amounts was Zinc. Zinc concentration were only seen within the five water samples from Mascot
Pond. There was no amount detected for MPWS-06-19 taken at the nearby stream. The
maximum value (0.463 ppm) was seen at MPWS-03-19 at the tailing beach and the minimum
value (0.173 ppm) was seen at MPWS-01-19

PTE As Cd Cr Cu Fe Mg Ni Pb Zn
MPWS | (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D)

01-19 0.173
MPWS | (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D)

02-19 0.325
MPWS | (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D)

03-19 0.463
MPWS | (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D)

04-19 0.358
MPWS | (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D)

05-19 0.425
MPWS | (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D) (N-D)
06-19

Table 3.2: Results from ICP-OES metal concentration analysis for all six water samples. Note
“N-D”” represents non detectable values.

Discussion
4.1 Baseline Lead Deposition From the Watershed

The bottom section of the sediment core MP-02-19 contains lead concentrations that
represent natural occurring levels within the geologic region. Based on 11,316 soil samples, pre-
industrial soils in the Appalachian geological region have an average lead concentration value of
15.3+£17.5 mg/kg (Saint-Laurent et al, 2010). Mascot Pond resides within the Appalachian region
in which 15.3£17.5 mg/kg is the natural lead level. Sections 40-47 cm in core MP-02-19 have an
average lead concentration value of 26.3 £ 20.05 mg/kg.

The last sample section of the core at 47 centimeters has a lead concentration value of
62.7 mg/kg which is significantly higher than any of the previous concentrations in the six
centimeters above. The mean value of samples from 41-46 cm is 20.3 mg/kg, whereas including
the 47 cm sample the average value is 26.3 mg/kg. The high value at 47 cm may be a result of a
natural unloading process into the watershed. For an example it is possible that more lead was

mobilized from a forest fire event.
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It is important to recognize that the pre-industrial average lead value for the Appalachian
region (15.3£17.5 mg/kg) and average lead concentration for the bottom seven centimeters of the
core at Mascot Pond (26.3 £ 20.05 mg/kg) are within one standard deviation of each other. This
suggests there is statistically no difference between the lead concentration at the bottom of the
core for Mascot Pond and the established baseline lead concentration for the region. A
conclusion can be made that the bottom seven centimeters of the core represent natural lead
concentrations.

A marked increase in lead concentrations begins at 40cm. The first non-baseline lead
concentration is 274.6 mg/kg for both 40cm and 39cm. The 38 cm section has a lead
concentration of 1076.5 mg/kg. The peak lead concentration is 3918.91 mg/kg at the 35 cm.
These abrupt changes in lead concentrations in a relatively short distance are not natural
occurring lead concentrations for this region. This data suggests that there was some sort of
anthropogenic influence on the area because they cannot be classified as natural. The start of
mining is attributed to this significant increase.

4.2 Age Model

The lead levels seen from 47cm to 40 cm are classified as natural levels. Due to the rapid
increase in lead concentrations after 40cm, samples above correspond to a time period after the
opening of the lead mine in 1881. The top of the sediment core (0 cm) is assigned to year 2019
when the core was sampled. From the interpreted change in natural lead concentration and the
known opening of the mine a calculated sedimentation rate can be determined. Assuming 40 cm
represents the beginning of mining at Mascot Mine (1881), the calculated sedimentation rate for
Mascot Pond is 40cm/138 years or 0.30 cm/yr.

A nearby pond is recorded to have a similar sedimentation rate as the one calculated for
Mascot Pond. Sessions Pond is located in Drummer, New Hampshire approximately 30 miles
north of Mascot Pond (fig 4.1). Sessions Pond is located slightly west of the Androscoggin river.
Through lead 210 activity in the soil, the constant rate of supply model was utilized and a
sedimentation rate was determined for Sessions pond. In 1998 the established Sessions Pond’s
sedimentation rate was 0.35 cm/yr (Kamman et. al, 2002). Sessions Pond displays relatively
similar bathymetrical make up to Mascot Pond (fig 4.2, fig 1.1). Sessions Pond has a watershed
area of 378 ac and surface area of 43 ac. The resulting watershed to surface area ratio is 1-8.79

ac. Mascot Pond has a watershed are of 92 ac and a surface are of 12 ac. Mascot Pond’s resulting
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watershed to surface area ratio is 1-7.67 ac. Though Sessions Pond is larger than Mascot Pond,
both display similar watershed to surface area ratios. Given the similarity in sedimentation rate
and relatively close proximity to Mascot Pond the established sedimentation rates at Sessions

Pond supports the findings for the sedimentation rate at Mascot Pond.
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Figure 4.1: Map displaying relationship of Sessions Pond to Mascot Pond. Map was generated
using "Caltopo".
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For fishing regulation information, please refer| Contact: NHFGD Region 1 (North Country), Lancaster

SESSIONS POND
to the NHFGD Freshwater Fishing Digest. E-mail: regl@uwildlife.nh.gov Phone: 603-788-3164
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Figure 4.2: Map of Sessions Pond in Drummer New Hampshire displaying topographical make up. Map from New Hampshire

Fish and Game depth maps of selected NH lakes and ponds database.

4.3 Mascot Pond was Likely Dammed and is Spring Fed

Mascot Pond was likely dammed. This conclusion can be attributed to the visible feature
in the lidar data, displayed in a hill shade map of Mascot Pond and surrounding area (fig 4.3). A
dam was also found during field collection days in fall 2019 (fig 4.3). Mascot Pond is also likely
spring fed. This conclusion can be made from not being able to see any surface inputs when
analyzing the hill shade imagery. Also while exploring Mascot Pond in the fall of 2019 there was
no visible tributary sources found. Worthy of note, the hill shade imagery revealed an alluvial
fan (fig 3.3). However after field analysis, it is clear that the alluvial fan ends in a wetland that is
situated in a topographical low not associated with Mascot Pond and ultimately drains to a
nearby stream. The water sources from the alluvial fan are not inputs to Mascot Pond. Therefore
Mascot Pond is spring fed.
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Figure 4.3 Image showing hill shade imagery and dam found on field collection days. Note the
red circle is the dam on hill shade imagery. Pictures of dam at the outflow of Mascot Pond are
on right. Pictures were taken on November 13th 2019 the second day of field work. Left image
shows dam feature from shore of pond. Right image was taken on dam feature showing width.

The bottom of the alluvial fan can be seen directly above sample MPWS-05-19.

4.4 Chemical Weathering of Minerals at Mascot Mine

From the mining process that started in 1881 (Reuben, 2012) a large amount of bedrock
material was pulverized and stored in tailings piles. Pulverizing the bedrock increases the surface
area of the previous unaltered bedrock as well as exposes material to the atmosphere and
precipitation. As water comes into contact with the tailings pile at Mascot Mine, dissociation
occurs. Given the large quantities of sulfide rock containing minerals such as galena (PbS),
sphalerite ((Zn,Fe),S), chalcopyrite (CuFeS2) and pyrite (FeSs) (Cox, 1970) oxidation of sulfides
gives rise to the mobilization and migration of trace metals from the mining waste into the
environment (Candeias et. al 2015) (fig 4.4). As the dissociation process occurs heavy metals are
released as well as acidic byproducts (fig 4.4).

The result from when dissociation occurs is acidic waters rich in metals. This is evident at
Mascot Pond. There are two supporting trends within the data collected for dissociation
occurring at Mascot Pond. The first, a significant increase can been seen in all nine metals (fig
3.4) when the mining period started (40cm). Secondly, Mascot Pond has a relative acidic pH
compared to nearby water sources (table 3.1).

Significance of pH at Mascot Pond

Scavenging of metals such as the nine reported on are pH dependent. Specifically heavy
metals are pH dependent like zinc, lead and cadmium (Stumm et. al, 1996). The measured pH at
Mascot Pond can reflect the dissociation process occurring. As water comes into contact with

sulfur bearing minerals a chemical reaction occurs (example fig 4.4). The results of this chemical
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reaction includes metal ions as well as hydrogen atoms. Hydrogen atoms are mixed with the
water of Mascot Pond, resulting in an increase in acidity. The pH at Mascot Pond has an average
pH value of 5.03. The values can be classified as relative acidic for the nature of the pond. When
looking at the neighboring stream’s pH (sample MPWS-06-19) of 6.70 the, low pH of Mascot
Pond must be attributed to dissociation processes. In contaminated waters such as Mascot Pond,
containing highly dissolved sulfate from sulfide bearing rocks, such as those associated with acid
mine drainage, free Pb2+ is the dominant species seen where the body of water is below a pH of
about seven (“National”, 2017). So ultimately the lowered pH at Mascot Pond supports the high
concentrations of metals seen in the sediment. There is an overall relationship that can be seen
between the pulverized sulfide bearing rocks, local precipitation, the water’s pH levels at Mascot
Pond and the metals seen in the sediment (fig 4.4).

4.5 Uptake of Metals by Particulate Matter

When metals are introduced to a natural body of water they interact with solutes as well
as inorganic and organic (phytoplankton) particles (Stumm and Morgan, 1996). The way in
which the particles settle within the water is from the affinity of the reactive metals and the
qualities of the water body. This may determine the relative residence time of the elements in the
water (Stumm and Morgan,1996). As the heavy metals such as Pb 2+ are transported to the water
they bond with particulate matter because the particulates are negatively charged and the metals
are positively charged (fig 4.4). Both organic particles (algae) and inorganic particles have a role
in binding, assimilation and transport of reactive elements (Stumm et. al, 1996). The
overwhelming influence of metals from the source (tailings piles) results in a large uptake of the
metals by particulates like organic material. The process is clearly evident at Mascot Pond (fig
4.4).

Lower concentrations of metals and smaller flux rates will display a relative small impact
on the water column and sediment. This is due to the efficiency of settling, absorbing,
scavenging and assimilating particles (Stumm and Morgan, 1996). Larger amounts of metals
inputs will change the water column and concentration within the sediment because there is an
overload on the system. At Mascot Pond there is an overwhelming spike in metal concentrations
in the sediments differing from baseline natural concentrations for the area. This is because the

mine caused an overload. Based off of the composition of the bedrock material there was the

35



opportunity for the dissociation process to occur and products then bond with particulates in
Mascot Pond (fig 4.4).

Preciptation

7/
Atmosphere
02
Galena (PbS)
PbS + 02 +2H>0 Input of Metals Particulate Dissolved
) _> _) « organic Metals

- inorganic
(clay)

v

Pb2* + SO42 + 4H*

Containing
Particulates
and Metals

Figure 4.4: Dissociation and bonding process for metals in Mascot Pond. Left to right. Bedrock
is exposed through mining. Precipitation and exposed minerals create opportunity for
dissociation. Resulting particles are transported though ground water sources. Heavy positively
charged metals bond with negatively charged particulates. Particulates bonded with metals fall
and form sediment record.

4.6 Periodic Timeline of Mascot Pond

Figure 4.6 displays an interpretive timeline of Mascot Pond. Section A illustrates what
pre-human impact on Mascot Pond and Mount Hayes would look like (pre 1881). Note the water
level is lower than post-human impact (sections B, C, D) and no mining on Mount Hayes is
visible. Section B represents the post 1881 era when the mining had started at Mascot Mine.
Note that audit mining occurring exposing inner bedrock to air and precipitation. Also note the
water depth increases due to the damming of the outflow of the pond. Section B also displays the

inflow of water into the pond with lower acidity and heavy metal transport. Tailings are also
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visible. Section C represents the time period after the mines closing to present day. Note the
minerals continue to dissociate and allow for metals to enter Mascot Pond. The water remains
acidic. Note metal accumulation is occurring in the sediment at the bottom of the pond. Sulfide
rich minerals are known for creating acid mine waste for years after mines have closed (Candeias
et. al, 2015). The environmental impact from this process can be damaging as well prevalent for
decades after mine operations end. With exposed tailings piles the opportunity for this process is
still present. Section D represents present day where the highest amount of accumulation of
heavy metals would have occurred. Even though mining ended 138 years ago the residual

minerals are still exposed continuing the chemical weathering process.
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4.7 Relative Severity of Metal Concentrations Seen at Mascot Pond

Metals such as copper, chromium, iron, magnesium, nickel, and zinc are essential
nutrients for human biological function (Tchounwou et. al 2012). Inadequate supply of these
metals can cause deficiencies and health effects. Overdose of these metals can also cause health
problems. Other metals tested for in this study such as arsenic, cadmium and lead are not needed
for biological processes and are toxic. In biological systems metals in high concentrations or
toxic metals can affect and alter cell membrane, mitochondrial, lysosome, endoplasmic
reticulum, nuclei, and some enzymes involved in metabolism, detoxification and damage repair
processes (Tchounwou et. al 2012).

It is important to recognize the full extent that the Mascot Mine had on the area. The
following is a table showing nine metals displaying the maximum concentration, minimum
concentration and current (surface) concentration. The EPA public health goal for water
contamination is also included as well as the EPA regional screening level for superfund sites in
residential soils.

Though there was significant impact and change from the natural environment from
Mascot Mine, most metal concentration values are not worry for concern. For all five water
samples taken from Mascot Pond, the only detectable metal was zinc. The mean value of all five
zinc samples was .3488 mg/kg (ppm). This value is lower than the EPA public health goal water
quality standards for zinc at 5.0 ppm. Therefore the actual water of Mascot Pond does not
contain any of the nine potentially toxic elements at dangerous concentrations.

The sediment of Mascot Pond has high metal concentrations that are a result of Mascot
Mine. This may be cause for concern. Once metals from mines are dispersed within the local
environment toxic effects are often observed (Candeias et. al, 2015). The metals that exceed
recommended levels are arsenic, cadmium and lead. This is based off of the surface values for
these metals being higher than the recommended EPA regional screening level for superfund
sites in residential soils. It is important to recognize that that no humans inhabit the area and the

sediments are contained at the bottom of the pond.
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As Cd Cu Cr Fe Mg Ni Pb Zn

EPA Public 0 005 1.3 0.1 03 0.05 0.1 0 5.0
health goal

water quality

standards

(mg/l) (ppm)

EPAregional 0,07 1.7 3,100 120,000 1500 80 23,000
Screening level

for superfund

Sites,

Residential Soil

(ppm)

Minimum Value | 22 (47cm) 0 (41,42,44- 16.53 251 (41cm)  501.38 490.72 271 (45cm)  8.10 (46cm)  196.12
Seen (mg/kg) 46cm) (46cm) (44cm) (40cm) (41cm)
(ppm)

Maximum 36.06 25472 52046 19.46 1803453 112083 23.96(35) 391891 6880.71
ValueSeen (35¢m) (34cm) (35cm) (35cm) (35cm) (35) (34cm) (34cm)
(mg/kg) (ppm)

Surface Value  7.78 70.59 245.12 82l 678478 57127 12.25 191464 402154
2019 (mg/kg)

(ppm)

Table 4.1 EPA Public health goal water quality standards (mg/l) (ppm), EPA regional Screening
level for superfund Sites, Residential Soil (ppm), Minimum Value Seen (mg/kg) (ppm), Maximum
Value Seen (mg/kg) (ppm) and Surface Value 2019 (mg/kg) (ppm) for all nine potential toxic
elements reported on.

4.8 Conclusion and Future Work

The goal of this study was to examine the impact that Mascot Mine had on Mascot Pond.
In concluding with this project it is evident that Mascot Mine undoubtedly changed Mascot Pond
and its surrounding environment. Mascot Pond has not gone back to its relative natural state and
may never return. Mascot Pond is altered by having high metals concentrations and relatively
acidic waters. Mascot Mine can be used as a small scale model of how larger mines impact their
environment. Future work may include analysis of the two other sediment cores taken at Mascot
Pond. Future work may also entail analysis of ground water. Lastly future work could entail

performing detailed isotope reconstruction on the sediments from Mascot Pond.
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Appendix A: Average Concentration Values for Nine Reported Metals:

Appendix A is a complete table of the average metal concentration analysis for the nine reported
metals in this report with respect to core depth.

Core Depth

OO NOUTD WN -

As1890

7.78

5.92
13.57
11.15
14.09
12.93
10.39
13.78
13.62
14.32
13.56
13.16
15.01
15.98
14.65
17.04
15.14
20.54
15.63
16.04
15.94

Cd2265
70.59
81.63
76.08
75.39
91.30
96.67
86.29
84.45
89.05
94.06
90.89
77.97
90.26
85.30
75.02
81.62
80.16

112.48
86.93
86.89
89.67
98.33
93.68
98.35

113.19

143.47

129.45

153.93

140.72

159.42

145.70

188.58

202.80

254.72

252.93

174.16

110.21

Cu3247
245.12
250.15
234.45
232.13
268.47
284.68
251.26
246.83
246.12
249.25
243.00
243.55
262.45
250.66
239.59
265.90
238.67
325.75
249.75
255.64

Cr2835
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Fe2599
6784.78
6149.59
5144.96
4866.12
5391.58
5608.01
4854.04
4644.65
4658.75
5151.00
5155.02
5123.96
5693.96
7109.33
7150.99
8144.69
7459.87

10312.94
7929.28
7728.10
7712.86
8557.20
8010.57
8263.56
9361.92

11400.12

10312.94

12233.29

11125.79

12050.40

11857.35

13127.41

11796.38

16195.90

18034.53

12257.51

10298.44
4788.96
2505.86
2118.95
1885.53
1926.03
1921.77
1548.71
1759.75
1612.66
1774.67

Mg2795
571.27
559.59
554.16
563.02
648.28
709.68
599.36
618.99
578.62
616.87
593.92
647.63
654.24
625.48
649.56
751.37
629.95
851.55
658.00
678.11
668.66
745.07
718.96
715.10
736.94
900.22
828.79
949.10
844.14
855.01
801.26
792.62
764.07

1017.07
1129.82
773.50
736.09
525.69
551.27
490.73
547.32
572.27
595.18
501.39
544.23
526.33
521.53

Ni2216

12.25
12.20
11.06
10.87
13.03
14.20
12.34
12.19
11.71
13.06
11.98
12.81
13.84
14.47
13.29
24.30
13.03
17.74
12.95
12.59

Pb2203
1914.64
2064.63
1923.70
1904.57
2248.84
2377.69
2061.61
2085.77
2158.24
2222.67
2203.54
2046.33
2148.95
2132.70
1969.11
2279.01
2052.43
2708.80
2121.52
2166.23
2155.05
2309.49
2257.67
2327.78
2423.29
3045.11
2717.94
3135.54
2811.42
3014.63
2764.68
2995.33
3001.42
3918.92
3793.43
2970.58
3755.06

Zn2138
4021.54
4542.98
4577.21
4368.83
4712.10
4716.13
4599.36
4624.52
4733.24
4780.55
4754.38
4298.92
4392.40
4625.08
4331.44
4469.62
4466.57
4904.49
4585.45
4631.17
4652.51
4692.14
4816.09
4727.70
4924.81
5270.27
5240.80
5483.64
5329.20
5658.40
5490.75
6091.24
6364.56
6880.72
6709.66
5969.94
5082.07
2359.84
1106.37

850.14
196.12
250.48
603.18
318.27
303.99
398.10
724.05



Appendix B: Values for Core MP-02-19: Loss on Ignition, Percent water, Bulk

Density and Magnetic Susceptibility
Appendix B is a complete table of the values for Loss on Ignition, Percent water, Bulk Density
and Magnetic Susceptibility with respect to core depth.

1 48.01 91.52 U.U854 -1.0

2 45.86 91.66 0.0689 -2.4

3 43.43 92.14 0.07 -2.5

4 43.48 92.37 0.0713 -2.6

5 41.10 92.73 0.0725 -2.6

6 43.18 92.97 0.0718 -2.2

7 41.58 93.03 0.0659 -2.2

8 40.92 92.89 0.0699 -2

9 40.79 92.88 0.0657 -2.2
10 42.61 93.12 0.0643 -2.1
11 40.81 92.69 0.0566 -2.1
12 40.61 92.84 0.0623 -1.9
13 40.16 92.84 0.064 -2.2
14 40.59 92.33 0.0648 -2.3
15 38.84 92.37 0.0654 -2.2
16 40.73 92.82 0.0626 2.1
17 37.97 92.33 0.0669 -1.8
18 38.04 92.41 0.0757 -1.8
19 39.06 92.15 0.0681 -1.6
20 38.89 92.26 0.0738 -1.7
21 -1.6
22 38.97 92.05 0.0716 -1.4
23 -1.2
24 37.61 91.73 0.0763 -1.4
25 -0.9
26 37.19 91.10 0.0761 -0.8
27 -0.6
28 36.79 90.59 0.0973 -0.6
29 -0.9
30 37.66 91.20 0.0539 -0.3
31 -0.4
32 36.31 91.07 0.0851 -0.6
33 -0.5
34 33.69 89.55 0.0846 -0.4
35 -0.7
36 34.79 89.71 0.0779 -1.3
37 37.72 90.39 0.0851 -1.7
38 32.81 89.39 0.089 -1.9
39 38.96 91.33 0.0965 -1.7
40 49.93 92.98 0.0761 -1.9
41 -1.4
42 61.66 93.59 0.0553 -1.3
43 -1.7
44 59.01 94.19 0.0583 -1.4
45 -1.3
46 62.10 93.96 0.0496 -1.5
47 58.91 93.73 0.0645 -1.6

44



