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ABSTRACT

This study was conducted to determined if damselfly nymphs, specifically,
Enallagma boreale, inhabiting the shoreline of Spring Meadow Lake (SML) are
experiencing bio accumulation of heavy metals (Mn, Pb, As, Zn). SML is located in

Lewis and Clark County, Montana, approximately 1.5 kilometers west of Helena.

Previous studies of SML reveal that elevated levels of heavy metals are present in the
sediment at specific sites along the shoreline. At other sites along the shoreline, the

levels are consistent with background values. Both sediment and biological samples

were collected from sites at SML and a reference wetland, Forest Lake. Metal levels
were determined by Inductively-coupled Plasma Atomic Emission Spectrometry. The
results indicate that there is a significant correlation between elevated levels of Mn, Pb,
and As in the sediment and in the biological samples. However, there was no correlation

between levels of Zn in the sediment and in the biological samples. It is observed that the

environment with elevated levels of heavy metals, which the damselfly nymphs inhabit,
is a significant source of bioaccumulation of Mn, Pb, and As, whereas bioaccumulation

of Zn did not occur.
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INTRODUCTION
Spring Meadow Lake SML is located approximately 1.5 kilometers west of
Helena in Lewis and Clark County, Montana. Individuals from Helena and the
surrounding areas make use of Spring Meadow Lake’s recreational activities, including

swimming, fishing, bird watching, and non-motorized boating. The lake is also a turtle

refuge.
Vannatta described high levels of heavy metals in a general survey of SML.1

Harada also described elevated levels of heavy metals (Mn, Pb, As, and Zn) at SML but
at specific sites along the shoreline. Harada concluded that elevated levels of heavy

metals in sediments of SML may have originated from tailings deposited by York-

Montana Ore Testing and Engineering Company (YMOTEC).2 Beginning in 1917,

YMOTEC was located near present-day SML.
Like SML, many freshwater wetlands have been altered from their natural state.
Physical, chemical, and biological factors influence the way wetland ecosystems operate,

and such changes threaten the natural state of a freshwater wetland. When attempting to

determine the ecological status for a particular altered wetland, several principal

ecosystem attributes must be integrated for evaluation. For example, ecology, hydrology,
geomorphology, and soil structure must be taken into consideration.3 In addition,

analytical chemical analysis of sediment and benthic macroinvertebrates is an important
component for ecological assessments.
Benthic macroinvertebrates, also know as aquatic invertebrates, are considered

biological indicators and can be used to evaluate the nature of contamination in streams
and lakes.4 Benthic macroinvertebrates live in the bottom-most part of waters,5 and they
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represent exposure points of heavy metals in aquatic food webs of lakes and ponds.6

Determination of the concentration of heavy metals in benthic macroinvertebrates could

contribute to an assessment of the ecological status of SML, specifically, at sites with
elevated levels of heavy metals.
Damselfly nymphs (Odonata: Zygoptera, Enallagma boreale} inhabiting sites

with elevated levels of heavy metals in SML may be exposed to heavy metals by direct

contact with metals in both interstitial and lake water, ingestion of food, and/or ingestion

of sediment particles.7 Damselfly nymphs are especially good indicators at SML for the
following reasons:

1. They are rather abundant relative to other benthic macroinvertebrates,
2. Individuals are relatively stationary and remain within small areas of the lake,

3. They live in direct contact with sediment and water,
4. They prey on other benthic macroinvertebrates,
5. They represent a food resource for fish, and

6. They are easy to collect and clean.
Damselflies generally live for one year and remain in the aquatic environment in
all life stages except as adults.8 Damselfly nymphs are predators and become relatively

large in their nymph stage, thus representing a significant predator role in the invertebrate
.
.
.
,
.
o
community since they eat living organisms in sight. Damselfly nymphs are known to eat

small fish, tadpoles, other damselfly nymphs, and smaller macroinvertebrates.
Bioaccumulation is the accumulation or uptake of an external chemical into an

organism. This study was conducted to determine the level at which benthic
macroinvertebrates, specifically damselfly nymphs {Enallagma boreale}, experience
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bioaccumulation of heavy metals (Mn, Pb, As, and Zn) in site-specific locations at SML.

These metals were of interest because previous studies indicate they are elevated

compared to background levels.1,2 Sediment and biological (damselfly nymph) samples

were collected from sites of elevated levels of heavy metals and compared to those of
non-elevated levels of heavy metals (reference sites). I hypothesized that damselfly
nymphs having the highest levels of heavy metals would be collected at sites also having

elevated levels of heavy metals in sediment.
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MATERIALS AND METHODS

Site Selection
A previous study revealed the exact site at SML where elevated levels of heavy
metals exist.2 Two addition sites were selected because there was evidence that heavy
metal concentrations compare with background values: an additional location on the

west side of SML,2 and a site at Forest Lake, Jefferson County, Montana (Figure l).1 At
each site, three or four sub-sites were defined. Each sub-site was approximately 5-10

meters from adjacent sub-sites. Table 1 displays a detailed description of the collections
sites.

Table 1. Description of collection sites
Site

Site Description

Number
of SubSites

Distance
Between SubSites

1

Site, which displays elevated levels
of heavy, metals, located on the
southeast side of SML.

4

5 meters

2

Reference site, which does not
display elevated levels of heavy
metals, located on the northwest side
of SML.

3

5 meters

3

Reference wetland; Forest Lake,
Jefferson County.

4

10 meters

Benthic
Macroinvertebrates
Collected

Enallagmci boreale

Enallagma boreale

Combination of
unidentified damselfly
nymphs

...

C»

5

>

Forest Lake
Site 3
N

S

S®

>iles

Figure 1: Aerial Photographs of Collections Sites
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Field Collection

Sediment

Sediment samples were collected approximately one-half to one meter from the

shoreline and at a depth of one-half to one meter. Surface sediment was scooped, using a
nylon spoon, into a polypropylene buchner funnel. A 63 pm nylon sieve was placed in
the funnel and sediment was filtered while water was added from the site until a 3.77-liter

(one gallon) polypropylene jug was full.

Nymphs
Damselfly nymphs were collected using a 30-centimeter diameter net. The net

disrupted the surface of the sediment and/or vegetation at the site and penetrated the
surface from one to 25 centimeters. To obtain a sufficient amount of biomass (0.25 g dry

weight), several sweeps with the net were necessary. Using polyethylene forceps,

nymphs collected in the net were placed in a Ziploc bag containing 350-600 milliliters of
lake water.
Within one to three hours, the nymphs were placed on a polypropylene screen and

rinsed with deionized water to remove vegetative and sediment particles. The rinsed

nymphs were placed in a polyethylene weigh boat and frozen. They were not allowed
sufficient time to depurate (natural cleansing of the gut) to accurately represent a food

resource for fish.9
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Sample Preparation
Sediment

Sediment samples were maintained at 4°C while the sediment settled over a
minimum of four days. The water was then decanted to a depth of five centimeters.

Sediment and remaining water were agitated and transferred into a 1000-milliliter acid

washed beaker. Again, the sediment settled over a minimum of two days; water was

decanted to a depth of two centimeters; sediment and remaining water were agitated and
transferred into a polyethylene weigh boat. Weigh boats were placed in a 70°C drying
oven and allowed to dry completely.

Dried samples were ground into a fine powder using acid washed mortars and
pestles. For each site, a 0.5 gram portion of sediment, accurately weighed, was digested

using a Microwave Acid Digestion Bomb (Parr model 4782). Sediment was placed in a

Teflon cup along with 20 millimeters of concentrated nitric acid (Fisher trace metals
grade). The Teflon/bomb apparatus was microwaved in a Hitachi 1000W kitchen
microwave until the pressure reached 500 pounds per square inch (psi) or until one
minute elapsed. The apparatus was cooled in an ice bath, and then vented. The digestate

was filtered through ashless filter paper into a 100 mL acid washed volumetric flask
using complete transfer methods and a 1% nitric acid solution. The final stock solution

was approximately 20% nitric acid. From the stock solution, 1:10 and 1 TOO dilutions

were prepared, using acid washed glassware, to produce 10% nitric acid solutions.
Nymphs

Frozen nymphs were placed in a 70°C drying oven. Dry biomass (0.25 g) was
accurately weighed into a Teflon cup along with 5 mL of concentrated nitric acid (Fisher
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trace metals grade). The digestion apparatus was placed in a 70°C water bath for two
hours, cooled, and carefully vented; then all residual water on the digestion apparatus was
completely dried or removed. An additional five milliliters of nitric acid were added to
the digestion apparatus, which was microwaved for 40 seconds or until the pressure

reached 500 psi; then it was cooled and carefully vented. Two milliliters of 50 weight

percent hydrogen peroxide (an anti-chelating agent) were added to the digestion
apparatus to complete remaining oxidation of organic matter. The apparatus was then

placed in the 70°C water bath for one-half hour, then cooled and vented. The digestate

was filtered through ashless filter paper into a 100 mL acid washed volumetric flask
using complete transfer methods and a 1% nitric acid solution. The final stock solution
was approximately 10% nitric acid.

Inductively Coupled Plasma Atomic Emission (ICP-AE) Analysis
Sediment and Nymphs

The digestate solution for sediment and nymph samples was analyzed using a

10% nitric acid, 1.0 ppm multi-element standard. The final concentrations were obtained
by programming the ICP to analyze the metals of interest, Mn, Pb, As, and Zn, using the

initial sample weight, dilution, and average concentration (each metal was analyzed three

consecutive times, then averaged).
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RESULTS
The concentration values of heavy metals, in both sediment and tissues, were
dramatically higher at the SML site with elevated levels of heavy metals compared to the
two reference sites (Figure 2). Figure 3 displays the concentration values for each metal

from the tissue samples collected at each site. The exact values obtained from ICP
analysis are found in Appendix A.

Sediment

Figure 2. Average concentration of heavy metal in sediment at each collection site.
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Figure 3. Average concentration of heavy metal in damselfly nymphs at each collection
site.
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With the exception of Zn, the damselflies having the highest levels of heavy

metals were collected at sites also having elevated levels of heavy metals in sediment.
Figures 4-7 show a regression analysis for each metal of interest.

R2 = 0.62 p = 0.004
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Figure 4. Regression summary for Mn.

R2 = 0.83 p = 0.0001

Figure 5. Regression summary for As.
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R2 = 0.91 p = 0.0001
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Figure 6. Regression summary for Pb.

R2 = 0.0018 p = 0.90
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Figure 7. Regression summary for Zn.
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DISCUSSION
According to the regression analyses (Figures 4-7), the sediment in which the
collected damselfly nymphs inhabit is a significant source of bioaccumulation of Mn, Pb,

and As; whereas bioaccumulation of Zn did not occur.
Calculating an enrichment factor (EF) is helpful when discussing the
bioaccumulation of one metal relative to another. The EF for a metal is a means to
compare the concentration of the metal at site 1 (site with elevated levels of heavy

metals) relative to the reference sites 2 and 3. EF is calculated by the equation below,
where M is Mn, Pb, As, or Zn with its concentration expressed in pg/g.

EF =

cone. M (sitel)

Equation 1

cone. M (avg. sites 2 & 3)

The magnitude of EF represents the difference in metal concentration between site 1 and
the reference sites. Table 2 displays the EF for each metal in both sediment and
biological samples.

Table 2. Enrichment factors for each metal in both sample mediums.

Mn

As

Pb

Zn

Sediment

640

94

91

38

Biological

69

7.2

4.0

1.0

For Mn, As, and Pb, it appears the EF in the biological samples increases as the

EF in the sediment samples increases. Interestingly, the EF of Zn in the biological
samples is 1.01, indicating that enrichment is not occurring at site 1 relative to sites 2 and
3. It may be possible that a threshold concentration of Zn in the sediment must be
reached before bioaccumulation of Zn in Enallagma boreale can be observed.
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Depending on species and source of contamination, uptake can come from water,
the food web, or both. The result from this study suggests that bioaccumulation of Mn,

Pb, and As originated from the food web since an analysis of water from the collection

sites showed no significant differences in these metals. Enallagma boreale is a
predacious insect, and represents exposure and bioaccumulation via the food web.

Currently, the literature discussing this topic is sparse.5
Furthermore, quantitative determination of a potential hazard to the aquatic
insects is not available due to lack of toxicological data for aquatic invertebrates.5
It is important to note the following important factors that also contribute to

conclusions made by this study:

Variation among species
It is well known that metal bioaccumulation in aquatic macroinvertebrates varies

significantly between species. Therefore, comparisons between species are unnecessary

for this study because data are not available to compare other insects from the Odonata
order.

Enzymatic affects of metal bioaccumulation
It is well known that some metal bioaccumulation may have an effect on

enzymatic reactions of some organisms. With respect to Odonata, a study performed on
dragonfly nymphs demonstrated that oxidative enzymes were significantly reduced in the
brain.10 A study could be performed to determine if bioaccumulation of metals in

damselfly nymphs is having an effect on enzymatic reactions in the organism.

CORETTE LIBRARY
CARROLL COLLEGE
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Influence of Acid-Volatile Sulfide and Simultaneously Extracted Metals (AVS-SEM)
Metals in sediment are present in several forms, which affects their mobility and

bioavailability, depending on chemical, biological, and physical conditions.11
Specifically, several researchers have determined that the level of sulfides in sediment

pore water has an effect on the toxicity of metals. It appears that divalent metal cations,
such as Pb2+ and Zn2+, form strong, insoluble complexes with sulfides. Consequently, the

exposure or bioavailability of these metals decreases with increased concentration of

sulfides.12 Metals in these forms are referred to as AVS-SEM, and research in recent
years suggests that metal bioavailability is affected by the level of AVS-SEM.9 AVSSEM is determined by measuring the level of sulfides and metals extracted after
treatment with a weak acid.13

Future Studies
There are several future studies that may be performed to further determine the

ecological status of Site 1 at SML:

•

A fish evaluation could be conducted to determine if elevated levels of metals

have bioaccumulated in the fish inhabiting SML. Fish in SML are mobile and

feed on aquatic invertebrates from a variety of locations. Therefore, it is
reasonable to suggest that the results from this evaluation would not demonstrate

further bioaccumulation of Mn, As, Pb, and Zn in the SML fish population.
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•

A species richness and diversity study could be done to determine the effect of
metals on the aquatic community. Limited visual observation of site 1 suggests

relatively abundant and diverse aquatic and plant life. Some studies suggest the
number of certain benthic macroinvertebrates increase with increased heavy metal
concentration. For example, studies performed on the Clark Fork River,
Montana, a National Priority List Superfund site, indicate that metal-resistant

species of mayflies and caddisflies are favored in those reaches of the river that

continue to have metal-rich environments.7

•

Several protocols exist that measure the concentration of AVS-SEM in sediments,
and an experiment could be performed to estimate the AVS-SEM of Mn, Pb, As,
and Zn in the sediment sampled at SML and Forest Lake. Results from this

experiment would be valuable in that a more accurate bioaccumulation factor

could be determined, since a portion of the metals in sediment are complexed with
oxides, sulfides, and organic matter.

In conclusion, this study determined that significant uptake of Mn, Pb, and As is

occurring in the damselfly population at SML; bioaccumulation is taking place at a
specific site where elevated levels of heavy metals are present in the sediment. The

results presented in this paper provoke several questions regarding the ecological status
of SML. A fish evaluation would contribute to a better understanding of the effect on

higher trophic-level organisms throughout SML. It is reasonable to suggest that the
lake’s fish population is not effected due to their motility and variety of food intake.
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APPENDIX A
Sediment Analysis
Site Number
Mn (ug/g)

As (ug/g)

Pb (ug/g)

Zn (ug/g)

54300
4230
79600
59300

2100
548
1670
1140

1890
367
1940
1310

229
75.5
267
192

49400

1360

138

190

161
126
167

29.5
39.5
30.8

42.8
199
46.1

6.55
56.8
7.32

151

33.3

96.0

23.6

158
141
167
148

28.6
34.4
29.3
23.6

24.1
32.5
33.1
31.4

15.3
7.42
8.52
9.12

154
Invertebrate Analysis

29.0

30.3

10.1

1.1
1.2
1.3
1.4
Average Site 1
2.1
2.2
2.3
Average Site 2
3.1
3.2
3.3
3.4
Average Site 3

176
130
120
144

48.3
27.7
34.3
35.1

14.7
10.7
12.0
11.2

1.1
1.2
1.3
1.4
Average Site 1
2.1
2.2
2.3
Average Site 2
3.1
3.2
3.3
3.4
Average Site 3

2990
1690
1810
1470

1990

142

36.4

12.2

21.3
27.3
32

38.3
19.7
21.4

12.3
7.45
7.29

9.1
9.9
11.4

26.9

26.5

9.01

10.1

28.3
35.3
29.9
30.5

16.9
15.4
9.26
9.98

4.23
15.7
10.8
4.79

13.8
12
14.3
15.6

31.0

12.9

8.88

13.9
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