Heavy Metal Analysis of Dillon Reservoir,

Central Colorado

A Thesis
Presented in Partial Fulfilment of the Requirements
for the Degree of Bachelor of Science
By
Alan J. Resnik
The Ohio State University

Winter Quarter 1980

Approved By

Sk %7/ﬁ>

Advisor Dept.

Geol. & Min.

of

T



Table of Contents

Acknowledgements
INTRODUCTION
Mining and Its Impact in Colorado
Geology of the Dillon Reservoir Area
SAMPI ING METHODS
LABORATORY PROCEDURES
Organic Analysis
Preparation for Atomic Absorption Analysis
Standard Curve
DISCUSSION OF RESULTS AND CONCLUSIONS
References Sited
Tables
Selected Mineral Resource Production for Colorado
Comparative Drinking Water Standards for Trace Elements
Tllustrations
Fig. (1) Dillon Reservoir
Fig. (2) Metallic ¥Mineral Occurences in Colorado

Fig. (3) Sampler Tube

Fig. (4) Prisco Bay and Blue River Arms of Dillon Reservoir

Fig. (5) Sketch of Blue River sampling sites

Fig. (6) Sketch of Tenmile Creek Sampling Sites

Graph; Absorbance vs. Concentration for Ag
Graph; " " Cu
Graph; " " Pb
Graph; " " Zn

Appendix 1: Absorbance Values

Appendix 2: Reservoir Geochemistry

19

-

o ~J O Wn



Acknowledgements

I would like especially to thank Dr. Garry D. McKenzie
and Dr. Douglas E. Pride for suggesting this topic and for
their assistance and criticism during the writing of this

thesis.

ii



INTRODUCTION
The extraction of mineral resources is usually accompanied
by secondary impacts that could result in environmental pollu-
tion or degradation of other resources. One of these resources
that can be impacted is surface water and the associated sedi-
¢ ments. This impact could be particularly important in reservoirs
that are used for public water supplies and sport fishing.
Dillon Reservoir (fig. 1), central Colorado, represents an
area where this problem has developed; it is the area of study
for this project.
Dillon Reservoir serves as Denver's water supply and is fed
¢ by streams from several mining areas. Included in the study is
the Frisco Bay arm of the reservoir which is fed by Tenmile
Creek. The Climax Molybdenum mine is approximately 14-15 miles
¢ southwest of the point where Tenmile Creek empties into Dillon
Reservoir. Also included in the study is the Blue River Arm,
fed by the Blue River which encounters many mining areas and
¢ dredge tailings along its path. The Breckenridge mining dis-
trict is approximately 6.5 miles from the reservoir along the
Blue River. Dillon Reservoir represents an ideal opportunity
¢ to investigate the impact of metal mining on water resources
in the drainage basin.
The purpose of this study was to determine heavy metal
¢ concentrations and their areal distribution in bottom sedi-
ments of two arms of Dillon Reservoir, Colorado, and to relate
these data to possible sources within the respective drainage

¢ basins.



As indicated by Table 1, mining has played an important

role in the economy of Colorado.

Table 1. Selected Mineral Resource Production for Colorado
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Metallics 1973 Production Cunulative Production
¢ &
Zinc *151900)102 953517181093
Silver 8,764,824 643,491,318
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Mining and its Impact in Colorado

The non-sedimentary metal deposits of Colorado are
generally considered to be of three distinct éges (Tweto, 1968):
Precambrian, late Cretaceous to early Tertiary (lLaramide),
and 0Oligocene (post Laramide). The majority of the metallic
ores being mined in Colorado are termed "complex ores" (U.S.
Congress, 1964, p. 29). According to Wentz (1973), cbmpleX‘
ores are a combination of base metals (usually copper, lead,
and zinc) and precious metals (gold and silver). The base
metalsland silver occur most commonly as sulfides, with all
of the gold and some of the silver occuning in elemental form.

- Large-scale metallic mineralization of central Colorado
and the resultant mining of these resources presents a poten-
tial for pollution problems in that area of the state (rin. 2).
Studies by Wentz (1973) have shown that the pollution due to
the mineralization is compounded because of oxidation of
pyritic material. Not only is the acid that forms harmful in
itself, it also dissolves metals from ores and tailing piles
and releases them to streams.

Runnells, et al., (1974) have found thrdugh analysis of
sediments from Tenmile Creek below the Climax mine, that
concentrations of molybdenum up to nearly 2,000 ppm. are
present. These analyses stand in sharp contrast to what was
considered normal background concentrations (between about
1 and 10 ppb.) in Runnells' study.

Geology of the Dillon Reservoir Area

Blue River near Breckenridge is affected by drainage

from several mines. Extensive tailings are also located in

the area, but most are the result of placer activity and
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probably do not significantly contribute to the degredation
of the surface water (Wentz, 1973). At Breckenridge, load
ores have been mined from veins in Precambrian schist, gneiss,
and granite, and from Paleozoic and Mesozoic sedimentary rocks
(Vanderwilt, 1047).

At ~1imax, Precambrian schist, granite, and gneiss are

intruded by dikes and

o

at least one large stock of Tertiary
age (Vanderwilt, 1947, Del Rio, 1960). The largest molyb-

in the world occur

denum dernosits in the U.S. and possibl

J

at Climax (King, 1064),
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TABORATORY PROCEDURES

Two portions of approximately O.Slgrams of sediments
were faken from eachvsample,.one.portibn for organic analysis
and tﬁevother for atomic absorption aﬁalysié. The - samples were
put in crucibles and then heated overnight in a Precision
Thelco 18 oven.iAfter drying, each'éample wasvweighed to four
decimal places. For accuracy five extra samples representing
the first five collection éites were prepared for both Qfganic
and atomic absorption analysis.

' Organic Analysis

Hydrogen Pperoxide (30%) was added to eéch sample in incre-
mentsrof about 1 ml. per.'Small additions of_hydrogen peroxide
were necessafy fo avoid‘spattering of a sample with a high
organic content. Whereas most samples required 4-6 mls. to
digest the organic material, others necessitated up'to 11 mls.
After the reactions had gone to completion the cfucibles were
placed‘bn a hot plate until alllliqUid was evaporated. The
samples were then left in the Thelco 18 oven ovefnight to in-
sure dryness. The crucibles and samples were reweighed and the
organic weight pércent‘was determined according to the following

formulge:

sample weight (dry) - organics
sample weight (dry) + organics

% inorganics =

% organics = 100% - inorganics



Preparation for Atomic Absorption Analysis

Four Ml. of nitric-percloric (HNO3 as buffer) were added
to each sample and digested at medium heat for three hours.
After three hours the temperature was increased and the acid
mixture was evaporated. The metals in the samples were then
taken into solution with 10 ml. of 1 M HC1l and digested for
about thirty minutes making sure that none of the liquid was
allowed to evaporate. The liquid and residuve were washed from
the crucibles into filter paper in separate 150-ml. beakers.
The crucibles were rinsed three times with double-distilled
demineralized water and the liquid was transfered to 50-ml.

volumetric flasks and diluted to volume with 10% HC1.

Preparation of Standard Solutions for Atomic Absorption Analysis
» Solutions of 20, 10, 5, 2, and 1 ppm were diluted from a stock

solution of 1000 ppm for each metal to be determined.

,* Two "blank" specimens were prepared without any solid

® sample. These were used to determine the concentration of metals
within the acids themselves and subtracted from the sample con-
centrations,

® Standard Curve

Values of absorbance were obtained through use of a

model 303 Perkin-Elmer Atomic Absorption Spectrophotometer.

® A standard "working curve" for each metal was obtained by
plotting absorbance versus concentration (ppm.) of the stan-
dafd 20, 10, .5, 2, and 1 ppm. solutions. The absorbance

- value of each sample was found on the Y axis and projected
horizontally to the intersection of the standard curve. The

point of intersection is then projected vertically to the

10



X axis and a concentration value is found. The concentration
(ppm.) of each sample is then determined through use of this
equation:

(concentration inxsample solution)

(volume of dilute sample solution)
weight of sample (grams)

element (ppm.)

(dilution factor)
X
(concentration in sample solution)
X
(volume of dilute sample solution)
weight of sample (grams)

o
)
et

(ppm.)

¥elem

*equation used for zinc only

11
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Absorbance vs. Concentration
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Appendix 1

Absorbance Values

Sample Sample wgt. Absorbance
No. (grams) Ag Cu - Pb - Zn*
1 .5928 .0025 1.71 .0188 .0L87
2 . 6280 .0017 1.26 .0123 0477
3 .6502 .0023 6.5 L0147 .0516
L 4930 .0023 1.44 .0130 L0545
5 4575 .0017 1.25 .0099 .0362
6 . 6099 .0015 .92 .0107 .0391
V4 . 5822 .0003 .65 L0043 .0L10
8 bLs6 .0003 .73 .0066 .0297
9 . 6031 .0018 .75 .0052 .02773
10 L4735 .0015 1.08 .0101 .0357
11 Jh22 .000L 1.07 .0080 0372
12 .4958 .0023 1.68 L0176 L0640
13 . 5989 .0022 1.28 .0117 .0L96
14 L5542 .0028 1.4 L0140 .0501
15 . 5480 .0017 2.0 L0262 L0600
16 . 5599 .0033 1.98 .0238 L0650
17 . 5376 .0026 1.82 L0214 L0610
18 5767 .0023 1,64 .0235 L0565
19 4912 .0020 2.0 L0240 L0462
20 . 5928 .0024 .97 .0122 L0496
21 . 6280 .0017 .88 .0091 0477
22 . 6502 L0024 1.2 .0126 .0501
23 4930 .0020 1.4 .0113 .0610
2L U575 .0013 1.14 ,0106 .0297
Standard
Solutions
20 ppnm. 10 ppm. 5 pom. 2 ppm. 1 ppn.
Ag ND .9630 . 5400 .1290 L0680
Cu L2604 .1561 .0857 .0186 L0114
Pb L0768 .0L19 .0205 .0035 .0017
Zn L0716 L0665 .0615 .0218

.0070

*#Because of very high zinc concentrations, each sample
was diluted by a factor of ten. This factor of ten was
then introduced into the numerator of the equation to

determine concentration. 16



Appendix 2

Reservoir Geochemistry

Sample {ppm.) % Water Depth
No. A Ly P Zn Organics (£%:) P,
1 2:5 97 Bi13. 3,374 8 4 5.
2 $.2 &8 255 13,289 7 ND 5.
3 2.1 33 292 3,307 5 ND 5.
L 2.7 96 345 4. 462 8 7 ND
5 1.6 93 223 3,388 6 6.5 ND
6 .8 Lo 230 2,623 5 ND ND
7 39 103 2,920 11 ND ND
8 B 86 00 2 557 12 19 6
9 27 e 108 - 1,390 3 19 e
10 1.1 74 264 3,273 14 24 L-5
11 .0 99 gay g K62 11 25 -5
12 209 116 B6L 6,152 7 30 ND
13 R.2 0 2r 20V 3,351 5 23 ND
14 2,9 81 325 3,654 6 23 ND
15 1.4 319630 &,384 5 3.5 L,5-5
16 B.1 116 " 554 6,951 5 315 L.,5-5
17 2.8 - 111530 4,650 5 7 ND
18 2.0: 95 o9, 3,983 L 7 ND
19 2.2 . 932 586 - 3,868 i 14 ND
20 2.5 "85 270 3,416 7 4 5.
21 1.2 40 191 3,105 6 ND 5
22 s L e 28l ' 3,114 i ND B
23 2.2..9 304 5,070 8 7 ND
24 .0 BY 306 2,842 6 5.5 ND

ND= no data

17



Discussion of Results and Conclusions

Though the very high zinc concentrations may be sus-
pect, the results of the tests seem reasonable. The sam-
ples required dilution by a factor of ten because initially
the readings were too high to intersect the zinc working
curve. In a study by Wentz (1973), dissolved concen-
trations of zinc were thirty to sixty times greater
than those of copper and lead respectively in Blue River.
fhese findings would tend to reinforce the validity of the
results of this study.

Based on the average concentrations of the four
samples from Tenmile, and the average of the four highest
concentrations of twenty samples from Blue River, the
findings show in general that the higher metal concen-
trations are found in Tenmile Creek. The concentrations
of lead and copper are appreciably higher in Tenmile than
Blue River, whereas no significant differences are noted
with silver. In consideration of zinc, it is noted that
there are very high concentrations in both Tenmile Creek
and Blue River,

Obviously, there are serious jmplications presented
in these findings. Table 2 gives drinking water standards
as supplied by the U.S. Public Health Service, and the
World Health Organization. These standards are based on
concentrations of trace elements either dissolved, or in

suspension, and not on concentrations determined in sed-

iments.

18



Table 2: Comparative Drinking Water Standards for Trace

Elements.
Water Quality U.S. Public Health World Health
Parameter Service (1962,1970) Organization 1961

Colorado Department European Standards
of Health (1971)

Copper *1 (ppm.) *3 (ppm.)
Lead *%* .05 (ppm.) ##.1 (ppm.)
Silver MEL0S ibpm. ) T et
Zinc *5 (ppm.) *#5 (ppm.)

*#aximum Permissable Concentration
*#¥Recommended Limit

Source: Wentz (1972)

According to Wentz (1972), drinking water standards
are well established for humans, but not at all for
aquatic organisms. In addition, because of the associated
differences in physiology, such things as species, life-
cycle stage, and age can have considerable effect on
the response of an organism to high trace-element
concentrations. A classic example is the considerably
lower toxicity threshhold for zinc and copper to fish
than to humans. Though poeple are also at an advantage
because the water they drink is generally settled and
filtered before drinking, they are still either directly
or through consumption of affected organisms subject

to the effects of the high metal concentrations.

19
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