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iNTROOUCTION TO 111£ }{}~GJOll!1J, COPPEl{-mCl~F:L STUDY

The Rc[;ional Copper-Nickcl Environmental Inpact Study is a comprehcnsive
. c>;cJmlnation of the potenti;)l cur:lu13tivc cnviror.raental. so,cial. nnd economic

irnpactoS of copper-nickel miner<ll development in northe<lstcrn Hinnesota.
This st' ':~ is being conducted for the Hinnesota Legislature and state
Executive Branch aeenc1es, under the direction of the Minnesota Environ
mental Quality Board (HI~QR) and wi th the funding, review, and concurrence
of the Legisla tive Corr.mission on Hinnesota Resourc,es.

A region along the surface contact of the Duluth Complex in St. Louis and
Lake counties ,in northeastern Minnesota contains a major domestic resource
of copper-nickel sulfide mineraliza tion. , This region has been explored by
several mifleral resource developoent companies for nore than tventy years,
and recently two firms, AHAX and International Nickel Company, have
considered commercial operations. These e)..-ploration and mine planning
activities indicate the potential establishment of a new mining and pro
cessing industry in P~nnesota. In addition, 'these activities indicate the
need for a comprehensive environmental, social, and economic analysis by
the state in order to consider the cumulative regional implications of this
new industry and to provide adequate information for future state policy
review and development. In January, 1976, the MEQB organized- and initiated
the Regional Copper-Nickel Study.

The major objectives of the Regional Copper-Nickel Study are: 1) to
characterize the region in its pre-copper-~ickel development state; 2) to
identify and describe the probable technologies which may be used to exploit
the mineral resource and to convert it into salable commodities; 3) to

,identify and assess the impacts of primary copper-nickel development and
secondary regional growth; 4) to conceptualize alternative degrees of
regional copper-nickel development; and 5) to assess the cumulative
environmental, social, a~d econo~ic impacts of such hypothetical develop
ments. The Regional Stt.:uy is a sC,ientific information gathering and
analysis effort and will not present subjective social judgements on
whether, where, when, or how copper-nickel development should or should
not proceed. In addition; the Study will not make or propose state policy
pertaining to copper~nickel development.

, The Hinncsota Environncntal QU<llity Board is a state agency responsible for
the implementation of the PJnnesota Environmental Policy Act and promotes

.. cooperation between state agencies on environmental matters. The Regional
Copper-Nickel Study is an ad hoc effort of the MEQB and future regulatory
and site specific environmental iopact studies viII most likely be the
responsibili ty of the P...inncsota Dcpartm,ent of Natural Resources and the
Minnesota Pollution'Control Agency.
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4.3 REGIONAL WATER (UALITY OIARAcrERIZATION

4.3.1 Introduction

Northeastern Minnesota has abundant water resources of generally high quality.

This resource has intrinsic esthetic value and is extensively used for

recreational purposes. This resource is also used by municipalities and industry

for a variety of purposes including appropriation and as a receiver of waste

water.

Historically, the extraction and refinement of base metal ore deposits has had a

damaging impact on the environment. The mining of- ropper-nickel sulfide ore from

the Duluth Cbmplex will likely cause changes in the quality of the surface and

ground water in this region.

There are eight different phases of the mineral operation which can affect \vater

quality: mineral exploration, mine developnent, mineral extraction, ore and

concentrate transport, milling and processing, roncentrate sDorage, solid waste

·disposal, and smelting and metal refining. Besides the direct effects of mineral

developnent on water quality there are the secondary effects from increased urban

developne~t and recreation which would accompany ropper-nickel development.

,The types of pollutants and the circumstances under which they enter the aquatic

system is different for each mining phase and DJr different types of serondary

developnent. The node by which these pollutants enter the aquatic system is by

point-discharge, area rumff, and by atnospheric deposition.

In order Do assess the potential impact of ropper-nickel mining on water quality,

obviously the quality of the region's water be understood. Thus, a romprehensive
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reqional monitorinq PDJqram was aonducted £Or three main purposes:

1) .1b begin the long-term process of qathering environmental data [Dr the
establishment of a pre-development environmental base line aqainst which chanqe
resultir "r.0m developnent can be assesserl.

2) 'Ib characterize the surface and ground water quality in the Study Area.

3) 'Ib assess the susceptibility of the surface waters to potential impacts from
copper-nickel mining and associated development.

Hydrologica~ly the area monitored is a headwater region, that is, surface flow

oriqinates in this area. This reqion encompasses portions of tw:> maior drainaqe

basins, the Rainy River basin and the St. louis River basin, \'klich are separated

by the Laurentian Divide. The former drains eventually to Hucioon Bay, and the

latter to Lake Superior and thence to the Atlantic OCean via the Great Lakes.

Nine watersheds north of the Laurentian Divide ana five south of the Divide were

monitored (Table 1). The total drainage area studied rorth of the Divide is

3;489 krn2 (1,347 mi2); and the total area south is 1,249 km2 (482 mi2). The

boundaries of the watersheds and the location of the Divide are shown in Fiqure

1.

Table 1, Figure 1

In addition, the U.S. C£Ological Survey rronitored groundwater using wells preClo

minantly located in areas ITDst likely to be affected by aopper-nickel deveiorment

but also in other areas in order to present a general picture of ground vBter

quality of the whole region.

The Kawishiwi system which drains into the Rainy River is the maior river north

of the Divide. Nine miror systems feed the Ka\vishiwi sY!3tem (Table 1). This

2



Table ~. :Regional <bpper-Nickel Study watersheds (refer to Fiqure 2 for locations).":
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OORIfl OF LAI1RENTIAN DIVIDE (~~~I?:.~e.~ _1}rainage)
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SUBWATERSHED . SUBWATERSHED
WATE~HED NAME NAME AREA (km2 ) FEEDER SUBWATERSHE~,-- _

K-3

K-l

Kawishiwi River K-6
K-7
K-5

K-4

29a ( 11.19)

125 , ( 48.25)
161 ( 62.15)
466 (179.88)
567 (218.86)
63Za (243.95)

11a ( 4.25)

44 ( 16.98)
128a ( 49.41)

177a '( 68.32)

256a ( 98.82)

655 (252.83)
1447b (568.96)

253Gb (978.90)
..

?779b (1072.69)

3170 (1223.62)

3489 (1346.75)

,;,

"";"

. ,.,' 'IDrAL DRAINAGE
'IHIDUGH SUB

,WATERSHED, ~2 (mi2)

132 (50.95)
8a3a (340.84)

27a (10.42)

<'?1~

,

I ; ..

, '

. :: ~. "

rone

rone
tittle Isabel1a+il+Jl2k6
Little Isabe1la+il+fl~~cl+sr5+sr4+sr3+

sr2+srl+bbl+d2+01+~k6+k7

Little Isabella+il+fl+kcl+sr5+sr4+sr1~

sr2+srl+bbl+d2+ol+bil+~k6+k7+k5

Little Isabella+il+fl+kcl+srS+sr4+sr3+
sr2+srl+bbl+d2+dl+bil+k6+k7+kS+k4

Little Isabel1a+il+f1+kcl+sr5+sr4+sr3+
sr2+sr1+bbl+d2+dl+bil+shl+k6+k7+kS+k4+k3

rone ii

rone

rone
d2

rone

rone

none
oone
sr5+sr4

·sr5+sr4+sr3
.:ii.::i+Si.:4+5i.3+sr2

,', n:::>ne
, Little Isabella ' '.'

63

64

132 ,:,"
751

27

29

125 . ~\':

161
180 •
101

65
('i

11

44
84

177

256

655
236b
262b

6Gb

-
I
I

i

D-2
0-1 .

BI-l

SH-l

BB-l"

F-l

KC-l

SR~5

SR-4 .
SR-3
SR-2
SR-l

Little Isabella
1-1

Shagawa River

Bear Island R.

Dunka River

Fils::m Creek

Unnamed Creek

Stony River .

Keeley Creek

Isabella River



Table I a:mtinued.'
'-

SCX1I'R OF tAURENl'IAN DIVIDE (Lake Superior Drainage)

Embarrass River B-2
E-1

Partridge River P-5
P-4
P-3
P-2

, P-l

( 26.63)
( 60.60)
( 93.80)
( 291.04)

( . 9.26)
( 47.86)

( 45.55)

24
124

118

69
157
243
754c

46 (17.76)
229a ( 88.39)

32 (12.35)
48( 18.53):'
47 (18.14)

'264c (101.90)
33S,c (129.31)

.. .a:;

.. '

TOne

TOne
TOne

ronei
rone\
s13 i '
P5+p4+P3+P2+P1+secxmd Creek+s13+s12

TOne','·
rone
rone
p5+p4+p3
p5+p4+p3+p2

TOne
e2

SUBWATERSHED
NAME AREA (km2)

46
183

32
48
47 ,.

137c
71

69
157

86
107

, \ 24
124

118W-1 .

WF-l
WF-2

second Creek
SLr-3
SLr-2
SLr-1

Water Hen Creek

Whiteface River

St. louis River

---------------"....._- ... '...'~----------------
SOURCE: U.S. Geological Survey, St. Paul, Minn.

anrainage area of entire watershed. '
bnrainaqe areas estimated because of N:>rth/S::>uth Kawishiwi River split.
eI ,cludes 13 km2 in s~watershed p2 defined by ~GS as TOnoontributing.
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area is prec'lominantly forested, with pine accountinrt for ab::>ut 30 percent of the

growth. Ninety-one percent of the surface v·aters of th~ study area is located

north of the divide. Mining activities (taconite) occupy a small portion of this

drainage area (0.3%). The SJ il thickness rorth of the divide is very shallow (0-

3 meters) and bedrock outcropping is colTuron. The SJ Us are nutrient poor, high

in trace metals and acidic (see Volume 3-Chapter 2).

All \'laters in the study Area SJuth of the divide flow through the St. louis

system and thence to Lake Superior. A1 thouqh the St. louis River drains the

entire area, only the Partridge river joins the St. louis within the ronfines of

the area oonitared. This area is also heavily forested but aspen-birch prec'lomi-
~

nate. Spruce, fir and pine, in that order, are the next important species. The

soils deepen in this area (3-30 meters) but the qround \'later system is generally

meager, al trough there are tv.D excellent but small aquifers located in this

reqion. One-third of the area is classified as I::Dqj and dnnnlins, eskers, and

'other qlacial features dominate the landscape.

4.3.1.1 MOnitoring Approach--The surface \'later quality of the Study Area \'laS

sampled from March, 1976 throuqh september 1977. 'Ihirty-tv.D stream sites on

thirteen different river systems were established, and 35 lake stations on 26

lakes were established (Figure 2). Because the area is blessed with numerous

stre~ns and lakes [181 lakes over 20 hectares (50 acres) in size], critria were

established for lake and stream site selection based'on location, size, sroreline

characteristics, depth, and other factors.

Figure 2
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Stream sampling was ronducted on a JTDnthly (primary), bi-JTDnthly (seron<'iary), or

quarterly (tertiary) basis, depending on the importance of the site and the

parameter in question. rvbre samples were rollected at sites representing the

mouths of important watersheds than sites upstream. Stream sites were

established rorth and south of the Laurentian Divide (Fiqure 2); in roth small

and larqe watersheds (Table 1); and in areas upstream and Cbwnstream from known

"human disturbance which may be affecting water quality. The primary intent was

to establish sites that would provide a representative cross-sampling of

terrestrial, topographic, and anthropogenic features which presumably affect

"water quality.

During the second year of the program, some sampling sites were dropped and the

sample collection schedule was S\vi tched to event-sampling. Event-sampling pro

vided additional information arout the effect of rainstorm events aM spring-melt

on water quality (first-year periodic sampling schedules provided some event-

oriented water quality information).

Prior to this surface water program, the U.S. Fbrest Service under a cnoperative

agreement with INCO (in 1975) ronducted" a water JTDni toring program in the general

area of Filson Creek. This program was part of a requirement pertaining to the
~

permit request by INCO to the U.S. Fbrest Service. When the Regional Cbpper-

Nickel Study JTDni taring proqram romrnenced, it was integrated \'Ji th the Fbrest

Service program. Thus, some of the results reporteo here are from the U. S.

FOrest Service Program (U.S. Fbrest Service 1976). A complete description of the

Forest Service Program and the results is on record at the Fbrest Supervisor's

Office, SUperior National Fbrest and is inteqrate<1 with Cbpper-Nickel Study data

files at the Land Management Information center (LMIC), "Minnesota State Planninq

Agency.

4



Less emphasis was placed on the lake sampling program, because the large number

and diversi ty of lakes precluded a nore romplete samplin;t program. The selection

of lakes was predicated on the same criteria as for streams. Large and small

~akes; headwater and downstream lakes; deep and shallow lakes; lakes in various

soil types basins; and lakes mrth and SJuth of the divide. were selected. Seven

lakes \vere sampled six times per year (Primary); and nineteen lakes t,vere sampled

only twice (survey lakes) (see Table 2).

Table 2

Cbntinuous stream flow data t,vere rollected at eleven major stream sites and

stream flow data were rollected at the other sites by staff and the U.S.

Geological Survey. N::>t only did this provide information a}:xmt water quantity

but it alSJ p:=rmitted evaluation of the relationship between concentration of

constituents and flow.

Ground water samples were collected £Or chemical analysis quarterly during 1976

1977 for 12 observation wells finished in glaciofluvial sand and gravel, 11 wells

finished in the Rainy IDbe till, and 2 wells finished in p:=aty material. An

additi<;mal single sampling (during a droUGht p:=riod in OCtober, 1976, men qround

water levels were extremely low) of the ·U.S. Fbrest Service campground t,vells was

added. This sampling included 3 wells finished in sand and qravel, 5 wells

finished in Rainy IDbe till, and 3 wells in the Duluth Cbmplex. Three other

wells in the Duluth Cbmplex ,vere sampled during 1976. locations of sampled v..ells

are given in Figure 3.

Figure 3

5
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Table ::to ft:>rphanetry of lakes SC¥l\pled by the legional ~r-Nickel Study•.
SURFACE OOAINNiE MEAN MflXIMUM MEAN l'NNUAL J\REAL FWSHJOO

HI::J'IfWATER AREA AI1EA DEPl'II ffiPI'H VOIll1E DISQIJ\R';E WATER LOJ\D IW.rn
Ll\KE I.llKE .110 (km2 ), JIn (km2 ) Z (m) Z max(m) VX106 (m) OXI06 (m3yroo1) 9a=O/JIp e (yr;l) STRATIFICJ\TICN

Kawishiwi River 'Watershed
b c b c b c

Birch tb 25.62 2536 4.15 , 7.62 106.18 596.36 490 23.28 19.1 5.62 4.61 roes rot stratify.
Gabbro tb 3.63 1034 3.66 15.24 13.27 254.22 193 70.03 53.1 19.16 14.54 Does not stratify
White Iron ~b 13.85 2779 6.00 14.'33 83.13 650.55 539 46.97 38.9 7.83 6.48 WcaJ.-.ly dimictic
August Yes .90 9.6 2.46 5.79 2.20 2.98 1.48 3.31 1.65 1.35 .67 DoCs not stratify
C1li!arwater Yes 2.61 9.2 7.44 14.00 19.39 2.86 1.42 1.10 .54 .15 .07 roes not stratify
Lake One tb 3.55 638 3.14 • 17.37 33.30 160.66 117 45.26 32.9 4.82 3.51 Strofv~ly dimictic
Turtle Yes 1.36 6.4 1.13 3.05 1.55 1.95 .97 1.43 .72 1.22 .63 D:leS rpt st.ratify.
Fall tb 8.93 3489 3.99 9.75 35.70 807.59 683 90.44 76.5 22.62 19.13 "eakly dimictic

Bear Island River Watershed

Bear Island Yes 8.64 85 8.74 21.95 75.46 23.66 14.3 2.74 1.66 .31 .19 StroO)ly dimictic
Perch Yes .44 3.2 2.30 9.14 1.01 1.05 .47 2.39 1.08 1.04 .47 ~akly dimictic,
Stony River Watershed

Greenwcx:d Yes 5.06 105.7 1.27 2.13 6.43 29.10 18.0 5.75 3.56 4.53 2.80 Does not stratify
Sanil Yes, 2.05 41 1.45 11.58 2.98 11.82 6.72 5.77 3.28 3.97 2.56 Does not stratify
So.ltrbugal Yes 1.12 37.4 .51 1.52 .57 10.84 6.11 9.68 5.45 19.02 10.72 roes not stratify
Slate tb .96 466 1.51 3.05 1.45 119.19 84.12 124.16 87.8 82.20 58.07 roes not stratify

Partridge River Watershed

Colb.i' tb 2.24 332 3.13 10.36 7.00 86.31 59.2 38.53 26.4 12.33 8.46 ~akly dimictic
Big tb 3.21 9.2 ? 4.57 4.92 2.87 1.42 .89 .44 .58 .29 weakly dimictic



Table 2 continued.

Ll\KE

StffiF1\CE OOJ\IN~ Mf:1\N Ml\XlMlr-t MF.l\N NmU1\L
HF'Nl-ll\'rnR AREJ\ l\HE1\ oorn, OOPl'H VOU1'IE DISClwrn

Ll\KE 1b (Jcm2) 1yt (km2) Z (m) Z maxIm) VXI06(m) QXl06 (m3y!;:;l)

1\Rr:J\L rr J.JSIII NG
W1\'rnR Ltv\D HJ\TE
9a=Q/J\, e (yCl) SfMTIFIC1\TICN

,

St. U:1uis River Watershed

Seven Beaver Yes 5.63 157 1.46 1.68 8.24 42.38 21.1 7.53 4.82 5.14 3.29 ~s not stratify
Pine Yes 1.77 14.8 2.34 4.21 4.14 4.50 2.33 2.54 1.32 1.09 .56 ~s not stratify
Long 'Yes 1.79 21.6 .50 1.83 .90 6.43 3.45 3.59 1.93 7.14 3.83 ~s not stratify

Other Watersheds

Whiteface ~s. Yes 17'.22 331 3.15 9.14 54.19 81.59 60.1 5.09 3.49 1.62 1.11 vp.:lldy (limictic
Tofte Yes .41 .1.1 10.13 22.25 5.09 .56 .25 1.19 .52 .11 .05 I'bnrm ict icd
Td<lnqle Yes 1.32 5.5 3.99 12.19 5.29 1.15 .83 1.33 .63 .33 .16 Strongly nimictic
Bass l'b .68 13 5.51 10.61 3.77 3.91 2.03 5.84 2.·99 1.04 .54 Str001ly oimictic
Bearhead Yes 2.14 13.1 4.49 13.72 12.31 4.01 2.05 1.46 .15 .33 .11 \~akly dimictic
Wynne l'b 1.15 374.9 11.1 15.85 12.80· 96.93 67.1 84.29 58.4 1.57 ·5.24 Strongly nimictic
Cloquet Yes .74 5.8 .85 2.13 .63 1.86 .88 2.51 1.19 2.95 1.40 Does not stratify

asee Appendix B5 for definitions.
boren-year average.
cMarch 1, 1916, through February 28, 1977, average.
dOl7erturns in late fall.

\ .......~ ...J "'...,
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4.3.1. 2 Sampling MethoOology and La!:oratory Analysis--Surface water samples were

collected accnrdinq to acceptable methods of EPA, USGS,: and the Minnesota

Department of Health. Analysis of samples was p2rformed by the USGS (Denver),

the Minnesota Departmen.t of Health, and University of Minnesota labs. In situ

measurements (i.e. field measurements) included \~ter temperature, dissolved

oxygen, specific cnnductance, secchi disk, and pH. Initially, !:oth total and

filtered (0.45 micron filters) samples were (J)llect~ and analyzed. Filtering

was dropped when it was learned that certain trace metal cnntamination was

occurring and that there was little difference analytically between the two

sample types. Thus, all values rep::>rted, except fur iron, are as "total".

All samples cnllectefl during the study were analyzed by USGS lal:oratories in

Denver, Cblorado, and Salt Lake City~ Utah. Sampling procedures and analytical

methodology fullowed USGS standards,' as outlined by Brown, Skouqstad, and Fishman

(1970), with modifications to current technological precision and accuracy for

trace metals.

A suite of chemical parameters were analyzed (Table 3) because reqional ~ter

quality for many parameters was desired. Thus, the water quality data developed

under this study can be used toward the establishment of a base line and to

assess future chanqes, ei ther with or without cnpper-nickel development. J\bre

monitoring information, especially of a site specific nature, is required before

a statistically valid base 'line can be established which addresses short- and

long-term natural and existing anthropoqenic variations.

Table 3

6
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Table g. Water quality parameter list.

General

...... -::-:-.~.. -_. ... j

Residue: filterable and l1:mfilterable
Turbidity
Color
'rOC
DOC
Specifi.c O.lrl,1'J'.:i:rt!1ce

m
Temperature
Secchi Disk
pH
Alkalinity

..
'::...:.?,~,

,.

Metals, Nutrients, Cati~~~,..~~i:-?~s.

O)p~"'>er

Nickel
Zinc
Cadmium
Lead
Iron

.Cobalt
AlLUninurn
Mercury
•

Others

Oil & Grease
MBAS
Pherols
BOD

Arsenic
Selenium
Titanium
Ph:>sph:>rus: 'lbtal & Ortho
Nitrogen: 'lbtal, ID2, N)3,

Kjd, NH4
Ci'llGilllll
Magnesium

Fecal Coliforms
G1706S Al};t1a, Beta
Chlorophyll a
Barium

- '--_._- ..

.Manganese
Ibtassiurn
9:xUum
Chloride
SUlfate
FlLDride
Bicarbonate

...• ~

.:.~ .. - .
: ~ -

w········:y-
'f-

r
r:,·:·-.

f.

r
f
[

r
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4.3.2 Quality of Surface Waters of the Regional Copper-Nickel Study Area

The various parameters monitored have been organized into five general qroupings

for ease of presentation. They are: (1) general parameters; calcium, chloride,

color, magnesium, rotassium, silica, rodium, specific ·a:mductance, haroness,

turbidity, and total organic'carbon; (2) parameters reflectinq aci-

dity and acid buffering; alkalinity, bicarbonate, pH, Calcite Saturation Index

(CSI), and sulfate; (3) nutrient parameters; total nitrogen, total phosphorus,

and Trophic State Index (TSI); (4) mineral fibers; and (5) metals; aluminum,

arsenic, cadmium, (nbalt, ropper, iron, lead, manqanese, mercury, nickel, and

zinc.

.
Each qrouping is discussed on a parameter-by-parameter basis alonq with a

presentation of the overall levels observed for the region. 'The Study values are

compared to Mississippi River values (St. Paul), and to values observed in

streams in the Cbeur d'Alene district (Idaho), an area impacted by mining, in

order to provide a perspective. Where appropriate, various water quality Crl.-

teria for each parameter are also presented, (e.q. EPA and Minnesota Ibllution

Control Agency). Copper-Nickel Study impact assessment guidelines based on

results of aquatic toxicology literature reviews and experiments are also pre-

sented (see Volume 4-Chapter 1). Fbllowing the parameter discussions, a general

discussion for the grouping is presented to provide a regional perspective.

Box plots (Figure 4), which display range, midJX>int, and variability of data, are

used to make comparisbn between parameters and various sampling sites (Appendix

1). The line in the middle of the box represents the median (50th percentile)

value, and the upper and lower' ends of the rox represen~ the upper quartile (75th

7



percentile) and the lower quartile (25th [Brcentile), respectively. The

endpoints of the lines extending above and below the box represent the highest

and the lowest values observed, respectively. (nata outliers believed to re

erroneous have been removed from the data base use for the statistical summaries

presented in this report but have been retained in primary <'lata files;).

"Figure 4

Analysis of variance and univariate analysis of variance methods \vere used to

examine the spat~al variability of chemical parameters for the stream sites.

These tests were used to determine whether any significant differences in the

concentration levels exist between the monitoring sites, and i~ there are any

distinguishable patterns. The results of these tests indicate that six sites

SOO\v the highest levels, based on median values, of most chemical parameters:

Bob Bay (B8-1), St. wuis-l (SL-l), and Pattridge-l (P-l); Partridge-2 (P-2),

Embarrass-l (E~l) and Dunka-l (D-l). "All of the remaining sites are quite <Dm

parable to each other (GDJUp C). The six sites previously listed can be divided

into tw:;> additional gDJups (A and B) on the basis of water quality, but the gDJUp

ranking varies parameter by parameter (Figures 5 and 6).

Figures 5 and 6

Monitoring results for the three stream grouping (A, B, and C) are summarized in

Appendix 2. The parameters which show little difference between the site groups

are: oopper, zinc, aluminum," cadmium, mercury, <Dbalt, ron-filterable residue,

dissolved oxygen, titanium, methylene blue active silica (MBAS), seleniQm,

silver, bil and qrease (O&r.) , biochemical oxygen demand "(ROD), .turbidity, total"

8
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organic carbon (TOC), the various radioactive measurements, nitrate and nitrite

(NO) & N02), ~nia (NH)), and total Kjeldahl (KJD) Nitrogen. The

following parameters generally appear to be higher in group A than group B with

both groups higher than group C: nickel, calcium, magnesium, hardness,

filterable resioue, pH, specific conductance, alkalinity, bicarbonate, sulfate

(.804), di:ssolved in8rqanic carbon (DIC), silica, manganese, flooride; chromium,

potassium, fecal ooliform, ortho phosprorus, and total phosphorus. In oontrast,

other parameters (lead, iron (roth total and oissolved), complexing capacity,

color, chloride, arsenic, chemical oxyqen demand (CDO), barium, and total

.nitrogen) resulted in the relationship of group B streams higher than both groups

A and C. Fbur parameters \vere .higher in group C than in qroup~ A or B:

dissolved organic carron (lX)C), hydrogen ion (W), rodium, and cyanide •

. While generalized statements of classifications based on the water quality of

streams can be made, enough variability exits to justify caution when applying

these generalizations to impact assessment. Fbr example, qroup C stations are

considered to be representative of relatively undisturbed watershens nor this

area of northeastern Minnesota and can be considered indicative of background

levels. GD8up A and B stations are located in watersheds where significant human
'"

disturbance of the land has occurred. lbwever, caution is required· when linking

the increased (or decreased) water quality parameter value observed to specific

human activities in the watershed • Geological and tofDgraphical natural

conditions within the watershed: such as natural weathering of outcrops of

sulfide materials cannot be overlookeo.

The lake data base was not large enough to permit a similar evaluation (see

Appendix 3 for lake' surrmaries) •

9



4.3.2.1 C€neral Parameters--Calcium is a major constituent of many common

iqn~us-rock minerals (such as feldspars, pyroxenes, and amphiboles) and is

widely distributed in soils. Waters draining such reqions contain varyinq con-

centrations of ,calcium, generally in the ionic form (Ca+2). Because of the

relative insolubility of iqneous nJcks compared to sedimentary materials such as

limestone, calcium concentrations are qenerallylow in waters draining igneous

basins such as the Study Area (Refer to Volume 3-Chapter 1 for a detailed

discussion on the geoloqy and mineralogy of the area). Calcium concentrations of

surface waters in the Study Area are generally lower than waters of the

Mississippi River where it enters the municipal waterworks in the Twin Cities

(Table 4). The lower calcium values for Study Area waters are probably due to

the characteristics of the nJcks and soils of the Study Area, the principal

source for calcium. lbcks and glacial materials of ITOst of the Study Area are

less calcareous than elsewhere in the state. On the other hand, calcium con-

centrations of waters in the Study Area are comparable to those of the Cbeur

d' Alene River, Idaho, vmich drains an area of Precambrian igneous nJcks.

Table 4

~

Acidification of surface water by acidic precipitation or by acid-mine drainage

is an imr:ortant environmental issue. (See section 4.3.5 of this chapter).

Frequency distributions (not shown) were used to examine the susceptibility of

surface waters to acidification. Fbr stream waters firth of the Laurentian

Divide; 84 percent of the calcium levels measured were at or below 10 rnq/l, and

93 percent of the values were at 15 mg/l, or lower. S:mth of the Divide only 29

percent 9f the values \vere 10 mgl/l, or less, and 84 percent of the values \vere

10



Table~. Cbmparison of surface ~ter quality data fran the Regional
, ,COH,:>er-Nickel study &ea to standards and imp3ct criteria an:] to
other rivers in the United states.

calcium (Ca) in mg/l (November, 1975, to April,' 1977)

Streams

Lakes

. ,

RANGE

,1.8-80'.0

1.9-46.0

MEDIAN

7.4

7.2

SAMPLE SIZE

333

129
"

j

; Standards an:i Protection Guidelines

CURRENI' FCA
STANDARDSa

NA . NA

EPA CIUTERIAc

·NA

Q}-NI

GUIDELINEs<1

NA

OOEUR D' ALENE RIVERf

(

-
canparative Data in rrg/1

MISSISSIPPI RIVER=
(St. Paul)

38.8-51.3 6.8

•

aMinnesota State Regulations,' WFC 14 and 15, 1973 SUpp1enent.
bDraft Revision of MFCA Water Quality Star.dards, January 26, 1979.
eQuality Criteria for ~~ter, U.S. Environmental Protection Agency,

July( 1976. ' . ,
. QRegional Copper-Nickel Study, Volune 4-Q1apter'1, section

e
f

. \'



31.5 mg/l or less. Clearly surface waters in the routhern p:>rtion of the Study

Area o:mtain, on the average, lTDre calcium (altrough roth areas have low levels),, .
which rn ooUbt reflects the presence of calcareous glacial material which is

largely absent rnrth of the Divide. The significance of these results as they

pertain to the susceptability of surface waters to acidic precipitation is

discussed in more detail in section 4.3.5 of this chapter.

For lakes rnrth of the Divide, 8~ percent of the samples were 10 mq/l or less

(the same as measured in streams). Fbr' lakes routh of the Divide, 59 percent of .

the values were 10 mg/l or less' and 84 percent of the values were 22 mg/l or

less •. This romparison shows that lakes routh of the Divide tend to relTDve the

calcium from stream waters, and lakes rnrth of the Divide tend to reflect stream

calcium values.

Other than spring events, roncentrations of calcium' in streams of the Study Area

were general1y independent of flow except in the St. IDuis· and Partridge River

systems. 'The roncentration of major cations and anions in these streams were

significantly higher than any other s~ream studied, except for Unnamed Creek (BB

1) • Thlrinq ruroff and storm events, the chemical mass rontribution from the

atlTDsphere was small rompared to that already in the watershed from natural

(bedrock and roils) and anthrop:>genic (mining, road salt, etc.) rources, ro the

net observed effect was dilution by the event Water. In other watersheds where

cation and anion roncentrations \~re rnt so large, the influence of atlTDspheric

inputs was greater and may be a dominant process affecting observed water

quality.

Tbfte Lake had greater calcium levels than Cblby and wynne, which in turn were

greater than all others. AI though the presence of higher calcium roncentrations

11



in Cblby and wynne can be explained by their location in watersheds affected by

mininq, the same canrot be said for '!bfte. The chemistry of '!bfte Lake is pro-

bably closely related to either groundwater seepage, surrounaing roils, or its

sediments, but specific data explaininq the hiqher (31 mqjl median, 46 mqjl

maximum) calcium levels found in this lake are rot available.

/

Chloride,· the roost widely distributed haloqen in natural waters, is found in the

Study Area in apatite and amphibole minerals. Upon weatherinq, chloride'ions

(Cl-) are released into rolution. Hiqh roncentrations are usually asrociated

with either hiqh-chloride groundwater seepages, road salt applications, or

industrial wastewaters. Chloride is rot very reactive chemically, and is there-

fore very rrobile. It does rot siqnificantly adrorb onto mineral surfaces, is rot

involved in key biochemical processes, forms ro siqnificant romplexes with other

ions, forms ro salts of low solubility, and enters into few oxidation-reduction

reactions.

Chloride ton in hiqh aoncentrations represents a part of the total dissolved

SOlids in water. It can be detecte<'l by taste and can leaa to ronsumer rejection

of the water supply. On the basis of taste, the \'lide ranqe of taste perception

of humans, Ma the absence of information on objectionableroncentrations, the

u.s. EPA reoommends a limit for p.1blic water supplies of 250 Irq/I chloride (EPA

1976) •

Chloride roncentrations were relatively ronstant over time throughout the reqion,

with the qreatest variability at the seven stations which exhibited hiqher

concentrations (88-1, D-l, SIt-I, P-l, P-2, P-5,' and F.-I) (Appendix 1). Elevated

levels at'these stations may be the result of road salt (sodium chloride), dust

12



suppressants (calcium chloride) or sewage effluent from cities or taconite mininq

operations. Table 5 shows the arrount of road salt used in this area for the

winter period 1975-1976.

Table 5

The median chloride ooncentration in lakes was arout 1.6 mg/l (Table 6), the same

as for group C streams (remember that group C streams are considered background).

Streams in disturbed areas (group A & B) had median values 5 to- 10 times hiqher

than backqround (see Appendix 2).

Table 6

The color of natural waters is caused by the presence of organic material (e.g.

humus, peat materials, alqae, weeds), organic acids, and irorganic comtDunds

(e.q. iron, manqanese).

The intensity of color in a water sample is determined by cnmparing it to a

standard platinum-cobalt oolution. Because color is a comtDsite property that

may result from a variety of constituents, a direct relationship between color

and concentration of any given organic or irorganic cnnstituent is rot expected.

Increasing color in lakes and streams appeared _to be primarily related to the

total organic carbon and dissolved iron (Mustalish et ale 1978). In ajdition,

greater cnlor was asoociated with two terrestrial characteristics--increasinq

soil depth (the drumlin areas) and the presence of 1::Dgs in a watershed. These

oonditions are found, for the rrost rart, in the SJuthern tDrtion of the Study

Area between South McIbuqal Lake and Whiteface Reservoir. By oontrast, areas in

\,
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Table 5: J1f>plication of road salt in ~rtheastemMinnesota during winter season 1975-1976~

RESPCNSIBLE AGENCY
, mr-1MUNITY I AM:XJNl' , TYPE Moo Cnty State, ,

Approx' 26 tons
.

Aurora Fortified ice X X ,N:> St~te' Highway
control salt

Babbitt Approx 10 tons • Crushed rock salt
Approx 10 tons Chloride pellets X X N:> Sta.te Highway

Biwabik Approx 40 tons,' Crushed rock salt X X X,

Ely Approx 28 tons' Crushed rock salt X X X
J

Eveleth Approx 30 tons Crushed rock salt X X I X

Gilbert Approx 40 tons Crushed rock salt .
X X X.

Hoyt
lakes Approx 5 tons Crushed rock salt ',,' X X' No State Highway

sand & crushed
-

To~r Appro>( 3 tons ·X X X
rock :;>a].t

Virginia Approx 100 tons Crushed rock salt X X X

St.I.Duis Approx 3,884,tons, fbd. 0101.
County Approx 10 tons cal. 0101

.
Minn. ~pt.

of Trans- Includes parts of
portation Approx 9,253 tons lbck salt , X' St. louis, Koochiching,
DistriCt lB and Itasca counties

~
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Table 6., canparison of surface water quality data fran the FEgional
'CofPer-Nickel Study Area to standards am impact criteria and to
other rivers in the United States.

Chloride (el) in mg/liter (November, 1975, to April, 1977)

RANGE MEDIAN SAMPLE SIZE

Streams 0.1-88.0 2.0 ' . 462

Lakes 0.1-9.3 1.6- 94

......

Standards and Protection Guidelines

CURRENI' PCA POOroSED FCA ro-NI
STANDARDSa STANDARC6b EPA CRITERIAc GUIDELINEsd

2S0-domestic 250-d0mestic 250-danestic
consumption consumption consumption NA

..
50-250-

. industrial .- ~ - . .... ~

consumption
. ',.

I
,
\'. . - . ' .

Cbmparative Data in mg/liter I I

MISSISSIPPI~
(St. Paul) COEUR D' ALENE RIVERf

N:> data -:: . _. ~. "--

•

~Minnesota State Regulations, WFC 14 and 15, '1973 SUpplanent.
bDraft Ievision of MPCA vater Quality Standards, January 26, 1979 •

. COJality Criteria for mter, U.S. Environmental Protection hjency,
JulY~ 1976 •.

Reg ional Copper-Nickel Study, Volume 4-Chapter 1, section
e
f



which frequent bedrock outcroppinqs occurred and where soil oepth was· minimal had

less colored water, and \,oJater of less variable oolor. The Kawishiwi River

system, which orains the rorthern PJrtion of the area, is low in color and is a •

good example of such conditions.

Water oolor in the Stuc1y Area was higher than that rePJrted for the lower

Mississippi by the Geoloqical Survey, but only St. Louis River water was higher

than that rePJrted by .the MinneaPJlis Water WJrks (Table 7).

Table 7

Magnesium is typically found· in several igneous rock types including: olivine,

pyroxenes, and amphiroles. It is also a constituent of such al tered rocks as

chlorite, serpentine, ilmenite, and talc, and is wioely distributed in !:pHs.

In natural \>laters, its IIDSt comrron soluble form is as maqnesium ion (Mg+2).

Because maqnesium is less abundant than calcium in IIDSt rocks, maqnesium oon

centrations in water are usually less than calcium and this was observed in the

region's surface waters. AI thouqh differential retention of magnesium (in com

parison with calcium) has been rePJrted for some very oilute waters of

northeastern Wisoonsin (Hutchinson, 1957) there is ro evidence of such a process

in the Study Area.

Seasonal variations of maqnesium ooncentrations were slight. Like calcium,

magnesium ooncentrations were found to be relatively constant over a wide range

of stream discharges.

Maqnesium was founo· to oorrelate (PO~05) with calcium, suspended solids, total

dissolved solids, ann oonductance. Like calcium, magnesium values were higher in

14
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Table 7. canparison of surface water quality data fran the ~ional
Copper-Nickel Study .i\rea to standards an::] impact criteria' arrl to

.' other rivers in the United States.

Color values in platinum-cobalt units (PCU) (November, 1975, to April, 1977)

Streams

Lakes

4-500

1-400

MEDIAN

90

80

SAMPLE SIZE

463

141

Standards and Protection Guidelines in PCU

(
\.......•.•.

CURRENI' FCA
STANDARDSa

15-dcinestic
consumption

3D-fisheries.
and recreation

75-danestic
consumption

EPA CRITERIAc

75-ddnestic
consumption

OJ-NI
GUIDELINESd

NA
./

CDEUR Df ALENE RIVERf

eariParative Data in PCU

MISSISSIPPI~
(St. Paul)

.~ _.,_ ... "- --~ .. =..._---".-.

19-120 N). data

aMinnesota State Iegulations, WPC 14 and 15, 1973 SUpplement.
bDraft Revision of MPCA W3.ter Quality Standards, January 26, 1979.
cQJality Criteria for W3.ter, u.S. Environmental Protection hJency,

July( 1976. . .
0Fegional Copper-Nickel Study, Volume 4-01apter.l, section
e
f



disturbed watersheds and those with c~ep soils, such as Bob Bay (disturbed) and

the St. Louis and ~artridge watersheds.

Magnesium values were highest in watersheds impacted by mining, includinq Dob Bay

(BE-I), St. Louis (SL-2), and Partridge (P-l) watersheds. As with calcium,

magnesium concentrations in lakes are comparable to background stations (Table 8

and Appendix 2) •

. Table 8

With the exception of Bob Bay and the St. Louis River, concentrations of

magnesium in Study Area waters were lower than in Mississippi River at the Twin

Cities municipal water intakes and ge~erally comparable to Twin Cities tap water.

The higher magnesium concentrations of the lower Mississippi reflect the passage

of this river through areas of Minnesota overlain by glacial tills higher in

calcium and magnesium than the surficial materials of the Study Area. As is the

case with calcium, magnesium content of the cbeur d 1 Alene River is comparable to

that of waters in the rortheastern part of the Study Area.

The occurrence of potassium in the environment is closely related to sodium,

except that potassium feldspars are more resistant to weathering than similar

sodium compounds. As such, p::>tassium is usually found at lower concentrations

than sodium in water from igneous basins. In surface waters, rntassium is

usually present in ionic form (I0"). IDtassium concentrations in streams were

relatively constant over time.

Spatial variations in potassium values appear to be related to the degree of

disturbance of the watershed. The highest median values were observed in St.

15
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Table,~. Canparison of surface water quality data fran the P£>gional
CoHJ€r-Nicke1 Study Area to standards and impact criteria am to
other rivers in the United States.

Magnesium (M::J) in mg/1iter (November, 1975, to April, 1977)

Streams

Lakes

RANGE

1.0-40.0

0.6-12.2

MEDIAN

3.8

3.1

SAMPLE SIZE

,333

129

Standards and Protection Guidelines

.CURRENr PCA'
STANDARDSa

NA

PIDroSED. FCA
srANDARnSb

NA NA

OJ-NI
GUIDELINEsd

canpcirative Data in rrg/liter
, .

MISSISSIPPI~
(St. Paul)

11.9-19.0 . . 3.02,

•

. aMinnesota State Regulations, WPC 14 and 15, 1973 SUpplement.
bDraft ~vision of MFCA ffiter Quality Standards, January 26, 1979.

_ eQuality Criteria for water, U.S. Environmental Protection Agency,
JulYl: 1976.

QRegional Copper-Nickel Study, Volume 4-Q1apter 1, Section
e
f

• -o}"'

. 1:



IDuis (Sir-I), Partridqe (P-2), f\.mka (D-l) rivers, and Ibb Bay (B8-1), areas all

impacted by taooni te mininq. The Embarrass watershe(=( alro showed elevated
.:~

levels, p:)ssibly due in p3.rt to urbanization andjor silv iculture. Lake water

potassium ooncentrations were oomparable to backqround levels found at Group C

stations (Table 9 and ApPendix 2).

Table 9

POtassium values in the TIDst heavily impacted streams ~re oomparable to

Mississippi River values of the ~vin Cities municipal water intakes. POtassium

values in the St. Louis River (Sir-I), slightly exceeded tlx>se in Twin Cities

drinking water, as might be expected based on the oomp:)sition of bedrock in the

Study Area as oompared with the p:)tassium rources elsewhere in the state •

. Potassium values in the Cbeur d'Alene River, Idaho, are oomparable to those of

the Study Area.

Silica in the form of silicon in the tetrahedral structure Si04-4, is the

basic unit of most igneous rocks, and· was identified in nearly all minerals ana-

lyzed from the St~dy Area. Silica is oomrron in natural waters in the form of

Si~, as a result of weathering processes. Silica is an important (in rome

cases limiting) nutrient for diatoms and is alro used by chrysophytes and fresh-

water sponges. In the surface waters of lakes. it undergoes a seasonal cycle of

depletion following diatom blooms and redistribution at turnover. f:bttom waters

of thermally stratified lakes exhibit increased ooncentrations of silica during

anaerobic periods, p:)ssib1y because of reduction of ferric silicate from the

sediments.

16



Table 1. O:Jmparison of surface water quali.ty data fran the Regional
. COH?€r-Nickel Study Area to standards a.nCl impact criteria and to
other rivers in the United Sta.tes. . -

Potassium (K) in mg/liter (November, 1975, to April, 1977)

Streams

Lakes

0.2-8.4

0~2-2.2 -

MEDIAN

0.6

0.6

SAMPLE SIZE

310

84

standards and Protection Guidelines in mg/1iter

--.

CURRENT PCA
STANDARDSa

-.NA

EPA CRITERIAc
- OJ-NI

GUIDELINESd

NA

-

COEUR D' ALENE RIVERf

I

'.

- _Conparative Data in mg/liter

MISSISSIPPI RIVE~
(St. Paul)

2.0-2.7 0'.98

•

~.- -.-.

aMinnesota State Regulations, WPC 14 and 15, 1973 SUpplement.
bDraft :revision of MPCA W3.ter Quality Standards, January 26, 1979.
C~ality Criteria for W3.ter, U.S. Environmental Protection hJency,

July 1976. '
dFegional CopPer-Nickel Study, VoJ..ume 4-01apter 1, section
e
f



Within the Study Area spatial variations were closely related be the presence or

absence'of upstream disturbance. Stations downstream of mining (BB-l, SL-l, P-l,

and P-5) exhibited higher concentrations of silica than those upstream (Appendix

1). The highest concentrations of silica in lakes were found in Gabbro and

Wynne, with the lowest concentrations in 'Ibfte and Clearwater. Temp::>ral

variations of silica were not analyzed.

The range of silica concentrations in the Study Area is broader than those in the

Mississippi River at St. Paul. The median concentration of silica in Group C

(undisturbed) streams is greater than in lakes within the Study Area (Table 10

and Appendix 2).

Table 10

Sodium in the Study Area occurs in unaltered minerals, particularly feldspars

(e.g. plagioclase) and amphibOles, as well as altered minerals, such as smectite.

Plagioclase, the main source of sodium in the Study Area, readily yields its

sodium, and some silica, into solution when in contact with water, where sodium

is found in ionic form (Na+). Although it is not considered one of the ten

elements essential be plant qrowth, sodium is actively concentrated by aquatic

plants, 'suggesting some ~tab:Jlic need for the element.

Watersheds exhibiting anthrop::>qenic disturbances had the highest median con-

centrations of sodium in solution, Le. background stream sites have lower sodium

levels (Appendix '2). It is not unusual be expect sodium trends to parallel

chloride. trends. No clear spatial distinctions were observed in tl1e lakes

monitared •.
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Table 10. Cbnparisonof surface water quality data fran the ~ional
COr-f'.J2r-Nicke1 Study Area to standards and impact' criteria an::i to
other rivers in the United States.

Silica (Si) in mg/1iter (November, 1975, to April, 1977)

Streams

Lakes

1-34

1...19

MEDIAN

7

4.8

SAMPLE SIZE

465

135

Standards and Protection Guidelines in rng/liter

CURRENr PCA
STANDARDSa

NA

ProroSED PCA
STlINDARDSb

NA NA

OJ-NI
GUIDELINEsd

NA

: . canparative Data in mg/liter
l·

MISSISSIPPI RIVE~'

(St. Paul)

5.7-11
,. ..

N) data

•

aMinnesota ,State Regulations, WPC 14 and 15, 1973 SUpplement.
boraft Revision of MPCA Water Quality Standards, January 26, 1979.
eQuality Criteria for W3.ter, u.S. Environmental Protection Jlqency,

July 1976 •
. dRegional CoH?€r-Nickel Study, Volume 4-chapter 1, section

e
f. .-



Sodium concentrations across the region were constant over time except in the

Partridge River where decreases in concentration accompanied increased flows.

Somewhat more limited dilutional effects were observed at peak of spring melt in

the Dunka, Sbony, St. Louis, and Kawishiwi River systems.

&;:>ditim concentrations in the St. Louis and Partridge Rivers are comparable (or

higher than) those in the lower Mississippi at the Twin Cities municipal water

intakes (Table 11). Cbncentrations in the Kawishiwi River and Filson Creek

(ApPend ix 1) are somewhat lower than in the Cbeur d' Alene River, Idaho, perhaps

because of the greater degree of surficial disturbance by mining in the Cbeur

diAlene watershed.

Table 11

Specific conductance is a measure of water's ability to conduct electrical

current, which in turn is the result of the presence of charged ionic species.

In undisturbed igneous basins, characterized by insoluble rock, v~athering is

expected bo occur slowly. This should be reflected in low concentrations of

dissolved ionic SPecies and, consequently, low conductivity levels. This pattern

was observ~ in the Study Area. Sites cbwnstream from disturbed areas had median

specific conductance levels almost six times hiqher than background sites (~up

C) and lakes (Table 12 and Appendix 2).

I

Table 12

Hardness of water is an old term related bo its capacity to form insoluble com

p:>Unds in the presence of soap. Hisborically, hardness was measured by titration

18
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Table II. Ccmparison of surface water quality 'data f~ the Fegional

COFPer-Nicke1 Study Area to standards and impact criteria and to
other rivers in the United States. .\

" Sodium (Na) in mg/liter (November, 1975, to April, 1977)

Streams ,

Lakes

0.2-45.0

0".8-18.0

MEDIAN

1.8

.1.8

SAMPLE SIZE

304

, 77

Standards and Protection Guidelines in mg/liter

NA

PROFOSED PCA
STANDARDSb

NA

EPA CRITERIAc

NA

OJ-NI
GUIDELINEsd

NA

COEUR D' ALENE RIVERf

-
Canparative rata in rrg/1iter

MISSISSIPPI RIVE~
(St. Paul)

6.2-14.0 '. 3.16

•

aMinnesota State Regulations, WPC 14 and 15, 1973 SUpplement.
bnraft Ievision of MPCA Water Ouality Standards, January 26, 1979.
cOuality criteria for Water, u.S. Environmental Protection Pgency,

July" 1976.. :-
-0Iegional CopF€r-Nickel Study, Volume 4-01apter 1, Section
e

I f
- . ~ .... , .:.~'. " .. ,. ,.,.- -.". (



Table 12. Cbmparison of surface water quality data from the Regional
Copper-Nickel Study Area to standards ann impact criteria and to
other rivers in the United States.

Specific _~ ..ductance values in micro-mhos/em at 250C
(November, 1975, to April, 1977) .

Streams

Lakes

RANGE

12-1198

24-389

MEDIAN

65

65

SAMPLE SIZE

463

141, -

Standards and Protection Guidelines in micro-ohms/cm at 2SoC

CURRENT PCA
STANDARDSa

lOOO-Agriculture
and Wildl ife

PROroSED PCA
STANDARDSb

NA

EPA CRITERIAc

NA

CU-NI
GUIDELINEgj

NA

Cbmparative Data in umhos/cm.

MISSISSIPPI RIVERe
(St. Paul)

300-463

COEUR DI ALENE RIVERf

.94.4

aMinnesota State Regulations, WPC 14 and IS, 1973 Supplement.
bnraft Revision of MPCA Water Quality Standards, January 26, 1979.
cQuality Criteria for water, U.S. Environmental Protection Agency,

July~ 1976.
aRegional Copper-Nickel Study, Volume 4-Chapter 1, section
e
f.



with a standard soap solution. In waters where the predominant cations are

calcium and maqnesium and the predominant anions are carbonates, hardness is

closely related to the amounts of these ions and is often measured as the sum of

calcium and magnesium ions (and expressed as lTg/I of caco3). This process was

followed by the Regional StuCly.

Based on the classification system presented in Table 13, a majority of the study
, ,

Area surface waters Y.Ould be ronsidered "roft," while waters in disturbed areas

w:mld be mnsidered ITDderately hard to hard waters ('rable 14 and Appendix 2).

Tables 13 and 14

Although hardness is a mmposite parameter and is not generally very useful in

"- water quality studies, in the case of the Regional Study, bioassay experiments

revealed that nickel was less toxic to aquatic organisms in harder waters (see

Volume 4-Chapter 1).

Turbidity is a measure of suspended particulates in water. It is caused by

plankton, clay, silt, detritus, or other finely divided suspended material.

Increases i~ turbidity levels can be caused by increases in algae growth or

imrganic material load. If the biomass is increasing, nutrient levels may als::>

be increasing. An increase in nutrient levels along with ronrommitant increases

in inorqanic load rouldbe the result of recent upstream land disturbance, such

as excavation due to ~ad ronstruction.

Turbidity is a quick, simple, analytical method that provides important infor-

mation on the qeneral status of waters. Bar the Study Area, no clear differences

between stream groupinqs were evident (Table 15 and Appendix 2).
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\ ' Table J3.
,

classification of water by hardness content.

i,

.,

"(

Cone., mq/1 CaCX)]

0- 75

.75-150

150-300

300 and .UP

, SOlrnCE: sawyer 1960.

r:escription-

soft

m:derately hard

hard

very'hard

; ."

'.
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Table fL(, Canparison of surface water quality data fran the Regional
Copper-Nickel Study Area to standards and impact criteria and be
other rivers in the United States.

Hardness in mg/1iter Ca0C3(November, 1975, to April, 1977)

. Streams

Lakes

5.3-310.0
\

9.0-142.0

MEDIAN

31.0

28.9

SAMPLE SIZE

206

92

Standards and Protection Guidelines in rng/1iter caco3

50-500
Irrlustrial
Consumption

PROFOSED I=CA
STANDf\..RI:Sb

NA

EPA CRITERIAc

NA

OJ-NI
GUIDELINESd

NA

COEUR D' ALENE RIVERf

/

(
" cartparative Data in rng/1iter caC0:3

~ISSISSIPPIRIVERC

(St. Paul)

'.150-180 - R:> data

-
aMinnesOta State Regulations, WPC .14 and 15, 1973 SUpp1enent.
bDraft Pevision of MPCA ~lJater Quality Standards, January 26, 1979.
eQuality Criteria for W=iter, U.S. Envirornnental Protection Agency,

J.uly( 1976.
QRegiona1 Cor;per-Nickel Study, Volt.nne 4-Q1apter 1, Section
~
t



Table 15

TOtal organic carbon (TOC) provides some indication of the amount of bioproduc-

tivity in an aquatic system (including input from adjacent land areas which feed

'into the system). The carbon comr:ounds that comprise TOC are:_ metabolic waste

products, such as amim acids; detrital matter cnmr:osed of dead and decaying
\
\ .
organlSTI\S; or living matter, 'for example phytoplankton, zooplankton, and

bacteria. Tbtal organic carbon prOvides a measure of both dissolved organic

carbon and particulate organic carbon.

Particulate and dissolved organic cnmr:ounds can bind metals through sorption and

complexation, respectively. This binding has imr:ortant ramifications. Pound

metals may be b.iologically unavailable, or nore available, depending on the metal

in question, the nature of the organic cnmr:ound, and the pH of the water. Some

toxic metals entering an aquatic system may be rendered less toxic through

complexation.

It appears that in headwater lakes and streams such as Filson Creek and the

Partridge River, high organic carbon cnncentrations are often associated with

high color; conversely, cbwnstream waters usually have less cnlor (Table 16 and

Appendix 2 and 3).

Table 16

4.3.2.2 Summary Discussion of C~neral Parameters--Median values fOr the major

ions in streams of the Study Area are illustrated in Figure 7. This figure shows

that Study Area waters are nominated by calcium as the major cation and
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Table /5': CCmparison of surfa~e water quality data fran the Regional
CofPer-Nickel Study [lrea to standards and impact criteria am to
other rivers in the united States.

Turbidity in Jackson Turbidity Units (JTU) (November, 1975, to April, 1977)
(

Streams

Lakes
, \

0.5-64.0

0.4-7.0

MEDIAN

2.1' •

2.0

SAMPLE SIZE

463

135

Standards and Protection Guidel ines in JTU
\

,5-danestic
consumption

10-25 fisheries
and recreation

25-fisheries
am recreation

EPA CRITERIAc

NA

.'

OJ-NI
GUIDELINEsd

NA

canparative Data in JTU

MISSISSIPPI~
(St. Paul)

8.5-13.0
-'

COEUR D' ALENE' RIVERf

N:> data available ~ .~., . .

"', -..~.

aMinnesota State Regulations, WPC 14 and 15, 1973 SUpplement.
bnraft Revision of MPCA ~ater Quality Star~ards, January 26, 1979~
Ceuality Criteria for water, u.s. Envirornnental Protection kjency,

July(: 1976.. °Reg ional Copper-Nickel Study, Volume 4.-Chapter l, section •
e
f
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Table 1-6. Comparison of surface \\ater quality data fran the FEgional
CofPer-Nickel Study kea to standards and impact criteria am to
other rivers in the United States.

Total Organic Carbon ('JX:X:) in Irq/liter (November, 1975, to April, 1977)

Streams

Lakes

0.4-45.0

4.6-38.0

MEDIAN

15.0

14.0

SAMPLE SIZE

80.

142
.,

Standards and Protection Guidelines in Irq/liter

¢tJRREm' K:A
STANDARDSa

NA

ProFOSED FCA
"STANDARDSb (

NA

EPA CRITERIAc

NA

OJ-NI
GUIDELINEsd

canparative Data ~ rrg/1iter
(

MISSISSIPPI RIVER€
(St. Paul)

No data

COEUR tit ALENE RIVERf

- N:> data
..

. ,

•

. aMinnesota State Regulations, WPC 14 and 15, 1973 SUpplement •
.boraft 'R::vision of MPCA ~-ater Quality Standards, January 26, 1979.
cQJa1ity Criteria for Water, U.S. Environmental Protection h]ency,

Julyc 1976. ., .
. a~iona1 Copper-Nickel Study, Volune 4-01apter .1, Sect._ In

e
·f



carb:::mates as the major anion. The sum of the o:mcentrations of anions should be

in balance with the cnncentration of cations. The reason that this is rot the

case in Figure 7 is probably because additional ions other than those oonsidered

are important in waters of the Study Area. Cations generally exceed anions in

all waters studied except stations K-6, Irl, E-l, E-2, and SIr-I. Figure- 7 also

illustrates the higher overall cnncentration of major ions in streams south of

the Laurentian Divide than north of the Divide•.Exceptions to this

.generalization are stations BB-l and n-l north of the Divide, which are

downstream from mining operations~

Figure 7

As previously mentioned, the spatial variability of the stream general parameters

falls into a pattern of three distinct groupings. Group A streams (Partridge

River-I, St. louis River-I, and Ibb Bay-I) include drainages both rorth and south

of the Laurentian Divide and are cbwnstream of mining operations (Figure 5).

-Group B stations (Partridge River-2, Bmbarrss· River-I, and Dunka River-I) are

also cbwnstream of mining, but generally show less elevated levels of ions than

Group A stations (Figure 6), but in rome cases Group B stations can have higher

concentrations (e.g. Na and Cl). All remaining streams, from both rorth and

south of the Laurentian Divide form the third group. It is apparent from a

summary (Appendix 2) that the cnncentrations of all of the general parameters are

higher in Groups A and B, the impacted stations ~ than in Group C, the background

sites. In general, the Group A stations are higher than Group B, probably an

indication of the rela~ive amount of impact. While a clear difference in water

quality of watersheds cnntaining mining operations can be seen, sufficient data

21
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to prove a direct cause and effect relationship for all parameters is not

available and was rot the pUrpJse of rroni torinq programs oonducted by the

RegionaJ '"''''Dper-Nickel Study. Stations with the highest ooncentrations of

general parameters exhibited the qreatest .variability in water quality, and

smaller drainage areas showed greater variability than larger ones.

Temporal variations in streams cannot be easily separated from flo~dependent

relationships. ']\.X) extremes of flow oonditions exist: reak flow and base flow.

Peak flow may occur limnediately after precipitation or during the influx of

meltwaters in the spring. During IIspring flush" the :oonstituents stored

througmut the season in the snowpack are released with meltwaters. This release

results in elevated levels of only a few oonstituents.

Interrelationships between flow oonditions and water chemistry take many forms.

Concentrations may be: directly related to flo"" as is often the case with

constituents whose major input is within the watershed; inversely related so that

peak flow causes dilution; or indereooent of flow.

Througmut rrost of the year the ooncentration of TIDst parameters is inderendent

of flow. Calc:tum and sodium ooncentrations at station P-l, and calcium oon

centrations in the St. louis River were exceptions. In these cases a distinct

dilutional effect was caused by spring runoff and storm events. In tw:> instances

(rotassium at Isabella and sodium at Kawishiwi, K-5) there were slight

indications that ooncentrations were increasing with flow.

Linear oorrelations for five general parameters were tested for statistical

significance at the 0.05 level (Table 17). In stream \vaters of the Study Area,

significant direct relationships were Dound between calcium and pH, magnesium,
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suspended mlids, specific o:mductivi ty, and dissolved mlids. This means that

as the level of calcium varies, the level of these parameters (except nor pH)

vary prop:>rtionately. Suspended solids, dissolved solids, and specific CDnduc

tance are in large part due to calcium CDntent and therefore such a relationship

is expected. Because calcium is a major cation (a cation is a p::>sitively ch~rqed

(+) ion) in the Study Area surface waters, it dominates these measurements. It

is also CDrrnron for calcium to CDrrelate with magnesium. Chemically these ~

elements behave similiarly; tnth occur in the same family. Although calcium is

more abundant in the earth's crust, the calcium to magnesium ratio observed in

water is similar to the ratio in the rock ~esent in the Study Area.

Table 17

The relationship of pH to calcium is inverse. As pH levels decrease, calcium

concentrations increase. The rrobility of calcium in water is closely linked to

the dynamics of dissolved carron dioxide CD2' At higher pH's, calcium tends to

associate with bicarbonate ions (HCCS-) and precipitates out as caHC03'

Reducing the pH would dissolve these CDmp:>unds and release the calcium to solu

tion.

In lake water, calcium also CDrrelates with these chemical factors, but in addi

tion is directly relflted to oopper, nickel, and mean depth. Why oopper and

nickel oorrelate with calcium in lakes is unknown. It oould either be ooin

cidental, or perhapp the chemistry or the lake biota that affect calcium may also

affect oopper and nickel in a similar fashion. Lakes can act· as sinks, where

elements such as these are transported, either chemically or biologically, to the

bottom sediments. -Generally the transport is irreversible.
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Table,Il.· COrrelations: general parameters (P 0.05).

Sp. COnd: Ni
ca
Mg
'SUspended sol ids
Total dissolved rolids{t)

- pH

LAKES

Sp. COnd: OJ
Ni
SUspended solids
M:J ,
Alkalinity( t)

''lbtal dissolved solids

"
(.

Color:

, Ca:

Mg ,•.'

'rOC:

KJD-N
'rOC '
DOC
Fe(t)

pH
Mg{t)
Suspended sol ids
Specific conductivity
Total dissolved solids(t)

Suspended solids
, ca(t)

Specific conductivity{t)
Total dissolved solids{t)

Q:>lor
Tot-N
KJD-N
DIC{t)
TIS(t)
TCN{t)

'J

(pIor:

Ca:

'rOC:

Fe
'Ibt-N
KJD-N
S.D. (t)
'lOC
r:oc '
D.O.

Alkalinity
Specific conductivity(t)
pH ,
Suspended solids
OJ(t)
Ni{t)
Tbtal dissolved solids(t)
Z (t)

Cu(t)
SUspended solids(t)
Specific conductivity

,Alkalinity(t)
CoIor(t)
Dissolved solids(t)

5ecchi disk
Iron
Color

. Suspended ,solids
00(%)
KJD.N
Ortho-P
Zinc(t)
Lead ( t)
Tot-N(t)
0.0(%) (t)
z; zmax( t)
.KJD-N(t)
TSI-SP( t)

" -----------------------~----------

(t) = 'log transformed data.



Specific conductance, which is based on total ionic concentration, was correlated

with concentrations of the ~ major Cations: calcium and magnesium. In

addition, specific conductance was correlated with suspended and total dissolved

solids, pH, and nickeL Similar patterns of correlation existed for qucium and

magnesium. Path are siClnificantly correlated with suspen<'1ed solids, total

dissolved solids, and specific conductance, as well as beinq correlated with each

other. In addition, calcium concentration is correlated with pH, as might be

expected because the major anion associated with (falcium is carl:xmate, which is

involved in acid-base systems. Cblor and total organic carbon are roth oorrelated

with each other and with Kjeldahl (organic) nitrogen. Cblor is also'

significantly correlated with dissolved organic carron and total iron, \~ereas

total organic carron is oorrelatedwith dissolved inorqanic carbon, total

dissolved solids, total nitrogen and total organic nitroqen.

For the rrost part the relationships observed are not boo unusual and can usually

be explained. fvbre oorrelations exist for lakes than for streams (Table 17).

Lakes, because they act as sinks, will attenuate or equilibriate chemical oon-

.centrations. Thus porrelations may exist, not because the abrrelated parameters

are controll~ similarly but because the lake tends to dampen the natural fluc

tuationsof the chemical parameters. In this region, especially ·north of the

Laurentian Divide, lakes are an inteqral part of the major river systems. Any

natural or man-induced change in the ooncentration ()f any parameter. will be

modified by lakes, especially lakes that are deep (and which stratify) and have

longer water residence times.

Spatial variabilities between lakes were less easy to test statistically because

of smaller sample size than the data set for streams. Analysis of variance

delineated the following trends between lakes for nine water quality parameters:
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Calcium: '!bfte greater than Cblby, Wynne qreater than others
Maqnesium: Slate, Cblby, Wynne greater than rrost others greater than

Perch, One , Trianqle ,
Potassium: Cblby greater than rrost others greater t.han Wynne
SOdium: ro nistinct qroupinq
Chlorine: Cblby greater than ITDst others greater than Clearwater
Silica: Gabbro, Wynne greater than rrost others greater than 'Ibfte,

Clearwater
Sp:!cific Cbnductance: Cblby, 'Ibfte, Wynne greater than all others
Color: South McIbuqal greater than ITDst others greatE?r than Clearwater,

'Ibfte
'Ibtal Organic carbon: Cblby, Sand, vqnne, long, Whiteface, South

McDouqal,Greenwood, Seven Beaver greater than all others

This analysis reveals a trend, with 'Ibfte, Wynne, and Cblby lakes exhibiting

elevaten ionic concentratiDns that are reflected in their elevated specific con-

ductance levels. Clearwater is rotable for its low chlorine, silica, and color

levels. Temp.Jral variations in lakes are less related to flow concHtions than to

the arrount of oxygen and thermal properties of the water. r-bst major ions. cb rot

. undergo temp.Jral cycles in lakes. Small lakes downstream of flashy streams vrill

be greatly affected by the quality of the snow pack and individual storm events,

and therefore could experience siqnificant water quality variability. Fbr

example, certain ions may occur in hiqher concentrations in the snow pack as

compared to the averaqe concentration in the lake. D..1rinq sprinq flush, the

water quality of the lake vould be cbminated by the quality of the srow rrelt. At

other times, the concentration of the same ion in rain may be significantly lower

than the lake water quality and the concentration of the ions in the lake vould

be diluted auring significant rain events. Since the quality of individual rain

events can vary siqnificantly, rain events may rot always have a dilutional

effect on the water quality of small lakes. Very small rodi~s of water might be

expected to slx>w similar resp:mses to an input of allochtlx>rous organic materials

such as humic leachates.
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4.3.2.3 Parameters Related to Acioity and Acid nuffering--Alkalinity is defined

as the capacity of a rolution to neutralize -acid. It: is predominantly produced

by the ~c~~nce of anions or molecular species of weak acids which are not fully

dissociated al:x:>ve pH 4.5 (e.g. organic acids). Under nost conditions enoountered

in aquatic environments, these dissolved species are bicarbonate and carbonate

ions; although, theoretically, any ion that reacts with strong acid can

contribute to alkalinity. Alkalinity is a measure of the buffering capacity of

water, and since pH has a direct effect on organisms as well as -an indirect

effect on the toxicity of certain other pollutants in water, the buffering·capa

city is imr;ortant tD water qual i ty • For the nos t part, alkalinity measurements

are a bicarbonate measurement.

Alkalinity is imr;ortantfbr fish and other aquatic life in freshwater systems

because it buffers pH changes that occur naturally as a result of the photo

synthetic activity of the chlorophyll-bearing vegetation. Comp::ments of alkali~

nity such as carbonate and bicarbonate will oomplex some heavy metals and reduce

their toxicity markedly. For these reasons, the National Technical Advisory

Committee (1968) reoommended a minimum alkalinity of 20 mq/l and the subsequent

NAB rep:lrt (1974) reoornmended that natural alkalinity not'be reduced by nore than

25 perceht but did not place an absolute minimual value for it. The use of the

25 percent reduction avoids the problem of establishing criteria on waters where

natural alkalinity is at or below 20 rng/l, as .is the case fOr some Study Area

waters (Table 18). Fbr such waters, alkalinity should not be further reduced

(EPA 1976).

Table 18
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Table l~. Comparison of surface water quality data fran the Fegional
COJ::Per-Nickel Study !-rea to standards and impact criteria and to
othp~ rivers in the united States.

Alkalinity in mg/1iter CaCCS (November, 1975, to April, 1977)

RANGE MEDIAN SAMPLE SIZE

Streams 1-190 23' 457
- ".•..• ,

'-,
Lakes 1-73 19 141

Standards and Protection Guidelines in mg/liter caCOJ
PROPOSED PCA

srANDARf:6b EPA CRITERIAc
Clr-NI

GUIDELINEsd

\.

NA My J;Ollutant added to the water
should rot reduce the alkalinity
more than 25% below anbient con
centrations-fisheries and recreation

"

NA

, ..~ - '''; ..

" canparative Data in rrg/liter caOOJ

MISSISSIPPI RIVE~

(St. Paul)

'140-180

.' -

/ CDEOR D' ALENE RIVERf

"N:> data ~-. u :' .•

aMinnesota State Regulations, WPC 14 and 15, 1973 SUpplement.
boraft Revision of MPCA Water Quality Standards, January 26, 1979.,
eQuality Criteria for.W3.ter, u.S. Environmental Protection Pgency.,

JUlYc'1976. '
QRegional Copper-Nickel Study, Volume 4-Q1apter 1, section
e
f



Typically, alkalinity is measured by titration with standardized acid bo a pH

value of atout4.5.Because the water rolution being, titrated is mixed i.n the

presenc~ ~~ air, alkalinity measurements below 10 rnq/liter may be suspect.

Special methods have been developed bo eliminate this problem, and such methods

should be used in the future when the low alkalinity waters of the Study Al;ea are

measured.

Bicarronate' ion (HC03-) is the the precbminant form o~ disrolved carron

dioxide in natural waters in the pH ranqe of 7.0 bo 9.0. At pH less than 7. a

carronic acid (H2C03) becomes rrore rornrron, at a pH greater' than 9.0, car

ronate ions (C03- 2) become rrore cornrron. The ultimate rource of the CO2 is

the atrrosphere. The linkage between the hydrologic cycle and the carron cycle

provides the mechanism for the introduction of CD2 inbo natural water. The

only mineraloqical source of carbon dioxide identified in Study Area rock was

calcite (Caco3) (see Volume 3-Chapter 1). Calcite is an insignificant rource

of bicarronate to surface waters in undisturbed watersheds because it is a minor

comfX:ment of the rock in ~se areas. The atrrospheric pathways of dissolved

carron dioxide bo surface waters include direct deposition via precipitation, and

indirect production through photosynthetic activity.

Spatial variation in bicarronate levels appeared bo be related to anthropoqenic

disturbances. It is possible that mininq activities have eXPJsed rrore mineral

surface to weatherinq, thereby accountinq for observed increases in concentration

at stations SIrl, P-2, P-5, D-l, E-l, E-2,. and BB-l (soil chemistry variabiity

could also account for rome of the hiqh values measured). Levels of bicaroonate

(and alkalinity) were very low in the Kawishiwi river system (Appendix 1).
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Relative ranking of lakes from high to low bicarbonate concentrations indicated

'!bfte and Wyrme to be highest, IfOst others were intermediate, and Perch and

Turtle were lowest. In the case of 1bfte Lake mineralized qroundwater seepage

into the lake may be the reason for the elevated bicarl:onate concentration. As

discussed in section 4.3.5.6, the lack of bicarbonate in snow-melt water signi-

ficantly affects the alkalnity levels, and consequently the pH of some streams,

during the snow-melt season. As with many parameters the median bicarbonate

concentration in lakes approximates that of background stream sites (Table 19).

Table 19

Sulfate (804=) is the major form of sulfur in the aquatic environment. Sulfur

is widely distributed in igneous rocks as metallic sulfides. In the Study Area,

these are principally chalcopyrite, r:entlandite, and pyrrhotite. The weathering

process fur these minerals is relatively straightforward. When aerated water

comes into contact with the minerals, the reduced sulfides are oxidized to

sulfates which, in turn, are carried off by the water. In oxygenated water, over

a wide range of pH, sulfate is a chemically stable ion. It roes, lnwever, tend

.to form ion pairs \Iiith metal ions. As sulfate cnncentrations increase, an..
increasing proportion of sulfate can be expected to furm these associations.

Reduction of sulfate to sulfide is usually associated with biochemical processes,

particularly bacterial~ under anoxic conditions.

A seo:md rource of sulfur fur waters is the atITOspheric defOsition (both anthro-

pogenic and natural) sulfur-containing materials. The significance of this

pathway on the region's water quality will be discussed in section 4.3.5.
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Table Ill. comparison of Surface water quality data fran the Pegional
Cotper-Nickel Study Area to standards and impact criteria and to
other rivers in the United States.

Bicarbonate (HOO3) in mg/liter (November, 1975, to April, 1977)

Streams

Lakes

6-151

9-88

MEDIAN

25

20.5

SAMPLE SIZE

257

38

Standards arxl Protection Guidelines in rrg/liter

CURRENr PCA
STA.NDARDSa

NA

PROroSED FCA
STI1NDARJ)Sb

NA

EPA CRITERIAc

NA

OJ-NI
, GUIDELINEsd

NA

.'

canparative Data in rrg/liter

MISSISSIPPI~
(St. Paul)

No data N:> data

f

aMinnesota State Regulations, WPC 14 and 15 ~ 1973 SUW1enent.
bDraft ~vision of MPCA water Quality Standards, January 26, 1979.
eQuality Criteria for water, u.S. Environmental Protection Fgency,

JUly( 1976. '. - '.-
0Regional Copper-Nickel Study, Volume 4-<1lapter 1, section •. e . . I ' -

\, f
-..~.



Elevated sulfate concentrations were found in waters downstreams from areas \mere

accelerated oxidation of excavated/exfOsed sulfide defOs;its may be occurring due

to mining operations (P-l, Sir-I, 88-1).

The chemical activity of sulfate in lakes is some\IDat dlfferent from that in

.streams because of th·e tendency for the rottom waters of deep lakes to become

anaerobic (anoxic) during periods of thermal stability. Under entirely anaerobic

conditions sulfate present in the water will be reduced to H2S or precipitated

.as FeS, and the water loses sulfur comp:mnds. These conditions cb rot exist in

streams of the Study Area because they remain oxygenated throughout the year.

The addition of sulfates may result in acidification of surface waters. Waters

having significantly reduced pH levels are usually characterized by a different

flora and fauna than rormal waters. If sulfate levels in the Study Area become

high erough to overcome the buffering levels present in surface waters, then

acidification of waters will occur.

Levels of sulfate in undisturbed watersheds of the Study Area'(such as the

Kawishiwi River and Filson Creek) are comparable to the lakes and are lower than

in the Mississippi River at metroPJlitan water intakes (Table 20, Appendix 2).

Levels of sulfate in treated Twin Cities tap v~ter are higher than in untreated

water because of the treatment process. Sulfate concentrations in St. Louis

River (Sir-I) water exceed those of the treated tap water.

Table 20

~he pH of \'later is an expression of the effective concentration of free hydrogen

ions (Le. those f!Jt round by carlxmate or other bases). MJst natural waters
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Table ~O Conparison of surface water quality data fran the Regional
COFPer-Nickel Study kcea to standards and impact criteria and to
other rivers in the united States.

Sulfate (504) in rng/1iter (November, 1975, to April, 1977)

Streams

Lakes

)..-630 '

.1-140

MEDIAN

7.4

7.8

SAMPLE SIZE

434

138

.'

Standards and Protection Guidelines in rng/liter

CURREN1' FCA
STANDARDSa

250~estic

consunption

lo-wild rise-
( production

ProroSED PCA
SI'ANDARDSb

250-danestic
consunption

EPA CRITERIAc

NA

Cl1-NI
GUIDELINEsd

.NA

Cbrnparative Data in rng/liter

MI'SSISSIPPI RIVER€
(St. Paul)

18-33.~ NA

0 .....

aMinnesota State Regulations, WPC 14 and 15, 1973' Supplement.
boraft Revision of MJ;CA vvater Quality Standards, January 26, 1979.
CQuality Criteria for water, u.s. Environmental Protection Agency,

JulYd
1976.

Regional Copt:er-Nickel Study I Volume 4-Chapter .1, section
e
f

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



have a pH in the range of 4-9, while a pH of 6.5-8.5 is typical for unPJlluted

surface water. In·ltlaters where photosynthesis (CO2 utilization) by cquatic

organisms takes place, diurnal pH fluctuations, where pH values as hiqh as 9.0

~re rot uno;:>mrron .during daylight hJurs, may be observed •

. Only tw::> watersheds, Filson Creek (F-l) and Keeley Creek (T<C-l), showed a

distinctive difference in pH from other sites. These two basins are small (Table

1) and drain areas containing bog material. Another'explanation may be the fact

that both streams pass over sulfide mineral ~nes, which apparently results in

increased copper, nickel, and suIfate levels. These factors can all aontribute

to the lower pH observed. In addition, the alkalinity levels were also low in

these streams, which explains why the pH is rot buffered up.vard. Acidic

precipitation may also be affecting these two systems (see section 4.3.5).

Overall most of the surface water pH values measured in the Study Area to date

are near t.he neutral PJint (pH=7), especially the stre~ sites. Futqre chanqes

in regional acid dePJsition rates may significantly affect pH values, with the

most roticeable effects in headwater areas (Table 21).

Table 21

calcite saturation indices (CSI) were calculated for all study lakes. This index

provides a measure of a lake's ability to assimilate hydrogen ions (e.g. resist a

change in pH due to an acid input) (Conroy et al. 1974). Acidification of

surface waters by acidic precipitation and acid mine drainage is discussed in

section 4.3.5 of this chapter. The resistance to pH change is a function of the

type of acid input, (Le. strong or weak acids) and the type of chemical
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Table·~t Cbmparison of surface water quality data fran the Regional
Copper-Nickel study Area to standards and impact criteria am to
other rivers. in the United States. .

pH in pH units (November, 1975, to April, 1977)

Streams

Lakes

4.7-8.4

5.7-8.8

MEDIAN

6.91

·7.11

SAMPLE SIZE

458

141

'.

-Standards and Protection Guidelines in pH units

6.0-9.0-
Industrial consumption

CURRENI' K'.A
STANDARnSa

6.5-8.5
. 6.5-9.0 .
Fisheries &
recreation

PROFOSED K'.A
STANDARDSb

6.5-9.0
Fisheries &
Iecreation

EPA CRITERIAc

5-9-D:mestic
ronsumption

6.5-9.0
, fisheries

OJ-NI
GUIDELINEsd

NA

OOEUR D' ALENE RIVERf

•

6'.0-8.5-
Agricultural & wildlife

<;:anparative Data in pH units

MISSISSIPPI RIVE~

(St. Paul)

7~6-8.5

aMinnesota State Regulations, ~VPC 14 and 15, 1973 Supplement.
bDraft Fevision of MPCA ~-ater Quality Standards, January 26, 1979.
eQuality Criteria for ~-ater, u.s. Environmental Protection Agency,

July(1976 •
.QReg ional COPF€~-.Nickel Study, Volume 4-Chapter 1, section
e
f

,'.



components in the receiving water which can assimil~te or bind the hydrogen ions.

CST retates calcium, alkalinity, hydrogen ions, and the 2nd dissociation constant

of carbonic acid (H2C03)' viz:

CSI = -Lo9IO (lAP) + LogIO(K2CaCb3)

where lAP = (Ca) K2 (AlK)
40,000 (W)

and where Ca = ng/l
AlK = eqjl
H = eqjl
K2 = 2nd dissociation constantof H2C0:3

Lakes with an index less than 3.0 are considered well buffered~ lakes with an

index between 3.0 and 5.0 are poorly buffered with the possibility that acidifi-

cation may already be occurring~ and, an index over 5.0 indicates lakes with

little or no buffering ability and a strong possibility that severe acidification

has already occurred.

The CSI I S for the 26 lakes are presented in Table 22. 'ibfte Lake appears to be

nearly saturated with respect to calcium carbonate, and therefore, very well

buffered. The poorly buffered lakes are, with one exception,' all headwater

lakes. This may be explained by the fact that buffering is a function not only

of atIrospheric processes, but alro of watershed geology. Headwater lakes, such

as Greenv~d, have smaller drainage areas than downstream lakes, such as Birch.

The chemistry of headwater lakes often reflects that of precipitation, with

watershed contributions to lake chemistry assuming secondary imr:ortance. In

general, in the Study Area as one proceeds from headwater to downstream lakes,

the ability of the lakes to assimilate hydrogen ions increases. In cddition to

Study Area Lakes, CSIs were calculated for thirty lakes located in the Fbundary
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Waters canoe Area (DWCA). Data on the lakes were obtained from the u.s. Fbrest

Service (USFS) in Duluth (Table 23). Fifty :r;ercent of the lakes were found to be

poorly buffered, and with few exceptions these represented headwater lakes. This

analysis indicates that the headwater areas of the reqion are qenera1ly not \~ll-

buffered and have limited abilities Do assimilate additional and possibly present

acid load inq ~

. Tables 22 and 23

4.3.2.q Summary Discussion of Parameters Related to Acidity and Acid Bufferinq--

Group A streams (BB-1, SL-l, and P-l) exhibited significantly higher pH, alkali-

nity, and sulfate values than group B streams, and group B streams, in turn,

exhibited significantly higher values for these parameters than all other streams

(see Appendix 2). Unlike the general parameters discussed earlier for which

elevated values and increased variability went hand-in-hand, stations with hiqher

pH, alkalinity, bicarbonate, and sulfate, did not necessarily exhibit greater

variability. Headwater areas of streams could not be distinguished statistically

from downstream stations, alth::>ugh headwater areas of given streams (St. louis

River and Stony River) had lower median pH values than at their ITOUthS ••

Alkalinity exhibited partial dilution effects in all watersheds, except th::>se of

the Kawishiwi drainaqe that lie downstream of large lakes (Bear Island, Shaqawa,

and Kawishiwi-6 and 7). low pH values during winter base flow at Filson Creek

reflect the pH of precipitation, because samples were withdrawn from meltwaters

. surrounded by ice.

Determinations of sulfate concentration and pH were made for samples of surface·

water, qround\vater, and precipitation collected from the Filron Creek watershed
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Table..J..1. Calcite saturation index (CSI) for Regional Cbpper-Nickel
Study lakes studies.

LAKE CSIa LOCATIoob._- .,.-...-............ .---. ~"--

'!bfte 0.3 H,N
Wynne 1.1 S
Triangle 1.4 H,N
Colby 1.4 S
nass 1.5 N

Slate 1.5 N
Bearhead 1.6 H,N
Sand 1.8 H,N
Cloquet 2.0 H,S
Birch 2.0 N

. Big 2.0
Pine 2.1 H,S
Gabbro 2.3 N
White Face 2.3 H,S
Bear Island 2.3 H,N

Fall .'. 2.6 .. N
White Iron 2.6 N
Seven Beaver . 2.8 H,S
South r-k:J:bugal 2.9 .--:--'- _ .. -H,N
Clearwater 3.0 .. '. H,N

August 3.1 H,N
Turtle 3.1 H,N
One 1.? N
Greenw:::>od 3.3 H,N
Perch 3.4 H,N
long - 4.1 H,S

ao-3 well buffered: 3-5 p:x:>rly buffered;
5+ little or no buffering

btl = headwater lake
N= rl)(-th I.ll: 71l\Jide
S = south of Divide

.. \.

,,:.:". -

, .



Table la. calcite saturation index (CSI) for sel~cted BWCA lakes.

I

]

WELL BUFFERED
LAKE CSI

Cypress 1.5

N:>rth 1.5

South 2.2

Magnetic 2.2

Dunkan 2.3

Splash 2.5

Seagull 2.6

Kekekabic 2.6

Crooked 2.6

Alpine 2.7

Saganaga 2.7

Basswood 2.8

Gabigichigami 2.9

Lacroix 2.9

S. R)\.1l 3.0

Note: Calculated fron STORET data

Verron

Sawbill

Alice

Karl

Kawishiwi

Gaskin

Jllgnes

Stuart

Malberg,

Sunday'

Grace

O1erokee

Pauness

"~':

\
\



during November, 1976, to February, 1978 (Siegel, 1978). The samples were

collected and analyzed to pDJvide data for an evaluation of the relative contri

butions of sulfate to Filson Creek. from acid precipitation and the oxidation of

sulfide minerals associated with copper and nickel deposits. Excluding data

collected during srowmelt, concentrations of sulfate in Filson Creek averaged

less than 2 mg/l. During srowmelt, sulfate concentrations in Filson Creek

increased to an average of 10 mg/l. Sirnultaneously with the increase in sulfate

concentration, pH of Filson Creek decreased from an average of 6.4 to 5.8. The

pH of samples from the snowpack in March, 1977, was 4.7 compared with an average

pH for precipitation of 5.1. The changes in sulfate concentration and pH of

Filron Creek and the lower pH of the snovl suggest accumulation of sulfate acidity

in the snowpack during winter, vklich is similar to changes reported in

Scandinavia in areas subject to acid precipitation. Srowmelt contributed rrore

than 33 percent of the annual sulfate load -discharged from Filron Creek. The

sulfate contribution to streamflow by qroundwater was minimal compared to that

contributed by precipitation and surface runoff. During baseflow, sulfate did

not appreciably increase from the headwaters of Filson Creek to the rrouth, even

trough sulfate was as much as 74 mg/l in groundwater discharging to the creek

from surfi~ial materials overlying a sulfide-bearing mineralized zone in tl1e

lower third of the watershed.

No other temporal variations were evident in streams. Sulfate concentrations

were partially diluted during high flow in Filson Creek, the Bear Island River

and the Dunka River in the rorth, and the Partridge and St. wuis rivers in the

south.

Alkalinity in streams was correlated with nickel as well as with bicarbonate,

dissolved irorqanic carbon, pH, and sulfate (Table 24). In addition to a signi
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ficant oorrelation wi"th alkalinity and bicarrona~e, pH was significantly oorre

lated with calcium, oopper, suspended rolids, specific oonductivity, and total

dissolved rolids. Sulfate also oorrelated with alkalinity, bicarronate, and

dissolved inorganic carbon.

Table 24

The buffering parameters are quite variable in lakes. Diurnal and searonal

fluctuations occur because of biological activity. Fbr this reason, lake values

presented may be less meaningful for determining baseline ooncentrations than

values in streams because of the limited number of samples measured.

Spatial variations in these parameter-s appear to be related to the location of

lakes in their drainage systems, with p::>orly buffered lakes at headwaters and

better buffered lakes downstream. Headwater lakes are roted in Table 22. With

respect to the individual parameters, 'Ibfte was higher than IIDst other lakes in

alkalinity, pH, bicarbonate, and dissolved inorganic carbon, and had the lowest

Calcite Saturation Index. Wynne exhibited a similar pattern of elevation for

alkalinity and bicarbonate, with sulfate levels lower than Gblby but higher than

all others except Birch. Patterns in minimum values did rot involve anyone

lake. Seven Beaver exhibited the lowest pH, GreenWJOd the lowest alkalinity,

Perch and Turtle the lowest bicarbonate, Clearwater the lowest dissolved irorga

nic carbon, and Slate and Bear Island the lowest sulfate. 'Temporal variability

of buffering parameters in lakes is related to biological activity with elevated

pH values in productive lakes during the midsummer season of photosynthesis.

Correlations of buffering parameters with other water quality parameters in lakes

were similar to those in streams. Both alkalinity and pH were siqnificantly
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Table 24. Cbrrelations: buffering parameters. (p 0.05).

STREAMS' LAKES

Alkalinity: HC03 Alkalinity: HCO)
DIC DIC
pH pH
S04 ca
Ni Ni

Z
pH: Alkalinity Cb( t)

HCO) M;J( t)
Ca Spec. conductivity( t)
Cu
Suspended solids pH: Alkalinity
Spec. conductivity(t) HCO)
Tbtal dissolved solids(t) .ca

pb
804: Alkalinity D.O.%

HC03 OJ
DIC Fe(t)

S04: CSI(t)

(t) = log transformed data



correlated with levels of bicarbonate, calcium, and cobalt and with each other.

In cddition, alkalinity was correlated with dissolved irorganic carron, nickel,

magnesium, and specific conductivity, and pH with iron, lead, and dissolved

oxygen. The relationship between pH and dissolved oxygen probably is related to

biological productivity. In lakes, sulfate is significantly correlated only with

the calcite saturation index.

4.3.2.5 Nutrients--The phosphorus-containing rock identified in the Study Area

is apatite. fbwever, UfOn weathering, phosphate ions teno to form new complexes

with clay and/or soils, rather than remain in oolution. 'Ihe primary oources for

dissolveo phosphorus are agricultural fertilizer and sewaqe effluents. In oolu

tion, phosphorus forms p::>lymeric complexes and ionic complexes, especially with

metals.

Phosphorus, along with nitrogen, is an essential nutrient for aquatic plant

growth. In all but the rrost grossly p::>lluted waters, phosphorus is the growth

limiting nutrient; in the latter case, nitrogen is the limiting factor.

'Ib prevent the develop;nent of biological nuisances and to control accelerated or

cultural e~trophication, total phosphates, as phosphorus (P), should rot exceed

50 ug/l in any stream at the p::>int where it enters the lake or reservoir, or 25

,ug/l within the lake or reservoir. A desired cpal for the prevention of plant

nuisances in streams vs other flowing waters not discharging directly to lakes or

imroundments is 100 uq/l total P (Mackenthun'1973). ' MJst relatively uncon

taminated lake districts are known to have surface waters that contain from 10 to

30 ug/l total phosphates as P (Hutchinson 1957).

Spatial and seasonal patterns were indistinct in streams and lakes, with elevated

levels generally occurring in disturbed watersheos. Levels of phosphorus in the
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study Area are less than those rep:>rted by the U.s. ceological Survey for lo~r

Mississippi River water ('l'able 25). N:> data are available from either the

Minnear:olis or St. Paul waterw::>rks or from the Cbeur d' Alene River, IdahJ •

.Table 25

Nitrate in aqueous systems is the resl.llt of biological conversion (fixation) of

nitrogen by micro-organisms.· There are TO geologic SJurces of nitrogen in the

. Study Area. The ultimate reservoir of nitrogen is the atrrosphere. In aquatic

systems, blue-green algae and bacteria found in the 'sediments or on surfaces of

aquatic plants are the main nitrogen fixers. Nitrogen enterinq streams as orga

nic debris from terrestrial ecosystems may be in the form of armronia,which is

oxidized to nitrate in oxygenated waters rich in particulate matter. In addition

to these natural SJurces of nitrate, aqriculturalfertilizers and blastinq

comp:>unds provide an ajded SJurce of nitrate to a watershed. low concentrations

of nitrate in the Study ~ea may reflect the absence of agricultural fertilizers.

In mining areas where a fertilizer (NH4N03) kerosene mixture is used as a

blasting comp:>und (ANFO), an estimated 2% of the fertilizer remains as a residue

on the rocks followinq the explosion. This residue is subject .to release during

heavy runoff followinq a rain event, and may result in a localized nutrient

problem in receiving streams.

Nitrate is an essential nutrient and an oversupply may lead to "blooms" of algae

in rolluted waters • Ibwever , concentrations within blasting zones of the Study

Area r~main far below levels required for such blooms and are only sliqhtly in

excess of measured values for the lower Mississippi River at the Minneap:>lis

waterw::>rks intake. In general, values in the Study Area are· comparable to Twin
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Table )..)', Ccrnparison of surface water quality data fran the Pegional
COfP?--~Ti.ckel Study Area to standards and impact criteria and to
other rivers in the united States.

TOtal phosphorus (P) in ug/1iter (November, 1975, to April, 1977)

Streams

Lakes

0.8-2100

0.8-220.0

MEDIAN

20.1

22.9

SAMPLE SIZE

260

140.·

Oamparative Data in'ug/liter
\-

-.

.---- ..

MISSISSIPPI RIVE~

(St. Paul)

60-260

a
b

....

(X)EUR D' ALENE RDJERb

, t···.
,- .



Cities drinking water and to the Cbeur d' Alene River, Idaln, vA1ere agricultural

uses are mainly pasture and haylands (Table 26).

Table 26

Nitrate concentrations are qenerally low and remain stable throughout the season.

'rw:> exceptions are the high values observed at :Ebb Bay (BB-l) and the Ounka River

(D-l) (Appendix 1), boLh areas receiving drainaqe from blasting ~nes.

Nitroqen:Phosphorus ratios (N:P) can be used to evaluate lake nutrient limita-

tions. Lakes with N:P ratios greater than 14 are phosphorus limited; ratios less

than 14 indicate nitrogen limitation. In general, only highly eutrophic lak.es

exhibit nitrogen limitation. For the 26 study lakes, the median ratios ranged

from 14 to 60; 50 percent of the lakes had median N:P ratios greater than 25

(Appendix 3). '!he lakes approaching nitrogen limitation were Fall, GreenWJod,

One, and Long; the lake with the highest N:P ratio (rrost phosprorus limited) was

Colby.

Trophic sta~e~ndices (TSI) using total phosphorus (TP) and secchi disk (SO)

values wer~ calculated for the study lakes according to the equations developed

by Carlson (1977). SD is a measure of water clarity which is a function of the

standing crop of biomass and in turn relates to the nutrient status of the water.

The indices are:
TSI (SO) = 10(6- InSD)

In2
48

TSI (TP) = 10(6- In TP)
In 2

A nutrient starved lake is called an oligotrophic lake; and cnnversly a nutrient

rich lake is called eutrophic.
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. Table;16 Comparison of surface water quality d~ta fran the Regional
Copper-Nickel Study l'xea to standards and impact criteria arrl to
other rivers in the United States.

Nitrate (002 ,+ NO]) in mg/l iter (November, 1975, to APril, 1977)

RANGE MEDIAN SAMPLE SIZE

Streams 0.01-13.00 0.1 260

Lakes 0.01-1.50 0.02 120

Total Nitrogen (N) in mg/1iter (November, 1975, to April, 1977)

Streams

Lakes

0.01-14.1

0.12-9.9

MEDIAN

-
.0.91

'0.63

SAMPLE SIZE

250

78

C'
'-......... . Standards ana Protection Guidelines in rrg/liter

45-danestic
consumption

POOroSED fCA
STANDARffib

(N)

lQ-danestic
consumption

EPA .QUTERIAc

(N)

ID-danestic
consumption

aJ-NI
GUIDELINEsd

--
..... , " .. ...: ..

mEUR Df ALENE RIVERf

Cbffiparative Data in mg/liter

MISSISSIPPI~
. (St. Paul)

0.08-1.9 0.16

aMinnesota State Regulations, ~,~ 14 and 15, 1973 Supplement.
bDr~ft Revision of MPCA water Quality Standards, JQnuary26, 1979.
c().lality Criteria for water, U.S. Environmental Protection lIgency,

Julyc 1976.
ORegional Co~r-Nickel Study, Volume 4-C1lapter 1, section
e
f



As a guide, for given index values, lakes can be cateqorized as follows:

Category
Oligotrophic
Oligo-Mesotrophic
Mesotrophic
Meso-Eutrophic
Eutrophic

Index
15-25
25-35
35-45
45-55
55-65

The results for ~he ,26 study lakes are presented 1n Table 27. By the definitions

given above, 7 of 26 can be considered eutrophic; an additional 16 can be

considered meso-eutrophic. The least productive lake was 'lbfte; the rrost pro-

d.uctive was SJuth McIbuqal. The rrost fertile lakes were all headwater lakes and

for the rrost part were shallow and surrounded by extensive bog and marsh areas.
\

Table 27

Theoretically, the index values calculated by using phosphorus and secchi disk

data should be equal. This was rot the case for rrost of the lakes and is -caused,

in large part by the tendency of the secchi disk index to be biased high and low

for highly colored and highly transparent lakes, respectively • Examples of this

were Clearwater Lake (highly transparent) and Seven Beaver Lake (hiqhly colored).

4.3.2.6 Summary Discussion of Nutrient ~arameters--Phosphorusand nitrogen are

the major nutrients in aquatic systems. Although pDOducers use these elements in

the form of phosphate and nitrate, conversion from one chemical species to

another is constantly occurring within the ecosystem and measurements of totals

reflect all forms of nutrients tied up in all ·forms (i.e. orqanic, inorganic,

dissolved particulate). OJncentrations of roth Nand P are at the low end of the

range of values for streams in the United States. It sJ'K>uld be noted that
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Table ;Z7. Median t~phic state indices for Regional Cbpper-Nickel
Study lakes.

TAT-\F: TSI (SD) TSI (TP) IDCATIONa

'lOfte· 37 37 H,N
Bearhead 43 40 H,N
Triangle 42 46 H,N
Bass 42 47- N
Clearwater 39 50 H,N

Bear Island 46 47 H,N
August ·51 42 H,N
~1ynne 51 45 'IS
Pine 51 45 H,S

.Colby 42 44 '. S

One 48 51 1'1
Big 54 55 H,S
Turtle 52 48 H,N
White Iron 53 48 1'1
Birch 53 49 .1'1

Gabbro 54 48 N
Fall 52 51 N
Perch 52 51 H,N
Slate . 53-~·· -'·-54 _ ...... 1'1

.--- .'

Sand 56 55 H,N

White Face 58 53 H,S
Long 60 55 H,S
Cloquet 62 55 H,S
Seven Beaver 63 54 H,S
Greenv.ood 61 59 H,N
South Mcrbn'Jal (,r, 59 H,N

. .
aH = headwater lake

1'1 = north of Divide
S = south of Divide

'rr.1.

f"'
t

1
,(,.

.... - [

rr
pl~.,

[.
ft,.

r
·f·
~~

SD ~ Secchi disk
TP = Total phosphorus

. ,
, , .
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concentrations of phosphorus are expressed in parts r:er billion (uq/l) whereas

nitrogen, and nitrate plus nitrite (Appendix 2) are expressed in parts per

million' (mall), ~hese differences in scale reflect the qreater concentrations of

nitrogen in the study Area.

Spatial variations in nutrient parameters exhibited no clear trends between

headwater and downstream stations or between small and large watersheds. Group A

and B, stations \~re similar to each other but higher than Group C with respect

to nutrien~ parameters. Group C stations represent baseline values fOr the area.

The greatest variability in ~sphorus concentrations occurred in group A and B

stations. Variability for plx>sphorus was greater than for nitroqen. Nitrogen

~lso exhibited its highest concentrations at Group A and B stations (BB-I and D

1), downstream from mining operations that use nitrogenous blasting compounds.

Both nutrient parameters ~re largely independent of flow except in the Dunka

River where higher concentrations occurred during the winter of 1976-1977 and

during the 1977 drought, and lower concentration occurred during periods of

runoff, storm event and average baseflow •

Nutrient parameters in streams ~re rorrelated with each other. 'Ibtal phosphorus

was significantly rorrelated with total nitrogen, nitrate plus nitrite, Kjeldahl

nitrogen, and dissolved oxygen. 'Ibtal nitrogen was significantly correlated with

total phosphorus and total organic carl:x:m (Tab~e 28).

Table 28

In lakes, nutrient parameters are closely associated with the activities of

aquatic organisms. Higher levels of available nutrients' encourage greater
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Table 28. Cbrrelations: nutrient parameters. (p 0.05)

STREAMS

'Ibt-P: 'Ibt-N
N02 + N03
KJD, N
D.O.

'Ibt-N: 'Ibt-p
TOC

(t) = log transformed data

LAKES

'Ibt-P: Secchi disk(t)
D.O.(%) (t)

'Ibt-N: Cblor
Suspended rolids
secchi disk(t)
'lDC(t)
TSr-SD(t)
TDS(t)



biological productivity. The concentration of chlorophyll A provides a direct

measure of this pLoductivity, whereas the transparency of the water gives an

indirect and less accurate measure. Reduced secchi disk measurements are often

associated with hiqhly productive waters. Photosynthetic activity releases oxy

gen as a byproduct and therefore may result in elevated, or at times super

saturated oxygen levels in the surface waters of productive lakes. As successive

algal blooms die and sink to the rottom they are broken down by decomrosers.

Because such decomposition is generally an oxidative process, the rottom waters

of productive lakes often become depleted of oxygen and, if the lakes are

thermally stratified, may become anoxic. EviClence from the literature suggests

that orthophosphate (ron-orqanic) is released from the sediment into the rottom

waters under such reducinq conditions.

The supply of nutrients (phosphorus, nitrogen, or silica in the case of diatoms)

, is a major limiting factor for algal produc-tivity. Overall concentrations of

both nutrients were at the low end. Median values for roth prosphorus and

nitrogen ~re higher SJuth of the Laurentian Divide than rorth of it, but the

r.ange of values for phosphorus was greater north of the Divide (P = 1-1220

ug/l [mr'th], and 1-70 uq/l [SJuth] ). Variability in nitrogen concentration was

greater SJut.h of tne Divide (N=l20-9999 ug/l) than north of it (N=300-ll00 ug/l).

Current loaClings of phosphorus for lakes in the Study Area were calculated as a

basis for understanding anthropogenic stresses. Median loading for lakes in the

area was 25 kg/ha/year.

Analysis of variance for nitrogen and phosphorus in the Study Area lakes indi

cated ro relative spatial patterns, ~rhaps because of the qreat temporal

variability of roth elements. Spatial differences in the N/P ratio also did not·
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follow any pattern. Lakes rrost nearly limited by nitrogen are Pall, Greenv.DOd,

one, and IDnq, with Cblby the nost limited by prosphorus.

Spatial variability in Carlson's (1977) trophic state index indicates that the

most eutrophic lakes are headwater lakes that are generally shallow and

surrounded by extensive wetlands.

Temporal variations of nutrients differ between lakes. Surface water phosphorus

concentrations should be highest in dimictic lakes at "the time of spring turn

over when phosphorus from bottom waters is redistributed throuqrout the water

column. Over the surmner season, total pnspmrus in surface waters is likely to

beoome depleted as it is inoorpJrated into algae, which eventually die and sink

to the rottom. In 13 lakes for which data were available, midsummer pnsprorus

. values were 70 percent of the vernal values (variability 20%). Nearly half the

lakes exhibited temporal changes in surface water plnspmrus that did rot seem to

follow this expected pattern.

·In keeping with the general patterns of relationships between productivity and

nutrient parameters discussed above, phosphorus in Study Area lakes was signifi

cantly oorrelated with roth the amount of dissolved oxygen and the secchi disk

transparency. In addition to this oorrelation there were direct relationships

between secchi disk and chlorophyll A and the ooncentration of phosprorus and

chlorophyll A in the Study Area lakes (Mustalish et aL 1978). '!he variability

in these relationships was probably increased by the fact that median values were

used and that algal productivity generally occurs in a series of successive

spurts whose occurrence is rot simultaneous in·all lakes. FOr this reason some

lakes may have been sampled during blooms whereas others were not.
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Correlation of total nitrogen with other parameters indicates that much of the

nitrogen in aquatic systems is in an organic form. In a:ldition to its correla-

tion with secchi disk transparency and trophic state, total nitrogen also corre-

lated with a group of parameters that measure in one form or aoother, the arrount

of organic material in the water, Le. suspendea rolids, 'roC, TDS, and color.

4.3.2.7 Mineral Fibers--Mineral fibers are a potentially serious, but presently

poorly understood, environmental health hazard for the occupational and mn-

occupational IDPulation in roth Minnesota, as eviaenced by the Reserve Mining

controversy, and nationvTide. This px>r understanding can be attributed partly tD

Confusion over and misuse of terminology and incomplete knowledge of the

mechanism by which fibers affect health. These tDpics will be briefly discussed

below. Because of the present interest and difficulties with "state of the art"

analys~s, this parameter is presented in more detail than other water quality

parameters presented in this section. Fbr further information, see Volume 3-

Chapter 2, Volume 5-Chapter 2, and Ashbrook (1978).

Asbestos is a collective mineralogical term encompassing the asbestiform

varieties of various silicate minerals ana is applied tD a commercial product

obtained by mining primarily asbestiform minerals. Five minerals fit this

definition: chryrotile (a member of the serpentine group), and the asbestiform

varieties of actinolite-tremolite, anthophyllite, cumminqtonite-grunerite, and

riebeckite (members of the amphibJle qroup). Chrysotile always occurs in the

asbestiform habit, amphitoles usually occur in non-asbestiform habits with the

exception of riebeckite, which usually occurs. in the asbestiform habit as croci-

dolite. Asbestiform minerals occur as fibers, which display rome resemblances tD

organic fibers in ·terms of circular cross section, flexibility, silky surface
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luster, and other characteristics. Cleavage fragments, such as those pvoduced

from crushing and processing ron-asbestiform mineral~, cb rot satisfy this defi

nition .0~ f=ibers and slnuld be considered "fiber-like." When asbestiform and

non-asbestiform minerals are subjected Do crushing and processing, the resultinq

fragments have minor differences in morphology and physical properties that are

very difficult Do distinguish under a transmission electron microscope (TEM).

For this reason, when the TEM is used, fibers are defined as fraqments with·

aspect (lenqth to \vidth) ratio of 3: I 'or greater, even though many of these

.fragments may rot meet the mineralogic definition of a fiber. In this rernrt,

the terTll "mineral fiber" will be used Do deoote roth asbestos fibers and cleavage

fragments of ron-asbestiform minerals because ambient levels of mineral fibers

were determined by transmission electron microscopy, vJhich did rot distinguish

between these two classifications. Asbestos fiber and ron-asbestiform cleavage

fragments have different characteristics in terms of tensile strength,

flexibility, durability, and surface properties. The extent to which these

differences are related to the harmful ~perties of asbestos is uncertain at

this time.

Mineral fibers have a number of possible sources. Fraqments can be generated

. from both asbestiform and oon-asbestiform minerals by both human activities, such

as construction, drilling, blasting, transporting, and ~cessing ore, and by

natural ~cesses such as mechanical effects from wind and water. Asbestos

fibers may occur naturally; however, they are unrommon in rortheast Minnesota.

Mineral fibers may also be introduced Do this region throuqh sources such as

insulation materials, £oods, and brake linings in motor vehicles.

The Regional Copper-Nickel Study conducted a qeneral survey of ambient fiber

levels in water and air to characterize existing levels and to try to correlate
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these levels with suspected fiber sources near the Duluth Gabbro Cbntact.

Samples were collected througoout 1977 in conjunction with the rest of the water

sampling program. Water samples consisted of 21 stream samples, a srow sample, a

lake sample, an Ely tap water sample, and a sample from the AMAX shaft water.

All samples were analyzed by the Minnerota I)?parbnent of Health (Ashbrook 1978).

Analysis of surface waters for mineral fibers is extremely difficult because of

the large amounts of intervening materials. Diatoms and other non-fiber par

ticulates rot only prevent large amounts of water from being filtered, but

obscure and confuse the final preparation. Little sample to sample compariron is

;ustified. Because a relatively small number (25) of water samples were taken

during the course of the study, the results for each sample are listed in Table

29. Figure 2 shows the location of sampling sites.

Table 29

Fiber levels are rePJrted in four categories. .Amphil:x>le fibers are defined as

those fibers which give electron diffraction patterns characteristic of amphil:x>le

minerals. A fiber which clearly has a chrysotile diffraction pattern is

classified as chrysotile. A mineral with a clearly non-amphil:x>le, non-chryrotile

diffractio~ pattern is classified ,as non-amphil:x>le/ron-chryrotile. Mineral

fibers classified as ambiguous had diffraction patterns or chemical ratios which

canoot be used to place the fiber in one of the three previous categories. Mean

aspect ratios for each cateqory were calculated by dividing the mean length by

the mean \vidth of all the fibers observed in the category.

Tbtal fiber levels are given with and without'chrysotile because the Minnesota

Department of Health was uncertain whether the observed 'chrysotilefibers were
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Table ~'j. A'nbient cx:mcentrdU..-,n "rr.1 ~1~df1 r'\l1pect ratio fur fibers found in tater samples.

THOUSANa; OF FIBERs/LITER (!1le,an aspect ratio)
Total

TYPE OF DATE NJn-amphil:ole 'Ibtal WithJut
I..JXKrION SAMPLE ' COLLECl'ED AmphitoIe '01ryrotile ' Non-chry~_t:.i.1:.~ ..•~bi'J.U?us .. Fibers c:hry~tile-_...... ....
Pat"tridge-l stream ' 8/30/77 110* 6,380 110* I t 320 7,920 1,540
(04015490) (3.2) (14.9) (7.4) (15.8)

Partridge-2, stream 5/5/77 427 i07* 640 320 1,490 1,390 .
(04015471) (16.7) , (0.0) (5.4) (4.4).

Partridge-2 stream 7/25/77 232 929 77.4* 77-.4* 1,320 387
(04015471) .(6.8) (8.9) (7.4) (17.3)

,.

Partridge-2 , ' stream. 8/30/77 448 \ ' 1,340 336 \ 448 '2,570 1,230
(04015471) (9.3) (26,.2) , , (807) (7.6)

!
Partridge-2 stream 11/21/77 40.7 149 81.4 108 380 231
(04015471) (16.7) (1~.9) (7.7) (10.1)

'.Partridge-5 stream 8/18/77 711 4,270 711 178* ' 5,870 1,60()
(0401')447) (1.1) (L7.2) (13.2) (4.3)

Stony River-2 stream 5/5/77 213* 213** 1,280 640 2,130 2,130
(05125550) (4.0) (-:-) (4.9) (10.9)

,f

t

Stony River-2 stream ' 7/26/77 88.7** 1,240 88.7** 266 1,510 266
(Q5125550) (-) (19.4) (-) (6.8)

Stony River-2 stream ' '8/30/77 ' 102* ' 3,170 716 511 4,500 1,330
(05125550) (5.5) . (16.8) (7.9) , (8.8)

Stony River-2 ' stream 11/21/77 264 ' 926 793, 1,320 3,310 2,380
(05125550) (24.8) (17.4) (10.7) (1409)

, .-
Stony River-5 stream 9/26/77 1,430 7.lS 2J8/r . 238* 2,620 1,910
(05125450) (7.9) (17.0) (3.4) (6.0) ,



Table 2,9 o::mtinued.

THOUSANDS OF FIBERS/LITER (mean aspect ratio)'-'. •• . '. . -,',. -,. . . . . 1\:)ta-i ---
TYPE OF.' OATE N:m-arnphilx>le 'lbtal " WitlY::>ut

LOCATION 'SAMPLE OOLLECl'ED Arnphilx>le Ol~t:.~:l:~ .•_~n-chrysoti1e Ambigoous _F_~lJ:e.r.S... _~~h.t)':~).t.~l~.-- ---.
Fils:m Cre~1< ~:;(\"lYl 11/7.1./77 4l")!) 1., UO 2,190 354 4,170 3,040
Area (7.7) (13.8) (5.9) (13.5)

Bear Island lake 11/21/77 212 636 1,700 636 3,180 2,550
Lake (38.6) (31.4 ) (8.4) (7.9)

Ely tap 11/21/77 244 : ;:610 1,200 244 2,230 1,710
water (45.6) (21.6) (10.6) (37) ,

,
AMAX-Babbitt mine 11/21/77 712,000 89,000 2,050,000 1,250,000 4,100,000 4,010,000. --. __...._.-~ . ~. . - .

shaft . ,- , ....... -_ ..... , ... ". ." .0- . ...
--'--- --.-----

*Detection limit, basel on ()r\~ aho..:' ,)bserved.
**N:> fibers observed.

NarE: <bunting error limits are srown in A'shbrook, 1978.
I .
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artifacts from the filters or were actually present in the medium sampled.

Analyses of blank filters by the MinnesOta Department of Health have suggested

that Millip:>re filters rontain significant levels of chrysotile fibers and that

Nuc1epore filters sometimes rontain amphibole fibers. Cbmparisons between

amphibole and chrysotile roncentrations and mean blank levels can be found in

Ashbrook (1978). In 9 of the 25 samples, the amphibole blank fiber level was

higher than the rorresp:>ndinq sample amphibole roncentrations. Similarly, 12 of

25 chrysotile sample roncentrations were less than their rorresponding blank

. fiber level. These results suggest that, with the exception of the mine shaft

sample, IlDst of the fibers found in these samples rome from SJurces other than

the water sampled. Therefore, the fiber levels presented in Table 29 soould be

considered upper limits for the probable fiber roncentrations in the Study Area.

TOtal fiber rounts for stream samples ranged from 380,000 to 7,920,000 fibers per

liter with a median of 3,310,000. Excluding chrysotile, total fiber levels

ranged from 231,000 to 5,040,000 fibers per liter with a median of 1,540,000.

Fiber levels in the Filson Creek snow sample, Ely tap water sample, and Bear

Island Lake sample were similar to t:,h)se in stream samples. A water sample from

the AMAX mine shaft near Babbitt contained approximately £Our billion fibers
4>

(both with aJ!d without chrysotile). Half of these fibers were classified as ron-

amphibole/ron-chrysotile, and thirty percent were ambigmus. These levels from

the AMAX shaft water appear to be generally ronsistent with the results of an

earlier analysis by the EPA laboratory in Duluth of a series of water samples

collected from sumps and reservoirs associated with ·Reserve Mining Cbmpany's

Peter Mitchell pit (a taconite operation) (C1:xJ.k, 1976). Reported values for

total amI?hibole plus chrysotile fiber concentrations in the collected samples
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include values of 0.67 X 109 , 1.5 X 109 , and 9 X 109 fibers/liter. The
.,

operations taking place at Reserve's pit are generally comparable-to th~se at

Amax in that blasting, loading, and hauling operations are involved. Reserve's

operation at the mine site includes primary crushing, which is rot taking place

in the Amax test shaft. Neither operation includes the· degree of grinding 'hhich

is apparently responsible for the generation of much higher fiber concentrations

in tailings water (see Volume 3-Chapter 2).

Stream sampling stations receiving direct minewater discharge from taconite mines

are Partridge-5 (from Reserve), Cunka-l (from Reserve), and Pcb Bay-l (from

Erie). several stations cbwnstream from these three stations, which may aloo be

considered impacted, include Kawishiwi-4 and 5, Partridge-l and 2, and St. Iouis-

1 (see Figure 2). Fiber levels fOr bOth disturbed and undisturbed streams showed

large variations with little difference between the two stream groups. Amphibole

fiber levels in the Partridge River appeared to decrease as the distance from the

Reserve pit increased. This muld be consistent with earlier data, cited arove,

indicating that the Reserve discharge is a oource of fibers. fbwever, it is rot

krown whether Reserve was actually discharging during the sampling periods for

this study. Thus, this observation may be due to natural variation. The two

highest amphibole levels ~re fuund in undisturbed streams. Very high aspect

ratios for amphibole fibers were found in the Dunka sample (average of 54.0) and

the Kawishiwi-5 and 4 samples (30.2 and 37.1, respec,tively), which are cbwnstream

from the Dunka.

In conclusion, ambient water levels of fibers·found in the streams of rortheast

Minnerota are similar to previous literature reports for other streams and

rivers, as well as to levels found in beer, wine, and ooft drinks. Sampling and
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analytical uncertainties limit the conclusions here to the statement that fiber

levels in the waters of the Study Area represented by.the sites sampled are not

signific, .~ -.y elevated arove detection limits. '!his oonclusion is to be

contrasted with the results of sampling of mine discharge water, in which a large

elevation in levels was found. Data from this study, as ~11 as earlier v.ork,

clearly indicate this pattern. Mine shaft ~vater from the AMAX site 'near Babbitt

has fiber l~velstwo-to-threeorders of magnitude above those for nearby streams,

but almost three orders of maqnitude below those estimated for tailings f~m

Reserve Mining in Silver Bay. Ib~ver, fiber levels in streams receiving mine

water discharges appear to be similar to streams not receiving such discharges.

This raises the tDssibility that rome natural rerroval mechanism, such as
filtration or a settling process, is operatinq. l)Je to the limited sampling

p~ram, such a tDssibility is purely speculative at this time and vould require

.experimental investigation. In the absence of rome natural removal process, mine

dewatering, as ~ll as other tDssible water discharges f~m a mining operation,

has the clear tDtential of elevating ambient fiber levels above the low values

presently found in the Study Area.

4.3.2.8 Metals: Aluminum is widely distributed in the minerals of the StUdy

Area and is found in feldspars, micas, amphiboles, and altered silicates.

Cbncentrations in natural waters rarely exceed a few tenths of a milligram per

liter. in spite of the ample supply. This suggests that the element's chemistry

is such that the dissolution ot aluminum is greatly limited in aquaticenvi~n-

ments or that dissolved aluminum is rapidly reTTDved f~m rolution. When oon-

centrations as high as one mq/l are observed it is probably caused by particulate

aluminum.
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Aluminum values in the Study Nea were all lower than the values rep::>rted [or

Minneap::>lis tap water (Table 30)·.

Table 30

Except for the high concentration of aluminum observed in Filson Creek, no

distinctive spatial or seaSonal patterns in aluminum concentrations were observed

in lakes or ·streams. Groups A, B, and C stream stations all had comparable

aluminum concentrations.

Arsenic may occur in water as a result of mineral dissolution, industrial

discharge, or from the application of certain insecticides. A possible arsenic

source in this area is the pyrrhotite mineral called niccolite, a nickel arse

nide. Cbmp::>unds of arsenic are ubiquitous in nature, .insoluble in water, and

'occur rrostly as arsenides and arsenopyrites. Samplings from 130 water stations

in the United States have shown arsenic concentrations of 5 to 536 ugjl with a

mean level of 64 ugjl (Kopp 1969).

Arsenic exists in the trivalent and pentavalent states and its compounds may be

either org~ic or inorganic. Trivalent inorganic arsenicals are rrore toxic than

the pentavalent fOrms both to mammals and aquatic species.

Although arsenic is concentrated in cq:uatic organisms, it is evidently not

progressively concentrated along the food chain. In addition, arsenic consumed

as an organically bound species in flesh appears to have low toxicity (FerguSJn

and Gavis 1972).

There are no distinctive spatial variations in median vaiues for arsenic, in

Study Nea surface waters, althouqh downstream sites (SIr-I and K-I) seem to
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Table 30 o:mparison of surface water quality data fran the ~ional
CofFer-Nickel Study Area to standards and impact criteria an::1 to
other rivers in the united States.

Aluminum (AI) in ug/liter (November, 1975, to April, 1977)

"

'RANGE MEDIAN ." SAMPLE SIZE

Streams

Lakes

1.6-760

4-610 .

90

77

270

60

Standards and Protection Guidelines in ug/liter

CURRENI' PCA
Sl'ANDARDSa

PROFOSED PCA
srANDARDSb EPA CRITERIAc

aJ-NI
. GUIDELINESd

NA NA NA NA

OJEUR D"ALENE RIVERf

Cbmparative Data In ug/liter

MIsSISSIPPI RIVE~
(St. Paul)

No data . '. NJ data

. ,
.- ..-. -~....

. ", ~

aMinnesota State Regulations, WFC 14 and 15, 1973 SUpplement.
bnraft Ievision of MPCA water Quality Standards, January 26, 1979.
C(.\.la1ity Criteria for W3.ter, u.s. Envirorunental Protection lqency,

July 1976.
dFegional Copper-Nickel Study, volume,4-Q1apter 1, section_.

,e
f~



exhibit greater variability than headwater stream sites (Appendix 1). Whiteface

(WF) and Waterhen sites (extreme southern portion of Study Area), based on one

sample only, stow a higher level for As rompared to all other sites. MJre

samples would be needed further delineate the real levels at these sites.

Arsenic roes rot appear to be flow dependent in the Study Area and appears in

similar roncentrations at Group A, B, and C stream sites (Appendix 2) •

. Table 31

Cadmium is uncomrron in natural waters. This element is rrost rornrronly found in

sulfide minerals and is closely related to zinc. Upon release the ~edominant

form of cadmium is often as the free ion (cd+2). With increasing pH and in the

presence of imrganic and organic carb::m, cadmium rorms romplex~s.. Cadmium is

. quite toxic to aquatic organisms, at levels varying from 1 ug/l for chronic

injury to 10 ug/l for acute injury.

Spatial patterns are rot apparent for either lakes or streams of the Study Area.

Given the lack of significant cadmium rontaining mineral deposits in the region,

concentrations observed may largely be due to long range atrrospheric sources.

Cadmium contentrations were essentially flow independent except during spring

melt when elevated smw-melt roncentrations caused slightly elevated levels in

. the streams. Cadmium values in the Study Area are lower than th:>se in the Cbeur

d'Alene River (Table 32), where elevated cadmium levels are considered a ~blem,

and less than the limits of detection for Twin Cities waterworks.

Table 32
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. Table 3' CCmparison of surface water quality data fran the ~ional
Copper-Nickel Study l\rea to standards and impact criteria and to
other rivers in tbe United States.

Arsenic (As) in ug/1iter (November, 1975, to April, 1977),

Streqms

Lakes

0.2-5.0

0.4-2.1

MEDIAN

0.8 .

0.6

SAMPLE SIZE

185'

41

. Standards and Protection Guidelines in ug/liter

CURREN1' PCA
srANDARDSa

1D-SD-danestic
. consumption

ProroSED PCA
srANDARI:6b

10-danestic
consumption

EPA CRITERIAc

SD-danestic
Consumption

aJ-NI
GUIDELINEsd

10-1000
lquatic life

C
'·..·,

. ,

Cbmparative Data in ug/liter
. \

-'

MISSISSIPPI~
(St. Paul)

3-50

COEUR D' ALENE RIVERf

·458

. aMinnesota State regulations, WPC 14 and 15, 1973 Supplement.
boraft Fevision of t-lPCA water Quality Standards, January 26, 1979 •

. cQJality Criteria for W=lter I U.S. Environmental Protection h]ency,
July 1976. . .

JRegional Copper-Nickel Study, Volume 4-Chapter 1, Section. e
f



Table 3J- Ccrnparison of surface water quality data fran the Fegional
C0r:Per-Nickel Study kea to standards and impact criteria and to
other rivers in the United States.

Cadmium (Cd) in 'ug/lit2r (November, 1975, to April, 1977)

. Streams

Lakes

0.01-0.45

0.01-0.77

MEDIAN

0.03

0.03

SAMPLE SIZE

443

114

Standards and Protection Guidelines inug/liter

1()--danestic (see Figure _)

.. .

EPA CRITERIAc

0.4-4-h:lUatic
-life .

OJ-NI
GUIDELINEsd

1-1O-Pquatic
life

canparative Data in ug/liter

MISSISSIPPI RIVE~ 
(St. Paul)

7.5-10

COEUR D' ALENE RIVERf

40

•
aMinnesota State Regulations, WPC 14 and 15, 1973 SUpplement.
bDraft Revision of MPCA 'V'1ater Quality Standards, January 26, 1979.
cQ.Iality Criteria "for water, u.S. Envirorunental Protection 1gency,

July 1976. .
~RegiOnal Copper-Nickel Study, Volume 4-01apter 1, section •
.~. -- ....

f



The primary mineral s:mrce of cobalt for this req ion is Cattierrite, a oobal t
,.

sulfide (CbS2). Very little oobalt is believed to enter;the aquatic system

from atmospheric depositjnn.

CObalt is one of the few trace metals that does not readily oomplex with organics

or inorganic anions in water. Cbbalt usually exists as a free cation (positively

charged'species) probably surrounded closely by water nolecules (aquated).

Because aobalt does not readily aombine with other oonstituents, it has nobility

in the aquatic system, but it is not as mobile as nickel or zinc.

Seasonal variations in aobalt aoncentrations are rot great. In the Ka\'1ishiwi

River and Filson Creek, slight decreases were observed during P=ak flows in

April, 1976. Cbbalt aoncentrations were highest at Group A ,stations and,inter

mediate at Group B stations (Appendix 2). lbb Bay, which receives stockpile

seepage, and Fils::m Creek, which flows directly through the Gabbro Cbntact, had

the highest levels. In both these cases values were one-twentieth the detection

limit used by the USGS for Mississippi River water at the Twin Cities (Table 23

- and Appendix l). ID further data were available for oomparison of Study Area

cobalt levels with those of metropolitan drinking water or the Coeur d'Alene

River, Idaho •

Table 33

One major oopper aontaining mineral in the Study Area is the sulfide

chaloopyrite; it is aontained in rocks of the ,Duluth-Gabbro oomplex. In natural

waters aopper is found in inorganic aomplexes (oxide, hydroxy-carbonate), and as

metal-orqanic oomp:junds. Because aopper is an essential plant and animal
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Table 33. Comparison of surface water quality data from the Regional
Oqpper-Nickel Study Area to standards and impact' criteria and Do
otDer rivers in tl1e united States.

Oobalt (00) in uq/liter (November, 1975, to April, 1977)

Streams

Lakes

RANGE

0.1-11.0

0.1-2.2

MEDIAN

0.4

0.4

SAMPLE SIZE

410

, 72

Standards and Protection Guidelines in ug/liter ,

CURRENT PCA
STANDARDSa

NA

PROPOSED PCA
STANDARDSb

NA

EPA CRITERIAc

NA

CO-NI
GUIDELINEsd

10-100-Aquatic
'life

Oomparative Data in ug/liter

MISSISSIPPI RIVERe
(St. Paul)

less than 50-60

ffiEUR D' ALE."NE RrVERf

!b data

aMinnesota State Regulations, WPC 14 and 15, 1973 Supplement.
bDraft Revision of MPCA Water Q,lality Standards, January 26, 1979.
CQuality Criteria for Water, u.S. Environmental Protection Agency,

JulYa 1976.
Regional Oopper-Nickel Study, Volume 4-Chapter l, section

e
f



nutrient, the biota may influence or be influenced by its occurence in aquatic

systems. Even thought it is an essential element, ropper may be toxic to aquatic

organisms in very low roncentrations (10-100 ug/l).

Weathering of exrnsed oopper-exmtaining sulfide rock acoounts for rome of the

high values in the Study Area. Filson Creek has high mass.release rates as a

result of draining a rnrtion of the Gbpper-Nickel Mineral Resources ZOne which

contains mineral outcroppings. Overall, the rrobility. of oopper is very low.

Precipitates and bindIng to organics such as bog-type material, readily remove

copper from rolution. The level of oopper observed in Groups A and B w=re higher

than Group C and lakes were oomparable to Group C (Appendix 2, Table 34). The

concentrations observed appeared to be primarily a function of oopper chemistry

rather 'than the strength of the rource. Surprisingly hiqher roncentrations of

copper w=re found in the snow-meltwater (see section 4.3.5) than many of the

stream sites.

Table 34

Cbpper roncentrations in the Study Area w=re less than the detection limits used

for Twin Cities water supplies, and the higher values at Filson Creek were half

those reoorded by the USGS for the lower Mississippi River. Waters of the Gbeur

d'Alene River, Idaho, located in an active mining area, rontain ten times the

copper roncentration than fbund at Filron Creek and still are below rerommended

water standards for acute injury to aquatic organisms. Ibwever, current levels

at Filson Creek are only 3 ug/l less than Gbpper-Nickel Study Guidelines for

detection of chronic injury to aquatic organisms and the lower Mississippi River

exceeds these guid~lines by 5 ug/l.
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Table '3Y O::mparison of surface water quality data. fran: the Iegional
Copper-Nickel Study Area to standards and impact criteria and to
other rivers in the United States.

Copper (Cu) in ug/liter (November, 1975, to April, 1977)

Streams

Lakes

. RANGE

0.2-12.0

0.2-10.0

,

MEDIAN

1.5

1.5

SAMPLE SIZE

·447,

, '129

. . .
Standards and Protection. Guidelines in llj/1iter

CURRENI' PCA
srANDARI:6a

, 1000-danestic
consumption

(see Figure _>.

. EPA CRITERIAc

1000-danestic '
consumption .-

OJ-NI
GUIDELINEsd

lo-10Q-lqUatic'
life

c... lo-fisheries
.& recreation

,:,0-.::..0.1 times 96
hour, LesO

\

Cbmparative Data in ug/liter

, MISSISSIPPI RIVE~

(St. Paul)

',10-20 80

•

aMinnesota' State Regulations, WPC 14 and 15, 1973 SUpplement.
boraft Revision of MPCA mter Quality Standards, January 26, 1979.
~Quality Criteria for water, u.s. Environmental Protection Agency,

July 1976. .
dReg ional Copper-Nickel Study, Volume 4-01apter 1, section
e
f



Iron, like aluminum, is widely distributed in the minerals of the Study Area •. It

has been identified in feldspars, pyroxenes, neosilicates (such as olivine),

micas, opaque minerals (such as chalcopyrite), pentlandite, pyrrhotite, ilmenite,

magnetite (as in taconite), epidote, allanite, and rordierite. Typically the

iron in these minerals is in the ferrous (Fe+2 ) form, but, in the case ·of

magnetite, iron can occur in the ferric (Fe+3 ) state.

Once released into solution, iron is greatly influenced by the pH, redox p:>ten-

. tial (Fll), dissovled CO2' and dissolved sulfur species in water. In oxygenated

waters, iron is usually fuund either as the particulate ferric hydroxide, or

complexed with dissolved or particulate organic material. In deep lakes that

stratify during winter and summer, and develop an aroxic hYfOlimnion; qreatly

elevated ferrous ion roncentrations may occur in the bottom waters.

Stations showing the hiqher roncentrations were either those which drained

mineral ized zones (e.q. F-l, KC-l) or those in taconite mininq areas (e.q. P-3,

P-5) (Appendix 1). Ibwever, the fact that the St. Iouis and Partridge systems as

a Mnle did rot srow elevated levels reflects the aquatic chemistry of iron. 'Ihe

precipitation of insoluble iron hydroxides or the settling of particulate iron

organics l\mits mass transport. The natural causes for iron release appear to be

localized, rather than regional.

Table 35

Spatial variability of iron roncentrations in lakes appeared to be related to

increasinq proportions of dissolved organics and roncomitant increases in water

color. The ~ rrost highly oolored lakes, SOuth McIbuqal and Seven Beaver were
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Table 3$ CCmparison of surface water quality data fran the ~ional
CaFPer-Nickel Study Area to standards and irnpc1ct criteria and to
0ther r.ivers in the united States.

Tbtal Iron (Fe) in ug/1iter (November, 1975, to April, 1977)

strea.I11$ ,

Lakes

99-5500

16-2300

MEDIAN

610

,,1 350

' .. ,"

SAMPLE SIZE

457

138 ,

Standards and Protection Guidelines in ug/liter

CURRENI' PeA
STANDARLSa

300-dornestic
consumption

300 (soluble)
- danestic

consumption ,

',.

700-danestic
consumption

lOOo-fisheries

OJ-NI
GUIDELINEsd

100-l000-Aquatic
life

. -....
,

canparative Data in lXj/liter
"

MISSISSIPPI~
(St. Paul)

31-645

mEUR D' ALENE RIVERf

-458'
....

•

aMinnesota State Regulations, WPC 14 and 15, 1973 SUpplement. .
.boraft Ievision of MPCA water Quality Standards, January 26, 1979.
COJality Criteria for vater, u.s. Environmental Protection lIqency,

July 1976.
dReg ional COpper-Nickel Study, Volume 4-Chapter 1, section
e
f



alro th::>se with the highest iron concentrations. The lowest iron ooncentrations

were found in ']bfte, Clearwater, and Triangle lakes.

Decreased ooncentrations of iron with the first flush of spring meltwater were

observed in !:oth large and small watersheds (F-l, D-l P, SL and K-2) , \\hereas

limited dilution effects were observed at D-l and K-7 (see section 4.3.5).

Although significant lift-off and transport of iron occurs in the atmosphere (see

VolLnUe 3-Chapter 3) as a result of taconite mining, the atrrospheric deposition of

this element does rot appear to significantly influence water quality. It is '

believed that internal sources, albeit influenced by anthropogenic disturbances,

strongly influence ooncentrations of iron in the reqion's surface waters.

About one-half of the iron is associated with filterable 'particulate matter

(Appendix 2). The filterable particulates may be inorganic, Le. hydroxide, or

organic. Streams in in Group A and B alro have lower organic carton levels

(Appendix 2). Lak~ levels for iron were generally lower than th::>se in streams,

which again indicates the attenuating effect of lake systams on ron-oonservative

parameters.

Lead is present at very low ooncentrations in the Duluth Gabbro rock. In natural

waters lead is found in ionic form (Pb+2 ). In oxidized waters as pH increases

above neutrality, insoluble carbonate and sulfate complexes may fOrm, thus

controlling lead rolubility. Lead is acutely toxic to cquatic organisms at 100

ug/l range, chronically toxic at 10 ug/l range, and is accumulated in primary

producers but is rot magnified in the food ch~in.

No significant spatial variations in lead concentrations have been observed in

the Study Area. Autorobile exhaust oonstitutes a major rourceof lead in urba-,

53



nized areas. Given the lack of apparent internal sources of lead, it appears

that deposition of airborne lead constitutes the principal source of the element

to the Study Area. Examination of snow melt water ano bulk precipitation samples

support the a:mclusion that a significant portion of the lead for this region is

derived from atmosphere deposition (see section 4.3.5).

Concentrations of lead in streams were essentially constant over time. Group A

andB stations appeared be be comparable and were significantly (P less than

0.005) greater than Group C stations (Mustalish et ale 1978)

Table 36

Manganese is not contained in significant concentrations in any mineral

identified in the study Area; however, it is known be occur in a reduced form in

many igneous rocks. OXides and hydroxides of manganese are cormron in roils;

manganese is also an essential plant nutrient.

In natural waters, the predominant form of manganese is in solution as the Mn+2

ion. Although the ion can form organic complexes, it is stable in water and

generally remains uncomplexed. Little is known of the dynamics of manganese in
.

biological systems except that manganese levels are depleted along the food

chain.

Generally, the greater concentrations of manganese were observed in the rrore

disturbed watersheds (Appendix 1) of the Study Area. Group A stations. again

appeared be be highest with Group B intermediate (Appendix 2). Manganese levels

were low in the Kawishiwi River system.
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Table '3~ Ccrnparison of surface water quality data fran the Regional
COH;>er-Nicke1 Study kea to standards and impact criteria and to

. other rivers in the United States.

Lead (Pb) in ug/liter (November, 1975, to April, 1977)

- I

Stre~

Lakes

0.1-6.4

0.1-1.9

MEDIAN

0.5

0.4

SAMPLE-SIZE

443

114'

Standards .and Protection Guidelines in ug/liter .

CURREm' ~
STANDARDSa

So-dcmestic
consumption

.... ""I

proroSED PCA
STANDARDSb

50:..oomestic
consumption

_:' ':'r (see Figure _)

EPA CRITERIAc

5D-danestic
consumption

,
.01 t~s 96
hours 1£50

OJ-NI
GUIDELINEsd

la-lOa-aquatic
life

;(X)EUR D' ALENE RIVERf

·canparative Data in l.~/liter

MISSISSIPPI RIVE~
(St. Paul}

75

•

." ..~r

: . aMinnesota State Regulations', ~"JPC 14 and 15, 1973 SUpplenent.
I;>braft Pevision of MPCA li'ater Qual i ty Standards, January 26, 1979.
cOJality Criteri2. for li'ater, u.S. Environmental Protection ~ency,

July 1976.
dRegional Copper-Nickel Stooy, Volume 4-01apter 1, section
e
f-



Manaqanese levels were also quite low in the lakes, except for a few very high

measurements (1000-5400 ug/liter). Two of the high levels \~re found in bottom

water samples from ~eep lakes.

Table 37

Mercury s:::>urces in the Study Area were rot identified and if local s:::>urces cb

exist., they are likely inconsequential. Ibwever, ele.vated levels of mercury have

been found in fish, and other organisms, in the region. It is speculated that

these levels are either natural, from atmospheric deposition, or from a fungicide

that was applied to the forest several years ago. Anthropogenic s:::>urces of

mercury may include aoal burning in power generating plants or similar aornbustion

sources, where the mercury is released as a vapor or particulate and eventually

is deposited onto land by scavenging rainfall.

The lTOst toxic furm of mercury is methylmercury, produced by bacteria under oxy-

, gen deficient o:mditions. This form is readily absorbed and· accumulated by

organisms. Higher animal forms, including humans, are the IlDst susceptible to

methylmercury poisoning because the nervous system and sens:::>ry organs are

afflicted.

Mercury values in the Study Area were quite low (Appendix 1). Spatial elevations

in mercury were restricted to unexplained elevated levels in the Whiteface River

and Waterhen Creek. NJ aonsistent seasonal variations in surface water mercury

concentrations were detected. Elevated measurements were rot related to flow.

Mercury values in the Study Area were lower than tlnse reported by the U.S.

Geological Survey for the lower Mississippi River but higher than levels reported
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Table 3Z Ccmparison of surface water quality data fran the Fegional
Copper-Nickel Study Area to standards and linpact criteria and to
other rivers in the united States.

Manganese (Mn) in ug/1iter (November, 1975, to April, 1977)

streams

Lakes

.. RANGE'

~1200

1-540b

MEDIAN

50

29

SAMPLE SIZE

309

135

Standards and Protection Guidelines in tiJ/liter

CURRENI' PeA
. STANDARDSa

5O-danestic
.conslID1ption

50-dcrnestic
consumption

EPA CRITERIAc

50-domestic
consumption.

OJ-NI
GUIDELINEsd

. ..
Comparative Data in ug/1iter

'MISSISSIPPI RIVER=
(St. Paul)

17-185 :

CDEUR D' ALENE RIVERf

542

•

..

aMinnesota State Regulations, WEe 14 and 15, 1973 Supplanent •
. . boraft Revision of MfCA W3.ter Quality Standards, January 26, 1979.

C<).Iality Criteria for W3.ter, u.s. Eiwirorunental Protection h]ency,
July 1976.. .

~Reg ional Copper-Nickel Study, Vo1lID1e 4-01apter l, Section
e
f



by the Health Depart':K'>nt [-or Twin Cities tap water (less than detection levels of

0.01 ug/l). -Levels of m=r~ury in the <beur d' Alene Riv~r, Idaho, are four times

the highest levels observect in the Study kea (Table 38) '.

Table 38

The major nickel-containinq ~ck in the Study Area is pentlandite, and, like

copper, it occurs in the Duluth-Gabbro romplex. In natural waters, the predomi

nant form of nickel in SJ,lution is as Ni+2 ion. Nickel is significantly nore

rrobile than copper and robalt in the aquatic environment.

Two stream stations stand out above the rest for elevated nickel levels (Appendix

1). The highest concentrations occurred at Ibb Bay (BB-l). The murce of these

high nickel levels has been traced to a series of waste piles created by Erie

Mining Cbmpany and consisting of taconite and Duluth gabb~o sulfide material.

Accelerated weathering and leaching caused by the greatly increased. rock surface

area of the stockpiles, has resulted in the release of nickel that eventually is

transp::>rted out of the Unnamed Creek watershed into Ibb Bay of Birch Lake. A

second site with elevated levels is Filmn Creek (F-l). As in the case of

copper, these levels are caused by water draining a highly mineralized section of

the Duluth gabbro. While the concentrations are elevated over background because

of the presence of the miheralized zone, they are less than at Bob Bay (which is

aIm in the mineralized zone) because there has not been the same maqnitude of

anthropogenic disturbances which accelerate the weathering PrOcess. The primary

source of nickel is within the watershed, Le·. geoloqical material. Overall,

Group A stations were aqain hiqhest in nickel, with Group B stations

intermediate.
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Table 38. Compariron of surface water quality data from the Regional
COpper-Nickel Study Area to stanoards and impact criteria and to
other rivers in the United States.

Mercury (Hg) in uq/liter (NOvember, 1975, to April, 1977)

SAMPLE SIZE

Streams

Lakes

0.01-0.60

0.08-0.64

0.08

0.28

183.

96

Standards and Protection Guidelines in ug/liter

CURRENT PCA
STANDARDSa

NA

PROroSED PCA
STANDARDSb

2-domestic
consumption

O.OS-fisheries
& recreation

EPA CRITERIAc

2-domestic
oonsumption

O.OS-aquatic life

CtJ-NI
GUIDELINEsd

Comparative Data in ug/liter

MISSISSIPPI RIVE~

(St. Paul)

.01-.38

COEUR D'ALENE RIVERf

Nb data

aMinnesota State Regulations, WPC 14 and 15, 1973 Supplement.
boraft Revision of MPCA Water Quality Standards, January 26, 1979.
CQuality Criteria for Water, U.S. Environmental Protection Agency,

July ( 1976. .
.0Regional Copper-Nickel Study, Volume 4-Chapter 1, section
e
f



Table 39. Cbmparison of surface water quality data from the Reqional
Copper-Nickel Study Area to standards and impact criteria and to
other rivers in the United States.

Nickel (Ni) in ug/liter (Nove~r, 1975, to April, 1977)

Streams

Lakes

RANGE

0.2-210

0.4-6.0

MEDIAN

1.2

1.0

SAMPLE SIZE

447-

129

Standards and Protection Guidelines in ug/lite~

CURRENT PCA
STANDARDSa

NA

ProPOSED PeA
~ANDARDSb EAACmllim~

(see Figure _) 0.01 times 96
hour LC50,
aquatic life

CtJ-NI
GUIDELINESd

100-1000 lquatic
life .

Cbmparative Data in ug/liter

MISSISSIPPI RIVERe
(St. Paul)

1.85-10

mEUR D' ALENE RIVERf

less than 100

aMinnesota State Regulations, WPC 14 and 15, 1973 Supplement.
bDraft"Revision of MPCA Water Quality Standards, January 26, 1979.
cQuality Criteria for Water, U.S. Environmental Protection Agency,

Julyl, 1976.
aRegional Copper-Nickel Study, Volume 4-Chapter 1, Section

. .e
.f



Table 40. Cbmparison of surface water quality data from the Regional
COpper-Nickel Study Area to standards and "impact criteria and to
other rivers in the United States.

zinc (Zn) in uq/liter (November, 1975, to April, 1977)

Streams

Lakes

RANGE

0.1-30.0

0.2-35.5

MEDIAN

2.2

1.8

446

113

Standards and Protection Guidelines in"ug/liter

CURRENT PeA
STANDARDSa

SOOO-domestic
consumption

PROffiSED PeA
STANDARDSb

SOOO-domestic
consumption
(see Figure_)

EPA CRITERIAc

SOOO-domestic
cnnsumption

o.01 times the
96 hour LeSO

CU-NI
GUIDELINEsd

100-P4Uatic life

COmparative Data in ug/liter

MISSISSIPPI RIVERe
(St. Paul)

10-20

C,DEUR D' ALENE RIVERf

1946

aMinnesota State Regulations, WPC 14 and 15, 1973 Supplement.
bDraft Revision of MPCA Water Quality Standards, January 26, 1979.
cQuality Criteria for water, U.S. Environmental Protect~on Agency,

July~ 1976. "
"oRegional Copper-Nic:kel Study, Volume 4-Chapter 1, Section
e
f



The only data available for nickel levels in Twin Cities tap water show that

nickel is below the detection limit of 10 ug/l. Nickel ,levels in the Cbeur

d' Alene River are below a detection limit of 100 uq/l (Table 39). fome of the

high levels at 88-1 are above the level where chronic toxicity to aquatic orga

nisms has been detected in research studies (100 uq/liter) (see Volume 4-Chapter

1) •

Table 39

tb major zinc-o:mtaini,ng minerals were identified in the Study Area; zinc is

, kmwn, 'lnwever, to be founCl in sulfide and carbonate rocks in iqneous regions.

Up:m weathering, zinc ions are released. As pH increases above neutral i ty, zinc

forms complexes with hydroxides and carbonates. Kbpp and Kroner (1967) report

that in 1,207 positive tests for zinc on samples from u.S. waterways, the maximum

observed value was 1;183 uq/l (Cuyahoga River at Cleveland, Ohio) and the mean

was 64 ug/l. Although aquatic macrophytes are kmwn to accumulate zinc, there is

no evidence of biomaqnification in the food chain. revels above 100 ug/l nay

cause roth chronic and acute injury to aquatic organisms (volume 4-Chapter 1).

Compared to most zinc values observed for surface waters, zinc in precipitation

is elevated (see section 4.3.5). Group A and B stations, were cnmparable and both

elevated above Group C sites.

Table 40
/

4.3.2.9 Discussion of Metal Pararneters--I\bt all metal parameters rroni tored by

the study are presented in this discussion. The reader is referred to Appendix

2, and the primary'data files available at the Land Manaqement Information
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Center-State Planning Agency (or rrore information. r-bre sampling emphasis was

placed on streams because stream water quality in the Study Area better reflects

anthDJpogenic disturbances, climatic effects on water quality, and a rrore repre

sentative "backgDJund water quality" value. As can be seen by the data presented

previously, lakes tended to dampen the variability of parameters. With respect

to metals, there is little variability in the levels of arsenic, robalt, cadmium,

~ercury; titanium, selenium, and silver aCDJSS almost all stations.

Spatial variability of rnetals did rot appear to be related to watershed size. As

was the case for most other spatial patterns, some heavy metals varied signi

ficantly between streams in the A, B, and C groupings. In groups A and B com

bined, iDJn, manganese, copper, nickel, zinc, lead, flooride and chDJmium

concentrations are significantly (p less than 0.005) higher than in Group C

waters (Mustalish et ale 1978).

At background stations (Group C) ropper, nickel, and zinc are romparable in con

centration, with median concentrations of copper and zinc in the range of 1-2

ug/l and' nickel around 1 ug/l. Other toxic trace metals of biological importance

(As, Cd, Cb, Hg, and Pb) had median concentrations significantly below 1 ug/l

(one part f€r billion) (Appendix 2).

Iron, aluminum, and manganese dominate the total metal values measured in the

Study Area waters (Figure 8), but it is the trace metals which are of primary

concern on the basis of aquatic toxicity. In streams which are presently

undisturbed by mining and related activities, such as the Kawishiwi River system,

Bear Island River, Isabella River, and Stony River, total trace metals (Cu, Ni,

Zn, Cd, Pb, and Co) concentrations are in the 0.05 to 0.08 micromoles/liter range
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(Figure 9). This is cnmpared to watersheds presently impacted by mininq

activities or streams which drain areas of sulfide miner.alization, such as,
I

Fils::m Creek, Keeley Creek, D.mka River, Partridge River and Embarras River,

which has total trace metal cnncentrations 2 to 33 times hiqher (0.013 to 1.65

micromoles/liter) than background levels.

Fiqures'8 and 9

Filson Creek exhibited significantly higher copper cnncentrations than any other

station. Other metals \'lith elevated median concentrations at Filson Creek

included iron, aluminum, nickel, and cnbalt (Appendix 1). Within the Filron

Creek watershed, total cnncentrations of cnpper and nickel in the year 1977

generally increase from headwater locations to F-l near Filson's point of

discharge into the Kawishiwi River. 'Ibtal nickel cnncentrations measured in

headwaters were, except for one sample, less than 1 ug/liter, while mean cnn-

centrations near the TIDuth of the· watershed \vere aJ:xmt 3 to 5 ug/l. '!he smaller

copper and nickel cnncentrationsat Filron Creek headwater locations reflect the

smaller percentage of sulfide bearing classes in the till and the greater

distance from the mineralized cnntact zone (Siegel 1978).

The elevated metal values measured in Filson Creek may rot be cnmpletely due to

natural weathering of sulfide minerals in this \vatershed. Considerable mineral

exploration activities, including the taking of a surface bulk mineral sample,

have occurred in this watershed. Followinq the taking of the bulk sample, a

surface discharge was discnvered cnming from the foot of the bulk sample site

having elevated metals values (10,000 to 13,000 ug/l Ni, 360 to 1000 ug/l Cu am

190 to 5300 ug/l Zn). A small tributary of FilSon Creek flows past and receives
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the discharge from the bulk sample site. An increase in copper and nickel con

centra~ions as the tributary flows past the bulk sample site was apparent. A

paired \.--Lest f€rformed on the data deITDnstrated that the difference in the data

sets (upstream vs. downstream) was significant at the 0.05 probability level both

for copper and nickel. The average increase in nickel and copper concentrations

is about 9 ug/l and 5 ug/l, respe.ctively.

Although there ~re fewer correlations between metals and other parameters in

streams than in lakes, several relationships warrant particular note (Table 41).

Higher copper concentrations were significantly correlated \~th lower pH values

and elevated nickel concentrations. Iron was directly correlated with water

. color but inversely correlated with dissolved oxygen. Patterns of occurrence of

toxic trace metals, cadmium, lead, and mercury were directly related.

Table 41

The dynamics of metals in lakes are somewhat different from those in streams

because the large surface area of bottom sediments with its varyinq oxidation

reduction (redox) fOtential complicates the picture. Lakes can act as sinks for

metals, as is the case \'1ith iron at <blby Lake, SJ that the chemistry of

outflowing waters is different from that of inflowing waters. Large lakes may

exhibit variability in the concentration of metals within the lake itself (as is

the case with nickel in Birch. Lake) • Similar to streams, iron, aluminum and

manganese ~re the ITOst elevated metals in'the Study Area lakes (Table 42).

Copper, nickel and zinc have rredian values between 1 and 2 ug/l, whereas arsenic,

cobalt and lead have 'median values of 0.6, 0.4, and 0.4 ug/l, respectively.

Cadmium values ~re an order of magnitude lower than arsenic, cobalt and lead.
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I' .Table '11. Correlations between metal and other water quality :rerameters
for surface waters of the Pegional Copper-Nickel StUdy Area (P 0.05).

Ni: Specific conductivity
,IXX:
Co
Suspended solids'
Cu(t) ,

STREAMS

,Cu: Co
pH(-)
Ni(t)

Cd: Hg
.Pb(t)

- Zn( t)

LAKES

01: Specific conductivity
'Ni
SUspended rolids( t)
Mg(t)
Zn(t)
cart)
Total dissolved rolids(t)

Ni: 01
Specific conductivity
SUspended solids
Alkalinity
M:J ',.
Ca

. Total dissolved solids ( t)

Cd: Fb
Co
Suspended rolids

. 'Ibtal dissolved solids (t}

Zn: Fb(t)
Fe(t)

'rrcc( t)
Total dissolved solids(t)
SUspended rolids

Pb:. Cd ,
Co

, , pH
F~(t)

TOC(t)

Fe: Co
Color
rrcc
OCC
D.O.
·D.O.%(t}
Zn(t}
Ph( t)
Z (t)
Zmax( t}

,.

, . \

," ..

...' '

rolids

rolids

. '

rIg
Cd
Suspended
Zn(t)
Cd(t)

IXX:
. D.O.%(-)

Color(t}

Zn: 1XlC
Suspended
Pb(t)
Cd(t)

Pb:

, I

""I
( t) = log transformed data.
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The greatest variabilities in concentration were exhibited by manqanese, zinc,

cadmium and aluminum, with arsenic the least variable metal.

Table 42

Analysis of variance for six metals revealed no spatial variations for nickel and

'cadmium.- Of the four remaining metals lean and iron were roth elevatea in Ebuth

McIbugal Lake, lead in Greenw::od, and iron in Seven Beaver. Concentrations of

copper wer~ highest in Cblby and zinc in ('~earwater. Triangle r.ake exhibited

exceptionally low values for all four metals that varied spatially. In addition,

copper levels were reduced in IDng and Turtle lakes, zinc was lower in Bear

Island, '!bfte, and Bearhead lakes, and iron was significantly less in 'Ibfte and

Clearwater. Clearwater was the only lake that exhibited elevated levels of one

metal and lower levels of another. tit) attempt was made to analyze temp:>ral

variations of metal concentrations in lakes because of insufficient nata. In

general, many rore parameter correlations were observed in lakes than in streams,

because lakes can act on metals and dampen the variability. Suspenned and

dissolved solids were consistently correlated with trace metals in lakes.

Mostmetal~ were significantly correlated with other metals (Table 41): copper

with nickel and zinc; nickel with copper; cadmium with lead and oobalt; zinc with

'lead and iron; lead with cadmium, cobalt and iron; and iron with cobalt, zinc and

lead. . In add i tion , oopper, nickel, cadmium and zinc were correlated wi th

suspended and total dissolved rol ids.' Ebth oopper and nickel were oorrelated

with calcium, magnesium, and conductivity. Zinc, Lead, and iron were all

, correlated with total organic carbon (iron with dissolved organic carbon as

well). Iron was oorrelated with rore parameters than any other metal including
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Table 42. Canparison of metal p:1rameters for Regional COpPer-Nickel
Study Lakes. . i' .

RANGE MEDIAN (X)EFFICIENr
. ug/1 ug/1 OF VARIATION

Iron 16-2300 350 . 88%

Manganese i-5400 29 568%

Aluminum 4-610 .77 100%

Zinc 0.2-35.5 1~8 163%
i

'COJ::Per 0.2-10.0 1.5 80%

Nickel 0.4-6.0 1.0 75%

Arsenic .4-2.1 .6 50%

.CObalt - .2-2.2- .4 72%
..

(~.
Lead 0.08-1.9 .4 77%

. cadmium .008-0.8 .03 160%

. ,.



dissolved oxygen, oolor, and average and maximum lake depths. AlttDugh roth

cadmium and lead were significantly correlated with mercury in streams, no metals

were correlated with mercury in lakes.

4.3.3 Quality of Ground Waters of the Reqional Copper-Nickel Study Area

Many factors, roth natural and anthroPJgenic, affect the quality of ground waters

on a spatial and temp::>ral basis. IDcal and regional variations in geological

material in and adjacent to ground water aquifers such as, particle size,

chemical oonstituents, hydraulic conductivity,recharge areas, and many other

factors, will affect ground water quality. Because of the extensive variability

p:>ssible and the large study area size, the identification of "baseline" ground

water quality conditions in the Study Area was not feasible. 'lherefore, the

following information on the qround water quality of the Study Area should rot be

used as a baseline reference, but fOr general characterization and comparative

putp:)ses. . The information cdequately describes ,the quality of ground water

at the specific location rronitored and for the time period oovered, and caution'

is cdvised if any comparison is made "to other rronitoring locations or to areas

not rronitored. This information provides a perspective fOr regional (ron-site

specific) impact analysis pertaining to potential oopper-nickel development.

The information presented in this section is based on samples oollected by the

USGS during 1976-1977 water year (Siegel and Ericson 1979). Water samples were

oollected fOr chemical analysis quarterly during 1976-1977 from 12 observation

wells finished in glaciofluvial sand and gravel, 11 wells finished in the Rainy

Lobe till,. and 2 wells finished in reaty material. An additional single sampling.

of the U.S. Fbrest service campground wells was added during a drought reriod in
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OCtober, 1976, when ground ~rclter levels were extremely low. This samplinq

included 3 wells finisheci in sand anci gravel, 5 wells finished in ~iny lobe .

till, and 3 wells in the Duluth Gbmplex. Three other wells in the Duluth Cbmplex

were sampled durinq 1976. IDeations of sampled v~lls are given in Fiqure 3.

In order to relate geochemical variations with known hydrologic exmditions in the
,

Study Area, interpretations of ground water quality generally were made using

only the usGs (1977) analyses. tbt all ~~lls could be sampled an equal number of

times and rot all analyses were oomplete. Interpretations of qround water

quality \oJere made using seasonal subsets of the data.

As previol,.lsly discussed in section 4.2.6 of this chapter, the principal rource of

ground water in the region is from surficial aquifers. Bedrock across the region

is generally massive and yields only small supplies of water, its .occurrence

being limited to joints, fractures, and faults. The best ground water supplies

are obtained from stratified sand and gravel zones in glacial drift, where the

saturated thickness of the drift is sufficient.

4.3.3.1 Surficial Aquifers--Summary statistics for major dissolved constituents

and other properties for samples collected by the uSGS during winter 1976-1977

are presented in Table 43. These samples were collected \~en ground water levels

wer~ declining and were least affected by dilution from recharge. The

concentration range of the major dissOlved constituents that characterize qround

water is presented in Figure 10 for samples collected during February, 1976.

Table 43, Figure 10

T-test results indicate that with the exception of bicarbonate, mean values of

major dissolved constituents are significantly higher for ground ~~ter from Rainy
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'table lf3. Surrrnary statistics fot" qr.')undwater quality from surficial materials sampled during 1976.
o:>ncentrations in milligrams Fer liter except \--.hen designated othervlise.

Sl\MPLES FroM TILL AQUIPgHS -SN-tPLES FRClM SAND AND GRAVEL _AQUIF~~~NlDliber - -_. --.. . . . . . Number - ..~._.- -- ....

OONSTITUENl' OR PR)PERrY Samples Max. Min. _..Mean Median Samples 'Max. Min. Mean Median

Specific Gond. (ITIT~s) 32 1250 120 368 251 40 577 5.5 193 166
pH (unitless) 25 8.0 5.7 6.81 6.70 28 7.1 5.7 6.33 6.35
Chemical Oxygen Demand 10 870 22 198 51 10 800 0 93 18.5
Hardness (ca ,Mg) 30 637 37 173 104 40 :W4 2r; lH 71

Dissolved calcium' 31 150 6.5 38.9 22.3 40 76 6.0 . 20 16
Dissolved Magnesium 31 64 5.1 18.0 14.0 41 31 1.1 10.2 7.3
Dissolv~ SJ;UlIDl 31 18 2.1 7.7' 6.9 41 7.3 1.4 3.1 2.9
Disso1ved l:Otassium 31 9.3 ·.12. "7 ?.1 4.1 ~L 0 n.). t. ~ 1.1

Bicarl:::onate 30 423 45 145 120' 30 . 392 15 95 69
Disoolved Sulfide 11 . 12 0 1.5 .4 17 4 0 .9 .6
Sulfate 31 450 1.8 61 11 40 35 0.7 11 6
Chloride 31 35 .4 4, 1.4 40 18 0.1 4 2.2

I
Silica 13 37 13 20.5' 18.3 . 21 28 10 18.6 18
SOlids (residue 180°) 13 938 97 293\ 187 14 284 55 148 130
Nitrate plus nitrite 11 12 0 1.5, . 0.4 37 10 .01 2.2 .62
'Ibtal Pmsprorus 13, .07 0 .006 0.001 21 .04 0
Disoo1ved organic Carbon. 22 46 2.1 18 13 33 52 0.7 11.3 6.4

...._ 1 •••••••••••• • ..

I

!•

--

SOURCE: Siegel and Ericson (1919)
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Lobe till than in ground wate~ from outwash sand and gravel aquife~s. Mean and
,

median roncentrations of the major ions, specific conduc~ivity, and hardness in

water from till aquifers are about twice that fOund in wate~ from sand and gravel

aquifers and about 3 to 5 times higher than water in group C (backg~ound)

.·streams.

Ooncentrations of many chemical constituents are ·greate~ in till than in sand and
, ,.

gravel aquifers. Sil t and finer-sized particles found in the till have large

surface area to volume ratios, which place large areas of minerals in contact

With the ground water and enhances chemical reactions. In addition,. till has a·

much lower hydraulic ronductivity than sand and gravel, and the time available

for chemical reactions is at least an order of magnitude greater because of the

slow ground water TIOvanent.

Water in till is classified as TIOderately hard to very hard (Table 13), while'

water in sand and gravel aquifers is classified as moderately hard to hard.

During winter 1976, the pH of water from sand and gravel aquifers ranged from 5.8

to 7.1. The pH of water from Rainy IDbe till ranged from 6.2 to 8.0. The lower

range of pH in water in sand and gravel reflects rapid recharge to the aquifer

from precipitation and a shorter time available for chemical reactions.

The pH of water from observation w=lls HIO and H33, which are finished in reed-

sedge peat, ranged from 5.9 to 6.2.

Figure 11 shows that the samples rollected from sand and gravel and from peat are

a mixed calcium-magnesium bicarb:mate type, based on predominant ions. This type

of water is typiCal of ground waters in rontact with CCilcic igneous minerals, as
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are found in the Study Area, and which have either a short residence time or have

been collected in a recharqe zone. Analyses plotted are of samples collected

during summer 1976, \~en qround water levels were declining in response to

drought conditions. NOrmal seasonal differences generally are not qre~t enough

to significantly alter the plots.

Figure 11

Water collected from wells in till can be classified as either a calcium maqne-

sium bicarbonate or calcium magnesium sulfate type, based on predominant ions.

The calcium magnesium sulfate water was collected from wells near the mineralized

zone between the Duluth Cbmplex and the Giants Ranqe Granite in the northern part

of .the Study Area. Oxidation of sulfide minerals in the till accounts for the

increase in sulfate concentration fiJund in. this water.

The curves connecting the median values for dissolved rolids on the semilo-

garithmic graphs (Fiqure 11) illustrate the overall chemical similarity between

water from the sand and gravel and till aquifers. Median concentrations were

chosen ro that the plots v.Duld not 'be biased with extreme values. The paralle-

lism of the curves suggests that chemical reactions betvreen surficial sediments

and the ground water are generally the same. The slight separation between the

curves indicates lonqer residence time for water moving through till.

Consequently, 1trater-quality differences in surficial aquifers are more a matter

of relative concentrations than of differences in sPe~ific ions.

• Mean values of the principal constituents in qround water from till and from sand

and gravel aquifers cb rot vary signJficantly between seasons. The semilo-
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FIGUREJ.L.

PIPER PLOT AND INDIVIDUAL SEMI-LOGARITHMIC PLOTS OF
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garithmic plots illustrate the nearly identical concentrations between the median

values for the major parameters sampled during both winter and spring.

Mean concentrations of nitrate, total phosphorus, total organic carbon, silica,

and chemical oxygen demand in water from sand and gravel, r;eat, and till are rot

significantly different. Summary statistics fOr all samples collected from drift

materials (Table 43), however, give order-of-maqnitude ranges in the data, which

reflect the diversity of local hydtuchemical conditions and seasonal hydrologic

conditions. Summary statistics for selected mimr and trace metals for all

samples collected from wells in till and in sand and gravel are given in Table

44.

" "

Table 44

Cbncentrations of copper, cobalt, and nickel" generally are less than 30

micrograms per liter, but can exceed 100 micrograms per liter in surficial

material directly over the mineralized contact zone between the Duluth Gbmplex

and older rocks. These metals are probably related to oxidation of sulfide ores

found at the rontact zone and in the nearby glacial de£Xlsi ts. COncentrations of

chromium, cadmium, and lead are less, generally ranging from a to 15 micrograms
~ .

per liter. Iron is occasionally fOund in arDoolously high concentrations ranging

up to 67 milligrams r;er liter. These ooncentrations of iron.are difficult to

explain with the limited. data base, but probably reflect local chemical

conditions related to the reduction of iron in the system.

Trace and mimr metal roncentrations from water in two wells in peat are within

the same range as found in other surficial materials.
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·Table 'fr. .SUrrmarY,statistics for selected trace an:l miror lootal:=; il\ !-3I.lt'ficial aquifers,
(concentration in microqr~ per liter).. .

, .,

8N'1PLF.:S 1?~,)'1 'rrLI. AQUIFERS SAMPLES FroM SAND AND GRAVEL roUIFERS
CONSTITUENT. N-limb-'--e-r--..._.. " . . . • . • . . . . • . . • NUl'riber

OR PIDPERrY SampleSMak. Min. Mean Median Samples. Max. Min. Mean Median---- ••••••• -I -

'Cadmium 29 8.4 0.00 O.R b.3 30 1.2 0.0 0.3 0.3

Cobalt 30 28.0 0.3 ·3.5 1.4 30 46.0 0.1 6.3 0.7

Chromium 30 5.5 0.00 0.9 0.6 31·, :i.2 n.n .1).6 o.s

Copper 30 190.0 0.6 11.7 3.8 I 30 45.0 0.2 7.. 2 4.2
....... - ..- -

Lead 30 6.4 0.1 1.8 1.3 31 18.0 0.0 1.9 1.1

Nickel 27 120.0 1.0 15.2 9.0 29 40.0 0.7 7.5 5~0

Aluminum 24 200.0 0.0 20.0 20.0 30 280.0 0.0 32.0 29.0·

Zinc 30 .170.0 3.9 27.6 8.9. 30 620.0 0.7 56.1 14.1

Iron 30 3100.0·0.0 221.0 25.0 38 67000.0 0.0 5152.0 4500

Manganese 317190.0 10.0 1268.0 330.0 38 26000.0 0.0 2140.0 45.0
-_ ~ - A

---

SOURCE: Stege1and Ericson (1979)



The areal distribution of copper and nickel concentrations in water from sur

ficial aquifers reflects proximity to the.mineralized contact ~ne between the

Duluth Cbmplex and older rocks (Figures 1.2 and 13). Arorrolous ooncentrations of

both oopper and nickel occur in ~nes about 5 to 10 miles wide centered on the

contact. Ground water within these ~nes generally contains other trace metals

as well, as a result of the oxidation of sulfide minerals fuund in the surficial

deposits. Existing anthropogenic disturbances, such as mining and exploration

activities can have localized effects on qround water quality. Fbr example,

copper and nickel concentrations from ground water discharginq from INCO bulk-ore

sample site (T.62N., R.IlW., sec. 25) .near Filson Creek are as great as 700

micrograms per liter. Nearby background values are less than 25 micrograms per

'liter. Water from observation well H-2 (excluded from regional characterization

data presented in this section), finished at the base of the sample site, had

copper and nickel a:mcentrations of 370 and 3,800 micrograms per Iiter in April,

1976. Cbbalt concentration was 440 micrograms per liter, an order of magnitude

greater than general b?lckground levels.

Figures 12 and 13

4.3.3.2 Bedrock Aquifers--Bedrock groundwater quality well locations are shown

in Figure 14. Representative analyses of water samples collected from these

wells are given in Table 45. Although the number of samples collected was rot

large erough to adequately perform statistical tests of significance, the analy

ses do suggest apparent differences.

Figure 14, Table 45
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Table YS. ~presentatbm 'JtXlundwater analyses from major bedrock units (Sieqel and Ericoon, tF.C',.~ lQ7Q ).

_ 10 11 12
~..n GI<Nf oor~ -. "VJri,j ••••

147 121 90
9/8/72 9/12/12 12/3/14

572 237 745
7.5 - 7.3
1~] --- )')l)

19 110 46
6.0 10 fit)
4.6 26 19
0.9 26 4.2 .
71 204 523
13 - 19

323 - 436
65· 13.B 22

7.5 1.S 1.l

PlIRNmTER UNITS 1 2 3 4 5 6 7 8 Q

Geologic Unltd OCPK OCPX OCPX OCPX B13KF BI3FK BBFK- elm UJ.'1~j,

Total ~pth of t~l1 feet 225 1000 125 1046 398 180 - 197 425
Date of sample 10/20/76 10/20/76' 10/19/76 2/15/77 12/14/74 10/65 10/70 8/8/75 12/5/74
Specific Conductance micro-mtos/an . 320 1300 2220 4620 380 - - 240 143
pli (unit!» 8.5 7.4 7.7 8~1 7.4 - 8.9 8.2 8.3
Hardness (CQt ~t1) m:J/1 7 150 9 1100 200 130 94 - 6]
nbsolved Calcium (Ca) m:y/l 2.7 44 3.1 420 43 58 42 93 31
Dls9:l1ved Magnesium (~) ITI':J/l' 0.1 9.,],. 0.3 2.0 22 - - 53 9.1
nis501ved Sodiun (Na) rrq/l 73 220 48 470 . 5 - 20 7.~ 13.0
Dis9:llvC<'l fQt"""ttlln (K) lTg/I 0.9 3.3 0.3 2.0 2.3 - 7 O.B 1.9
Bicartonate (llCO]) 1l¥l/l 167 155 115 94 189 99 32 ·207 140
Dis9:llved Sulfate (504} llB/1 "- - - - 18 - - - 14
Dissolved 0110ride (el) rn:J/1 - - - - - - 1RO
Dissolved Silica (5i02) mq/l 3.8 45 9.6 3.6 41 47 88 17 7.3
Dissolved SOlids· . mq/1 5.3 310 4.3 . 1500 9 1.4 7.B 1.0 1.3

nOCPX nlluth Cbmplex
BBKF niwabik Iron Fonnation
GFNI' Giantic litlp]OtJi.e:;
~ Virg~nia Formation

.' ..

, ,
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..
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.
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,
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Concentrations of maior constituents in water from the Duluth Gbmplex are highly

variable. Specific conductance, a measure of total di.ssolved solids, ranges from

220 to 4 I -,., ~ micromffis per centimeter, while chloride concentrations range from

1.3 to 1,500 milligrams per liter. Available nata from six ~lls suggest that

concentrations increase with oepth, but, since water in the Duluth Gbmplex occurs

in isolated fractures and joints, the chemical composition is probably a function

. of local hyd~ogeochemical conditions rather than indicative of a trend with

depth. F~eld pH in water from the Duluth Gbmplex ranges from 7.0 to 8.5,

generally one pH unit more basic than water from surficial lithologies in the

Study Area.

Water from the Duluth Gbmplex plotted on roth Piper and semiloqari thmic diagrams

(Figure 15), ranges from rodium chloride to rodium bicarbonate types.

Figure 15

Waters from g~anite, Biwabik Iron Ebrmation, and other n:m-troctolitic litholo

gies (Figures 15 and 16) are a mixed calcium-magnesium bicarbonate type, com

parable to water from surficial materials. Water in these lithologies mainly

occurs in an upper fracture zone that is in hydrologic continuity with overlying

surficial sediments. As a result, ~lls finished near the upPer surface of the

granite or in fractures within the Animikie Group produce water having a chemical

composition similar to that of water in surficial materials but modified by

reactions with·the bedrock surfaces.

Figure 16
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Except fiJr iron and manganese, ~ew reliable trace and minor-metal analyses exist

for wate;t'" from bedrock cquifers in the Study Area. The small number of analyses

available suggest that dissolved copper, nickel, cadmi~l, silver, mercury, and

lead concentrations are less than a few micrograms per liter in water from most

bedrock.

Iron and manganes~ concentrations in water from the Duluth Cbmplex range from a

to 150 and O. to 60 micrograms per Iiter I respectively. Cbncentrations of these.
metals are higher in water from the Biwabik Iron Fbrmation, ranging from 50 to

aoout 51000 micrograms per Iiter for iron and from a to 1,800 micrograms per

liter for manganese. Data from fiJur wells indicate iron and manganese con-

centrations fiJr water in the Giants Range Granite can be as high as 500

I .micrograms per Iiter •

Evaluation of trends in bedrock ground water chemistry cannot be made \'nth the

present data base. MOst variations likely reflect local complexities in the

hydrogeochemical and hydrologic environment.

Fair be good correlations exist between specific conductance in surficial and

bedrock aquifers and dissolved calcium, hardness, and dissolved solids fOr all
'"

analyses performed for this study (Figure 17). Because of this relationship,

easily obtained specific conductance measurements can be used bo roughly predict

thes~ constituents.

Figure 17

No significant correlations \~re obtained between trace metals and sulfate which

might have been expected from oxidation of sulfide minerals included within drift
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and bedrock, or between dissolved organic carron and trace metals as miqht be

expected from chelatiOn of metals by humic or fulvic acids. The lack of these

rorrelati ' highliC)hts the romplexity of local hydrogeochemical cnnditions.

Cbncentrations of trace metals are cnntrolled by inorganic and organic mechanisms

that operate mn-uniformly over the region. An evaluation of local trace metal

concentrations requires a site-specific understanding of the local ground water

flow system ?nd the mineral and organic cnnstituents in the glacial drift.

Highly saline water has been encountered in rome bedrock areas in the Study Area

(AMAX Drill Hole 303). The rource and spatial distribution ·of this water in the

Study Area is unknown. Its occurrence in significant quantities (if encnuntered

during mining) aould present significant water quality, mineral processing, and

water treatment problems. Table 46 compares the analysis of a single sample of

the high saline water to water from a nearby AMAX bedrock qround water monitoring

. well.

Table 46

4.3.4 Existing POint Water Discharges and Land-Use Activities Effecting
Regional Water Oualtiy

Information presented in this chapter srows that the water quality of several

watersheds cannot be explained roley on the basis of natural aonditions and

surroundings, and that anthror:ogenic factors are the likely cause of rome (and in

some cases, the majority) of the variability from "background" aonditions. The

monitoring program cnnducted by the Regional Cbpper-Nickel Study was mt designed

to pinr:oint .the cause of this variability, but aomparison of water quality data

to regional point discharge and land use information offers a clue to tOOse
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Table ¥6. Cbmparison of quality of highly saline bedrock ground water to
water from nearby AMAX bedrock groufirhT<-tLfll' IfDnitorinq \vell (B-3).

----------~-_ -,.-------------
SOURCE: AMAX Data Summaries 1975~77 and L.A. narling R/ll(76.
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anthrop::>genic factors influencing regional water quality. '!he reader is

cautioned that no direct cause and effect between divergence of \vater quality

from regional background conditions and specific point discharges or land use

activities has been proven, except in the case of Unnamed Creek (BB-l).

.I
AnthrQp::>genic factors affecting regional water quality can be qrouped into two

principal-categories: p::>int discharges (sources) and land-use activities (area

sources). Another source receiving more and more attention by the scientific

community and pollution control officials which significantly affects the quality

of the reg ion's surface waters is the atrrosphere. Precipitation as a source

influencing water quality is discussed in section 4.3.5.

4.3.4.1 Point Discharges--Major p::>int discharges in the Study Area are either

municipal discharges from sewage treatment plants or industrial discharges

related to the iron ore and taconite industries (Figure 18, Table 47). Very

limited data on the quality of these discharges is available, therefore the

discussion of this subject wil~ also be limited.

Figure 18, Table 47

There are 5 major sewage treatment plants in the area covered by surface water

quality nonitoring data (Table 18). The Ely and Winton plants discharge into the

Kawishiwi watershed. The other treatment plants, servicing Babbitt, fbyt Lakes

.and Aurora, discharge into the FInbarrass, Partridge, and St. louis (downstream of

SIr-I) \"atersheds, respectively. While the monitoring data do rot pertain to the

Aurora plant, it is included in Table 48 for comparative purposes.

Table 48
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~ie '17. R:>int sour-do! discharges in Copper-Nickel Study Area
Lake Superior Watershed (Maschwitz, 1977)

L

Hoyt Lakes Wl'P
MN0043770

Hoyt Lakes mrP
MN0020206

Description
Of Discharge

fil ter backwash
untreated

primary & secondary
treatment

IEceiv'ing
Water

Colby Lake

l'bitewater Lake

Discharge
Mo/Avg

M3D

.25

.266

water
shed

P-l

P-l

Aurora WI'P

Aurora VWlI'P
MN0020494

fil ter backwash and
lime slUdge, lIDtreated

primary and secondary
treatment

St. James Pbanc1onec1 .008
<:>pen pit

. t.Jr1rlamed Creek tribu- .48
tary to St.. LOuis R.

NA

*

Bc3bbit ViWTP
MN0020656

primary and secondary
treatment

Hay Lake, to
ElnbarrassR.

.2 ,. E-2

Reserve Mining mine dewatering
002

Partridge River 8.9 P-5

.Erie Mining co.
C

MN0042552
.... -. 009 mine,pl.t water .Wyman Creek 1.0 P-l

010 " .Jt " " " 1.5 P-l'
~0042536

001 mine pit & surface runoff water Knox Creek 2.7 SL-l
005 If • ." If· .. " " . 2.5 SL-l
007 If' •• • " " " " 1.0 SL-l
008 " " If· .; " " " 1.2 SIrl
MNOO42544
002 mine pit water First Creek 5.7 SL-1
003 .. II ." II " .58 SIrl
·004 " .' ," " .. " .43 SL-l
006 If' " " .' " 2.2 SL-l

Pittsburgh mine,pit water treated second Creek 11.5. SIr!
Pacific Co. by settling p:>nd
Know Mine

Erie Mining Co. primary & secondary drainage ditch to .105 . SL-l
WWl'P . treatment swamp to Knox Creek

MN0045756
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Table iJl. ~int source discharges in Cbpper-Nicke1 Study Area
Rainy River W3;tershed (Maschwitz, 1977)

'-
Name & Permi t #

Description
Of Discharge

~ceiving

water
Discharge

rb/Avg
r-K;D

Water
shed

Ely Wl'P

MN0042137
filter backwash
untreated

Shagawa Laek ~018)a . K-2

Ely W\'TP
MN0020508

tertiary treatment Shagawa Lake 1.59 K-2

Reserve Mining
ooi ' mine dewatering,

sanitary septic system,
shop· water

unnamed Creek to
Im1ka R

2.9 0-1

. 2.2 . 0-1002

004

mine dewatering,
sanitary water,
soop wat~r

shopwater, sewage treat
. ment plant, water treat

: -: ment plant

Ian:Jley Creek

tkmamed tributary
langley Creek 0.22 0-1

.~ - '. 005

Winton W1'P .
MN0046485

tire shop water, taconite
stockpile wash & paint
SOOfS, septic system

filter backwash treated

Unnarhed tributary
Langely Creek

Fall Lake

0.28

.0009

0-1

K-1

Winton 'VWll'P .
MN0025283

tertiary treatment swamp to Shaqawa R.
to Fall Lake

.026 K-l·

Tower ,VWI'P "
MN0025038

primary and secondary
treatment

East ~ River to
Vermilion Lake

*

Breitung Township primary am secondary
SOudan-MN0046507

East two River. to
Vermilion Lake

.02 *

BB-I

88-1

2.3

.45"0"

Urmamed Creek to
Birch L

•" " "

mine pit water

012

Erie Mining
Dunka pit
. MN0042579
011



Table 47 a:mtd.

Name & Permit #
Description
Of Discharge

Receiving
Water

Discharge
fIb/Avg

MGD

Water
shed

U.S.Steel Corp.
Stephen Mine, Mt.

MN0003336
001
002

Iron

mine pit water
" " "

Sea:md Creek
" "

2.9
.39

SL-l
SL-l

Partridge R. & eliminated p..:.l .
Cblby Lake OCt.,1976

.72,144
Partridge R. & elimintated
Colby Lake OCt., 1976
Partr idge R.· & .05
Colby Lake

track hopper drainage
and coal pile runoff

ash pond effluent scrubber
system blowdown and
condenser cooling water
track hopper drainage

004

002
003

MN. Ibwer & Light
MN0000990
001

aDischarge once/vleek summer, once/month winter.
bDischarge every 10 days.
CDesign flow rate
WTP = Water treat.'llent plant
1M'1TP = Waste water treatment plant



Table 48. Cbmparison of sewage treatment plant effluents
(January 1976 - December 1976)

MONTHLY AVERAGE
BOD* DISCHARGE WATER

RANGE (Kg/day) MGD SHED

Winton STP 3.8-26.9 9.9 .025 K-l

Babbitt Sl'P 4.7-26.2 11.6 .321 E-2

Hoyt Lakes Sl'P 11.1-90.3 38.0 .295 P-l

Aurora STP 49.0-118.0 79.7 .452 NA

Ely Sl'P 2.4-24.4 8.0 .982 K-2 .

*Biochemical oxygen demand.



Minnesota Fbllution Cbntrol Agency rules WPC14 [Sec. 115.03, Subd 5.C (6)]

establish specific performance requirements for sewage treatment plants. Except

for tile Ely sewage treatment plant, the other four treatment plant effluents

during 1976 appear not to meet the MPCA requirements for BioChemical OXygen

nemand and phosprorus. Water quality data for the Embarrass River vklich receives

the Babbitt sewage treatment plant effluent appears to have slightly elevated

total phosprorus levels (Appendix 1), but these levels have not reached

. cOncentrations which can cause plant nuisances.

The total phosphorus aoncentrations measured at the outlet of Shagawa Lake (K-2)

alos appear to be higher when aompared to other reaches of the Kawishiwi River.

The testing treatment system at the Ely sewage treabnent plant is very effective

in reducing total phosphorus loadings to Shaqawa Lake. The higher aoncentrations

at K-2 are PDJbably due to residual phosprorus aontained in lake sediments as a

result ot years of idadequately treated effluents entering this watershed.

The major industrial s:Jurces of water discharges to lakes and streams in the

Study Area is the taconite/iron ore mining industry (Table 47). The major acti

vity causing these discharges is mine dewatering. Table 49,compares the quality

of Reserve~qining Cbmpany discharges to tributaries of the Dunka River with the

background vmter quality data for tile Dunka River upstream of these discharges

(Station D-2). This information srows that such discharges have levels of

various chemical parameters significantly higher than background levels and that

there are also significant variations between. discharges. The impact of such

discharges on the quality of Dunka River waters can be clearly seen by aomparing

results for the D-2 and D-l stations in Appendix 1.

Table 49
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Table '19. <bnparison of mininq watet' discharqes and bacl{qtQul')l sut:'face water quality.

.
r

,I--

.
RESERVE MINlOO CD.

DISCH~E ~OOl Dlsa~P. 11002 OISCHJIJr.E i\004 DlSOiAffiE i005
MEAN ~r~ tSIINPf..ES MEAN lW1G~__fSllMPr£S Mr:JI.N RJ\1~8 #S1\MPI..ES MENT"-- .. 'Ri\Nm-IS!lMPLES

Cbnductivity 413.3 280-800 12 394;6 1..tn-500 12 1146.3 1090-1225 4 613.8 575-680 4
umms/cn

Cl 1Ttj/1 --_.- 40.4 22.~fi3.() 12 39.6 21.5-56.7 12 : 270.5 238.9-310 4 135.4 122-149 4
S04 1Ttj/1 40.9 23.0-60 ... 12 29.9· 20.8-44.0 12 18.6 7.5-34.4 4 8.9 5.6-14.8 4
ca 1Ttj/1 33.4 22.8-63.6 12 34.0 16.2-41.4 12 113.~ . 105.4-120.,} 4 fi4.fl 59-75 4
Na ng/1 15.7 9.4-36.( 12 17.4 6.8-29.3 12 39. 30.6-48.4 4 12.4 U.3-13.5 4
K rrq/1 3.2 2.1-6.8 12 4.3 2.48-5.23 12 8.4 .7.1-9.5 4 3.9 2.98-4.72 4
Mg 1TI:J/1 17.3 1,1.6-30.9 12 16.1 8.5-19.7 12 30.1 29.3-31.8 4 19.1 18.2-20.3 4
NO) nq/l 4.5' 1.5-8.8 12 '1.2 0.1-2.1 12 0.1 0.1-0.13 4 0.1 0.1 4

OONKA. RIVER (D-2) tJPS'l"REAM OF lJi~

.~
~;
I

Cbnducttvity
umms/au

Cl rrq/l
504 ITI:J/l
ca mJ/l
Na ng/l
K nq/l
M1 nq/l
NO;) n-g/l

..

MEAN RANGE

2.19 1.3-3.9
6.21 4.0-11.0

S.R 1.1-(1.5
1.8 0.c}-2.7
0.65 0.5-0.8
5.5 3.4-7.6

m data

~

7
7

2
2
2
2

\0__ ,

..

~

. "

I I
I

~

,

:. m~'J.~'7,..,."
'.... .-.,

1\'

{
__•..::, i"



The only mine dewaterinq discharqe for which trace metals data are available, is

from Erie Mining Company's Dunka pit (Table 50). Once again background water

quality is significantly different than discharge quality. Dunka pit discharge

water is likely atypical for the Minnesota taconite industry because of the

occurrence of mineralized gabbro in the Erie Dunka pit. The sulfate values fiJr

Erie pit dewatering discharqe NO. 012 is several times greater than Reserve

Mining Company discharges (compare Tables 49 and 50).

Table 50

Unnamed Creek (BB-l) receives Erie Dunka pit dewatering discharges, but this

discharge is not the principal source of trace metal and other chemical parame-

ters in this small stream. This small watershed (BB-l) in addition to receivinq

. point discharges from mining operations also receives contaminated water from

area sources. These area sources include waste piles that.contain sulfide

mineralization which are leaching significant quantities of trace metals and
\

sulfates. This leachate flows into Unnamed Creek, which flows into Birch Lake.

Most of the information available on mint discharges is rronthly average infor

mation and ~es not give a qood picture of the variability in the quality and

quantity of such discharges. Since dewatering discharges are directly controlled

by mechanical pumping operation and indirectly by precipitation events, the

discharges are usually intermittent and highly variable. Measurements were taken

by a oontinous recorder during a reriod when Dunka River flow conditions at D-l

were very low to compare flow with specific conductance. While traces of

precipitation (less than 0.01 inch) were measured at Babbitt over this time

period, the regular nature of the conductance and flow variations implied
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Table $. Cbmparison of mine \'later discharge to background water quality.

Erie pit Dewatering Mean of rronthly values (mg/l) for 9-75 throu9h 5-76
Di~charge eu Ni 004 DS pH

012
\. .01 .016 . .260 681 8.0

011 .•01 .019 85 337 '. 8.0

Backgrowid water quality for Kawishiwi River rreasured at·K-5 for 11-75
through 3-77. ----.- ...

Mean Ranqe ~.__S.~:l:.e.~

eu ng/l 0.0015 0.0011-0.002 23
Ni ng/l 0.0016 0.0009-0.0032 23
504 ng/l 7.79 • 4.4-12.0 24
pH 7.03 6.2-7.8 14

....
':'~--"

"

~

r



anthrop::>qenic oontrol. It was interesting to rote that peaks occurred at night

anct, due to the regular sche<iulinq and timinq of IlOnitoring samplinq times, these

varitions IDuld have gone oompletely undetected, if it was rot for the oontirous

reoorders. DJring nore rormal stream flow oonditions, such peaks oould also be

lost due to dilution.

The oombination of rource variability, rronitorinq"proqram desiqn, anctlack of

adequate effluent data, makes it impossible to present a clear picture of how

specific discharges are affecting the region's water quality. 'Ihe previous

examples, give some indication of the importance of such discharges and supports

the oonclusion that area sources are an important factor influencing regional

water quality. If future mininq operations are located in watersheds affected by

. "existing sources, then rrore detailed source nonitoring smuld be performed to

adequately separate potential impacts due to existing rources from impacts

attributed to new sources.

4.3."4.2 Area Sources-

4.3.5 The Influence of Atrrospheric Deposition on Water ()uality

The atmosphere oontains suspended and gaseous material as a result of natural and

human activities. D.1st storms, volcanic activity, sea spray, decaying processes

and emissions from plants and animals are examples of some of the natural

processes which contribute to the atrrospheric load. Human activity exacerbates

the situation by burninq fossil fuel, by agriculture practices, and by varjous

other cbmestic and commercial activity. The old adaqe "what <pes up must oome

down" applies since" atrrosphericPJllutants eventually cteposit on land and water

surfaces.
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Chemical par~neters considered bnportant in atmospheric loading and ecological, '

impacts' include hydrogen ions and associated sulfur compounds, nitrates-nitrites,

phosphorus (phosphate acids), trace metals such as copper, nickel, chromium,

cadmium, vanadium, and other organic and irorqanic particulates, for example,

pesticides. Kramer (1976) suggests that pH srould be considered the master

variable as it affects, directly or indirectly, trace metal miqration and

toxicity, primary and secondary cquatic production, and land production.

In recent years the problem of acidic precipitation has been reoognized. Sulfur

dioxide emissions from various sources, such as coal-fired power plants and ore

smelting, combine with rain to form sulfuric acid, a strong mineral acid. This

acid contributes hydrogen ions, lowering the pH value of rain, and ultimately

causing eoologic damage. It was once believed that acidic rain was primarily a

localized problem that occurred only near the sulfur ctioxide source. Evidence

now srows that sulfur dioxide can travel long distances and that the problem of

acid precipitation is actually world-wide.

Evidence will be presented here which' srows that some lake arid streams in the

copper-nickel study area are IIDre than likely row being affected by acidic pre-

cipitation. The major sources £Or the sulfur dioxide which causes the acidic

precipitation are believed to be outside the state. This oontention is, in part,

speculative and further study would be required to delineate the major sources.

'Other air-l:orne pollutants are also important, such as other acid forming pollu-

tants, toxic metals, and nutrients. This section of the rePJrt discusses the

significance of the deposition of air-borne pollutants as measured in

northeastern Minnesota on land and water.
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Three factors g:::>vern surface water (lakes and streams) pH: (a) the rate of

strong acid input (H+ dePJsition); (b) the location of lakes and streams relative

to the prevailing winds, which ITDdify (a); and (c) the qeochemistry of the

surficial sediments and the bedrock, which determine the buffering capacity

(resistance to acidic input) of the surface waters and the runoff waters entering

the surface \'v'aters. Factor (c) is the ITDst imPJrtant (Kramer 1976).

4.3.5.1 Precipitation Chemistry--The presence of acids in the atmosphere can

cause precipitation to be acidic. Strong acids have been fuund to be the ITDst

irnr:ortant rontributors to acid precipitation, al though ~ak acids way afso

contribute (H::metschlager 1978). The precursors of acid precipitation are

chloride ,which forms hydrochloric acid; sulfur dioxide, which is ronverted to

sulfate and then to sulfuric acid; and nitrogen oxides, which norm nitric acid.

These romPJunds are released to the atmosphere by various natural and human

activities.

Acid precipitation is of roncern because of its effects on aquatic and

terrestrial ecosystems (fbnetsch1ager 1978). Acidification of lakes and. streams

due to acid precipitation has eliminated or severely reduced r:opulations of

aquatic pla~ts and animals. Acid rain causes changes in the rate of leaching of

elements from roils, which may affect vegetation growth and change the rom

p:>sition of runoff that reaches water lx>dies. Vegetation way alro be injured by

direct rontact with acid precipitation. other PJtential problems due to acid

precipitation include effects on predator-prey relationships, effects on the

metaoolism of organisms, deterioration of buildings, and effects on human health.

In recent years, taller stacks have been ronstructed in an effort to reduce local

r:ollution, and the areal distribution of acid precipitation has been observed to
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increase conoommitantly. Thus, human activities are believed to be the cause of

increasing acidic precipitation.

4.3.5.2 Current Level of Acidity--Increases in precipitation acidity have

occurred simultaneously with increased S02 and NOx emission. Natural pH is

believed to be 5.7 and is caused by the dissociation of carbon dioxide in rain

water:

C02 + H20~ H2C03~W + HC03-

Figure 19 summarizes the pH values reported in the literature. (Additional sum

maries can be fiJund in Hbnetschlager 1978). Areas defined by the literature as

"rerrote" generally have pH values above 5, whereas values near 4 are rot unusual

in highly impacted areas. Also rote the high pH (8) measured in N:>rth Dakota •

.This may reflect the alkaline nature of the roil in this reqion and/or the

bUffering effect of fertilizer used on the agricultural lands.

Figure 19

While pH values were once 5.7 or higher, ·precipitation in much of the

northeastern U.S. row has an average pH of between 4.0 and 4.2. Around Sudbury,

Ontario, the average precipitation pH is reported to be about 4.5 (Kramer 1976).

The likely cause is the erorrrous INCO smelter, which emits approximately 8;000

tons/day of 002. .

In routh central Ontario, the mean pH range of bulk samples and rain-event

samples was 4.06 to 4.22 and 3.95 to 4.38, respectively, for samplers located on

the precambrian shield in 1976-77. FOr samplers locate0 on the periphery of the

shield, the mean pH range of bulk samplers was 4.78 to 5.79, and for event
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Figur... ~ . Selected precipitation pH values.
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samplers, 4.35 to 4.42. Bulk samples generally have higher pH because these

samplers alro oollect dry fallout which can buffer pH upward. Samples oollected

on the shield reflect the fact that the precambrian shield is comprised of gra-

nitic bedrock that has p:x>r bufferinq. Thus, when retx>rting or discussing pH

values, it is imp::>rtant to rote the type of sample and the location of the

.'
sampler,· because the soil buffering properties of the area will affect the

resultant pH.

The acidity of precipitation can be neutralized by various substances in the

atrrosphere. Additions of even small am:mnts of particulates to the atnosphere

may raise the pH of precipitation because their surfaces have the ability to

adsorb hydrogen ions. In areas where there is abundant windblown dust, pH values

for precipitation of 7 to 8 are rot unoornrron (Honetschlaqer 1978). Bases in the

atmosphere which are capable of neutralizing acid precipitation include sea spray

and amrronia. Dairy farms have been suggested as rources of atrrospheric amm:mia.

Minnerota pH was measured on three different types of precipitation samples

rollected for the Regional Copper-Nickel Study: bulk, rain-event, and through-

fall. Bulk samples were ~t plus dry precipitation; rain-event samples ~re

•
collected by rottles set out when rain occurred; and through-fall samples ~re

collected by rottles placed beneath tree caoopies (Eisenreich et al. 1978).

Bulk samples were oollected from March, 1977 to March, 1978 at fOur sites (Tables

51 and 52). Based on general inspection of the values, most of the low pH values

occurred during the nnnths of July, August, september, Cctober, and tbvember.

These rronths were alro the wettest. The total hydrogen ion load per unit area of

land surface is one to two orders of magnitUde greater during these rronths as a
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oonsequence. M)re than likely the higher ratio of WBt to dry precipitation under

these circumstances acoounts for the lower pH (i.e. less buffering by

particulates). This is discussed in more detail later in this report.

Tables 51 and 52

Rain eveDt pH was oollected at three sites (Kawishiwi Laboratory, Ely, and Bear

Island) from April, 1977 to September, 1977. B:>ttles WBre simply placed out-

doors when the rain beqan and the pH measured soon after rainfall ceased.

Twenty-one events were measured.

FOur pH values were obtained from two automated sequential rain-event oollectors.

These two oollectors were primarily fOr trace metal analysis and oollector

rottles were acidified for sample preservation. On one occasion, l'Dwever, pH

measurements were made at the beginning and at the end of a rain event.

The Minnesota Department of Natural Resources (MrnR) oollected 15 rain samples in

1978, from June t.hrough OCtober, at the AMAX exploration site near Babbitt.

These samples ~re oollected using a funnel to I:nttle arrange.l11ent. The funnel is

continually exposed to the elements, and thus subject to dry fallout oollecting
~

on the surface that can be washed during rainfall. Therefore, it is likely that

these pH values reflect some effects of buffering by dry fallout, similar to bulk

collected samples.

Figure 20 shows a histogram of rortheastern Minnerota pH values. Eighty-seven

percent of the bulk samples (41) had a pH less than 5.7, which means that most of

the precipitation measured can be oonsidered acidic; and 50 percent of the

samples had a pH less than 4.5. The range in pH was from 3.6 to 6.9; 14 samples
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Table 5/ continued.

. 004' WADING RATE

SITE & DATE A B C 'pH mg/1-1 s04D H+E

Dunka
.r .'

·3-17-77 .
4-12 27 770 15.2 5.8 7.1 . 13.0 2.89
5-19 37 2500 49.4 4.9 3.1 18.4 74.60
6-16 28 5400 106.6 4.8 3.1 39.7 203.0
7-22 36 4200 82.9 4.2 2.8 27.9 628.. 0
8-19 28 1750 34.6 '4.0 2.2 9.12 415.0
9-19 31, 10600 209.3 4.0 2.0 50.2 2510.0 ..
10-18 29 4750 93.8 3.7 -1 -11.3 2250.0
11-16 29 2500 49,.4 . 4.2 . -1 -5.92 374
12-16 30 1500 29.6' 6.6 5. 17.7 0.893
1-19-78 34 1300 25.7 4.2 5 15.4 194
2-:16 28 400 7.9 -
3-20 32 900 17.8 5.2 2.0 4.26 13.5

Annual
TarAL 722.20 Gecmetric mean 15.10

- .....:.~ .--- . - --,

Hoyt Lake

3-16-77 29 367 7.2 4.1 69.10
.4-12 27 1120 . 22.1 5.6 5.7 15.1 6.67

.5-19 37 3500 69.1 5.1 3.8 31.5 65.90
,6-16 28 425 81.4 4.5 2.1 20.5 309.0

7-22 36 '4300 84.9 5.3 2.0 20.4 51.1
8-19 ... 28 1250 24.7 4.1 2.4 ' 7.11 235.0
9-20 ,32 8900 175.7 4.2 2.2 4.64 .1330.0
10-19 29 5000 98.7 3.9 1.3 15.4 1490.0
11-18 30 4000 79.0 4.6 -1 -9.48 238.0
12-16 28 1900 - 37.5 5.1 5 '22.5 35.8
1-18-78 33 1250 24.7 4.0 5 14.8 296.0
2-16 29 300 5.9 3.4 5 283.0
3-20 32 1450 28.6 4.8 -1 . -34.4 54.6

732.30 15.36
. '

....

A-Collection p:!riod, days.
B-Vo1ume of precipitation collected. /

C-mm of ~ecilitation.
D-kg/ha- lye- .
E':"ueq ha-l yr-l. '
F-Indicates less than.
G-'Ibtai precipitation for p:!riod 4-77 to 3-78, normal. is alx>ut 726.

. ...t:' .• ':'.-
.... ' .,



Table Sol. rbnth1y ooncentration of bulk collected samples •

SITE . SPECIHC 'IDl'AL lill<A-
AND a:NOOC. SUSPENDED TOO 002' OffiANIC LINITY
DATE 25°C ~LHS 1800c 003 P-'IOl'AL CAROON (cam3) Cl ca M:J Na K F Ni Cd Zn Pb AI. Fe lIS . OJ..

Fernberg

3-15-77 (180) 8.8 -.5 - .385 1.7 10 -.5 1.36 .5 -.5 -.5 -.1 -.1 .35 6.3 6.6 66 30 1.2 .6
4-14a - - - - - - - - - - - - - 16 1.9 130 460 17000 7400 - 81
5-19 26 19 . 20 .51 .152 9.0 10 1.3 .72 -.2 -.5 -.5 -.1 -2 .21 9.7 16 44 40 0.7 1.4
6-16 25 5.6 3.0 .26 .021 5.0 10 0.85 .40 -.2 -.5 -.5 -.1 -2 .16 7.0 24 17 40 0.59 2.6
7-20 .

_. -~_ ...

20 3.2 10 .30 .012 4.2 10 1.8 .56 -.5 -.5 -.1 -1 .12 3.0 5.3 19 -20 -.2 1.·3-.2
8-17 57 9.2 27 - .012 10 10 1.8 2.0 2.0 -.5 -.5 -.1 -2 1.1 8.0 5.4 64 20 .3 3.9
9-16 17 2.4 2.0 .15 .017 1.5 -1 1.0 1.3 2.0 -.5 -.5 -.1 -1 1.0 5.6 5.0 7.5 -20 -.8 1.1
10-20 17 2.0 4.4 .18 .005 2.0 -1 1.5 2.0 2.0 -.5 -.5 -.1 -2 .85 2.2 2.9 5.5 -20 1.1 .5
11-18 46 6.4 16 ' .18 .001 2.0 -1 5.0 2.0 2.0 -.5 -.5 -.1 -1 .12 20 28 66 90 1.6 3.7
12-16 10 16 8.8 - .076 1.8 -1 -.5 2.0 2.0 -.5 -.1 -.1 -1 .13 3.1 3.1 44 19 ·-.6 .2
1-19-78 22 8.4 0.8 - .037 2.6 -1 ·-.5 2.0 2.0 -.2 -.1 -.2 -1 .55 10 36 130 90 3.7 1.6
2-15 - - - - .013 3.0 - - 2.0 2.0 -.1 -.1 - -1 .18 3.9 4.6 78 30 .8 .45
3-20 12 6.4 6.0 - .006 1.8 -1 -.5 2.0 2.0 -.1 -.1 -.1 -2 .11 4.5 3.7 74 170 1.7 .2

MEAN 32 a:o 9.0 .26 .06 3.7 -10 -1.4 I:5 -2.0 -.5 -.5 -.1 =r -s; 6.9 12 sr- ~ T:I I:5

Spruce !mad

3-14-77 (320) 18 3.6 - .•053 3.2 10 4.9 1.6 0.7 -.5 -.5 -.1 2.0 .34 12 8.8 63 - 2.0 1.3
4-14 18 8.0 4.0 - .006 1.7 10 -.5 1.3 0.3 -.5 -.5 -.1 -1 .15 7.5 9.2 140 40 1.0 1.7
5-19 18 52 2.0 - .088 7.7 10 .8 0.9 0.3 -.5 -.5 -.1 -2 1.5 11 19 110 100 .6 3.1
6-16 20 5.2 22 .26 .006 3.3 10 -.5 0.5 0.3 -.5 -.5 -.1 -2 .17 6.3 .67 15 -20 .6 1.7
7-20 30 0.5 4.4 .19 .016 4.6 -1 1.4 0.8 -.2 -.5 -.5 0.1 -1 .12 3.9 5.3 23 -20 -.2 1.2
8-16 24 5.2 8.8 - .02 3.9 10 20 2.0 2.0 -.5 -.5 -.1 3.0 .97 .17 30 110 170 .5 9.4
9-16 23 2.8 6.0 .17 .001 2.2 -1 1.2 1.2 2.0 -.5 -.5 -.1 -1 .53 4.3 6.2 IS -20 -.8 1.0
10-20 23 4.8 2.8 - .008 2.2 -1 1.9 2.0 2.0 -.5 -.5 -.1 -2 .85 6.2 3.4 15 80 .5 1.6
11-18 46 9.6 12 - .017 2.6 -1 4.7 2.0 2.0 -.5 -.5 -.1 -.1 .24 10 18 54 .40 1.9 1.9
12-16 12 4.4 12 - .063 1.8 -1 -.5 2.3 2.0 -.5 -.1 -.1 -.1 .18 3.6 4.9 56 23 -.6 .6
1-17 27 13 3.6 - .034 2.2 -1 -.5 2.0 2.0 -.3 -.1 -.1 -1 .25 17 22 230 130 1.4 1.7
2-16 - - - - .008 1.8 - - 2.0 2.0 -.1 -.1 -.1 -1 .13 4.9 4.5 110 60 -.5 1.6
3-22 13 48 5.6 - .018 (-1) -1 -.5 2.0 2.0 -.1 -.1 -.1 -.2 .08 5.5 3.2 110 90 1.8 .6

MEAN 24 14 7.2 0.21 .03 3.1 -10 -3 1.6 -1.4 -.5 -.5 -.1 -.2 0.42 8.4 10.4 80.9 66 .95 '2.1
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Table $2 continued.

SITE SPECIFIC 'IDl'AL l\LKA-
~D crNOOC. SUSPCNDED TOO 002, ORGANIC UNITY
O,\TE 25°C SOLI00 1800c N03 P-'IDl'AL CAROON (CaOO:3> Cl Ca M:J Na K F Ni Cd Zn Ib A1 Fe As OJ

D..mka

3-17-77 00 sample
4-12 17 64 -.5 - .054 2.5 -10 -.5 1.5 .5 -.5 -.5 -.1 -1 .19 7.9 8.6 290 200 2.4 1.4
5-19 26 9.6 33 - .111 9.2 -10 1.3 1.1 .3 -.5 -.5 -.1 -2 .42 15 6.8 32 -20 .8 1.8
6-16 30 2.8 3.6 .42 .011 5.5 -10 .8 .6 .3 -.5 -.5 -.1 -2 .43 9.7 2.8 25 40 .95 1.8
7-22 20 .8 6.0 .37 .004 4.7 -1 1.6 1.8 1.0 -.5 -.5 -.1 -1 .21 5.7 7.1 25 -20 .6 1 ..3
8-19 41 5.6 18 - .022 9.0 -10 6.4 2.0 20 -.5 -.5 -.1 -2 .27 4.9 12 48 . 60 .7 .8
9-19 23 4.4 4.5 .20 .001 2.3 -1 1.2 -1.0 20 -.5 -.5 -.1 -1 .12 3.0 73 12 -20 .8 .4
10-18 22 2.8 2.4 .22 .002 3.4 -1 1.3 2.0 2.0 -.5 -.5 -.1 -2 .09 2.4 3.7 7.9 -20 -.3 .4
11-16 64 5.6 10 .41 .01 4.1 -1 .3 2.0 2.0 -.5 -.5 -.1 -1 .79 3.3 14 30 30 .8 .6
12-16 30 6.4 8.8 .042 16 -1 .9 2.0 2.0 2.4 -.1 -.1 -1 .71 14 9 110 98

.
.6 :2.1-

1-19-78 30 14 17 - .058 1.4 -1 .5 2.0 2.0 -.1 -.1 -.1 -1 .18 5.8 28 480 730 1.2 loB
2-15 - - - - .054 2.1 - - 2.1 2.0 -.1 -.1 - -'I .09 4.7 5.6400 970 1.1 1.-5
3-20 8 28 4.8 - .007 1.4 - -.5 2 2.0 -.1 -.1 -.1 -2 .43 7.2 3.9 220 400 3.0 .7
Average 2'8 13 TO 0:32 .031 5:3 -TO -1:4 TI I:5 -.5 -.5 -.1 -2 -:33 4F 9:T 140 217 D I:2

Hoyt T..c-.kes

3-Hi-77 27 - - - .116 7.0 - - 1.0 .3· -.5 -.5 - -1 .32 16 35 740 1600 16 2.6
4-12 17 18 -.5 - .029 3.2 -10 -.5 1.4 .2 -.5 -.5 -.1 -1 .15 4.9 5.2 130 90 2.B ,7
5-19 22 11 26 .56 .107 9.9 -10 1.0 .9 -.2 -.5 -.5 -.1 -2 .27 12 7.1 29 40 2.5 1.8
6-1~ 30 5.2 5.2 .30 .022 4.8 -10 1.0 .4 .3 -.5 -.5 -.1 -2 .19 7.4 12 21 30 1.5 2.6
7-22 20 18 3.2 .37 .048 4.6 -1 1.1 2.4 1.0 -.5 -.5 -.1 -1 .85 7.0 8.8 71 70 1.2 1.4
8-19 34 12 18 - .015 4.4 -10 2.8 2 2.0 -.5 -.5 -.1 -2 1.5 11 7.4 41. 60 1.5 .8
9-20 20 3.2 32 .25 .011 2.5 -1 .9 1.4 2.0 -.5 -.5 -.1 -1 1.2 28 5.6 43 30 .8 1.1
10-19 30 2.0 26 .20 .006 2.3 -1 6.4 2 2.0 -.5 -.5 -.1 -2 .23 8.6 7.7 7.7 20 -.3 1.4
11-18 4.8 7.6 3.2 .12 .005 5.5 -1 .2 2 2.0 -.5 -.5 -.1 -1 .03 1.1 5.6 17 30 .6 .1
12-16 14 12 21 - .04 3.0 -1 -.5 2 2.0 -.5 -.1 -.1 -1 .19 5.9 8.4 220 57 .6 .8
1-li;-7~ 29 18 20 - .088 2.1 -1 -.5 ,2 2.0 .2 -.1 -.2 -1 .36 14 26 610 500 1 "" 2.1
2-15 58 - - - .031 2.8 -1 3.2 2 2.0 -.1 -.1 -.2 -1 .26 7.4 18 320 500 1.8 1.3
3-20 9 46 6.8 - .017 3.6 -1 -.5 2 2.0 -.1 -.1 -.1 -2 .09 6.1 11 450 640 7.7 .6
Average 24 14 IS 0:30 .041 D -TO -1.6 T:7 T:4 -.5 -.5 -.1 -2 D:41 9:9 12 208 282 D D

. Regional
Average 27 12 10 .27 .04 4.1 -10 -1.9 1.6 -1.6 -.s -.5 -.1 -2 .45 8.1 10.9 120 154 ':'1.6 1.5



had a pH of 3.9-4.1 (rrode); and the mean pH (geometric) averaC'Jed over the four

bulk sample sites was 4.6. These values are romparable to, or even" less than

values measured in areas of the v.orld where erological damage has already

occurred (Figure 20).

Figure 20

4.4.5.3 Current Level of Sulfate and Nitrogen Deposition--Sulfur compounds are

introduced to the atrrosphere by three main process: H2S from biological decay,

504 from sea salt, and 502 from anthropogenic rources. Electric C'Jenerating

plant emissions account for abJut 60 percent of the st.:lfur emitted by human

activities in the u.S. (u.S. EPA 1976b). Sulfur emissions from natural rources

are estimated to be 133 - 152 x 106 metric tons per year cOmpared to 50 - 55 x

106 metric tons per year from anthropogenic emissions. Altrough natural

emissions are estimated at over twice anthropogenic emissions, natural emissions

are not ronsidered a major factor in ~ducing acid rain because they are assumed

to be in balance with natural rources of neutralizing bases (Ibnetschlager 1978).

Nitrogen rompounds, the precursors of ni~ric acid, enter the atrrosphere as

ammonia released by biological decay ~cesses, and as nitrogen oxides from
q,

biochemical reactions in roil and combustion ~cesses. Annual global emissions

of nitrogen oxides from natural rources have been estimated to be 150 x 106

metric tons. This rompares to 8.1, 6.6, and 0.6 x 106 tons per year from rom-

bustion of roal, petroleum, and natural qas, respectively (Honetschlager 1978).

Anthrorngenic nitroqen emissions have been increasing due to increased use of

natural gas and rrotX)C fuels, improved fbssil fuel combustion techniques which use

higher flame temperatures, and the increased use of nitroC'Jen fertilizers since "

80



~-:. ~~ ... ...~b_.~ '.':"~' a:.;~ • .-...o<v~ _ ••~...._ _ ..

FIGURE :;"0

HISTOGRAM OF pH VALUES 'IN 'BULK 'COLLECTED SAMPLES

AND RAIN EVENT SAMPLES

7.26.96.6

mnrn BULK SAMPLES (1977)·

£:;:;:;:;:;:;:;:1 RAIN EVENT (1977)

.E'.s:2 RAIN EVENT (1978)·

CJ THROUGHFALL (1977)

6.0 . 6.a6.75.4

!

-6.1

, ?

4.84.54.23.93.6

11

9

14

12

13

1Q

10

.>
o'-,. 8
~.

UJ
-I

(1 7
i.:.1
c:
L'. 6

t '" .._--
pH INTERVAL



atout 1950. Altrough sulfl)ric acid remains the larqest rontributor to acid

precipitation, nitric acid is apparently berominq more bnportant in the

northeastern U.S. and in rorthern Europe (Honetschlager 1978).

Sulfate concentrations are bnportant in some areas of the \~rld as a cause of

-acid precipitation. A level of 2.2 mg/l of sulfate in precipitation is indica

tive of excess sulfate. This value was exceeded often in northeastern Minnesota

(Table 51).

Sulfate deposition in the Study Area was measured in bulk collected sample, rain

~vent samples and canopy throuqh-fall samples. Table 51 srows the lTDnthly

results fOr the four bulk-samples sites. Based on the bulk collected samples the

geometric annual mean for the region is atout 14.4 I.<g/ha/yr. The highest sulfate

loadings occurred arounn August and September, and the serond highest lTDnths were

around April and May. These lTDnths also had the highest anDunts of

precipitation, which supports the contention that wet scavenaqing of sulfate is

probably rrore bnportant than dry fall-out.

FigUre 21 summarizes sulfate loading values reported in the literature. Rerrote

areas of the v.or1d appear to have defOsition values around 10 to 20 kq/ha/yr

(1000 to 2000 mg/m2/yr). Much higher values are refOrted fOr NE USA, Canada,

and Europe. Although loading values refOrted by this study are not unlike relTDte

area values, the pH values as discussed earlier are still danqerously low. The

lack of buffering particles and comfOnents, 6r tl1e presence of other unknown acid

- forming comfOnents, perhaps iron oxides, may account for _the low pH measured in

Minnesota.

Figure 21
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4.3.5.4 Deposition Rates and Current Levels of Trac~ Metals, Nutrients, and

Other Chemical Parameters--The copper-nickel PDOgram developed information on

ab~spheric concentration and deposition of trace metals, nutrients and other

chemical parameters in four ways: bulk collected samples, wet-only samples,

through-fall samples, and membrane filter air samples. This section will sum

marize the results of the bulk collected sarnplesand the membrane samples, and

discuss the importance of these findings as it pertains to the observed water

quality of the region. rvbre detailed information can be found in Eisenreich et

al. (1978).

The results of the t-hrough-fall samples and the wet-on1y samples are oomparab1e

to the bulk oollected samples (Table 52) and therefore are excluded in this

reI;X)rt to simplify data presentation. The merilbrane sampler collects atrTospheric

particulates by drawing air through an O.45u nembrane filter. Sampling time was

24-hours and a sample was collected every six days from late 1976 through late

1977. Samples were oollected at eleven different sites, nine of ~mich were in

the Study Area. Elements determined and the sample sites are listed in Table 53.

Table 53

The dry deposition rate is a function of air ooncentration and deI;X)sition velo

·city. The dry deposition velocity of these particles is a function of particle

size, r;article shape arid roughness, meteorological oonditions and the scavenging

character of the receiving surface. (For example, a forest canopy muld scavage

a particle differently than open surface water). Various studies have investi

gated these factors but much remains to be elucidated. For our purposes,

Chilton's deposition velocities were used to calculate deposition rates for

northeastern Minnesota.
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Table S3. Mean annual dry deposition rates (in rg/m2/sec).a
--.-

SITE
ELE..~ Fernberg ELC Bearhead Dunka 'Toimi Erie Hoyt Lakes Whiteface Babbitt Region

Al 1.640 1.890 3.278 6.310 1.97 1.254 2.154 1.943 4.892 2.820 (.889)b

Cl ' 0.590 0.620 0.630 0.490 0.576 0.820 0.385 0.720 0.628 0.610 (.192)

V - ... - 0.010 0.005 0.014 0.014 - - - 0.003 0.007 0.009 (.003)

Cr 0.060 0.020 . - q.040· 0.037 0.009 0.b08 0.027 0.015 0.017 0.026 ( .008) .

Mn 0.050 0.050' 0.090 0.150' 0.062 0.108 0.066 0.062 0.146 0.087 (.027)

Fe 9.040 7.063 18.650 34.919 9.917 ''32.020 24.764 12.657 37.090. 20.680 (6.520) .

Co 0.010 .. 0.014 0.020 0.031 0.008 0.024 0.016 0~013 0.024 0.018 (.006)

Zn 0.095 0.100 0.070 0.096 0.055 0.055 0.068 0.068 0.071 0.099 ' (.003)

As 0.006 0.006 0.010 0.009 0.006 0.009 0.015 0.007. 0.014 0.009 (.003)

Br 0.018 0.019 ' 0.020 0.019 0.012 0.031 0.032 I 0.030 0.128 0.034 (.011)
I

Sb 0.003 0.001 0.001 ' 0.003' 0.002 0.002 . 0.001 0.002 . 0.001 0.002 (.001)
\

Pb 0.058 0.057, . 0.064 0.065' 0.040 0.100 0.103 0.092 0.408 0.109 (.034)
.' .

Cu .0.046 0.019 0.030 0.061 0.046 0.020 0.026 0.024 0.022 0.033 (.010)

S - 2.123 2.027 2.108 1.966 1.400 1.066· 1.888 2.248 2.088 1.883 (.594)C
.

10•036Ni 0.035 , 0.018 0.020 0.056 0.005· 0.010 0.016 0.017- 0.024 (.007)

Cd 0.024 .0.005 0.003 0.022 0.001 0.002 0.006 '
..

0.002 '0.006 (.003)0.008

~Using Chilton's dry~epositionrates~
As kg/ha/yr. . ' .

cl.782 as 9:)4.

.~" ,



Table 53 shows the mean annual dry depJsition rates for the various sites by

element. r-bst elements show a a:mstancy in value across all sites except fur

aluminum - ixDn, and lead, where it appears that localized rources of these ele

ments influence the sites. This is not surprising because of the existence of

taoonite mining in the area. Bearhead, Dmka, Erie, -fbyt Lakes, and Babbitt (all

near taexmite operations) show elevated levels for iron. Aluminum levels are

higher at Bearhead, D.1nka, and Babbitt. fbwever, there is m ready explanation

why aluminum should be elevated at these sites. Lead is elevated at Erie, Fbyt

Lakes, Whiteface, and Babbitt. Vehicle traffic (oombustion of leaded gasoline)

in these areas oould acoount for these levels. Lead was elevated in the surface

water site near fbyt Lakes.

The loading rates from bulk oollected ,samples are oompared to the -loading rate

calculated from the mE'.mbrane samples in Table 54. This oomparison is between a

wet/dry value and a dry deIDsition value. Of the ten romparisons that can be

, made, only three elements show different rates between the tv.D metrods that can

be ronsidered significant. They are sulfate and chloride, fur which the bulk

rates are higher, and iron, for which the bulk rates are lower. The dry dePJsi

tion'rate fur iron is aOOut six times higher than the wet-dry rate. It can be

speculated that the mode of sampling in r~lationship to the source type and

location may account for this difference. r-bst of the iron probably originates

from area sources, such as haul roads, tailing basins, and stockpiles. The plume

from these sources probably does mt elevate to any extent, traveling perhaps
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only several hundred feet off the ground. The furest campy in this area may

scavenge this material effectively, and if the iron particles are relatively

large, gravitational forces ro <boot cause rather rapid settling.

Table 54

.The membrane samplers ~re atout 8-15 feet farther off the ground than the bulk

collectors. Thus, the tree canopies may actually scavenge or screen the iron

particles before they reach the bulk collectors. In fact, iron concentrations in

bulk collected samples are lower in the summer ITDnths (Table 53) during the time

when the deciduous trees are foliated. Since the samplers ~re relatively close

to the sources and since the sources are relatively constant in strength, rain

scavenging is pDabably much less important in the case of iron.

The dry deposition of sulfate is 1.78 kg/ha/yr, compared to the wet-dry rate of

14.36. One assumption made atout this dry deposition rate is that the value

represents sulfate. The analytical technique employed fur the membrane sample

.only measures sulfur, rot sulfate. It was assumed that the sulfur measured is

sulfate.

Because the dry deposition value is low and because very little 902 was

measured in this reqion (see Volume 3-Chapter 3) it is believed that ITDst of the

sulfate, as measured by the bulk samples, originates outside of this region,

perhaps several hundreds of miles away in areas such as St. Louis, the Ohio

valley and the East (bast area. Long-range transport of sulfate is quite

feasible \vhen large high-pressure systems are centered to the east and south of

Minnesota. The large, clock-wise ~rtex of winds then can ITDve sulfur compounqs
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Table $0/. Summary comparison between air results and surface water results.

BULK BULK rnrosITION MEAN ANNUAL MEAN Sl'REAM
DEroSITION RATE REGIONAl. DRY rePOSITION Q)NCENTRATICNS

CONCENTRATION AVERAGE RATE GROUP LAKEb
ELEMlTh"T REGIONAL MEAN (kg/ha/yr) ~ __ (kgLhetLYE) A B C OONCENrRATIONS------ ._-~ - ~ ...
Al(ug/l) 51-208 (120) .360-1.467(.846) .889 174 127 112 4-610(114)C
As(uq/l) _a 1.6 -.011 .003 .83 6.0 .82 .4-2.1( .7)
Ca(rrg/l) 1.6 -11.3 - 32 19 6.8 1.9-46(9.5)
Cd (ug/l) .45 .003 .003 .055 .061 .046 .008- .8 (.05 )
Cl(mq/l)" -1.9 -13.39

;~ .192 11.7 22 07 2.4 .1-9.3(2.5)
Cu(ug/l) 1.5 .011 f: .010 3.0 2.7 4.2 0.2-100 (1. 8)
Fe(ug/l) 49-282(154) .345-1.99(1.08) 6.52 493 1241 723 16-2300(470)
F (Irq/I) -2 -.014 ' - .233 .227 .158 .OS-.5( .1)
K (rrg/l) -.5 -3.53 - ·2.8 2.2 .61 .2-:-2.2 (07)
Mg(rrg/l) -1.6 -11.3 - 17.9 9.4 3.8 .65-12.2(3.5) ,
Na(rrg/l) -.5 -3.53 - 9.1 11.3 17.3 .9-18(2.5)
Ni(ug/l) -2 -.014 .007 24.8 2.1 3.5 0.4-6.0(1.4)
Pb(ug/l) 10.9 .077 .034 1.08 2.4 .76 0.08-1.9(0.5)
Zn(ug/l) 8.1 .057 .003 3.6 3.8 3.2 0.2-35.5(3.1)
Alkalinity

(rrg/l) (CaOO)) -10 -70.51 -- 71 58 25 1-73(23.2)
TOC(rrg/l) 4.1 \ 28.9 - 12.1 17.6 16.9 4.6-38(16)
P-total(ug/l) 40 .28 - 102 44.7 22
N02,N03 (ug/1) 290 2.04 - 764 1100 121
TDS(mJj'l) 10 . 70.5 ! - 249 146 87
S04(rrg/l)d 2.96 14.36 '. 1.78 ·97 27 7.1 1-140(7.8)
pH 4.61 7.2 7.0 6.7 5.7-8.8(7.1)
SpeciIic

a:mductance
25°C 27 355 230 65 24-389{78.5)

Suspended

~.49:)1ids
(rrg/l) 12 ~.9 5.2

arndicates something less than.
bSurface values only.
cRange and (mean), totals.
dGeometric nean.

r:~ fF -~i ~." J. g~~! 9-'~ fi.'"~ ,~ ~ ,"!t"0. ,1'~.~~ ,~"'J
g." • .- '.. -... .·r~,

".'" if
~, :I ~; ,. ;;;4";..' ~ ; -,



from the industrializeCl areas of the East to Minnesota. Under certain ronditions

Canadian rold-fronts can rollide with this sulfur-laden, wa~ air mass over

northec,_ ~~~'n ivlinnesota causing high levels of sulfate in the precipitation.

Thus, rain scavenging can be an important mechanism fbr deposition.

The roncentration of trace elements in bulk deposition Y.Ould rot be expected to

vary much from site to ~ite in a·region as small as the Cbpper-Nickel study area

if localized deposition were minimal and rainfall amounts were not significantly

different througrout the region. During brief but intense rainstorm one bulk

sampler may experience ronsiderable rainfall vtlile other bulk samplers may rot.

Table 51 srows that rainfall was variable for each of the bulk samplers. Fbr

example, in OCtober the Fernberg site received 138.2 rom of ~ecipitation; Spruce

Rd. 39.5; U.mka 93.8; and Hoyt Lakes 99.7. Fbr elements that are scavenged

efficiently by rain (sulfate for example) this has a large effect on the loading

tate.

Except for aluminum, iron, and perhaps sulfate, all elements rreasured srow simi

lar mean annual concentration at all. four bulk sample sites. Fbr some elements,

the concentrations were near detection. limit (e.q. fluoride and nickel) and tl1US

the average value is uncertain.

Alkalinity is listed as "romething less than 10 ITB/I." The actual alkalinity is

probably closer to zero. The analytical techhique employed grossly overestimates

at low alkalinity levels. Analysis of snolv-pack alkalinity (Table 55~

bicarlxmate) srows zero. Rainfall alkalinity, in any case, is probably very

low. It is likely that the source of alkalinity, as low as it is, is caused by

the suspended rolids, which average 12 rng/l annually (Table 52).
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Table '55

Table 56 presents a summary comparison of deposition .rates, derived from the bulk

oollected samples, to rates observed over Lake Superior and Lake Michigan, and to

the area around Atikokan,. cntario. Iron is the only element that could safely be

oonsidered to occur at rates significantly higher than the other nearby areas

used for comparison. uncertainty in the calcium and magnesium measurement

precludes close comparison and for all practical purposes ·can be considered the

same.

Table 56

In summation the deposition rate of all parameters measured are not unusual for a

rerrote region such as northeastern Minnesota, except for iron. The taronite

mines certainly influence the quality of air in this region. Based on the same

ness of values across all membrane sample sites and the bulk sample sites, it is

believed that the origin of nest of the parameters lie outside of the region.·

There is some evidence to suggest that there are local rources for sulfates, in

addition to iron, aluminLlfTl, lead, and chloride. Although there are local rources

of sulfur (Ritchie 1978), it is believed that the majority of the sulfur

measured, as sulfate, originates outside of the region.

No attempt was made to ascertain the character and level of the strong and ~ak

acids present in the precipitation to acrount for the low pH's observed.

However, because there is ro little buffering in the precipitation, the amount of

sulfate was usually sufficient to acrount for the low pH. Other acids that can
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Table Sb. Surranary cnmaprison of atrrospheric defOsition of trace elements
(kgjha/yr) •

N.E. LAKE
MINNEsarA lAKE SUPERIOR ATIKOKAN MICHIGAN

ELEMENI' A B A C D-- .--. ............ ~ ...
A1 .85 1.2 1.6 .86

Fe 1~082 1.9 .39-.55· .48

Zn .057 .22-.32 .19

Cu .011 .045 .097 .02-.03 .021
,

Ni . .014 0.15 - .024 .015-.022

Mn .079 .11

Pb .077 .079 .17 .022-.033 .11

Cd .003 .007 .006 .007-.011 .002

As .011 -
--...._ ..- ---

Ca 11.3 4.0 4.2 3.4 14

Mg 11.3 .68 1.0 .37-.73 2.7

Na 3.5 1.8 .37 1.9

K 3.5 1.6 .37-.44 1.1

Cl 132 4.0-4.2

504 14.42 27 4.3-10.4 15

A-Eisenreich, et ale (1978)
B-IJC (1977)
C-ontario Hydro (1977)
D-Eisenreich, to be published
I-Based on bulk cnllected samples.
2-ory defOsition rates are significantly different, see Table 3 f _
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cx:mtribute to acidity w:mld be organics, ni trate/nitrite, plTIsphate, chloride and

possibly i~n. Because tllere is so little buffering' in the precipitation only

small a.....JUllts of acid forming species are needed to lower pH. Fbr impact

analysis purposes this means that small increments in acid [urming air effluents

could cause a serious further decrease in pH.

Tbtal plTIsphorus measurements included bo~~ organic and inorganic phosphorus. Nb

attempt was made to differentiate analytically the different £Orms because the

bulk samples were rollected over a 30-day p:=dod. D.1ring this in1:erval biotic

activity in the sampler can change the plTIspoorus £Orms. The annual average

concentration over the four sites was .04 rrq/l. This value is similar to values

reported for northeastern Minnesota and Lake Michigan (Eisenreich et ale 1978).

Few measurements were made for nitrate and nitrite. These £Orms of nit~gen are

biotically very reactive and thus the absolute,value reported probably does not

reflect the true value in the original precipitation. The value of the number

lies principally in romparinq it to values reported elsewhere in the literature

\'lhere the rollection method used was, the same. The mean annual average for

N02!N03 (four sites) roncentration is .27 mg/l, a value typical for this type

of region.

4.3.5.5 Seasonal Effects of Atmospheric Deposition on Water Quality-

Periodically, extreme acid precipitation events occur and largearrounts of acid

are deposited in lakes and streams over soort periods of time. Spring snowmelt

also supplies large arrounts of acid and other r:ollutants to lakes and streams

over a short time interval. Studies have shown that roncentrations of W-,

S04, N)3, and heavy ,metals are tw::> to three times greater in the first 30
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percent meltwater than in snow. This arTDuntsto aOOut 40 to 80 percent of the

total parameter content in the srow. Because the roils are frozen, there is ro

selective retention of any of the parameters.

Thus, the bnpacts of atmospheric deposition of air pollutants on surface water

quality occur under two distinct sets of climate oonditions, summer and winter •

. During the winter nonths, when the ground is frozen and overland runoff is ron-

existent, air pollutants are deposited onto the srow-pack, stored, and later
~

released over a very short tbne interval during spring melt. The time interval

over which the pollutants are released into the surface water may be on the order

of a few hours to several days. The time interval is a function of watershed size

(small watersheds respond quicker), and the suddenness of ·the spring thaw.

During summer the deposition of air pollutants is a function of the type of

storm, and the level and type of PJllutant in question. Ibllutants such as

sulfate appear to J::e nore affected by rain scavenCJing than others. In

northeastern Minnerota the level of pollutants in the air, except for iron,

. appears to be a function of long-range transport from rources out-of-state.

Weather systems from Canada contain less pollutants than systems which transport
~

pollutants from the heavily industrial areas to the south or east of Minnerota •

. Although sulfate and hydrogen ions are deposited nost heavily during the \vet

months, and less ro during the winter nonths, the spring-melt may be the ITOst

critical in terms of impacts • Certainly this is true over the short-run. Over

the long-run the total picture of atmospheric deposition is important.

4.4.5.~ Chemical Composition of Sno\~pack, Filson Creek Watershed--In

northeastern Minnesota the snow season can range from three Uo six months,
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averaqing about four nonths. Spring thaw occurs usually in late March or April,

and rometimes as late as May. At Babbitt the deepest snow depth generally occurs

around February 8, and at Winton this occurs around March 7. At roth locations

the average peak depth is alx>Ut 450 mill irneters (18 inches). '!his represents

aoout 17 percent of the average annual precipitation of 726 rrm (as water), or 123

mm (5 inches) (Watson, 1978). On March 24, 1976, the chemical romfOsition of the

Snow-Pack in the Filson Creek Watershed (Figure ~2) was determined (U.S. Fbrest

Service 1976).

Figure 22

Table 56 presents the results of the chemical analysis of the Sno\'l pack. The

\'later equivalent of the snow pack was 114.3 rrm (4.5 inches), which is arout 90

percent of normal. Information from tvx:> other rources is similiar to the results

obtained by the USFS (Table 56).

As part of the EPA study a snow-melt enrichment test was run (Table 57).

Approximately 50 to 70 percent of the six parameters analyzed are o::mtained in

the first 40 percent of the melt-water.

Table 57

Table 58 provides a surmnary romparison between the Filron Creek snow-pack ron

centration and five stream site roncentrations, at low-flow, linmeditately prior

to spring flow, and to the highest roncentrations observed. It is assumed, for

purposes of romparing snow-pack levels to stream levels, that snow-pack levels

are h:mogeneous throughout the reg ion. This, of rourse, is not true since forest
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Table 57. Snow-melt enrichment of dissolved romp:ments; percent of total
mass found in melted snow was a function of p?rcent melted, average'
of, three sites.1

PERCENT
SNOW
MELT

% OF TarAL MASS OF COMroNENTS FOUND IN MELTED SNOW

10

20

30

18

18

16

19

18

15

21

22

19

17

19

17

14

14

13

17

16

15

40 10 622 9 61
~

10 72 10 63 10 51 11 59

50

60

70

80

90

100

7

6

5

5

5

4

7

7

6

6

6

5

5

4

3

3

3

3

7

6

6

5

5

4

8

7

7

7

7

6

7

7

6

6

6

6

l Unpublished data, G. Glass, 1978, Duluth EPA.
2Cumulative p?rcent.



tyPe, oover type, and geographic location can effect the scavenging and

deposition of chemical parameters.

Table 58

The following 'chemical elements are higher in concentration in the snoW-pack

water than observed in the receiving stream concentration: cadmium, lead,

nitrate-nitrite, and zinc. Cadmium in sno~pack is an order of magnitude higher

than the average ooncentration found in any of the three qroups of streams, A, B,

and ~ (Appendix 2); lead on the average is al:x:>ut twice as high; nitrate-nitrite

is an order of magnitude higher than background streams (Group C) and al:x:>ut the

same for streams in groups A and B; and zinc is al:x:>ut three times higher than

average stream ooncentrations. Conversely, pH is al:x:>ut 2.2-2.7 units lower in

snow-melt water than the streams in the three groupings.

'Ib reiterate, during spring-melt the ooncentrations of SJme elements can increase

2-3 fold, due to the physical leaching of elements from between ice crystals, and

some elements during spring-melt than can be higher than the ooncentrations
)

normally found ,in the streams, particularly background streams. r-bst elements,

however, are of low concentration in the snow-pack and WJuld not cause an
4-

increase in the stream waters during the sro~melt r;eriod. In fact the reverse

is true; during the snow-melt period the streams b200me c'liluted with respect to

most elements (Table 58).

Probably the IIDst important o:msideration, lnwever, is pH and/or the bufferi.ng

capacities of the tWJ waters; i.e., snowmel t and the streams. Snowpack pH is

low, al:x:>ut 4.5. Nb bicarbonate was measured, indicating little (if any) buf-
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Table ~. SUlmIary oomparison between srcwpack ronccntration anel strca'1l ronccntrations at
low-flow, spring flow and hi';)hcst ooncentration observed.

srn-: SP!IDl".,..PERIOD <lJNCEN'I'AATICN 'I.l:M-F~ CCNCEm'RATICN HIGHEST roNCEm'MTICN
PAa< . srATIONS

ELEMEm' cx:NCEN. r-l tl-l 0-1 'sR-"i"K=fj F-l P-I 0-1 ~ K-6 F-I p-I 0-1 ~ K-l-- -- .
1\
ciditr'W .016' .20 - - - .10 - .10 .20 .10

_. 0.70 1.0 1.0 1.0 7.0
Im::J/l - -

pH 4.5 5.9 7.3 6.8 5.8 '6.4 7.3 6.6 i~ 7.1 6.8 6.5 .7.3 7.3 7.7 7.5 .7.0
• t'.

Bicarronate 0 8.0 39 26 14 16 25 17 104 60 14 25 66 117 60 18
(m::J/l) ,

Alkalinity- - 7.0 . 12 21 ·11 13 21 14 85 49 11 21 ·92 110 85 15
cac03

Cadmitml (uY1) 0.25 .05 .08 .05 .04 .12 .02· .43 .08. .02 .•03 .•18 .18 .15 .15 .13

calciUll (rrg/l) 0.70 2.6 l2 9.2 3.2 2.3 5.7 . 62 23 10 2.9 37 80 53 13 7.0

Carron,'lbt. 3.7 21.0' .- - - 8.8 - 4.7 11 16 - 36 28 35 30 26
Org • (rrq/l)

0110ride (m::J/1) 0.3 .9 S.6 13 1.0 .5 1.3 7.6 27.0 1.3 .2 2.7 12 88 8.8 1.8,
.00romiUll (Ug/1) 0.6 _ .4 .4 - .4 .4 - .5 .7 .3 - 1.7 1.0 .8 1.2 1.7

I

O::>balt (ug/l)· .2 1.5 .3 .8 .7' .4 - 3.8 1.5 .3 .2 2.0 3.8 2.0 .7 .9

o::>~r (ug/l) 5.0 8.7 ~.O 2.3 2.8 1.6 5.5 4.0 :1.7 .6 1.8 12 5.9 6.1 2.8 2.0
.

FllDride .(ug/l) 0.1 .10 300 . 300 .10 .10 - 1400 1200 600 100 700 1400 1200 600 400
\.. . ;

Iron (u;J/1) tot 327 760 820 840 750 300 2300 60 2000 . 930 230 3100 1300 2200 1300 400

Lead (uYl) 9.3 1.2 .7 1.0 ~9 2.4 .•7, . .4 .6 .4 .3 6.4 2.6 46 31 204

,

i·~~:'··"1: t~ :- ~ ';
,.'-,l; ~l~( I -p4"J':,.

J
. , ..,- i';'· ... 1i

F /;' 'Ii ~
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Table SB continued.

srm SPRIOO-PElUOD c:xN:ENTAATlOO I£M-FLC1tl CCNCEmW\TION HIGH~-:sr ~CENTRATICN

PACK srATlOOS
Eu:v.EN1' ~. F-l p-I 0-1 SR-2 K-6 . F-i £::!. 0-1 S~2 K-6 F-l ~ 0-1 Sn-2 ~

MaqnesilJ!\ .03 1.9 7.7 5.4 2.7 2.0 3.3 15 8.4 7.6 1.3 23 22 26 12 2.0
(rrq/ll

Nickel (u:)/1) 2.3 8.0 6.0 2.0 2.0 4.0 6.0 7.Q 2.0 2.0 2.0 8.0 7.0 10.0 3.0 4.0

~, !'O3' 1.1 .15 - - - .11 - .57 34 .24 - .99 . .57 13 .29 .12
-N(rrq/1)
P-tx>tal (mg/l) .03 10 - - - 1.0 . - 10 - .02 - 61 45 119 69 20

PotassllJll (rrq/l) .07 .7 . 1.5 1.5 .7 .5 . 1.6 2.0 2.6 .6 . .6 3.2 2.3 5.2 .9 .6 ,

Sodium (mg/l) .17 1.0 1.\ 1.0 .2 .3 1.9 1.5 1.8 2.4 .4 1.9 6.8 . 35 . 3.7 2.6

Specific 19.3 29 199 104 36 28 46 433 238 93 29 55 568 655 163 42
Cbnductance,2SoC

13Sulfate (mg/ll 1.8 7.9 6::1 9.5 6.5 . 4.0 5.4 190 5.5 3.7 15.0 260 70.0 14 7.2

Turhidity (Nl'U) 4.7 2.0 5.~ 2.6 2.0 3.5 3.0 4.1 10 3.0 1.2 11.0 13.0 18 5.5 3.5
I

Zinc (ug/l) 16.7 3.20,' 5.0 3.1 6.5 8.70 3.8 11.0 30 2.4 .9 12.5 13.0 30.0 16.0 8.7

Cblor (Cb-I1l') - 100 50 80 100 45 200 5 90 130 40 500 150 400 250 100

Peak flow date 1976 4/10 4/:9 4/18 4/19 4/24

Low flow pr:ior .. :~

to spring flush
. 'I

• & date sample 1976 3/17 3/19 3/18 3/10 4/10

Date of sa:nple
closest to peak
flow .1976 4/06 4/')7 4/06 4/15 4/21

,,"-\ ....,



fering in snowpack water. Thus, snow-melt is acidic in character. In large

systems (e.g. the Kawishiwi at K-6), there is sufficient receiving water, and

subsequently buffering, to neutralize the effects of acidic soow-melt. In small

systems (e.g. the Filson Creek at F-l), snow-melt may account for the major pJr-

tion of stream flow. Thus organisms in this stream are eXpJsed to a very low and

sudden fH drop. This occurrence has been recorded in streams in the oortheastern

united States, and apparently is happening in the Study Area to some degree.
, .

This needs to be <bcumented by further study.

4.3.5.7 Buffering Effects of EOils-As p:1rt of the, plant p:1toology and

terrestrial biology program, the physical, chemical, and tytX>logical charac-

teristics of soils of the Stuny Area were mapPed (Volume 3-Chapter 1). Five

major till types have been recognized in the Study Area~ and 32 named and 5

unnamed roil series, distributed am:mg 23 soil associations.

The physical and chemical nature of the surficial material, and the areal

distribution of these materials have a direct bearing on the manifestation of the

impacts caused by acinic precipitation. The thicker de:p:>sits that are generally

found in the routhern pJrtion of the Study Area a:mtain calcareous and clayey

materials, which can buffer acid input. Cbnversely, in the oorthern part of the
•

Study Area, rot only is the roil covering very sparse, but the roil is also

acidic. The reasons for the acidic nature of the soil are three-fold: there is

a p:1ucity of calcareous material in the till~ the area is underlain by granitic

bedrock, a rock that is acid in nature~ and, the predominance of coniferous trees

and their litter, which contribute to acidity.

The surficial material in the Study Area is the result of weathering of rock and

of the. C}lacial material defX)sited during the various ice aC}es. Within the Study
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Area, 9 physiographic provinces (Figure 23) have been described, 8 of which are

of glacial origin, and one which includes the general area of taconite mining

(Olcott and Sieqel 1979).

Figure 23
'.

r-bst of the surficial material was defDsited by the sf. croix and automba phase

of Wisconsin Glaciation. SOuth of the Laurentian Divide are the oldest iden

tifiable defDsits, called the 'Ibimi Drumlin Field. NJrth of the Divide, the

retreating glacier left stagnant blocks of ice and glaciofluvial defDsits of sand

and gravel.

The thickness of unconsolidated material in the 'Ibimi Drumlin Field ranges from

arout 20 to 75 feet. NJrth of the Divide, the tofDgraphy is characterized by

eXfDsed ridges and rounds of bedrock, thin roil oovering (0-10 ft), and numerous

)akes, rivers, and wetlands. In general terms, the rorthem-eastern reg ion of

the Study Area, referred to as the Shallow Bedrock-l'brain area (province C), and

the Seven Beaver-Sand Lake v.etland area (province D) are the TIOSt susceptible

areas to acidic precipitation. These areas alro a:mtain TIOst of the lakes and

rivers of the area.

During the summer TIOnths, atmospheric pollutants defDsit on vegetation, roils,

and surface waters directly. If the precipitation is acidic, it is usually

neutralized in the watershed, that is, the runoff reaching surface waters is less

acidic.

The effects of acid precipitation on soils and vegetation are rot well

understood. Experiments have shown, rDwever, that acid deposition can cause
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increased leaching of cations from soils and vegetation; increases or decreases

in plant diseases; other plant injury such as stunting plant growth; and inhibi

tation of the nitrogen-fixing activities of legumes (Volume 4-Chapter 2). The

acid effects are generally pronounced only in soils which have a pH of ~ess than
\

5.5, especially unbuffered sandy soils and loarns which have little or no base

exchange capacity.

Soils that have low pH and are well supplied with bases are mst susceptible to

base loss. As base saturation and buffering fall to low levels, continued acid

precipitation will cause leaching of Wand Al3+ ions rather than bases. 'Ihis

transition between base loss vs I-r+ and Al3+ loss occurs at a!x:>ut 20% base

saturation level in the soil. If the soils have a capacity for sulfate sorption,

this capacity must be satisfied before base leaching (e.g. ca, Mg or K) will

occur (U.S. EPA 1978).

Model studies developed to simulate the lonq-term effects of acidic rainfall on

acid soil show that soils similar to those in northeastern Minnesota may begin to

$how the effects of acidic precipitation within 5 to 10 years (U.S. EPA 1978).

The model also showed that this soil has little buffering capacity~ and within a

short peri<:3d of time, rainfall constituents (such as W or 804=) WJuld not sorb

into the soil, but simply move through the system and eventually into the surface

waters.

The soil associations described a!x:>ve were entered into the Minnesota Land

Management Information System along with watershed bJundaries as ~ll as other

land-use information. Distribution of various soil tyPes ~re calculated on a

watershed basis. The chemical information of the top layer of soil (0-6 in.) wq.s
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used to obtain mean vveiqht values for each parameter for each watershed. Table

59 gives "the tabulated results for watersheds in the StU?y Area.

Table 59

For all sub-\vatersheos, the pH value can be ronsidered low" ( i.e. rrost of the

"values are between 5.0 ana 5.5). It is rot PJssible to determine whether these

values are natural or a result of present acidic precipitation. These acidic

soils rombineo with the observed acidic rainfall suggest that soils in the Study

Area have an extremely limited ability to buffer rainfall before it reaches sur

face waters.

The other factor of roncern is the base saturation index. Much of the soil rorth

of the Laurentian Divide (e.g. the KaYlishiwi system, Filson Creek, Keeley Creek,

etc.) have base saturation values under 40 percent. When base saturation

appDJaches 20 the soil has effectively lost its buffering capacity, rot only ~r

acidic input, but for other anions and cations also. Hydrogen ions (1-r+) and

sulfate ions (504=) deposited by precipitation will simply rove .through the soil

system into the surface waters of the area. Thus, the surface waters of the area

are either losing, or have lost, rrost of their external buffering.
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Table S<t. Mean weighted chemical character of top roil layer (0.6 inches) by watershed.

C.E.C Base pH' 804 ca Mq 'p Mn Cu Fe Zn Ni Cd 0::> Pb
(meg/l00g) Saturation PPM

%
l-brth of Laurentian Divide

Filson Creek 34 26 5.0 29 1350 450 8.0 37 1 280 2 1.0 .01 .2 1
Keeley Creek 31., 4 5.0 24 1130 290 8.0 29 1 230 2 0.8 .01 .2 1
Bear Island 37 34 5.1 36 1790 650 8.0 51 1 360 4 1.3 .04 .1 2
Kawishiwi
k-6 34 29 5.2 31 1520 540 p.8 42 1 300 3 1.1 .02 .2 1
k-7 35 30 5.2 33 1610 580 7.5 45 1 310 3 1.2 .02 .2 1
k-5 36 31 5.2 34 1660 610 7.5 47 1 320 3 2.1 .02 .2 1
k-4 36 32 5.2 35 1690 ,630 7.5 48 1 330 3 1.2 .02 .2 1
k-3 27 30 5.5 22 1240 300 6.3 30 .5 170 2 0.5 .01 .2 1
k:"'l 32 27 5.1 28 1360 420 7.4 36 1 260 3 0.9 .01 .2 1
Shagawa River 32 25 5.0 26 1210 340 7.7 32 1 240 2 0.9 .1 .18 1
Unnamed Creek 36 27 5.1 33 IS00 550 7.7 42 1 310 3 1.2 .02 .2 1.2
Stoney River
sr-5 49 46 5.4 57 2830 1350 8.2 89 2.0 570 5 2.4 .07 .06 1.9
sr-4 49 45 5.4 55 2800 1280 8.3 81 1 540 5 2.2 .08 .03 1.7
sr-3 46 43 5.4 52 2600 1200 7.8 78 1 510 4 2.1 .06 .07 1.6
sr-2 46 43 5.4 51 2600 1180 7.7 76 ' 1 500 4 2.0 .06 .08 1.6
sr-l ~t! 41 5.4 49 2400 1"0" .,.c, .,.., 1 ~ff'l 4 1.9 .05 .09 1.5•• v

Dunka
0-2 43 39 5.3 46 2250 \ 990 8.0 70 1 450 4 1.8 .05 .11 1.6
d-l 38 34 5.2 39 1900 ' 770 7.5 56 1 370 3 1.4 .03 .H 1.4
Isabella
Little' 32 34 5.5 30 1640 540 6.8 44 1 r 260 3 0.9 .02 .15 l.i
i-I 33 30 5.2 29 1450 460 7.2 3R 1 260 3 0.9 .01 . .17 1.1

'--10 --.- ~= ~ ~ ~ ~~ ~ ~ ~... ,~,f,j-:;:'~~~ ~.;: '." ~ \'.,
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Table S') a:mtinued.
.'

C.E.C Base pH 004 ca M:} F Mn eu Fe Zn· Ni Cd OJ Pb
(meq/100g) Saturation PPM

_-:.. ..
% . I

fouth of Laurentian nivide

St. IDuis
s1-3 56 49 5.5 68 3260 1690 8.2 105 2 690 5 3 .08 .04 2.0
sl-2 '53 49 5.5 63 3090 1550 8.3 100 2 640 5 3 .08 .05 2.0
sl-l 45 44 5.3' 49 2530 1120 8.3 80 1 500 5 2 .06 .08 1.8
Partridge River
p-5 54 39 5.2 .62 2700 1440 7.8 86 2 620 3 2.5 .05 .10 .17
p-4 38 45 5.4 39 2300 870 8.6 73 1 410 5 107. .06 .07 .18
p-3 40 45 5.4 42 2370 950 8.4 75 1 430 5 1.8 .06 .08 1.8
p-2 41 41 5.3 44 2280 960 8.3 72 1 440 4 1.8 .05 ' .10 1.7
p-1 40 41 5.3 42 2200 890 8.2 69 1 420 4 1.7 .05 .10 1.7
Embarrass I
e-2 46 33 5.0 49 2150 1010 8.0 64 1.'6 500 3 1.9 .05 .13 1.6
~-1 56 36 4.8 64 2640 1300 8.6 76 1.8 670 4 2.5 .09 .09 1.9
wl1iteface River
wf-2 44 46 5.3 48 2580 1100 8.6 82 1.3 500 ' 5.3 2.0 .07 .06 1.9
wf-l 33 44 5.4 31 2020 630 8.7 64 0.9 320 5.5 1.3 .05 .08 1.7
Waterhen Creek 44 44 5.3 49 2490 1100 8.5 82 1.4 500 4.8 2.1 .06 .09 1.8

~

WOrld-wide (average)
. t

500~1000 15-40 50-100 20-30 ·15-25
(range) T-lO,OOO T-250 T-900 T-500 T-l,200

SOURCE: Patterson and Aasenq (1978).

a - s Us of the Study Mea, Regional Cbpper-Nickel Study
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APPENDIX I

Pox plots of
Stream Parameters .

-general parameters
-bufferinq parameters
-nutrients .
-metals
-miscellaneous
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APPENDIX 2

SlIDlffiary <bmparisons of
Stream Monitoring Results
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Table • Q:xnparison_o£ water qu~lity paramters related to acidity and acid buffering for three groups
of streams in the Regional Cbpper-Nicke1 Study Area (Novanber, 1976, to Jleril, ,1977).

MCNlTORING Sl'ATICNS GROUPINGS* • A B C
,Parameter units Range Median N Range Median N Range Median N

Alkalinity ng/l caCOJ 11-140 71 56 13-160 \ 45 65 1.0-190 19 336

Bicarbonate (HOO3) rrg/1 14-148 54 29 16-134 65 24 6-151 22 204

Sulfate (S04) rrg/l' 13-630 70 56 3.5-110 14 51 0.8-31 6.6 327

pH -log10[W] 6.3-8.2 7.3 S6 6.1-B.l 7.0 65 4.7-B.4 6.9 337

/

*GrOUP A stations '
Group B stations
Group C stations

I •

Ibb Bay-I, ~t. rouis R.-1, Partridge R.-1.
Dunka R.-l, Partridge R.-2, Embarrass R.-l.
Kawishiwi R.1-7, Bear Island R.-l, Isab?11a ~1, Filson creek-I,
, Keeley creek-I, DJnka R.-2, Stoney R.-5, St. rouis ~2 and 3,
partridge R.,3-5, Embarrass R~~2, rbiteface R.-l and 2, vater Hen creek.

~ '.
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Table' • <rmparison of nutrient water quality r:aramters for three ~ups of streams in the
Reg ional Copper-Nickel Study Area (November, 1975, to ~ri1, 1 77).. . '

MCNlTORING srATIONS GROUPINGS* A B C
Units

,.
Median N Range Median N -Range Median NParameter Ratige

Nitrate rrg/l (N02+NO) ). 0.02-3.8' 0.3~ 27 0.01-13 0.2 46 0.01-2.3 0.08 187

Total
Nitrogen (N) rrg/l 0.17-6.3 1.05 27 0.04-14 !11.42 46 0.01-4.0 0.79 177

.., ~,

Total (P) ug/1 0.8-2100 19.6 27 0.8-413 32.1 46 0.8-99 20.0 187

*GrbUP A stations
Group B stations
Group C stations

Bob Bay-I, St. Louis R.-1, Partridge R.-1. '
Dunka R.-1, Partridge R.-2, Embarrass R.-l.
Kawishiwi R.1-7, Bear Island R.-1, Isabella :R-l, Filson Creek-I,

Keeley Creek-I, I:Unka R.-2, Stoney R.-S, St. louis :R-2 and 3,
Partridge R.3-S, Embarrass R.-2, W1iteface R.-1 and 2, vater Hen Creek'•

.,.' \

"

. i ,
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Table • Crnq:xlrlron of radioactive i90t,peS in surface waters of three lJroups of streans am all stations

monitored in the leJional o>wer-Nicke1 Stooy Area (tbvanber, 1975, to septentJer, 1971).

foOHWRIJIl; stATIm GOJPI~* A B C l\U.. Sfl\TJmS
Parameter Units Panqe Median N Ral"l<1e Median N Ranqe Median N R<"ll'Yle MeOian Ii

AI p,a-!)-Urani\J1\ Pci/L 1. 36-4 .24 1~60 5 1.36-1.7 1.53 2 0.32-0.96 0.4 7 0.32-4.24 1.0 14

AIpha-S-Ut'anhrn Pci/L 0.32-0.32 0.32 5 0~32-0.32 0.32 2 0.32-0.6 0.34 7 0.12-0.1i 0.33 14

Beta-D-0::shlll 137 Pci/L 3.3-9.5 4.3 5 3.2-3.9 3.55 2 2.7-3.4 2.9 7 2.7-9.5 3.28 14

Beta-n-Strontiun 90 PcilL 2.7-1.6 3.6 5 2.7-3.1 2.9 2 2.2-2.R 2.3 1 2.2-1.6 2.7 14

Beta-S-cesiun 137 PcilL 0.32-0.5 0.34 5 0.32-0.5 0.111 2 0.32-0.7 0.39 7 0.32-0.7 0.37 14

Beta-S-Strontilm 90 Pci/L " 0.32-0.4 0.33 5 0.32-0.4 0.36 2 0.32-0.6 0.35 7 0.32-0.6 0.34 14

Dissolve(!
Pota5sitm 40 PcilL 0.9-4.8 1,2 4 - - - 0.2-0.4 0.35 6 0.2-4.R 0.45 10

'IU!:al Gross AlIila Pci/L I.Ii-4.0 3.0 5 4.0 4.0 1 0.8-2.0 0.97 11 0.8-4.0 1.6 17

'IUtal Gross Beta "Pcl/r. 3.0-10.0 5.0 5 5.0 5.0 1 1.6-6.0 2.9 11 1.6-10 3.08 17

--
*Group A stations Ibb nay-I, St. louis R.-I, Partridqe R.-l.
Group B stations nmka R.-I, Partridge R.-2, Bnbarrass R.-l.
Group C stations Kawishiwi R.1-7, Dear Island R.-l, Isabella R-1, Filson creek-I,

Keeley Creek-It nmka R.-2, Stoney n.-s, St. Louis R-2 and 3,
partridge R.3-5, ElTbarrass R.-2, ~iteface R.-I and 2, water lien Creek.
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Table • canparison of metal water quality p:lramters fat' three groups of stream stations in the
Regional Copper-Nic~el study At:'ea (t-bvernber, 1975, to April:, I 1977) ~ .

MCNI'roRING srATION GROUPINGS* A B C
Parameter Units Range Median N Range Median N Range ~a:iian N

Aluminum (Al.) ug/l 19-760 120' 37 22-640 100 25 \ 1.6-710 90 ·208

Arsenic (As) ug/l 01'2-3.0 0.8 ·25 0.3-1.0 0.8 18 0.4-5.0. 0.8 148

Cadmium (Cd) Uj/l 0.01-0.24 0.04 :54 0.01-0.21 0.03 63 0.01-0.45 0.03 326
J

Cobalt (Co) ug/l 0.24-3.8 0.70 54 0,16-2.0 0.5 65 0.1-11 0.4 291

Cor;per (Cu) Uj/l . 0.5-8.4 3.1 56 0.16-8.4 2.2 65 0.16-12 1.3 326

Total Iron (Fe) Uj/l 60-1300 453 55 220~3800 1197 64 19.2-5500 560 338
..

Dissolved Iron Uj/l 20-580 152 36 30-1500 553 41 10-3550 310 171

Lead (Pb) ug/1 0.16-3.8 0.7 56 0.1-2.6. 0.6 62 0.08-6.4 0.5 325

M9J1ganese (MIl) UJ/l 30-~200 140 40 . 30-810 120 53 5-860 35 228

Mercury' (Rg) ug/l 0.01-0.4 0.07 24 0.Oh·0.4 0.07 18 0.01-0.6 . 0.08 141

. Nickel (Ni) ug/1 0.6-210 2.0 54 0.8-10 2.0 ·65 0.08-30. 1.0 328

Zinc (Zn) ug/l 0.5-14 2.8 56 0.4-30 3.0 65 0.1-23 2.0 ' 325

*Group A stations Ibb Bay-I, St. rouis R.-l, Partridge R.-1.
Group B stations . D.mka R.-l, Partridge R.-2, Fmbarrass R.-1.
Group C stations Kawishiwi R.1-7, Bear Island R.-l, Isabella ~1, Filson Creek-I,

Keeley Creek-I, Dunka R.-2, Stoney R.-5, St. rouis ~2 and 3,
Partridge R.3-5, Embarrass R.-2, Whiteface R.-I and 2, water Hen Creek.



Table • Cbmparison of miscellaneous water quality parameters fur three ~lPS of streams ~ all stations
monitorerl in the Regional Copper-Nickel Stlrly l\rea (tbventJer, .1975, to September, 1977).

MGII'IDPJtJG STl\TIOO GRJUPItC;* l\ n C I\f.L STl\TlONS
Parameter Unit Range Median N R,lnqe MeOian N Ranqe MeOian N RarlfJ'? Median N

Silver (/V1) \J:l/l 0.02-0.1 0.036 22 0.02-0.04 0.034 16 0.00A-0.04 0.032 134 o.OOn-O.lO 0.032 r;2
Titilni\.Jl1 (Tit \J:l/l 32-32 32 3 8-80 32 28 8-80 32.8 26 8-80 37..5 57
Fluoride (F) 1lTJ/1 0.05-<J.6 0.20 48 0.1-1.5 0.18 33 0.02-0.9 0.10 266 0.02-1.5 0.10 347
Chranitrn (Cr) tlfJ/l 0.3-2.1 0.52 22 0.2-2.0 0.53 16 0.08-1.7 0.40 146 0.08-7..1 0.40 184
Selenill1l (Se) \J:l/1 0.8-3.0 0.82 17 0.8-1.6 0.84 11 0.8-2.0 0.82 117 0.8-3.0 0.82 14'>
i\cicHty (II'") meg/I 0.08-1.5 0.20 24 0.1-0.8 0.25 18 0.08-18 0.15 155 0.OR-18.0 0.20 197
Cycmic!c (m) uq/1 0.8-9.0 0.87 10 0.8-0.8 0.80 3 0.8-10 0.85 18 0.8-10 0.85 31
~rhfTI (,",,'I) lK"J/1 0.R-I00 18.0 11 0.8-100 65 3 0.8-100 4.4 18. 0.8-100 4.7 32
Di~sQlvcd Or.qanic

Cadxm (me) 1lTJ/1 2.8-19.5 9.1 3 12.7-36.6 18.4 10 7.8-25.4 18.7 10 2.8-36.6 18.5 23
Dis~ol VM Irx:Jrganic

Carhon (DIe) l1TJ/l 12-30.1 21.2 3 5-30.2 13.1 10 0.3-20.5 5.9 10 0.3-30.2 12.0 23
Filtrable ~sidue 1lTJ/1 8 30 45 R3
Non-filtrable Residue mVl 0.4-18 3 55 0.4-28 4.4 65 0.4-27 2.0 339 0.4-28 2.0 459
DissolvcO O~Jen (.'P1l 3.2-14 9.4 56 4.B-13.8 8.4 45 0.3-14.2 9.3 318 0.3-14.2 9.3 419
Dissolved Ox~"1en % 22-100 83 55 33-100 74.3 . 45 2-100 84.2. 316 2-100 In.8 411>
Chern ica 1 o>'J"1cn

DemC'mo (C"On) 1lTJ/1 10-fi9 24 24 20-110 41.5 18 4-110 38.9 155 4-110 38.9 197
BiolCXlicC'1 Oxygen

Demand (000) m::l/1 0.8-2.0 1.4 8 1.0-1.0 1.0 3 0.B-2.0 0.89 17 0.8-2.0 0.93 28
Fecill Coliforms lb./10Oml 0-256 28 9 8-78 43 3 0-125 2.0 23 0-256 5.7 35
Pheoo1s ug/l 0.8-12 1.9 10 1.0-2.0 1.6 J 0.8-18 1.73 17 0.8-18 1.7 30
'IOtal Kip.ldah1

Ni tt"O<1en N 1OCI!1 0.07-2.5 0.63 27 0.0l-2~9 1.1 '46 0.01-2.4 0.65 1B5 .01-2.9 0.73 25B
Ortho-phosphorus ug/l 0.B-60 '9.9 23 0.8-40 10.0 18 0.8-41 . 6.1 ' 140 0.8-60 8.1 181

*c:roup A. stations Ibb nay-I, St. lDuis R.-I, Partridge R.-1.
f';roup B stations Dmka R.-I, Partridge R.-2, Bnbarrass R.-l.
Group C stations Kawishiwi R.1-7, Bear Island R.-1, Isabella ~1, Filson Creek-I,

Keeley Creek-I; DmJca R.-2, Stoney R.-5, st. lDuis ~2 and 3,
Partridge R.3-5, Bnbarrass R.-2, \ofliteface R.-l and 2, Kiter Hen creek.
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Table, . leqiooal cower-Nickel sttrly Lake We"ltcr ouality l'nta (1976-7)
'--

Cu U<1/1 Ni \Yf/1 It> '\.kJ/l Zn 11'1/1 Oi IJl1/l
LaJ:es Range M 01 N nmlCJe M 01 N Ranqe M CIJ N Range M LV N fliInqe M C'I 'N

Auqust
i.3-7.4VI-I ,1.5-1.7 1.6 9% 3 0.8-0.9 0.8 9% 3 0.3-0.6 0.4 35% 3 2.7- 90~ 3 0.01-0.05 0.02 81% 3

f.Jr-2 1.0-1.7 1.3 26% 3 0.4-1.0 0.8 42% 3 0.5-4.2 1.1 103~ ) 0.01-0.'11 0.03 lO~'! J
Bass 0.9-1.7 1.2 26% 5 1.1-4.0 2.2 46% 5 0.08-0.4 0.1 90~ 4 0.2-2.0 0.9 75~ 4 o.oor 0.03 0.02 4(j~ 4
Bearhead 0.2-1.5 0.4 78% 4 0.8-1.0 0.8 12% 4 0.1-0.2 0.2 35% 3 0.4-2.0 0.8 9fl~ 3 .oor '0.1 0.02 un 3
Bear Island

LtH-1 0.7-1.0 0.8 15% 4 0.8-1.1 0.9 13% 4 0.1-0.2 0.2 36% 3 0.5-0.8 0.7 23% 3 0.01-0.04 0.02 fi'i' 3
LrH-2 0.5-0.8 0.7 25% 3 0.8-1.2 0.9 25% 3 0.08-0.2 0.1 61% 2 0.6-0.7 0.6 11% 2 0.01-0.04 0.02 05~ 2

Biq 0.5-1.2 0.8 58% 2 0.8-1.0 0.9 16% 2 0.2 1 0.6 1 0.02 1
Birch

Wl1-1 1.2-5.4 1.6 67% 7 1.0-3.0 2.8 31% 7 0.3-1.4 0.4 77% 7 0.6-10.0 7.7 8n 7 .01-.2 O.OJ 4n 7
1.311-2 1.1.,.2.7 2.6 33% 5 2.0-5.0 3.2 33% 5 0.2-1.6 0.3 100% 5 0.7-7.0 1.9 113% 5 0.01-0.1 0.07 7n 5
f.011-3 0.5-10.0 1.5 26% 6 0.8-3.0 1.0 61% 6 0.2-1.0 0.3 77\ 6 0.9-5.1 1.2 80~ 6 .02-.09 0.02 84~ 6
LBlI-4 1.3-2.5 1.5 32% 4 1.0-2.0 1.2 40% 4 0.3-1.1 0.4 58% 4 0.5-5.6 0.6 121% 4 .02-.09 0.04 65% 4

C!(>."'!rwater 1.0 I' 0.8 1 0.4 1 ' 290\- 1 0.02 1
Colby

LCy-l 1.6-4.8 3.8 32% 6 1.0-5.7 2.0 69% 6 0.2-1.7 0.6 64% 6 1.0-35.5* 2.0 154% 6 0.03-0.2 0.04 an 6
r.ey-2 3.2-7.3 ' 4.2 35% 4 0.8-6.0 2.0 84% 4 0.2-1.4 0.6 13% 4 1.2-4.4 2.0 58% 4 .02-.2 0.04 88% 4

Clo..1'let 0.4-1.0 0.8 25% 2 0.8-0.8 0.8 0% 2 0.7 1 3.3 1 0.03 I
Fall 1.4 1 0.8 1 0.3 1 1..3 1 0.01. 1
Gahbt'o

1.,,01. 1.8-2.6 2.1 15% 4 0.8-1.2 0.9 22\ 4 0.5-1.3 0.8 38% 4 1.7-28.1 2.0 14J~ 3 0.03-0.34 O.On 12~ 4
LG02 1.6-2.9 2.0 26\ 4 0.8-0.8 0.8 0\ 4 0.4-1.9 0.6 83\ 4 1.8-3.9 2.0 40~ 3 0.02-0.15 0.04 84~ 4

Gre;:!nwcod 1.3-2.2 1.4 24% 4 0.8-1.2 1.0 16\ 4 0.8-1.5 0.9 35\ 3 3.6-5.6 3.8 25% 3 0.02-0.11 0.05 78\ ]

Lake One 1.8 1 0.8 1 0.3 1 7.1 1 0.008 1
Long 0.4 1 1.0 1 R:J data R:J Data fob Data
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rerdi 0.(;-1.0 0.9 '/)~ ') 0.r.-1.2 O.R 20\ 5 0.4-1.0 0.6 34\ .. 1.5-2.0 I.r. ll~ " O.OJ-O.o,; 0.01\ 21' 4
rill,. 0.7-1.5 1.2 ;Nl ~ 0.11-2.0 0.9 4n S 0.3-0.6 0.4 35~ .. 0.0-2.3 1.2 4n " 0.07.-0.11 n.01 RU "Sinlff 0.7-1.5 1.1 213~ 5 n.8-2.0 1.0 39% .!? 0.4-0.7 0.6 22% 4 0.8-3.3 lot M~ " 0.02-0.04 0.0" 21n "S"w'n ~llIvp.r

1..';111 0.6-2.9 1.5 sr,~ 5 0.6-1.3 1.0 29% 5 0.6-1.2 0.6 36% 5 1.9-8.7 :L6 61'A 5 0.ot-0.09 0.25 fil~ ';
. 1,~;n2 1.6-2.8 2.2 39% 2 0.7-LO O.R 25% 2 0.7-1.0 0.8 25% 2 4.5-6.5 ') .l 21~ 2 0.02-0.05 0.04 fil~ 2

51 ..,t.!} 0.1l-0.8 O.R 0% 2 0.R-2.0 1.4 61% 2 0.7 1 2.0 1 . 0.02 t
S. ~lclbtlqal 0.9-2.3 1.6 62% 2 1.0 1 1.6 1 4.9 1 0.01\ . t
Toft!} 0.7-2.1 1.2 43% 3 0.56-7..0 1.0 49% 5 0.1-0.6 .22 71% 5 0.30-1.1 0.6 4n 5 0.1 'o-o.or. 0.02 1:1("'. S
Trl<:lrYJ1p. .40 1· 0.00 1 0.08 1 0.70 1 O.Ol 1
Tu!:t Ie 0.2-0.6 0.6 45% 4 0.Il-I.2 0.9 22\ 2 0.5-1.0 0.6 38% 3 0.5-3.5 0.7 IOn 3 0.008-.04 .02 71\ )

White Face 1.3-1.6 1.4 10% 3 0.8-0.9 0.8 9% 3 0.3-0.4 0.4 22% 3 1.5-2.1 1.6 49% 3 0.01-0.03 0.02 '35% )

\>r'hite Iron
LWI-l 1.4-4.1 2.0 45% 7 0.a-1.4 1.0 24% 7 0.2-1.0 0.3 67% 7 0.6-2.6 1.9 41% 7 0.OOn-0.8 0.02 215~ 7
I..WI-2 1.6-2.3 2.0 15% .. 0.7-1.0 0.8 15% 4 0.2-1.0 0.4 71% 4 1.0-2.4 1.3 40t " 0.02-0.07 0.02 6R1; 4

Wynne 1.0-6.0 1.9 713% 5 0.8-5~0 2.0 66% 5 0.2-0.4 0.3 27% .. 1.4-3.5 1.7 44% 4 .02-0.2 0.04 IOn "
Region 0.2-10.0 1.5 80% 129 0.4-6.0 1.0 74% 129 0.08-1.9 0.4 72% 114 0.2-35.5 1.8 163% 113 0.000-0.8 0.03 160% 114
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Table oontiniJM
~ Ul/1 0> l¥1/1 Itl l¥1/1 fir, ",II ·t U1/1

takes Range M Col N Fange M Col N Pange M Col N ~'l'llJe ~I Col N Ral'llJe M Col N

1\IYJU5t
1.1\-1 160-230 200 1S% 4 .2-.4 .3 25\ 3 .23-.63 .45 38% 4 »> orlta 32-73 42 4<l~ 3
Ll\-2 220-300 235 17% 3 .2-.4 .4 27% 1 .23-.40 .32 27% 3 »> (lata 2°-44 36 29\ 2

Bass 16-130 60 71% 5 .5 1 .3-.4 .3 10% 3 .4-.1 .6 27% 3 38 1
Benrl\~ad 110-160 125 17% 4 .2 1 .08-.36 .22 90% 2 .4-.8 .6 47% 2 12 1
Bear Island

LRI-l 70-170 85 42\ 4 .2 1 .15-.24 .20 33\ 2 .4-.1 .6 39% 2 30 1
LI3I-2 180-280 200 31% 3 .2 1 .21 1 .6 1 26 1

Biq 65-140 102 52% 2 .2 . 1 »> data NO Outa 10 1
Birch

Lnll--l 210-800 370 51% 1 .2-.4 .3 29% 4 .08-.44 .1 80\ 1 .4-.8 .7 35% 3 2G-I00 92 62't1 3
Lnl1--2 170-525 350 44% 5 .2-.5 .3 37% 4 .Ofl-.40 .2 58% 5 .4 1 19-100 74 64~ 3
1,1:\11--3 80-420 30B 50% 6 .2-.5 .3 34% 4 .OB-.4 .19 61\ 6 .5-.6 .6 17% 2 13-140 7B B2~ 3
1,rHI--4 110-400 345 43% 4 .2-.4 .3 29% 4 .08-.4 .12 B3% 4 fib nata 11-100' 67 73% J

Clenrwater 50-70 60 24% 2 .2 1 fib data fib (lata 13 1
Colby

l.cy-l 190-2300 410 91% 6 .2-.5 .3 46% 3 .08-.4 . .14 60% 6 .4-2.1 . 1.4 66% 3 220-400 310 41% 2
LCy-2 340-510 . 355 21\ 4 .2-.4 .3 29% " .08-.4 .12 70% " fib nata 180-470 190 5n 3

ClCYJUet 440-530 510 6% 2 .2 1 fib data fib nata 1BO 1
Fall 230-300 265 19% 2 .2 1 No data fib fk,ta 70 1
Gabbro

LGOI 450-850 465 32% 4 .2-.4 .3 26% 4 .08-.6 .4 55% " No data 37-120 110 51~ 3
[,co2 390-910 535 39% 4 .2-.4 .3 29% 4 .08-.5 .4 51% 4 fib oata 34-160 120 62' 3

Greenwu:>d 610-1300 865 32% 4 .4 1 .24-.36 .30 28% 2 .6-.9 .8 24'1; 2 400 1
Lake One 220-230 225 3% 2 .2 1 NO data fib nata 32 1
Long 1260 1 NO data No data No data No oata
Perch 49(}-1040 590 34\ 5 .2 1 ,15-.32 .31 31% 3 .4-.6 .6 24\ 3 92 1
pine 6(}-270 140 63% 5 .2 1 .18-.49 .21 58% 3 .4-.6 .6 24\ 3 79 1
Sand 41(}-880 150 26% 5 .4 1 .08-.33 .32 sa\ 3 .4-.8 .6 33% 3 160 1
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~v('n !It>i1vet;"
t.~IH 7010-1300 922' 25% 6 .4-.5 .4 16\ 2 .30-.M .40 31\ 5 .5-1.2 1.1 41n 3 22(.-2fiO 243 1m 2
T.5112 730-1700 1540 31% 3 .4-.4 04 0% 2 .28-040 0301 75~ 2 fib <l<lta 270-326 29(1 13~ 2

Sl."llp. 800-1000 900 16\ 2 1.3 1 fib tbta tb <bta 180 t
So r-t.:fblJ1al 920-1400 1410 49~ 2 05 1 fib data fib <li\ta 610 1
Toft~ ll)-70 32 59\ 6 02-1.6 09 105% 2 .OR- 031 025 56% 3 .6-08 06 16~ 3 4-14 9 5f)~ )

Trii'mgle 60-00 70 20'A 2 02 1 fib (lata fib d.~ta fib oata
Turtle 120-300 195 30% 4 02 1 .lR-034 .26 44% 2 .6-.7 07 6% 2 22 1
White Face 680-1100 968 19% 4 .4-.6 .4 ,21\ 3 .11-.40 .15 63% 4 fib data 76-135 DO 29~ 3
White Iron

LVH-1 200-840 370 57% 7 .2-.4 ·.3 21\ 4 .08-.4 .3 52% 1 .4-.1 06 27% 3 44-100 67 40~ 3
LWI-2 360-480 415 13% 4 .2-.6 .4 36% 4 .08-.4 .3 52% 4 fib data 63-150 130 40l )

Wynne 270-~400 390 72% 5 2.2 1 .19-.43 .39 38% 3 .5-1.S 1.2 47% 3 33 1

Region " 16-2300 350 88% 138 .2-2.2 .4 17' 12 .08-.64 .28 53' 96 .4-2.1 .6 50% 41, 4-610 76 106\ 60
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Table a>ntinood
'lbt-p \XJ/l Tot-N tx1/1 secchl rUsk ':m N:P

Lakes Range M Pv 01 N Ranqe M 01 N Ranqe M 01 N Ratio

, AUCJust
lA-I 2-20 14 20 62~ 4 310-500 405 33% 2 1.5-2.0 1.9 12% 4 30
Ll\-2 1-30 14 30 90% 3 330-435 383 19% 2 1.8-1.9 1.9 3% 27

B<:lSS 11-38 19 47% 5 430-470 460 5% 3 2.5-6.0 3.4 39% 4 24
Be"r-head 6-20 12 40% 4 460-940 700 48% 2 1.8-3.8 3.3 35% 3 58
Bear Islam

LBI-l 14-30 19 33% 4 340-590 465 38% 2 2.0-3.0 2.5 17% 4 24
tRI-2 15-64 20 82% 3 500 1 2.2-3.0 2.6 22% 2 25

Big 30-36 33 13% 2 530 1 2.9-3.0 3.0 2% 2 16
Birch

l.lm-l 9-67 16 20 86\ 7 610-1030 650 30% 3 1.5-1.8 1.6 9\ 5 41.
LnIf-2 17-220 21 30 144% 5 660-7(0 715 11% 2 1.2-1.7 1.3 15% 5 34
LI3lf- 3 8-70 25 72% 6 410-650 445 26\ 3 1.3-3.5 1.6 43% 4 24
Um-4 7-40 25 56% '4 520-660 590 17% 2 1.7-1.9 1.8 5% 4 24

Clearwater 11-50 30 90% 2 500 1 4.0-4.5 4.2 8% 2 19
Colby

[-Cy-l 1-34 14 30 67% 6 870-2230 1065 44% 4 0.6-6.0 1.8 78% 6 76
LCy-2 17-24 20 20 15% 4 880-910 895 2% 2 1.2-2.1 1.6 23% 4 45

Cloq\let 30-40 35 20% 2 750 1 0.9 1 21
Fall 22-30 26 22% 2 360 1 1.8 0% 2 14
G<:lbbro

LCOI 20-46 22 20 44% 4 330-800 675 26\ 2 1.1-1.8 1.2 23% 4 31
IJ''()2 10-25 21 20 34% 4 600 0% 2 1.1-1.8 1.6 20% 4 29

Gr-eenwood 26-56 44 30% 4 300-950 625 79% 2 0.4-1.1 0.8 40% 4 14
Lake One 16-40 28 61% 2 390 1 :i!.2-2.4., 2.3 6% 2 14
LDng 28-70 34 52% 3 120-850 485 100% 2 1.0 1 14
Per-ch '19-40 26 28% 5 550-1100 790 34% 3 0.8-2.5 1.8 41% 4 30
Pine 1-30 17 68% 5 500-680 620 15% 3 1.2-2.8 1.9 36% 5 36 .
Sand 17-40 33 33% 5 590-710 680 9% 3 0.8-1.5 1.3 22% 5 21
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seven oeaver
(~131 27-40 30 40 11' 6 89().,-2110 101.0 43' 5 0.4-0.9 0.8 27\ 5 34
LS132 23-44 40 40 40\ 31 840-1000 920 12\ 2 0.7-0.8 0.7 8\ 3 23

Slate 20-50 35 61\ 2 650 1 1.6 1 27
S. Pc[)::)l~al 40-53 4'6 20% 2 0 0.5-0.9 0.7 ' 40\ 2
Tofte 8-23 10 49% 6 340-420 360 In 3 4.2-5.6 4.8 10\ 6 36
Triimgle 17-20 18 11% 1. 360 1 3.1-3.8 3.4 14% 2 20
Turtle 17-28 22 22% 4 6]0-690 660 6% 2 1.5-1.8 1.8 9% 4 30
\'vl1ite Face 30 40 24\ j 900-1400 -1020 24% 3 0.9-1.3 1.0 17% 4 34
White Iron

[,1'11-1 14-43 23 40 39\ 7 370-630 505 23\ 4 1.3-2.0 1.6 In 6 22
[,In-2 11-30 21 30 39\ 4 590-730 640 11\ 3 1.3-2.0 1.4 20\ 4 30

Wynne 5-30 17 53% 5 630-9999 885 143\ 4 0.7-2.5 1.8 37% 5 52

NORrH 1-220 21 90\ 100 300-1100 588 33% 51 0.4-6.0 1.8 54% 90
sourn 1-70 28 49\ 40 120-9999 900 136\ 27 ,0.4-6.0 1.4 66\ 36

Region 1-220 23 80' 140 120-9999 633 133\ 78 0.4-6.0 1.8 58\ 126
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Table continued
Q)lor TOC SP. <bnd

1.CIkes Pange M ci N Range M. 01 N Range M CJ N

August
Il\-1 40-80 55 33% 4 12-15 12.5 11% 4 41-57 49 13% 4
[.1\-2 48-80 72 27% 3 12-14 13. a% 3 42-67 51 24% 3

Bass 3-30 12 72% 5 6.0-7.3 7.0 8% 5 73-86 85 8% 5
B8arhead 2-50 6 122% 4 5.8-16 6.5 56% 4 33-103 39 60% 4
Bear Island

1.131-1 35,75 45 35% 4 10-14 lJ. 15% 4 43-52 49 8% 4
LT31-2 39-70 60 28% 3 12-12 12 0% 3 42-56 48 14% 3

Big 14-30. 22 51% 2 6.3-11 8.8 36% 2 62-71 66 10% 2
Birch

Wll-l 35-2110 72 73% 8 8.4-211 14.5 36% 8 59-107 74 19% 8
[.[\(1-2 30-100 62 41% 5 13-16 14. 8% 5 24-109 88 42% 5
WI1-3 5--100 75 51% 6 7.1-17 14.2 25% 6 42-123 85 31% 6
L!111-4 46-90 70 26% 4 13-14 13.8 4% 4 83-127 84 21% 4

C1eClrwater 2-10 6 94 2 6.7-8.4 7.6 16% . 2 38-39 38 2% 2
Colby

i69Ley-I 35-360 88 82% 6 11-35 17. 49% 6 74-328 48% 6
LCy-2 60-170 78 52% 4 11-20 14. 26% 4 no-3A9 192 51% 4

Cloquet 90-120 105 20% 2 14-22 18. 31\ 2 54-79 66 27% 2
Fall 45--160 102 79% 2 13-14 13.5' . 5% 2 43-53 48 15% 2
Gabbro

LG01 46-160 130 43% 4 10-16 13.5 20% 4 42-07 50 34% 4
LG02 55-160 130 38% 4 11-16 13.5 16% 4 48-101 58 36% 4

Gre€nwood 160-360 195 36% 5 16-311 25 33% 5 36-64 42 24% 5
Lake One 27-70 48 63% 2 16 38 25 0% 2 27-33 30 14% 2
Long 180 1 20-25 22.5 16% 2 46
Perch 45-100 80 30% 5 11-17 14. 18% 5 25-38 30 16% 5
Pine 30-80 45 38% 5 13-28 15. 35% 5 54-67 58 10\ 5
SaM 60-180 95 44% 5 16-36 19. 38\ 5 52-79 70 1S% 5

.'
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Sevm I):>aver
LSnl 85-400 162 67\ (; 17-38 30.5 25% 6 2'>-88 54 34% 6
r.sn2 110-280 200 .43% J 21-3r, 35. 15~ 3 34-90 51 49% 3

Slate 90-180 135 41\ 2 12-21 19.5 54% 2 51-101 79 50% 2
S. ':"cJr.>ugal 260-320 290 15% 2 23-28 25.5 14% 2 36-49 42 21% 2
Tofte 21-25 5 109~ 6 4.6-1.6 50. 20% 6 '146-166 ISO 5\ 6
Triangle 2-30 16 124% 2 6.6-8.3 7.4 16% 2 65-76 70 11% 2
Turtle 25-40 32 20% 4 11,14 11.5 13% 4 25-29 26 '6% 4

, Whi te Face 105-350 165 51J% ., 17-37 18.5 31% 4 50-AO 60 16% 4
White Iron

[KII-1 53-140 89 34% 7 12-21 14.2 19% 7 39-16 64 21\ 7
1,1-11-2 75-120 90 20% 4 13-16 13.5 10% 4 41-74 56 ·25% 4

Wynne 80-320 ' 130 62% 5 14-29 22. 29% 5 112-232 161 27% 5

North of Divide 1-360 10 82% 103 4.6-38 14. 45% 103
South of Divide 14-400 107 136% 38 ' 6.5-38 20. 40% 39

Region 1-400 80 85\ 141 4.6-38 14. 50% 142 24-389 65 68'141
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Table continued .-
pit I\lkl.tllnity m:y/l 9.Jlfate nq/l

Lakes PantJe H ()I N Ral!Jc H ()I N Range M ()I N

August
LlI-l 6.3-7.0 6.7 4% 4 101-16 16 6~ 4 4.1-11.0 4.2 .49~ 4
1.1\-2 6.2-7.0 6.5 7% '3 15-21 16 18~ 3 4.4-10.0 7.9 38% 3

Bass 6.9-8.2 7.6 7% 5 27-34 . 30 lOt 5 2.7-11.0 10.7 40% 5
Bearhead 7.2-8.1 7.5 5% 4 10-31 14 53% 4 4.0-12.0 4.9 59% 4
Bear Island

UH-1 7.1-7.6 7.4 3% 4 11-16 14 15% 4 2.3-7.6 5.8 42% 4
LIH-2 7.0-7.2 7.1 n 3 14-16 15 7% 3 4.0-4.3 3.9 64% 3

Big 7.4-7.6 7.5 2% 2 23-24 25 6% 2 5.5-6.0 5.8 6% 2
Birch

U3rI-l 6.4-7.7 7.0 6% 8 16-32 70 23% 8 5.8-14.0 11.2 23% 7
Ll3!I-2 6.4-7.7 7.2 7% 5 21-36 24 24% 5 7.7-14.0 12.2 20% 5
L1311-3 6.2-7.6 7.2 7% 6 13-34 26 27% 6 3.4-12.5 10.4 36% 6
L£\1I-4 6.6-7.7 7.1 6% 4 25-37 26 19% 4 7.0-12.0 10.0 24% 4

Clearwater 6.7-6.9 fi·1J 2% 2 10-16 13 33% 2 4.0-5.5 4.8 22% 2
Colby

'8.7-55.0LC.by-l 6.8-7.8 7.2 5% 6 16-38 34 29% 6 28.0 53% 6
L01y-2. 6.8-7.5 7.0 4% 4 33-37 36 6% 4 22.0-140.0 47.5 81% 4

Cloquet 7.2-7.2 7.2 0% 2 21-21 21 0% 2 5.6':'8.0 6.8 25\ 2
Fall 6.7-7.0 6.8 3% 2 13-16 14 15% 2 5.4-7.5 6.4 23% 2
Gabbro

[[;0-1 6.9-7.2 7.0 2% 4 16-37 18 46% 4 2.8-8.2 4.2 48% 4
LGo-2 6.8-7.3 7.0 4% 4 18-45 20 4n 4 2.8-R.0 7~9 39% 4

Greenwood 6.4-6.9 6.6 3% 5 2-11 6 53% 5 4'.1-12.0 . 7.0· 44% 4
Lake One 6.7-6.8 6.8 1% 2 6-15 10 61% 2 4.2-6.0 . 5.1 25% 2
Long 7.1 1 18 1 8.1 1
Perch 6.3-7.0 6.6 4% 5 3-24 8 77\ 5 2.1-13.0 3.8 87% 5
Pine 7.1-7.9 7.6 4% 5 14-19 17 12% 5 4.6-15.0 9.0 40% 5
sand 6.~1.8 7.6 5% 5 11-23 22 11\ 5 1.4-11.0 7.0 56\ 5
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seven ~avet:

LSfl-l 5.1-7.4 7.0 10\ 6 1-36 13 79\ 6 1.6-10.0 5.2 57\ 6
LSl1-2 5.1-1.0 6.1 11% 3 14-44 15 10% 3 3.2'-4.9 4.1 22% 1

Slate 6.8-7.4 7.1 6% 2 21-43 32 49% 2 1.0-5.6 3.2 106% 2
S. Mc:~al 6.7-7.0 6.8 3% 2 9-11 10 14~ 2 6.0-14.0 10.0 57% 2
To[te 1.3-8.8 1.8 6% 6 64-72 70 5% 6 1.0-10.0 6.9 48% 6
Triangle 1.3-7.7 1.5 4~ 2 30-34 32 9% 2 4.3-5.0 4.6 In 2
Turtle 6.5-7.5 7.0 6% 4 6-9 6 21% 4 1.0-6.0 5.0 53% 4

. White Face 6.8-7.3 6.9 3% 4 19-25 20 13% 4 9.6-11.0 10.2 7% 4
White Iron

LWI-1 6.4-7.5 6.9 6% 7 14-20 16 14% 1 1.0-10.4 9.4 46% 1
[,W1-2 6.3-1.3 6.8 6% 4 16-23 18 16% 4 1.5-11.0 1.1 58% 4

Wynne 6.8-7.6 7.4 4% 5 42-73 43 2fi% 5 8.1-35.0 21.0 45% 5

North 6.2-8.8 1.1 7% 103 2-12 18 66% 103 1.0-14.0 7.0 49% 100
SOuth 5.7-7.9. 7.2 7% 38 1-73 22 53% 38 1.0-140.0 9.6 127% 38

Region 5.7-8.8 7.1 7\ 141 1-73 19 62% 141 1.6-140.0 ".8 '136\ 138
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