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INTRODUGTION 

The extraction of mineral resources is usually accompanied 

by secondary impacts that could result in environmental pollu

tion or degradation of other resources. On e of these resource s 

that ca be impacted is s urfa c e water and the associated sedi

ments. This impact could be na rticularly i mportant in reservoirs 

that are used for public wate r supplies and sport fishing. 

Dillon Reservoir (fig . 1), central Colorado, represen ts an 

area where thi s proble~ ha s d eve l ope d; it is th e are a o f study 

for this proje c t. 

Dillon Reservoir serves as Denver's water suppl y a n d is fe d 

b y strea~s from several mining a reas . Included in t ~e stu dy is 

the Frisco Bay arm of th e re s ervo i r wh ich is fed by Tenmil e 

Creek. The Climax Molybd enum mine is approximately 14-15 miles 

southwest of the point where Ten~ ile Creek empt i es into 1 illon 

Reservolr. Als o inc lude d in the study is the Blue River Ar~ , 

fen by th e Blue q iver whi c h encounters many mining areas a nd 

dredge tailings al ong it s path. ~he Breckenridg e mining d i s

trict is approximate ly 6,5 miles fr om the reservoir along the 

3 lue qiver. Dillon qese r vo ir represents an ideal opportunity 

to investigate th e i mpact of metal mining on water resource s 

in the drainage basin. 

The purpose of this study wa s t o 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 drainag e 

basins • 
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As indicated by Table 1, mining has played an important 

role in th e economy of Colorado • 

Table 1. Selected Mineral Resource Production for Colorado 

Metallics 

Zinc 
Silver 

J eq ':': 
0 op-:, 0 r 

1973 Producti on 

$15 ,890,102 
8 , 764,824 
7,5G6,107 
3,31 2 ,705 

Cu~ulative Producti on 

$535 ,718,983 
643,491,318 
407,419,390 
142 ,9G9,979 

~h P ~ountv (Su~mit) in which the study area is located 
u~?l) 

pY'oiuced ~2 ,01 0 ,115 ~in mineral production includin~ ~etallics 

a~d non~et 9 lli cs . 

Sou r c-r; :3u:":-V:"l. Y' Y of '11ineral industry activities in Color::ir. o 

10? ~: 0 ~Jnrg1o ~ivision of Mines . 

20 MILES 

32.3 llm 

MT . AETNA 
(13,171) 

+ 
GARFIELD 

~ BOULDER 

HENDERSON MILL 

IN0£X MAP 
BRECKENRIDGE 

[]] 

Fi~ . (1) ~ill0n ~ese rvoir in Central Colorado , 60 miles west 

of Jenver. 2 
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probably do not significantly contribute to the degredation 

o~ 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, 1947). 

At '::: liinax , Preca'Tibr i an sch ist , granite , an d gneiss are 

intru de~ by dikes and at lea st one large stock of Tertiary 

3.P-e C"a>:rie r wil t, 1947, :Jel ~io, 1960). The largest moly1:, 

rienu"T' 4epos it s in the U. S . and possibly in th e world occur 

at "J i -r2 x (Yi ri ~ , 19 64 ) . 

aeoewte" 

II# ..... " ' ..... Wll , , D 
.. .... 

.. .. , t..\.tPS 

MO•eAN 

YUMA 

WAa .. 11teTON 

AltA.,_A"OII 

.,.,.,,,,Lo 

•11' CA•&O .. 

., ' ... 

. . ·-· 
C,tOWLll'ff 1-...---------

PUl.eLO 

....... 
eTll"O 

.. ............ . 

Pie; . ( 2 ) . r"e t allic 'Tlineral occurences in 0,olorado . The black 

renresents me tal lic 'Tlinin~ distric ts a nd a rea s of mine r alization . 

The hachures repres ent the ex tent of possible 1ninerali zation 

adjacent to the Colorado inineral belt. (a fter Shel t on , 1977) . 

4 



SA PI Trm 1 :111 (l S 

Se irrent s :'l e were collected y r, Gn.r y 1, IcV0r>z ie 

and l)r. lou~ as E. ri e · n '\uP"Us 1G?9.wit ·me o-f a 12" 

~a ler tu e (fi~. J). '11 e samplec were nut~~ Dlasttc bags 

d the co ection ite wee recordert on o s etche~ o 

the study reas (fi~s. 5 ani 6). ~ e s~mp es were stored in a 

refri~er tor u~ti1 a~a y is. 

~ig. (J). Sa~ ler rnube 
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6000 7000 FEET 

CONTOUR INTERVAL 40 FEET 
DATuM IS MEAN SEA LEVEL 

QUADRANGLE LOCATION 

I 

FRISCO, COLO. 
SE,4 DILLON 15' OUADRlNOLE 

N3930-Wl0600/7.5 

1970 

Fig. (4). Frisco Bay and Blue River arms of Dillon Reservoir • 
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( l 
ap r ox i 'Tla te scale 1"=250 ' 

approximately 
6.5 miles t o 

Breckenridge dre dge 
tail ings. 

Fig . (5) . Sket ch of th e Blue River Arm sampling sites . 
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LABORATO~Y PROCEJU~ES 

Two portions of approxi~ately 0.5 grams of sedi~ents 

were taken fro~ each sample, one portion for organic analysis 

and the other for atomic absorption analysis. The samples were 

put in crucibles and then heated overnight in a Precision 

Thelco 18 oven. After drying, each sample was weighed to four 

decimal places. For accuracy five extra samples representing 

the first five collection sites were prepared for both organic 

and atomic absorption analysis. 

Organic Analysis 

Hydrogen peroxide (JO%) was added to each sample in incre

ments of about 1 ml. per. Small additions of nydrogen peroxide 

were necessary to 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 crucibles were 

placed on a hot plate until all liquid was evaporated. The 

samples were then left in the Thelco 18 oven overnight to in

sure dryness. The crucibles and sa~ples were reweighed and the 

organic weight percent was determined according to the following 

formul e : 

% organics= 100% - inorganics 

9 
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Preparation for Atomic Absor tion Analysis 

Four · 1. of ni tric-percl oric (H. ro3 as buffer) were added 

to each sample a nd digested at mediu heat for three hours. 

After three hour s the temperature was increased and the acid 

mixture was evaporated . The metals in the sa ples were then 

taken into sol u tion with 10 ml . of 1 M HCl and diges ted for 

about thirty minutes making s ure that n ne of the li qu id was 

allowed to evapor ate . The li uid and resi ue were washed fr om 

the crucibl es into filter paper in separate 150 - ml . beakers. 

he crucibles were rinse d three times with dou le-distill ed 

demineralized water a nd the li quid was transfe r ed t o 5 0 - ml . 

volumetric flasks and diluted t o v olume wi th 10% HC l , 

Preparati on of Standard Solutions f or Ato~ic Absor ption Anal sis 

Solutions of 20 , 10, 5, 2, and 1 p _~ were diluted from a stock 

solution of 1000 m for each metal t o be dete r mined . 

, * Two " blank " specimens were pre are d without a y solid 

sample . These were used to de termine the concentra tion of metals 

within the acids the"YJ s el ve s and subtracted fr o. the sam 1 e c on

cen trati ons , 

S tandard Curve 

Values of abs or bance were obtained through use of a 

model JOJ Perkin-El me r At omic Absorption Spec trophotome ter . 

A standard "workin g curve " for each metal was obtaine d by 

plotting absorbanc e v e r sus concentration (ppm . ) of the stan

dard 20, 10 , 5 , 2, and 1 ppm . solutions. The absorbance 

value of each sam le was f ound on the Y axis and projected 

horizontally to the intersection of the sta dard curve . ~he 

point of intersectio is then projected vertically to the 

10 
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X axis and a concentration v alue is found. The concentration 

(ppm .) of each sample is t hen determined through use of this 

e quati on: 

element ( m. ) = 

*e e~ent (pp~ .) = 

(concentration in sample solution) 
X 

volu~e of dilute samnle sol u t ion 
weight of sa~ple grams 

(dilution factor) 
X 

(concentra tion in sa~ le solution) 
X 

volume of dilute sam le solution 
weig ht of s ample (gra~s 

* equa tion u sed for zinc only 

11 
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Appendix 1 

Absorbance Values 

Sample Sample wgt. Absorbance 
No. ( grams) Ag Cu Pb Zn* 

1 .5928 .0025 1.71 .0188 .0487 
2 .6280 .0017 1.26 .0123 .0477 
J • 6502 .0023 6.5 .0147 .0516 
4 .4930 .0023 1.44 .0130 .0545 
5 .4575 .0017 1.25 .0099 .0362 
6 • 6099 .0015 .92 .0107 .0391 
7 .5822 .0003 .65 .0043 .0410 
8 .4456 .0003 .73 .0066 .0297 
9 .6031 .0018 .75 .0052 .0273 

10 .4735 .0015 1.08 .0101 .0357 
11 .4422 .0004 1.07 .0080 .0372 
12 .4958 .0023 1. 68 .0176 .0640 
1J .5989 .0022 1.28 .0117 .0496 
14 .5542 .0028 1.4 .0140 .0501 
15 .5480 .0017 2.0 .0262 .0600 
16 .5599 .0033 1.98 .0238 .0650 
17 .5376 .0026 1.82 .0214 .0610 
18 .5767 .0023 1. 64 .0235 .0565 
19 .4912 .0020 2.0 .0240 .0462 
20 .5928 .0024 .97 .0122 .0496 
21 .6280 .0017 .88 .0091 .0477 
22 .6502 .0024 1. 2 .0126 .0501 
23 .4930 .0020 1.4 .0113 .0610 
24 .4575 .0013 1.14 .0106 .0297 

Standard 
Solutions 

20 pp':l. 10 pp!!l. 5 nmn. 2 pp:n. 1 pp:-ri. 

Ag NT.) .9630 .5400 .1290 .0680 
Cu .2604 .1561 .0857 .0186 .0114 
Pb .0768 .0419 .0205 .0035 .0017 
Zn .0716 .0665 .0615 .0218 .0070 

*Because of very high zinc concentrations, each sa:nple 

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 -(pp~ .) al,, Water Depth 
No. Ag Cu Pb Zn Or gan ics (ft.) P.H. 

1 2; 5 97 413 3,374 8 4 5. 
2 1.2 68 255 3,289 7 ND 5. 

• 3 2.1 331 292 3,307 5 ND 5. 
4 2.7 96 345 4,462 8 7 ND 

5 1. 6 93 273 3,388 6 6.5 ND 
6 . 8 49 230 2 ,623 5 ND ND 

7 . 4 39 103 2 , 920 11 ND ND 

8 . 6 56 202 2,917 12 19 5. 

• 9 1. 7 42 108 1,190 3 19 5 . . 
10 1.1 74 264 3,273 14 24 4-5 
11 . 9 79 237 3,5 62 11 25 4-5 
12 2 . 7 116 464 6 ,1 52 7 JO ND 

13 2 . 2 72 267 3,381 5 23 !) 

14 2 . 9 81 325 3,654 6 23 .D 

• 15 1. 4 119 630 4,384 5 3 . 5 4.5 - 5 
16 3.1 11 6 554 6,251 5 3.5 4 .5-5 
17 2,8 111 530 4 , 650 5 7 ND 

18 2.0 95 537 3,988 4 7 N !) 

19 2.2 132 546 3, 868 7 14 ND 
20 2.5 55 270 3,416 7 4 5 . 
21 1. 2 48 191 3,105 6 ND 5. 
22 2,1 62 254 3 ,11 4 4 ND 5 . 
23 2 . 2 91 304 5,070 8 7 D 

24 . 9 87 306 2,842 6 6,5 ND 

ND = no data 

• 

• 

• 

• 

• 
17 
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Discussion of Results and Conclusions 

Though the very hig h zinc concentrations may be sus

pect, the results of the tests seem reasonable. The sam

ples required dilut ion by a fact or of ten because initially 

the readings were to o high t o intersect the zinc working 

curve. In a stud y by Wentz (1973) , dissolved concen 

trations of zinc were thirty t o sixty times greater 

than those of coppe r and lead re spectively in Blue River . 

Th ese findings would tend t o r einforce t he validity of t he 

re sults of t his study . 

Based on t he average concen trations of t he f our 

s ampl e s from Ten~ile , and t he ave rage of t he four h ighe st 

con centrations of t wenty samples f r o~ Blue ~iver , t he 

finding s show i n g e neral that t he hig her meta l concen 

trati ons a r e foun d i n Tenmile Cr eek . The concen trations 

of lead and copper are ap reciabl y higher i n Tenmile than 

Blue Riv er, whereas no sign ificant differences are noted 

with silver , In consid e ration of zinc, it is note d t hat 

there are very h igh concentrations in both Tenmile Cre ek 

and Blue River . 

Obviously , there a r e serious i mplications presente d · 

in these finding s. Table 2 giv es drinking water standard s 

as supplied by the U. S . Publi c Health Service, and the 

World Heal th Organization. These standards are based on 

concentrations of trace elements either d issolved, or in 

suspension, and not on concentrations dete r mined in sed

i~ents . 
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Table 2: Comparative Drinking W~ter Standards for Trace 

Elements . 

Water Quality 
Parameter 

Copper 
lead 

Silver 
Zinc 

U.S. Public Health 
Service (1962,1970) 
Colorado Department 
of Health (1971) 

*1 (ppm.) 
** . 0 5 ( ppm . ) 
** . O 5 (ppm. ) 

* 5 ( p p:n .) 

World Health 
Organization 1961 

European Standards 

*3 (ppm.) 
** .1 (ppm.) 

*5 (ppm.) 

*~aximum Permissable Concentration 
**Recommended Limit 

Source : We n tz (1972) 

According to Wentz (197 2 ), drinking water standards 

are well established for humans , but not at all for 

aquatic organisms . In addition , because of the associ a t ed 

differences in phys iology , s u ch things as species, life

c yc le stage, and age can have considerable effect on 

the re sponse of a n organism to high trace-element 

concentrations . A class ic example is the considerably 

lower toxi city t hr eshh old for zinc and copper to fish 

than to humans. Though poeple are also at an advantage 

be cause the water they drink is generally settled ad 

filtered before drinking, they are still either direc tly 

or through consumption of affected organisms subject 

to the effects of the high me t a l concentrations . 
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