* mpsteR 3% -1a5




An Evaluation of the Applicabllity of the Tubifex tubifex Whole Sediment
Reproductive Bloassay for Application ln Assessing Effects from Metal Mining

|

Danielle Milani, T.B. Reynoldson and P. Hoekstra
\

|
Aquatic Ecosystem Restoration Branch
National Water 3esearch Institute
Environment Canada
, 867 Lakeshore Rd
Burlington, Ontario L7R 4A6

i
|




Title:

Authors:

NWRI Publication No:

Citation:

EC Priority/Issue:

Current status:

Next steps:

MANAG EMENTJ PERSPECTIVE
|
An evaluation of the applicability of the Tubifex tubifex whole
sedimentreproductive bioassay for appllcatlon in assessing effects

from metal mining

Danielle Milani, T.B. lRey'noldson and P. Hoekstrav

|

98-125
l
NWRI report |

The Aquatic Effects Technology Evaluation Program (AETE) is
evaluating methods and approaches to environmental monitoring,
for potential application in the EEM for metal mining. As a part of
this programme a series of sediment toxicity test are being
examined for use in thls national programme.

Among the suite of tests being evaluated is the Tubifex tubifex 28-
day reproduction test This project is supported by the Canada
Centre for Mineral :and Energy Technology (CANMET), and
involved the assessment of 63 sites from three mining locations.

The functional responses of T, tubifex (survival and reproduction)
were compared to acceptability criteria derived from reference
sites sampled in the f ive Great Lakes over a 3 year period. Three
categories of toxncnty were developed based on restuits from 161-
212 reference sediments. The 63 sites were classified according
to the responses as 1) non toxic, 2) potential toxicity or 3) toxicity.

These results showed little evidence of toxicity at these particular
sites. ‘ ,

Data from this test wnll be compared to other bioassay resuits to
examine their comparative performance - and provide
recommendations for the most appropriate suite of tests for the
metal mining programme
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ABSTRACT

The Aquatic Effects Technology Eva{uation Program (AETE) is in the process of
evaluating methods and approaches to envir@nmenta_l monitoring, for potential application
in the EEM for metal mining. As a part of this programme a series of sediment toxicity
tests are being examined for use in this national programme. Among the suite of tests
being evaluated is the Tubifex tubifex 28-da;y adult reproduction test. Samples from 63
sites at three mining locations were examiﬁed. The functional responses of T. tubifex
(survival and reproduction) were compared to acceptability criteria derived from reference
sites sampled in the five Great Lakes over a 3 year period. Three categories of toxicity
were developed based on results from 166-:208 reference sediments. The 63 sites were
classified according to the responses as 1) non toxic, 2) poten,ti,ally toxic or 3) toxic.
These results showed little evidence of toxicity at these particular sites.
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1.0 INTRODUCTION

Toxicity test endpoints most appropnate for assessing ecological lmpacts are those
associated with reproduction and life history (Reynoldson et al., 1991). The tubificid
oligochaetes are one of the more widespread benthic groups, making them useful test
organisms. The Tubifex tubifex 28-day reproduction test was developed at the National
Water Research Institute (NWRI) as a component of sediment toxicity assessment
(Reynoldson et al., 1991). The testis rel,ativfely simple and straightforward, and has been
demonstrated to be repeatable and d’isc’:rimlinatory (Reynoldson et al., 1991). Although
T. tubifex does not exhibit discreet age cl::asses, it has the folldwing recognizable life
history stages: breeding individuals, cocoéns, newly hatched worms, and immature
worms, which are used as endpoints in the Qest (Bonomi and DiCola, 1980; Reynoldson
et al., 1991). :

As part of the Aquatic Effects Technology Evaluation (AETE) program to evaluate
methods and approaches to environmental rqonltonng, 63 samples from three mines have
been assessed for sediment toxicity using the Tubifex tubifex 28-day reproduction test.
These include the Myra Falls Mine, BC (21 sutes) the Dome Mine, ON (21 sites); and the
Mattabi Mine, ON (21 sites).

20 METHODS
2.1 Culture of Test Organism
Culturing methods for T. tublfex are outluned in detail in Reynoldson et al., (1991).
Briefly, T. tubifex are cultured in 20 cm X 20 cm x 20 cm Plexlglas -aquaria at 23 °C
(1°C). The culture medium is a natural marsh sediment from Long Point (Lake Erie)
having a high organic carbon content and appropriate particle size for oligochaetes. This
sediment has been used by NWRI, Burlington, ON, as a culture media for the past six
years. Approximately 8 cm of sediment is added to a culture aquarium, then filled to the
20-cm mark with culture water (dechlorinated Lake Ontario tap water from the City of
Burlington water supply). Once the sediment has settied, approximately 200 full cocoons



are added to the aquarium and the worms cultured to maturity (7-8 weeks). Sexually
mature adults (gonads visible) are sieved out and sorted for testing purposes.

2.2 Sediment Sieving and Preparation

Sediment samples are stored in the dark at 4°C until used in toxicity tests. Each
sediment sample is completely homogenized, then sieved through a 250-ym sieve
(Nytex®) to remove indigenous macrofauna (Reynoldson ef al., 1994). A 4:1 ratio of
culture water.sediment (2 L culture water:500 mL sediment) is used in the sieving
process. Culture water is added gradually to the sediment to produce a slurry. This
slurry is poured through the sieve, and the residue discarded. The sieved sediment is
allowed to settle for a minimum of 24 hours, after which the water is decanted and used
as the overlying water. Each 250-mL test chamber receives 100 mL of sieved sediment
and 100 mL of overlying water. Food is added to each test chamber (80 mg of crushed
Nutrafin®) and thoroughly mixed into the sediment-water slurry. The test chambers are
then placed in a dark test incubator at 23°C (£1°C) to allow the sediment to settle
overnight. Once settled, the samples are aerated for 24 hours before the introduction of
the animals. Five replicated beakers are prepared for each test site. In addition, a
control sediment (Long Point) is included in each test to ensure that the test responses
are within acceptable limits, thereby providing evidence of the health of the test
organisms.

2.3 Toxicity Test Procedure _

On day O (start of test), water chemistry variables (pH, dissolved oxygen (mg/L),
temperature (°C) and conductivity (uS/cm)) are measured and recorded for each replicate
test chamber. Total ammonia concentration (mg/L) is also determined for each sample
by taking a composite water sample from each replicate.

Sexually mature specimens of 7. tubifex (identifiable gonads) are removed from
the culture sediment by adding the sediment to a 500-pm sieve and gently immersing the




sieve into culture water. The worms are washed into petri dishes. These animals are
transferred randomly to small plastic dishes containing culture water, until each dish
contains four worms. The worms in the dish are added to each replicate beaker.

The test is conducted for 28 days; during this time, all test. beakers are aerated,
and water loss due to evaporation is supplemented with de-ionized water. Water levels
in the test chambers are checked daily and airlines are checked twice daily to ensure
proper levels are maintained throughout the test. On day 14 (mid-way point), water
chemistry variables are again measured and recorded (pH, dissolved oxygen,
temperature, and conductivity).

On day 28, water chemistry variables are measured for the final time, and total
ammonia concentration is measured as before. The contents of each beaker are
sequentially washed through 500-pm and 250-pym mesh sieves. The contents from the
two sieves are washed separately into individual gridded plastic petri dishes for
enumeration with a dissecting microscope. Endpoints measured include survival of the
original adults, number of full cocoons, number of empty cocoons, number of small
offspring (retained on 250-um mesh), and the number of large offspring (retained on the
500-um mesh). The results are expressed as four endpoints: mean % survival of adults,
the mean number of cocoons per adult, the mean % cocoons hatched (empty cocoons
versus total cocoons) and the mean number of offspring per adult. If adult survivorship
is less than 100%, the number of cocoons' per adult and the number of young per adult
is achieved by taking the average of the number of surviving adults and the number of
original adults (4). For example, if 3 out of 4 adult worms survived, the number of
cocoons or young would be divided by 3.5 to achieve the number per adult.

24 QAQC

The measured endpoints of T. fubifex in the laboratory control sediment (Long
Point, Lake Erie) are plotted in warning charts (Figures 1, 2 & 3) (Environment Canada,
1990). The number that equals two times the standard deviation above and below the




mean, for each endpoint measured (the upper and lower 95% confidence limits) were
plotted. These “warning limits” indicate the normal variability in test responses for T.
tubifex in control sediment. Each AETE test was compared against these established
warning limits. If the test data fell within the limits, they were included in the data set.

Coefficients of Variation (CV) are also determined for the three mine locations for
each of the four endpoints to evaluate the precision of the endpoints. The overall mean
CV and the range are included at the bottom of each of the 12-endpoint tables (Tables
2 to 13). The CV is used to determine the precision of the test, and a CV of < 20% is
generally recommended for laboratory replication.

3.0 RESULTS

The toxicity test results are presented for mean adult survivorship (Tables 2, 3 &
4); mean number of cocoons/adult (Tables 5, 6 & 7); mean number of young/aduit (Tables
7, 8 & 9); and mean % cocoons hatched (Tables 11, 12 & 13). Total ammonia
concentrations, measured on day O and day 28 are presented in Tables 14, 15 & 16. To
assess the response of the test endpoints these data have been compared to
acceptability criteria derived from reference sites sampled in the Great Lakes over a three
year period (Reynoldson et al., 1995; Reynoldson ef al., 1997). Three categories of
toxicity were developed for four species from sediments in the Great Lakes based on the
results from 161-212 reference sediments. The categories are: (%) non-toxic; (2) poten'tial
toxicity; and (3) toxicity. The delineations for each of the categories for T. tubifex in
whole sediment toxicity tests are presented in Table 1. An upper limit is provided in the
non-toxic category for reproduction based oh twice the standard deviation of the mean.
Toxicological effects on sublethal responses are usually considered negative, i.e., growth
or reproduction is reduced in comparison to a control. ‘However, in areas of
eutrophication or high nutrient impact, sublethality may manifest itself as an increase in
biomass or production of young. This effect could have a negative impact on the
structure and function of benthic invertebrate communities in aquatic ecosystems.




Therefore, an upper limit for reproduction by T. tubifex has been set for the non-toxic
category.

Table 1: Limits derived from Great Lakes reference sites for determining toxicity of
T. tubifex test endpoints

Speciles Non toxic Potentially toxic Toxic
(Class 1) (Class 2) _(Class 3)
T. Tubifex ' _
survival (%) >88 84 - 87.9 <84
hatch (%) 40 - 78 30.8 - 39.9 <30.8
cocoon/ad. (no.) 7.2-123 59-7.1 <5.9

young/ad. (no.) 120-456 = 36-11.9 - <3.6

The use of two and three times the standard deviation about the mean for each
endpoint has been chosen to separate these response categories because it was
established to be a more conservative delineation of toxicity than the Minimum Detectable
Differences (MDD's) determined from the Great Lakes data (Reynoldson et al., 1997).

Adult Survivorship: (Tables 2, 3 & 4)

Adult survival was high in all sites tested (90 - 100%). CV's are low ranging from
0 - 15.2%. All sites are classified as non-toxic.

Cocoons/adult: (Tables 5, 6, & 7)

The number of cocoons produced per adult was sufficient to classify all sites as
non-toxic, with the exception of Mattabi Mine sites MMSR2-2 (5.4 cocoons/adult) and
MMSR2-3 (7.0 cocoons/adult). These sites are classified as toxic and potentially toxic
respectively. Coefficients of variation were < 18.2 %.




Percent Cocoons Hatched: (Tables 8, 9, & 10)

The percentage of cocoons produced that hatched was sufficient in all sites tested
(41.9 - 71.8%), thereby classifying all sites as non-toxic. Coefficients of variation were
< 22.6%.

Young/adult: (Tables 11, 12 & 13)

The number of young produced per adult was sufficient in all sites to be classified
as non-toxic, with the exception of Myra Falls site MN7-S (10.5 young/adult), classifying
it as potentially toxic. The range in coefficient of variation was higher for the number of
young/adult produced (3.2 — 5§5.9); however, overall means were < 18.8%.

Total Ammonia Levels: (Tables 14, 15 & 16)

Elevated concentrations of total ammonia were recorded on day 0 in Mattabi Mine
sites MMSR1-2 (6 mg/L), MMS5-3 (5.5 mg/L) and Dome Mine site D3-1 (5.5 mg/L). By
the end of the test, (day 28), these levels were reduced considerably.

40 CONCLUSION

These results showed little evidence of toxicity. None of the samples from Dome
mines showed evidence of sediment toxicity, and one sample from Myra Falls ihdicated
potential toxicity (Table 11). Only two of 21 sites (Table 7) from the Mattabi Mine were
toxic based on cocoon production, MMSR2 (toxic) and MMSR3 (potentially toxic). At both
these sites young production was also reduced (Table 13), but was within the criteria
established. However, young production is less sensitive than cocoon production
because of the greater variability observed in young per individual. It is not possible to
interpret these results further in the absence of supporting physical or chemical
characterisation of the samples. The elevated total ammonia concentrations observed
in Mattabi Mine sites MMSR1-2 (6 mg/L), MMS5-3 (5.5 mg/L) and Dome Mine site D3-1




(5.5 mg/L) did not appear to contribute to toxicity. These sites were classified as non-
toxic for all endpoints.

For all test endpoints, the mean CV's were all below the recommended 20%. The
CV ranges were greatest for the number of young produced per adult (3.22 - 55.88). This
is to be expected, as this endpoint in general tends to be the most variable. For each
data set (AETE 1 t0 9), the test responses in the laboratory control sediment (Long Point)
are within the acceptable limits, thereby accepting all test data.
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Table 2: Adult Survivorship: MYRA FALLS MINE

AETE 1

AETE 2

SITE
MF1-S
MF2-8
MF3-8
MF4-S
MF5-5
MF6-S
MF7-8
LAB CONT
MR1-S
MR2-s
MR3-S
MR4-S

Mean
100.00
100.00
100.00

85.00
100.00
100.00

100.00 -

100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00:
100.00°

100.00
100.00
100.00
100.00

90.00
100.00
100.00

1.62
0-15.20

sD
0.00
0.00

CV Classffication

NON TOXIC

* NONTOXIC

NONTOXIC
NONTOXIC
NONTOXIC
NONTOXIC
NON TOXIC
NON TOXIC
NON TOXIC-
NONTOXIC
NON TOXIC-

‘NONTOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON'TOXIC
NONTOXIC
NON TOXIC
NON TOXIiC
NONTOXIC

Table 3: Adult Survivorship: DOME MINE

AETE 4

AETE'S

SITE
D1B-1
D1B-2
D183
b2-1
D2-2
D23
D24
LAB CONT
D31
D3-2
D33

‘D34

D35

D3-6
D37

LAB CONT

- D41

D4-2
D43
D4-4
D45
D4-6
D4:7
LAB CONT

Mean CV
CV-Range

100.00
100:00
100.00
100.00

SD
0.00

0.00

0.00
0.

0.00
0.00

CV Classffication

NON TOXIC
NON TOXIC
NON TOXIC
NONTOXIC
NONTOXIC
NON TOXIC
NONTOXIC
NON TOXIC
NON TOXIC
NON TOXIC:
NON TOXIC

‘NON TOXIC
“NON TOXIC:

NON TOXIC

NON TOXIC-
‘NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

Tabie 4: Adult Survivorship: MATTABI MINE

AETE 7a

AETE 7b

AETE 8

SITE
MMSR1-1

- MMSR1-2

MMSR1-3
MMSR2-1
MMSR2:2
MMSR2-3
LAB CONT
MMS1-1
MMS1-2
MMS1-3
LAB CONT
MMS3-1
MMS3-2
MMS3-3
MMS4-1
MMS4-2
MMS4-3
LAB CONT
MMS2-1
MMS2-2
MMS2-3
MMS5-1
MMSS-2
MMS5-3
LAB CONT

Mean CV

CV Range

Mean
100
100
100

95

sD
0.00
0.00
0.00
11.20

cv
0.00
0.00
0.00
11.80

90 13.70 15.20

100
100
100

100
100

100

100
100

3.18
0-1520

13.70
0.00
0.00
0.00
0.00
0.00
1.2
112

0

0

—h
N
(4]

X-X-X-X-X-X-X-E-X

15.20
0.00
0.00
0:00
0.00
0.00
118
118

0
0
133

[-A-N-R-N-N-N-N-N-]

Classffication
NON TOXIC

~NONTOXIC

NON TOXIC
NON TOXIC
'NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NONTOXIC
NON TOXIC.
NON TOXIC
NON TOXIC:

. NON TOXIC:



Table 6: Cocoons/Adult: MYRA FALLS MINE

SITE

AETE 1 MF1S
MF2-S
MF3-S
MF4-8
MF5-S
MF8-S
MF7-S
LAB CONT

AETE2 MR1-S
MR2-S
MR3-S
MR4-S
MR5-S
MR6-S
MR7-8
LAB CONT

AETE 3 MN4-S
MN5-8
MN6-S
MN7-8
MN8-S
MNS-S
MN10-S
LAB CONT

Mesn CV

8.41
10.70
957

CVRange 3.47-15.06

SD
0.58
0.84
0.78
138

136

1.05

126

0.41

0.7

0.89

CV Classification

6.12
9.37
829
16.39
1578
11.75

NON TOXIC:
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

‘NON TOXIC

NON TOXIC

.NON TOXIC

NON TOXIC
NON TOXIC

‘NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

Table 6: Cocoons/Adult: DOME MINE

AETE 4

SITE
D18-1

Di1B-2
‘D183

D21

D2:2

D23
D24
LAB CONT
D341
D3-2
D33
D34
D35
D36
D3-7
LAB CONT
D4-1
D4-2
D43
D4-4

D45

D4-8
D4-7
LAB CONT

Mesn CV

Mean
11.15
10.75
10.90
10.70
11.12

10.85

10.45
10.80
11.25
10.80
10.70
11.00
10:50
10.05
11.25
10.95
11.15
10:44
11.63
11.48
11.00

9:96
11.25
11.50

7.32

CVRange 3.05-17.50

SD

cv
4.07

Classification
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NONTOXIC
NON TOXIC
NONTOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NONTOXIC
NON TOXIC
NON TOXIC

-NON TOXIC

NONTOXIC
NON TOXIC

Table 7: Cocoons/Adult: MATTABI MINE

AETE 7a

AETE:8

SITE
MMSR1-1
MMSR1-2
MMSR1-3
MMSR2-1
MMSR2-2
MMSR2-3
LAB CONT
MMS1-1
MMS1-2
MMS13
LAB CONT
MMS3-1
MMS3-2
MMS3-3
MMS4-1
MMS4-2
MMS4-3
LAB CONT
MMS2-1
MMS2-2
MMS2-3
MMS5-1
MMS5-2
MMS5:3
LAB CONT

Mean CV

Mean
9.05
9.00
925
8.16
539
6.97

10.80

11.35

10.94

11:20

11.00
9:84
9.14

11.00
9.90
8.30
865

11.05
9.50
9.

10.42

CV Range 2.81-1823

0.51
1.16
0.64
0.52

134 -

1.04

001 -

0.89

cv
14.83

17.24
- NON TOXIC

1362
1753

Classification
NONTOXIC
NON TOXIC

NON TOXIC
TOXIC
POT. TOXIC:
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NONTOXIC
NON TOXIC
NON TOXIC
NON TOXIC

- NONTOXIC

‘NON TOXIC
NON TOXIC
NON TOXIC:
INON TOXIC



Table 8: % Cocoons Hatched: MYRA FALLS MINE

AETE 1

AETE 2

SITE

‘MF1-S

MF2-8
MF3-8
MF4-S

MFS-8
‘MF6-8

MF7-8
LAB.CONT
MR1-S
MR2-5:
MR3-S:
MR4-S
MRS5-S
MR6-S
MR7-8
LAB CONT
MN4-S.
MNS-S
MN6-S
MN7:S
MN8-8
MNS-S
MN10-S
LAB CONT

Mean CV

Mean
65.61
§6.25
60.46

64.16

67.74
61.29

57.08 -
48.99
53.51
59.84
58.16.

59.62
60.19
60.78
58.92
5565
66.71
71.36
65.62
46.32
52.87
64:87
59.18
56.51

7.7

CVRange 2.03-12.18

‘8D
7.40
4,53
517
5.56
473

3.80:

CV Classification
11:27 NON TOXIC
8.06 NON TOXIC
8.55 NONTOXIC
8.67 NONTOXIC
6:99 NON TOXIC
6.36 NONTOXIC
7.62 NONTOXIC
7.59 NON TOXIC
8.63 NON TOXIC
6.76 NONTOXIC
2.03 NON TOXIC
7.74 NON TOXIC
6.90 NON TOXIC
6:36 NON TOXIC.
4.88 NON TOXIC
1218 NON TOXIC
751 NON TOXIC
7.87 NON TOXIC
7.08 NON TOXIC
8.85 NON TOXIC
10.83 NON TOXIC
8.39 :‘NON TOXIC
6.15 ‘NON TOXIC
8.79 NON TOXIC

Table 8: % Cocoons Hatched: DOME MINE

AETE 4

AETES

SITE
D1B-1
D1B-2
D183
D2-1
D2:2
D23
D24
LAB CO
Ds. .
D33
D3-4
D3-§
D3-6
D3-7
LAB CONT
D41
D4-2
D4-3
D4-4
D45
D46
D4-7
LAB CONT

Mean CV

Msan
52.31
5362
48.46
53.20

. 48.50

49.34
§3.43
52:93
50.65

9.75

CV Range 3.73-22.08

8D

5.49

CV Classification
568 10.87 NONTOXIC

NON TOXIC

‘NON TOXIC

NON TOXIC

- NONTOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NONTOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

‘Table 10: % Cocoons Hatched: MATTABIMINE

AETE 7a

SITE
MMSR1-1
MMSR1-2
MMSR1-3
MMSR2-1
MMSR2-2
MMSR2-3
LAB CONT
MMS1-1
MMS1:2 -
MMS1-3
LAB CONT
MMS3-1
MMS3:2
MMS3-3
MMS4-1
MMS4:2
MMS4-3

‘LAB CONT
‘MMS2-1

MMS2:2

‘MMS2-3

MMS5-1
MMSS-2
MMSS-3
LAB:CONT

Mean CV

Mean
49.99
49.42
46.14
51.20
63.75

'50.47

57.49

51.00

44.77
47.31
5820
55.01
§1.97
51.31
41.87
48.54
53.28
55.61
48.81
49.15

57.70
50:13

10.25

CVRange 3:.85-2262

8D
4.78
6.70
5.44
8.56
14.42
3.81
4.74
477
712
237

1.81
6.50
8.78
5.96
5.45

cv
9.55'
13.55
11.80
18.67

262

754
824
9.35
15.90
5.00
6.87
12.30
958
395
767
7.18
8.56
4.78
922
9.32
410
1297
16:40
10.34
10.87

Classification.

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC:
NON TOXIC
NON TOXIC
NON TOXIC:
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC




Toble 11: Young/Adult: MYRA FALLS MINE

AETE 1

SITE

MF1-S
MF2-S
MF3-S
MF4-S
MF5-S

‘MF6-S

MF7-S
LAB CONT
MR1-S
MR2-8
MR3-S:
MR4-S
MRS-S
MR6-8

MR7-8

LAB:CO
MN4-S:
MNS-S
MN6-S
MN7-S
MN9-S
MN10-S
LAB CONT

Mean CV

Mean
17.05

16.46

21.38
23.14
17.05
19.90
17.20
25.80
205
2525
23.15
28.21
25.44
29.78
21.11
28,53
18.35
235
21.10
10.50
17.65
23.14
19.67
27.40

16.79

CV Range 4.48-30.45

sD
5.19
342
3.03
4.07
3.85

201

2.58
6.16
220
1.79
214

1.68

CV Classffication
30.45 NON TOXIC
20.75 NON TOXIC
14.18 NONTOXIC
1761 NONTOXIC

'22.56: NON TOXIC

10:11 NONTOXIC
15.01 NON TOXIC
23.86 NON TOXIC
9.60 NONTOXIC
7.11 NONTOXIC
9.25 NON TOXIC
17.41 NONTOXIC
6.59 NONTOXIC
21.73. NONTOXIC
18.48 NON TOXIC
19.74 NONTOXIC
30.09 NON TOXIC
8.61 NON TOXIC
4.48 NON TOXIC

30.54 POT. TOXIC:

9.10 NON TOXIC
21.27 NONTOXIC
20.04 NONTOXIC
14:28 NON TOXIC

Table 12: Young/Adult: DOME MINE

AETE 4

AETE6

SITE
D1B-1
D1B-2
D1B-3
D2-1

D2-2

D2-3

D24

LAB CONT
D3-1

D3:2

D33

D34

D35

D36

D3-7

LAB CONT

D441

D4-2
D43
D4-4
D45
D4-6
D4-7
LAB-CONT

Mean CV

23.46
31.81
40.10

1431

CV Range 6.49 -28.00

8D
5.02
5.16
534
3.74
236
268
246
7.36
5.17
3.79
7.35
5.06
1.18
3.61
4.52
3.60
3.71
6.57
9.27
1.90
534

165

207
10.54

Classification
NON TOXIC

- NON TOXIC
- NONTOXIC

NON TOXIC
NON TOXIC

" NONTOXIC

NON TOXIC
NON TOXIC
NONTOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NONTOXIC
NON TOXIC

“NON TOXIC

NONTOXIC
NON TOXIC
NONTOXIC
NONTOXIC

Table 13: Young/Adult: MATTABIMINE

AETE 7a

SITE Mean
MMSR1-1 2520
MMSR1-2: 21.75
MMSR1-3 23.65
MMSR2-1 20.44
MMSR2-2 13.42
MMSR2-3. 13.85
LAB CONT 29.85
MMS1-1 18.95
MMS1-2 1222
MMS1-3 13.80
LAB CONT 34.03
MMS3-1 31.66
MMS3-2 28.14
MMS3-3 33.25
MMS4-1 24.75
MMS4-2 2321
MMS4-3 32.:60
LAB CONT 30.15
MMS2-1 19.25
MMS2-2 2425
MMS2-3 16:88
‘MMS5-1 25.30
MMSS5-2 25.75
MMS5-3 19:70
LAB CONT 26.05
Mean CV 18.80

sD
533
532
0.78
522

cv
21.15
24.45
322
25.52
3214
31.23
14.75

28.41

55.88
11.84

420
13.20
21.30
11.50
14.60
1220
10.60
13.50
274
21.04
15.23
15.18

. 11.36
- 18.00
- 16.72

Classffication
NONTOXIC
NON TOXIC
NON-TOXIC
NON'TOXIC
NON:TOXIC
NON TOXIC
NONTOXIC
NON:TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
‘NON TOXIC
NON TOXIC
'NON-TOXIC
NON TOXIC:
NON TOXIC
NON TOXIC:
NON TOXIC
NON TOXIC:
NON TOXIC



Table 14: Total Ammorila (mg/L): MYRA FALLS MINE Table 15: Total Ammonia (mg/L): DOME MINE Table 16: Total Ammonla (mg/L): MATTABI MINE:

SITE DAY O AY 28 SITE DAY 0 DAY 28 SITE DAY 0 DAY 28
AETE1 MF1-8 003 ND AETE4 D1B-1 020 0086 AETE 7a MMSR1-1 400 240
MF2-S ND 004 D1B-2 200 005 MMSR1-2 600 0.30
MF3-8 007 ND D183 250 005 MMSR1-3 280 0.11
MF4-S 004 090 D241 160 004 MMSR2-1 230 0.09
MF5-8 003 000 : D2-2 150 005 MMSR2:2 08 008
MF6-S ND 005 D23 140 005 " MMSR2-3 1.10 003
MF7-S 004 004 D24 240 005 LABCONT 075 013
LABCONT 100 006 LABCONT 120 005 AETE7b MMS1-1 1.30 0.13
AETE2 MR1-S 019 005 AETES D3-1 5650 020 MMS1-2 1256 017
MR2-8 008 005 D3-2 260 014 MMS1-3 1.40 0.16
‘MR3-8 005 005 D33 410 024 LABCONT 070 015
MR4-S 014 005 D34 4200 016 AETES8 MMS31 0.3t 008
MR5-S 008 006 D35 400 014 MMS3-2 0:33 0:10
MR6-8 008 005 D3-6 280 022 MMS33 045 0.15
MR7-8 005 005 D3-7 450 o221 MMS4-1 008 0.06
LABCONT 008 007 LABCONT 150 007 MMS4-2 0.10 ND
AETE3 MN4-S 008 ND AETE6 D41 170 009 MMS43 - 0.15 0.05
MNS5-S 008 ND D4-2 3% 008 LAB CON 051 010
MN6-S 007 ND D43 200 009 AETE9 MMS2-1 1.7 0.16
MN7-8 007 002 D44 140 008 MMS2-2 160 oM
MN8-S 008 ND D45 160 015 MMS2-3 1.7 0.10
MN9-S 003 ND D4-6 200 008 MMS5-1 310 0.02
MN10-S 0068 ND _ D4-7 220 o008 MMS5-2 3.00 ND
LABCONT 028 0085 LABCONT 120 007 MMS5-3 680 007

LABCONT 440 006
ND =NOT-DETECTABLE



Figure 1. Cocoons/Adult Warning Chart for Long Point Control Sediment
T. tubifex 28-day Reproduction Test
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Figure 2. Percent Hatch Warning Chart for Long Point Control Sediment
T. tubifex 28-day Reproduction Test
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APPENDIX A
Data from 28-day Reproduction test with Tubifex tubifex for:
MYRA FALLS

DOME
MATTABI



TABLE A1.1 RESULTS OF AETE TEST NO: 1 - MYRA FALLS MINE

AETE 1

Site
MF1-§

MF2-8

MF3-8

MF4-8

MF5-8

MF8-S

MF7-8

Long Point

‘Rep Adutt Mean SD CV Total Coce

GRAONLANDWNANEWONSANDONL2NERONL2RRON2RNEDON2NDON=

100

100

100

100

100

100

100

100

o 0
0 0
0 0
12 118
0 0
0 0
0 0
0 0

L8288 LELY

SLBRARBLBUNLRLHEVLEBLAVLELES

Coc/ad. Mean SD CV

9.40

8.49

835

10.30

058 6.12

084 937

0.78 829

139 16.39

1.38 15.78

1.05 11.75

126 15.06

041 399

EmptyCocs % Hatch Mean SD

70.27
69.23

52.50

68.42
87.65

65.61

56.25

87.74

61.29

- 57.08

1.40

453

5.147

473

3.90

435

3.80

CV  TotalOff Young/ad. Mean SD CV

1.27

8.67

7.62

758

833288 8B1BLRZIILANS

2282 RABRIIIIIBLIY

-h
-l
-l

14.00
23.00
18.00

9.75
19.50
14.25
13.75
15.50
1657
2225

17.75

20.00

24,00
.75

2650

25.25

2543
16.50
2200
17.50

18.25
10,75

21.25

17.50

18.75
22,00
19.75
18.75
21.25
1575
19.00
16.00
1450
20.75

2200
-35.25

19.25
2175
24.75

17.05

16.48

21.38

22.14

17.05

19.80

17.20

519 30.45

342 20.75

303 1418

4.07 17.61

385 2256

2.01 10.11

258 15.01

6.16 23.88



TABLE A1.2 RESULTS OF AETE TEST NO. 2.- MYRA FALLS MINE

Site
AETE2 MR1-S

MR2:8

MR3-8

MR4-8

MRS-S

MR6-8:

MR7-8

Long Point

Rep % Survival Mean SD CV - Total Cocs: Cocfad. Mean

100
100
100

100

100

100

100

100

100

100

0 0
0 0
0 0
0 0
o o
0 0
112 118
0 0

B29h298880882828%8RRY8ERES

39
35
35
38

42

522828888

8.75
8.75
8.75
9.00
10:50
10.00
9.00
8.75
10.86

9:35

9.52

9.45

9.23

915

135

0.89

1.10

1.47

0.73

113

CV EmptyCocs 9% Hatch

8.15

9.32

9.43

11.91

4.14

14.80

7.98

48.72
48:57
57.14
58.33

Meal
£§3.51

59.84

58.16

' 60.19

60.78

8D CV TotalOff Young/ad. Mean
462 863 94 2350 2295
79 18.75
29 2475
100 25.00
87 21.75
405 676 09 2475 2525
101 2525
101 25:25
88 28.00
82 23.00
118 203 84 2100 2315
83 20.75
87 2425
102 25.50
o7 24.25
462 774 101 2525 28.21
128 36.57
101 2525
115 28.75
101 2525
415 6.90 108 2625 2544
92 23.00
107 26.75
103 2578
3.87 6.36 11 27715 29.78
137 39.14
88 22:.00
109 27.25
131 32.78
288 488 21.11
o1 22.78
97 2425
54 15.43
6.78 12.18 102 2550 2653
118 33.14
112 28.60
109 27.28
115 28.78

SD cv
220 9.60

179 7.1

214 925

4.01 17.41

168 659

8.47 21.73

3.80 18.48

5.63 19.74



TABLE A1.3. RESULTS OF AETE TEST NO. 3 - MYRA FALLS MINE.

Sito
AETE3 MN4S

MNS5-S

MN8-8

MN7-8

MN8-S

MN9-S

MN10-8

Long Point

Rep %Squal ‘Mean SD CV TotalCocs Cocl/ad.

NAVONSAUNADGNSDDLONAULONSRDBWNDNDONSNAWNDALWLN-

100

100

100

100

100

100

100

137

15.2

feRRBEBLYERRB8YLLEE

4

B25LBRLEYRE

BaBHRBLSE

8.75
8.75
775

Mean
8.60

8.25

8.30

8.7

8.41

10.70

sD
0:85

113

0.70

057

037

CV EmptyCoes % Hatch Mean

7.58.

8.25

11.18

13.72

10.30

795

8.75

347

7429
88.57
61.28

668.71

71.36

52.87

64.87

59.18

58.51

5.01

4.65

4.10

573

5.4

3.64

497

CV  Total Of Young/ad.

751

1.87

7.08

10.83

8.15

8.78

- d
08
--

103

115

d3EIFI5030IB228I8898IER

21.00
24.50
17.00
19.50

9.75
24:25
22.00
21.50
19.75

22.00

18:35

21.10

10.50

17.65

23.14

19.67

27.40

8D Cv
5.52 30.09

103 861

065 4.40

3.21 30.54

1.61 9.10

492 21.27

364 20.04

3081 1428



TABLE A1.4 RESULTS OF AETE TEST 'NO. 4 - DOME MINE

Site
AETE4 D1B-1

D1B-2

D183

D2-2

D2-3

D2-4

Long Point

Rep % Survival Mean SD CV TotalCocs Coclad. Mean

DEAUNSNAWNLACNAWUNCREAON2NDOUNLNDLOINANDUNLNLWON =

100

100

100

100

100

100

100

100

55852508082 85085550085220280R2R203R6R030

11.25
11.75
10.50
11.25
11.00
11.50
10.75
10.25
11.00
10.25
11.00
10.75
12.00
10.25
10.50
10.25
11.00
11.50
10.00
10.75
12.00
10.89
10.22

12,00
10.50

1.1
10.89
12.00

9.75
10.50

9.50
10.50
11.50
10.75

10.00 -
10.25

11.50

9.50
11.50
11.75

1115

10.78

10.80

10.70

11.12

10.85

10.45

10.80

8D
0.45

0.53

0.84

0.78

CV  EmptyCocs 9% Hatch Mean

407

4.93

620

751

7.61

126

8.97

53.33
55.32
42.86
57.78
52.27
47.83
48.84

53.66

56,82
60.98

§2.31

53.62

48.50

49.34

SD CV Total Of Young/ad.

5.69 10.87

549 10.25

387 799

319 6.00

255 528

7.80 15.82

6.47 1222

26.75

37.50

38.75

8D CV
5.02 1527

5.16 15.88

5.34 15.59

374

246

913

8.67

7.67

7.38 18.09



TABLE A1.:5 RESULTS OF AETE TEST NO. 5§ - DOME MINE

AETE §

Site
D31

Long Point

Rep 9% Survival Mean SD CV Total Cocs Coclad. Mean

NAWUNSNAOUNSRLONS2ODLONLCSNLUNSSNLEONSNLON22NLWN=

100

100

100

100

0

SaJJNLaErAYRALERRBERGE2RDRRO22320050852

11.00

11.50.

11.50

10.75

11.50
10.75

10.75

11.00

1".7s
10.26

10.25
10.75
11.00
11.00
10.50
11.00
11.50

10.25

10.00
12.25
10.50
10.00
10.00
13.50

8.50

10.75
10.75

10.75
875
0.25

1275

11.00
12.00
11.50

9.00
10.50
11.75
10.50
11.25
10.75

11.25.

10.80

10.70

11.00.

10.50

10.05

11.26

'10.85

8D
0.35

0.55

033

0.92

1.84

0.97

1.41

054

CV  Empty Cocs % Hatch Mean

314

5.02

3.05

8.35

17.50

8.70

12.57

485

21

4173

52.67

§7.15

- 52.89

83.84

51.13

48.45

8D
3N

3.20

2.56

387

cv

7.72

Total

8.25

442

8.78

8.068 15.24

2.01

373

7.05. 13.78

4.87 10.08

Off 'Young/ad.
148 36.50
104 26.00
120 3225
112 28.00
84 2350
122 30.50
116 29.00
133 33.28
128 32.00
84 23.50
68 47.00
137 34.25
112 26.00
116 29.00
74 18.50
164 41.00
171 4275
122 30.50
137 34.25
157 38.25
73 18.28
68 16.50
82 15.50
67 16.75
61 1525
o5 275
94 23.50
94 23.50
118 29.50
123 30.75
106 26.50
109 27.25
131 32.75
127 31.75
88 21.50
121 30.25
133 33.28
125 31.25
133 33.25
158 39.50

2535

3755

18.45

28.20

27:85

8D v
517 17.68

378 12.78

7:35 20,00

5.08 13.48

119 7.24

3.61 1378

452 16.17

3.60 10.74



TABLE A1.8 RESULTS OF AETE TEST NO. 6:- DOME MINE

Site
AETES6 D4-1

Long Point

Rep % Survival Mean SD CV Total Cocs Coclad. Mean

DWN=2NLWN -

ARAWONLALUNLALWNSNADNANADN-ANIWON-

100
100
100
100
100
100
100
100
100

100

100

100

100

100

100

100

100

0

232285

545

22258 25288 88 £324 23232283338

11.50
11.25
11.00
10.25
11.75
10.25
10.75

9.25

11.50

1075
11.50
11.75
1075
13.38
10.13
11.75
11.00
12.25
12:25

11.75
10.25
11.50
10:50

10.38
9.75

9.75
10.75
11.00
11.50
11.75

8.75
11.50
12.50
1025
13.50

11.15

10.44

11.63

11.48

11.00

11.25

11.50

sD

0.84

1.08

0.91

0.74

0.48

cv

'8.25

5.16

0.04

7.95

362

4.06

155 1349

Empty Cocs 96 Hatch Mean

o
27
24
23

54.36

49.27

48.28

58.67

498.85

51.68

5.80 11.77

7.20 14.92

7.82 1380

11.01 22.08

283 491

237 460

368 6.79

118
224
183
101
122

119
131

108
132

157

28.81

36.00

30.18

31.81

8D cCv
371 9.68

6.57 22,60

9.27 28.74

190 581

834 17.68

1685 7.04

207 649

40.10 10.54 26.28



TABLE A1.7a ‘RESULTS OF AETE TEST NO. 7a- MATTABI MINE

AETE 7a

Site
MMSR1-1

MMSR1-2

MMSR1-3

MMSR2-1

MMSR2-2

MMSR2-3

Long Point

Rop % Survival Mean SD CV TotalCocs Coc/ad. Mean 8D

GAWNLDAQABLUNAADLWUNL2UNAWDNLNAWUNLSANDON2NLWOWN=

100
100
100

100 0 o
100 0 0
100 0 0
95 112 118
80 13.7 15.2
80 13.7 152
100 O 0

BRRLRLBBL2BRLELENES

- NN =
osao

A8&58BZB28Y

10.00
10.00
8.75
8.50
8.00

9.25

8.16

8.97

10.80

1.35

1.55

0.92

1.11

0:84

127

0.97

CV  Empty:Cocs 9% Hatch

14.93

17.24

13.62

17.53

18.23

9.02

22

55.00

Mean

49.42

48.14.

51.20

375

50.47

57.49

SD CV TotalOff Young/ad. Mean

478 955

8.70 13.55

5.44 11.80

‘9.56 18.67

14.42 2262

381 754

474 824

127
107

104
118

I85AREBLABIBHRRIBIBBIBREY

N7

28.75
17.00
24.50
26.00

18.75
18.25
23.50
23.25
24.25
22:50
23:25
24.25
24.00
18.:50
23.50
13.75
27.43
19.00
15.00
13.43

7.75
19.43
11.50

871
14.25
10.00
15.00
20.29
35.25
24.50
28.50
30.25
32.75

25.20

21.75

2365

20.44

13.42

13685

8sb cv
§.33 21.15

532 24.45

076 3.22

8.22 25.52

431 32.14

433 N3

4.40 1475



TABLE A1.7b RESULTS OF AETE TEST NO. 7b - MATTAB! MINE.

Site
AETET MMS1-1

MMS1-2

MMS1-3

Long Point

Rop 3% Survival Mean 8D CV TotalCocs Coclad. Mean

NMOLEGN2NAUNLNLONLTLON-

100

100

100

4
41

SR80 LE2AR258888

1025 11.35
10.25

12.50

11.50
12,25
10.22 10.94
10.00

1125 11.00

SD
1.07

0.82

033

073

CV EmptyCocs %M

9.42

753

291

48.78
51.22
48.00
47.83
59.18
43.48
37.50
53.19
38.64
51.08

Mean
51.00

47.31

58.20

sb c¢v
477 935

7.12 15.90

237 5.00

400 887

Total

Off Younglad.
87 21.75
28 24,00
o1 22.75
54 13.50
51 12.75
24 533
47 11.75
56 14.00
29 7.25
L)) 22,75
49 12.25
48 12.00
56 14.00
81 15.25
62 15.50

133 33.28

131 275

1568 34,67

133 3325

145 38,25

Mean
18.95

12.22

13.80

3403

sD cov
538 28.41

1.63 11.84

143 420



TABLE A1.8 RESULTS OF AETE TEST NO. 8 - MATTABI MINE

AETES

Site -
MMS3-1

MMS3-2

MMS3-3

MMS4-1

MMS4-2.

MMS4-3

Long Point

Rep % Survival Mean 8D CV TotalCocs Coclad. Mean 8D

NEABNLANALAWUNARADNSRDLONNAWNSDTNAEODNS2NDLWON=

75

% 11.2 118
85 11.2 118
100 0 0
100 O 0
83.75 125 133
100 O 0
100 0 0

235888 LE SHIN22848882

33
37
48
11
35
38

32
43
40

26

%8

9.94

9.14

11.00

11.05

1.27

1.39

0.42:

0.53

0.86

0.51

CV Empty Cocs 9% Hatch

12.82

15.18

4.23

837

4.64

63.64
59.48
54.17
46,34
51.43
4474
5§3.13
58.14
50.00
53.85
8417
48.94
52.27
51.16
50.00
43.59
3784

Mean
55.01

51.87

51.31

41.87

48:54

$3.28

55.681

8D
6.76

498

2.03

32

3.48

4.56

CV  Total Off Young/ad.

12.29

3.95

1687

7.18

4718

128

38.57
32.75
20.00

28.14

2475

23.21

30.18

8D cCv
4.18 13.20

588 21.27

- 3.82 1148

3.60 14.58

283 12.18

3.44. 10.55

4.08 13.47




TABLE A1.9 RESULTS OF AETE TEST NO. 8- MATTABI MINE

AETE®

‘Site

MMS2-1

MMS2-3

MMSS-1

MMSS5-2

MMSS-3

Long Point

Rep 9% Survival Mean SD

NBUNSRADUNLARLUNANDUNARNRIN-ANDONANDON =

100

100

100

100

100

100

100

CV TotalCocs Coclad. Mean

BRE88B8UB2L28L8LLRBL LrLEBLRERERBERN

8.00
11.00

10.00

9.75
8.75
10.00

8.75
9.75

9.25

9.13

9:20

8.70

8D

1.18

0.64

1.34

1.04

0.91

CV  Empty Cocs 9 Hatch

12.20

5.70

14568

11.82

11.08

46.88
5227
4250
53.85
48.57
50.00
45.71
53.85
52.94
43.24
48.15
47.22
44,12
48.65

50.00
40.48
48.57
58.14
53.13
40.63
64.52
57.58
53.68
51.35
81.20

Mean
48.81

49.15

48.54

53.55

57.70

50.13

8D
450

458

1.9

8.78

5.45

CV  Total Of Young/ad.

9.22

9.32

4.10

1297

16.40

10.34

10.87

22QLRRBRNIBIZIB

23.25
18.25
12.50

19.26

23.00
18.00
23.50
32.285
23.75

19.25

24.25

1688

25.75

19:70

26.05

8D cv
438 22,74

5,10 21.04

257 1523

303 15.18

293 11.38

3.85 18.00

438 16.72
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