
Appendixes 1—5

Appendix 1.  Bulk geochemistry of mine waste from the Pike Hill mines study area 

Appendix 2.  Analytical results of leachate tests on solid samples from the Pike Hill  
mines study area 

Appendix 3.  Standard reference-water, field-blank, and replicate samples submitted  
with water and leachate chemistry as quality assurance/quality control for the  
Pike Hill mines study 

Appendix 4.  Field measurements and concentrations of elements in water samples  
from the Pike Hill mines study area 

Appendix 5.  Concentrations of elements in stream sediment from the Pike Hill mines  
study area   



A
pp

en
di

x 
1.

  B
ul

k 
ge

oc
he

m
is

tr
y 

of
 m

in
e 

w
as

te
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 a

re
a.

[m
g/

kg
, m

ill
ig

ra
m

s 
pe

r 
ki

lo
gr

am
; w

t. 
%

, w
ei

gh
t p

er
ce

nt
; I

C
P-

M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; I

C
P-

A
E

S,
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 
em

is
si

on
 s

pe
ct

ro
m

et
ry

; H
G

-A
A

S,
 c

on
tin

uo
us

-f
lo

w
 h

yd
ri

de
-g

en
er

at
io

n 
at

om
ic

 a
bs

or
pt

io
n 

sp
ec

tr
op

ho
to

m
et

ry
; <

, l
es

s 
th

an
; D

up
, f

ie
ld

 r
ep

lic
at

e 
sa

m
pl

e]
El

em
en

t/L
ab

 in
fo

rm
at

io
n

Jo
b 

nu
m

be
r

La
b 

nu
m

be
r

A
g

A
g

A
l

A
l

A
s

A
s

A
u

B
a

B
a

B
e

B
e

B
i

U
ni

ts
m

g/
kg

m
g/

kg
m

g/
kg

w
t. 

%
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
M

et
ho

ds
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
Sa

m
pl

e 
nu

m
be

r
04

Sm
ith

1
M

R
P-

05
66

2
C

-2
45

97
2

5.
89

7
44

,2
00

4.
6

1
<

10
<

8
30

8
58

0
1.

4
1

2.
21

04
Sm

ith
2

M
R

P-
05

66
2

C
-2

45
97

3
5.

49
7

30
,2

00
3.

5
0.

6
<

10
<

8
23

6
56

0
1.

2
1

3.
36

04
Sm

ith
3

M
R

P-
05

66
2

C
-2

45
97

4
6.

6
8

25
,7

00
3.

2
1

<
10

<
8

19
5

59
0

1.
2

1
2.

73
04

Sm
ith

4
M

R
P-

05
66

2
C

-2
45

97
5

<
3

<
2

1,
18

0
0.

16
0.

6
<

10
<

8
83

.4
85

0
0.

04
<

1
0.

09
04

Sm
ith

5
M

R
P-

05
66

2
C

-2
45

97
6

<
3

<
2

27
,6

00
3

0.
6

<
10

<
8

32
5

52
0

1
1

0.
23

04
Sm

ith
6

M
R

P-
05

66
2

C
-2

45
97

7
<

3
<

2
47

,6
00

4.
7

0.
5

<
10

<
8

22
2

24
0

1.
6

2
0.

15
04

Sm
ith

7
M

R
P-

05
66

2
C

-2
45

97
8

<
3

<
2

43
,6

00
3.

9
0.

8
<

10
<

8
19

8
22

0
1.

6
2

0.
13

04
PK

H
L

1
M

R
P-

05
66

2
C

-2
45

97
9

10
.3

12
25

,8
00

3
6.

3
<

10
<

8
17

9
50

0
1

1
3.

39
04

PK
H

L
2

M
R

P-
05

66
2

C
-2

45
98

0
6.

26
7

40
,2

00
4.

7
3.

1
<

10
<

8
25

6
54

0
1.

5
2

2.
28

04
PK

H
L

3
M

R
P-

05
66

2
C

-2
45

98
1

11
.9

14
34

,6
00

4.
1

3.
3

<
10

<
8

26
9

55
0

1.
1

1
6.

03
04

PK
H

L
7

M
R

P-
05

66
2

C
-2

45
98

2
11

.4
14

26
,4

00
3.

3
8.

5
<

10
<

8
19

3
49

0
1

1
4.

38
04

PK
H

L
9

M
R

P-
05

66
2

C
-2

45
98

3
27

.8
32

15
,4

00
2

9.
7

<
10

<
8

18
6

62
0

0.
65

<
1

9.
35

04
PK

H
L

10
M

R
P-

05
66

2
C

-2
45

98
4

3
4

31
,1

00
3.

7
57

85
<

8
16

7
21

0
1.

1
1

1.
92

04
PK

H
L

11
M

R
P-

05
66

2
C

-2
45

98
5

7.
63

10
23

,0
00

2.
8

3.
2

<
10

<
8

17
0

48
0

0.
99

1
5.

28
05

PK
H

L
11

 D
up

M
R

P-
06

68
6

C
-2

71
42

1
8.

97
<

2
26

,2
00

2.
7

3
<

30
-

17
1

18
0

1.
1

<
1

6.
12

04
PK

H
L

11
-A

M
R

P-
05

66
2

C
-2

45
98

6
<

3
<

2
33

,7
00

3.
4

0.
3

<
10

<
8

32
5

32
0

1.
4

1
0.

26
04

PK
H

L
12

M
R

P-
05

66
2

C
-2

45
98

7
<

3
3

5,
57

0
0.

77
0.

2
<

10
<

8
44

.1
69

0
0.

26
<

1
1.

48
04

PK
H

L
13

M
R

P-
05

66
2

C
-2

45
98

8
12

.9
16

30
,3

00
3.

7
6.

6
<

10
<

8
20

6
53

0
1.

1
1

5.
15

04
PK

H
L

13
-B

M
R

P-
05

66
2

C
-2

45
98

9
<

3
2

1,
86

0
0.

27
0.

5
<

10
<

8
26

.3
78

0
0.

07
<

1
0.

86

52    Geochemical Characterization of the Pike Hill Copper Mine Superfund Site, Orange County, Vermont



A
pp

en
di

x 
1.

  B
ul

k 
ge

oc
he

m
is

tr
y 

of
 m

in
e 

w
as

te
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 a

re
a.

—
Co

nt
in

ue
d

[m
g/

kg
, m

ill
ig

ra
m

s 
pe

r 
ki

lo
gr

am
; w

t. 
%

, w
ei

gh
t p

er
ce

nt
; I

C
P-

M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; I

C
P-

A
E

S,
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 
em

is
si

on
 s

pe
ct

ro
m

et
ry

; H
G

-A
A

S,
 c

on
tin

uo
us

-f
lo

w
 h

yd
ri

de
-g

en
er

at
io

n 
at

om
ic

 a
bs

or
pt

io
n 

sp
ec

tr
op

ho
to

m
et

ry
; <

, l
es

s 
th

an
; D

up
, f

ie
ld

 r
ep

lic
at

e 
sa

m
pl

e]
El

em
en

t
B

i
Ca

Ca
Cd

Cd
Ce

Ce
Co

Co
Cr

Cr
Cs

Cu
Cu

Eu
U

ni
ts

m
g/

kg
m

g/
kg

w
t. 

%
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
M

et
ho

ds
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
M

S
IC

P-
A

ES
IC

P-
A

ES
Sa

m
pl

e 
nu

m
be

r
04

Sm
ith

1
<

10
7,

65
0

0.
78

0.
63

2
22

.7
18

39
.4

59
85

.1
59

4.
3

1,
80

0
1,

80
0

<
2

04
Sm

ith
 2

<
10

7,
12

0
0.

78
0.

29
<

2
13

.2
8

28
.4

46
40

.8
10

1.
2

1,
53

0
1,

70
0

<
2

04
Sm

ith
3

<
10

5,
01

0
0.

57
0.

22
2

12
.5

6
31

.7
61

28
.2

<
1

0.
94

1,
38

0
1,

50
0

<
2

04
Sm

ith
4

<
10

26
2

0.
01

5
0.

1
3

2
<

4
1.

3
36

23
.1

<
1

0.
16

1,
12

0
1,

30
0

<
2

04
Sm

ith
 5

<
10

5,
89

0
0.

62
0.

49
<

2
16

.1
13

14
20

38
.7

21
3.

7
55

9
61

0
<

2
04

Sm
ith

6
<

10
7,

00
0

0.
68

0.
13

<
2

51
.4

52
10

.7
10

52
.8

54
2.

4
19

18
<

2
04

Sm
ith

7
<

10
4,

59
0

0.
4

0.
11

<
2

53
.3

50
9.

8
10

45
.4

40
2.

3
18

15
<

2
04

PK
H

L
1

<
10

6,
62

0
0.

73
0.

59
<

2
9.

6
5

35
59

24
.9

<
1

1.
1

4,
41

0
4,

70
0

<
2

04
PK

H
L

2
<

10
7,

68
0

0.
87

0.
27

3
12

.1
8

29
.1

47
37

11
2

3,
00

0
3,

20
0

<
2

04
PK

H
L

3
<

10
4,

45
0

0.
5

0.
35

2
12

.6
9

47
.9

76
41

.2
16

1.
7

3,
24

0
3,

40
0

<
2

04
PK

H
L

7
<

10
7,

12
0

0.
85

2.
5

4
13

.9
10

50
.7

88
31

.8
4

1.
5

8,
06

0
9,

00
0

<
2

04
PK

H
L

9
<

10
4,

35
0

0.
54

2
5

11
.4

4
10

3
17

0
20

<
1

1.
2

9,
20

0
11

,0
00

<
2

04
PK

H
L

10
<

10
29

,8
00

3.
4

91
.8

11
0

31
.7

29
12

2
18

0
42

.3
38

1.
8

7,
20

0
7,

90
0

<
2

04
PK

H
L

11
<

10
8,

32
0

0.
95

0.
64

2
8.

7
4

36
.2

66
24

.3
<

1
0.

97
6,

40
0

7,
20

0
<

2
05

PK
H

L
-1

1 
D

up
<

30
85

60
0.

96
1.

1
<

2
8.

8
<

4
39

.3
45

22
.6

19
.8

0.
98

8,
41

0
10

,0
00

-
04

PK
H

L
11

-A
<

10
9,

07
0

0.
87

0.
06

<
2

17
16

1.
1

<
1

54
.8

64
5.

2
2,

37
0

2,
40

0
<

2
04

PK
H

L
12

<
10

1,
30

0
0.

16
0.

41
3

2.
5

<
4

8
37

11
.9

<
1

0.
24

1,
61

0
2,

10
0

<
2

04
PK

H
L

13
<

10
6,

35
0

0.
76

0.
29

3
8.

6
4

34
.4

63
32

.1
5

2.
1

3,
67

0
4,

30
0

<
2

04
PK

H
L

13
-B

<
10

41
8

0.
04

3
0.

1
2

0.
98

<
4

3.
6

36
17

.8
<

1
0.

21
87

4
1,

00
0

<
2

Appendix 1    53



A
pp

en
di

x 
1.

  B
ul

k 
ge

oc
he

m
is

tr
y 

of
 m

in
e 

w
as

te
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 a

re
a.

—
Co

nt
in

ue
d

[m
g/

kg
, m

ill
ig

ra
m

s 
pe

r 
ki

lo
gr

am
; w

t. 
%

, w
ei

gh
t p

er
ce

nt
; I

C
P-

M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; I

C
P-

A
E

S,
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 
em

is
si

on
 s

pe
ct

ro
m

et
ry

; H
G

-A
A

S,
 c

on
tin

uo
us

-f
lo

w
 h

yd
ri

de
-g

en
er

at
io

n 
at

om
ic

 a
bs

or
pt

io
n 

sp
ec

tr
op

ho
to

m
et

ry
; <

, l
es

s 
th

an
; D

up
, f

ie
ld

 r
ep

lic
at

e 
sa

m
pl

e]
El

em
en

t
Fe

Fe
G

a
G

a
H

o
K

K
La

La
Li

Li
M

g
M

g
M

n
M

n
U

ni
ts

m
g/

kg
w

t. 
%

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

w
t. 

%
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

w
t. 

%
m

g/
kg

m
g/

kg
M

et
ho

ds
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
Sa

m
pl

e 
nu

m
be

r
04

Sm
ith

1
20

0,
00

0
19

16
23

<
4

18
,1

00
1.

8
11

.5
10

33
32

18
,0

00
1.

8
1,

37
0

2,
10

0
04

Sm
ith

 2
21

0,
00

0
21

14
20

<
4

15
,6

00
1.

7
9.

2
8

14
.3

12
6,

69
0

0.
74

86
5

1,
80

0
04

Sm
ith

3
23

0,
00

0
25

12
18

<
4

12
,3

00
1.

4
8.

2
6

9.
7

10
4,

13
0

0.
5

60
9

74
0

04
Sm

ith
4

41
0,

00
0

47
2.

4
18

<
4

2,
85

0
0.

36
0.

9
<

2
<

 0
.2

<
2

25
0

0.
03

6
39

13
04

Sm
ith

 5
13

0,
00

0
14

10
14

<
4

5,
80

0
0.

66
5.

5
5

16
.7

16
6,

62
0

0.
71

80
7

86
0

04
Sm

ith
6

26
,0

00
2.

6
12

8
<

4
6,

54
0

0.
68

20
.6

19
30

.3
28

14
,7

00
1.

5
1,

12
0

1,
10

0
04

Sm
ith

7
26

,0
00

2.
4

9.
9

8
<

4
6,

79
0

0.
66

16
.3

15
27

.8
24

7,
83

0
0.

71
60

6
57

0
04

PK
H

L
1

20
0,

00
0

20
12

20
<

4
13

,8
00

1.
6

6.
1

5
9.

3
10

3,
19

0
0.

37
16

6
17

0
04

PK
H

L
2

17
0,

00
0

18
16

18
<

4
18

,7
00

2.
1

7
6

15
14

4,
98

0
0.

57
21

8
21

0
04

PK
H

L
3

18
0,

00
0

19
15

19
<

4
21

,5
00

2.
4

7
6

17
.7

17
6,

09
0

0.
72

23
8

25
0

04
PK

H
L

7
17

0,
00

0
19

11
18

<
4

14
,9

00
1.

8
7.

8
7

14
.4

14
5,

71
0

0.
71

30
2

34
0

04
PK

H
L

9
26

0,
00

0
27

6.
6

17
<

4
9,

49
0

1.
2

5.
8

4
5.

7
7

2,
35

0
0.

34
22

3
24

0
04

PK
H

L
10

33
,0

00
3.

6
10

12
<

4
12

,2
00

1.
4

15
.1

15
21

.8
21

12
,3

00
1.

4
1,

36
0

1,
60

0
04

PK
H

L
11

17
0,

00
0

19
9.

6
14

<
4

12
,4

00
1.

5
4.

9
4

9
8

3,
73

0
0.

46
15

9
18

0
05

PK
H

L
-1

1 
D

up
18

0,
00

0
22

9.
7

28
-

13
,4

00
1.

4
4.

9
5

4.
9

9
3,

64
0

0.
41

16
0

19
0

04
PK

H
L

11
-A

5,
70

0
0.

65
11

10
<

4
9,

74
0

0.
98

8
8

21
.3

18
6,

83
0

0.
72

19
6

21
0

04
PK

H
L

12
31

0,
00

0
40

3.
2

20
<

4
2,

80
0

0.
39

1.
3

<
2

1.
8

2
72

2
0.

11
32

14
04

PK
H

L
13

17
0,

00
0

20
14

19
<

4
17

,0
00

2.
1

5.
1

4
16

14
4,

64
0

0.
56

23
4

26
0

04
PK

H
L

13
-B

36
0,

00
0

46
5.

4
21

<
4

2,
51

0
0.

34
0.

52
<

2
0.

3
<

2
28

1
0.

03
9

22
<

4

54    Geochemical Characterization of the Pike Hill Copper Mine Superfund Site, Orange County, Vermont



A
pp

en
di

x 
1.

  B
ul

k 
ge

oc
he

m
is

tr
y 

of
 m

in
e 

w
as

te
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 a

re
a.

—
Co

nt
in

ue
d

[m
g/

kg
, m

ill
ig

ra
m

s 
pe

r 
ki

lo
gr

am
; w

t. 
%

, w
ei

gh
t p

er
ce

nt
; I

C
P-

M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; I

C
P-

A
E

S,
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 
em

is
si

on
 s

pe
ct

ro
m

et
ry

; H
G

-A
A

S,
 c

on
tin

uo
us

-f
lo

w
 h

yd
ri

de
-g

en
er

at
io

n 
at

om
ic

 a
bs

or
pt

io
n 

sp
ec

tr
op

ho
to

m
et

ry
; <

, l
es

s 
th

an
; D

up
, f

ie
ld

 r
ep

lic
at

e 
sa

m
pl

e]
El

em
en

t
M

o
M

o
N

a
N

a
N

b
N

b
N

d
N

i
N

i
P

P
Pb

Pb
Rb

Sb
U

ni
ts

m
g/

kg
m

g/
kg

m
g/

kg
w

t. 
%

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

w
t. 

%
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
M

et
ho

ds
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
M

S
Sa

m
pl

e 
nu

m
be

r
04

Sm
ith

1
4.

6
18

6,
62

0
0.

74
2.

3
8

18
15

10
98

0
0.

11
69

.9
86

67
.2

0.
1

04
Sm

ith
 2

4
16

7,
64

0
1

<
 2

6
17

10
7

91
0

0.
11

11
5

13
0

67
.2

0.
07

04
Sm

ith
3

16
.2

22
6,

88
0

0.
98

<
 2

18
20

9.
9

7
84

0
0.

1
83

.2
11

0
51

.2
0.

22
04

Sm
ith

4
0.

2
<

2
58

0.
02

7
<

 2
30

32
1.

4
<

2
97

0
0.

13
22

.2
70

3.
2

0.
2

04
Sm

ith
 5

1.
4

<
2

3,
97

0
0.

5
3.

4
9

14
25

.4
23

1,
30

0
0.

14
9.

8
26

25
0.

07
04

Sm
ith

6
0.

36
<

2
5,

16
0

0.
59

2
<

4
20

27
.3

25
19

0
0.

02
14

.1
12

28
.2

0.
07

04
Sm

ith
7

0.
46

<
2

4,
04

0
0.

41
2.

8
<

4
15

23
20

26
0

0.
02

4
14

.2
13

30
.6

0.
05

04
PK

H
L

1
37

.4
34

5,
98

0
0.

78
4.

7
14

15
7.

2
3

37
0

0.
05

4
89

.2
12

0
62

.2
0.

22
04

PK
H

L
2

32
.2

35
9,

50
0

1.
3

6.
6

14
14

7
3

40
0

0.
05

3
58

.9
79

89
.4

0.
1

04
PK

H
L

3
18

.5
18

4,
54

0
0.

61
7.

2
14

14
7.

9
3

43
0

0.
05

9
85

.7
11

0
93

.9
0.

2
04

PK
H

L
7

21
.6

22
4,

14
0

0.
59

5.
2

12
16

9.
6

6
36

0
0.

06
2

23
8

25
0

67
.5

1.
1

04
PK

H
L

9
44

.5
42

1,
85

0
0.

3
5.

6
17

19
13

.6
10

18
0

0.
04

6
18

2
20

0
46

.1
5.

7
04

PK
H

L
10

4.
1

8
3,

08
0

0.
42

2.
2

<
4

14
8.

9
6

42
0

0.
06

6
10

3
11

0
56

.1
0.

57
04

PK
H

L
11

19
.4

23
5,

11
0

0.
7

5.
5

15
13

7.
1

3
28

0
0.

05
4

78
.3

12
0

55
.9

0.
1

05
PK

H
L

-1
1 

D
up

22
.5

28
6,

11
0

0.
72

5.
8

12
16

4.
9

9
31

0
0.

00
9

85
.5

40
55

.1
0.

2
04

PK
H

L
11

-A
0.

62
<

2
5,

68
0

0.
61

6.
9

4
8

6.
8

3
46

0
0.

05
4

14
17

51
.8

0.
1

04
PK

H
L

12
4.

9
4

1,
16

0
0.

18
<

 2
30

25
1.

1
<

2
12

0
0.

02
3

15
.4

64
13

.2
0.

08
04

PK
H

L
13

34
.5

24
6,

34
0

0.
89

6.
6

16
14

7.
4

4
32

0
0.

05
2

10
2

13
0

86
0.

2
04

PK
H

L
13

-B
1.

9
7

41
9

0.
08

1
<

 2
28

30
<

1
<

2
25

0
0.

04
1

29
.4

86
8.

3
0.

07

Appendix 1    55



A
pp

en
di

x 
1.

  B
ul

k 
ge

oc
he

m
is

tr
y 

of
 m

in
e 

w
as

te
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 a

re
a.

—
Co

nt
in

ue
d

[m
g/

kg
, m

ill
ig

ra
m

s
pe

r 
ki

lo
gr

am
; w

t. 
%

, w
ei

gh
tp

er
ce

nt
; I

C
P-

M
S,

 in
du

ct
iv

el
y 

co
up

le
d

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; I

C
P-

A
E

S,
 in

du
ct

iv
el

y 
co

up
le

d
pl

as
m

a-
at

om
em

is
si

on
 s

pe
ct

ro
m

et
ry

; H
G

-A
A

S,
 c

on
tin

uo
us

-f
lo

w
 h

yd
ri

de
-g

en
er

at
io

n 
at

om
ic

 a
bs

or
pt

io
n 

sp
ec

tr
op

ho
to

m
et

ry
; <

, l
es

s 
th

an
; D

up
, f

ie
ld

 r
ep

lic
at

e 
sa

m
pl

e]
El

em
en

t
Sc

Sc
Se

Sn
Sr

Sr
Ta

Th
Th

Ti
Ti

Tl
U

U
U

ni
ts

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

w
t. 

%
m

g/
kg

m
g/

kg
m

g/
kg

M
et

ho
ds

IC
P-

M
S

IC
P-

A
ES

H
G

-A
A

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
M

S
IC

P-
A

ES
Sa

m
pl

e 
nu

m
be

r
04

Sm
ith

1
13

16
20

.1
<

5
96

.9
94

<
20

4.
8

<
4

2,
50

0
0.

18
0.

61
1.

1
<

10
0

04
Sm

ith
 2

7.
4

11
22

.7
28

81
.2

75
<

20
2.

7
<

4
2,

00
0

0.
16

0.
88

0.
69

<
10

0
04

Sm
ith

3
5.

4
10

24
.8

<
5

64
.4

61
<

20
2.

6
<

4
1,

20
0

0.
09

4
1.

1
0.

7
<

10
0

04
Sm

ith
4

1.
3

9
2.

1
<

5
12

.1
<

2
<

20
4.

4
6

18
0

<
0.

00
5

0.
2

0.
36

<
10

0
04

Sm
ith

 5
8.

3
11

0.
8

<
5

25
1

26
0

<
20

12
.1

16
1,

60
0

0.
16

0.
2

0.
99

<
10

0
04

Sm
ith

6
8.

8
9

0.
3

18
40

4
40

0
<

20
7.

5
4

1,
30

0
0.

12
0.

3
1.

3
<

10
0

04
Sm

ith
7

6.
8

7
0.

4
<

5
27

4
25

0
<

20
6.

7
7

1,
40

0
0.

13
0.

3
1.

1
<

10
0

04
PK

H
L

1
4.

6
8

48
.9

<
5

71
.4

67
<

20
2.

1
<

4
1,

60
0

0.
05

1
1.

3
0.

54
<

10
0

04
PK

H
L

2
7.

5
11

47
10

88
.5

82
<

20
3.

6
<

4
2,

20
0

0.
14

1.
6

0.
65

<
10

0
04

PK
H

L
3

8.
4

12
47

.6
19

70
.5

65
<

20
3

<
4

2,
40

0
0.

16
1.

6
0.

64
<

10
0

04
PK

H
L

7
5.

6
10

52
<

5
61

.5
63

<
20

2.
8

<
4

1,
80

0
<

0.
00

5
1.

2
0.

7
<

10
0

04
PK

H
L

9
3.

3
9

12
4.

2
36

68
.6

65
<

20
1.

8
<

4
1,

40
0

<
0.

00
5

0.
83

0.
66

<
10

0
04

PK
H

L
10

7
8

7.
4

<
5

70
.7

72
<

20
4.

5
<

4
1,

70
0

<
0.

00
5

0.
78

1.
6

<
10

0
04

PK
H

L
11

4.
7

8
60

.7
5

74
.6

74
<

20
1.

9
<

4
1,

60
0

<
0.

00
5

1
0.

5
<

10
0

05
PK

H
L

-1
1 

D
up

4.
8

3
65

.6
-

73
.8

90
-

2.
2

<
4

1,
80

0
0.

16
1.

1
0.

57
<

30
04

PK
H

L
11

-A
14

14
9.

2
7

17
3

16
0

<
20

16
.4

22
3,

20
0

0.
27

0.
3

2.
5

<
10

0
04

PK
H

L
12

1.
3

8
11

.2
11

18
.9

10
<

20
1.

2
<

4
35

0
<

0.
00

5
0.

2
0.

16
<

10
0

04
PK

H
L

13
6

10
53

.9
7

69
.9

67
<

20
2.

2
<

4
2,

00
0

0.
11

2.
3

0.
44

<
10

0
04

PK
H

L
13

-B
0.

8
8

7.
1

11
8.

9
<

2
<

20
0.

57
<

4
33

0
<

0.
00

5
0.

2
0.

06
<

10
0

56    Geochemical Characterization of the Pike Hill Copper Mine Superfund Site, Orange County, Vermont



A
pp

en
di

x 
1.

  B
ul

k 
ge

oc
he

m
is

tr
y 

of
 m

in
e 

w
as

te
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 a

re
a.

—
Co

nt
in

ue
d

[m
g/

kg
, m

ill
ig

ra
m

s 
pe

r 
ki

lo
gr

am
; w

t. 
%

, w
ei

gh
t p

er
ce

nt
; I

C
P-

M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; I

C
P-

A
E

S,
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 
em

is
si

on
 s

pe
ct

ro
m

et
ry

; H
G

-A
A

S,
 c

on
tin

uo
us

-f
lo

w
 h

yd
ri

de
-g

en
er

at
io

n 
at

om
ic

 a
bs

or
pt

io
n 

sp
ec

tr
op

ho
to

m
et

ry
; <

, l
es

s 
th

an
; D

up
, f

ie
ld

 r
ep

lic
at

e 
sa

m
pl

e]
El

em
en

t
V

V
Y

Y
Yb

Zn
Zn

U
ni

ts
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

m
g/

kg
m

g/
kg

M
et

ho
ds

IC
P-

M
S

IC
P-

A
ES

IC
P-

M
S

IC
P-

A
ES

IC
P-

A
ES

IC
P-

M
S

IC
P-

A
ES

Sa
m

pl
e 

nu
m

be
r

04
Sm

ith
1

13
7

14
0

15
.4

13
2

61
4

64
0

04
Sm

ith
 2

13
8

15
0

12
.7

10
2

31
5

34
0

04
Sm

ith
3

12
5

14
0

7.
5

5
1

34
4

38
0

04
Sm

ith
4

32
.9

42
0.

58
<

2
<

1
55

81
04

Sm
ith

 5
61

.7
69

5.
8

4
<

1
52

1
56

0
04

Sm
ith

6
63

.5
65

20
.1

18
2

66
67

04
Sm

ith
7

55
.6

53
13

.9
12

1
46

45
04

PK
H

L
1

83
.8

92
3.

4
<

2
<

1
24

6
25

0
04

PK
H

L
2

82
.2

89
4.

8
3

<
1

21
3

24
0

04
PK

H
L

3
89

98
6

4
<

1
35

4
40

0
04

PK
H

L
7

67
79

7.
1

6
1

59
3

73
0

04
PK

H
L

9
47

.6
57

4
<

2
<

1
64

0
84

0
04

PK
H

L
10

60
.4

66
16

.9
16

2
16

,0
00

18
,0

00
04

PK
H

L
11

63
.1

74
4.

2
2

<
1

23
3

31
0

05
PK

H
L

-1
1 

D
up

65
.5

78
4.

2
3

2.
4

27
8

31
0

04
PK

H
L

11
-A

42
.5

44
9.

4
8

1
24

34
04

PK
H

L
12

24
.7

34
1.

2
<

2
<

1
88

13
0

04
PK

H
L

13
72

.5
87

3.
8

2
<

1
21

8
27

0
04

PK
H

L
13

-B
13

8
19

0
0.

38
<

2
<

1
32

60

Appendix 1    57



A
pp

en
di

x 
2.

 A
na

ly
tic

al
 re

su
lts

 o
f l

ea
ch

at
e 

te
st

s 
on

 s
ol

id
 s

am
pl

es
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
ar

ea
.

[s
p.

 c
on

d.
, s

pe
ci

fi
c 

co
nd

uc
ta

nc
e;

 te
m

p.
, t

em
pe

ra
tu

re
; D

O
, d

is
so

lv
ed

 o
xy

ge
n;

 O
R

P,
 o

xi
da

tio
n-

re
du

ct
io

n 
po

te
nt

ia
l; 

µg
/L

, m
ic

ro
gr

am
s 

pe
r 

lit
er

; m
g/

L
, m

ill
ig

ra
m

s 
pe

r 
 

lit
er

; m
V

, m
ill

iv
ol

ts
; n

.d
., 

no
t d

et
er

m
in

ed
; <

, l
es

s 
th

an
; H

ac
h,

 c
ol

or
im

et
ri

c 
m

et
ho

d 
us

in
g 

H
ac

h 
sp

ec
tr

op
ho

to
m

et
er

; I
C

, i
on

 c
hr

om
at

og
ra

ph
y;

 I
C

P-
A

E
S 

or
 A

E
S,

  
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 e
m

is
si

on
 s

pe
ct

ro
m

et
ry

; I
C

P-
M

S 
or

 M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; f

ilt
er

ed
 a

ci
di

fi
ed

 s
pl

its
 u

se
d 

fo
r 

A
E

S 
 

an
d 

M
S 

an
d 

fi
lte

re
d 

un
ac

id
if

ie
d 

sp
lit

s 
us

ed
 f

or
 I

C
]

Ch
ar

ac
te

ri
st

ic
/e

le
m

en
t

Jo
b 

nu
m

be
r

La
b 

nu
m

be
r

pH
sp

. c
on

d.
te

m
p.

D
O

O
RP

Fe
2+

Fe
to

ta
l

Fe
2+

/F
e t

ot
al

A
g

A
g

A
l

A
l

U
ni

ts
µS

/c
m

°C
m

g/
L

m
V

m
g/

L
m

g/
L

µg
/L

µg
/L

µg
/L

µg
/L

M
et

ho
ds

A
ES

 &
 M

S
A

ES
 &

 M
S

H
ac

h
H

ac
h

IC
P-

M
S

IC
P-

A
ES

IC
P-

M
S

IC
P-

A
ES

Sa
m

pl
e 

nu
m

be
r

04
Sm

ith
1

M
R

P-
05

71
8

C
-2

47
28

4
3.

55
22

5
23

.4
8

50
8.

7
0.

45
0.

55
0.

8
<

3
<

10
2,

08
0

2,
01

0
04

Sm
ith

2
M

R
P-

05
71

8
C

-2
47

28
5

3.
36

24
4

23
.1

8
49

6.
6

0.
17

0.
24

0.
7

<
3

<
10

12
7

12
6

04
Sm

ith
3

M
R

P-
05

71
8

C
-2

47
28

8
3.

20
30

4
23

.3
7

44
4.

4
0.

04
0.

12
0.

3
<

3
<

10
90

79
.9

04
Sm

ith
5

M
R

P-
05

71
8

C
-2

47
28

7
3.

28
29

5
23

.1
8

41
0.

8
n.

d.
0.

09
n.

d.
<

3
<

10
58

2
57

7
04

Sm
ith

6
M

R
P-

05
71

8
C

-2
47

27
8

5.
89

17
.6

22
.7

8
28

3.
0

n.
d.

0.
00

n.
d.

<
3

<
10

7.
3

<
50

04
Sm

ith
7

M
R

P-
05

71
8

C
-2

47
27

7
5.

87
13

.3
23

.1
8

27
7.

0
n.

d.
0.

01
n.

d.
<

3
<

10
13

.8
<

50
04

PK
H

L
1

M
R

P-
05

71
8

C
-2

47
29

4
3.

11
57

7
22

.4
8

39
0.

2
0.

22
0.

31
0.

7
<

3
<

10
58

7
63

0
04

PK
H

L
2

M
R

P-
05

71
8

C
-2

47
28

9
3.

17
31

4
22

.6
8

37
3.

2
0.

13
0.

16
0.

8
<

3
<

10
97

.6
92

.4
04

PK
H

L
3

M
R

P-
05

71
8

C
-2

47
29

0
3.

24
31

5
21

.9
8

58
0.

9
0.

08
0.

10
0.

8
<

3
<

10
70

.8
62

.8
04

PK
H

L
7

M
R

P-
05

71
8

C
-2

47
28

6
3.

71
26

0
21

.9
8

57
1.

3
0.

06
0.

09
0.

7
<

3
<

10
12

8
12

5
04

PK
H

L
9

M
R

P-
05

71
8

C
-2

47
30

2
2.

90
96

7
21

.8
8

56
4.

0
0.

42
3.

54
0.

1
<

3
<

10
7,

46
0

8,
09

0
04

PK
H

L
10

M
R

P-
05

71
8

C
-2

47
28

3
7.

08
20

6
21

.7
6

37
4.

5
n.

d.
0.

00
n.

d.
<

3
<

10
2.

9
<

50
04

PK
H

L
11

M
R

P-
05

71
8

C
-2

47
30

1
3.

12
93

4
22

8
46

9.
6

0.
23

0.
42

0.
5

<
3

<
10

1,
51

0
1,

52
0

04
PK

H
L

12
M

R
P-

05
71

8
C

-2
47

29
5

2.
94

58
3

21
.8

8
53

7.
4

1.
39

3.
25

0.
4

<
3

<
10

34
3

33
9

04
PK

H
L

13
M

R
P-

05
71

8
C

-2
47

29
3

3.
28

52
5

22
8

56
7.

4
0.

07
0.

12
0.

6
<

3
<

10
50

3
49

7
04

PK
H

L
13

-B
M

R
P-

05
71

8
C

-2
47

29
7

2.
84

73
7

22
8

53
6.

9
1.

72
5.

50
0.

3
<

3
<

10
44

2
46

1
01

04
05

B
lk

 C
11

M
R

P-
05

71
8

C
-2

47
27

9
n.

d.
n.

d.
n.

d.
n.

d.
n.

d.
n.

d.
n.

d.
n.

d.
<

3
<

10
<

2
<

50
01

04
05

B
lk

 C
21

M
R

P-
05

71
8

C
-2

47
28

0
n.

d.
n.

d.
n.

d.
n.

d.
n.

d.
n.

d.
n.

d.
n.

d.
<

3
<

10
<

2
<

50
01

04
05

B
lk

 C
1F

2
M

R
P-

05
71

8
C

-2
47

28
1

4.
33

46
.7

22
8

50
9.

3
n.

d.
0.

00
n.

d.
<

3
<

10
<

2
<

50

58    Geochemical Characterization of the Pike Hill Copper Mine Superfund Site, Orange County, Vermont



A
pp

en
di

x 
2.

 A
na

ly
tic

al
 re

su
lts

 o
f l

ea
ch

at
e 

te
st

s 
on

 s
ol

id
 s

am
pl

es
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 

ar
ea

.—
Co

nt
in

ue
d

[s
p.

 c
on

d.
, s

pe
ci

fi
c 

co
nd

uc
ta

nc
e;

 te
m

p.
, t

em
pe

ra
tu

re
; D

O
, d

is
so

lv
ed

 o
xy

ge
n;

 O
R

P,
 o

xi
da

tio
n-

re
du

ct
io

n 
po

te
nt

ia
l; 

µg
/L

, m
ic

ro
gr

am
s 

pe
r 

lit
er

; m
g/

L
, m

ill
ig

ra
m

s 
pe

r 
 

lit
er

; m
V

, m
ill

iv
ol

ts
; n

.d
., 

no
t d

et
er

m
in

ed
; <

, l
es

s 
th

an
; H

ac
h,

 c
ol

or
im

et
ri

c 
m

et
ho

d 
us

in
g 

H
ac

h 
sp

ec
tr

op
ho

to
m

et
er

; I
C

, i
on

 c
hr

om
at

og
ra

ph
y;

 I
C

P-
A

E
S 

or
 A

E
S,

  
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 e
m

is
si

on
 s

pe
ct

ro
m

et
ry

; I
C

P-
M

S 
or

 M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; f

ilt
er

ed
 a

ci
di

fi
ed

 s
pl

its
 u

se
d 

fo
r 

A
E

S 
 

an
d 

M
S 

an
d 

fi
lte

re
d 

un
ac

id
if

ie
d 

sp
lit

s 
us

ed
 f

or
 I

C
]

El
em

en
t

A
s

A
s

B
B

a
B

a
B

e
B

e
B

i
Ca

Ca
Cd

Cd
Ce

Co
Co

U
ni

ts
µg

/L
µg

/L
µg

/L
µg

/L
µg

/L
µg

/L
µg

/L
µg

/L
m

g/
L

m
g/

L
µg

/L
µg

/L
µg

/L
µg

/L
µg

/L
M

et
ho

ds
IC

P-
M

S
IC

P-
A

ES
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
M

S
IC

P-
A

ES
Sa

m
pl

e 
nu

m
be

r
04

Sm
ith

1
<

1
<

10
0

<
20

2.
78

2.
51

0.
2

<
5

<
 0

.2
3.

43
3.

54
3.

44
<

10
2.

22
41

.9
46

.5
04

Sm
ith

2
<

1
<

10
0

<
20

0.
55

<
1

<
0.

05
<

5
<

 0
.2

2.
67

2.
72

2.
03

<
10

0.
21

64
.2

63
.9

04
Sm

ith
3

<
1

<
10

0
<

20
0.

76
<

1
<

0.
05

<
5

<
 0

.2
0.

83
0.

78
7

0.
39

<
10

0.
22

4.
64

<
10

04
Sm

ith
5

<
1

<
10

0
<

20
33

.5
32

.6
<

0.
05

<
5

<
 0

.2
2.

56
2.

55
1.

19
<

10
1.

34
20

.2
22

04
Sm

ith
6

<
1

<
10

0
<

20
2.

66
2.

55
<

0.
05

<
5

<
 0

.2
1.

57
1.

6
<

0.
02

<
10

0.
08

0.
07

<
10

04
Sm

ith
7

<
1

<
10

0
<

20
3.

88
4.

09
<

0.
05

<
5

<
 0

.2
1.

33
1.

4
<

0.
02

<
10

0.
05

0.
09

<
10

04
PK

H
L

1
<

1
<

10
0

<
20

0.
85

<
1

<
0.

05
<

5
<

 0
.2

48
.3

48
.7

1.
23

<
10

4.
08

7.
89

<
10

04
PK

H
L

2
<

1
<

10
0

<
20

<
0.

2
<

1
<

0.
05

<
5

<
 0

.2
3.

76
3.

84
0.

66
<

10
0.

19
11

.1
14

.9
04

PK
H

L
3

<
1

<
10

0
<

20
<

0.
2

<
1

<
0.

05
<

5
<

 0
.2

0.
55

0.
54

3
0.

66
<

10
0.

1
3.

53
<

10
04

PK
H

L
7

<
1

<
10

0
<

20
0.

68
<

1
<

0.
05

<
5

<
 0

.2
24

.4
24

22
.1

21
.6

1.
1

81
82

04
PK

H
L

9
<

1
<

10
0

<
20

4.
44

4.
1

0.
2

<
5

<
 0

.2
54

.9
61

.6
10

.2
<

10
30

.7
1,

02
0

1,
02

0
04

PK
H

L
10

<
1

<
10

0
<

20
3.

82
3.

81
<

0.
05

<
5

<
 0

.2
35

.2
36

.2
23

21
.9

<
 0

.0
1

1.
06

<
10

04
PK

H
L

11
<

1
<

10
0

<
20

0.
3

<
1

0.
05

<
5

<
 0

.2
12

0
12

7
3.

5
<

10
9.

94
53

.7
46

.8
04

PK
H

L
12

<
1

<
10

0
<

20
0.

88
<

1
<

0.
05

<
5

<
 0

.2
2.

58
2.

74
0.

6
<

10
2.

08
30

.8
33

.1
04

PK
H

L
13

<
1

<
10

0
<

20
0.

73
<

1
<

0.
05

<
5

<
 0

.2
50

.8
52

.5
2.

41
<

10
2.

65
6.

45
11

.1
04

PK
H

L
13

-B
<

1
<

10
0

<
20

<
0.

2
<

1
<

0.
05

<
5

<
 0

.2
3.

63
3.

79
2.

53
<

10
2.

1
46

.9
49

01
04

05
B

lk
 C

11
<

1
<

10
0

<
20

<
0.

2
<

1
<

0.
05

<
5

<
 0

.2
<

0.
2

<
0.

1
<

0.
02

<
10

<
 0

.0
1

<
0.

02
<

10
01

04
05

B
lk

 C
21

<
1

<
10

0
<

20
<

0.
2

<
1

<
0.

05
<

5
<

 0
.2

<
0.

2
<

0.
1

<
0.

02
<

10
<

 0
.0

1
<

0.
02

<
10

01
04

05
B

lk
 C

1F
2

<
1

<
10

0
<

20
<

0.
2

<
1

<
0.

05
<

5
<

 0
.2

<
0.

2
<

0.
1

<
0.

02
<

10
<

 0
.0

1
<

0.
02

<
10

Appendix 2    59



A
pp

en
di

x 
2.

 A
na

ly
tic

al
 re

su
lts

 o
f l

ea
ch

at
e 

te
st

s 
on

 s
ol

id
 s

am
pl

es
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 

ar
ea

.—
Co

nt
in

ue
d

[s
p.

 c
on

d.
, s

pe
ci

fi
c 

co
nd

uc
ta

nc
e;

 te
m

p.
, t

em
pe

ra
tu

re
; D

O
, d

is
so

lv
ed

 o
xy

ge
n;

 O
R

P,
 o

xi
da

tio
n-

re
du

ct
io

n 
po

te
nt

ia
l; 

µg
/L

, m
ic

ro
gr

am
s 

pe
r 

lit
er

; m
g/

L
, m

ill
ig

ra
m

s 
pe

r 
 

lit
er

; m
V

, m
ill

iv
ol

ts
; n

.d
., 

no
t d

et
er

m
in

ed
; <

, l
es

s 
th

an
; H

ac
h,

 c
ol

or
im

et
ri

c 
m

et
ho

d 
us

in
g 

H
ac

h 
sp

ec
tr

op
ho

to
m

et
er

; I
C

, i
on

 c
hr

om
at

og
ra

ph
y;

 I
C

P-
A

E
S 

or
 A

E
S,

  
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 e
m

is
si

on
 s

pe
ct

ro
m

et
ry

; I
C

P-
M

S 
or

 M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; f

ilt
er

ed
 a

ci
di

fi
ed

 s
pl

its
 u

se
d 

fo
r 

A
E

S 
 

an
d 

M
S 

an
d 

fi
lte

re
d 

un
ac

id
if

ie
d 

sp
lit

s 
us

ed
 f

or
 I

C
]

El
em

en
t

Cr
Cr

Cs
Cu

Cu
D

y
Er

Eu
Fe

Fe
G

a
G

d
G

e
H

o
U

ni
ts

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

M
et

ho
ds

IC
P-

M
S

IC
P-

A
ES

IC
P-

M
S

IC
P-

M
S

IC
P-

A
ES

IC
P-

M
S

IC
P-

M
S

IC
P-

M
S

IC
P-

M
S

IC
P-

A
ES

IC
P-

M
S

IC
P-

M
S

IC
P-

M
S

IC
P-

M
S

Sa
m

pl
e 

nu
m

be
r

04
Sm

ith
1

<
1

<
10

1.
38

75
4

73
4

0.
13

0.
07

7
0.

03
49

9
46

7
<

 0
.0

5
0.

15
<

 0
.0

5
0.

02
04

Sm
ith

2
<

1
<

10
0.

37
69

8
68

4
0.

03
0.

00
8

0.
00

6
19

6
20

7
<

 0
.0

5
0.

03
<

 0
.0

5
<

 0
.0

05
04

Sm
ith

3
<

1
<

10
0.

34
53

4
49

2
0.

02
0.

01
<

 0
.0

05
83

98
.7

<
 0

.0
5

0.
02

<
 0

.0
5

0.
00

5
04

Sm
ith

5
<

1
<

10
1.

14
47

9
44

7
0.

07
8

0.
04

0.
02

50
75

<
 0

.0
5

0.
07

3
<

 0
.0

5
0.

02
04

Sm
ith

6
<

1
<

10
0.

08
<

0.
5

<
10

0.
02

0.
01

0.
00

6
<

50
<

20
<

 0
.0

5
0.

02
<

 0
.0

5
0.

00
7

04
Sm

ith
7

<
1

<
10

0.
05

<
0.

5
<

10
0.

01
0.

00
8

<
 0

.0
05

<
50

<
20

<
 0

.0
5

0.
02

<
 0

.0
5

<
 0

.0
05

04
PK

H
L

1
<

1
<

10
0.

54
1,

28
0

1,
28

0
0.

22
0.

12
0.

05
6

26
5

25
2

<
 0

.0
5

0.
25

<
 0

.0
5

0.
04

04
PK

H
L

2
<

1
<

10
0.

61
69

5
67

8
0.

02
0.

01
0.

00
6

11
3

12
8

<
 0

.0
5

0.
02

<
 0

.0
5

<
 0

.0
05

04
PK

H
L

3
<

1
<

10
0.

51
84

4
77

6
0.

01
0.

00
5

<
 0

.0
05

58
76

.8
<

 0
.0

5
0.

01
<

 0
.0

5
<

 0
.0

05
04

PK
H

L
7

<
1

<
10

0.
42

2,
27

0
2,

11
0

0.
09

9
0.

05
9

0.
02

<
50

63
<

 0
.0

5
0.

08
6

<
 0

.0
5

0.
02

04
PK

H
L

9
6.

7
<

10
0.

49
17

,0
00

17
,5

00
0.

72
0.

38
0.

29
3,

15
0

3,
13

0
0.

23
0.

99
<

 0
.0

5
0.

15
04

PK
H

L
10

<
1

<
10

0.
03

6.
2

<
10

<
 0

.0
05

<
 0

.0
05

<
 0

.0
05

<
50

<
20

<
 0

.0
5

<
 0

.0
05

<
 0

.0
5

<
 0

.0
05

04
PK

H
L

11
1.

3
<

10
1

2,
24

0
2,

27
0

0.
5

0.
25

0.
15

35
2

30
8

0.
05

0.
62

<
 0

.0
5

0.
09

9
04

PK
H

L
12

<
1

<
10

0.
34

53
.3

56
.9

0.
09

4
0.

05
0.

03
3,

21
0

3,
09

0
<

 0
.0

5
0.

14
<

 0
.0

5
0.

02
04

PK
H

L
13

<
1

<
10

0.
94

99
9

97
7

0.
18

0.
1

0.
05

59
83

.2
<

 0
.0

5
0.

2
<

 0
.0

5
0.

04
04

PK
H

L
13

-B
<

1
<

10
1.

18
26

2
30

6
0.

13
0.

05
2

0.
03

5,
31

0
5,

02
0

0.
1

0.
11

<
 0

.0
5

0.
02

01
04

05
B

lk
 C

11
<

1
<

10
<

 0
.0

2
<

0.
5

<
10

<
 0

.0
05

<
 0

.0
05

<
 0

.0
05

<
50

<
20

<
 0

.0
5

<
 0

.0
05

<
 0

.0
5

<
 0

.0
05

01
04

05
B

lk
 C

21
<

1
<

10
<

 0
.0

2
<

0.
5

<
10

<
 0

.0
05

<
 0

.0
05

<
 0

.0
05

<
50

<
20

<
 0

.0
5

<
 0

.0
05

<
 0

.0
5

<
 0

.0
05

01
04

05
B

lk
 C

1F
2

<
1

<
10

<
 0

.0
2

<
0.

5
<

10
<

 0
.0

05
<

 0
.0

05
<

 0
.0

05
<

50
<

20
<

 0
.0

5
<

 0
.0

05
<

 0
.0

5
<

 0
.0

05

60    Geochemical Characterization of the Pike Hill Copper Mine Superfund Site, Orange County, Vermont



A
pp

en
di

x 
2.

 A
na

ly
tic

al
 re

su
lts

 o
f l

ea
ch

at
e 

te
st

s 
on

 s
ol

id
 s

am
pl

es
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 

ar
ea

.—
Co

nt
in

ue
d

[s
p.

 c
on

d.
, s

pe
ci

fi
c 

co
nd

uc
ta

nc
e;

 te
m

p.
, t

em
pe

ra
tu

re
; D

O
, d

is
so

lv
ed

 o
xy

ge
n;

 O
R

P,
 o

xi
da

tio
n-

re
du

ct
io

n 
po

te
nt

ia
l; 

µg
/L

, m
ic

ro
gr

am
s 

pe
r 

lit
er

; m
g/

L
, m

ill
ig

ra
m

s 
pe

r 
 

lit
er

; m
V

, m
ill

iv
ol

ts
; n

.d
., 

no
t d

et
er

m
in

ed
; <

, l
es

s 
th

an
; H

ac
h,

 c
ol

or
im

et
ri

c 
m

et
ho

d 
us

in
g 

H
ac

h 
sp

ec
tr

op
ho

to
m

et
er

; I
C

, i
on

 c
hr

om
at

og
ra

ph
y;

 I
C

P-
A

E
S 

or
 A

E
S,

  
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 e
m

is
si

on
 s

pe
ct

ro
m

et
ry

; I
C

P-
M

S 
or

 M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; f

ilt
er

ed
 a

ci
di

fi
ed

 s
pl

its
 u

se
d 

fo
r 

A
E

S 
 

an
d 

M
S 

an
d 

fi
lte

re
d 

un
ac

id
if

ie
d 

sp
lit

s 
us

ed
 f

or
 I

C
]

El
em

en
t

K
K

La
Li

Li
Lu

M
g

M
g

M
n

M
n

M
o

M
o

N
a

N
a

N
b

U
ni

ts
m

g/
L

m
g/

L
µg

/L
µg

/L
µg

/L
µg

/L
m

g/
L

m
g/

L
µg

/L
µg

/L
µg

/L
µg

/L
m

g/
L

m
g/

L
µg

/L
M

et
ho

ds
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
Sa

m
pl

e 
nu

m
be

r
04

Sm
ith

1
0.

41
0.

33
7

1.
35

1.
2

<
10

<
 0

.1
0.

73
0.

75
2

90
0

86
2

<
 2

<
20

<
0.

5
<

0.
1

<
 0

.2
04

Sm
ith

2
0.

2
0.

11
3

0.
1

<
 0

.9
<

10
<

 0
.1

0.
46

0.
47

7
22

1
22

0
<

 2
<

20
<

0.
5

<
0.

1
<

 0
.2

04
Sm

ith
3

0.
3

0.
21

4
0.

12
<

 0
.9

<
10

<
 0

.1
0.

44
0.

42
9

66
.4

62
.2

<
 2

<
20

<
0.

5
<

0.
1

<
 0

.2
04

Sm
ith

5
0.

2
0.

15
6

0.
65

4.
5

<
10

<
 0

.1
1.

82
1.

84
89

8
86

9
<

 2
<

20
<

0.
5

<
0.

1
<

 0
.2

04
Sm

ith
6

0.
79

0.
64

7
0.

1
<

 0
.9

<
10

<
 0

.1
0.

16
0.

15
8

42
.5

41
.2

<
 2

<
20

<
0.

5
<

0.
1

<
 0

.2
04

Sm
ith

7
0.

52
0.

44
7

0.
05

<
 0

.9
<

10
<

 0
.1

0.
13

0.
13

6
28

.6
28

.5
<

 2
<

20
<

0.
5

<
0.

1
<

 0
.2

04
PK

H
L

1
0.

3
0.

22
2

1.
71

1.
5

<
10

<
 0

.1
0.

57
0.

58
9

66
.1

63
.1

<
 2

<
20

<
0.

5
<

0.
1

<
 0

.2
04

PK
H

L
2

0.
46

0.
40

5
0.

08
<

 0
.9

<
10

<
 0

.1
0.

27
0.

28
2

33
32

.6
<

 2
<

20
<

0.
5

<
0.

1
<

 0
.2

04
PK

H
L

3
0.

48
0.

41
2

0.
04

<
 0

.9
<

10
<

 0
.1

0.
25

0.
25

24
.8

22
.8

<
 2

<
20

<
0.

5
<

0.
1

<
 0

.2
04

PK
H

L
7

0.
39

0.
30

9
0.

64
<

 0
.9

<
10

<
 0

.1
1.

01
1.

06
1,

02
0

99
2

<
 2

<
20

<
0.

5
<

0.
1

<
 0

.2
04

PK
H

L
9

<
0.

03
<

0.
1

6.
52

3.
6

<
10

<
 0

.1
3.

25
3.

64
25

1
27

1
<

 2
<

20
<

0.
5

<
0.

1
<

 0
.2

04
PK

H
L

10
0.

53
0.

43
9

<
 0

.0
1

<
 0

.9
<

10
<

 0
.1

0.
17

0.
17

6
38

.5
37

.9
<

 2
<

20
<

0.
5

<
0.

1
<

 0
.2

04
PK

H
L

11
0.

2
0.

15
2

3.
27

<
 0

.9
<

10
<

 0
.1

1.
1

1.
18

95
.7

84
.2

<
 2

<
20

<
0.

5
<

0.
1

<
 0

.2
04

PK
H

L
12

0.
4

0.
29

1
0.

91
1

<
10

<
 0

.1
0.

37
0.

38
8

42
.2

42
.2

<
 2

<
20

<
0.

5
<

0.
1

<
 0

.2
04

PK
H

L
13

0.
38

0.
31

7
0.

99
<

 0
.9

<
10

<
 0

.1
0.

49
0.

50
2

52
.6

52
.9

<
 2

<
20

<
0.

5
<

0.
1

<
 0

.2
04

PK
H

L
13

-B
0.

2
0.

10
8

0.
88

<
 0

.9
<

10
<

 0
.1

0.
48

0.
51

4
56

.5
57

.8
<

 2
<

20
<

0.
5

<
0.

1
<

 0
.2

01
04

05
B

lk
 C

11
<

0.
03

<
0.

1
<

 0
.0

1
<

 0
.9

<
10

<
 0

.1
<

0.
01

<
0.

1
<

0.
2

<
10

<
 2

<
20

<
0.

5
<

0.
1

<
 0

.2
01

04
05

B
lk

 C
21

<
0.

03
<

0.
1

<
 0

.0
1

<
 0

.9
<

10
<

 0
.1

<
0.

01
<

0.
1

<
0.

2
<

10
<

 2
<

20
<

0.
5

<
0.

1
<

 0
.2

01
04

05
B

lk
 C

1F
2

<
0.

03
<

0.
1

<
 0

.0
1

<
 0

.9
<

10
<

 0
.1

<
0.

01
<

0.
1

<
0.

2
<

10
<

 2
<

20
<

0.
5

<
0.

1
<

 0
.2

Appendix 2    61



A
pp

en
di

x 
2.

 A
na

ly
tic

al
 re

su
lts

 o
f l

ea
ch

at
e 

te
st

s 
on

 s
ol

id
 s

am
pl

es
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 

ar
ea

.—
Co

nt
in

ue
d

[s
p.

 c
on

d.
, s

pe
ci

fi
c 

co
nd

uc
ta

nc
e;

 te
m

p.
, t

em
pe

ra
tu

re
; D

O
, d

is
so

lv
ed

 o
xy

ge
n;

 O
R

P,
 o

xi
da

tio
n-

re
du

ct
io

n 
po

te
nt

ia
l; 

µg
/L

, m
ic

ro
gr

am
s 

pe
r 

lit
er

; m
g/

L
, m

ill
ig

ra
m

s 
pe

r 
 

lit
er

; m
V

, m
ill

iv
ol

ts
; n

.d
., 

no
t d

et
er

m
in

ed
; <

, l
es

s 
th

an
; H

ac
h,

 c
ol

or
im

et
ri

c 
m

et
ho

d 
us

in
g 

H
ac

h 
sp

ec
tr

op
ho

to
m

et
er

; I
C

, i
on

 c
hr

om
at

og
ra

ph
y;

 I
C

P-
A

E
S 

or
 A

E
S,

  
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 e
m

is
si

on
 s

pe
ct

ro
m

et
ry

; I
C

P-
M

S 
or

 M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; f

ilt
er

ed
 a

ci
di

fi
ed

 s
pl

its
 u

se
d 

fo
r 

A
E

S 
 

an
d 

M
S 

an
d 

fi
lte

re
d 

un
ac

id
if

ie
d 

sp
lit

s 
us

ed
 f

or
 I

C
]

El
em

en
t

N
d

N
i

N
i

P
P

Pb
Pb

Pr
Rb

Sb
Sb

Sc
Se

Si
O

2
Si

O
2

U
ni

ts
µg

/L
µg

/L
µg

/L
m

g/
L

m
g/

L
µg

/L
µg

/L
µg

/L
µg

/L
µg

/L
µg

/L
µg

/L
µg

/L
m

g/
L

m
g/

L
M

et
ho

ds
IC

P-
M

S
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
M

S
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

P-
M

S
IC

P-
M

S
IC

P-
A

ES
Sa

m
pl

e 
nu

m
be

r
04

Sm
ith

1
0.

87
10

.2
<

10
<

 0
.0

1
<

0.
1

0.
1

<
10

0
0.

23
9.

7
<

0.
3

<
10

0
<

 0
.6

<
 1

1
1.

04
04

Sm
ith

2
0.

12
15

.2
13

.6
<

 0
.0

1
<

0.
1

<
0.

05
<

10
0

0.
03

4.
32

<
0.

3
<

10
0

<
 0

.6
<

 1
1.

6
1.

63
04

Sm
ith

3
0.

09
1.

5
<

10
<

 0
.0

1
<

0.
1

0.
4

<
10

0
0.

03
5.

33
<

0.
3

<
10

0
<

 0
.6

<
 1

1.
7

1.
67

04
Sm

ith
5

0.
66

9.
3

<
10

<
 0

.0
1

<
0.

1
0.

5
<

10
0

0.
15

3.
66

<
0.

3
<

10
0

0.
6

<
 1

3.
8

3.
8

04
Sm

ith
6

0.
13

<
0.

4
<

10
<

 0
.0

1
<

0.
1

<
0.

05
<

10
0

0.
03

4.
65

<
0.

3
<

10
0

<
 0

.6
<

 1
1.

1
1.

18
04

Sm
ith

7
0.

06
<

0.
4

<
10

<
 0

.0
1

<
0.

1
<

0.
05

<
10

0
0.

02
3.

91
<

0.
3

<
10

0
<

 0
.6

<
 1

1.
5

1.
61

04
PK

H
L

1
1.

63
0.

8
<

10
<

 0
.0

1
<

0.
1

1
<

10
0

0.
43

5.
04

<
0.

3
<

10
0

<
 0

.6
2.

6
1.

6
1.

52
04

PK
H

L
2

0.
09

1.
4

<
10

<
 0

.0
1

<
0.

1
<

0.
05

<
10

0
0.

02
5.

7
<

0.
3

<
10

0
<

 0
.6

1.
5

1.
6

1.
58

04
PK

H
L

3
0.

04
0.

7
<

10
<

 0
.0

1
<

0.
1

0.
2

<
10

0
0.

01
5.

27
<

0.
3

<
10

0
<

 0
.6

1
2.

3
2.

19
04

PK
H

L
7

0.
44

23
.9

19
.4

<
 0

.0
1

<
0.

1
2.

2
<

10
0

0.
12

6.
29

<
0.

3
<

10
0

<
 0

.6
2

1.
9

2.
05

04
PK

H
L

9
7.

5
44

43
.3

<
 0

.0
1

<
0.

1
0.

72
<

10
0

1.
8

1.
5

<
0.

3
<

10
0

1.
2

9.
1

2.
4

2.
63

04
PK

H
L

10
<

 0
.0

1
<

0.
4

<
10

<
 0

.0
1

<
0.

1
<

0.
05

<
10

0
<

 0
.0

1
3.

74
<

0.
3

<
10

0
<

 0
.6

<
 1

1
1.

05
04

PK
H

L
11

4.
58

3.
6

<
10

<
 0

.0
1

<
0.

1
1.

2
<

10
0

1.
14

4.
09

<
0.

3
<

10
0

<
 0

.6
5.

8
2.

2
1.

96
04

PK
H

L
12

0.
94

5.
8

<
10

<
 0

.0
1

<
0.

1
1.

8
<

10
0

0.
24

4.
16

<
0.

3
<

10
0

0.
6

<
 1

3.
2

3.
3

04
PK

H
L

13
1.

1
0.

5
<

10
<

 0
.0

1
<

0.
1

0.
87

<
10

0
0.

28
6.

19
<

0.
3

<
10

0
<

 0
.6

2.
2

1.
4

1.
37

04
PK

H
L

13
-B

0.
95

7.
5

<
10

<
 0

.0
1

<
0.

1
0.

76
<

10
0

0.
23

6.
56

<
0.

3
<

10
0

<
 0

.6
<

 1
1.

5
1.

62
01

04
05

B
lk

 C
11

<
 0

.0
1

<
0.

4
<

10
<

 0
.0

1
<

0.
1

<
0.

05
<

10
0

<
 0

.0
1

<
 0

.0
1

<
0.

3
<

10
0

<
 0

.6
<

 1
<

 0
.2

<
0.

1
01

04
05

B
lk

 C
21

<
 0

.0
1

<
0.

4
<

10
<

 0
.0

1
<

0.
1

<
0.

05
<

10
0

<
 0

.0
1

<
 0

.0
1

<
0.

3
<

10
0

<
 0

.6
<

 1
<

 0
.2

<
0.

1
01

04
05

B
lk

 C
1F

2
<

 0
.0

1
<

0.
4

<
10

<
 0

.0
1

<
0.

1
<

0.
05

<
10

0
<

 0
.0

1
<

 0
.0

1
<

0.
3

<
10

0
<

 0
.6

<
 1

<
 0

.2
<

0.
1

62    Geochemical Characterization of the Pike Hill Copper Mine Superfund Site, Orange County, Vermont



A
pp

en
di

x 
2.

 A
na

ly
tic

al
 re

su
lts

 o
f l

ea
ch

at
e 

te
st

s 
on

 s
ol

id
 s

am
pl

es
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 

ar
ea

.—
Co

nt
in

ue
d

[s
p.

 c
on

d.
, s

pe
ci

fi
c 

co
nd

uc
ta

nc
e;

 te
m

p.
, t

em
pe

ra
tu

re
; D

O
, d

is
so

lv
ed

 o
xy

ge
n;

 O
R

P,
 o

xi
da

tio
n-

re
du

ct
io

n 
po

te
nt

ia
l; 

µg
/L

, m
ic

ro
gr

am
s 

pe
r 

lit
er

; m
g/

L
, m

ill
ig

ra
m

s 
pe

r 
 

lit
er

; m
V

, m
ill

iv
ol

ts
; n

.d
., 

no
t d

et
er

m
in

ed
; <

, l
es

s 
th

an
; H

ac
h,

 c
ol

or
im

et
ri

c 
m

et
ho

d 
us

in
g 

H
ac

h 
sp

ec
tr

op
ho

to
m

et
er

; I
C

, i
on

 c
hr

om
at

og
ra

ph
y;

 I
C

P-
A

E
S 

or
 A

E
S,

  
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 e
m

is
si

on
 s

pe
ct

ro
m

et
ry

; I
C

P-
M

S 
or

 M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; f

ilt
er

ed
 a

ci
di

fi
ed

 s
pl

its
 u

se
d 

fo
r 

A
E

S 
 

an
d 

M
S 

an
d 

fi
lte

re
d 

un
ac

id
if

ie
d 

sp
lit

s 
us

ed
 f

or
 I

C
]

El
em

en
t

Sm
SO

4
Sr

Sr
Ta

Tb
Th

Ti
Ti

Tl
Tm

U
V

V
W

U
ni

ts
µg

/L
m

g/
L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

µg
/L

M
et

ho
ds

IC
P-

M
S

IC
P-

M
S

IC
P-

M
S

IC
P-

A
ES

IC
P-

M
S

IC
P-

M
S

IC
P-

M
S

IC
P-

M
S

IC
P-

A
ES

IC
P-

M
S

IC
P-

M
S

IC
P-

M
S

IC
P-

M
S

IC
P-

A
ES

IC
P-

M
S

Sa
m

pl
e 

nu
m

be
r

04
Sm

ith
1

0.
17

41
4.

54
4.

56
<

 0
.0

2
0.

02
<

 0
.2

1.
8

<
50

0.
1

0.
00

8
0.

13
<

0.
5

<
10

<
 0

.5
04

Sm
ith

2
0.

02
32

2.
91

2.
98

<
 0

.0
2

0.
00

7
<

 0
.2

1.
6

<
50

<
0.

1
<

 0
.0

05
<

 0
.1

<
0.

5
<

10
<

 0
.5

04
Sm

ith
3

0.
02

38
2.

34
2.

19
<

 0
.0

2
<

 0
.0

05
<

 0
.2

1.
5

<
50

<
0.

1
<

 0
.0

05
<

 0
.1

<
0.

5
<

10
<

 0
.5

04
Sm

ith
5

0.
12

48
19

.4
19

.7
<

 0
.0

2
0.

02
<

 0
.2

1.
7

<
50

0.
1

0.
00

7
0.

1
<

0.
5

<
10

<
 0

.5
04

Sm
ith

6
0.

01
4

9.
9

10
<

 0
.0

2
<

 0
.0

05
<

 0
.2

<
 0

.5
<

50
<

0.
1

<
 0

.0
05

<
 0

.1
<

0.
5

<
10

<
 0

.5
04

Sm
ith

7
0.

02
5

10
10

.8
<

 0
.0

2
<

 0
.0

05
<

 0
.2

<
 0

.5
<

50
<

0.
1

<
 0

.0
05

<
 0

.1
<

0.
5

<
10

<
 0

.5
04

PK
H

L
1

0.
28

16
3

10
.2

10
.3

<
 0

.0
2

0.
04

<
 0

.2
5.

3
<

50
<

0.
1

0.
02

<
 0

.1
<

0.
5

<
10

<
 0

.5
04

PK
H

L
2

0.
02

44
1.

62
1.

62
<

 0
.0

2
<

 0
.0

05
<

 0
.2

2.
1

<
50

<
0.

1
<

 0
.0

05
<

 0
.1

<
0.

5
<

10
<

 0
.5

04
PK

H
L

3
0.

02
33

1.
47

1.
33

<
 0

.0
2

<
 0

.0
05

<
 0

.2
1.

6
<

50
<

0.
1

<
 0

.0
05

<
 0

.1
<

0.
5

<
10

<
 0

.5
04

PK
H

L
7

0.
08

81
18

.8
19

.5
<

 0
.0

2
0.

02
<

 0
.2

2.
2

<
50

<
0.

1
0.

01
<

 0
.1

<
0.

5
<

10
<

 0
.5

04
PK

H
L

9
1.

39
29

4
26

.7
29

.1
<

 0
.0

2
0.

14
0.

49
10

.4
<

50
<

0.
1

0.
05

9
0.

56
<

0.
5

<
10

<
 0

.5
04

PK
H

L
10

<
 0

.0
1

83
14

.8
15

.7
<

 0
.0

2
<

 0
.0

05
<

 0
.2

2.
4

<
50

<
0.

1
<

 0
.0

05
<

 0
.1

<
0.

5
<

10
<

 0
.5

04
PK

H
L

11
0.

84
37

0
27

.7
29

<
 0

.0
2

0.
08

6
<

 0
.2

10
.5

<
50

<
0.

1
0.

03
0.

11
<

0.
5

<
10

<
 0

.5
04

PK
H

L
12

0.
18

83
7.

13
7.

71
<

 0
.0

2
0.

02
<

 0
.2

2.
5

<
50

<
0.

1
0.

00
6

0.
14

<
0.

5
<

10
<

 0
.5

04
PK

H
L

13
0.

21
15

6
9.

76
10

<
 0

.0
2

0.
03

<
 0

.2
4.

8
<

50
0.

2
0.

01
<

 0
.1

<
0.

5
<

10
<

 0
.5

04
PK

H
L

13
-B

0.
17

97
6.

7
6.

94
<

 0
.0

2
0.

02
<

 0
.2

2.
9

<
50

<
0.

1
0.

01
0.

14
<

0.
5

<
10

<
 0

.5
01

04
05

B
lk

 C
11

<
 0

.0
1

4
<

 0
.5

<
1

<
 0

.0
2

<
 0

.0
05

<
 0

.2
<

 0
.5

<
50

<
0.

1
<

 0
.0

05
<

 0
.1

<
0.

5
<

10
<

 0
.5

01
04

05
B

lk
 C

21
<

 0
.0

1
6

<
 0

.5
<

1
<

 0
.0

2
<

 0
.0

05
<

 0
.2

<
 0

.5
<

50
<

0.
1

<
 0

.0
05

<
 0

.1
<

0.
5

<
10

<
 0

.5
01

04
05

B
lk

 C
1F

2
<

 0
.0

1
7

<
 0

.5
<

1
<

 0
.0

2
<

 0
.0

05
<

 0
.2

<
 0

.5
<

50
<

0.
1

<
 0

.0
05

<
 0

.1
<

0.
5

<
10

<
 0

.5

Appendix 2    63



A
pp

en
di

x 
2.

 A
na

ly
tic

al
 re

su
lts

 o
f l

ea
ch

at
e 

te
st

s 
on

 s
ol

id
 s

am
pl

es
 fr

om
 th

e 
Pi

ke
 H

ill
 m

in
es

 s
tu

dy
 

ar
ea

.—
Co

nt
in

ue
d

[s
p.

 c
on

d.
, s

pe
ci

fi
c 

co
nd

uc
ta

nc
e;

 te
m

p.
, t

em
pe

ra
tu

re
; D

O
, d

is
so

lv
ed

 o
xy

ge
n;

 O
R

P,
 o

xi
da

tio
n-

re
du

ct
io

n 
po

te
nt

ia
l; 

µg
/L

, m
ic

ro
gr

am
s 

pe
r 

lit
er

; m
g/

L
, m

ill
ig

ra
m

s 
pe

r 
 

lit
er

; m
V

, m
ill

iv
ol

ts
; n

.d
., 

no
t d

et
er

m
in

ed
; <

, l
es

s 
th

an
; H

ac
h,

 c
ol

or
im

et
ri

c 
m

et
ho

d 
us

in
g 

H
ac

h 
sp

ec
tr

op
ho

to
m

et
er

; I
C

, i
on

 c
hr

om
at

og
ra

ph
y;

 I
C

P-
A

E
S 

or
 A

E
S,

  
 in

du
ct

iv
el

y 
co

up
le

d 
pl

as
m

a-
at

om
ic

 e
m

is
si

on
 s

pe
ct

ro
m

et
ry

; I
C

P-
M

S 
or

 M
S,

 in
du

ct
iv

el
y 

co
up

le
d 

pl
as

m
a-

m
as

s 
sp

ec
tr

om
et

ry
; f

ilt
er

ed
 a

ci
di

fi
ed

 s
pl

its
 u

se
d 

fo
r 

A
E

S 
 

an
d 

M
S 

an
d 

fi
lte

re
d 

un
ac

id
if

ie
d 

sp
lit

s 
us

ed
 f

or
 I

C
]

Ch
ar

ac
te

ri
st

ic
/E

le
m

en
t

Y
Yb

Zn
Zn

Zr
Jo

b 
nu

m
be

r
La

b 
nu

m
be

r
Cl

F
N

O 3
SO

4

U
ni

ts
µg

/L
µg

/L
µg

/L
µg

/L
µg

/L
m

g/
L

m
g/

L
m

g/
L

m
g/

L
M

et
ho

ds
IC

P-
M

S
IC

P-
M

S
IC

P-
M

S
IC

P-
A

ES
IC

P-
M

S
IC

IC
IC

-A
q

IC
-A

q
IC

-A
q

IC
-A

q
Sa

m
pl

e 
nu

m
be

r
04

Sm
ith

1
0.

86
0.

05
71

0
69

1
<

 0
.2

M
R

P-
05

71
9

C
-2

47
31

5
3.

8
<

.0
8

1.
5

11
0

04
Sm

ith
2

0.
11

0.
00

8
20

5
19

9
<

 0
.2

M
R

P-
05

71
9

C
-2

47
31

6
3.

8
<

.0
8

1.
5

11
7

04
Sm

ith
3

0.
09

0.
00

6
77

.9
76

.1
<

 0
.2

M
R

P-
05

71
9

C
-2

47
31

9
6.

2
<

.0
8

1.
6

16
7

04
Sm

ith
5

0.
34

0.
04

38
0

36
6

<
 0

.2
M

R
P-

05
71

9
C

-2
47

31
8

3.
8

0.
14

1.
5

14
2

04
Sm

ith
6

0.
11

0.
02

0.
6

<
10

<
 0

.2
M

R
P-

05
71

9
C

-2
47

31
1

1.
2

1
1.

2
4

04
Sm

ith
7

0.
06

0.
00

5
0.

7
<

10
<

 0
.2

M
R

P-
05

71
9

C
-2

47
31

0
1.

3
<

.0
8

1.
2

3.
5

04
PK

H
L

1
1.

02
0.

12
14

6
14

6
<

 0
.2

M
R

P-
05

71
9

C
-2

47
32

5
6.

2
<

.0
8

1.
6

35
0

04
PK

H
L

2
0.

08
0.

02
82

.6
80

.3
<

 0
.2

M
R

P-
05

71
9

C
-2

47
32

0
6.

2
<

.0
8

1.
6

17
5

04
PK

H
L

3
0.

05
0.

00
6

86
.5

82
.7

<
 0

.2
M

R
P-

05
71

9
C

-2
47

32
1

6.
3

<
.0

8
1.

7
16

0
04

PK
H

L
7

0.
69

0.
07

33
40

3,
21

0
<

 0
.2

M
R

P-
05

71
9

C
-2

47
31

7
3.

8
0.

12
1.

5
14

2
04

PK
H

L
9

2.
96

0.
35

95
5

1,
07

0
<

 0
.2

M
R

P-
05

71
9

C
-2

47
33

3
12

.6
<

.0
8

2.
3

69
0

04
PK

H
L

10
<

 0
.0

1
<

 0
.0

05
70

0
67

9
<

 0
.2

M
R

P-
05

71
9

C
-2

47
31

4
3.

6
<

.0
8

1.
5

91
04

PK
H

L
11

2.
21

0.
19

31
8

30
1

<
 0

.2
M

R
P-

05
71

9
C

-2
47

33
2

12
.3

<
.0

8
2.

2
71

8
04

PK
H

L
12

0.
44

0.
04

79
.9

76
<

 0
.2

M
R

P-
05

71
9

C
-2

47
32

6
6.

2
<

.0
8

1.
7

26
1

04
PK

H
L

13
0.

85
0.

09
11

0
11

6
<

 0
.2

M
R

P-
05

71
9

C
-2

47
32

4
6.

3
<

.0
8

1.
7

32
9

04
PK

H
L

13
-B

0.
51

0.
06

26
3

25
9

<
 0

.2
M

R
P-

05
71

9
C

-2
47

32
8

6.
5

<
.0

8
1.

9
31

2
01

04
05

B
lk

 C
11

<
 0

.0
1

<
 0

.0
05

<
0.

5
<

10
<

 0
.2

n.
d.

n.
d.

n.
d.

n.
d.

n.
d.

n.
d.

01
04

05
B

lk
 C

21
<

 0
.0

1
<

 0
.0

05
<

0.
5

<
10

<
 0

.2
n.

d.
n.

d.
n.

d.
n.

d.
n.

d.
n.

d.

01
04

05
B

lk
 C

1F
2

<
 0

.0
1

<
 0

.0
05

0.
9

<
10

<
 0

.2
M

R
P-

05
71

9
C

-2
47

31
2

1.
2

<
.0

8
1.

1
3.

1
1

E
as

te
rn

 s
yn

th
et

ic
 p

re
ci

pi
ta

tio
n 

(E
SP

) 
fr

om
 tw

o 
ca

rb
oy

s 
(c

ar
bo

y 
1 

is
 C

1 
an

d 
ca

rb
oy

 2
 is

 C
2)

 u
se

d 
fo

r 
le

ac
h 

te
st

s.
2  F

ilt
er

ed
 E

SP
 f

ro
m

 c
ar

bo
y 

1 
us

ed
 f

or
 le

ac
h 

te
st

s.

64    Geochemical Characterization of the Pike Hill Copper Mine Superfund Site, Orange County, Vermont



The accuracy of the results was assessed by submitting 
USGS reference waters with known chemical compositions 
along with water samples for chemistry determinations; the 
precision of the results was evaluated by analyzing duplicate 
samples, and blank-water samples were processed in the field 
to monitor contamination. The analytical results of the USGS 
reference waters and the expected concentrations and standard 
deviations are given in the following table. One-half of the 
values for reference waters with known calcium concentra-
tions were over two standard deviations higher than expected 
based on ICP-AES results. The concentrations of magnesium 
and sodium from ICP-AES in most of the reference waters are 
at least one standard deviation higher than that reported for the 
round robin. The concentrations of most elements in duplicate 
water samples are very similar. For a few elements, a discrep-
ancy exists for duplicates, more commonly in the unfiltered 
water samples. This is likely due to variations in the composi-
tion of particulates within the sample. Most of the field-blank 
samples had concentrations of elements below or near their 
respective detection limits. The concentrations of sodium in 

field blanks collected and submitted for chemistry in Octo-
ber 2004 are slightly high at approximately 0.3 mg/L with 
a detection limit of 0.01 by ICP-MS, but they were reported 
as less than the detection limit of 0.1 mg/L by ICP-AES. 
The ICP-AES method is preferred rather than ICP-MS for 
major elements including sodium. The concentrations of zinc 
reported by ICP-MS in all blank samples are slightly high and 
range from 1 to 5.3 µg/L, although minimal compared to the 
concentration of zinc in many water samples from the site. 

Two chemistry jobs were rerun due to anomalous results. 
Rare earth elements determined by ICP-MS in October 2004 
for jobs MRP-05620 and MRP-05621 were high in the water 
samples and reference waters and, therefore, analyses were 
rerun in July 2005 and the new results were used for this 
report. In addition, sulfate values from IC for job MRP-05633 
were high for samples with sulfate concentrations greater than 
200 mg/L. These water samples were reanalyzed by IC and the 
new values are used in this report. Old erroneous values are 
given in parentheses and red text. 

Appendix 3.  Standard reference-water, field-blank, and replicate samples 
submitted with water and leachate chemistry as quality assurance/quality 
control for the Pike Hill mines study.
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