nuclides reported in Port Hope Harbour, it vas decided to investigate the

effects of lead on the larvae because 210Pb and stable lead vere present at

higher concentrations than most of the other nuclides (Tables 1 and 2).
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To assess the number of replicates required per treatment two approaches

were used: power statistics and statistical analysis (ANOVA) of randomly

generated data. For the former, a frequency of deformities of 3.2 ± A.6Z

for larvae exposed to radiation and a frequency of OX for control larvae

was assumed on the basis of values presented in Table A-2. Following the

procedures described by Cohen (1988), to test for a statistical difference

between two means at a power of 0.8 and P = 0.10, nineteen replicates are

required. With P = 0.05 twenty-six replicates are required, whereas with a

P = 0.01 fifty replicates are required. Further analysis using randomly

generated data with a mean frequency of deformities of 3Z for exposed

larvae and 1Z for control specimens, and a standard deviation equivalent to

the mean, revealed a significant difference could be detected between

groups with five replicates per treatment using only five specimens per

replicate (Table A-4). Increasing the number of replicates and/or the

number of specimens per replicate increased the confidence of the test.

In determining the ultimate design of the experiment, consideration was

given to the number of replicates per treatment, number of specimens per

replicate, availability of space and cost. A major component of the cost

for the experiment is labour involved in processing and mounting the

chironomid head capsules onto microscope slides. Therefore it was

desirable to keep the number of specimens as low as reasonably possible and

the number of replicates as high as reasonably possible for statistical

purposes. The use of a small number of replicates with a large number of

larvae per replicate could result in an experimental design that is of

weaker statistical power and more costly than one with more replicates, but

fewer specimens per treatment overall. However, it is necessary to use a
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sufficient number of larvae to partially compensate for any mortality that

may occur during the study. The lov frequency of deformities observed in

the pilot studies indicated that considerably more specimens would be

required than anticipated on the basis that about 83Z of the larvae would

be deformed (Warwick et al. 1987). Labour costs in setting up the study

increase in proportion to the number of sample vessels utilized,

particularly with more time being required to adjust the aeration to the

jars when a large number of replicates is used.

As a compromise between the twenty-six replicates required to detect a

significant difference between treatments at P < 0.05 on the basis of power

statistics, the lower number of replicates required on the basis of random

generation of data, and the practical logistics of available fumehood space

and overall costs in setting up the experiment and processing the samples,

it was decided to use eighteen 125-mL glass wide-mouth jars (five cm

diameter) per treatment. Twenty first-instar larvae were added to each jar

for an initial total of 360 larvae per treatment. This number was chosen

since it would allow for some mortality, yet would provide sufficient

larvae to assess the incidence of deformities. Twenty larvae per jar

results in a lower density of larvae than is often seen in the field, and

our pilot study demonstrated that good survival could be attained at this

density. Three grams of dry sediment per jar provided an adequate

substrate for the larvae. The quantity of sediment used per jar could have

become critical if larger jars were used, since the total quantity of 2 1 0Pb

(2000 Bq-g"1) had to be kept to <0.37 MBq for a Type C laboratory.
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Fig. A-l (a) Representative deformities observed in the
epipharyngeal plates of C± decorus larvae exposed to
copper (n = normal, d = deformed) and (b) the d»se
dependent response in epipharyngeal plate deformities to
sediment copper concentration (arithemetic mean ± standard
deviation, Kosalwat and Knight 1987).
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Table A-l. Water chemistry data for the Winnipeg River (ng.L*1),

pH*
alkalinity
(as CaC03)

Ca

Mg

Na

K

Cl

N03

S04

Pb

Ni

Cd

Zn

Cu

7.5

41

13.2

3.83

2.54

1.01

2.13

0.3

4.1

<0.005

<0.030

<0.010

<0.005

<0.020

*unitless
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Table A-2. Effect of 60Co (1000 Bq.g-1 dry sediment) and lead (0.5 «g-g"1

dry sedinent) on the percent survival, growth and frequency of deformities
in C^ tentans larvae in the pilot studies (n = 5).

% survival

Z deformed

length (nun)

78

3

17

.0

.2

.4

60Co

± 15

± 4

± 1

.0»

.6*

.1*

Treatment

57

5

.0

.1

Pb

±

±

-

22

7

.8*

.1*

Control

79,

0,

18.

,0 ± 15»

.0»

.8 ± 1.4»

Arithmetric mean ± standard deviation

Not measured, see text

Value in rows with the same letter are not significantly different at
P < 0.05, Statistical analysis was by two-way AN0VA in combination with
Scheffe's multiple range test.
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Table A-3. Survival of Ç_j. tentans larvae exposed to copper or lead for 14
days (n = 4).

Concentration Z survival
(mg.g-i dry sediment)

Copper
0
0.1
0.5
1.0
2.0

Lead
0.5
1.0
2.5
5
25

Ârithmetric mean ± standard deviation

41.5
47.5
50.0
46.5

7.5

44.0
59.0
57.5
36.5
36.5

±
±
±
±
±

±
±
±
±
±

9.5
18.5
9.2

14.1
8.8

14.0
10.5

6.5
11.0
17.5
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Table A-4. Effect of number of specimens per vessel on the ability to
detect a significant difference between treatments using five replicates
per treatment and randomly generated data assuming three percent of the
treated and one percent of the control specimens are deformed and the
standard deviation equals the means.

No. per essel Control Treated
Coefficient
of Variation Prob >F

10
20
40
80

0.94*
0.90»
0.97*
0.97*

1.19b

2.78b

2.90b

3.06b

1
23
128
167.1

0.0001
0.0001
0.0001
0.0001

Values in rows with different letters are significantly different at
P < 0.05. Statistical analysis vas by AN0VA in combination with
Scheffe's multiple range test.


