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FOREWORD

The U. S. Environmental Protection Agency has a great concern for the
nearshore waters of the Great Lakes because most of the pollutants that enter
the Great Lakes pass through the nearshore zone. The processes that disperse
the pollutants are very complex, therefore, a detailed description of the
nearshore water quality is necessary. The nearshore environment is extremely
important to the Great Lakes biota. Degradation of the nearshore environment
is often the only pollutional effect that the general public perceives.

This report describes the water quality and biota of the nearshore
environment along the Michigan shoreline of Lakes Superior and Huron. The
authors of this report have attempted to delineate the condition of these lakes
and indicate areas that have been degraded. It is hoped that the report will
provide material to help design management programs for the enhancement,
improvement, and protection of the nearshore waters of the Great Lakes.

Morbert A. Jaworski, Ph.D.
Director

Environmental Research Laboratory
Duluth, Minnesota
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ABSTRACT

Limnological assessments, including water and sediment chemistry, bacte-
rial densities, zoo- and phyto-plankton and benthic macroinvertebrate commu-
nity structure, and fish contaminants, were performed at 24 locations in
Michigan's nearshore waters of Lakes Superior and Huron in 1974 and 1975.

The nearshore waters of Lake Superior were all oligotrophic with generally
high water quality as reflected by consistently high dissolved oxygen, reac-
tive silica and nitrate, and low phosphorus, total dissolved solids {(TDS),
chlorophyll a and bacterial densities. Heavy metals and organic contaminants
were low in water and sediments, except at Ontonagon, Upper Portage Entry and
Munising. Phytoplankton and zooplankton communities were generally diverse
and low in numbers. Plankton densities reflected seasonal changes throughout
the nearshore waters and indicated nutrient enrichment at Carp River and
Munising. Benthic macroinvertebrate communities indicated localized enriched
areas at Ontonagon, Presque Isle, Marquette Harbor and Munising, with Tess
extensive effects found at Lower Portage Entry and Carp River. A statistical
trend analysis based on 1974 through 1976 (GLECS) data indicated significant
increases in the concentrations of dieldrin, DDT and mercury in Lake Superior
lake trout. These same data show no statistical changes in PCB concentrations
from 1974 to 1976.

The nearshore waters of Lake Huron were oligotrophic in the northern
section and became mesotrophic at the southern end of the lake. Eutrophic
conditions were found at Alpena harbor and Saginaw Bay. Concentrations of
chlorides, sulfates, total dissolved solids, phosphorus and chlorophyil a
were higher in the northern nearshore waters of Lake Huron than in Lake
Superior's nearshore waters. These constituents increased from north to south
while silica levels decreased. Areas of severe water quality degradation oc-
cured at Alpena and Saginaw Bay as a result of large inputs of phosphorus and
TDS. Alpena was the only location where bacterial densities were consistently
elevated. Areas to the south of Saginaw Bay were affected by the nutrient-
rich Bay waters moving south to the lower Great Lakes. Organic and metals
contaminants were generally low in water and sediments except for sediments at
Cheboygan, Alpena, and particularly Harbor Beach. Sediments at the mouth of
the Saginaw River were grossly polluted, but in the outer Bay sediments were
unpolluted. Localized blue-green and cryptomonad algal blooms were found in
the southern and very nearshore portions of the lake and in Thunder Bay. The
Tow percentage of calanoid copepods and the abundance of rotifers and cladocerans
indicated enriched conditions in the southern portions of the lake. Benthic
macroinvertebrate communities indicated enriched conditions at Cheboygan, Alpena,
Tawas and Harbor Beach. Metals and organic contaminants in fish were generally
low or below detection. A statistical analysis based on 1975 through 1978
GLECS data suggested a peak in 1976 for dieldrin, DDT and mercury in Lake Huron
lake trout. The same data showed no statistical changes in PCB concentrations
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from 1975 through 1978. The GLECS data revealed no changes in dieldrin,
DDT or mercury concentrations in whitefish between 1974 and 1975, but PCB
concentrations were significantly greater in 1975 whitefish than 1974. The
GLECS data for walleye showed significantly higher DDT and mercury concen-
trations in 1978 than 1974. No walleye data were available for the
intervening years.
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SECTION 1
CONCLUSTIONS

Background Locations - Lake Superior

1. Michigan's nearshore Lake Superior waters were oligotrophic as indicated
by low total phosphorus [x = 0.007 + 0.003 mg/1 (mean *+ one standard
deviation)], reactive orthophosphate (0.002 + 0.001 mg/1) and chlorophyll a
(1.55 + 0.36 ug/1) and non-limiting concentrations of nitrates (0.27 +
0.03 mg/1) and dissolved silica (2.4 + 0.2 mg/1).

2. Most heavy metals and organic contaminant concentrations in nearshore
waters were near detection Tevels.

3. Concentrations of gamma emitting radionuclides in the nearshore waters of
Lake Superior were below detection levels with total Beta emitters
averaging 2 pli/l.

4. Sediment quality was generally good with most constituents near detec-
tion levels or less than U. S. EPA dredge spoil criteria for polluted
sediments. Only Presque Isle and Isle Royale sediments exceeded the
EPA criteria for nickel (36 + 52 mg/kg and 58 + 28 mg/kg, respectively)
and manganese (310 + 108 mg/kg and 470 + 240 mg/kg, respectively).

5. Bacterial densities were generally undetectable.

6. Phytoplankton densities were Tow and dominated by diatoms (especially
Asterionella and Cyclotella) in the spring. In the fall the percentage of
diatoms decreased due to increases in Chrysophyta (especially Dinobryon)
and Cryptophyta (mainly Rhodomonas).

7. Zooplankton densities were uniformly low and included high percentages of
calanoids and oligotrophic indicator species (especially Senecella
calanoides and Limnocalanus macrurus). Dominant species throughout the
year were Bosmina longirostris, Diaptomus oregonensis, D. minutus and
Cyclops bicuspidatus thomasi.

8. The.ca1anoid/(cyclopoid plus cladoceran) ratio was reduced in the fall due
to increased numbers of the cladocerans Holopedium gibberum and
Daphnia retrocurva.




10.

11.

The common occurrance of the rotifers Kellicottia, Polyarthra, and
Asplanchna reflected the general oligotrophic nature of the waters.

The benthic communities were diverse and included pollution-intolerant
indicator species. Numbers were generally less than 1,000 organisms/m?
and were comprised primarily of Stylodrilus heringianus, Pontoporeia
affinis, Heterotrissocladius and sphaeriids. The exception was Whitefish
Point where average benthic numbers were 3757 + 1828 organisms/m?,
comprised primarily of oligochaetes and P. affinis.

Heavy metal and organic contaminants in fish were uniformly low except for
mercury, DDT and PCB. Mercury in fat lake trout exceeded the pre-

January, 1978 USFDA criterion of 0.5 mg/kg at all Tocations. No location
exceeded the new USFDA criterion of 1.0 mg/kg. DDT and PCB in fat lake trout
exceeded the USFDA criteria only at Black River. Concentrations of PCB's in
all fish except some mottled sculpins exceeded the 1978 Great Lakes Water
Quality Agreement (GLWQA) recommended 1imit of 0.1 mg/kg.

Impacted Areas

1z.

Ontonagon

A. Ontonagon mean total phosphorus concentrations in water were in the
mesotrophic range (0.015 + 0.021 mg/1) in 1975.

B. Sediments at station 4 exceeded U.S. EPA dredge spoil criteria for
total Kjeldalh nitrogen and total nickel.

C. Mean numbers of benthic macroinvertebrates were relatively low
(2682 + 2511 organisms/m?) with pollution-tolerant organisms
(Limnodrilus hoffmeisteri, Aulodrilus 1imnobius) dominant.
Pontoporeia affinis and Stylodrilus heringianus were present but in
Tow numbers.

13. Marquette Harbor

A. Degraded benthic macroinvertebrate communities were found near the shore-
line (6706 organisms/m®> with 48 percent oligochaetes at station 1).
Communities improved further offshore (1322 + 1510 organisms/m*> with 10
to 75 percent oliaochaetes and 2 to 49 percent P. affinis.

B. Concentrations of mercury in fat lake trout (0.64 mg/kg) exceeded the pre-
January, 1978 USFDA tolerance 1imits but fell within the new limit of



14.

15.

1.0 mg/kg mercury in fish flesh. PCB concentrations in fat lake trout
(5.05 mg/kg) also exceeded USFDA tclerance 1imits at this location.

A11 fish species exceeded the GLWQA criterion for PCB. Lean lake
trout exceeded the GLWQA criterion for total DDT (1.0 mq/kq).

Carp River

A.

Carp River had elevated mean concentrations of orthophosphate
(0.037 + 0.068 mg/1), total phosphorus (0.059 + 0,109 mg/1) and
chlorophyll a (4.63 + 1.74 ug/1) in water in 1975.

Diethylhexelphthalate was found in water at one station at 3.8 ug/1.

Fecal coliform and fecal streptococci densities were elevated at the
river mouth.

Phytoplankton densities were elevated (2698 units/ml1) above back-

ground densities with several eutrophic species present.

Zooplankton densities were elevated above the background numbers with
6817 organisms/m® found in the spring and 10,225 organisms/m® in the
fall. Rotifer numbers were especially high at this location (5201

and 2351/m® in the spring and fall, respectively), indicating enriched
conditions.

The benthic community had more taxa (9-21 per station), greater numbers

(1356 + 1405/m*) and more pollution-tolerant forms than found at
background Tocations.

Munising

A.

Sediments were severely degraded with the following location mean values
exceeding U. S. EPA dredge spoil criteria: oil and grease (16,840 +
24,867 mg/kg); volatile solids (13 + 10.4 percent); lead (80 + 44 mg/kg);
arsenic (7.3 + 1.8 mg/kg); copper (96.6 + 37.1 mg/kg); nickel (28 +

9 mg/kg); total Kjeldahl nitrogen (3766 * 691 mg/kg); zinc (134 +

42.5 mg/kg); and chemical oxygen demand (380,000 + 192,561 mg/kg).

The phytoplankton community nearest to the shore was dominated by blue-
green algae throughout the year. Dactylococcopsis was dominant in the
spring and was succeeded by Nscillatoria proiifica in the fall.

Benthic macroinvertebrates at stations nearest shore were dominated by
poliution-tolerant forms with 88 percent of the organisms oligochaetes.
Especially abundant were Peloscolex ferox, Aulodrilus pluriseta,
Procladius, Microtendipes and Tanytarsus. At stations further from

shore, oligochaetes decreased to 22 percent and pollution-intolerant

forms (especially P. affinis and sphaeriids) became dominant (88 percent).




D. Concentrations of mercury in fat lake trout (0.71 mg/kg) exceeded pre-
January, 1978 USFDA tolerance limits but not the new USFDA 1imit of
1.0 mg/kg mercury in fish flesh. Levels of PCB in fat lake trout
(5.05 mg/kg) also exceeded USFDA tolerance limits.

E. A1l fish species except mottled sculpins exceeded the GLWQA
recommended tolerance 1imit for PCB. Lean lake trout exceeded the
GLWQA 1imit for DDT.

Background Locations - Lake Huron

1.

Nearshore Lake Huron waters were oligotrophic in the northern areas but
approached mesotrophy in the southern portion. Low lakewide concen-
trations of total phosphorus (0.007 + 0.001 mg/1), reactive orthophosphate
(0.003 + 0.002 mg/1) and chlorophyll a concentrations (2.3 + 0.89 ug/1)
reflect the oligotrophic quality of these waters. Nitrates (0.269 +

0.022 mg/1) and reactive silica (1.2 + 0.4 mg/1) were abundant in the
northern portion with lower concentrations in the southern portion of

the Take.

Concentrations of most heavy metals and organic contaminants in water were

near or below detection. The PCB concentration in water at one Harrisville
station was 0.08 ug/1.

Sediment quality was generally good with most parameters near or below
detection and within U. S. EPA dredge spoil criteria.

Bacterial densities were generally undetectable at background locations.

Phytoplankton communities were dominated by diatoms. Algal abundances at

northern Lake Huron locations averaged one-third to one-half the lakewide

mean with an overall north to south increase. Lexington may be classified
as eutrophic, based on algal numbers which were twice the lakewide mean.

Spring zooplankton densities (13,444 + 14 331 orcanisms/m®) were numer-
ically greater than fall densities (4545 + 2164 organisms/m*®) althouah

not statistically different. There was a general increase from north to
south. Rotifers were more abundant close to shore (station 1 average
2824/m?) than further offshore (661/m®). The dominant zooplankton species

were Bosmina longirostris, Diaptomus oregonensis, D. minutus and Cyclops
bicuspidatus thomasi.

The benthic macroinvertebrate community at the northernmost location (Detour)
was completely dominated by oligotrophic indicator species (especially
Stylodrilus heringianus and Heterotrissocladius) and lacked tubificids.
Presque Isle and Harrisville were also dominated by oligotrophic indicator
species but pollution-tolerant or mesotroohic indicator tubificids and
chironomids were present in low numbers. Lexington, south of Saginaw Bay
(and affected by its waters), was completely dominated by mesotrophic
indicator species. Pontoporeia affinis. the primary profundal organism, was
exceptionally sparse in most nearshore waters (not found at Harrisville and
Lexington and only 19/m® at Detour).
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Heavy metals and organic contaminants were generally at or below
detection levels in all fish species at all locations. Concentrations

of PCB and DDT were highest in salmonids, while mercury was highest in
yellow perch.

Impacted Areas

9. Cheboygan

A.

The water quality at Cheboygan was enriched as indicated by elevated
chlorophyll a (6.6 + 8.5 ug/1) concentrations and low nitrates (0.18 +
0.05 mg/1) and reactive silica (2.0 + 1.6 mg/1).

In sediments, oil and grease (2600 mg/kg), zinc (140 mg/kg), and TKN
(2500 mg/kg) exceeded U. S. EPA dredge spoil criteria at two, one and

one stations, respectively.

Spring phytoplankton communities were dominated by cryptophytes with
lesser numbers of blue-greens and diatoms. In the fall, diatoms were
dominant with the Chrysophytes second most abundant.

Zooplankton populations were not dominated by calanoids, yielding a
low calanoid/(cyclopoid plus cladocerar) vatio in the sprina
(0.41) and a very low ratio in the fall (0.28) indicating enriched

conditions,

The benthic community at stations nearest shore was diverse and
composed of abundant poliution-tolerant oligochaetes (36 percent) and
chironomids (14 percent). P. affinis was not present, but at stations
further offshore intolerant svecies (especially Heterotrissocladius)
were found in Tow numbers.

10. Saginaw Bay

A.

Saginaw Bay was considered eutrophic based on high total phosphorus
(0.018 + 0.011 mg/1), and chlorophyll a (60.5 + 46.8 ug/1), and low
nitrate (0.14 + 0.11 mg/1) and reactive silica (0.7 + 0.4 mg/1).

In addition, 79 percent of the total nitrogen found in Saainaw Bay was

in the organic form.

River-mouth sediments were grossly polluted with copper (46 mg/kg),
arsenic (4.2 mg/kg), chromium (36 mg/kg), zinc (195 mq/kg), nickel

(42 mg/kg), lead (67 mg/kg), manganese (460 mg/kg), COD (87,000 mg/kqg),
TKN (2200 mg/kg), and PCB (315 ug/kg).

Phytoplankton communities were dominated by green and blue-green algae,
especially Ulothrix and Oscillatoria, respectively.

Zooplankton populations were dominated by cyclopoids and cladocerans
yielding lTow catanoid/(cyclopoid plus cladoceran) ratios (0.41 spring

and 0.35 fall).
-5~



11.

12.

13.

Tawas

A. Water quality was moderately enriched as indicated by chlorphyll a
(3.6 + 1.7 nug/1) and reactive silica (1.2 + 0.3 mg/1) concentrations.

B. The phytoplankton community was dominated by abundant eutrophic green
algae (Ulothrix) near the river but improved further offshore.

C. The benthic macroinvertebrate community was dominated by pollution-
tolerant species (especially Peloscolex ferox, Pseudochironomus,
Chryptochironomus gr.) at stations nearest shore but at outer stations
oligotrophic indicator species (notably Stylodrilus heringianus)
were present.

D. Whitefish and yellow perch flesh (0.22 and 0.20, respectively) exceeded

the GLWQA recommended tolerance 1imit for PCB.

Harbor Beach

A.

Water quality inside the breakwater was moderatley enriched as reflected

by mean chlorphyll a (5.4 + 1.2 ug/1) and total phosphorus (0.012 +
0.007 mg/1) concentrations.

Sediments exceeded U.S. EPA dredge spoil criteria for TKN (2573 +

1466 mg/kg), COD (62,000 + 22,315 mg/kg), oil and grease (1350 +

70.7 mg/kg), zinc (126 + 57.2 mg/kg), arsenic (5.2 + 1.4 mg/kg), nickel
(31 + 6 mg/kg), and iron (34,000 + 29,720 mg/kg). Copper manganese,
chromium and PCB (18 to 27 ug/kg) were elevated but did not exceed U.S.
EPA dredge spoil criteria.

Zooplankton populations indicated enriched conditions by low calanoid/
(cyclopoid plus cladoceran) ratios (0.44 spring, 0.43 fall) and
elevated rotifer numbers (5524/m> in the fall).

The benthic macroinvertebrate community within the breakwall was indic-
ative of degraded water quality with 86 percent by abundance pollution-
tolerant oligochaetes. Stations outside the breakwall were dominated

by oligotrophic indicator species (especially Stylodrilus heringianus).
P. affinis was not found at any station.

Alpena

A.

Water quality at Alpena was enriched as reflected by elevated total
phosphorus (0.039 + 0.039 mg/1 in 1974 and 0.018 + 0.009 mg/1 in 1975),



g/1 in 1974 and 11.3 + 5.5 y,g/1 in 1975)

chlorophyll a (8 4.0 u
+ 0.11 mg/1 in both years).

g+
and low nitrates (0.14

B. PCBs in the water were found at one station at 0.02 ug/1.

C. Mean sediment TKN (1033 + 469 m/gkg) and oil and grease (1180 +
783 mg/kg) exceeded U.S. EPA dredge spoil criteria, as did arsenic
at half of the stations sampled.

D. Phytoplankton communities reflected enriched conditions with high
total numbers four times the lakewide mean.

E. Zooplankton communities in the fall indicated enriched conditions
as reflected by a low calanoid/(cyclopoid plus cladoceran) ratio
(0.27).

F. The benthic community was degraded. Sphaeriids decreased from
18 percent of the total population in 1957 to 6 percent in 1975.
Oligotrophic indicator species were present in very low numbers and
only found at the outermost stations.

G. Brown trout, chinook salmon, whitefish and yellow perch in 1974 and
1975 exceeded the GLWQA recommended tolerance limits for PCB.

Trends in Fish Contaminants

1. 1In Lake Superior, lake trout was the only species with sufficient data for
analysis. The most recent GLECS data covered a period from 1974 to 1976.
The lake trout data in Lake Superior were collected from two subspecies
(fat and lean). Fat Take trout had significantly higher concentrations of all
contaminants than did lean lake trout. The concentrations of dieldrin, DDT
and mercury in the lean and fat lake trout combined were significantly
higher in 1976 than 1974. Concentrations of PCB however, did not change
significantly during this same period.

2. In Lake Huron adequate data were available for analysis of lake trout (1975-
1978), whitefish (1974 and 1975) and walleye (1974 and 1978).

In Lake Huron lake trout, dieldrin, DDT and mercury concentrations appear

to have peaked in 1976 followed by an apparent decline using the most recent
(1975-1978) data. Concentrations of PCB however, did not change signf-
icantly from 1975 to 1978. For whitefish no significant changes occurred

in the concentrations of dieldrin, DDT and mercury in Lake Huron. A signif-
jcant increase in PCB concentrations in whitefish occurred from 1974 to 1975.

3. In Lake Huron walleye, a significant increase in DDT and mercury concentrations
in 1978 over 1974 was observed. However, without the intervening years data,
prediction of trends is difficult. The maximum mercury concentration in
walleye collected in the northern portion of Lake Huron nearly exceeded the
action level. Dieldrin and PCB were not tested for in 1974 walleye.
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SECTION II
RECOMMENDAT IONS

Most impacts found in the nearshore areas of Lakes Huron and Superior were
the result of nutrient inputs from wastewater treatment facilities (WWTP).
Many of these WWTFs have been or are now being upgraded to meet their NPDES
Timits. The following areas should have follow-up studies to document
improvements in water quality:

A. Alpena - The municipal WWTP has been upgraded to secondary treatment
with phosphorus removal. In addition, the Abitibi paper company has
changed its treatment process to reduce nutrient inputs. An interim
permit has been issued and further improvements are planned.

B. Cheboygan - The present municipal WWTP has only primary treatment, but
a new facility is under construction and will be on 1ine by 1980.

C. Harbor Beach - The municipal WWTP presently has secondary treatment but
is undersized. A facility plan for a new structure has been submitted
for approval. More efficient treatment should eliminate the present
bacterial contamination.

D. Marquette - The municipal WWTP has impacted the Carp River and Marquette
Harbor. The plant is being upgraded and will be operational in two or
three years.

E. Munising - The present municipal WWTP has been upgraded to secondary
treatment with phosphorus removal. The Kimberly Clark paper company
has improved its treatment facility and is now in compliance with its
NPDES limits.

F. Ontonagon - The municipal WWTP effluent formerly discharged to Lake
Superior now goes to the Hoerner-Waldorf paper company. However, since
Hoerner-Waldorf discharge is not meeting water quality standards, and
is in gross violation of its NPDES permit the problem remains. Recent
negotiations with the company may soon resolye the problem.

G. Tawas - The municipal WWTP presently has primary treatment only, but will
be upgraded within several years,

Saginaw Bay is eutrophic and loadings to the Ray are decreasing. The entire
southern basin of Lake Huron has been impacted by Saginaw Bay. Intensive
efforts should be made to improve the water quality of Saginaw Bay before
the southern basin becomes eutrophic.
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New funding for the GLECS studies should be provided to monitor the elevated
PCB and mercury concentrations in fat lake trout from Lake Superior. Other
fish species should be monitored and the remainder of the samples collected
during 1976-1978 analyzed to document the direction of changes in these
residual bioaccumulative contaminants.,

New fish collections should include area MS-5 in Lake Superior where very
highly contaminated lake trout were previously collected.

Fish already collected from Lake Huron in 1976-1978 should be analyzed to

reassess the increase in mercury contamination in walleye. The direction

of changes in the concentrations of DDT, PCB, mercury and dieldrin in lake
trout and whitefish also need verification.



SECTION III
INTRODUCTION

The Laurentian Great Lakes collectively constitute the world's largest
reservoir of fresh water and are a critical resource for the future develop-
ment of the United States and Canada. While less than four percent of the
United States land area lies within the Great Lakes watershed, it supports
more than 14 percent of the United States population. Increasing population
densities in the watershed will require increased volumes of high quality
water for municipal, industrial, commercial and agricultural expansion. At
the same time, there will be an increasing demand for high quality water for
drinking, swimming, boating, fishing and other recreational pursuits. The
necessity for high quality water to maintain existing natural ecosystems
overlays these interwoven and often conflicting uses.

Future management strategies designed to utilize, protect and, where
needed, improve the Great Lakes water resources must be based on up-to-date
and comprehensive information. To provide such information, the Biology
Section of the Michigan Department of Natural Resources, Water Quality Division
(WQD), conducted water quality surveys in the Michigan nearshore waters of Lakes
Superior and Huron during the spring and fall of 1974 and the summer of 1975.f
The primary objectives of this project were: (1) to establish background levels
of chemical constituents and assess existing biological communities in Michigan's
nearshore Great Lakes waters, and (2) to document cultural influences on the
quality of these waters.

The nearshore waters in this project were roughly defined as those waters
within 5 kilometers (km) of the shoreline. Although they comprise only a small
portion of a lake's volume, nearshore waters are a focal point for limnological
studies because they are the site of complex interactions between the lake's
watershed and the deep water or limnetic zone. The nearshore or littoral waters
are extremely productive and serve as spawning, nursery and feeding areas for
fish and other organisms. Benthic and planktonic animals found in nearshore
waters are vital food chain links and are generally sensitive to changes in water
quality. Physical processes, such as wave-induced mixing, coastal currents and

+These nearshore surveys were part of a comprehensive assessment of these lakes
performed under the auspices of the Upper Lakes Reference Group of the
International Joint Commission.
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thermal bars, may act in the nearshore waters to disperse or contain watershed
inputs.

Water in sheltered embayments and harbors is isolated in varying degrees
from offshore physical processes and may not readily mix with other nearshore
waters or the open lake. This can cause extensive chemical and physical
variability within these embayments. Therefore, these embayments and harbors
often exhibit physical and chemical characteristics significantly different
from adjacent nearshore and open-water areas.

Consequently the‘nearshore waters, especially the embayments, are the

first to be adversely impacted by waste discharges and can thereby serve as an
early warning of impacts on whole-lake water quality.
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SECTION 1V
METHODS

Sampling Design

In 1974, twenty-one locations and in 1975, twenty-three locations in the
nearshore waters of Lakes Superior and Huron were sampled (Figure 1). The
locations selected included areas of potential cultural impact and areas outside
direct human influence. The impacted locations were sampled to identify the
extent of degradation from local major discharges which enter the lake via
rivers. The background locations were sampled to determine background values
of water and sediment chemical constituents and the diversity and density of
organisms comprising the biological communities. The term "backaround" is )
defined as locations where man's impact was judged to be minimal when compared
with those locations described as impacted.

In 1974, the Tocations were sampled in both spring and fall. Spring samples
were collected between June twelve and July third. Fall samples were collected
between August 23 and September 16. One fall station was sampled on
October eighth. Sampling stations were arranged in three tiers at each loca-
tion (Table 1, Table A-1, Figure 2). The first tier consisted of one station.

At impacted Tocations, attempts were made to Tocate this station at the interface
of the river and the lake proper. At background Tocations, this station was
located nearest shore. The second tier of stations, numbered 2 through 4, was
arranged in a line parallel to the shoreline, with station 3 located directly
lakeward from station 1. This tier of stations was located 60-180 meters (m)
from shore at impacted locations and 0.8 to 1.2 km from shore at background
locations. The third tier of stations, numbered 5 through 7, was arranged in

a line parallel to the shoreline, with station 6 directly lakeward from

stations 1 and 3. This tier was located 1.6 to 4.8 km offshore at all Tocations.
At selected impacted areas, additional stations were established to evaluate

the biological community.

The station arrays at five locations were modified to accomodate special
local conditions. Upper and Lower Portage Entries and Eagle Harbor had four
stations arranged similarly to stations 1 through 4 of the above sampling de-
sign (Figure 2). 1Isle Royale had four stations located on the northern shore-
1ine of Amygdaloid Island (Figure 2). The Saginaw Bay sampling design was
reduced because of extensive sampling conducted by other agencies. Four stations
were located along the major axis of the Bay, with station 1 at the interface with
the Saginaw River and stations 2 through 4 extending to the middle of the outer
Bay (Fiqure 2).
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Table 1. Sampling locations and number of stations per location in the
nearshore waters, Lakes Superior and Huron,
1974 and 1975.

Location Number of Stations Sampled
Spring-74 Fall-74 Summer-75

Lake Superior

Impacted
Ontonagon 7 7 5
Upper Portage 4 4 2
Lower Portage 4 4 2
Presque Isle 7 7 5
Carp River 7 7 5
Munising 7 7 5
Background
Black River 7 7 2
Isle Royale 4 3 6
Eagle Harbor 4 4 4
Big Bay 7 7 2
Grand Marais 7 7 4
Whitefish Point 6 6 -
Additional (Sampled only in 1975)
Marquette Harbor - - 4
Tahquamenon River - - 2
Lake Huron
Impacted
Cheboygan 7 7 5
Alpena 7 7 7
Tawas 7 7 2
Saginaw Bay 4 4 5
Harbor Beach 7 7 4
Background
Detour 7 7 4
Presque Isle 7 7 4
Harrisville 7 7 4
Lexington 7 7 4
Additional (Sampled only in 1975)
Calcite Harbor - - 4
Total 132 131 89
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. Data collected in the rivers at the interface of the lake in 1974 are not
included in this report, since they do not reflect typical nearshore conditions.
A]though these data are not included, they are available upon request. They are
available in the WQD files and on the U. S. EPA STORET computerized water-quality-
data-storage system. The STORET station numbers for all stations are given in
Table A-1 and Table A-2 in the appendix.

In 1975, the locations were sampled only in the summer. Summer samples were
collected from June nine second to August sixteenth. The station array at each
location was reduced to four stations positioned on a transect perpendicular
to the shoreline (Figure 2, Table A-2). At impacted locations, attempts were
made to Jocate station 1 at the interface of the river and the lake proper.

At background locations, station 1 was located near shore in less than 8-m of
water.

The station arrays at eight locations were modified to accomodate special
local conditions. Upper and Lower Portage Entries, Black River, Big Bay,
Tahquamenon River and Tawas were sampled at only one station. Isle Royale
and Alpena were sampled at six stations.

Additional water samples were taken in 1975 from selected rivers for heavy
metals and organic contaminants analysis (Table A-6).

Physical and Chemical Water Constituents

In 1974, water samples were collected from 3 depths: 1-m below the
surface, mid-depth and 1-m above the bottom. Mid-depth collections were deleted
at shallow-water stations. Descriptive statistics for the physical and chemical
water constituents were computed using all stations within a location, excluding
station 1 (Table A-3). Station 1 was not included because it was always close
to the point source (where present) and often did not reflect nearshore water
guality. Detailed correlation coefficient matrices were generated using com-
bined spring and fall data for statistically significant combinations of paired
water quality parameters (Table A-4 and Table A-5).

In 1975, water was collected from 1-m below the surface and 1-m above the
bottom, with all stations included in the calculations of the descriptive
statistics (Table A-6).

For both 1974 and 1975, 8 groups of physical and chemical water quality
variables were determined. These variables are listed in Table 2, along with
descriptions of analytical methods, sensitivity limits and 1iterature citations
for specialized procedures. A1l samples, except those to be analyzed for heavy
metals contaminants in 1975, were iced and flown to the Environmental
Protection Cureau Laboratory in Lansing for analysis. Table 3 shows the
sampling patterns for all groups of variables surveyed at impacted and back-
ground locations in 1974 and 1975. Table 4 shows the sampling devices, field
preservatives and other information pertinent to sample collection.
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Table 2.

contaminants in Lakes Superior and Huron, 1974 and 1975

Group/Variable

IN-SITU:
Temperature
Dissolved Oxygen
Conductivity
pH

NUTRIENTS:
Ammonia-N
Nitrate-N
Nitrite-N
Total Kjeldahl-N
Organic-i
Total-N
Reactive orthophosphate
Total Phosphorus

Reactive Silica

GENERAL CHEMISTRY
pH

Conductivity

Alkalinity, Total
Hardness, Total

Chemical Oxygen Demand
Turbidity

Total Dissolved Solids
Suspended Solids

Suspended Volatile Solids

Water variables

Analytical Method

Martek MK 11
Martek MK 11
Martek MK II
Martek MK II

Automated Phenate
Automated Cadmium Reduction
Diazotization Colorimetric
Block digestor

Automated Salicylate
Kjeldahi-N minus Ammonia-N
Sum of nitrogen fractions
Automated Single Reagent
Ascorbic Acid Reduction
Block Digester

Automated Single Reagent
Automatic Molybdosilicate

Electrometric

Wheatstone Bridge Corrected
to 259C

Automated Methylorange
EDTA Titration

Dichromate, Test Tube
Hach Turdibimeter

65% of Sp. Conductance
Sum of Constituents
Gravimetric, Glass Fiber
Filtered, 180°C
Gravimetric, 5500C
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Sensitivity

0.1 °¢
0.1 mg/1
1 pmho/cm
0.01 SU

1 mg/1
10 pg/1
1 mg/1
2 nug/1
2 Mg/l
2 ng/1
2 pg/l

0.1 mg/1
0.1mgqg/1

0.01 SU

1 mmho/cm

1 mg/1
1 mg/1

0.2 mg/1

0.1 JTU

1 mg/1
1 mg/1

1 mg/1

Methods used to analyze selected water and sediment constituents and fish

EPA
EPA
EPA

EPA

EPA
EPA

Std.

Std.
A.S.

EPA

Std.
A.S.

EPA
EPA

Std.
A.S.

EPA

Std.
A.S.

EPA

Std.
A.S.

EPA

Std.

EPA

Std.

EPA

168
. 207
215

T T O

p. 256
p. 249
Md. p.

Md. 536
p. 272

contin

____Reference

302

. 500
. 186

323
128

. 179
. 169

495
472

350
231

. 38

ued



Group/Variable

Analytical Method Sensitivity
MAJOR IONS:
Calcium EDTA Titration 1 mg/1
Magnesium Atomic Absorption 0.1 mg/1
Sodium Atomic Absorption 0.1 mg/1
Potassium Atomic Absorption 0.01 mg/1
Iron Flameless AA 0.0004 mg/1
Atomic Absorption 0.005 mg/1
Manganese Atomic Absorption 0.001 mg/1
Chlorides Automated Ferric thiocyanide 0.1 mg/1
Sulfates Barium Chloride 0.1 mg/1
Turbidimetric
CHLOROPHYLL:
Chiorophyll-a Fluorometric Corrected
HEAVY METALS
Arsenic Flameless AA® 0.0002 mg/1
Atomic Absorption (Gaseous Hydride) 0.001 mg/1
Cadmium Atomic Absorption Flameless 0.008 ug/1
0.002 ug/1
Chromium Flameless AA* 0.0003 mg/1
Atomic Absorption 0.001 mg/1
Copper Flameless AA* 0.0002 mg/1
Atomic Absorption 0.001 mg/1
Lead Flameless AA* 0.0002 mg/1
Atomic Absorption Flameless 0.05 ma/1
Mercury Flameless AA* 0.00002 mg/1
Cold Vapor Method 0.0002 mg/1
Nickel Fiameless AA* 0.0008 mg/1
Atomic Absorption 0.005 mg/1
Selenium Atomic Absorption 0.001 mg/1
Gaseous Hydride 0.002 mg/
Zinc Flameless AA* and Atomic Absorption 0.0001 mg/I
Atomic Absorption 0.001 mg/1
*=1975 samples
°=Environmental Research Laboratory - see Poldoski, 1975.
PESTICIDES & ORGANIC CONTAMINANTS:
DDD “Gas Chromatography 0.001 ug/1
DDE Gas Chromatography 0.001 pg/1
P-P-DDT Gas Chromatography 0.001 ug/1
Dieldren Gas Chromatography 0.001 yg/1
1242 PCB Gas Chromatography 0.01 ug/1
1254 PCB Gas Chromatography 0.01 pg/1
1260 PCB Gas chromatography 0.01 ug/1
DEHP Gas chromatography 1.0 ug/1
DBP Gas chromatography 1.0 na/l

Table 2.

(continued)

WATER VARIABLES
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Reference

Std. M
EPA p.

Std. Md. p.
AS.T.M. p

EPA p.
EPA p.
EPA p.

Std. Md. p.

A.S.T.M.

EPA p.
Std. M
A.S.T.
EPA p
EPA p
Std.

A.S.T.
EPA p

Std. Md p. 7

Duluth
EPA p.
Duluth

LPL

95

Std. Md. p.

uuluth
Std. M
A.S.T.
EPA p.
Duluth

d. p.
M. p.
105

Std. Md. p.

A.S.T.
EPA p.
Duluth
EPA p.
Duluth
A.S.T.
EPA p.
Dututh
A.S.T.
EPA p.
EPA p.
EPA p.
Duluth
Std. M
A.S.T.
EPA p.

EPA p.
EPA p.
EPA p.
EPA p.
EPA p.
EFA p.
EPA p.
EPA p.
EPA p.

cont

M. p.
108

12

M. p.
118

M. p.
147
145

145

d. p.
M. p.
155

1973
1973
1973
1973
1973
1473
19/3
1973
1973

inued

. 84

210

. 351

210

p. 351
. 210

351

334
428

210
210
351

210
351

344

351

129
351

(Duluth)



Table 2.

(continued)

Group/Yariable Analytical Method Sensitivity Reference

RADIQACTIVITY

Gross Beta Low background external proportional 1 oCI/1 P.H.S 5.2.1

alpha/beta counter

Zinc 65 Sodiumiodide gamma spectrometer 30 pCi/l P.H.S. 5.2.

Zirconium 95 Sodiumiodide gamma spectrometer 13 nCi/1 P.H.S. 5.2.1

Niobium 95 Sodiumiodide gamma spectrometer 13 oCi/1 P.H.S. 5.2.1

Cesium 137 Sodiumiodide gamma spectrometer 15 pCi/1 P.H.S. 5.2.1

Cobalt 60 Sodiumiodide gamma spectrometer 15 pCi/l P.H.S. 5.2.1

Manaanese 54 Sodiumiodide gamma spectrometer 13 nCi/1 P.H.S. 5.2.1

SEDIMENT VARIABLES
NUTRIENTS
" Ammon1a Automated phenolate analysis 1 ug/1 Technicon Industrial
Method 154-714

Nitrate Automated cadmium reduction 10 ng/1 Technicon Industrial

Method 100-70W
Technicon Industrial
Method 154-714

1974 automated phenolate analysis 2 ng/1
sulfuric-perchloric digestion
on micro-kjeldahl units

1975 automated phenolate analysis

Total Kjeldahl Nitrocen

block digestion 2 ug/1 Technicon Industrial
Method 154-714
Total Phosphorus Ascorbic acid reduction 2 ua/l Technicon Industrial

Method 155-71W

GENERAL
Total Solids Moisture determination balance 1 mg/1 Std. Md. p. 91, 14th Ed.
Volitle Solids Moisture determination balance 1 mg/1 Std. Md. p. 95, 14th Ed.
Chemical Oxygen Demand Dichromate reflex method 0.2 ma/1 Std. Md. p. 495, 14th Ed.

Method 220

HEAVY METALS

Arsenic Gaseous hydride 0.001 mg/1 EPA p. 95
Cadmium Atomic absorption 0.008 mg/1 EPA p. 101
Chromium Atomic absorption 0.001 mg/1 EPA p. 105
Copper Atomic absorption 0.001 mg/1 EPA p. 108
Iron Atomic absorption 0.005 mq/1 EPA p. 170
Lead Atomic absorption 0.00% mg/1 EPA p. 112
Manganese Atomic absorption 0.001 mg/1 EPA p. 116
Mercury Cold vapor method 0.0002 mq/1 ASTM p. 344
EPA p. 118
MNickel Atomic absorption 0.005 mg/1 EPA p. 147
Selenium Atomic absorption 0.001 mg/1 EPA p. 145
Zinc Atomic absorption 0.001 mg/1 EPA p. 155
CRGANIC CONTAMINANTS
Dieldrin Gas chromatograph 10 ng/kg EPA 1973
FED REG. 38
DOT (TOTAL) Gas Chromatograph 20 ug/kg EPA 1973
FED. REG. 38
boD Gas Chromatograph 20 ug/kg EPA 1973
FED. REG. 38
DDE Gas chromatoaraph 20 ug/kg EPA 1973
FED. REG. 38
PCB (1242, 1254, 1260) Gas chromatograph 200 ug/kg EPA 1973
FED. REG. 38
Dibutylphthalate (DBP) Gas chromatograph 60 pg/1 EPA, 1973
FED.RER. 38
Diethylhexyl phthalate (DEHP) Gas chromatograph 90 ug/1 EPA 1973
continued
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Group /Variable
ORGANIC CONTAMIMANTS

Dieldrin
Lindane

DoT

DDE

DDD
Chlordane
Methoxychlor

Arochlor (PCB)

Polybromated biphenyl (PBB)

Cenzene hexachloride
Hexachlorobenzene
Hexachlorobutadeine
Dibutylphthalate

Diethylexylphthalate

HEAVY PiETALS
Arsenic
Mercury
Cadmium
Chromium
Copper

Lead
Magnesium
Nickel

Selenium

Table 2. (continued)

FISH PARAMETERS

Analytical Method

Multiresidue method
Gas chromatography
Multiresidue method
Gas chromatography
Multiresidue method
Gas chromatoaraphy
Multiresidue method
Gas chromatography
Multiresidue method
Gas chromatography
Multiresidue method
Gas chromatography
Multiresidue method
Gas chromatography
Multiresidue method
Gas chromatography
Multiresidue method
Gas chromatography
Multiresidue method
Gas chromatography
MuTtiresidue method
Gas chromatograohy
Multiresidue method
Gas chromatography
Multiresidue method
Gas chromatography
Multiresidue method
Gas chromatography

Atomic Absorption
Mercury Analyzer
Atomic Absorption
Atomic Absorption
Atomic Absorption
Atomic Absorption
Atomic Absorption
Atomic Absorption

Atomic Absorption
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o O O

Sensitivit,
“nafka)
.01
.01
.02
.01
.01
.04
.02
.07
M
.M
.0
.M
.20
.50

a1

Reference

PAM Vol.

PAM Vol.

PAM Vol.

PAM Vol.

PAM Vol.

PAM Vol.

PAM Vol.

PAM Vol.

PAM Vol.

PAM vol.

PAM Vol.

PAM Vo1,

PAM Vol.

PAM Vol.

AOAC Vol.

53, No. 6

Perkins-EImers<Coleman

Bull.
Vol.
Bull.
Vol.
Bull.
Vol
Bull.
Vol.
Bull.
Vol.
Bull.
Vol.
Bull.
Vol.

Env,

3

Env.

3

Env.

3

Env.

3

Env.

3

Env.

3

Env.

3

Cont.
Cont.
Cont.
Cont.
Cont.
Cont.

Cont.

& Tox.
& Tox.
& Tox.
& Tox.
& Tox.
& Tox.

& Tox.



Table 3. Collection pattern for sampling locations in the nearshore waters,
Lakes Superior and Huron, 1974 and 1975

IMPACTED
Station/Sample Depth
2 3 4 5 6
Variable Group sMgt*t SMBE S$HB SMB SHB SMB STHNE
Water
T In-Situ * k% * ok Kk * ok x * ok Kk * kK * ok Kk * ok *
Nutrients * kK * Kk * Kk * k% * ok * * * k * k%
Gen. Chem * * * * J* * * * * * * * * *
Major lons * * * * * * * * * * * * * *
HeaV_y Meta]s * * * * * * * * * * * * * *
Pesticides & Org. * * * * * * * * * * * * * *
*

Radionuclides
Chlorophyll a Composite Composite Composite Composite Composite Composite Composite
& 5m grab & 5m grab & 5m grab & 5m grab & 5m grab & 5m grab & 5m grab

Sediment
Nutrients * * * * * * *
Genera] * * * * * * *
Heavy Metals * * * * * * *
Pesticides & Org. * * *
Biology
Bacteria Surface Surface Surface Surface Surface Surface Surface
Phytoplankton Composite Composite Composite
& 5m grab & 5m grab & 5m grab
Zooplankton Bottom haul Bottom haut Bottom haul
15m haul 15m haul 15m haul
Benthos * * * * * * *
BACKGROUND
Station/Sample Depth R
2 3 4 5 6 7
Variable Group $¥MB §$WB SHME SMB SMB SMBE SHEB
Water
In~S1'tu * * * * * * * * * * * * * * * * * * * * *
Nutr‘ients * * * * * * £ * * * * * >* * * * * * * * *
Gen. Chem. * * * * * *
Major Ions * * * * * *
HeaVy Meta]s * * * * * * * * * * * * * *
Pesticides & Org. * * * * * *
Radionuclides *
Chlorophyll a Composite Composite Composite
& 5m grab & 5m grab & 5m grab
Sediment
Nutrients * * *
General * * *
Heavy Metals * * *
Pesticides & Org. * * *
Biology
Bacteria Surface Surface Surface Surface Surface Surface Surface
Phytoplankton Composite Composite . Composite
& 5m grab & 5m grab & 5m grab
Zooplankton Bottom haul Bottom haul Bottom haul
15m haul 15m haul 15m haul
Benthos * * * * * * *
+ S = surface continued
M = Mid-depth
B = Bottom
* =

indicates sample was collected.
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Variable Group

Water
In-Situ
Nutrients
Gen. Chem.
Major lIons
Heavy Metals

Pesticides & Org.

Chiorophyll a

Sediment
Nutrients
General
Heavy Metals

Pesticides & Org.

Biology
Benthos

surface
nid-depth
_bottom

*PIZn
w o unon

Table 3.

(continued)

Collection patterns for all 1975 sampling locations

S

* o ok *

5m

indicates sample was collected

S
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* % *
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In 1975, collections at special river stations (or station 1 when no river
was present) and station 4 were made for heavy metals and organic contaminants.
An exception to this was Isle Royale where stations 2 and 5 were sampled rather
than stations 1 and 4. Additional samples were collected at station 1 at Alpena
and Cheboygan. River samples were taken 0.5-m below the surface. All other metals
samples were taken at mid-depth. Triplicate water samples for metals analysis
were taken at each station with a PVC Kemmerer bottle rinsed with 1:1 nitric acid
and deionized water. These samples were analyzed by the National Water Quality
Laboratory (NWQL) of the U. S. EPA, in Duluth, according to the method outlined
by Poldoski (1974).

In 1975, organic contaminants were analyzed from a 38-liter water sample
collected with a PVC Kemmerer sampler. The sample was filtered through a
polyurethane foam plug which was rinsed with distilled water, acetone and
hexane. The eluate was washed, dried and concentrated before analysis by
gas chromatography (Bedford, 1974).

Radioactivity

During 1974, a four-liter water sample was collected at each location at
station 1 one-meter below the surface with an alpha bottle. Samples were
transported to the Department of Public Health radiological health Tabo-
ratory and analyzed for gross beta and the gamma emitting radionuclides
shown in Table 2.

Sediment Chemistry

During the fall of 1974, sediment samples were collected at 9 locations
in Lake Huron and 12 locations in Lake Superior (Table A-7). In 1975, sed-
iments were collected at Calcite and Saginaw Bay in Lake Huron and Marquette
Harbor in Lake Superior {(Table A-8). A1l sediments were collected with a
Ponar grab sampler, placed in either a 250-ml1 glass jar (pesticides) or a
four ounce plastic whirlpac bag, iced and flown to Lansing's Environmental
Protection Bureau Laboratory for analysis. Tables 2, 3 and 4 summarized
sediment parameters analyzed, sampling stations, and collection techniques.

Bacteria

Bacteriological samples were collected only during 1974. Replicate
samples were collected from the surface at designated stations (Table 3)
in sterilized glass bottles. The samples were iced, transported to the
Michigan Public Health Laboratory in Lansing and analyzed within 48 hours.
Samples were analyzed for total coliforms, fecal coliforms and fecal strep-
tococcus using the membrane filter method (APHA, 1971) with detection levels
of 100, 10 and 10 counts/100 ml, respectively.
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Phytoplankton

Phytoplankton samples were collected at designated stations (Table 3)
during 1974 only. Two types of samples were taken from each site. The first
was a grab sample at a depth of 5-m. The second type was a composite sample
containing equal volumes of water collected from the water column at 5-m depth
intervals, including the surface. Both types of samples were placed in
3.8-11iter disposable plastic containers and preserved with formalin and
Lugol's solution. The samples were transported to Bowling Green State
University, Bowling Green, Ohio, for identification and enumeration under the
direction of Dr. Rex Lowe.

One-liter portions of all samples were concentrated by sedimentation and
decantation. A 1-ml aliquot of each concentrated sample was analyzed in a
Palmer-Maloney nannoplankton counting chamber. At least 500 algal units were
counted from each sample, using magnification up to 450x. Algal units consisted

of:

Colonial greens and blue-greens 1 colony/unit
filamentous greens and blue-greens 10 cells/unit
all diatoms and chrysophytes 1 cell/unit

all cryptophytes and dinoflagellates 1 cell/unit

Species identifications were made in the nannoplankton chamber or with a wet
mount using oil emersion (1000x). Diatoms were identified to species from

cleared Hyrax mounts.

Zooplankton

Zooplankton samples were collected only in 1974. Two types of zooplankton
samples were collected at designated stations (Table 3) using a 0,5-m diameter,
64-u mesh plankton net. The first sample type was vertical haul from the
bottom and the second was a vertical haul from 15-m, or bottom in depths less
than 15-m. Each sample was washed from the cod end of the net into a sample
bottle and preserved with formalin. The samples were transported to the
University of Wisconsin in Milwaukee, Wisconsin for enumeration and identi-
fication under the direction of Dr. Byron Torke. Results were reported as
organisms/m?3.

Benthic macroinvertebrates

Triplicate Ponar grab samples were collected at each of the designated
stations (Table 3) during the fall of 1974 and the swmer of 1975. Each
sample was sieved through a U. S. Standard #30 mesh screen and the residue
placed in quart jars. The sampies were preserved with buffered formalin and
transported to Lansing where they were sorted, identified and enumerated.
The results were reported as organisms/m?.
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Organic chemicals and heavy metals in fish

Fish were collected in Lake Superior at 12 and 18 locations in 1974 and
1975 respectively and at 5 and 3 Tocations in Lake Huron during 1974 and 1975
respectively. Whitefish (Coregonus clupeaformis), herring (Coregonus artedii)
and both fat and lean lake trout (Salvelinus namaycush siscowet and
Salvelinus namaycush namaycush respectively) were collected in 1974 in
Lake Superior. In 1975, only mottled sculpins (Cottus bairdi) were collected
in Lake Superior.

Whitefish, rainbow trout (Salmo gairdneri), brown trout (Salmo trutta)
Chinook salmon (Oncorhynchus tshawytscha), walleye (Stizostedion vitreum)
and yellow perch (Perca flavescens) were sampled in Lake Huron in 1974. 1In
1975 only yellow perch were collected in this project. Fish were iced,
transported to Lansing, frozen and analyzed by the Michigan Department of
Agriculture by methods shown in Table 2. Analyses were performed on skinless
fillets of individual fish and in the case of yellow perch, on a composite
of four to six fillets. Sculpins were gutted and analyses conducted on a
composite of six to thirty fish. Several species of fish were analyzed for
dieldrin, DDT, PCB and mercury during 1974 in conjunction with the Great Lakes
Environmental Contaminants Survey (GLECS) program. For some species, the
Upper Lakes Reference Group (ULRG) of the IJC supported additional analyses
for copper, zinc, lead and cadmium and 11 additional organic compounds (Table 2).

In 1975, the ULRG supported only the collection of mottled sculpins in
Lake Superior and yellow perch in Lake Huron, most of which were tested for
the above contaminants. Additional fish were monitored in the GLECS program
in 1975 and succeeding years. The GLECS program began in 1970 with analysis
performed by the U.S. FDA or the Michigan Department of Agriculture (MDA) laboratorie:

Data Handling

When data were reported below the detection limit, one-half of the detection
limit was used in calculation of averages, standard deviations and other
statistics. As a result, some values are reported lower than the detection
level. This was done to make a "reasonabte" estimate of the concentrations
of the paramaters. This assumption should not result in large errors since
the values below detection level were generally a Tow percentage of the total
number of observations. Values for pH were "averaged" differently than other
parameters, using proper arithmetical handling of logarithams (Barth, 1975).

In the report the word "significant" indicates that a statistical test has
been preformed. A1l tests were significant at the P = 0.05 probability level.

Althouth the GLECS data were not collected with the forethought toward
rigorous trend analyses, they are the best data available concerning Great Lakes
fish contaminants. Fish samples were not always collected from the same
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locations each year, fish age or length and sex were not held constant and
sample size was variable. It is therefore difficult to determine whether or
nor these samples are truly representative of the entire population. However,
the attempt was to describe overall, lake-wide variations in fish contaminants

from year-to-year.

Preliminary examination of the 1974 through 1978 GLECS data indicated that
the concentrations of these fish contaminants were not normally distributed and
therefore would not meet the assumptions of the analysis of variance test.
Using Taylor's power law, the transformation determined was to replace each X
value with X 9:93355  The transformed data were tested at the 0.05 alpha Tevel
by one-way analysis of variance with tests conducted for both year-to-year
and Tocation differences. The Student-Newman-Keuls procedure was used to
determine the order of difference when significance was found.
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SECTION V
LAKE SUPERIOR

Introduction

Lake Superior is the largest freshwater lake in North America and one of
the largest lakes in the world. It is 82,413 km®* in surface area, approximately
563 km long, 258 km wide, has a maximum depth of 406-m, and a volume of
13,500 km®. It is the uppermost lake in the Great Lakes system and overlies
the relatively insoluble Canadian Shield. The relative insolubility of this
geological formation results in low average total alkalinity (43.5 mg/1) and
calcium concentrations (14.4 mg/1) in Lake Superior, both less than half of
Lake Michigan's averages (Schelske and Roth, 1973).

Historically, there has been little change in the water quality of Lake
Superior based on data collected as early as 1907 (Dole, 1909). Total dissolved
solids, chlorides and sulfates have remained relatively constant since the
early 1900's (Beeton, 1965). Lake Superior is an oligotrophic lake as indicated
by non-depletion of nitrate and silica in the summer surface waters and rela-
tively low total phosphorus concentrations at the surface (Schelske et al.,
1972). The lake is dominated by oligotrophic species of phytoplankton, zoo-
plankton, benthic macroinvertebrates and fish.

Major currents in Lake Superior have been characterized by a number of
investigators (Yeshe et al., 1972, Adams 1970, Murty and Rao 1970). The overall
water movement in Lake Superior is counter-clockwise around the periphery of the
basin (Figure 3). Contrasting this general movement is a clockwise current
around Isle Royale (Adams, 1970). Current velocities in the lake range from a
few cm/sec to over 50 cm/sec for the coastal current off the Keweenaw Peninsula.

Physical and General Water Chemistry

Little pnysical variation occurred in Lake Superior nearshore waters throuaghout
the 1974 survey. Mean location temperatures ranged from 6.6° to 10.0°C during

the spring (June) except at Isle Royale, which averaged 3.3°C. Fall

mean location temperatures ranged from 13.5° to 22°C, approximately 7.5 °C higher
than corresponding spring values. During 1975, for samples collected from the
first of June through mid-July, mean temperatures ranged from 4.5°C at Isle
Royale to 11.3°C at Grand Marais. River-lake interface station temperatures

were generally 6° to 8°C warmer than the lake. Although temperatures varied

with depth, no stable thermal stratification was noted.
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Mean dissolved oxygen (DO) concentrations at individual locations during
1974 ranged from 10.1 to 13.2 mg/liter during spring. The higher temperaturss
recorded during the fall sampling period may have been the cause of lower DO
lTevels which ranged from 8.5 to 10.9 mg/1. In 1975, mean dissolved oxygen
concentrations ranged from 11.2 to 13.2 mg/1, with a lTakewide mean of 12.4 +

0.6 mg/1. Dissolved oxygen concentrations were near saturation levels at all
locations and depth profiles were orthograde.

In 1974, mean hydrogen ion concentrations (pH) at individual locations
ranged from 7.4 to 8.0 pH units during the spring and from 7.6 to 7.9 during
the fall. Mean soring and fall pH values were nearly identical to the lake-
wide mean of 7.7. 1In 1974, no significant differences were evident between
sampling periods, locations or depths. In 1975, mean pH values ranged from
7.6 near Grand Marais and Isle Royale, to 7.8 at Marquette Harbor. Because
equipment failure prevented accurate pH measurements at several locations in
1975, pH was not included in the correlations or other statistical analysis.

Total dissolved solids (TDS) did not vary significantly during 1974.
Location means ranged from 52 to 55 mg/1, with a lakewide mean of 53 + 1 mg/1.
No sampling period differences or location differences were evident, although
TDS was significantly correlated with nutrients, conductivity and major ions.
In 1975, mean TDS values ranged from 55 to 60 mg/1, with a Takewide mean of
57 + 2 mg/1. TDS values from both years were similar to Beeton's (1965)
suggested long-term average value of approximately 60 mg/1, indicating that the
lake's water quality as indicated by this parameter has remained relatively
constant since the early 1900's.

Mean location conductivity measurements in Lake Superior ranged from 85 to

88 umhos/cm during spring sampling, and from 83 to 92 umhos/cm in the fall of
1974. The lakewide mean was 88 + 1 umhos/cm. Conductivity measurements varied
1ittle with depth, and no significant sampling period or location differences
were found. During 1975, mean location conductivity measurements ranged from

85 to 101 pymhos/cm with a lakewide mean of 88 + 5 umhos/cm. The location values
were relatively constant with the exception of the Carp River at Marquette

which was 13 umhos/cm above the lakewide mean reflecting the impact of the river.

Chloride and sulfate mean location concentrations were low throughout 1974,
ranging from 0.9 to 1.4 mg/1 and 2.5 to 3.2 mg/1, respectively. No significant
depth, location, or sampling period differences were noted for these constituents.
Mean location concentrations of chlorides and sulfates were similar during 1975,
ranging from 1.1 to 2.3 mg/1 and 2.9 to 4.7 mg/1, respectively. These values
agree with the mean Lake Superior values reported by Beeton and Chandler
(1963), of 1.9 mg/1 for chloride and 3.2 mg/1 for sulfate. Apparently,
little change has occurred in the concentration of these constituents in
Lake Superior over the last decade. While chlorides and sulfates were most

closely correlated to TDS, they also correlated well with nutrients and the
conservative ions.
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Nutrients and Chlorophyll a

Mean annual nitrate (NOs-N) concentrations in 1974 ranged from 0.239 mg/1
at Carp River (Marquette) to 0.326 mg/1 near Big Bay, with a lakewide mean of
0.269 + 0.021 mg/1. The mean fall NO;-N concentration (0.277 + 0.027 mg/1)
was significantly higher than the mean spring concentration (0.261 + 0.018 mg/1).
Since nitrate concentrations generally are reduced through phytoplankton
growth in the late summer. This apparent reversal suggests that changes
have occurred in the fall samples following collections due to improper pre-
servation techniques or contamination. Total nitrogen concentrations were
relatively constant throughout the year, although organic nitrogen values
decreased in most of the fall samples relative to spring values. Along with this
decrease in organic nitrogen, NO3;-N and NH;-N increased in these same samples,
indicating some degradation of the organic nitrogen to NO;-N and NH;-N before
analysis sugcesting improper preservation techniques. In the fall, concentrations
of NO3;-N were significantly lower at the surface than at the bottom probably due
to phytoplankton utilization.

Mean nitrate (NO;-N) concentrations in 1974 were low with no significant
differences between locations, sampling periods or depths. Location means
ranged from 0.001 to 0.002 mg/1 with a lakewide mean of 0.002 + 0.002 mg/1.
Three percent of the values were below the detection 1imit (0.001 mg/1) with
all nondetectable values occurring in the spring.

In 1975, NO3-N and NO,-N were analyzed together. The lakewide mean was
0.27 + 0.03 mg/1, nearly identical to the 1974 results. Location means ranged
from 0.22 mg/1 at Tahquamenon River to 0.31 mg/1 at Upper Portage Entry.

Mean ammonia (NH;-N) concentrations were low at all locations in 1974,
ranging from 0.001 to 0.014 mg/1, with a lakewide mean of 0.005 + 0.002 mg/]
Fourteen percent of the values were below the detection limit (0.002 mq/1.
Maximum NH;-N levels were recorded at station 1 off the Carp River (0.41 mg/1)
but these relatively high levels were not present at stations further off-
shore. The Carp River receives primary treated municipal wastewater from the
Marquette municipal wastewater treatment plant. Previous studies (MWRC 1969a,
MWRC 1973) revealed water qua11ty degradation downstream of the Marquette
wastewater treatment plant in the Carp River and in the nearshore waters of
Lake Superior. Ammonia concentration in Lake Superior was strongly correlated
with the conservative ions, phosphorus and hardness, and negatively correlated
with dissolved oxygen (Table A-4).

In 1975, a similar percentage of NH;-N readings was below the detection
1imit. The lakewide mean was 0.002 + 0.001 mg/1 excluding the Carp River
Tocation (0.015 + 0.021 mg/1) which, as in 1974, was substantially higher than
other Tocations.

In 1974, mean total nitrogen (total-N) concentrations at individual loca-
tions ranged from 0.36 to 0.46 mg/1 with a lakewide mean of 0.40 + 0.003 mg/1
total-N. B1g Bay had the highest mean total-N concentration during both
samplings in 1974. The 1975 lakewide mean was 0.37 + 0.04 mg/1 with individual
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location means ranging from 0.30 to 0.45 mg/1. The highest mean value was
found at the Carp River, Marquette. No significant differences were found
among locations or sampling periods in 1974 or 1975. Total-N was strongly
correlated with NO; and organic-M (Table A-4).

Mean total orthophosphate concentrations were Tow at all locations in 1974,
ranging from 0.001 to 0.003 mg/1, with 59 percent of the values below the
detection Timit of 0.002 mg/1. The lakewide mean was 0.002 + 0.001 mg/1. Fall
concentrations were slightly higher than spring levels but differences between
sampling periods were not statistically significant. Orthophosphate was
correlated with all nutrients, reactive silica and the conservative jons
(Table A-4).

In 1975 orthophosphate concentrations were also low, with location means
ranging from below detection (<0.001 mg/1) to 0.005 mg/1, excluding the Carp
River location which was substantially higher (0.037 + 0.068 mg/1) than other
locations. The lakewide mean excluding Carp River data was 0.001 + 0.001 mg/1.

In 1974, location means for total phosphorus (total-P) ranged from below
the detection level (0.002) to 0.012 mg/1 with a Takewide mean of 0.007 +
0.003 mg/1. Eighteen percent of the values were below the 1limit of detection
(0.002 mg/1). No significant differences were found between locations or
sampling periods, even though individual stations at Black River and Carp River
had total-P concentrations considerably higher than the lakewide mean (0.020
and 0.150 mg/1, respectively). Both rivers receive municipal wastewater dis<
charges which might explain these elevated total-P values. Unpublished 1973~
1974 data from Michigan Water Resources Commission (MWRC, 1975) show total-P
levels near the mouth of the Black River averaging approximately 0.04 mg/1. High
levels of total-P (0.400 mg/1) were also found near the mouth of the Carp
River in 1972 (MWRC, 1973). Correlations of total phosphorus with other
parameters were similar to those for orthophosphate.

In 1975, location total-phosphorus means ranged from below the detection
level (0.002 mg/1) at Tahquamenon River to 0.015 mg/1 at Ontonagon, with a lake-
wide mean of 0.005 + 0.003 mg/1 excluding Carp River data, and 0.008 + 0.118 mg/1
including Carp River data. The Carp River location mean for total-P was 0.059
+ 0.109 mg/1, reflecting the inputs from the wastewater treatment plant.

In 1974, mean dissolved silica concentrations ranged from 2.0 to 2.8 mg/1,
with a lakewide mean of 2.4 + 0.2 mg/1. Differences between surface and bottom
concentrations were not significant, nor were differences between locations.
Fall concentrations were significantly lower than those taken in the spring,
probably reflecting utilization by diatomaceous phytoplankton. Silica
concentrations were positively correlated at a low level with nutrients
(except nitrate) and conservative ions and negatively correlated with
temperature and nitrates (Table A-4).

In 1975, dissolved silica location means ranged from 2.0 to 2.5 mg/1, with
a lakewide mean of 2.2 + 0.2 mg/1. A1l concentrations during both years were

well above limiting levels for diatomaceous phytoplankton production {Schelske
and Roth, 1973).
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In 1974, Lake Superior mean chlorophyll a concentrations ranggd frgm
1.09 to 2.27 ug/1, with a Takewide mean of 1.55 + 0.36 ug/1. No significant
differences were found between locations or sampling periods. These concen-
trations are similar to levels obtained by Schelske and Roth (1973). They
found chlorophyll a concentrations usually less than 0.5 ug/1 in the open
lake, but in bay areas values ranged from 1.2 to 1.7 ug/1, about two or
three times those in open waters. No correlations were found between

chlorophyll a and other parameters.

In 1975, chlorophyll a values were slightly higher. Means ranged from
1.49 pg/1 at Isle Royale to 4.63 ug/1 at Carp River (Marquette) but no
significant differences were found between locations. The lakewide average
was 2.70 + 1.10 ug/1 with Carp River values included, and 2.40 + 0.83 ug/1

without them.

Heavy Metals in Water

Heavy metals concentrations in Lake Superior were generally very lTow and
frequently were below detection. Total selenium concentrations were below the
detection Tevel (1.0 ug/1) at all locations in 1974, and in 1975 no selenium
analyses were made.

Total mercury was below the 1974 detection level (0.2 ug/1) at all loc-
ations. In 1975, total mercury concentrations were also below the detection
Tevel (0.02 pg/1) except at Grand Marais (<0.03 ug/1) and Whitefish Bay .
(<0.04 ug/1), both within the 0.05 ug/1 criterion tor orotection of aquatic

Tife (U. S. EPA 1976).

In 1974, total cadmium was below detection level (2.0 ug/1) at all locations.
In 1975, total cadmium detection level was lowered to 0.02 ug/1. The 1978
Great Lakes Water Quality (GLWQA) has an objective for total cadmium in
unfiltered samples of 0.2 ug/1 to protect aquatic life (GLWQA, 1978). A11
locations except Big Bay (0.23 ug/1) and Grand Marais (0.48 ug/1 in the unfiltered
and 0.32 pg/1 in the filtered samples) met this criterion. Poldoski (1975)
suggested that the variability of the Grand Marais sample was probably due to
steps prior to analysis but the real cause of this cadmium concentration is
unexplained.

In 1974, total nickel was above the detection level (5 ug/1) only at Big
Bay (7 ug/1) and Black River (6 to 9 ug/1). In 1975, the detection level was
Towered to 0.8 ug/1, with 64 percent of the samples below detection. Individual
samples ranged up to 0.9 ug/1, with all values well below all water quality
criteria.

Total Tead was found above the 5 ug/1 detection level at only three loc-
ations in 1974. Presque Isle and Munising were below and Grand Marais equalled
the 10 ug/1 total lead criterion for Lake Superior for aquatic 1ife (GLWQA, 1978).
In 1975, the detection level for total lead was lowered to 0.2 ug/1. Loca-
tion mean concentrations in 1975 were 0.8 ug/1 or less, with a lakewide mean
of 0.4 + 0.2 ug/1. The highest values occurred at Grand Marais but all detect-
able concentrations were less than 1/10 of the GLWQA (1978) objectives.

-33-



Total arsenic concentrations in Lake Superior were below the detection
Tevel (1 ug/1) at all locations in 1974. In 1975, the total arsenic detection
level was lowered to 0.2 ug/1. Location means in 1975 ranged up to 1.0 ug/1,
with a lakewide mean of 0.78 + 0.2 nug/1. A1l detectable values were well below
the 50 ug/1 criterion for pubTic water supply (U. S. EPA 1976).

ATthouth total manganese concentrations were consistently detectable
during 1974, they were very low, ranging from below the 1 ug/1 detection limit
at Big Bay to 3 ug/1 at Black River, Ontonagon and Carp River. 1In 1975, the
total manganese detection level was reduced to 0.05 pg/1, with mean concen-
trations ranging from 0.3 to 1.1 ug/1. A1) values were well below the 50 ug/1
criterion for public water supply (U. S. EPA 1976).

Total chromium detection level in 1974 was 1.0 pg/1, with the majority
of values below the concentration. A1l 1974 location means were 1 ua/l or
less but individual station concentrations at Grand Marais and Eagle Harbor
ranged to 3 ug/1. 1In 1975, the total chromium detection level was reduced to
0.3 ug/1, with most values at or near this concentration. The 1975 total
chromium lakewide mean was 0.42 + 0.26 ug/1, with Big Bay having the highest
mean concentration (1.3 ug/1). A1l detectable values were well below the
50 ug/1 total chromium criterion for public water supply (U. S. EPA 1976) and
the Michigan hexavalent chromium Water Quality Standard for aquatic 1ife
(25 ug/1) (MWRC, 1978).

Mean total iron concentrations ranged from 18 to 64 ug/1 in 1974. Only
at Big Bay (330 ug/1) and Munising (320 ug/1) did individual values exceed
the drinking water criterion for public water supplies (EPA 1976). The
detection level for iron in 1975 was 0.4 ug/1, with location means ranging from
5 to 81 ug/1, and a lakewide mean of 21 + 23 ug/1. A1l values were well below
the wate; quality criterion of 300 ug/1 for aquatic life protection (U. S.
EPA 1976).

In 1974, location means for copper ranged from 3 ug/1 at several locations
to 8 ug/1 at Lower Portage Entry. While differences between location means were
not significant, fall values were significantly lower than spring values. The
annual Tocation means for copper exceeded the Great Lakes Water Quality
Agreement of 5 ng/1 for aquatic 1ife (GLWQA 1978) at Lower Portage Entry
(8 ng/1), Eagle Harbor (6 ug/1) and Big Bay (6 ng/1). These concentra-
tions probably do not reflect unnatural inptits due to natural copner deposits
in these areas. The 1975 copper concentrations were comparable to the
fall concentrations of 1974. Location means in 1975 ranged from 1.0 to 2.6 ug/1,
with a lakewide mean of 1.5 + 0.4 ug/1. MNo copper values in 1975 exceeded the
GLWQA objective of 5 pg/1 (GLWQA 1978).

In 1974, mean zinc concentrations ranged from 4 ug/1 at Upper Portaqge Entry to
11 ug/1 at Big Bay, with a lakewide mean of 8 + 2 pg/1. A1l values were well
within the GLWOA objective of 30 ug/1 (GLWQA 1978). No significant differences
were found between locations, but fall values were significantly higher than
spring values. Several elevated zinc concentrations were observed in the
water samples collected near the bottom which may have been contaminated with
sediments. The zinc detection level in 1975 was 0.1 ng/1. Location means
ranged from 1.0 to 2.7 ug/1, with a lakewide mean of 2.0 + 0.9 pug/1. No 1975
zinc values exceeded the above objectives.
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Organic Chemicals in Water

In 1974, water samples were analyzed for dieldrin, po]ych]orinateﬂ
biphenyls (PCB), and several other organic chemicals (Table 2). 1In this
study, PCB's are reported as total PCB's which is the sum of the thrge .
major forms, Arochlor 1242, Arochlor 1254 and Arochlor 1260. Also w1§h1n
this report the total DDT analogs are reported as DDT or total DDT whjch
is a summation of ortho para (o.p.), and para para (p.p.) DDT and their
metabolites DDD and DDE. No PCB, dibutylphthalate (DBP), or dieldrin were
found above the detection level of 0.01, 1.0, and 0.001 ug/1, respgctive1y.
Diethylhexalphthalate (DEHP) was detected at one station at Carp R1ve(
(Marquette) (3.8 ug/1). No source could be determined although DEHP is
used in many products, including some farm chemicals and orchard spray.

DDT and DDE were found only above detection levels (0.007 ug/1) iin
individual samples from Eagle Harbor (0.004 ng/1), Big Bay (0.002 ug/1),
Presque Isle (0.002 ug/1) and Carp River (Marquette) (0.002 ug/1).

In 1975, a more sensitive analytical method developed by Musty (1974)
was used for organic chemicals. In this method. two and one half liters of
water were filtered through a foam plug and the filtrate-plug extracted
with hexane. Interference occurred from the foam plug and/or other sources.
As a result, the various organic chemicals in the water and the interfering
substance could not be differentiated. Conseguently, all values for 1975
were reported as below the level of detection.

Radioactivity

Samples for radioactivity analysis were collected only in the spring and
fall of 1974. Zinc 65, zirconium 95, niobium 95, cesium 137, cobalt 60 and
manganese 54 were all below the minimum detectable activity (MDA) levels 30, 13,
13, 15, 15 and 13 pCi/1 respectively. Correspondingly low gross beta activities

g]go occ¥rred ranging from below the MDA to 5 pCi/l. The lakewide average was
.0 pCi/t.

Sediment Chemistry

In 1974 and 1975, most sediments from the nearshore waters of Lake Superior
had very low levels of pesticides, polychlorinated biphenyls (PCB), metals,
nutrients and chemical oxygen demand (COD).

Arochlor 1242, 1254 and 1260, p.p. DDT, o.p. DDT, and DDD were below the
detection level of 3 ug/kq at all locations with the exception of DDD at one
station in Munising Bay in 1974. Dieldrin and DDE were below the detection
level of 1 ug/kg at all locations.

Dibutylphthalate (DBP) was detected in the sediment from all Lake Superior

locations except Isle Royale in concentrations ranging from less than 60 to
540 ng/kg. Concentrations of diethylhexalphthalate (DEHP) in sediment ranged
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from below detection (90 ug/kg) at Black River and Isle Royale to an average
of 4994 + 6855 ug/kg at Munising.

A 1974 wastewater survey indicated the Kimberly Clark paper company was
discharging 2.3 ug/1 DEHP from its facility and is the only known source of
phthalates in Munising sediments. However, phthalates, which are plasticizers, are
widely used in many industrial processes and are found in numerous house-hold products

Hexane extractable oil and grease concentrations in sediments exceeded U.S.
EPA dredge spoil criteria at Munising (16,804 + 24,867 mg/kg), Upper Portage Entry
(5400 + 0.0 mg/kg) and Whitefish Point (6000 + 3997 mg/kg). Elevated concen-
trations of hexane extractables in the Munising sediments probably are the
result of the past sulfite-pulp paper process at Kimberly Clark. This process was
utilized prior to the Company's conversion to specialty paper products.
Upper Portage Entry sediments were probably contaminated by mining
wastes or discharges from ship traffic through this passage. The source

of the 0il and grease in the sediments at Whitefish Point (one station)
is unknown.

Concentrations of nickel in sediments exceeded the dredge spoil criterion

at Ontonagon, Upper Portage Entry, Eagle Harbor, Isle Royale, Presque Isle
and Munising.

Copper exceeded the dredge spoil criterion at Upper Portage Entry,
Eagle Harbor and Munising. Copper and nickel in the sediments at Upper

Portage Entry were probably the result of past mining activities and natural
ores in the bedrock and glacial till.

Concentrations of manganese exceeded the dredge spoil criterion at Isle
Royale and Presque Isle.

Total chromium exceeded the dredge spoil criterion only at Presque Isle.

Levels of lead, zinc, arsenic, and volatile solids exceeded dredge spoil
criteria only at Munising.

_ Concentrations of total phosphorus, TKN, and COD were elevated at
Munising, Ontonagon and Carp River. This probably was due to organic enrich-

ment from wood processing and paper mill plants as well as wastewater from
nunicipalities.

The principal sources of degradation at Munising were wood fibers
previously deposited from the Kimberly Clark pulp mill (MWRC, 1969), several
other now-defunct saw mills and pulping operations, storm sewers and the
Munising wastewater treatment plant effluent discharged to the Anna River.
Woody material was still evident in the sediment samples collected in 1974,
even though the pulp mill stopped operation and the company's paper mill
discharges were greatly reduced in 1962. Cellulose fibers are relatively
inert and may cover the sediments for many years, as evidenced by samples
collected at other locations in the Great Lakes.
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Bacteria

Dansities of total and fecal coliforms and fecal streptococci have been
used to indicate pollution beccause these organisms are associated with the
feces of warmblooded animals. Total coliform concentrations, however, vary
as a result of inputs from several sources, and thus may not reflect human
degradation of water quality. Prior to Rao and Henderson's (1974) baseline
bacteriological survey of Lake Superior, bacteriological data were limited
to miscellaneous nearshore studies for permit enforcement and public health
concerns.

Samples taken in 1974 from Michigan's nearshore Lake Superior waters
generally had low bacterial densities, reflecting high water quality. A total
of 106 water samples were analyzed with 69, 90 and 90 percent, respectively,
of the total coliform, fecal coliform and fecal streptococci counts below
detection levels (100, 10 and 10 organisms/100 m1).

Total coliforms were elevated at the nearshore stations in the spring
at Munising and Presque Isle, and in the fall at Black River, Ontonagon, Carp
River and Munising (Table 5).

The maximum fecal coliform value observed, 17,138 organisms/100 ml1 at
Carp River, exceeded the Michigan water quality standard of 200 organisms/100 ml
(MWRC, 1977). This high value probably resulted from the wastewater treatment
plant discharge from Marquette.

Fecal streptococci values were consistently below detection levels in both
spring and fall, except for Carp River and moderate spring levels at Munising.
At Carp River, station 1 had high levels of fecal streptococci, reflecting
discharges from the Marquette wastewater treatment plant.

Phytoplankton

Historical information on the phytoplankton of Lake Superior is Timited
and usually restricted to studies of net plankton. Holland (1965) found an
oligotrophic diatom assemblage in 1964 dominated by small forms of
Cyclotella (C. glomerata, C. Stelligera, C. ocellata, and C. kutzingiana).
Schelske et al. (1972) in both nearshore and offshore samples reported a
dominance of diatoms, especially of the genus Cyclotella. Other common
diatoms (Asterionella, Tabellaria and Synedra) were reported by Schelske and
Roth (1973). Dinobryon and Fragilaria have also been often reported (Davis,
1966). Lake Superior was classed as oligotrophic based on phytoplankton in a
review by Vollenweider, et al. (1974).

The nearshore waters of Lake Superior were sampled for phytopiankton in
June and August through September, 1974. Diatoms were the dominant algal
group at afl Tocations in June, averaging 57 percent by abundance. In June.
dominant species at all 12 locations were Asterionella formosa, four species
of Cyclotella (C. compta, C. glomerata, C. kutzingiana and C. ocellata),
Rhodomonas minuta, Synedea tenera, and Melosira granulata (Table A-9).
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In lTate August and September, the numerical dominance of diatoms was
reduced to 29 percent from the spring value of 57 percent. Although present
at relatively low numbers, diatoms still were slightly more abundant than
other classes (Table A-10). This change was due primarily to an increase in
Dinobryon which shifted the Chrysophyta from 5 percent in the spring to
22 percent in the fall. The Cryptophyta increased from 15 to 21 percent in
the fall, while blue-greens and greens remained about the same. Fewer dominant
species were found than in the spring. In the fall, Rhodomous minuta and
Dinobryon ranked first and second in numbers at eight locations. Other
dominant species included Fragilaria crotonensis, Cyclotella compta, C.
Glomerata, Asterionella formosa and Oscillatoria prolifica which was especially
abundant in Whitefish Bay.

Mean values for total algal numbers in the spring ranged from 338 units/ml
at Isle Royale to 2214 units/ml at Carp River. Fall means ranged from
533 units/ml at Whitefish Bay to 4587 units/ml at Eagle Harbor. Statistical
comparisons between composite samples and 5-m grab samples showed no sig-
nificant differences between number of species or number of algal units
collected. The lakewide mean algal abundance and number of species was 1655 +
628 units/ml and 28 + 6 species in the 5-m grab sample and 1689 + 831 units/ml
and 30 + 6 species in the composite samples (Figure 4).

Variations in the algal community were found for individual stations
within each location. This was expected since stations at a particular
location included river-moutn stations, relatively shallow lake stations
and lake stations located up to 3.2 km offshore in 30-m of water. Although
variations in species composition were present, generally the abundant
species at a location were found at all stations within that location.
However, this trend was not consistent at two locations. Blue-green
algae were abundant in the shallow South Bay stations at Munising but
not further offshore. In the sprina, Dactylococcopsis fascicularis, were
abundant at station 1, near the Anna River mouth, but it was succeeded by
Oscillatoria prolifica in the fall. At Carp River, large numbers of
Stephanodiscus invisitatus, a common eutrophic river plankton (Lowe 1974),
were found only near the river mouth. The other algae abundant at this
station, however, were also present at the other stations.

Rhodomonas minuta was one of the two most abundant forms found during the
spring at all Tlocations except Lower Portage Entry, Eagle Harbor, Isle Royale and
Grand Marais. In the fall R. minuta was very abundant at all locations except
Isle Royale and Whitefish Bay. Mean R. minuta percentages ranged from 0 to 34
percent in the spring and 6 to 38 percent in the fall. Isle Royale was the only
location where R. minuta did not comprise at least 10 percent of the total algal
numbers during both sample periods.

Dinobryon was the most abundant chrysophyte found and one of the two most
abundant algae in the fall samples.

Several species of blue-green algae were present in most samples but were
found in abundance only at Munising and Whitefish Bay.
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Chlamydomonas globosa, a green alga, was the second most abundant species
at Eagle Harbor in the spring.

Zooplankton

The crustacean zooplankton of Lake Superior are generally dominated by
diaptomids (Diaptomus sicilis and D. ashlandi) the cyclopoid Cyclops
bicuspidatus thomasi, and the cladoceran Bosmina longirostris 3Pata1as, 1972).
Schelske and Roth (1973) found that Diaptomus and Limnocalanus dominated the
zooplankton with Cyclops and Senecella often present but in lower numbers.
They found total zooplankton densities ranging from 1200 to 16,000 organisms/m?3,
with an average of approximately 4600 organisms/m®. Selgeby (1975) described
the seasonal variation and abundance of crustacean zooplankton in Lake Superior
during 1971 and 1972. He found C. bicuspidatus thomasi, D. ashlandi, D. silicis,
L. macrurus and Senecella present throughout the year. B

Rotifers of Lake Superior were reviewed by Watson (1974) and studied by
Nauwerck (1972) who collected about 20 taxa during the summer and autumn of 1970.
Kellicottia longispina, Conochilus unicornis and Polyarthra vulgaris were the
most common species with Gastropus stylifer, Collotheca mutabillis, and
Conochiloides dossuarius also often found. Nauwerck suggested the following
trophic classifications: Kelicottia, Notholca, and Synchaeta are generally
coldwater oligotrophic genera; Conochilus, Collotheca, and Gastropus are
warmwater oligotrophic genera; Polyarthra and Asplanchna are mestrophic genera;
and Brachionus, Filinia and Keratella are coldwater eutrophic genera.

The most common crustacean zooplankton in 1974 were the cladoceran,
Bosmina longirostris, the calanoid copepods, Diaptomus oregonensis and D.
minutus, and the cyclopoid copepod Cyclops bicuspidatus thomasi. In the fall,
three additional species were abundant: the cladocerans, Holopedium gibberum
and Daphnia retrocurva, and the calanoid copepod Epischura lacustris. In the
spring Diaptomus sicilis was also commonly found (Table A-11).

During 1974, mean numbers of crustacean zooplankton ranged from 859/m3
at Isle Royale in June to 7874/m® at Carp River in the fall, with a lakewide
mean of 2270 /m*® (Table A-12). About 40 pergent of those collected were
nauplii, 10 percent unidentified cyclopoid copepods and 15 percent unidentified
diaptomid copepods.

Senecella calanoides and Limnocalanus macrurus are two o1igotrophic_re1ic
species found in 1974. S. calanoides was found in low numbers gone to nine
organisms/m®) during both sampling periods at Isle Royale, and in the spring at
Carp River and Whitefish Point. L. macrurus was found at 8 of 12 locations,
ranging from one to nine organisms/m®. Tt occurred during both sampling 9er1ods
at Eagle Harbor, Big Bay and Grand Marais. The apundance of L. macrurus 1s
probably under-estimated since it generally occurs below 50-m depths (Patalas
1972, Conway, 1977) which were not sampled in this study. It was not abundant
in the nearshore areas sampled and, when found, was generally at depths greater
than 12 meters.
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Diaptomus minutus was common at all stations at all locations in this
survey except station 1. Although Watson (1974) stated that D. minutus
was excluded from shallow waters, it was identified from samples taken at
depths less than five meters in 1974.

Patalas (1972) suggested that the ratio of calanoid copepods to cyclopoid
copepods plus cladocera was inversely related to increasing nutrients in the
oligotrophic Great Lakes. In 1974, substantially lower ratios of calanoid/
(cyclopoid plus cladocera) occurred in September than in June (35 percent vs.
67 percent) at every location except Lower Portage Entry and Isle Royale. The
only location that did not have at least 50 percent calanoid copepods in the
spring was Lower Portage Entry (28 percent), which may indicate nutrient
enrichment at this location. Isle Royale had a higher percentage (66) of
calanoids in the fall. If Isle Royale is considered apart from other Michigan
nearshore waters, the 1974 data indicate Michigan's nearshore Lake Superior
waters are enriched during late summer. This enrichment appears to be a
natural characteristic of nearshore waters resulting from seasonal increases
in water temperature and nutrient runoff from adjacent land and atmospheric
inputs.

The numbers of rotifers in the nearshore Lake Superior waters during the
summer of 1974 were highly variable. The location means for rotifers ranged
from 401 and 451 rotifers/m® at Isle Royale in August and June, respectively,
to 5201/m® at Carp River during June.

The most common rotifers at all locations were Asplanchna, Keratella,
Filinia and Polyarthra. Kellicottia, Brachionus and Conochilus were usually
nresent but in Tower numbers. Gastropus was found at three of twelve locations
but only in the fall. The occurrance of Polyarthra, Asplancha, Filinia and
Keratella, which Nauwerck (1972) classified as mesotrophic and coldwater
eutrophic genera, indicates some enrichment in the nearshore waters. However,
the frequent occurrence of Kellicottia reflects the general oligrophic nature
of these waters. Although there were no statistically significant differences
between early-and late-summer rotifer numbers, some species changes were noted.
Differences within stations did occur. Rotifers were more abundant (3 to 10
times) at stations nearest the shore at all locations except at Ontonagon during
both seasons, and at Isle Royale in fall. The mean number of rotifers found
at stgtion 1 was 3250 + 3049/m® while the mean of all other stations was 920 +
652/m>.

Benthic Macroinvertebrates

Only a limited amount of benthic macroinvertebrate literature is available
for Lake Superior, most of which has been reviewed by Cook and Johnson (1974).
Hiltunen (1969), Adams and Kregear (1969), and Schelske and Roth (1973) found
benthic macroinvertebrate assemblages in the profundal zone of Lake Superior
typical of deep cold oligotrophic lakes. Organisms found generally belonged to
four major taxa: Oligochaeta, Chironomidae, Sphaeriidae, and the glacial
marine relict amphipod, Pontoporeia affinis. P. affinis was reported by Henson,
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et al. (1973) to be the single most important benthic organism in Lake Superior,
They believed any reduction in P. affinis numbers could disrupt the entire
ecosystem of the lake.

The oligochaetes, chironomids and sphaeriids have only recently been
taxonomically described at the generic or specific level by Brinkhurst (1964,
1965), Brinkhurst, et al. (1966, 1968, 1971), and Hiltunen (1969). The
Tumbriculid, Stylodrilus heringianus; the tubificids, Limnodrilus profundicola,
Tubifex kersieri americanus, PeToscolex variegatus, P. superiorensis and
Rhyacodrilus montanus; and many Naididae are restricted to oligotrophic lakes
such as Lake Superior (Hiltunen, 1969, Cook and Johnson, 1974). S. heringianus
is the dominant profundal oligochaete in Lake Superior and the naidid Stylaria
lacustris is an important component of the deep-water benthos of Lake Superior
(Adams and Kregear, 1969).

Typical oligotrophic chironomid assemblages include Heterotrissocladius,
Protanypus, Paracladapelma, Monodiamesa, Potthastia cf. longimanus, ]
Paralauterborniella, Stictochironomus and Micropsectra. Heterotrissocladius

and Protanypus were reported to be the primary profundal chironomids in
Lake Superior (Schelske and Roth, 1973 and Henson, 1966).

Because the Sphaeriidae are difficult to identify, the ecological
significance of this group has not been adequately documented. Pisidium
conventus and Sphaerium nitidum are coldwater species (Brinkhurst, et al.
1968) and have been reported in western Lake Superior (Hiltunen, 1969)-

Studies of benthos in nearshore harbor and embayment areas of Lake
Superior have been conducted primarily to assess the impact of municipalities,
pulp mills and mining operations (German 1967, 1968; German and Pugh, 1969;
Henson et al. 1973; Winter 1968; MWRC 1957, 1969; and Aquatic Research Group
1975). Since most studies are in impacted areas, the distribution and ecology
of the benthos in unaffected nearshore waters are not adequately known. Cook
and Johnson (1974) stated the nearshore fauna had a greater species diversity
than the profundal zone due to a wider range of microhabitats in the nearshore
waters. Although Pontoporeia affinis is the dominant profundal species, in
the nearshore waters, the fauna is dominated by oligochaetes and chironomids
(Hiltunen 1969).

During 1974, twelve locations along Michigan's Lake Superior shore!ipe
were sampled for benthic macroinvertebrates. These locations were specifically

chosen because of their particular characteristics. Areas of high water quality

were chosen to serve as background references for areas which were.impacted:
From 1 to 13 stations per location were sampled, the number depen@1ng on prior
knowledge of direct or indirect discharges to Lake Superior from industry or
municipalities. In 1975, Carp River (Marquette Harbor).was sampled at four
stations and Munising Harbor was resampled at four stations.

Five Taxonomic groups Pontoporeia affinis, sphaeriids, oligochaetes,
chironomids and "other" taxa were used to identify major changes in benthic
macroinvertebrates in the areas. The assumption was made that the presence of
high numbers of P. affinis and sphaeriids, coupled with low numbers of total
organisms (number/m”) would indicate background or non-impacted areas (Table 6).
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versely, impacted areas would have lower densities of P. affinis and
sphaeriids as well as large numbers of total organisms/m?>. Tables A-13 and
A-14 summarize the benthic macroinvertebrate data co]]ected from the nearshore
waters of Lake Superior during 1974 and 1975.

With one exception (Whitefish Point), the background locations were dom-
inated by oligotrophic indicator organisms, principally Pontoporeia affinis; the
oligochaetes Stylodrilus heringianus, enchytraeids and Aulodrilus Timnobius; the
naidids, Stylaria lacustris and Piquetiella michiganensis; and the chironomids
Heterotrissodalius, Micropsectra, Paracladapelma and Monodiamesa. Other taxa
included the pelecypod, Pisidium; representatives of the trichopteran family,
Mydroptiliidae; the ephemeropteran, Baetis; and the coleopteran, Macronychus

]abratus3 Only P. affinis and Pisidium were common at all background stations
iFigure 5

The background locations had low numbers of taxa and organisms, generally
averaging less than 1000 organisms/m?, except at Whitefish Point which averaged
3757 organisms/m?. The benthic macroinvertebrates at Whitefish Point were
dominated by o1ﬁgotroph1c indicator forms such as Pontoporeia affinis, Stylodrilus

heringianus, Monodiamesa, and Heterotrissocladius. Increased numbers of organisms
(3757 mean total organisms/m?) and taxa (46), including pollution~tolerant forms
such as Peloscolex ferox and Limnodrilus hoffmeisteri may indicate nutrient
enrichment or an unusually rich habitat at this location.

The benthic macroinvertebrate communities at the impacted locations had
significantly higher numbers of taxa, more than 1,000 organisms/m?, and were
dominated by oligochaetes and chironomids with a corresponding decrease in
Pontoporeia affinis and sphaeriids. One exception was Upper Portage Entry. The
benthic community at this location was dominated by chironomids (Chironomus and
Polypedilum); had low numbers averaging 134 organisms/m?, and had few taxa (18).
This)impact is probably due to past coppermine wastes (Aquatic Research Group
1975).

Lower Portage Entry and Carp River appear to be areas of moderate nutrient
enrichment as shown by changes in the numbers and taxa of oligochaetes and
chironomids, as well as the greater abundance of Pontoporeia affinis and other
taxa. Compared to the background locations, these two locations have more taxa,
greater numbers/m? and more pollution-tolerant forms. Enrichment at Lower
Portage Entry has not excluded intolerant forms, indicating less enrichment to
this oligotrophic system than at the Carp River location.

Marquette Harbor, Munising, Ontonagon and Presque Isle were dominated by
oligochaetes and midges, both in numbers of taxa and organisms/m?. The
Marquette Harbor samples indicated a degraded benthic macroinvertebrate community
near the shore that improved further offshore. The mean total number of organisms
was 2639 organisms/m?, dominated by oligochaetes (78 percent). The breakwall
at this site restricts open Take water from mixing, and increases the accumulation
of organic materials and nutrients contributed by the Dead River. The resulting
enriched conditions are reflected in the 1arge percentage of oligochaetes (48%)
and elevated numbers of organisms (x = 6706/m?) at station 1 at the Dead River
mouth. Lakeward of the breakwall, the community was less degraded as shown by
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Tower densities of pollution-tolerant forms (Cryptochironomus, Cricotopus and

Polypedilum cf. laetum) at station 3 and the dominance of Pontoporeia affinis
(47 percent), one of the primary oligotrophic indicator species, at station 4.

In 1974, Munising had the highest density (10,540 organisms/m?) of all Lake
Superior locations. The benthic community offshore from the Anna River was
dominated by pollution-tolerant forms, reflecting inputs of nutrients from
municipal sewage and paper mill waste discharges and restricted water circulation.
The benthic community throughout the bay was dominated by oligochaetes
(Peloscolex ferox, Aulodrilus pluriseta and immature oligochaetes), the isopod
Asellus and the chironomids Procladius, Ablabesmyia, Microtendipes, and
Tanytarsus. Intolerant species such as Stylodrijus heringianus, Pontoporeia
affinis and Heterotrissocladius were present but not dominant. Benthic
macroinvertebrates were sampled in 1975 at four stations, two of which were in
the degraded zone indicated by the 1974 data, and two further lakeward but
within the bay. Similar organisms were present in the duplicated 1974 stations.
The river-mouth station was severely degraded with 88 percent oligochaetes
(23,864/m?) and no intolerant forms were found. Stations further offshore
showed 1improved conditions, with oligochaetes ranging from 19 to 22 percent
(247 to 410/m?), and pollution-intolerant forms (P. affinis and sphaeriids)
comprising 74 to 88 percent of the organisms. The total numbers of organisms
were relatively lTow, ranging from 1293 to 2058 organisms/m?.

In 1957, the benthic community in South Bay at Munising was biologically
depressed (MWRC, 1957). In 1968, as in 1974 and 1975, offshore stations had
diverse benthic communities, while stations in the vicinity of Kimberly Clark
and the mouth of the Anna River (which receives the effluent from the municipal
wastewater treatment plant) had a very limited benthic community dominated by
pollution-tolerant midges (Procladius, Prodiamesa) and oligochaetes

(Limnodrilus) (MWRC, 1968). Comparisons between the 1974-75 benthic data and
data collected over the past 18 years indicated no apparent improvement of

the benthic macroinvertebrate community in Munising Harbor.

Ontonagon and Presque Isle did not have as many taxa (67 ard 84,
respectively) or numbers of organisms/m? (2682 and 2847, respectively) as were
found at Munising, but oligochaetes and chironomids dominated the benthic
community at the former locations. The benthic macroinvertebrates at Ontonagon
included naidids (Uncinais uncinata, Piquetiella michiganenis), tubificids
(Limnodrilus hoffmeisteri, Aulodrilus Timnobius and immature forms), low numbers
of the Timbriculid, Stylodrilus heringianus, and chironomids (Potthastia,
Stictochironomus, Chironomus, Monodiamesa tuberculata and Heterotrissocladius).

The amphipod, Pontoporeia affinis, although present at all but one station, was
not abundant.

The benthic macroinvertebrate community at Presque Isle was dominated by
oligochaetes and chrionomids, with Pontoporeia affinis and Heterotrissocladius
abundant. Oligochaetes present at nearly all stations included Stylodrilus
heringianus, Arcteonais lomondi, Piquetiella michiganensis, Uncinais uncinata,
Limnodrilus hoffmeisteri, Peloscolex ferox and immature forms. The isopod
AselTus was aTso present in low numbers. Chironomids present at nearly every
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station included Procladius, Monodiamesa depectinata, M. tuberculata,
Potthastia cfr. longimanus, Heterotrissocladius, Chironomus, Paracladapelma,
Phaenopsectra, Polypedilum, and Tanytarsus.

Contaminants in Fish

Excessive Tevels of metals and organic contaminants have been found in fish
of the Great Lakes. Elevated mercury levels in fish from Lake St. Clair led to
a ban on commercial fishing in that lake. High polychlorinated biphenyls (PCB),
DDT and dieldrin concentrations in lake trout, coho salmon and chubs have
resulted in a ban on commercial fishing of certain age classes of these species
in Lake Michigan. High levels of DDT and PCB have been identified as the cause
of reduced reproductive success of fish, fish-eating birds and animals; as a
result, tolerance limits for various contaminants have been set by both the
United States and Canadian governments to protect public health and wildlife.

The Canadian Food and Drug Directorate (CFDD, 1972) set the following
maximum allowable levels for heavy metals in freshwater animal products:
arsenic, 5 mg/kg; Tead, 10 mg/kg; copper, 100 mg/kg; mercury, 0.5 mg/kg; and
zinc, 100 mg/kg. The United States Food and Drug Administration (USFDA) has
also set the tolerance-limit for human consumption of mercury in edible fish

fillets at 0.5 mg/kg. A court ruling raised this concentration to 1.0 mg/kg
mercury as of June 1978.

The GLWOA has an objective for total PCB level in whole fish of 0.1 mg/1 for
the nrotection of fish-eating birds and animals, and 1.0 mg/kg for DDT in whole
fish (GLWOA 1978). The USFDA has set a tolerance-limit of 5.0 mg/kg for PCB and
5.0 mg/kg for total DDT in edible fish tissues. A tolerance Timit of 2.0 mg/kg
for PCB in edible fish tissue was set by the Canadian Food and Drug
Directorate in 1972. The tolerance-limit recommended by the USFDA for
dieldrin and the Great Lakes Water Quality Agreement for aldrin plus
dieldrin in fish flesh is 0.3 mg/kg (GLWQA 1978).

Concentrations of heavy metals in Great Lakes fish have been discussed by
Lucas et al. (1970), Uthe and Bligh (1971), Beal (1974), and Thommes, et al.
(1972). Thommes et al. (1972) reported mercury concentrations in burbot and
lake trout which exceeded the pre-June 1978 USFDA action Tevel of 0.5 mg/kg.

In Lake Superior there are two distinct subspecies of lake trout which are
recognizable from extericr morphological characteristics. Within the context
of this report Salvalinus namaycush namaycush are described as lean lake trout
and Salvalinus namaycush siscowet are described as fat lake trout.

In Lake Superior, concentrations of heavy metals were generally low.
Copper, zinc, lead and cadmium concentrations were well below GLWQA criteria
for all fish (Table 7). However, over 40% of the lake trout analyzed in
1974 exceeded the pre-January 1978 USFDA action level for mercury. Only 3.0%
exceeded the new action level of 1.0 mg/kg. Actual location means were
variable, ranging from 0.01 mg/kg in mottled sculpins to 0.71 mg/kg in lake
trout.

-49-



Table 7.

of gutted fish.

Mean concentrations of selected metals in Lake Superior fish, 1974 and 1975.

A11 species, except mottled sculnins were collected in 1974.

Entries exoressed
as mg/kg vet weight basis for edible fillets, except for mottled sculpin which were composites

Location Fish Species N Mercury Copper Zinc Lead Cadmium
mg/kg mg/kg mg/kg  mg/kg mg/kg

Whitefish Point Lake trout 13 0.30 0.54 3.80 0.39 0.02
Fat lake trout 10 0.50 0.35 2.87 0.45 0.02

Grand Marais Lake trout 14 0.39 — R ——— ———-
"unising Herring 3 0.18 ———— c_——- —— —_——-
Lake trout 22 0.44 ————- —— ——— ————

Fat lake trout 19 0.71 _— —_—- . T

Whitefish 2 0.04 — ——- ———— -

Marquette Lake trout 25 0.32 — — - ——-
Fat lake trout 12 0.64 ——— ——— R R

Whitefish 3 0.07 ——— —— ——m ——

Big Bay Lake trout 23 0.26 — - . ———
Lower Portage Entry Herring 6 0.12 R ———— ——- .
Lake trout 15 0.21 0.36 3.11 0.26 0.03

Bete fGrise thitefish 6 0.16 — ———— ———- ———
Copper Harbor Lake trout 12 n.36 R - - —
Uoper Portage Entry Lake trout 12 0.45 0.35 0.34 0.30 0.02
Black River Lake trout 5 0.33 0.49 3.44 0.36 0.02
Fat lake trout 17 0.58 0.29 3.12 0.28 0.04

Isle Royale Fat lake trout 12 0.58 ——— R R ———-
Little Girls Pt, Lake trout 3 0.22 0.56 6.16 0.25 0.02
Herring 0.61 1.1 22.45 0.39 0.22

Whitefish 0.06 0.82 8.0 0.23 0.05

975

Whitefish Point Mottled sculpin 18 0.04 0.82 11.90 1.5 0.09
Grand Marais Mottled sculpin 28 0.03 0.66 11.70 1.4 0.07
Munising Mottled sculpin 18 0.07 - ——— ———- ——--
arquette Mottled sculpin 10 0.02 -—-- ———- ---- ----
Presque Isle Mottled sculpin 13 0.04 ---- ———— ~--- ——--
Big Bay Mottled sculpin 18 0.05 0.95 12.3 1.2 0.12
Huron Bay Mottled sculpin 28 0.05 0.75 12.15 1.3 0.10
L'Anse Hottled sculpin 27 0.02 0.66 11.78 1.4 0.08
Lower Portage Entry Mottled sculpin 20 0.02 0.72 11.86 1.2 0.10
Grand Traverse Bay Mottled sculpin 22 0.02 ———— ——— —--- m—--
Copper Harbor Mottled sculoin 30 0.03 0.90 11.92 1.3 0.1
Eagle Harbor Mottled sculpin 13 0.02 ---- - ———- ——--
Eagle River Mottled sculnin 13 0.04 ---- ———- -—-- ----
Ubner Portage Entry Mottled sculpin 27 0.05 1.22 12.45 1.5 0.13
Carver's Bay “fottied sculpin 40 0.03 0.83 11.81 1.2 0.11
Big Iron River Mottled sculnin 28 0.03 0.90 12.13 1.4 0.11
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Table 7. (continued)

Location Fish Species N Mercury Copper Zinc Lead Cadmium
mg/kg mg/kg mg/kg  mg/kg mg/kg

Black River Mottled sculpin 9 0.03 . ———- ——- —a-

Isle Royale Mottled sculpin - 0.06 1.3 34.8 0.15 0.05

GLWOQA Tolerance Limit (whole fish) 0.5 100 100 1n ————

Pre-Jan. 1978 USFDA Tolerance Limit {edible portions) 0.5

New USFDA Tolerance Limit (edible portions) 1.0

---- = No sample analysis for this parameter

-5~



Pesticides and other organic contaminants in fish have been discussed by
Reinert (1970), Swain (1975) and the Great Lakes Environmental Contaminants
Survey (GLECS) (1973), (1974) and (1975). Reinert (1970) reported DDT and
dieldrin levels of various Lake Superior fish species and the GLECS reports
showed the concentrations of dieldrin, DDT, PCB and mercury. Swain discussed

persistent organics and heavy metals in nearshore western Lake Supieror
(Swain, 1975).

In Lake Superior, concentrations of chlordane, methoxychlor, benzene,
hexachloride (BHC), hexachlorobenzene (HCB), hexachlorobutadiene (HCBD,
dibutyl-n-phthalate (DBP), diethyl hexylphthalate (DEHP) and polybrominated
biphenyl (PBB) were below detection levels in all samples collected (Table 2).
However, low concentrations of chlordane, BHC, HCB, HCBD and DBP were detected
by Swain using more sensitive techniques (Swain 1975).

Average dieldrin concentrations were well below USFDA action levels for lake
trout, and whitefish collected in 1974 and mottled sculpins collected in 1975.

In 1974, total DDT was present in all samples with location averages
ranging from 0.17 mg/kg in herring at Munising to 5.10 mg/kg in fat lake trout
at Black River Harbor.

The mean total DDT concentration for fat lake trout at Black River Harbor
exceeded the USFDA 5.0 mg/kg action level (Table 8), as did some individial
fat and lean lake trout from the Lower Portage Entry, Copper Harbor, Marquette
and Munising. The highest value was 26.02 mg/kg in a fat lake trout collected
near Munising. Although nearly 20% of the fat lake trout values exceeded the
USFDA 1imit, total DDT was significantly lower in lean lake trout even though
they exceeded the GLWQA at more than half of the locations sampled (Table 8).
Average total DDT concentrations in lean lake trout ranged from 0.47 to
3.31 mg/kg similar to other authors (Swain 1975).

Whitefish and herring also had low levels of total DDT in 1974 and only
herring at Lower Portage Entry exceeded the GLWQA objectives of 1.0 mg/kg
total DDT.

Mottled sculpins collected in 1974 contained very low levels of total DDT
ranging from below detection to 0.32 mg/kg. This maximum concentration is
less than 10 percent of the current USFDA action level for DDT and the
upper levels found in fat lake trout. DDT residues were not detectable in
sculpins from L'Anse, Lower Portage Entry or Huron Bay. Carver's Bay,

Eagle River and Whitefish Bay were the only locations where DDT levels in
sculpin were over 0.20 mg/kg. Sculpins from these three locations, as well
as those from Big Bay, also contained measurable dieldrin concentrations.

In 1974, mean PCB levels were highly variable between species, ranging
from 8.37 mg/kg in fat lake trout at Black River to 0.22 mg/kg in herring
from Munising. Concentrations within species were variable, as indicated
by lean lake trout from Lower Portage Entry, where 7 of 15 lake trout had
less than detectable PCB levels while others in the same location ranged
as high as 6.81 mg/kg PCB. Grand Marais, Big Bay, Bete Grise and Little
Girls Point were the only locations where no fish exceeded the tolerance
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Table 8. Mean concentrations of selected organic contaminants in Lake Superior fish, 1974 and 1975.
Entries expressed as mg/kq wet weight basis for edible fillets. Mottled sculoin were
composites of gutted fish. A1l species except mottled sculnin were collected in 1974.

1974
Total

Location Fish Species N DoT PCB Dieldrin

mg/kg mg/kg mg/kg

Whitefish Point Lake trout 13 0.74 0.98 0.03

Fat lake trout 10 1.82 3.18 0.95

Grand Marais Lake trout 14 1.03 1.61 0.02

Munising Herring 3 0.17 0.22 0.01

Lake trout 22 3.31 N 0.04
Fat lake trout 19 3.46 5.10* 0.04
Whitefish 0.19 0.27 0.19
Marquette Lake trout 25 1.35 1.95 0.02
Fat lake trout 12 3.89 5.05* 0.08
Whitefish 3 0.29 0.31 0.02
Big Bay Lake trout 23 0.85 1.13 ND
Lower Portage Entry Herring 6 1.18 1.03 e
Lake trout 15 1.35 1.06 0.02

Bete Grise Whitefish 6 0.69 0.89 0.08

Conper Harbor Lake trout 12 2.44 2.99 0.02

Upoer Portaqge Entry Lake trout 12 0.98 1.17 0.02

Black River Lake trout 5 1.51 2.09 0.03

Fat Take trout 17 5.11% 8.37* 0.97

Isle Royale Fat Lake trout 12 2.10 2.33 ND

Little Girls Pt. Lake trout 3 0.47 1.25 0.03

1975

Whitefish Point Mottled sculpin 18 n.23 0.44 0.02

Grand Marais Mottled sculpin 28 0.10 0.29 -

HMunising Mottled sculpin 18 0.03 0.09 -—--

Marquette Mottled sculpin 10 0.06 0.15 -—--

Presque Isle Yottled sculpin 13 0.03 Jp—— ———-

Big Bay Mottled sculpin 18 0.09 0.15 0.01

Lower Portage Entry Mottled sculpin 20 0.09 0.14 --—-

Grand Traverse Bay Mottled sculpin 22 0.02 TR ———

Copper Harbor Mottled sculpin 30 0.04 0.09 .-

Eagle Harbor Mottled sculoin 13 0.10 0.15 -

Eagle River Mottled sculpin 13 0.43 0.46 0.03

Carvers Bay HYottled sculpin 40 0.45 0.37 0.03

Big Iron River Mottled sculpin 28 0.05 0.0y ——--

Black River Mottled sculpin 9 0.02 ———- —

GLWOA objective (whole fish) 1.0 0.1 0.3%*

USFDA Tolerance Limit (edible portions) 50 5.0 0.3

ND = not detectable * = exceeds USFDA tolerance Timit

---- = a0 sample analysis for this parameter IE = trace
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1imit. Mean location PCB levels exceeded the 5.0 mg/kg tolerance limit in
fat lake trout at Munising, Marquette, and Black River (Table 8) (Figure 6).
In 1974, the lakewide averaae for lake trout was 3.57 mg/ka PCB.

The highest mean PCB levels in lean lake trout occurred in Munising and
Copper Harbor, but these locations were not significantly different from the
other location. While fish containing high levels of PCB were found
at these two locations, there were also many fish collected which had Tow
levels. PCB concentrations in whitefish and herring from all locations were
lower than lake trout, averaging 0.54 mg/kg.

In 1975, Tow PCB levels were found in mottled sculpin with mean values
ranging from less than detection to 0.46 mg/kg. Sculpins at fcur locations,
Carver's Bay, Eagle River, Grand Marais, and Whitefish Point had levels
higher than 0.20 mg/kg (Table 8), while levels at all other locations were
very low.

The levels of DDT and PCB were generally higher in the larger fish, as
demonstrated by a linear regression analysis performed on lake trout data.
Lake trout were used because they were captured at nearly all Tlocations
and in most size groups. Other authors (Swain 1975) have indicated that

bioaccumulation may be more related to exposure experience and 1ipid
content than to fish size.

An analysis of the trends of these fish contaminants based on the GLECS

data were completed only for lake trout in Lake Superior in 1974, 1975 and
1976. Insufficient data for other fish collected during these years prevented

analysis. Fat and lean trout were tested separately in 1975 and 1976 but not
in 1974, when those subspecies were not separately coded and subsequently
could not be differentiated by the computer.

Lean lake trout contained significantly lower concentrations of dieldrin
than fat lake trout based on combined 1975 and 1976 data (Table 9). Dieldrin in
1¢an lake trout was significantly higher in 1976 and 1975, while fat lake trout
dieldrin levels were not significantly different in these two years. None of
the average concentrations exceeded the U.S. FDA action level, but 7.7
percent of the individual lean lake trout sampled in 1976 exceeded this value.
The trend showed an increase in dieldrin in Lake Superior lake trout based on
data from 1974 through 1976.

Concentrations of DDT in fat lake trout were significantly greater than
in lean lake trout based on combined 1975 and 1976 data (Table 10). Lean
lake trout DDT concentrations were significantly greater in 1976 than in 1975
and in 1976, 11.5% of lean lake trout exceeded the U.S. FDA action level.

There were no significant differences in the DDT concentrations in fat
lake trout between 1975 and 1976. However, 44.2 and 19.0 percent of the
individual fish exceeded the U.S. FDA action level in 1975 and 1976,
respectively. The average concentration of DDT in fat lake trout in 1975 was
3.35 mg/kg above the action level while the 1976 mean value was below this
value (Table 10). The data showed an increase in DDT concentrations in Lake
Superior lake trout based on data from 1974 to 1976.
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Concentrations of PCB in fat lake trout were significantly higher than
lean lake trout for the combined 1975 and 1976 data (Table 11). Lean lake
trout PCB levels were significantly higher in 1976 than the 1975 values.
Only 2.5 and 15.4 percent of the individual fish analyzed exceeded the U.S.
FDA action level in 1975 and 1976, respectively. There were no significant
differences in fat lake trout during 1975 and 1976, but mean values exceeded
the U.S. FDA action level in 1975 and approached this value in 1976. In
addition, 67.3 and 47.6 percent of the fat lake trout exceeded this level during
the respective years. Maximum values ranged up to 61.56 mg/kg in 1975. The
data indicated no increase or decrease in the PCB concentrations in Lake
Superior lake trout from 1974 through 1976.

Fat Take trout had significantly higher mercury concentrations than lean
lake trout based on the combined 1975 and 1976 data (Table 12). Concentrations
of mercury in lean lake trout were significantly higher in 1976 than in 1975.
Fat lake trout were not significantly different, but 9.6% of the fat lake
trout collected in 1975 exceeded the U.S. FDA action level. The data showed
that mercury concentrations in Lake Superior lake trout were significantly
higher in 1976 than 1974. Concentrations of mercury in 1975 were significantly
lower than both other years. MNone of the yearly means exceeded the 1.0 mq/kg
U.S. FDA action level for mercury, but 3.0 and 2.8 percent of the individual
fish collected in 1974 and 1975, respectively, exceeded this value.
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Summary

In general, Michigan's nearshore waters of Lake Superior were of high
quality. Temperature, dissolved oxygen and nutrient profiles varied little
with depth, indicating thorough mixing.

In relation to the other Great Lakes, low levels of dissolved solids,
chlorophyll a and phosphorus were present, while nitrate and silica concen-
trations were high. Heavy metal concentrations were well within the criteria
for aquatic life and drinking water, although in exceptions various parameters
were noted at Big Bay, Grand Marais, Lower Portage Entry and Eagle Harbor.
Organic chemicals were generally not detectable in Lake Superior nearshore
waters except for diethylhexel-phthalate at one Carp River station. Low con-
centrations of DDT and DDE were detected everywhere, but PCBs were not detectable
in any water samples, apparently because detection limits were not low enough.
Scans for gross beta and gamma emissions in water indicated very low activity or
levels below the minimum detectable activity.

Nearshore sediments were generally uncontaminated except at Munising.
Sediment contamination at Ontonagon, Upper Portage Etnry, Eagle Harbor, Presque
Isle, and Isle Royale was due to past mining activities and/or natural deposits
of metals. Organic contamination at Ontonagon, Carp River, and Munising was
primarily due to past wood and paper mill industries and municipal waste treat-
ment plant discharges.

Biological populations also reflected high water quality. The nearshore
Lake Superior waters were relatively free from fecal contamination except the
river mouths at Carp River and Munising. Standing crops of phytoplankton were
Tow, as indicated by algal densities and chlorophyll a concentrations at most
Tocations. Enrichment indicated by mesotrophic species was limited to river
mouths especially Carp River (Marquette). There were fewer abundant phyto-
plankton species in the fall with a reduction in diatoms and an increase in
Dinobryon. Rhodomonas minuta and Cyclotella spp. were the most prevalent
species during both seasons.

Zooplankton populations were dominated by diaptomid calanoids in the
spring but calanoids were less abundant in the fall, due probably to seasonal
increases in temperature. Crustacean zooplankton species associations, similar
to those reported by other researchers, indicate oligotrophic water quality
except at Lower Portage Entry. The species composition and density of the
rotifer population indicate some enrichment of the very nearshore waters;
reductions further offshore may be due to depth or seasonal changes.

The benthic macroinvertebrate community was impacted at Ontonagon,
Presque Isle, Marquette Harbor and Munising, where the benthic communities were
dominated by pollution-tolerant forms as a result of nutrient enrichment.
Lower Portage Entry and Carp River communities reflected moderate enrichment
while Upper Portage Entry communities were imbacted by high copper concen-
trations.

Organic trace contaminants in fish were present at generally low levels
except for DDT and PCB, which were above USFDA guidelines at several stations.
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Elevated levels of these contaminants were evident in fat lake trout, with

higher concentrations found in larger fish at Munising, Black River, Marquette,
Isle Royale and Copper Harbor. Concentrations of PCB in most lake trout exceeded
the GLWQA objectives. Mercury in fat lake trout also exceeded the pre-

January, 1978 USFDA guidelines and the GLWQA objectives at all locations where
they were collected. Approximately 10 percent of the fat lake trout also
exceeded the new USFDA action level of 10 mg/kg.

The GLECS reports were available for limited trend analysis. The most
recent GLECS data for lake trout, which was the only species in Lake Superior
with sufficient information, covered a period from 1974 to 1976. Two sub-
species were found (fat and lean) and fat lake trout had significantly higher
concentrations of all contaminants than did lean lake trout.

In Lake Superior the concentrations of dieldrin, DDT and mercury in the
Tean and fat lake trout combined were significantly higher in 1976 than 1974,
the years for which data is available. Concentrations of PCB however, did
not change significantly during this same period.
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SECTION VI
LAKE HURON

Introduction

Lake Huron is the third largest of the Great Lakes in volume (3535 km?)
and second largest in surface area (59,570 km?). It ranks second in water-
shed population density and first in total shoreline length (5088 km)
(Chandler, 1964). The chemical composition of Lake Huron waters is largely
determined by two factors. First, Lake Huron is a large mixing basin for
the outflows fromLakes Superior and Michigan. Schelske and Roth (1973)
report conservative element concentrations from northern Lake Huron which
approximate a mixture of 40 percent Lake Michigan and 60 percent Lake Superior
waters. Second, large amounts of dissolved solids enter lower Lake Huron
through Saginaw Bay via the Saginaw River, significantly increasing concen-
trations of dissolved materials in the Tower lake.

The general flow of water in Lake Huron is from the Straits of Mackinac
and the St. Marys River southeast along the Michigan coast to the outlet at
Port Huron (Figure 7), although winds create short-term flow modifications
(Ayers, 1962). Saginaw Bay currents generally move past Port Austin and
south to Port Huron, but occasionally switch to the north tcward Thunder Bay
(Schelske and Roth, 1973). Many relatively shallow bays and harbors in
Lake Huron are isolated from the main lake, resulting in distinct physical and
chemical characteristics due to inputs from river mouths, other localized
watershed influences, and the lack of water circulation.

~ The physica] and chemical characteristics of Lake Huron generally indicate
oligotrophic waters. Lake Huron generally has low specific conductance, low
total‘dissolved solids, high transparancy, high dissolved oxygen, and uniform
reactive phosphate throughout the water column. A trend toward mesotrophy
has been reported by Schelske and Roth (1973) and Dobson, et al. (1974).
Schelske and Roth (1973) found somewhat reduced silica and nitrate concen-
trations in surface waters relative to bottom waters. They also found that
chlorophyll a levels in Saginaw Bay averaged nine times greater than
concentrations at other Lake Huron locations. Dobson et al. (1974) found
that.pfoductivity was increasingly seasonally variable, indicating mesotrophic
cqnd3t1ons. They considered Saginaw Bay to be eutrophic and limnologically
distinct from Lake Huron.
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Physical and General Water Chemistry

Mean temperatures during 1974 ranged from 12.0° to 18.8°C in the spring
with maximum temperatures recorded at Saginaw Bay. Fall mean temperatures
ranged from 9.8° to 19.8°C. In 1975 mean location temperatures ranged from
8.8° to 21.2°C, with the highest temperatures (9°C greater than any other
location) again found at Saginaw Bay. No stable thermal stratification was
observed during either year.

Annual mean DO concentrations in 1974 ranged from 9.1 to 11.6 mg/1, with
an overall lake mean of 10.4 + 0.8 mg/1. Differences in oxygen concentrations
between sampling periods and between locations were not significant. Dissolved
oxygen was negatively correlated with some conservative ions, selected
nutrients, temperature and chlorophyll a. Mean DO concentrations were similar
in 1975, ranging from 10.7 to 13.3 mg/1, with a lakewide average of 11.0 +
0.9 mg/1. Dissolved oxygen concentrations were near saturation levels at
all Tocations during both years, with orthograde depth profiles which reflect
oligotrophic waters.

In 1974, mean pH levels ranged from 7.8 to 8.2; however, in 1975, equip-
ment failures prevented accurate pH measurement. There were no consistent
variations with season, and differences between locations were not significant.
Depth profiles reflected more alkaline waters at the surface due to uptake
and incorporations of CO, by phytoplankton.

Mean total dissolved solids (TDS) concentrations ranged from 92 to
136 mg/1 in 1974. No significant differences were found between sampling
periods, but there were significant differences between Tocations. Background
locations were not significantly different from each other. The impacted areas
(Cheboygan, Alpena, Saginaw Bay and Harbor Beach) were not sianificantly
different, but TDS concentrations at Alpena were substantially higher than at
the backaround areas. The primary sources of TDS in Alpena were the Thunder Bay
River and the Abitibi Corporation. The Lake Huron mean TDS concentrations
(111 mg/1) for the background locations were approximately twice those for
the Lake Superior mean (54 mg/1). Lake Huron background values indicate a general
southerly increase in TDS throughout the nearshore Lake Huron waters.
Thus, a general north to south increase in TDS and a corresponding decline
in Lake Huron water quality appeared to occur and may be related to the
southward increase in population and industrial activity.

During 1975, a similar TDS relationship existed, but the north to south
trends were not as evident. The lakewide average was 127 *+ 19 mg/1, with
individual location means ranging from 88 to 144 mg/1. Total dissolved solids
were strongly correlated with alkalinity, hardness, conductivity, calcium
and magnesium; however, TDS were less correlated with phosphorus, ammonia, sodium,



potassium, sulfate, silica, chiorophyll a and COD, and negatively correlated
with nitrate.

In 1974, mean conductivity values ranged from 154 to 225 umho/cm with
a higher value in the spring than the fall. Significant differences were
found between locations. Significantly lower values at Detour reflected
the input of Lake Superior water from the St. Marys River, while those
industrialized areas located at river mouths (Alpena, Cheboygan and Saginaw Bay)
had significantly higher values. The increased conductivity values in the
southern portion of the lake correspond to the observed change in TDS, both
indicating that inputs from the industrialized watershed of Cheboygan, Alpena,
and Saginaw Bay have a cumulative effect on Lake Huron water quality.
Conductivity correlations were similar to those for TDS except for non-signif-
icant correlations with chlorophyll a and nitrate.

Chlorides and sulfates also reflected the north to south trends reported
for total dissolved solids and conductivity. The location means for 1974
ranged from 3.8 to 9.9 mg/1 and 10.8 to 20.4 mg/1 for chlorides and sulfates,
respectively, with sulfate concentrations highest at Alpena, and chloride
highest at Saginaw Bay. Chlorides were moderately correlated with copper,
magnesium, TDS and chlorophyll a and negatively correlated with dissolved
silica. Sulfates were also moderately correlated with copper, magnesium, TDS,
and chlorophyll a, in addition to phosphorus, nitrogen and COD, and negatively
correlated with nitrates. In 1975, location means from chlorides and

sulfates ranged from 4.0 to 16.0 mg/1 and 11.0 to 22.0 m%fl, respectively
while lakewide means were 7.0 + 4.0 mg/1 chlorides and 15.0 + 3.0 mg/1 sulfate.

The Saginaw Bay location mean was significantly higher than other location
means for both ions in 1975.

Nutrients and Chlorophyll a

In 1974, nitrate concentrations in Lake Huron were lower and more variable
than the Lake Superior levels. Mean NO;-N concentrations at individual locations
ranged from 0.140 to 0.264 mg/1. Nitrate levels were significantly lower in
the surface waters than near the bottom, but there were no differences between
spring and fall data. Nitrate was negatively correlated with the major ions,
dissolved silica, alkalinity and hardness, and was positively correlated with
total nitrogen. In 1975, NO;-N means ranged from 0.142 to 0.280 mg/1, with a
lakewide mean of 0.226 + 0.040 mg/1. Cheboygan, Alpena and Saginaw Bay had
significantly lower concentrations than the other locations during bath
years. The mean concentration for these three Tocations was 0.154 + 0.012 mg/1
in 1974, and 0.165 + 0.021 mg/1 in 1975, while the 1974 and 1975 mean for the
five background locations was 0.232 + 0.019, and 0.256 + 0.018 mg/1, respectively.
The mean NO3-N concentration for the latter five locations was similar to the
1akew1de average for Lake Superior (0.269 + 0.022 mg/1). Apparently, increased
primary production in the vicinity of Cheboygan, Alpena, and Saginaw Bay is

suffjcjent to reduce nitrate concentrations, but not to low enough concentrations
to Timit algal growth.

In_1974, mean ammonia concentrations ranged from 0.002 to 0.029 mg/1 with
a 1akew1de_mean of 0.011 + 0.007 mg/1, approximately 1.5 times greater than the
corresponding Lake Superior value. Only 8 percent of the ammonia values were
below the detection 1imit (0.001 mg/1). Differences between locations
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and sampling periods were not significant, although Alpena, Saginaw Bay and
Harbor Beach did have numerically higher concentrations. Ammonia was
correlated with nutrients, chlorides and turbidity, and negatively correlated
with dissolved oxygen.

In 1975, the average lakewide ammonia concentration was 0.005 + 0.005 mg/1,
with individual location means ranging from below detection to 0.016 mg/1 at
Alpena, which had the only elevated concentration in 1975.

Total nitrogen annual means ranged from 0.32 to 0.47 ma/1 in 1974, with a
lakewide average of 0.43 + 0.06 mg/1. There were no locations or sampling
period differences in 1974. 1In 1975, location means ranged from 0.32 to
0.71 mg/1, with a Takewide mean of 0.44 + 0.12 mg/1. These concentrations were
similar to Lake Superior's lakewide mean (0.40 + 0.003 mg/1). Values for the
Saginaw Bay location were significantly higher than other locations in 1975.

At Saginaw Bay, most of the nitrogen occurred at organic nitrogen.

In 1974, reactive orthophosphate levels in Lake Huron were sliahtly higher
and more variable than Lake Superior levels. Mean concentrations at individual
locations ranged from 0.003 to 0.007 mg/1 P with highest concentrations at
Alpena. Approximately 35 percent of the values were below the detection Tevel
(0.002 mg/1). In 1975, mean concentrations ranged from less than 0.001 to
0.004 mg/1 with a lakewide mean of 0.002 + 0.001 mg/1, which reflects good
water quality. Saginaw Bay had the highest reactive orthophosphate concen-
tration, with Alpena second highest at 0.003 mg/1.

Mean total phosphorus concentrations in 1974 ranged from 0.004 to 0.022 mg/T,
with significant difference between locations. Alpena had the highest
concentration, followed by Saginaw Bay and Harbor Beach. Harbor Beach is
periodically affected by water masses from Saginaw Bay.

The National Eutrophication Survey (EPA, 1974) reported that total phos-
phorus concentrations less than 0.010 mg/1 were indicative of oligotrophic
waters. Concentrations between 0.01 and 0.0? mg/1 were mesotrophic and waters
with total phosphorus over 0.020 mg/1 were eutrophic. Therefore, according to
these classifications Alpena (0.028 mg/1) was eutrophic, and Saginaw Bay
(0.018 mg/1) and Harbor Beach (0.012 mg/1) were in the mesotrophic range.
Total phosphorus was moderately correlated with chlorophyll a, calcium, sulfate,
TDS, organic N, ammonia, turbidity, conductivity and COD and Tess correlated
with reactive silica, alkalinity and hardness. During 1975, location means
ranged from 0.003 to 0.032 mg/1, with a lakewide mean of 0.009 + 0.010 mg/1.
In 1975, Saginaw Bay (0.032 mg/1) would be considered eutrophic and Alpena
(0.018 mg/1) would be considered mesotrophic.

Reactive silica levels in Lake Huron in 1974 were lower and more variable
than silica levels in Lake Superior. The mean location concentrations ranged
from 0.7 to 1.7 mg/1. The Lake Huron lakewide mean (1.0 + 0.4 mg/1) was
approximately one-half the Lake Superior mean concentration. Fall levels were
Tower than spring levels, even though there were no significant differences
between sampling periods, locations or depths. Reactive silica was moderately
correlated with calcium, magnesium, TDS and alkalinity, less strongly
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correlated with reactive and total phosphorus, organic nitrogen, conductivity
and hardness, and negatively correlated with nitrate and chlorides (Table A-5).
In 1975, mean reactive silica concentrations ranged from 0.6 mg/1 in the
southern portion of the lake to 2.0 mg/1 at the northern locations, with a

lakewide average of 1.2 + 0.5 mg/1. Thus, a north to south decrease in silica
was evident in 1975.

In 1974, mean chlorophyll a ranged from 1.7 to 10.6 ug/1 with a lakewide
mean of 4.8 + 4.7 ug/1. Significant differences occurred between locations,
but not between sampling periods. Alpena had the highest mean chlorophyll a
concentration (10.6 ug/1) which was significantly higher than the mean concentra-
tions for three locations north of Detour, Cheboygan and Presque Isle.

A significant north to south increase in chlorophyll a was observed during
1974. A linear regression of the control location mean chlorophyll a values

on the approximate distance from Detour on the north to south axis was
significant. Chlorophyll a was strongly correlated with COD, potassium,
sulfate, TDS and hardness; moderately correlated with other major ions, total
phosphorus, organic nitrogen, turbidity, alkalinity and temperature; and
negatively correlated with dissolved oxygen (Table A-5).

In 1975, mean chlorophyll a ranged from 1.8 to 11.3 ug/1 with a lake wide
mean of 4.5 + 3.2 ug/1. Cheboygan and Alpena had elevated concentrations of
6.6 and 11.3 ug/1, respectively. The Saginaw Bay location was not included in
the calculations of these means, because the three stations there were within
the immediate influence of the river, as reflected by their chlorophyll a
concentration of 60.5 + 46.8 ug/1. The influence of sampling locations within
the Bay on chlorophyll a concentration is indicated by the 1974 values which
were exceptionally low compared to our 1975 data and that of other researchers
(Smith 1977; IJC 1977). The 1974 stations were located in the upper middle and
outer portion of the bay. Data from both years indicate significant enrichment
at Alpena and Saginaw Bay. Enrichment at Alpena is primarily the result of
discharges from the Abitibi Corporation, while the enrichment of Saginaw Bay
is due to numerous point (e.g. Saginaw River) and non-point sources.

Heavy Metals in Water

Heavy metals were very low in Lake Huron waters during 19?4 and 1975. In
1974, with the exception of Saginaw River, total arsenic, cadmium and mercury
were at or just above their detection levels of 1.0, 2.0 and 0.2 ug/],
respectively. In 1975, arsenic and mercury concentrations were consistently
just above the detection level (0.2 and 0.02 ng/1, respectively) at a1l locations
but below the criteria to protect aquatic life. Cadmium concentrations were
lowest in the northern portion of the lake and increased from Alpena south to
Harbor Beach. At Lexington, the southern most location, cadmium rgturqed to
background levels. None of the values approached the Towest aquatic Tife
criterion for cadmium of 0.4 ug/1.
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Selenium was below the detection Timit (1.0 ug/1 at all stations in
1674, and was not analyzed during 1975.

Most total chromium levels were below detection (1.0 ug/1) with 2.0 ug/1
being the highest concentration reported in 1974. In 1975, the detection
level for total chromium was lowered to 0.3 ug/1, with all location means less
than 1.0 ug/1, well below the 50 ug/1 criterion for public drinking water, and
100 nug/1 for aquatic 1ife (U. S. EPA 1976).

Individual copper values ranged from below detection (1.0 npg/1) at
Presque Isle and Alpena in the spring of 1974, to 28 ug/1 at Tawas in the fall.
Location means ranged from 1.0 ug/1 at Lexington, to 13 ug/1 at Tawas, with
a lakewide annual mean of 3.6 + 2.9 ug/1. There were no significant dif-
ferences between locations or sampling periods. In 1975, location means ranged
from 0.7 to 3.4 ug/1, with a lakewide mean of 1.6 + 0.8. No values exceeded
the criterion of 1000 ug/1 for public drinking water (U. S. EPA 1976). Detour,
Cheboygan and Tawas exceeded the recommended GLWQA 5.0 pg/1 objective in the
spring of 1974, as did Presque Isle in the fall of 1974; however, no annual
means exceeded this objective in either 1974 or 1975, except at Tawas in 1974.

In 1974, means for iron ranged from 12 to 228 ug/1, with a lakewide average
of 68 + 63 ug/1. While no sampling period differences were found, significant
iron differences occurred among locations, with Harbor Beach values being
significantly higher than Harrisville, Tawas and Cheboygan. Individual samples
were highly variable, but no location means exceeded the water quality criterion
of 300 ug/1 for iron in drinking water (U. S. EPA 1976). Collection methods
partially account for the elevated values reported for Harbor Beach. During
1975, Tocation means ranged from 8 to 24 nug/1 with a lakewide average of
18 + 6 ug/1l.

Manganese was found above the detection 1imit (1.0 ug/1) in all Lake Huron
samples during 1974 with location means rarging from 2 to 15 ug/1, and a lake-
wide mean of 5 + 4 ug/1. The Alpena mean was significantly higher than that of
Harrisville, but other location or sampling period differences were nat signif-
jcant. Individual samples at Alpena exceeded the 50 ug/1 criterion for manganese
in public water supply (U. S. EPA 1976). 1In 1975, manganese detection limits
were reduced to 0.05 ug/1, with all location means less than 2.0 pg/1.

In 1974, lead was frequently below the detection 1imit (5.0 ug/1). ATthough
lTocation means ranged up to 8 ug/1, most were below detection. No statistical
analysis was performed because of the lack of detectable values for lead. 1In
1975, lead detection levels were lowered to 0.2 ug/1, with location means ranging
from 0.4 to 1.0 ug/1. ATl values during both years were much Tower than the
20 Hg/1 GLWQA objective for Lake Huron.

Total nickel levels (5 pg/1) were detectable in only five individual samples
taken during 1974: three at Harbor Beach, and one each at Alpena and
Presque IsTe. No values exceeded the 25 pg/1 criterion for the protection of
aquatic life (GLWQA 1978). 1In 1975, location means ranged from 0.8 to 1.4 ng/]
total nickel, indicating no excessive nickel levels in Lake Huron waters.

7inc concgnt(ations were variable in 1974, with location means ranging from
5 1g/1 at Harrisville to 29 pa/1 at Detour in the fall, with a lakewide average
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of 10 + 6 ug/1. The Detour mean approached the 30 ug/1 criterion for zinc
(1dC, T1977). There is no known source of zinc at this location. In 1975,
zinc concentrations were substantially lower, with means ranging from below
1.3 to 4.9 ug/1 and a lakewide average of 2.5 + 1.0 ug/1. There were no
elevated values at Detour in 1975, indicating no long-term sources at that
location.

Organic Chemicals in Water

In 1974, organic chemicals in Lake Huron were at verv low levels or below
detection levels. DDD and DDE were below detection levels (0.001 ua/1)
at all Tocations. DDT was detected in five samples, ranging from 0.002 to
0.004 ug/1. Detour, Cheboygan, and Presque Isle each had one sample with
measurable DDT Tevels, and Lexington had two. Polychlorinated biphenyls
(PCB, Arochlor 1242, 1254 and 1260) were found above detection Jevels of
0.01 ng/1 in single samples at Alpena (0.02 ug/1) and Harrisville (0.08 ug/1).
No known sources of PCB occur at these locations, although both areas have
industries which used PCB in the past. However, the concentrations of PCB
were below detection in samples taken prior to this Take survey in these
industrial effiuents.

Dieldrin was above the detection Timit (0.001 ug/1) in only one sample from
Detour, and diethylhexel phthalate was found above detection Tevels (1.0 ug/1)
at Presque Isle (2.6 ug/1), Harrisville (2.0 ug/1) and Saginaw Bay (1.4 ug/1).
Phthalates are used as plasticizers in innumerable products, and samples may
have been contaminated by collecting and processing equipment. Also, low
lTevels of phthalates are relatively common in wastewater discharges.

In 1975, all concentrations of organics in water were reported as below the

Timits of detection due to interference during the laboratory analysis, as
explained in the Lake Superior section of this report.

Radioactivity

Samples for radioactive analysis were collected only in the spring and fall
of 1974. Based on the gamma scan, zinc 65, zirconium 95, niobium 95, cesium 137,
cobalt 60 and manganese 54 were all below the minimum detectable activity Tevels
of 30, 13, 13, 15, 15 and 13 pCi/1, respectively. Gross beta activity was also
low ranging from one to five pCi/1 with a lakewide average of 2.7 pCi/1.

Sediment Chemistry

In 1974, the nearshore sediments at background Tocations in Lake Huron had
low levels of pesticides, PCB, metals, rutrients and COD. However, measurable
total DDT residues were found in samples at two background areas, Presque Isle
(16.3 ng/kg) and Harrisville (3.0 pg/kg). Lexington exceeded EPA dredge spoil
criteria for arsenic but this result was based only on one sample.

Impacted areas generally had higher concentrations of all sediment contam-
inants than background areas. However, mercury, cadmium and selenium were
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below levels of detection, and lead was within background levels at all
locations.

Cheboygan sediments averaged 72 ug/kg total DDT. Cheboygan also
exceeded the EPA dredge spoil criteria for oils and grease at two stations,
and TKN and zinc at one station.

The Alpena stations had total DDT concentrations ranging from 3.9 to
30.7 ug/kg and exceeded EPA dredge spoil criteria for TKN, oils and grease,
and arsenic.

Detectable levels of PCB were found only in the sediments at Harbor Beach
(18 to 27 ug/kg) where these values interfered with the analysis of pesticides.
Total Kjeldahl nitrogen, COD, 0il and grease, zinc, arsenic, nickel and iron
in the Harbor Beach sediments were above the EPA dredge spoil criteria.
There were also elevated concentrations of copper, manganese and chromium.
These heavy metal concentrations have been attributed to Hercules, Incorporated,
whose sludge contained these metals.

In 1975, location means for sediments sampled at Calcite and the open
waters of Saginaw Bay were within EPA dredge spoil criteria. However, the
sediments near the mouth of the Saginaw River would be classified as grossly
contaminated.

Bacteria

The bacteriological quality of the nearshore waters of Lake Huron was
high with most locations sampled relatively free from fecal contamination,
except in the near to shore areas surrounding municipal and industrial dis-
charges.

Bacterial densities at the background locations in the spring (July) and
fall of 1974 were generally below detection levels except at the two southern
most locations, Harrisville and Lexington. Geometric mean total coliform counts
at these two locations in the fall ranged from 141 to 741 organisms/100 ml

(Table 13). Similar increases in fecal coliform or fecal strepococci were not
observed.

Elevated bacterial densities were observed at all impacted locations.
Bacterial densities in Saginaw Bay were elevated only during the fall of
1974 with densities below detection levels except for total coliforms at
station 1 (Table 13).

Geometric means for replicated samples from river-mouth stations exceeded
the Michigan criterion for fecal coliforms at Cheboygan and Alpena during the
1974 spring sampling period (Table 13).

Alpena was the only location with consistently elevated total coliform
counts during both 1974 sampling periods. Spring counts exceeded 1000/100 ml
as far as 1000-m southeast of the river mouth, and counts greater than 500/
100 m1 were found at stations 2000-m from the river mouth. The fall cruise
showed a similar offshore gradient but the mean coliform count found in the
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river mouth exceeded 15,000/100 m1 (Table 9). Fecal coliform counts were above
200/100 m1 only in the spring and fecal streptococci were not above 30 counts/
100 m1 at any time.

Phytoplankton

Few studies of the phytoplankton communities in Lake Huron have been
undertaken. In a 1971 survey, Yollenweider et al. (1974) noted low biomass in
the offshore stations with the diatoms Cyclotella, Tabellaria, Stephanodiscus,
Melosira, and Synedra dominating the community. At times, various phyto-
flagellates and cryptomonads, including Cryptomonas erosa and Rhodomonas
minuta, accounted for up to 20 percent of the biomass.

Schelski et al. (1974) described phytoplankton assemblages in western
Lake Huron. They found populations north of Saginaw Bay were dominated by
diatoms including Cyclotella stelligera, C. michiganiana, C. comta, C.
operculata, C. ocellata, Fragillaria crotonensis, Rhizosolenia gracilis and
Asterionella formosa while only C. stelligera and C. michiganiana were
dominant south of Saginaw Bay.

The phytoplankton community in Michigan's nearshore waters of Lake Huron
were sampled during spring and fall of 1974. The species list for Lake Huron
included approximately 300 phytoplankton taxa with diatoms generally dominant
(Table A-15). The diatoms, primarily Tabellaria fenestrata, Fragillaria
crotonensis, Cyclotella glomerata, C. comensis, and Asterionella formosa were the
dominant algal group during June. Abundant species other than diatoms included
Rhodomonas minuta, Dinobryon sp., Chrysosphaerella longispina and Aphanocapsa
delicatissima.

The phytoplankton data from Alpena and Lexington indicated the presence of
nutrient enrichment at these locations (Figures 8 and 9). Alpena had very high
phytoplankton standing crops in the spring, about 4 times the lakewide mean,
with samples dominated by a large bloom of the blue-green algae Dactylococcopsis
fascicularis (Table A-16). The total numbers of algae at Alpena were also above
the Takewide mean in September, when collections were dominated by the eutrophic
diatoms, Melosira granulata and Fragillaria crotonensis, although there was a
shift back to more oligotrophic forms, especially Tabellaria fensestrata and
Cyclotella glomerata.

Lexington would be classified as eutrophic based on the high standing crop of
phytoplankton. The fall samples at this location were dominated by Fragillaria
crotonensis and Cyclotella comensis, with total numbers about twice the lakewide
mean.

Algal abundance at the northern Lake Huron stations were one-third to one-
half the lakewide mean. There appeared to be an overall north to south increase
in algal abundance in Lake Huron, but this trend was masked by within-location
variability.

Statistical comparisons made between the composite and the 5-meter grab
samples indicated no significant differences (P<0.05) between either species
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Figure 8 Nearshore phytoplankton standing crop, Lake Huron, 1974
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found, or mean number of algal units. Most locations showed no major species
changes with depth. Generally, from two to five species were abundant at a
station with only relatively minor ranking changes, although Saginaw Bay and
Tawas varied from this pattern. At Tawas, Ulothrix, a green alga indicative
of eutrophic conditions, was abundant close to shore (station 1), but not at
stations further offshore. In Saginaw Bay, a decrease occurred from the inner
to the outer bay in the blue-green alga, Oscillatoria, and the green alga,
Ulothrix. Nutrient dilution and distance from shore appears to have caused
species shifts at these impacted locations.

Zooplankton

Only a few studies have been published describing the populations of
Lake Huron zooplankton. Schelske and Roth (1973) found Diaptomus, Bosmina,
and Cyclops to be most abundant in Lake Huron north of Saginaw Bay, with many
genera represented. Patalas (1972) found 23 crustacean taxa with Cyclops
bicuspidatus thomasi, Diaptomus sicilis, D. ashlandi and D. minutus the most
abundant copepods, while Holopedium gibberum and Bosmina longirostris were the
most abundant cladocerans. Nauwerck (1972) reported approximately 30 species
of rotifers from Lake Huron with Kellicottia, Notholca, Synchaeta, Polyarthra,
Conochilus, Keratella, and Gastropus stylifer common in the open lake. Watson
(19747 reported eighteen common species of rotifers in Lake Huron.

Zooplankton were collected in the spring and fall of 1974. 1In the spring,
mean zooplankton densities averaged 13,444 + 14,331 organisms/m®. In the fall,
densities decreased to 4545 + 2164 organisms/m?®, but no statistically significant
differences were found between seasons. This pattern was similar at both back-
ground and impacted locations, and although impacted locations appeared to have
greater numbers, no significant differences (P<0.05) were found between locations.
The ratio of calanoid copepods to cyclopoids and caldocerans has been related to
nutrient enrichment in the Great Lakes (Patalas, 1972) with a large ratio (a
large percentage of calanoid copepods) reflecting low nutrients. This ratio was
over 0.65 during the spring at Detour, Presque Isle and Harrisville, while the
other locations had ratios below 0.55. In the fall, Cheboygan and Alpena had
ratios below 0.30, indicating significantly enriched conditions.

The most abundant species were the cladoceran Bosmina longirostris, the
calanoid copepods Diaptomus oregonensis and D. minutus and the cyclopoid copepod
Cyclops biscuspidatus thomasi (Tables A-17 and A-18). In addition, Diaptomus
sicilis, Epischura lacustris and Daphnia retrocurva were present at most loca-
tions and occasionally reached relatively high numbers. Holopedium gibberum
was found at all locations in the fall (ranging from 9 to 17/m*) but occurred.on1y
atDetour and Presque Isle in the spring (7/m® and 9/m®, respectively). Daphnia
retrocurva was present at all locations in the fall and at 7 of 9 Tocations in
the spring.

Low numbers of Ceriodaphnia lacustris, generally considered a summer
plankter, were found during June at Lexington, and in the fall at Cheboygan,
Alpena and Tawas City. While not abundant, it appears to be widespread in
Lake Huron at locations having extensive reaches of shallow water. Other
crustacean zooplankton numbers were also generally higher at station 1.
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Daphnia galeata mendotae and Bosmina coregoni were found only at_station 1
in the fall. Diaptomus ashlandi, however, was not found at station 1 at
any location.

Eight genera of rotifers were identified with Keratella, Polyarthra,
Asplanchna, and Filinia abundant at all locations in all samples. Another
commonly occurring form, Gastropus, was found at 3 of 9 locations in soring, and
2 of 9 in the fall, but no location had Gastropus during both sampling periods.
The total numbers of rotifers varied considerably, from 381/m® at Detour, to
9494/m*® at Harbor Beach. There were no significant differences between spring
and fall abundances. A significant difference was noted between rotifer
densities at station 1 (nearest to shore or the river mouth) and the other
stations further offshore. This difference occurred even when no river was
present, such as at Presque Isle, where the mean for station 1 was 2822/m?
while the mean was 661/m> for stations further offshore. Since no difference
in community structure was apparent at the generic level, the shallow nearshore
areas appear to provide a more productive habitat for rotifers.

Benthic Macroinvertebrates

During the past two decades, several authors have reported on the benthic
macroinvertebrate communities in Lake Huron. Significant accounts of the com-
munities in the main basin are those of Teter (1960), Schuytema and Powers (1966),
Schelske and Roth (1973), Shrivastava (1974), and Mozley (1975). Schneider
et al. (1969) surveyed the benthic community in Saginaw Bay, and Brinkhurst
{7969) reported on oligochaetes from the same samples. Quantitative comparisons
with older studies may not be valid due to dissimilarity of collection tech-
niques. In earlier studies, usually only one sample per station was collected
with no estimate of variance given. For this reason, results from older studies
in the vicinity of stations sampled in 1974 and 1975 were only qualitatively
compared.

Cook and Johnson's (1974) review of the benthic literature showed that the
open waters of Lake Huron are dominated by Pontoporeia affinis, oligochaetes,
chironomids and sphaeriids. Mozley (1975) reported that P. affinis, Stylodrilus
heringianus and Enchytraeidae were the most numerous taxa at depths greater than
30 m with Peloscolex variegatus and Heterotrissocladius cf. subpilosus also
typical members of the profundal benthic fauna.

The taxonomy of the benthic communities of the Great Lakes is incomplete
and knowledge of the ecology of many important species is Timited, preventing
the development of a complete list of indicator species. Recent papers
discussing nearctic chironomids as indicators of lake typology may clarify
the present chironomid lake classification scheme (Saether, 1975a, Saether, 1975b).

In 1974, Michigan's nearshore waters of Lake Huron were sampied at four
background locations (Detour, Presque Isle, Harrisville and Lexington) and four
impacted locations (Cheboygan Alpena, Tawas and Harbor Beach). During 1975,
an additional background location (Calcite) was evaluated, and two impacted
Tocations (Alpena, Harbor Beach) were re-evaluated (Figure 10).
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Total benthic communities at the background locations ranged from
397 organisms/m? at Calcite, to 7573 organisms/m* at Presque Isle. The
communities were dominated by chironomids and oligochaetes, except at
Presque Isle where the total population of 7573 organisms/m*> was dominated
by Pontoporeia affinis and sphaeriids (Table 14).

The sample at Detour, collected at 23-m, had a community of 1083
organisms/m?, 81 percent of which were the oligotrophic indicators
Stylodrilus heringianus and Heterotrissocladius cf. changi. Other abundant
species included Monodiamesa cf. tuberculata, Protanypus, Micropsectra,
Paracladopelma cf. camplolabis and Tanytarsus (Tables A-19 and A-20).

The benthic collections at Presque Isle were unique because of an excep-
tionally high density of organisms (7573 organisms/m?). Pontoporeia affinis
and Pisidium formed 79 percent (6011 organisms/m*) of the total population.
The samples were collected from depths 9 to 27-m deeper than the average depth
at other locations, which may account for the high densities. Teter, (1960) and
Schelske and Roth (1973) found similar densities of Pontoporeia affinis
in profundal samples with low numbers of sphaeriids. Shrivastava (1974) and
Schuytema and Powers (1966) indicated that high mean densities of P. affinis
(600-800/m?) occurred between 20 and 40-m which includes the sample depth

at Presque Isle (33-m).

Chironomids and oligochaetes at Presque Isle formed only 1.7 and 18.6
percent of the total population, respectively. The oligotrophic indicator forms,
Stytodrilus heringianus and Heterotrissocladius cf. changi, dominated these groups
but the more pollution-tolerant tubificids, Limnodrilus hoffmeisteri and
Potamothrix vejdovskyi, were also present.

The total benthic communities at the other two background locations,
Harrisville and Lexington, were 515 and 580 organisms/m?, respectively, with
communities dominated by nearly equal numbers of chironomids and oligochaetes.
The oligochaetes had a low diversity of species with Stylodrilus heringianus
abundant at both locations, but dominant only at Harrisville. Piquetiella
michiganensis was dominant at Lexington. Unidentifiable immature tubificids
and Potamothrix vejdovskyi were also abundant at both locations.

The chironomid community at Harrisville was composed primarily of the
pollution-intolerant forms Heterotrissocladius cf. changi, Paracladopelma
undine, Potthastia cf. longimanus, Tanytarsus, and Micropsectra, while the
chrionomid fauna at Lexington consisted of a number of pollution-tolerant forms,
Chironomus anthracinus gr., Pseudochironomus and Procladius. The primary
oligotrophic indicator species were not found at Lexington.

Calcite, Tocated northwest of the 1974 sampling location at Presque Isle,
was a background location in Lake Huron during 1975. The total benthic pop-
ulation at Calcite averaged 397 organisms/m? and consisted of similar numbers
of oligochaetes and chironomids. Stylodrilus heringianus was the dominant
oligochaete (70 organisms/m?). Of the eight chironomid taxa found,
Parakiefferiella and Cricotopus were the most abundant (32 and 19/m?,
respectively) with Heterotrissocladius cf. changi present in low numbers (6/m?)
The amphipod Pontoporeia affinis (6/m®) was also found.
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The four impacted locations, Cheboygan, Alpena, Harbor Beach and Tawas, had
high benthic populations (4418, 5721, 3796 and 979 organisms/m*, respectively).
The mean total abundance of benthic organisms at the four impacted Tocations was
3763 organisms/m?. Mean densities of oligochaetes, chironomids, P. affinis,
sphaeriids and other taxa were 2666, 391, 4, 161 and 541 organisms/m*,
respectively. Although differences occured in local benthic assemblages,
the high numbers of tubificids found at each impacted location indicated
nutrient enrichment.

Fifty-three percent of the benthic fauna at Cheboygan was comprised of
oligochaetes, chironomids and sphaeriids, (36.1, 13.0 and 3.0 percent, respect-
jvely). The remaining forty-seven percent consisted primarily of isopods,
Asellus and Lirceus, and amphipods, Gammarus and Hyalella azteca. These four
taxa accounted for 37.2 percent of the total benthic community. Lirceus and
H. azteca were the most abundant of this group, reaching maximum densities of
2552 and 2413/m?, respectively, at station 6 in 1974. The amphinod, Pontoporeia
affinis, was not found at Cheboygan.

The oligochaete community at Cheboygan contained 22 species of which 13
were tubificids. Maximum oligochaete densities (3437/m?) were found at the
mouth of the harbor, indicating significant enrichment from the river.
Unidentifiable immature tubificids dominated the oligochaete numbers, account-
ing for 60 percent of the total. Significant differences were apparent
between stations with the pollution-tolerant oligochaetes, Aulodrilus
pluriseta, Limnodrilus cervix and L. hoffmeisteri dominant only at stations 1
and 2, both located near the mouth of the Cheboygan River and the offshore stations.

The chironomid fauna at Cheboygan was highly diverse with 31 taxa rep-
resented. The abundant species were primarily pollution-tolerant forms found
near the river mouth, iincluding Procladius, Chironomus anthracinus gr.,
Cryptochironomus, Microtendipes, Phaenopsectra (Tribelos), Polypedilum scalaenum
ar., Pseudochironomus, and Tanytarsus. The pollution-intolerant forms
Heterotrissoctadius, Monodiamesa cf. depectinata, Potthastia cf. longimanus
and Paracladopelma were present in very lTow numbers, primarily at stations
farther from the river mouth.

Both the presence of pollution-tolerant forms in high numbers and the
abundancg of isopods and amphipods at the harbor mouth indicate a high degree
of organic enrichment at Cheboygan.

Tawas had a diverse assemblage of oligochaetes (19 species) and chironomids
(27 species). The oligochaete community was dominated by immature tubificids
which made up greater than 40 percent of the community, Peloscolex ferox, a species
tolerant of moderate pollution, and Stylodrilus heringianus, generally considered
an oligotrophic species, were also dominant. Peloscolex ferox, was common
at all stations, and the dominant species at station 1, whereas Stylodrilus
heringianus was dominant only at station 7, further offshore.

The most abundant chironomids found at Tawas, Pseudochironomus and
Cryptochironomus gr., are considered pollution-tolerant. The oligotrophic forms
Heterotrissocladius and Paracladopelma were found in relatively low numbers only
at stations furthest from shore indicating water quality improvement with dis-
tance from the river mouth. The diversity and predominance of mesotrophic

-83~



and eutrophic benthic forms demonstrates the influence of Saginaw Bay on the
water quality at Tawas.

Historical data for Thunder Bay at Alpena reflect changes occurring in
the nearshore waters of Lake Huron as a result of organic enrichment. 1In
1957, a highly diversified benthic community containing many pollution-
intolerant forms with 12,260 organisms/m?, was found. By 1965, this community
had been almost exclusively replaced by one of pollution-tolerant forms with
only 2260 organisms/m* (MWRC, 1965a). 1In 1974, the mean benthic densities
ranged from 2223 to 12,333 organisms/m®, with an overall average of
5721 organisms/m?. In 1975, mean densities ranged from 1610 to 7731 organisms/
m?. O0ligochaetes comprised 72 percent of the total population during 1957, 89
percent during 1965, 95 percent during 1974 and in 1975, dropped to 60 nercent
(Figure 11). 1In 1974, maximum oligochaete densities of more than 12,000/m*
were found near the mouth of the Thunder Bay River, with unidentifiable im-
mature tubificids accounting for 71 percent of oligochaete numbers. The most
abundant of the 23 oligochaete species found during both years were Nais,
Aulodrilus americanus, A. piqueti, A. pluriseta, Limnodrilus hoffmeisteri,
Peloscolex ferox, P. multisetosus and Potamothrix vejdovskyi, all considered
pollution-tolerant organisms.

Chironomids remained relatively constant at 3 to 5 percent, during the
past 18 years, until in 1975 they increased to 33 percent. In 1975, these
chironomids considered primarily of the pollution-tolerant forms, Cryptochironomus,
Procladius, Tanytarsus, and Harnishia. In 1974, chironomid species consisted of
Procladius, Chironomus anthracinus gr., Chironomus fluviatilis gr., Chironomus
plumosus, Cryptochironomus and Tanytarsus.

Sphaeriids which accounted for 18 percent of the total population during
1957, decreased to 2, 1 and 6 percent during 1965, 1974 and 1975, respectively.
The percentage of "other taxa" showed a similar decrease from 5 to 1 percent
since 1957. The oligotrophic indicator species Pontoporeia affinis, Stylodrilus
heringianus and Heterotrissocladius were present in very low numbers in 1974,
and then only at the outermost stations. S. heringianus was found at very low
numbers only at two intermediate stations in 1975.

Harbor Beach was the only impacted location without a major river discharge,
but the harbor was confined by an extensive breakwall. In 1974, the benthic
community was sampled at seven stations within the harbor and one station about
350 meters west of the main entrance; in 1975, samples were taken at two
stations inside the harbor and one outside the harbor.

In 1974 and 1975 benthic communities were dominated by oligochaetes
(87.8 and 86 percent, respectively), with the pollution-tolerant tubificids,
Limnodrilus cervix, L. maumeensis, and L. hoffmeisteri abundant. The pollution-
tolerant chironomids, Chironomus anthracinus and Chironomus plumosus gr. were
the most abundant midges.

In 1974, benthic densities at stations within the harbor ranged from 1973/m?
to 7189/m?, while densities outside the harbor were only 386 organisms/m?.
Although the station further offshore was also dominated by pollution-tolerant
forms and would be classified as mesotrophic, the low populations and the limited
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presence Stylodrilus heringianus, Peloscolex variegatus and Paracladopelma
undine suggest improved water quality outside the harbor.

The Harbor Beach total communities showed no consistent pattern based on
1958, 1965, 1974 and 1975 samples, with 5343, 989, 3796 and 5657 organisms/m?,
respectively. The percentages of oligochaetes and chironomids in 1958 and
1974-5 were similar, 86 and 88 percent for oligochaetes, and 13 and 12 percent
for chironomids. The 1965 survey had 77 percent oligochaetes and 22 percent
chironomids (MWRC, 1965b). Pontoporeia affinis was absent, and sphaeriids and
"other" taxa never exceeded 1 percent of the total population during any of
the surveys.

The 1965 report concluded that water quality had decreased since 1958 even
though there was a decrease in the percentage of oligochaetes (MWRC, 1965b).
Based on the 1974 and 1975 results there appears to have been 1little change in
the Harbor Beach benthic community since the 1965 study.

Contaminants in Fish

Heavy metal concentrations were‘generally very low in all areas of Lake
Huron for all species of fish. No values exceeded the CFDD or new U.S. FDA
tolerance 1imits. The only metal to approach these levels in 1974 samples was
mercury, while all other metal concentrations were less than 10 percent of the
tolerance limits. The highest mean mercury values were in yellow perch at
all locations (Table 15) with the maximum individual mercury value of 0.49 mg/kg
in a yellow perch from Hammond Bay.

A1l the metal levels in yellow perch during 1974 were low. Mercury ranged
from 0.18 to 0.40 mg/kg with mean values for Thunder Bay and Tawas Bay of 0.26 +
0.04 mg/kg and 0.27 + 0.03 mg/kg, respectively. Values for Harbor Beach and
Lexington were slightly higher (0.33 and 0.34 mg/kg, respectively). Areas south
of Saginaw Bay appeared to have slightly higher mercury values than areas to the
north, but no significant differences were found for mercury concentrations in
yellow perch or whitefish.

Pesticides and other organic contaminants in all species were generally low
(Table 16). In 1974 chlordane, lindane, methoxychlor, hexachlorobenzene,
hexachlorbutadiene, dibutyl-n-phthalate, diethylhexylphthalate and polybrominated
biphenyl were not detectable in any fish analyzed at detection levels shown
in Table 2.

Concentrations of dieldrin were well below the U.S. FDA action level in all
samples during 1974 and 1975. There were no significant location differences in
dieldrin concentrations for any of the fish tested.

Total DDT during 1974 and 1975 were generally found above detection levels
with the highest Tocation mean concentration (0.97 mg/kg) occurring in a chinook
salmon from Alpena. The lowest location mean was in yellow perch from Hammond
Bay, where total DDT was not detected in any sample. The salmonids, including
whitefish, had mean levels greater than 0.2 mg/kg, while percids (yellow perch
and walleye) means were below 0.07 mg/kg.
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Table 15. Mean concentrations of selected metal contaminants in
5. Entries expressed as

Lake Huron fish, 1974 and 197

mg/kg wet weight basis for edible fillets.

1974
Location Fish Species Mercury Copper Zinc Lead Cadmium
mg/kg mg/kg mg/kqg  mg/kg mg/kg

Hammond Bay Brown trout 0.13 0.74 3.46 0.11 0.03
Yellow perch 0.31 0.56 4.60 0.26 0.10
Rainbow trout 0.10 0.61 3.78 0.07 0.03
Walleye 0.17 0.28 3.80 0.23 0.30
Whitefish 0.04 0.64 3.59 0.71 ND

Alpena Brown trout 0.13 0.33 2.90 0.10 0.01
Chinook salmon 0.22 -——— -—— -——— R
Yellow perch 0.15 0.37 4.69 0.18 0.03
Whitefish 0.03 ——-- ———- ———- -

Tawas Whitefish 0.03 - ——— ——— -——-

Harbor Beach Yellow perch 0.34 0.31 7.70 0.40 0.03

Lexington Yellow perch 0.33 0.24 7.12 0.32 0.03

1975

Hammond Bay Lake trout 0.15 -—-- - -—-- -——-

Alpena Yellow perch 0.26 0.29 8.12 0.77 0.04

Tawas Yellow perch 0.27 0.27 7.64 7.64 0.03

GLWQA objectives (for whole fish) 0.05 100 100 10

Pre-Jan, 1978 USFDA Action Level

(edible portion) 0.05
New USFDA Action Level 1.0

ND = not detectable
---- = no sample analysis for this parameter
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Table 16.

fish, 1974 and 1975.

Mean concentrations of selected organic contaminants in Lake Huron
Entries are expressed as mg/kg wet weight
basis for edible fillets.

1974
Total
Location Fish Species DOT PCB Dieldrin
Hammond Bay Brown trout 0.57 1.13 0.02
Yellow perch ND ND ND
Rainbow trout 0.32 0.94 0.03
Walleye 0.03 ND ND
Whitefish 0.26 ND 0.05
Alpena Brown trout 0.50 1.10 0.04
Chinook salmon 0.97 2.30 0.05
Yellow perch 0.03 ND TR
Whitefish 0.35 0.34 0.05
Tawas Whitefish .12 0.22 0.03
Harbor Beach Yellow perch 0.13 0.03 ND
Lexington Yellow perch 0.05 0.13 ND
197
Hammond Bay Lake trout 0.81 1.61 0.05
Alpena Yellow perch 0.04 0.13 ND
Tawas Yellow perch 0.07 0.23 ND
GLWQA objectives (whole fish) 1.0 0.1 0.3*
USFDA action level (edible portions) 5.0 5.0 0.3

ND
TR

trace

not detectable

aldrin plus dieldrin
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PCB concentrations were generally low in 1974 and 1975 in the Lake Huron
fish, with brown trout and chinook salmon having the highest levels. The
mean for six chinook salmon from Alpena was 2.30 mg/kg, while brown trout from
Hammond Bay and Alpena had mean values of 1.13 and 1.09 mg/kg, respectively.
The U.S. FDA action level for PCB was not exceeded in any individual fish, and
yellow perch, walleye, and whitefish contained less than 1/10 of the tolerance
1imit. However, all fish analyzed for PCB with the exception of yellow perch
from Harbor Beach in 1974, exceeded the GLWQA objective of 0.1 mg/kg for PCB.

Concentrations of DDT, PCB and mercury were generally higher in larger
fish as demonstrated by a linear regression analysis performed on whitefish
and chinook in 1974. Mercury was also correlated with fish length in yellow
perch. 1In 1975, a significant Tinear relationship of DDT and PCB but not
mercury or dieldrin with length was found in lake trout.

No significant location mean differences were found for PCB or DDT in
whitefish at Detour, Tawas or Lexington or in yellow perch from Detour,
Alpena, Tawas, Lexington or Harbor Beach.

An analysis of the trends of these fish contaminants based on the GLECS
data was completed for lake trout, whitefish and walleye. Lake trout data
were available from 1975 through 1978. In addition, data were available for
whitefish from 1974 and 1975 and for walleye from 1974 and 1978. 1In addition
to year to year comparisons, location differences were tested, but these
differences were inconclusive.

Lake trout dieldrin concentrations were significantly higher in 1976 than
1975 and 1978. A1l years were significantly higher than 1977 (Table 17).
Only one lake trout was above the U.S. FDA action level of 1.0 mg/kg for dieldrin.
Concentrations of dieldrin in whitefish were available only for 1974 and 1975
and no significant differences found. Walleye were only analyzed for dieldrin
in 1978. No walleye or whitefish exceeded the U.S. FDA action level for
dieldrin, The data suggest a decline in dieldrin after 1976 in lake trout based
on data from 1975 through 1978. No decline or increase for whitefish based on
1974 and 1975 concentrations was apparent.

The lake trout had significantly higher concentrations of DDT in 1976 than
1975 and 1977. The 1978 DDT concentrations were significantly lower than all
other years (Table 18). There was no significant increase or decrease in DDT
concentrations in whitefish in 1974 and 1975. The 1978 walleye had significantly
higher DDT concentrations than 1974. The 1978 concentrations increased 10 fold
over the 1974 concentrations. The data suggest a decline in DDT concentrations
in lake trout after 1976 based on data from 1975 through 1978. A small increase
in DDT concentrations occurred in walleye based on data for only 1974 and 1978.
Without data for the intervening years, trends are difficult to predict. Only
one lake trout exceeded the U.S. FDA action level of 5.0 mg/kg DDT.

The most recent data show that PCB did not significantly decline or increase

in Lake Huron lake trout from 1974 to 1978 but increased in whitefish from 1974
to 1975 (Table 19). Walleye tested only for PCB in 1978 had mean and maximum
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PCB concentrations similar to those for whitefish in 1975. Only one lake
trout exceeded the U.S. FDA action level of 5.0 mg/kg PCB in 5.3 and 3.3%
of the lake trout in 1975 and 1977, respectively.

The data for mercury indicate that concentrations may have peaked in
lake trout by 1976 or 1977 based on data from 1975 through 1978 (Table 20).
Mercury concentrations did not change in whitefish from 1974 to 1975. Mercury
concentrations were significantly greater in Lake Huron walleye in 1978 than
in 1974 and appear to be approaching the U.S. FDA action level of 1.0 mg/kg.
Howeger, without data for the intervening years, it is difficult to predict
trends.

Summary

Lake Huron is composed of water originating in Lake Superior and Lake
Michigan but its water quality is substantially affected by inputs from within
the basin. Temperature and dissolved oxygen profiles in Lake Huron varied
Tittle with depth. The absence of thermal stratification and orthograde
dissolved oxygen depth profiles indicate a thorough mixing of the nearshore
waters. Total dissolved solids in Lake Huron averaged twice the levels of Lake
Superior with corresponding increases in chlorides and sulfates. Based on
background locations, there was a general north to south increase in total
dissolved solids, chlorides, sulfates, phosphorus and chlorophyll a levels
with corresponding decreases in silica levels,

Areas of lower water quality were found at Cheboygan, Alpena, Saginaw Bay
and Harbor Beach. Cheboygan had elevated suspended solids and conservative
ions while Alpena and Saginaw Bay were the major sources of phosphorus to
Lake Huron. Heavy metals were generally low with some slightly elevated levels
detected in 1974, but not in 1975. DDT, DDE and PCBs were generally below
detection levels in the Water. PCBs were found at 0.02 and 0.08 ug/1 at
Alpena and Harrisville, respectively. Wastewater surveys of industrial effluents
in the vicinity of these locations did not detect the source of these PCBs
Although scattered individual stations were above detection 1imits, no
location exceeded water quality criteria.

Sediment quality in the Take was good at all locations except Cheboygan,
Alpena, and especially Harbor Beach, which exceeded U. S. EPA dredge spoil
criteria for several metals and organic contaminants. Sediment aualitv was
significantly worse in several of the river mouths, especially Saginaw River,
reflecting degraded water quality inputs from rivers.

Bacterial densities were generally low, except at Alpena where total coliform
counts were consistently elevated. Other areas, near municipal and industrial
wastewater discharges, occasionally exceeded criteria but most nearshore
Lake Huron waters had low or nondetectable bacterial densities.

Phytoplankton populations were dominated by diatoms although localized

blooms of blue-greens and Cryptophyta were found in the southern portions of
the lake, the very nearshore waters, and at Alpena. Zooplankton densities
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increased from north to south with noticable increases at impacted locations.
These locations also had a reduced proportion of calanoids, indicating enriched
conditions.

Analysis of benthic macroinvertebrate data indicated a gradual change from
oligotrophic conditions at the northern most location (Detour) to a mesotrophic
condition at the southern mostlocation (Lexington). Species abundance was
affected by depth, bottom type and ambient water quality. O0ligotrophic indicator
species characterized all background locations. The abundance of Pontoporeia
affinis at Presque Isle was assumed to be due to the greater depth at which samples
were collected. A1l impacted locations had diverse, abundant, pollution-tolerant
communities, reflecting nutrient inputs from local sources.

Heavy metals in fish were low in all areas for all species and no values
exceeded USFDA tolerance 1limits. Organic contaminants in fish were below
detectability, except for PCB and DDT which, when found, were present in relatively
Tow concentrations compared to Lake Superior. The highest concentrations of PCB's
were found in chinook salmon and brown trout from Alpena, but no source was found
in wastewater surveys of industrial effluents in the vicinity. Nearly all species
collected exceeded the GLWQA objective for PCB.

The GLECS reports were available for limited trend analyses. In Lake
Huron adequate data were available for analysis of lake trout (1975-1978),
whitefish (1974 and 1975) and walleye (1974 and 1978).

In Lake Huron lake trout, dieldrin, DDT and mercury concentrations appear
to have peaked in 1976 followed by an apparent decline using the most recent
(1975-1978) data. Concentrations of PCB however, did not change significantly
from 1975 to 1978.

For whitefish, no significant changes in the concentrations of dieldrin, DDT and
mercury in Lake Huron were detected. A significant increase in PCB concentrations
in whitefish from 1974 to 1975 did occur.

In Lake Huron walleye, a significant increase in DDT and mercury
concentrations in 1978 over 1974 was observed. However, without the intervening
years data trends are difficult to predict. The maximum mercury concentration in
walleye collected in the northern portion of Lake Huron nearly exceeded the
action level. Dieldrin and PCB were not tested for in 1974 in walleye.
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Table A-3. Descriptive statistics for selected physical and chemical constituents in the
nearshore waters of Lakes Superior and Huron, 1974
Temperature (c)
SPRING FALL ANNUAL

Lake Superior _n_ X SD n X SD o X SD
Black River 18 9.3 1.8 18 14.3 0.6 36 11.8 2.8
Ontonagon 18 10.2 1.1 18 14.8 0.6 36 12.5 2.4
Upper Portage Entry 9 7.8 0.4 9 15.0 0.1 18 1.4 3.6
Lower Portage Entry 9 6.8 1.8 g 14.0 2.2 18 10.4 4.1
Eagle Harbor 9 8.1 1.5 7 15.4 0.9 16 11.3 3.8
Isle Reyale & 3.3 0.3 3 13.7 0.3 9 6.7 5.2
Big Bry 18 6.8 0.7 17 15.7 1.9 35 1.1 4.6
Yresgue Isle (Marquette) 17 6.6 1.7 14 14.1 1.6 3} 10.3 4.0
Carp River (Marquette) 15 9.9 0.3 15 14.9 0.3 30 12.4 2,5
Munising 18 8.1 0.4 18 13.5 3.5 36 10.8 3.6
Grond Marais 18 7.3 0.5 18 17.2 0.1 36 12.5 4.9
whitefish Point 15 9.3 1.3 15 17.0 0.1 30 13.1 3.9
Lake Huror

Detour 18 12.0 3.7 18 9.8 3.0 36 10.9 3.5
Cheboygan 18 14.8 0.4 18 14.3 0.4 36 14.5 0.4
Presque Isle 17 12.9 1.7 17 15.2 0.3 34 14.0 1.6
Alpena 18 16.9 1.2 18 17.3 0.3 36 17.1 0.8
Harrisville 18 13.9 1.4 18 18.8 0.3 36 16.3 2.6
Tawas 16 12.4 0.5 18 19.2 0.2 34 16.0 3.4
Seginaw Bay 8 18.8 6.3 8 11.3 0.4 16 15.0 5.8
Harbor Beach 16 15.1 1.1 15 19.8 1.0 31 17.4 2.5
Lexington 18 12.9 0.9 18 19.6 0.1 36 16.3 3.4

Dissolved Oxygen (mg/1)
SPRING FALL ANNUAL

Lake_Superior n X SD n X SD o X Sh
Black River 16 10.2 1.0 17 8.9 0.3 33 9.5 1.0
Ortonagon 18 10.2 0.2 18 8.7 0.1 36 8.4 0.8
Upper Portage Entry 9 10.9 0.2 9 8.9 0.1 18 9.9 1.0
Lower Portage Entry 9 10.9 0.3 9 9.4 0.5 18 10.2 0.9
Eagle Harbor 9 13.9 0.2 7 8.5 0.4 16 11.0 2.3
Isle Poyale 6 1.5 0.2 3 8.0 0.1 9 10.6 1.3
Big Bay 18 13.2 0.1 17 10.7 0.5 35 12.9 1.3
Prosque Isle (Marquette) 17 10.8 0.2 14 10.9 0.5 31 10.8 0.4
Carp River (Marquette) 15 10.2 0.1 15 10.F 0.1 30 10.4 0.2
lunising 18 1.3 0.6 18 10.8 0.7 36 1.9 0.7
Grand Marais 18 12.6 0.2 18 10.1 0.1 36 11.4 1.3
Whitefish Point 14 1.9 0.1 15 9.7 0.2 29 10.7 1.1
Lake Hutnn

Detour 18 11.5 1.2 18 11.7 0.8 36 11.% 1.0
Cueloygan 18 10.8 0.5 18 10.4 0.1 36 10.5 0.4
Presque Isle 17 9.6 0.5 17 19.2 0.2 34 9.9 0.5
Alpena 18 9.7 0.3 18 11.0 0.2 36 10.4 0.7
Harrisville 17 11.4 0.4 18 10.5 0.2 35 11.0 0.5
Tawas 17 11.2 0.3 18 10.0 0.1 35 11.0 0.3
Saginaw Bay 3 9.2 1.4 8 n.7 0.5 1 11.0 1.5
Harbor Beach 16 8.0 0.4 15 9.7 0.2 31 9.] 0.6
Lexington 18 9.1 0.3 18 10.0 0.1 36 9.6 0.5
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Lale Superior

Black River

Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)
Munising

Grand Marais
Whitefish Point

Lake Huron

Detour
Chebovgan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River

Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)
Munising

Crand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 (continued)

pH_
SPRING FALL ANNUAL
_n_ X SD _n_ X SD _n_ X Sb
4 7.7 4 7.7 8 7.7
12 7.7 12 7.7 24 7.7
6 7.8 6 7.8 12 7.8
- - 6 7.7 - -
2 7.6 2 7.7 4 7.7
6 7.4 4 7.6 10 7.5
- - 4 7.9 - -
- - 6 7. - -
n 7.7 12 7.6 23 7.7
9 7.2 12 7.6 21 7.6
4 7.7 4 7.7 8 7.7
4 8.0 4 7.7 8 7.9
4 7.8 4 7.8 8 7.8
12 8.3 12 8.1 24 8.2
4 8.1 4 8.0 8 8.0
12 8.1 12 8.2 24 8.2
4 8.0 4 8.2 8 8.1
12 8.2 12 8.3 24 8.2
6 8.7 6 8.2 12 8.2
12 7.9 12 8.1 24 8.0
4 7.9 4 8.3 8 8.1
Turbidity (J.7.U.)
SPRING FALL ANNUAL
n < SD _n_ X SD _n_ X SD
4 2.0 1.2 4 1.9 0.2 8 1.6 1.0
12 1.8 0.6 12 1.6 1.0 24 1.7 0.8
6 1.5 0.3 6 1.1 0.7 12 1.3 0.6
6 1.0 0.6 6 0.6 0.1 12 0.8 0.5
2 2.0 0.0 2 0.5 0.0 4 1.5 0.8
6 0.8 0.1 4 0.5 0.0 10 0.7 0.2
6 0.7 0.0 4 0.5 0.1 10 0.6 0.1
12 0.8 0.1 12 0.5 0.1 24 0.7 0.2
n 0.8 0.1 12 0.6 0.1 23 0.7 0.1
1 1.2 0.7 12 1.0 1.9 23 1.1 1.4
4 0.6 0.0 4 0.6 0.1 8 0.6 0.0
4 0.7 0.1 4 0.5 0.1 8 0.6 0.1
4 1.0 0.6 4 1.4 0.4 8 1.2 0.5
12 1.9 0.2 12 1.3 0.3 24 1.1 0.3
4 1.0 0.3 4 1.1 0.8 8 1.0 0.6
12 2.7 3.1 12 2.3 0.6 24 2.5 2.2
4 0.6 0.1 4 1.0 0.3 8 0.8 0.3
12 1.1 0.3 12 0.7 0.1 24 0.9 0.3
6 2.4 1.3 6 6.2 5.4 12 4.7 4.4
12 3.2 1.6 12 3.3 3.2 24 3.2 2.5
4 1.4 0.3 4 0.8 0.0 8 1.0 0.3
continued
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Lake Superior

Black River
Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River
Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 (continued)

Alkalinity {ma/1}
SPRING FALL ANNUAL
.n X SD _n_ X SD _n X SD
4 42 0 4 41 1 8 a1 1
12 42 1 12 44 1 24 43 1
6 43 1 6 43 0 12 43 1
6 42 1 6 43 2 12 42 1
2 41 0 2 42 1 4 4] ]
6 44 1 4 43 1 10 43 1
6 43 1 4 43 1 10 43 1
12 42 2 12 42 1 24 42 2
1 a0 2 12 42 1 23 41 1
12 45 2 12 43 0 24 43 2
4 43 1 4 42 1 8 42 1
4 44 4 41 1 8 43 1
4 65 6 4 65 8 8 65 6
12 96 1 12 95 ? 24 96 2
4 82 4 4 78 0 8 80 3
12 100 8 12 87 3 24 93 9
4 79 2 4 79 2 8 79 0
12 80 2 12 83 1 24 81 2
6 91 7 6 84 4 12 87 7
12 82 1 12 81 1 24 82 1
4 83 2 4 80 1 8 81 2
Hardness ngll )
SPRING FALL ANNUAL
_n. X SD _n_ X SD _n_ X SD
4 44 1 4 46 0 8 45 1
12 44 1 12 48 1 24 46 1
6 45 1 6 46 1 12 46 1
6 45 1 6 45 1 12 45 1
2 45 0 2 46 1 4 45 1
6 45 0 4 46 1 10 45 0
6 45 2 4 45 1 10 45 2
12 44 1 12 45 1 24 45 1
11 45 1 12 46 ] 23 45 1
12 45 ? 12 45 1 24 45 ]
4 45 1 4 47 2 8 46 3
4 45 1 4 46 1 8 45 1
4 79 15 4 80 10 8 79 13
12 17 2 12 115 1 24 116 2
4 103 4 4 95 0 8 99 5
12 119 13 12 106 3 24 113 9
4 98 2 4 97 1 8 97 2
12 99 1 12 100 2 24 100 ]
6 145 14 6 100 6 12 122 25
12 104 2 12 102 2 24 103 2
4 103 2 4 98 1 8 100 1
continued
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Lake Superior

Black River
Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River
Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 (continued)
Magnesium (mg/])

SPRING FALL ANNUAL
o X SD _n_ X SD n_ X SD
4 3.0 0.1 4 3.3 0.0 8 3.2 0.1
12 3.0 0.1 12 3.4 0.1 24 3.2 0.2
6 3.0 0.1 6 3.1 0.1 12 3.0 0.1
6 3.0 0.0 6 3.2 0.0 12 3.1 0.1
2 3.3 0.0 2 3.2 0.0 4 3.3 0.1
6 3.2 0.1 4 3.2 0.0 10 3.2 0.1
6 3.0 0.0 4 3.2 0.1 10 3. 0.1
12 3.0 0.1 12 3.3 0.0 24 3.2 0.1
11 3.1 0.1 12 3.3 0.1 23 3.2 0.1
11 3.1 0.1 12 3.2 0.0 23 3.2 0.1
4 3.1 0.1 4 3.1 0.0 8 3.1 0.0
4 3.1 0.1 4 3.2 0.0 8 3.1 0.1
4 6.3 0.7 4 6.4 1.0 8 6.4 0.9
12 10.0 0.0 12 9.9 0.1 24 10.0 0.1
4 8.1 0.3 4 7.8 0.1 8 7.9 0.3
12 8.9 0.5 12 8.3 0.2 24 8.6 0.5
4 8.0 0.1 4 7.7 0.1 8 7.8 0.2
12 7.8 0.1 12 7.7 0.0 24 7.8 0.1
6 9.7 1.1 6 8.4 0.5 12 9.0 1.0
12 8.0 0.1 12 7.8 0.2 24 7.9 0.1
4 8.4 0.1 4 7.7 0.0 8 8.0 0.3
Calcium (mg/1)
SPRING FALL ANNUAL
n_ X SD n_ X SD n_ X SD
4 13 0 4 13 0 8 13 0
12 13 0 12 14 0 24 14 ]
6 14 0 6 14 ] 12 14 0
6 13 0 6 14 0 12 14 0
2 14 0 2 14 0 4 14 0
6 13 0 4 14 1 10 14 0
6 14 0 4 13 0 10 14 1
12 14 0 12 14 0 24 14 0
n 14 0 12 14 ] 23 14 ]
12 13 0 12 14 1 24 13 0
4 14 0 4 13 0 8 13 0
4 13 0 4 13 ] 8 13 0
4 22 2 4 22 3 8 22 3
12 31 ] 12 30 0 24 31 1
4 27 ] 4 26 0 8 27 1
12 33 2 12 29 0 24 31 3
4 27 1 4 28 ] 8 28 1
12 28 1 12 27 1 24 28 ]
6 27 3 6 30 2 12 28 3
12 29 1 12 28 0 24 28 1
4 29 1 4 27 8 28 1
continued
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Lake Superior

Black River
Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Crand Marais
Whitefish Point

lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River
Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 (continued)

Potassium (mg/1)
SPRING FALL ANNUAL
_n_ X SD o X 3] _n_ X SD
4 0.40 0.01 4 0.52 0.06 8 0.47 0.07
12 0.4 0.01 12 0.56 0.10 24 0.49 0.10
6 0.45 0.08 6 0.51 0.06 12 0.48 0.08
6 0.49 0.06 6 0.46 0.02 12 0.48 0.04
2 0.46 0.01 2 0.54 0.09 4 0.50 0.C8
6 0.42 0.03 4 0.52 0.062 10 0.46 0.06
6 0.47 0.01 4 0.58 0.10 10 0.52 0.08
12 0.47 0.03 12 0.45 0.01 24 0.46 0.02
11 0.44 0.02 12 0.45 0.01 23 0.44 0.02
11 0.42 0.04 12 0.57 0.15 23 ¢.51 0.14
4 0.41 0.02 4 0.47 0.01 8 0.4 0.03
4 0.38 0.01 4 0.44 0.01 8 0.41 0.03
4 0.58 0.05 4 0.64 0.09 8 0.6] 0.08
12 0.81 0.03 12 0.86 0.02 24 0.84 0.04
4 0.66 0.02 4 0.76 0.01 8 0.71 0.05
12 0.85 0.21 12 0.79 0.02 24 0.82 0.15
4 0.68 0.01 4 0.72 0.01 8 0.70 0.02
12 0.76 0.03 12 0.87 0.12 24 0.82 0.10
6 1.05 0.16 6 0.90 0.08 12 0.98 0.15
12 0.80 0.02 12 0.84 0.08 24 0.82 0.06
4 0.79 0.04 4 0.85 0.03 8 0.82 0.04
Sodium {mg/1)
SPRING FALL ANNUAL
o X SD n_ X SD o X SD
4 1.3 0.1 4 1.6 0.2 8 1.4 0.2
12 1.4 0.1 12 1.9 0.5 24 1.6 0.4
6 1.5 0.3 6 1.7 0.3 12 1.6 0.3
6 1.3 0.1 6 1.6 0.1 12 1.5 0.2
2 1.7 Q.1 2 1.9 0.4 4 1.8 0.3
6 2.3 0.4 4 1.4 0.1 10 1.9 0.6
6 1.2 0.1 4 1.6 G.3 10 1.3 3.3
12 1.3 0.1 12 1.8 0.3 24 1.5 0.4
11 3.1 0.1 12 1.6 0.2 23 2.4 3.8
1 1.3 0.1 12 1.6 0.3 23 1.4 0.3
4 1.2 0.0 4 1.5 0.1 8 1.3 0.1
4 1.2 3.1 4 1.3 0.1 8 1.3 0.1
4 3.7 0.4 4 2.6 0.5 8 3.2 0.7
12 4.9 0.3 12 4.1 0.1 24 4.5 0.5
4 3.9 0.2 4 3.2 0.1 8 3.5 0.4
12 4.5 0.5 12 3.6 0.1 24 4.0 0.6
4 4.1 0.2 4 3.3 0.1 8 3.7 0.4
12 4,3 0.2 12 3.8 0.3 24 4.1 0.4
6 5.8 1.4 6 4.6 1.0 12 5.2 1.4
12 5.0 0.2 12 3.8 0.5 24 4.4 0.7
4 5.5 0.1 4 3.4 0.1 8 4.5 1.1
continued
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Lake Superior

Black River

Ontonagon

Upper Portage Entry
lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)
Munising

Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River

Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)
Munising

Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 (continued)

Chloride (mg/1)
SPRING FALL ANNUAL
_n_ X SD _n_ X sD _n_ X SD
4 1.3 0.1 4 1.2 0.0 8 1.3 0.1
12 1.5 0.3 12 1.4 0.1 24 1.4 0.2
6 1.0 0.0 6 1.2 0.0 12 1.1 0.1
6 1.2 0.4 6 1.2 0.1 12 1.2 0.3
2 14 1.0 2 1.1 0.0 4 1.2 0.1
6 1.1 0.0 4 1.2 0.1 10 1.1 0.1
6 0.9 0.2 4 1.3 0.1 10 1.1 0.2
12 0.€ 0.2 12 1.3 0.1 24 0.2 0.4
11 1.5 0.1 12 1.3 0.2 23 1.4 0.2
12 1.3 0.3 12 1.1 0.1 24 1.2 0.3
4 1.4 0.1 4 1.3 0.1 8 1.3 0.1
4 1.0 0.1 4 1.1 0.0 8 1.1 0.0
4 3.5 0.6 4 4.0 0.9 8 3.8 0.8
12 6.2 0.1 12 7.5 0.1 24 6.8 0.7
4 4.3 0.2 4 5.8 0.1 8 5.3 0.5
12 4.8 0.? 12 5.0 0.1 24 5.3 0.6
4 5.2 0.2 4 5.8 0.4 8 5.5 0.3
12 5.6 0.2 12 6.8 0.8 24 6.2 0.0
6 1.0 3.6 6 8.8 2.5 12 9.9 3.3
12 7.0 0.2 12 6.° 0.2 24 6.8 .3
4 6.7 0.7 4 5.8 0.1 8 6.2 0.6
Sulfate (mg/1)
SPRING FALL ANNUAL
_n_ X SD _n X SD _n_ X SD
4 2.8 0.2 4 2.9 0.2 8 2.8 0.2
12 3.1 0.3 12 2.9 0.3 24 3.0 0.3
6 2.9 0.2 6 2.0 0.1 12 2.5 0.5
6 2.8 0.4 6 3.0 0.2 12 3.0 0.3
2 2.8 0.1 2 3.5 0.4 4 3.1 0.4
6 3.2 0.1 4 3.3 0.4 10 3.2 0.3
6 2.7 0.2 4 2.5 0.2 10 2.6 0.2
12 3.1 0.4 12 3.0 0.3 24 3.1 0.3
n 2.6 0.2 12 2.9 0.1 23 2.8 0.3
12 3.2 0.4 12 2.9 0.3 24 3.0 0.3
4 2.9 0.2 4 2.6 0.3 8 2.8 0.3
4 2.8 0.5 4 2.4 0.2 8 2.6 0.4
4 1.2 2.3 4 10.4 2.8 8 10.8 2.6
12 16.6 0.7 12 16.3 0.5 24 16.5 0.6
4 13.8 0.5 4 12.2 0.5 8 13.3 0.7
12 26.7 2.0 12 14.1 1. 24 20.4 6.5
4 14.0 0.0 4 14.8 0.5 8 14.4 0.5
12 14.0 0.9 12 15.0 0.4 24 15.5 0.8
6 18.7 2.5 6 19.0 2.1 12 18.9 2.3
12 17.5 0.5 12 16.2 0.4 24 16.8 0.8
4 17.0 0.8 4 13.8 0.5 8 15.4 1.8
continued
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Lake Superior

Black River
Ontonagcn

Upper Portage Entry
Lower Portage Entry
Eogle Harbor

Isle Reyale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Grand Marais
Whitefish Point

Lake Huron

Detour
Llieboygan
Presque Isle
Alpena
Horrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River
On.tonagon

Upper Portage Entry
Lowar Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle {Marquette)
Carp River (Marquette)

Munising
Grand Marais
Whitefish Point

Lake Huron

betour
Cheboygan
Presque lsle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 {continued)

Total Dissolved Solids (mg/})

SPRING FALL ANNUAL
_n_ X SD _n_ X SD o X SD
4 53 1 4 52 0 8 52 0
12 53 1 12 55 2 24 54 2
6 54 1 6 53 0 12 53 1
6 53 2 6 54 1 12 54 1
2 54 Q 2 54 1 4 54 1
6 55 1 4 54 1 10 55 1
6 53 1 4 54 1 10 53 1
12 52 1 12 53 1 24 53 1
N 52 1 12 53 1 23 53 1
1 55 2 12 53 1 23 54 2
4 54 1 4 53 1 8 53 1
4 53 1 4 51 1 8 52 1
4 93 10 4 91 13 8 92 12
12 135 1 12 134 2 24 135 2
4 115 4 4 m 1 8 113 4
12 149 8 12 121 3 24 135 15
4 13 2 4 114 ] 8 114 2
12 116 2 12 118 2 24 117 3
6 136 16 6 129 1 12 133 14
12 124 2 12 119 1 24 121 3
4 124 3 4 113 1 8 119 6
Conductivity (u-mhofcm)
SPRING FALL ANNUAL
o X SD .n_ X SD o X SD
18 87 2 17 89 1 35 88 2
18 88 2 i8 92 5 36 90 4
39 86 1 9 88 0 18 87 2
g 85 3 9 83 1 18 86 3
9 85 3 7 88 1 16 86 3
6 87 1 3 88 3 9 87 2
18 85 1 17 87 1 35 86 1
17 85 1 14 88 2 3] 87 2
15 87 1 15 88 1 30 88 1
18 88 3 18 87 2 36 88 3
18 87 ] 18 87 1 36 87 1
14 87 1 15 87 1 29 87 1
18 155 11 18 153 18 36 154 15
18 228 4 18 222 2 36 225 4
17 191 6 17 86 2 34 189 5
18 224 (] 18 203 4 36 213 13
18 190 6 18 190 2 36 190 5
17 195 1 18 196 2 35 196 2
8 232 29 8 205 12 16 219 26
16 202 4 15 145 3 3] 199 5
18 207 9 18 189 Q 36 198 n
continued
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Lake Superior

Black kiver
Ontonagon

Cpper Portage Entry
Lewer Porxtage Entry
Lagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Hunising
Grand Marais
Whitefish Point

Lake Hyron

Detour
Cheboygan
Presque lsle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River
Cntonagon

Upper Portage Entry
Lowcr Portage Entry
Eagle Harbor

Isle Royale

Biz Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Grand Marais
Whitefish Point

lake Huron

Detour
Cheboygan
Piresque Isle
Alpena
Harrisvilie
Tuwas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 (continued)

Total Phosphorus (mg/1)

-114-

SPRING FALL ANNUAL
o _ X _SD_ an X 5D _ b X SD
18 0.006 0.005 18 0.007 0.002 36 0.006 0.004
18 0.006 0.012 18 0.004 0.002 36 0.005 0.009
9 0.004 0.001 9 0.002 0.00) 18 0.003 0.005
9 CONTAMINATED 9 0.005 0.007 18 mmmemm eeaos
9 0.004 0.002 9 0.006 0.006 18 0.005 0.004
9 0.004 0.005 6 0.005 0.003 15 0.005 0.004
18 0.005 0.009 18 0.008 0.003 36 0.007 0.006
17 0.004 0.002 14 0.005 0.003 33 0.004 0.003
16 0.006 0.002 15 0.012 0.003 3] 0.009 0.004
18 0.010 0.013 17 0.007 0.005 35 0.008 0.010
18 0.002 6.001 18 0.004 0.002 36 0.003 0.002
18 <0.002  ----e- 18 0.004 0.002 36 mmmemm e
18 0.007 0.002 18 0.008 ¢.007 36 6.007 0.002
18 0.005 0.004 18 0.005 0.001 36 0.005 0.003
18 0.006 0.006 17 0.003 0.002 35 0.005 0.005
18 0.036 0.053 18 0.021 0.005 36 0.028 0.039
18 0.005 0.002 18 0.007 0.002 36 0.008 0.003
18 0.070 0.003 18 0.006 0.001 36 0.008 0.003
8 0.018 0.0 8 0.021 0.018 16 0.019 0.015
15 0.01¢ 0.006 15 0.008 0.004 30 0.012 0.007
18 0.01 0.004 18 0.006 0.007 36 0.008 0.004
Total Ortho-Phosphate (ma/1)
SPRING FALL ANNUAL
n. __ X _sb_ o X _sb_ o X _SD_
18 0.00 0.000 18 0.903 0.002 36 0.002 0.002
18 0.003 0.n06 18 0.002 0.001 36 0.003 0.004
9 0.003 0.001 9 0.001 0.000 18 0.002 0.001
9 CONTAMINATED? 9 0.001 0.000 18 -- --
9 0.001 0.001 9 0.001 0.000 18 0.001 0.101
9 0.001 0.000 6 0.001 0.001 15 0.001 0.000
18 0.007 0.901 18 0.003 0.001 36 0.002 0.002
17 0.00 n.non 14 n.nn2 n.nn 3 0.001 n.nn
15 0.001 0.001 15 0.002 0.001 30 0.002 0.901
18 0.102 0.002 18 0.101 0.n01 36 0.001 0.001
18 0.001 0.100 18 0.002 0.001 36 0.002 0.001
18 0.101 0.001 18 0.002 0.001 36 0.102 0.001
18 0.003 0.001 18 0.003 0.001 36 0.103 0.002
18 0.001 0.901 18 0.002 0.101 36 0.002 0.001
18 0.101 0.001 17 8.002 0.001 35 0.101 0.001
18 0.007 0.010 18 0.007 0.702 36 0.007 0.007
18 0.001 0.000 18 0.002 0.00 36 0.106 0.001
18 0.002 0.001 18 0.001 0.701 36 0.002 0.1701
8 0.003 0.002 8 0.106 0.001 16 0.704 0.002
16 0.005 0.101 14 0.002 0.90} 30 0.004 0.n02
18 0.n04 0.001 18 0.103 0.001 36 0.104 0.001
continued



Lake Superior

Black River
Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River
Ontonagon

Upper Portage Entry
Lowar Portage Entry
Eagcle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Crand Marais
Whitefish Point

Lake Huron

Detour
Cacboygan
Presque Isle
Alpena
Karrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 (continued)

Nitrite-Nitrogen (mg/1)
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SPRING FALL ANNUAL
o X sD _n_ X sD o X )
18 0.00 0.001 18 0.002 0.000 36 0.002 0.001
18 0.001 0.001 18 0.002 0.001 36 0.002 0.001
9 0.001 0.00) 9 0.002 0.007 18 0.002 0.00]
9 0.002 0.001 9 0.001 0.001 18 0.002 0.00t1
9 0.002 0.001 9 0.002 0.000 18 0.002 0.001
9 0.001 0.000 6 0.002 0.001 15 0.002 0.001
18 0.001 0.000 18 0.002 0.000 36 0.002 0.000
17 0.002 0.001 14 0.001 0.000 31 0.002 0.001
15 0.002 0.001 15 0.001 0.000 30 0.001 0.000
18 0.007 0.000 18 0.002 0.000 36 0.002 0.001
18 0.002 0.001 18 0.001 0.000 36 0.002 0.001
18 0.001 0.000 18 0.004 0.000 36 0.003 0.002
18 0.001 0.000 18 0.004 0.002 36 0.003 0.002
18 0.002 0.00} 18 0.002 0.001 36 0.002 0.001
18 0.002 0.000 17 0.002 0.001 35 0.002 0.000
18 0.002 0.002 18 0.001 0.001 36 0.002 0.001
18 0.001 0.001 18 0.002 0.000 36 0.002 0.001
18 0.002 0.001 18 0.002 0.00] 36 0.002 0.001
8 0.007 0.001 8 0.006 0.001 16 0.006 0.001
16 0.005 0.001 14 0.003 0. 000 30 0.004 0.001
18 0.004 0.000 18 0.002 0.001 36 0.003 6.001
Nitrate-Nitrogen (mg/1)
SPRING FALL ANNUAL
_n_ X SD _n_ X D _n X SD
18 0.255 0.028 18 0.273 0.069 36 0.264 0.053
18 0.248 0.008 18 0.240 0.019 36 0.244 0.015
9 0.268 0.006 9 0.260 0.052 18 0.264 0.037
9 0.261 0.012 9 0.287 0.046 18 0.274 0.036
9 0.250 0.007 9 0.272 0.026 18 0.261 0.021
9 0.263 0.005 6 0.296 0.054 15 0.277 0.038
18 0.311 0.109 18 0.341 0.181 36 0.326 0.150
17 0.274 0.012 14 0.282 0.023 31 0.278 0.018
15 0.236 0.009 15 0.242 0.005 30 0.239 0.007
18 0.252 0.006 18 0.277 0.046 36 0.265 0.035
18 0.272 0.004 18 0.264 0.058 36 0.268 0.041
18 0.251 0.005 18 0.291 0.047 36 0.272 0.038
18 0.263 0.028 18 0.265 0.020 36 0.264 0.024
18 0.167 0.015 18 . 0.165 0.019 36 0.166 0.017
18 0.227 0.044 17 0.207 0.019 35 0.218 0.035
18 0.138 0.016 18 0.142 0.014 36 0.140 0.015
18 0.216 0.060 18 0.215 0.024 36 0.216 0.045
18 0.211 0.014 18 0.226 0.055 36 0.219 0.040
8 0.172 0.061 8 0.143 0.086 16 0.158 0.075
16 0.256 0.006 14 0.213 0.009 30 0.237 0.022
18 0.264 0.010 18 0.231 0.042 36 0.248 0.034
continued



Lake Superior

Black River

Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)
Munising

Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River

Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Tresque Isle (Marquette)
Carp River (Marquette)
Munisirg

Grand Marais
Whitefish Point

Lake Huron

Detour
Chebovgan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 (continued)

Ammonia-Nitrogen (mg/1)
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SPRING FALL ANNUAL
_n_ X SD _n_ X SD _n_ X $D
18 0.006 0.002 18 0.902 0.901 36 0.904 0.102
18 0.006 0.002 18 0.006 0.002 36 0.006 0.002
9 0.003 0.002 3 0.903 0.902 18 0.903 0.002
9 0.012 0.007 9 0.007 0.002 18 0.010 0.006
9 0.005 0.001 9 0.005 0.101 18 0.005 0.001
9 0.003 0.001 6 0.009 0.002 15 0.006 0.003
18 0.001 0.002 18 0.006 0.901 36 0.105 0.003
17 0.001 0.100 14 0.008 0.003 31 0.005 0.104
15 0.005 0.002 15 0.008 0.103 30 0.907 0.003
18 0.004 0.005 18 0.008 0.005 36 0.006 0.706
18 0.005 0.001 18 0.707 0.102 36 0.006 0.002
18 0.002 0.n02 18 0.014 0.003 36 0.010 0.n07
18 0.012 0.009 18 0.014 0.006 36 0.013 0.108
18 B:383 0.002 18 0.004 0.002 36 0.004 0.002
18 ’ 0.002 17 0.001 0.101 35 0.002 0.002
18 0.006 0.005 18 0.022 0. 007 36 0.016 0.010
18 0.004 0.001 18 0.006 0.102 36 0.005 0.702
18 0.n05 0.001 18 0.011 0.003 36 0.108 0.003
8 0.022 0.718 8 0.008 0.005 16 0.016 0.015
16 0.038 0.011 14 0.012 0.009 30 0.129 0.016
18 0.032 0.014 18 0.005 0.001 36 0.023 0.217
Organic Nitrogen (mg/1)

SPRING FALL ANNUAL
_n_ X SD _n_ X SD _n_ X SD
18 0.1 0.03 18 0.09 0.02 36 0.10 0.03
18 0.12 0.04 18 0.10 0.03 36 0.08 0.04
9 0.19 0.02 9 0.10 0.02 18 0.14 0.05
9 0.15 0.06 9 0.13 0.02 18 0.14 0.05
9 0.12 0.10 9 0.13 0.02 18 0.13 0.07
9 0.12 0.07 6 0.08 0.02 15 0.10 0 06
18 0.15 0.04 18 o.M 0.06 36 0.13 0.05
17 0.09 0.04 14 0.11 0.04 3 0.10 0.04
15 0.14 0.03 15 0.12 0.05 30 0.13 0.04
18 0.18 0.n8 18 0.11 0.05 36 0.15 0.08
18 0.12 0.04 18 0.11 0.02 36 0.11 0.03
18 0.08 0.06 18 0.11 0.03 36 0.10 0.05
18 0.28 0.10 18 0.18 0.05 36 0.23 0.09
18 0.14 0.02 18 0.16 0.04 36 0.15 0.03
18 0.14 0.05 17 0.15 0.04 36 0.14 0.05
18 0.36 0.08 18 0.25 0.03 36 0.21 0.08
18 0.16 0.05 18 0.24 0.04 36 0.20 0.06
18 0.21 0.06 18 0.20 0.08 36 0.21 0.07
8 0.29 0.09 8 0.29 0.13 16 0.29 0.1
16 0.28 0.09 15 0.11 0.04 31 0.20 0.11
18 0.22 0.18 18 0.24 0.03 36 0.23 0.13

continued



Lake Superior

Black River

Ontonagon

Upner Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River {Marquette)
Munising

Grand Marais

Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River

Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)
Munising

Grand Marais
whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

REACTIVE SILICA (mg/1)

Table A-3 (continued)
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continued

SPRING FALL ANNUAL
N X SD N X SD N X SD
4 2.5 0.2 4 2.1 0.1 8 2.3 0.2
12 2.8 0.1 12 2.4 0.3 24 2.6 0.3
6 2.6 0.1 6 2.1 0.1 12 2.4 0.3
6 2.4 0.4 6 2.2 0.0 12 2.5 0.5
4 3.4 0.1 2 1.7 0.8 4 2.5 1.1
6 2.6 0.0 4 2.1 0.1 10 2.5 n.2
6 2.6 0.2 4 2.3 0.1 10 2.5 0.2
12 2.6 0.2 12 2.2 0.0 24 2.4 0.3
11 2.3 0.0 11 2.2 0.0 22 2.3 0.0
12 2.5 0.3 12 2.3 0.1 24 2.4 0.3
5 2.0 0.9 4 2.1 0.0 9 2.0 0.6
4 2.4 0.1 4 2.8 0.1 8 2.3 0.1
4 1.5 0.2 4 1.8 0.1 8 1.6 0.2
12 0.6 0.2 12 0.9 0.0 24 0.8 0.2
3 1.2 0.3 4 0.8 0.1 7 1.0 n.3
12 1.0 0.2 12 2.4 0.8 24 1.7 0.9
4 1.3 0.4 4 0.7 9.1 8 1.0 0.4
1 1.2 0.3 12 0.7 0.0 23 1.0 0.3
6 0.6 0.1 5 1.0 0.2 1 0.9 0.2
13 0.9 0.1 12 0.6 0.1 25 0.7 0.2
4 0.9 0.3 4 0.4 0.0 8 0.7 0.3
Total Nitrogen (mg/1)
SPRING FALL ANNUAL
o X SD n_ X SD o X SD
18 0.37 0.04 18 0.36 0.09 36 0. .07
18 0.38 0.04 18 0.38 0.03 36 O.gg 8.04
9 0.45 0.02 9 0.36 0.06 18 0.41 0.06
9 0.42 0.05 9 0.43 0.06 18 0.42 0.05
9 0.37 0.10 9 0.41 0.03 18 0.39 0.08
9 0.39 0.07 6 0.39 0.06 15 0.39 0.07
18 0.46 0.12 18 0.46 0.23 36 0.46 0.18
17 0.36 0.04 14 0.40 0.05 31 0.38 0.05
15 0.38 0.03 15 0.38 0.05 30 0.38 0.04
18 0.44 0.08 18 0.39 0.06 36 0.42 0.08
18 0.39 0.05 18 0.38 0.07 36 0.39 0.06
18 0.32 0.04 18 0.44 0.12 36 0.38 0.1
18 0.56 0.10 17 0.46 0.05 35 0.51 0.09
18 0.32 0.02 18 0.33 0.05 36 0.32 0.04
18 0.37 0.08 17 0.36 0.05 35 0.36 0.30
18 0.51 0.08 18 0.42 0.03 36 0.46 0.08
18 0.38 0.09 18 0.47 0.05 36 0.42 0.08
18 0.43 0.05 18 0.42 0.06 36 0.43 0.06
8 0.49 0.05 8 0.44 0.05 16 0.47 0.05
16 0.58 0 09 1 0.34 0.04 31 0.46 0.43
18 0.45 0 05 18 0.47 0.05 36 0.46 0.05



Lzke Superior

Black River

Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)
Munising

Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
harbor Beach
Lexington

Lace Superior

Black River

Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harpor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)
Munising

Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 (continued)

Chlorophyll a {ug/1)
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SPRING FALL ANNUAL
_n_ X SD _n_ X SD o X SD
2 2.6 0.7 2 2.0 0.0 4 2.3 0.6
6 1.6 0.7 6 1.6 0.4 12 1.6 0.5
3 2.8 0.2 3 0.9 0.1 6 1.9 0.9
3 1.4 0.2 3 1.0 0.6 6 1.7 0.5
1 1.9 0.0 1 2.4 8.0 2 2.1 0.2
3 0.8 0.1 2 2.4 n.A 5 1.5 0.9
2 1.6 0.2 2 0.6 0.3 4 1.1 0.6
6 1.9 0.8 5 1.2 0.4 1 1.6 0.7
3 1.4 0.1 6 1.1 0.4 9 1.2 0.4
6 1.8 0.3 6 1.3 0.3 12 1.5 0.4
2 1.4 0.0 2 1.1 8.3 4 1.2 0.2
2 1.5 0.1 2 0.7 0.1 4 1.1 0.5
2 1.7 0.2 2 1.8 0.6 4 1.8 0.5
6 1.5 0.3 6 2.6 1.7 12 2.1 1.4
2 1.4 0.1 2 2.0 0.2 4 1.3 0.3
7 10.F 4.7 6 6.5 2.2 13 8.7 4.0
1 3. - 2 3.1 0.2 3 3.1 0.2
6 3.6 1.7 6 3.3 0.7 12 3.5 1.3
2 6.1 4.9 3 5.7 6.6 5 5.9 0.3
4 4.5 0.3 6 6.2 0.€ 10 5.4 1.2
2 5,3 0.2 2 2.6 0.2 4 3.7 1.4
Copper (ng/1)
SPRING FALL ANNUAL
n X sD n_ X sb o X )
12 5 * 5 12 2 1 24 3 4
12 4 3 12 2 1 24 3 3
6 3 2 6 4 2 12 3 2
6 14 * 5 6 2 1 12 8x 7
6 10 * 4 6 2 1 12 6+ b
6 4 4 4 4 1 10 4 3
12 8 * 4 12 3 3 24 6+ 4
12 6* 3 12 3 1 24 4 3
12 3 5 12 2 3 24 3 3
12 3 3 12 3 1 24 3 1
12 3 1 12 2 1 24 3 1
12 7* 4 12 2 1 24 4 4
2 5% 3 12 2 1 24 3 3
}2 5* 1 12 1 1 24 3 2
12 2 2 12 8 * 20 24 5 14
12 2 3 12 3 2 24 3 3
12 4 2 12 3 3 24 3 2
12 13* 9 12 4 5 24 8 8
6 2 2 6 4 i 12 3 2
12 2 1 12 2 i 24 2 1
12 1 1 12 2 1 24 2 1
continued



Leke Superior

Black River
Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River
Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)

Munising
Grand Marais
whitefisnh Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 (continued)

Iron (ug/1)
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SPRING FALL ANNUAL
n_ X SD n X SD n X SD
12 86 49 12 42 33 24 64 47
12 58 27 12 64 50 24 61 39
6 40 13 6 62 70. 12 51 49
6 37 49 6 27 26 12 32 38
6 48 13 6 18 6 12 33 18
6 23 24 4 11 2 10 18 19
12 8 7 12 55 89 24 31 67
12 37 35 12 22 13 24 30 27
12 25 12 12 19 9 24 22 1
12 56 55 12 54 86 24 55 70
12 17 14 12 14 4 24 16 10
12 17 6 12 23 28 24 20 20
12 34 17 12 66 24 24 50 26
12 26 16 12 22 5 24 24 12
12 168 261 12 21 19 24 95 196
12 82 262 12 84 28 24 133 189
12 12 5 12 25 20 24 18 16
12 20 5 12 16 4 24 18 5
6 61 33 6 84 66 12 73 51
12 228 138 12 184 271 24 206 211
12 59 34 12 34 12 24 47 28
Manganese (ug/1)
SPRING FALL ANNUAL
n X SD n X sD o X sD
12 3 2 12 2 2 24 3 2
12 2 1 12 4 3 24 3 2
6 2 1 6 2 2 12 2 1
6 3 2 6 1 1 12 2 2
6 2 1 6 1 0 12 2 1
6 1 0 4 1 0 10 1 0
12 <] - 12 2 3 24 2 2
12 2 3 12 2 2 24 2 2
12 4 2 12 2 2 24 3 2
12 3 3 12 2 3 24 3 3
12 1 0 12 <1 - 24 <1 -
12 1 0. 12 2 2 24 1 1
12 2 1 12 3 1 24 3 1
12 2 0 12 2 0 24 2 0
12 8 13 12 2 1 24 5 10
12 15 16 12 7 2 24 n 12
12 2 1 12 2 1 24 2 8
12 2 1 12 2 1 24 2 1
6 6 2 6 6 4 12 6 3
12 9 5 12 6 5 24 8 5
12 3 1 12 2 1 24 3 1
continued



Lake Superior

Black River

Ontonagon

Upper Portage Entry
Lower Portage Entry
Eagle llarbor

Isle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)
Munising

Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Lake Superior

Black River

Ontonagon

Upper Portage Entry
TLower Portage Entry
Eagle Harbor

{sle Royale

Big Bay

Presque Isle (Marquette)
Carp River (Marquette)
Munising

Grand Marais
Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington

Table A-3 (continued)

Lead (ug/1)

* Exceeds IJC Water Quality Objective
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SPRING FALL ANNUAL
o X SD _n_ X SD _n_ X SD
12 <5 -- 12 <5 - 24 <5 --
12 <5 -- 12 <5 -- 24 <5 --
6 <h -- 6 <5 -- 12 <5 -
6 <5 - 6 <5 -- 12 <5 -
6 <5 -- 6 <5 -- 12 <5 --
6 <5 - 4 <5 -- 10 <5 --
12 <5 - 12 <5 -- 24 <5 --
12 <5 -- 12 <5 -- 24 <5 --
12 <5 -- 12 <5 -- 24 <5 --
12 <5 -- 12 <5 - 24 <5 -
12 <5 -- 12 <5 -- 24 <5 --
12 <5 -- 12 <5 -- 24 <5 --
12 <5 -- 12 <5 - 24 <5 --
12 7 1 12 o 3 24 7 2
12 4 4 12 6 2 24 5 4
12 7 3 12 ] 2 24 7 2
12 6 2 12 3 4 24 5 3
12 <3 - 12 <b - 24 <9 --
6 7 3 6 5 3 12 o 3
12 b 1 12 7 2 24 7 1
12 8 3 12 6 2 24 7 3
Zinc (ug/1)
SPRING FALL ANNUAL
o X SD & X _sb_ = X sD
12 4 5 12 14 21 24 9 16
12 2 2 12 11 17 24 7 13
6 2 2 6 5 1 12 4 2
6 7 8 6 5 2 12 6 6
6 G 12 6 6 4 12 7 9
6 4 1 4 6 4 10 5 3
12 g 2 12 12 8 24 1] 6
12 3 3 12 12 R 24 10 6
12 3 2 12 1 8 24 9 7
12 1 5 12 9 4 24 10 4
12 7 9 12 13 8 24 10 9
12 7 4 12 9 5 24 8 4
12 10 7 12 29 35 24 20 27
12 6 1 12 11 7 24 8 6
12 7 6 12 9 15 24 8 n
12 6 5 12 7 2 24 7 4
12 1 8 12 6 2 24 9 6
12 14 5 12 5 2 24 10 6
6 23 18 6 10 4 12 16 14
12 6 5 1?2 8 3 24 9 4
12 3 3 12 12 5 24 7 6
continued



Table A-3 (continued)

Chemical Oxygen Demand

SPRING FALL ANNUAL

Lake Superior _n_ X SD n_ X Ny n_ X SD
Black River 4 5.3 1.6 4 4.3 0.3 8 4.8 0.7
Ontonagon 8 4.8 1.0 13 5.9 1.8 21 5.4 0.8
Upper Portage Entry 6 5.4 0.7 6 4.5 0.5 12 5.0 0.7
Lower Portage Entry 5 3.3 0.8 6 7.7 0.1 11 5.5 3.1
Eagle Harbor 1 4.5 0.0 2 5.2 1.1 3 4.9 0.5
Iste Royale 6 5.1 0.4 4 10.6 2.5 10 7.8 3.9
Big Bay 4 4.3 0.9 4 10.0 2.9 8 7.1 41
Presque Isle (Marquette) N 4.4 1.2 12 6.6 1.9 23 5.5 1.5
Carp River (Marquette) 12 2.7 1.0 12 7.9 2.3 24 5.2 3.7
Munising 15 5.4 1.3 12 4.0 1.4 27 4.7 1.0
Grand Marais 4 6.8 3.2 6 7.1 6.2 10 6.9 0.3
Whitefish Point 4 4.6 2.0 4 3.7 0.3 8 4.1 Q.7
Lake Huron

Detour 5.5 1.2 4 3.7 0.6 8 4.6 1.3
Cheboygan 12 5.8 1.2 1 5.6 0.9 23 5.7 0.2
Presque Isle 4 5.8 2.2 4 5.4 0.2 8 5.6 0.3
Alpena 12 15.2 7.6 12 7.0 0.3 24 1.1 5.8
Harrisville - -- -- 4 4.9 0.2 4 4.9 0.2
Tawas 12 6.0 1.3 12 5.3 0.8 24 5.6 0.5
Saginaw Bay 5 12.2 2.6 6 10.7 4.0 1 11.5 1.1
Harbor Beach 12 3.7 1.9 12 6.5 0.8 24 5.1 2.0
Lexington 4 4.5 2.6 4 6.0 1.2 8 5.3 1.1
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Table A-6a.

in the nearshore waters of Lakes Huron and Superior, 1975

Descriptive statistics for chemical and physical constituents

TEMPERATURE

DISSOLVED OXYGEN

pH
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Harrisville
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TURBIDITY
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CHLORTIDE
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Table A-6a. {continued)
CONDUCTIVITY
(umho/cm) ~T"TOTAL DISSOLVED SOLTUS ALKALNITY
(ma/1) (mg/1)
N X SD N X sD N X SD
Lake Superior
Black River 3 87 2 2 57 1 - -
Ontonagon 0 90 9 8 60 4 f 1
Upper Portage Entry 3 88 4 2 57 1 - - -
Lower Portage Entry 3 85 1 2 56 0 - - -
Eagle Harbor - - - - - - 8 40 1
Isle Royale 18 85 1 12 55 1 12 44 1
Big Bay 6 85 1 2 55 1 - - -
Presque Isle 10 85 3 8 56 0 8 40 2
Carp River 10 10l 27 6 59 3 8 46 4
Marquette Harbor 10 88 3 8 59 1 8 4 !
Munising 0 88 2 8 59 ] 8 4 !
Grand Marais 10 8 1 8 56 1 8 4 !
Tahgquamanon 3 85 1 - - - - - -
Lake Huron
Detour 10 137 21 8 85 9 8 59 8.4
Cheboygan o 222 28 8 152 14 8 100 19.3
Calcite 10 188 10 8 126 5 8 79 3.3
Presque Isle 10 190 5 8 124 3 8 81 .2
Alpena 1 208 14 12 139 5 12 9 7.1
Harrisville 10 183 3 8 119 1 8 72 1.0
Tawas - - - - - - - - -
Saginaw Bay 9 242 57 4 146 26 8 91 1.1
Harbor Beach 0 197 5 8 128 2 8 82 1.3
Lexington 10 190 4 8 126 1 8 81 1.3
TOTAL ORTHO-PHOSPHATE TOTAL PHOSPHORUS SILICON DIOXIDE
mg/1) (mg/1) (mg/1)
N X sD N X S N X S8
Lake Superior
Black River 2 0.001 0.001 2 0.004 - - -
Ontonagon 8 0.006 0.008 8 0.015 0.021 2.5 0.8
Upper Portage Entry 2 0.002 0.001 2 0.003 0.n01 - - -
Lower Portage Entry 2 0.001  0.001 2 0.002 - - -
Eagle Harbor 8 0.002 0.001 8 0.004 0.002 8 2.1 0.0
Isle Royale 12 0.000 0.000 12 0.003 0.004 12 2.1 0.0
Big Bay 2 0.500 0,000 2 0.005  0.00! - - -
Presque Isle 8 0.001 Q.00 8 Q0.004 0.006 8 2.4 Q.1
Carp River 6 0.037 0.068 6 0.059 0.109 8 2.4 0.2
Marquette Harbor 8 0.001  0.001 8 0.006 ©0.003 8 2.0 0.0
Munising 8 0.002 0.003 8 0.005 (0.002 8 2.2 0.7
Grand Marais 8 0.001 0.901 8 0.006 0.102 8 2.0 0.0
Tahgquamanon 2 0.001 0.001 2 0.002 0.001 - - -
Lake Huron
Detour 8 0.002 0.001 8 0.003 0.001 8 1.3 0.1
Cheboygan 8 0.002 0.001 8 0.005 0.001 8 2.0 1.6
Calcite 8 0.002 0.001 8 0.003 0.n01 8 1.3 0.1
Presque Isle 8 0.001 0.001 8 0.005 0.001 8 1.2 0.1
Alpena 12 0.003 (0.001 12 0.218 0.009 12 1.1 0.3
Harrisville 8 0.001 0.001 8 0.005 0.007 8 1.0 0.1
Tawas - - - - - - - - -
Saginaw Bay 8 0.004 0.007 8 0.032 0.044 8 0.7 0.4
Harbor Beach 8 0.000 0.001 8 0.008 0.003 8 0.6 0.3
Lexington 8 0.000 0.001 8 0.006 0.003 8 0.8 0.0
continued
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Table A-6a., (continued)
CHLOROPHYLL-a AMMONIA-NITROGEN NITRATE-NITROGEN
(na/1) (mg/1) {mg/1)
N X SD N X sD N X )
Lake Superior
Black River - - - 2 0.003 0.002 2 0.27 0.03
Ontonagon 4 3.06 0.28 8 0.004 0.003 8 0.26 0.04
Upper Portage Entry - - - 2 0.703 0.001 2 0.31 0.0
Lower Portage Entry - - - 2 0.002 0.001 2 0.30 0.01
Eagle Harbor 4 1.78 0.11 8 0.005 0.002 8 0.30 0.01
IsTe Royale 6 1.48 0.27 12 0.001  0.002 12 0.30 0.01
Big Bay - - - 2 0.001  0.001 2 0.27 0.01
Presque Isle 4 2.94 1.02 8 0.002 0.002 8 0.26 0.04
Carp River 4 4,63 1.74 8 0.015 0.021 8 0.26 0.02
Marquette Harbor 4 3.68 0.90 8 0.001 0.002 8 0.26 0.01
Munising 4 2.40 0.71 8 0.002 0.002 8 0.25 0.01
Grand Marais 4 1.60 0.39 8 0.001  0.001 8 0.25 0.01
Tahquamanon - - - 2 0.001 0.001 2 0.22 0.00
Lake Huron
Detour 4 1.80 0.47 8 0.002 0.001 8 0.27 0.01
Cheboygan 4 6.62 8.48 8 0.005 0.002 8 0.18 0.05
Calcite 4 1.98 0.09 8 0.003 0.70 8 0.24 0.0
Presque Isle 4 1.91 0.24 8 0.003 0.001 8 0.23 0.01
Alpena 6 11.34 5.50 12 0.016 0.0N 12 Q.18 0.03
Harrisville 4 4,74 1.20 8 0.004 0.001 8 0.24 0.01
Tawas - - - - - - - - -
Saginaw Bay 3 60.50 46.76 8 0.009 0.005 8 0.14 0.1
Harbor Beach 4 4.18 1.17 8 0.005 0.004 8 0.28 0.06
Lexington 4 3.38 0.91 8 0.001 0.001 8 0.26 0.01
“COD
ORGANIC-NITROGEN TOTAL-NITROGEN (mg/1)
(mg/1) (mg/1)
N X SD N X SD N X )
Lake Superior
Black River 2 0.09 0.0 2 0.37 0.04 - - -
Ontonagon 8 0.14 0.09 8 0.40 0.06 8 7.0 8.0
Upper Portage Entry 2 0.08 0.00 2 0.39 0.00 - - -
Lower Portage Entry 2 0.08 0.00 2 0.38 0.01 - - -
Eagle Harbor 8 0.08 0.02 8 0.39 0.02 8 2.2 0.6
Isle Royale 12 0.10 0.02 12 0.40 0.02 12 2.6 1.3
Big Bay 2 0.08 0.02 2 0.3% 0.00 - - -
Presque Isle 8 0.10 0.03 8 0.36 0.04 8 6.8 1.6
Carp River 8 0.17 0.20 8 0.45 0.20 8 3.8 3.3
Marquette Harbor 8 0.11 0.02 8 0.36 0.02 8 1.3 0.7
Munising 8 0.09 0.01 8 0.34 0.02 8 5.9 1.9
Grand Marais 8 0.08 0.01 8 0.33 0.02 8 2.0 0.7
Tahguamanon 2 0.08 0.03 2 0.30 0.03 - - ~
Lake Huron
Detour 8 0.M 0. 8 0.39 0.02 8 4.8 0.6
Cheboygan 8 0.14 0.03 8 0.32 0.02 8 4.5 2.1
Calcite 8 0.12 0.02 8 0.37 0.02 8 3.0 1.2
Presque Isle 8 0.13 0.0% 8 0.36 0.02 8 3.1 1.0
Alpena 12 0.25 0.07 12 0.44 0.06 12 10.6 4,5
Harrisville 8 0.17 0.02 8 0.42 0.03 8 3.7 2.2
Tawas - - - - - - - - -
Saginaw Bay 8 0.56 0.51 8 0.7 0.43 8 15.0 10.1
Harbor Beach 8 0.23 0.04 8 0.51 0.07 8 3.9 1.5
Lexington 8 0.19 0.03 8 0.45 0.03 8 3.3 2.1
continued
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Table A-6a. (continued)

ARSENIC CADMIUM CHROMIUM
{na/1) {ug/1) (ng/1)
N X SD N X SD N X SD
Lake Superior
Black River 3 0.9 0.3 3 0.09 0.07 3 0.5 0.10
Ontonagon 3 0.9 0.1 3 0.15 0.13 3 0.4 0.04
Upper Portage Entry 3 0.8 0.2 3 0.04 0.01 3 0.3 0.00
Lower Portage Entry 3 0.8 0.1 3 0.1 0.02 3 0.3 0.10
Eagle Harbor 3 0.8 0.1 3 0.16 0.00 3 0.3 0.10
Isle Royale 3 0.9 0.2 3 0.04 0.00 3 0.3 0.00
Big Bay 3 0.9 0.2 3 0.23 + 0.13 3 1.3 0.10
Presque Isle 3 0.7 0.1 3 0.05 0.03 3 0.3 -
Carp River 3 0.7 0.0 3 0.06 0.03 3 0.3 -
Marquette Harbor 3 0.7 0.2 3 0.06 0.05 3 0.3 0.10
Munising 3 0.8 0.1 3 0.06 0.04 3 0.5 0.04
Grand Marais 5 0.7 0.1 5 0.48*+ 0.31 5 0.4 0.10
Tahquamanon 5 0.8 0.0 5 .08 0.03 5 0.4 0.10
Lake Huron
Detour 3 0.8 0.0 3 < 0.04 0.01 3 < 0.3 -
Cheboygan 3 0.9 0.1 3 < 0.03 0.01 3 0.4 0.05
Calcite 3 0.9 0.3 3 < 0.04 0.01 3 0.3 -
Presque Isle 3 0.8 0.1 3 < 0.04 - 3 < N.3 -
Alpena 3 n.8 0.2 3 0.12 0.16 3 < 0.3 -
Harrisville 3 0.8 0.3 3 0.15 0.04 3 < 0.3 -
Tawas 3 0.9 0.3 3 0.14 0.07 3 0.8 0.90
Saginaw Bay 5 0.8 0.2 5 0.10 0.05 5 0.4 0.04
Harbor Beach 3 0.7 0.1 3 0.10 0.07 3 0.5 0.10
Lexington 3 0.7 n.1 3 0.04 0.01 3 0.4 0.02
+ Exceeds EPA criteria
* Exceeds 1JC objectives
COPPER IRON MERCURY
{ua/1) (ug/1) (ng/1)
N X ) N X ) N X SD
Lake Superior
g]gck River 3 1.7 0.6 3 19 1.7 1 < 0.02 -
ntonagon 3 1.5 0.9 3 0 . < -
Upper Portage Entry 3 1.3 0.4 3 23 128 } < 8% -
Lower Portage Entry 3 1.9 0.4 3 9 1.1 1 <0.02 -
Fagle Harbor 3 1.4 0.2 3 49 16.0 ] < 0.02 -
Isle Royale 3 1.0 0.3 3 6 1.4 1 < 0.02 -
Big Bay 3 1.5 0.4 3 8 1.9 1 < 0.02 -
Presque Isle 3 0.9 0.2 3 7 1.0 1 < 0.02 -
Carp River 3 1.3 0.2 3 6 0.8 1 < 0.02 -
Marquette Harbor 3 1.3 0.4 3 6 1.3 1 < 0.02 -
Munising 3 1.7 1.0 3 9 1.4 1 < 0.02 -
Grand Marais 5 2.6 0.8 5 9 1.5 5 < 0.03 0.01
Tahquamanon 5 1.8 0.3 5 10 3.3 5 < .04 0.01
Lake Huron
Detour 3 0.9 0.2 3 21 1.8 1 - -
Cheboygan 3 1.0 0.5 3 16 1.8 1 < 0.02 -
Calcite 3 2.5 1.3 3 24 6.0 1 < 0.02 -
Presque Isle 3 0.7 0.2 3 24 6.9 1 < 0.02 -
Alpena 3 1.4 0.5 3 1 2.8 1 < 0.02 -
Harrisville 3 3.4 3.2 3 14 2.0 1 < 0.02 -
Tawas 3 2.2 0.1 3 22 5.8 1 - -
Saginaw Bay 5 1.7 0.4 5 8 1.0 1 < 0.03 0.01
Harl?or Beach 3 1.4 0.7 3 23 10.0 1 < 0.04 -
Lexington 3 1.1 0.8 3 18 1.8 1 < 0.02 -
continued
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Table A-6a. (continued)

MANGANESE NICKEL LEAD
(ng/1) (ug/1) (ug/1)
N X SD N X SD N X SD

Lake Superior
Black River 3 0.6 0.0 3 0.8 - 3 0.5 0.3
Ontonagon 3 0.6 0.1 3 0.8 - 3 0.4 0.3
Upper Portage Entry 3 0.6 0.1 3 0.9 .2 3 0.2 0.1
Lower Portage Entry 3 0.6 0.2 3 0.8 3 0.3 0.0
Eagle Harbor 3 0.8 0.2 3 0.8 - 3 0.2 0.1
Isle Royale 3 0.3 0.0 3 0.9 - 3 0.2 0.0
Big Bay 3 0.4 0.1 3 0.8 - 3 0.5 0.2
Presque Isle 3 0.3 0.0 3 0.8 - 3 0.3 -
Carp River 3 0.6 0.2 3 0.4 - 3 0.4 0.1
Marquette Harbor 3 0.6 0.2 3 0.8 - 3 0.4 -
Munising 3 0.7 0.1 3 0.8 - 3 0.4 0.2
Grand Marais 5 0.3 0.3 5 0.8 - 5 n.8 0.4
Tahquamanon 5 0.5 0.2 5 0.9 - 5 0.4 0.2
Lake Huron
Detour 3 1.3 0.1 3 < 0.9 N 3 0.4 0.3
Cheboygan 3 1.1 0.1 3 < 0.8 - 3 0.4 0.2
Calcite 3 1.2 0.0 3 < 0.8 - 3 0.4 0.0
Presque Isle 3 1.3 0.1 3 < 0.9 0.1 3 0.4 0.2
Alpena 3 1.3 0.2 3 < 0.8 - 3 0.7 0.4
Harrisville 3 1.0 0.1 3 < 0.9 0.1 3 1.0 0.7
Tawas 3 1.9 0.1 3 0.9 n.1 3 0.8 0.2
Saginaw Bay 5 1.2 0.1 5 1.0 0.1 5 0.5 0.2
Harbor Beach 3 1.5 0.1 3 1.4 0.4 3 0.7 0.1
Lexington 3 1.3 0.3 3 0.9 0.1 3 0.7 0.3

ZINC

(na/1)
Lake Superior i X SD
Lake Superior
Black River 3 2.3 1.0
Ontonagon 3 1.6 0.6
Upbber Portage Entry 3 1.7 1.2
Lower Portage Entry 3 4.4 2.8
Eagle Harbor 3 1.5 0.3
Isle Royale 3 1.5 0.4
Big Bay 3 2.6 1.0
Presque Isle 3 1.1 0.2
Carp River 3 1.0 0.1
Marquette Harbor 3 1.0 0.4
Munising 3 2.1 0.9
Grand Marais 5 2.7 0.9
Tahquamanon 5 2.4 1.3
Lake Huron
Detour 3 < 2.5 0.4
Cheboygan 3 < 1.9 0.6
Calcite 3 < 2.3 0.8
Presque Isle 3 < 1.6 0.4
Alpena 3 < 3.0 1.3
Harrisville 3 4.9 3.7
Tawas 3 2.4 0.9
Saginaw Bay 5 < 1.3 0.5
Harbor Beach 3 2.5 0.4
Lexington 3 2.2 0.6
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Table A-7. Descriptive statistics for sediment constituents i1 the
nearshore waters of Lakes Superior and Huron, 1974.

----------- Volatile Solids----==u--u-- R et
*
Standard Standard

Location Cases  Minimum  Maximum Mean Deviation Minimum  Maximum Mean Deviation
Lake Superior
Biack River 1 0.2 0.2 0.2 -— 6.4 6.4 6.4 -——-
Catonagon 6 0.2 2.2 0.8 0.7 7.2 7.9 7.5 0.2
Ugper Portage Entry 3 0.2 0.6 0.4 0.2 7.4 7.6 7.5 0.1
Lower Portage Entry 3 0.2 0.2 0.2 0.0 6.1 6.5 6.3 0.2
Eagle Herhor 1 2.6 2.6 2.6 --- 7.3 7.3 7.3 -
Isle hkoyale 2 0.5 0.5 0.5 0.0 7.2 7.3 7.3 0.1
Big Bay 1 0.2 0.2 0.2 --- 6.7 6.7 6.7 -—-
Presque Isle (Marquette) 6 <0.2 0.5 0.3 0.2 6.7 7.5 7.0 0.3
Carp River (Marquette) 6 <0.2 0.4 0.3 0.1 6.5 6.8 6.6 0.1
{lunising 6 4.7 32.0 13.0 10.4 5.4 6.7 6.1 0.5
Grand Marais 1 0.5 0.5 0.5 --- 7.5 7.5 7.5 -
Wnitefich Point 2 0.3 0.4 0.4 0.1 6.2 6.8 6.5 0.4
Lake Huron
Datour 1 0.2 0.2 0.2 -—- 7.6 7.6 7.6 ---
Cheboygan 5 <0.2 0.7 0.4 0.2 7.1 7.7 7.5 0.2
Presque Isle 1 0.5 0.5 0.5 - 7.5 7.5 7.5
Alpena 6 0.3 0.8 0.5 0.2 7.2 7.5 7.4 0.1
Harrisville 1 0.4 0.4 0.4 -—- 7.2 7.2 7.2 -—-
Tawas 6 0.2 0.6 0.4 0.1 7.6 8.0 7.8 0.1
Saginaw Bay 3 <0.2 0.3 0.2 0.1 7.4 7.7 7.6 0.2
Harbor Beach 4 0.2 0.9 0.5 0.3 6.8 7.0 6.9 0.1
i.exington 1 0.2 0.2 0.2 --- 8.0 8.0 8.0 -—-
* EPA Criterion: 6%

--------- Total Kjeldahl Nitrogen------ ----------—-----Total Solids------~----

(mg/kg)* (%)
Standard Standard

Location Cases Minimum Maximum  Mean  Deviation Minimum Maximum  Mean  Deviation
take Superior
Black River 1 27 27 27 - 87 87 87 -
Ontonagon 6 23 1,200 394 486 70 90 83 7
Upper Portage Entry 3 18 170 71 86 80 85 83 3
Lower Portage Entry 3 81 120 98 20 81 82 81 1
Eagle Harbor 1 80 80 80 -- 86 86 86 --
Ig]e Royale 2 120 340 116 160 60 73 67
Big Bay 1 55 55 55 -- 81 81 81 --
Presque Isle (Marquette) 6 36 72 54 13 80 89 83 3
Carp River (Marquette) 6 39 130 62 34 81 84 83 1
Munising 6 3,300 4,700 3,766 691 20 38 27 7
Grand Marais 1 1 1T T - 84 84 84 -
Whitefish Point 2 220 440 330 156 75 81 78 4
Lake Huron
'getgur 1 24 24 24 - 87 87 87 --
heboygan 5 82 2,500 356 344 73 86 82 5
Presque Isle 1 120 "'Tz_o 120 - 66 66 66 --
Alpena 6 440 1,700 1,033 469 56 g1 72 0
Harrisville 1 80 ~~80 ~ 80 -- 90 90 90 --
Tawas 6 230 500 330 129 74 84 81 4
Saginaw Bay 3 38 240 110 113 84 91 88 4
Harbor Beach 4 590 4,100 2,573 1,466 43 78 56 15
Lexington 1 360 360 360 -- 85 85 85 --

* EPA Criterion: 1,000 mg/kg
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Table A-7 (continued)

-------- Chemical Oxygen Demand------ ~- -------Total Phosphorus------------

(mg/kg)* (mg/kg)*
Standard Standard

Location Cases Minimum  Maximum Mean Deviation Minimum Maximum  Mean Deviation
take Superior
Black River 1 900 900 900 ——-- 60 60 60 --
Cntonagon 6 400 85,000 18,950 33,213 Al 130 2 21
Upper Portage Entry 3 700 6,500 2,633 3,348 40 130 97 49
Lower Portage Entry 3 1,700 2,200 1,866 288 85 140 112 28
Eagle Harbor 1 900 900 900 ——— 110 10 110 --
Isle Royale 2 6,000 12,000 9,000 4,242 21 28 25 5
Big Bay 1 2,000 2,000 2,000 ———— 320 320 320 --
Presque Isle (Marquette) 6 1,200 2,400 1,917 462 56 220 137 60
Carp River {Marquette) 6 700 2,400 1,600 551 110 570 302 154
Munising 6 200,000 660,000 380,000 192,561 150 310 235 62
Grand Marais i 500 500 500 ---- 57 57 57 -
Wnitefish Point 2 6,200 8,300 7,250 1,484 80 120 100 28
Lake Huron
Detour 1 500 500 500 ———- 63 63 63 --
Cheboygan 5 2,600 51,000 27,180 29,7 19 77 56 42
Presque Isle 1 27,000 27,000 27,000 ——— 55 55 55 --
Alpena 6 9,300 82,000 33,883 26,608 50 160 78 44
Harrisville 1 2,000 2,000 2,000 ——-- 22 22 22 --
Tawas 6 7,900 17,000 11,283 3,757 30 64 49 13
Saginaw Bay 3 1,500 5,200 2,766 2,107 9 38 20 16
Harbor Beach 4 32,000 83,000 62,000 22,315 15 65 50 24

1 5,400 5,400 5,400 -—-- 66 66 66 --

Lexington
* EPA Criterion: 420.0 mg/kg

* EPA Criterion: 50,000 mg/kg

""""" Total Arsenic---------- ----------Total Cadmium-e-cecoa-
(mg/kg) (mg/kg)*
- . Standard
Location Cases  Minimum Maximum Mean Deviation Minimum  Maximum  Mean gtapdar_'d
iake Superior eviatio
Black River ]
0.8 0.8 0.8
Ontonagon 6 * -
0.4 .4 0.4 0.4 0.4 -
Upper Portage Entry 3 0.5 (1).7 82 8'4 0.4 0.4 0.4 -—
Eow?r Portage Entry 3 0.7 0.9 0.8 0'} <0.4 0.4 0.4 -—
Ii? eRHart])or 1 0.6 0.6 0.6 o 0.4 0.4 0.4 ---
ks eB oyale 2 1.2 1.6 1.4 0.3 <0.4 Q.4 0.4 ---
Blg Bay 1 1.4 1.4 1.4 S 0.4 0.4 0.4 ---
resque Isle (Marquette) 6 0.5 1.0 0.7 0.2 <0.4 0.4 0.4 -
ch‘,’:) River (Marquette) 6 0.6 1.1 0'7 0'2 <0.4 0.4 <0.4 ——-
Munising 6 . : <0.4 0.4 0.4 -
Grand Marais 1 8*12 8_'—11 8—13 1.8 <0.4 0.4 0.4 ——-
Whitefish Point 2 0.8 0.9 0.9 o1 <0.4 .0  <0.4 -—-
. . €.4 Q. . -
Lake Huron * o4
Detour
S Loy 1 2.0 2.0
C . 2.0 .
Presqie Tsle 2 0.5 1.1 1o 0.4 24 o4 o4 -
Jthedis 1 1.2 1.2 1.2 - o 0.4 0.4 ---
Harrisville : -1 2.9 2.9 1.9 0.4 o4 9 =
Harei 1 1.3 .3 1.3 - 0.4 3'2 2'3 -
Saginaw Bay 6 0.7 1.1 0.9 0. <0.4 . : -
Harbor Beach 2 }“]; % 229 24 <0:4 32 22 :::
Lexington 1 4—] ‘L 7 1_‘_‘ :8: <<82 3: ---
* EPA Criterion: 3.0 mg/kg *EPA Criterion: 6.0 mg/kg
continued

~-135-



Locacion

Loke Superior

B8lack River

Ontonagon

Upper Portage Entry
Lewer Portage Entry
Eagie Harbor

Isle Rayale

Big Day
Presque Isle (Marquette)
Carp River (Marquette)
funising

Grand Marais
Wnitefish Point

l.ake Huron

Detour
Cheboygan
Presque Isle
Aipena
Harrisville
Tawas
Saginaw Bay
darbor Beach
Lexington

* EPA Criterion 25 mg/kg

Location
1axe Superior

Biack River

Crtonagon

Upper Portage Entry
Lower Portage Entry
Eagle Harbor

Isle Royale

B1g Bay

Prosaue Isle (Marquette)
Carp River {Marquette)
i"inising

Crand Marais

Whitefish Point

Lake Huron

Detour
Cheboygan
Presque Isle
Alpena
Harrisville
Tawas
Seginaw Bay
Harbor Beach
Lexington

Table A-7 {(continued)

Total Chromium----------

(mg gy
Standard

Cases  Minimum  Maximum Mean  Deviation

1 0.4 0.4 0.4 ----

6 3.2 11.0 6.1 3.0

3 4.8 20.0 10.5 8.3

3 1.8 2.4 1.9 0.5

1 1.4 1.4 1.4 ---

2 120 12.9 12.0 0.0

1 2.6 2.6 2.6 ----

6 3.8 26.0 9.4 8.4

6 2.0 4.0 3.0 0.n

6 2.4 15.0 8.4 5.0

1 0.2 0?2 0.2 n.?

2 <0.2 0.8 0.5 0.0

1 «N.2 <0.2 <0.2 -—--

5 2.0 18.0 6.7 6.5

1 7.8 7.8 7.8 -

6 3.0 7.2 5.3 1.7

i 2.8 2.8 2.8 ----

6 0.6 14.0 7.5 5.1

3 2.2 7.8 4.3 3.

4 11.0 19.0 14.2 3.5

] 3.4 3.4 3.4 -—--

---------- Total Iron----------
(mg/kg)*
Standard

Cases Minimum  Maximum Mean Deviation

1 2,000 2,000 2,000 -—--

6 2,600 6,200 3,380 2,096

3 2,800 11,400 6,133 4,614

3 1,400 2,000 1,800 346

1 3,800 3,800 3,800 ———

2 9,600 15,000 12,300 3,818

1 4,400 4,400 4,400 -—--

6 3,000 3,400 4,266 2,053

6 1,700 3,600 2,466 668

6 7,300 15,000 12,883 3,013

1 _——— ——- —_—— ————

2 2,400 4,200 3,300 1,272

] 2,600 2,600 2,600 -

5 2,000 8,600 3,920 2,794

1 4,800 4,800 4,800 ———-

6 3,200 6,000 4,600 1,283

1 6,200 6,200 6,200 ——--

6 2,200 8,000 5,333 2,477

3 1,600 7,800 4,600 3,104

4 17,000 78,000 34,000 29,720

1 5,200 5,200 5,200 -—--

* EPA Criterion 17,000 mg/kg
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—————————— Total Copper----------

(mg/kg)*
Standard
Minimum  Maximum Mean Deviation
2.4 2.4 2.4 ——--
5.4 26.0 10.6 8.0
82.0 280.0 154.0 109.5
4.6 6.6 5.9 1.1
3.0 8.0 34.0
15.0 22.0 18.5 4.9
4.0 4.0 4.0 ———-
2.6 19.0 5.9 6.4
1.6 3.0 2.0 0.6
51.0 150.0  96.6 37.1
T 1.2 1.2 ———
3.6 10.0 6.8 4.5
1.2 1.2 1.2 ----
1.0 16.0 4.6 4.0
11.0 11.0 11.0 ——
3.8 12.0 6.5 3.2
1.8 1.8 1.8 -———
3.0 12.0 6.9 3.8
1.0 2.8 1.7 1.0
14.0 24 Q 20.0 4.3
4.6 4.6 4.6 ———-
*EPA criterion: 25 mg/kq
—————————— Total Leag----------
{mg/kg)*
Standard
Minimum  Maximum Mean Beviation
3 3 3 U
<1 8 <1 ————
3 4 4 1
<1 1 <1 ———
<1 <1 <1 ——
8 14 1 4
<1 <1 <1 .
1 3 2 1
4 3 1 1
44 150 80 44
3 -3 3
3 5 4 1
<1 <1 <] - -
<1 10 5 4
19 19 19 ———-
8 30 15 8
4 4 4 -——
5 16 10 4
<1 <1 <1 ———
12 36 27 11
13 13 13 -——-
* EPA Criterion: 50 mg/kgq
continued



Table A-7 (continued)

---------- Total Manganese----====-- —=---——---Total Mercury----------
(mg/kg)* (mg/kg)x
Standard Standard
Location Cases Minimum Maximum  Mean  Deviation Minimum Maximum  Mean  Deviation
Lake Superior
Black River 1 56 56 56 -- <0.1 <0.1 <0.1 -
Ontonagon 6 48 160 87 44 <0.1 <0.1 <0.1 —
Upper Portage Entry 3 50 240 125 101 <0.1 <0.1 <0.1 ---
Lower Poriage Entry 3 24 36 3] 6 <0.1 <0.1 <0.1 _—
Eagle Harbor 1 82 82 82 -- <0.1 <0.1 <0.1 -—
Isle Royale 2 300 640 470 240 <0.1 <0.1 <0.1 S
Big Bay 1 64 64 64 = <0.1 <0.1 <0.1 -
Prasque Isle (Marquette) 6 48 310 108 99 <0.1 <0.1 0.1 -
Carp River (Marquette) 6 36 76 54 16 <0.1 <0.1 <0.1 —
hanising 6 100 220 172 40 0.2 0.5 0.3 0.1
Grand Marais 1 17 17 17 . <01 <0.1 <0.1 ---
Whitefish Point 2 28 58 43 2l <0.1 <0.1 <0.1 -
Lake Huron
C2tour 1 130 130 130 === <0.1 <0.1 <0.1 ---
Cheboygan 5 17 110 53 36 <0.1 <0.1 <0.1 -
Presque Isle 1 120 120 120 - <0.1 <0.1 <0.1 -—-
Alpena 6 42 110 70 23 <0.1 <0.1 <0.1 ---
Herrisvilie 1 38 38 38 -—-- <0.1 <0.1 <0.1 ---
Tawas 6 42 240 121 76 <0.1 <0.1 <0.1 ---
Saginaw Bay 3 20 100 63 40 <0.1 <0.1 <0.1 .-
Harbor Beach 4 190 280 243 45 <0.1 0.1 <0.1 ---
Lexington 1 110 110 110 - <0.1 <0.1 <0.1 ---
* EPA Criterion: 300.0 mg/kg
—————————— Total Nickel-===mu-mm- ~=men---~-Total Selenium-----wce--
(mg/kg) * (mg/kg)
Standard Standard
Location Cases Minimum Maximum Mean Deviation Minimum Maximum  Mean  Deviation
{ake Superior
Black River 1 4 4 4 - <0.1 <0.1 <0.1 ———-
Ontonagon 6 5 20 10 6 <0.1 <0.1 <0.1 ----
Upper Portage Entry 3 10 38 20 15 <0.1 <0.1 <0.1 ----
Lower Portage Entry 3 2 2 2 0 <0.1 <0.1 <0.1 -——-
Eagle Harbor 1 13 13 13 .- <0.1 <0.1 <0.1 -—--
Is_]e Royale 2 38 78 58 28 <0.1 <0.1 <0.1 -———-
Big Bay 1 3 3 3 -- <0.1 <0.1 <0.1 —-
Presque Isle (Marquette) 6 6 140 36 52 <0.1 <0.1 <0.1 -——-
Carp River (Marquette) 6 <1 5 1 2 <0.1 <0.1 <0.1 -—--
Munising 6 16 38 28 9 <0.1 <0.1 <0.1 ———-
Grand Marais 1 2 2 2 - <0.1 <0.1 <0.1 ——-
Whitefish Point 2 4 6 5 1 <0.1 <0.1 <0.1 -——-
Lake Ruron
Detour 1 2 2 2 - <0.1 <0.1 <0.1 .-
Cheboygan 5 <] 12 5 4 <0.1 <0.1 <0.1 m——-
Presque Isle 1 20 20 20 -- <0.1 <0.1 <0.1 -—--
Alpena 6 6 15 10 3 <0.1 <0.1 <0.1 —-e-
Harrisville 1 5 5 5 -- <0.1 <0.1 <0.1 —
Tawas 6 7 20 13 6 <0.1 <0.1 <0.1 ----
Saginaw Bay 3 2 8 6 3 <0.1 <0.1 <0.1 -——
Harbor Beach 4 24 38 31 6 <0.1 <0.1 <0.1 m——-
Lexington 1 T0 10 10 -- <0.1 <0.1 <0.1 -—--
c?A Griterion 20.0 mg/kg
continued
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Table A-7 (continued)

------------ Total Zinc------------ -me-e-=-----0ils and Grease------------
(mg/kg)* (ma/ka)*
Location Standard Standard
Cases Minimum  Maximum Mean Deviation Cases Minimum Maximum Mean Deviation
Lake Superior
Black River 1 8.8 8.8 8.8 - 1 310 310 310 -
Ontonagon 6 6.4 22.0 13.0 6.2 3 230 540 370 157.2
Upper Portage Entry 3 10.90 30.0 19.0 10.1 2 5400 5400 5400 0.0
Lower Portage Entry 3 6.8 9.0 8.1 1.2 2 <35 <35 <35 0.0
Eagle Harbor 1 14.0 14.0 14.0 - 1 300 300 300 -
Isle Royale 2 44.0 84.0 64.0 28.2 2 95 460 278 258.1
Big Bay 1 22.0 22.0 22.0 - 2 <35 70 44 36.8
Presque Isle (Marguette) 6 10.0 48.0 21.8 13.9 3 <35 940 325 532.3
Carp River (Marquette) 6 6.6 17.0 1. 3.4 3 <35 90 91 88.9
Munising 6 87.0 190.0 134.0 42.5 5 1500 61,000 16,840 24,867.3
Grand Marais 1 16.0 16.0 16.0 --- - - --- -—- ---
Whitefish Pgint 2 14.0 19.0 16.5 3.5 3 290 6000 3997 3213.6
Lake Huron
Detour 1 5.4 5.4 5.4 --- 1 350 350 350 ---
Cheboygan 5 5.6 140.0 40.7 55.8 3 250 3900 1817 1879.1
Presque Isle 1 34.0 34 34.0 - 1 430 430 430 -
Alpena 6 24.0 44 31.0 7.3 3 440 2000 1180 783.1
Harrisville 1 26.0 26 26.0 - 1 240 240 240 ---
Tawas 6 12.0 26 19.6 5.5 3 210 400 330 104.4
Saginaw Bay 3 3.4 12 8.3 4.4 4 140 230 195 40.4
Harbor Beach 4 44.0 170 126.0 57.2 2 1300 1400 1350 70.7
Lexington 1 70.0 70 70.0 --- 1 330 330 330 -
*EPA Criterion 90 mg/kg *EPA Criterion 1009 mg/kg
-------- Diethyhexelphthalate-------- ---~----Dibutylphthalate~-------
{ng/ka) {rg/kg)
Location Cases Minimum Maximum X D Cases Minimum  Maximum X sD
Lake Superior
Black River 1 <90 <90 <90 - 1 100 100 100 0
Ontonagon 3 300 500 396 100 3 110 220 163 55
Upper Portage Entry 2 <90 310 178 187 2 210 260 235 35
Lower Portage Entry 2 330 370 350 28 2 110 120 115 7
Eagle Harbor ] 390 390 390 - 1 280 280 280 0
I§1e Royale 2 <90 <90 <90 - 2 <60 <60 <60 -
Big Bay 2 230 600 315 120 2 <60 150 105 64
Presqug Isle (Marquette) 3 <90 390 272 196 3 <60 160 103 67
Carp R1ver (Marquette) 3 250 350 290 53 3 <35 190 92 88
Munising ) 5 270 17,000 4994 6855 5 <60 540 330 274
Grand Marais
Whitefish Point 3 240 370 316 68 1 260 330 287 38
Lake Huron
Detour 1 350 350 350 - 1 150 150 150 -
Cheboygan 3 <90 290 126 14 2 350 390 370 28
Presque Isle 1 <90 <90 <90 - 1 260 260 260 -
A1per]a ) 3 <90 350 147 176 3 <200 210 137 64
Harrisville 1 <90 <90 <90 - 1 180 180 180 -
Taqu 3 <90 <9) <90 0 <60 370 143 196
Saginaw Bay 4 <90 <90 <90 0 4 <200 290 173 91
Hart_;or Beach 2 <90 <90 <90 0 2 <60 <60 <60 0
Lexington 1 410 410 410 0 1 520 520 520 -
continued
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Table A-7 (continued)

U.S. EPA guidelines for the pollutional classification
of Great Lakes Harbor sediments, 1977.

Non Moderately Heavily
PARAMETERS Polluted Polluted Polluted
Volatile Solids (%) <5 5-8 >8
0i1 and Grease <1,000 1,000-2,000 >2,000
coD <40,000 40,000-80,000 >80,000
Total Phosphorus <420 420-650 >650
Ammonia <75 75-200 >200
TKN <1,000 1,000-2,000 >2,000
Cyanide <0.10 0.10-0.25 >0.25
Iron <17,000 17,000-25,000 >25,000
Manganese <300 300-500 >500
Barium <20 20-60 >60
Lead <40 40-60 >60
Mercury <1.0 N.A. >1.0
Nickel <20 20-50 >50
Arsenic <3 3-8 >8
Cadmium * * >6
Chromium <25 25-75 >75
Copper <25 25-50 >50
Zinc <90 90-200 >200

* Lower limits not established
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Table A-8. Descriptive statistics for sediment constituents in the

nearshore waters of Lakes Superior and Hurcn. 1975.

---------------- Nitrate---------=c-oo --=-------Total Kjeldahl Nitrogen---------—--.
(mg/kg) (mg/kg}*
Standard Standard
Location Cases  Minimum  Kaximum i*can Deviation Minimum  Maximum  Mean Deviation
Lake Superior
Marquette Harbor 4 0.5 0.7 0.7 0.1 58 280 156 107
Lake Huron
Calcite 4 0.2 0.6 0.3 0.2 78 710 465 2N
Saginaw Bay * 2 0.7 1.3 1.0 0.4 80 130 105 85
* EPA Criterion: 1000 mg/kg
-------- Total Phosphorus=-------~-=-=-~- memmmmems e AMMON f@m e - e
(mg/kg)* (mg/ke)*
Standard Standard
Location Cases Minimum  Maximum Mean Deviation Minimum  Maximum  Mean Deviation
Lake Superior
Marguette Harbor 4 32 62 47 15 0.2 1.1 1.9 038
Lake Huron
Calcite 4 8 23 16 6 0.2 15.0 5.9 6.2
Saginaw Bay T 2 21 29 25 6 0.4 04 0.4 0.0
* EPA Criterion: 420 mg/kg * EPA Criterion: 75 mg/kg
----------- Total Solids=---=—=-=mo-mmmmmn - --e----m—------Volati1le Solids---------
%) (z)*
Standard Standard
Location Cases Minimum  Maximum  Mean Deviation Minimum  Maximum  Mean Deviation
Lake Superior
Marquette Harbor 4 80 85 83 2 0.4 0.4 0.4 0
Lake Huron
Calcite 4 64 91 72 13 0.2 0.5 0.3 0.2
Saginaw Bay + 2 83 83 83 0.0 0.4 04 0.4 0.n

t Saginaw Bay data was calculated without riyer stations
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Table A-8 (continued)

———————————— Chemical Oxygen Demand-------

(ma/kg)* (mg/kg)*
Standard Standard
Location Cases Minimum Maximum Mean Deviation Minumum Maximum  Mean  Deviation
Lake Superior
Marquette Harbor 4 920 8800 4880 4358 0.5 1.0 0.7 0.3
Lake Huron
Calcite 4 1300 30,000 2500 949 0.4 1.8 0.9 0.6
Saginaw Bay * 2 1300 2,800 2050 11360 0.8 1.8 1.3 0.7
* EPA Criterion: 50,000 mg/kg *EPA Criterion: 3.0 mg/kg
--------- Total Cadmium----~o--- ----------Total Chromium----------~-
(mg/kg)* {mg/kg)*
] Standard Standard
Location Cases Minimum  Maximum  Mean Deviation Minimum  Maximum Mean Deviation
Lake Superior
Marquette Harbor 4 0.2 0.2 0.2 0 2.0 4.0 3.1 0.8
Lake Huron
Calcite 4 0.2 0.2 0.2 0 3.4 26.0 16.1 9.4
Saginaw Bay + 2 0.4 0.4 2.4 0-0 2.0 ? 6 23 04
* s .
EPA Criterion: 6.0 mg/kg * "PA Criterion: 25.0 mg/kg
---------- Total Copper---=---~u- cmmmemaoo--Total Iron----e-e-e----
(mg/kg)* (mg/kq)*
Standard Standard
Location Cases Minimum  Maximum Mean Deviation Minimum  Maximum  Mean Deviation
Lake Superior
Marquette Harbor 4 2.2 5.2 3.3 1.4 2000 2800 2200 516.4
Lake Huron
Calcite 4 0.6 6.0 4.0 2.5 1700 3800 2500 948.7
Saginaw Bay * fa 0.2 0.4 03 01 1600 2600 2100 707
* EPA Criterton: 25 mg/kg * EPA Criterion: 17,000 mg/kg

+ Saginaw Bay data was calculated without river stations

continued
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Location

Lake Superior
Marquette Harbor
Lake Huron
Calcite

Saginaw Bay T

* EPA Criterion: 40.0 mg/kg

Location

Lake Superior
Marquette Harbor
Lake Huron

Calcite
Saginaw Bay t

* EPA Criterion: 1.0 mg/kg

Location

Lake Superior
Marquette Harbor
Lake Huren

Calcite
Saginaw Bay +

Table a-5 {continued)

[ Total Lead----
(mg/kg}*
Cases Minimum  Maximum  Mean
4 2.0 8 4.5
4 4.0 12 8.8
2 0.5 2 1.3
RO Total Mercury---
(mg/kg)*
Cases Minirum  Maximum  Mean
4 6.01 v.04  B.02
4 0.01 0.07 0.05
2 .02 0.02 0.02
[, Total Selenium---
(mg/kg)
Lases  Minimum  Maximum  Mean
4 0.1 0.1 0.1
4 0.1 0.2 0.4
2 ~0.1 0.1 <0.1

+ Saginaw Bay data was calculated without river stations
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Standard
Deviation

—w
o

Standard

0.03
0.00

Standard

Deviation

o0
o

----------- -Total Manganese-----===-=--

(mg/kg)*
Standard
Minimum  Maximum  Mean Deviation
24 70 53 22
56 88 74 13
19 36 8 12

* EPA Criterion: 300.0 mg/kg

---------- Total Nickel----ce-----

{mg/kg)*
) Standard
Minimum  Maximum  Mean Deviation
2 7 3.8 2.4
2 7 5.5 2.4
3 3 0.7
* EPA Criterion: 20.0 mg/kg
---------- Total Zinc----eem-e-
{mg/kg)*
Standard
Minimum  Maximum  Mean Deviation
7.0 17.0 11.5 4.1
9.4 26.0 19.4 7.1
6.0 10.0 2.0 2.8
* EPA Criterion: 90.0 mg/kg



Table A-9. List of ohytoplankton species found in nearshore
Lake Superior, spring and fall, 1974.

C. reticulatum
C. sphaericum

Mougeotia americana
M. elegantula

Chlorophyta
Ankistrodesmus F. ovalis 3. quadricauda
convolutus Gloecystis ampla Schroederia setigera
A. falcatus G. gigas Sphaerocystis
A. spiralis G. major schoeteri
Cerasterias G. sp. Staurastrum
irreqularis Golenkinia chaetocercus
Chlamydomonas paucispina S. dejectum
globosa G. radiata S. furcigerum
C. polypyrenoideum G. sp. S. paradoxum
C. snowii Hyalotheca mucosa S. poTymorphum
C. sp Kirchneriella S. sebaldi
C.spl contorta Stipitococcus
C.sp2 K. Tunaris vasiformis
Chlorella K. obesa S. sp.
ellipsoidea Lagerheimia Tetraedron
Closteriopsis ciliata arthrodesmiforme
longissima L. citriformis T. caudatum
Closterium gracile L. Tongiseta T. minimum
C. parvulum L. subsalsa T. pentaedricum
Coelastrum dubium L. sp. T. prescottii
C. kuetzingianum Micractinium T. trigonum
C. microporum pusillum T. sp.

Tetrastrum glabrum
T. heteracanthum

Cosmarium contractum M. sp. T. requTare

C. formuTosum Oocystis borgei UTothrix

C. psuedoprotuberans 0. elliptica subconstricta

C. subtumidum 0. pusilla U. subtilissima

C. sp. 0. submarina U. sp.

Crucigenia Pediastrum Unknown Chlorophyta
apiculata biradiatum

C. quadrata P. boryanum Bacillariophyta

C. tetrapedia P. duplex Achnanthes affinis

Dactylococcus P. duplex var A. clevei
infusionum ~gracilimum A. flexella

D. sp. P. tetras A. hungarica

Dictyosphaerium Penium sp. A. Tanceolata
ehrenbergianum Scenedesmus abundans A. minutissima

D. pulchellum S. acuminatus A, sp.

Dispora S, acutiformis Amphora ovalis
crucigenioides S. armatus A. ovalis var.

Elakatothrix S. bijuga ~ lybica
gelatinosa S. dimorphus A. perpusilla

E. viridis S. Tongus Al sp.

E. sp. S. obliquus Am

Franceia droescheri

S. opoliensis
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Amphiprora ornata
Anomoeneis vitrea
Astrionella formosa
A. gracillima
Attheya zachariasi
Cocconeis diminuta
ediculus
1acentu1

F

T
T

C
Cosc1nod1scus rothii

Table A-9 (continued)

F. crotonensis
F. gracile

F. harrissonii
F. intermedia

F. lapponica
F. Teptostauron

F. pinnat

. vaucheriae
r. sp.
Gomphonema

!

Cyclotella antiqua
atomus

aspi
. comensis
comta

lomerat
kutzingiana
. meneghinijana
. michiganiana
ocellata
. pseudostelligera

. stelligera
. striata

¢

;[

Dent 1cu1a elegans
D. tenuis
Diatoma elongatum
D. tenue
D. vulgar
Diploneis elliptica
D. marginestriata
D oculata

puella
Ep1them1a sp.
tunotia pectinalis
Fragilaria capucina
F. construens

et

=

angustatum
G. olivaceum
G. sp.
Gyrosigma sp.
Melosira granulata
M. islandica
M. varians
Meridion circulare
Navicula cryptocephala

Rhoicosphenia

curvata
Stephanodiscus astraea

N. cryptocephala
var. veneta
decussis

1g1nens1s
Xxigua

gregaria
hustedit
lanceolata
menisculus
Tacentula
upula
radiosa
reinhardtii
subtilissima

tripunctata

i

.

zlzlzlzlzlzizlzlzlzlzlzlzlz‘z

tuscula
N. viridula
Neidium affine
N. iridis

Nitzschia acicularis

N
N. gracilis

N. kutzingiana

ﬂ; Tinearis

alea

ﬂ; sinuata

Opephora martyi
Rhizosolenia eriensis

%

R. longiseta
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S. astraea var.
minutula

S. dubius

S. hantzschii

S. dnvisitatus

Surirella ovalis

S. ovata
S. robusta
S. Sp.

Synedra acus
S. amphicephala

S. cyclopum
S. delictissima
S. radians

S. rumpens

S. tenera

S. ulna

S. vaucheriae
S. sp.

Tabellaria fenestrata

T. flocculosa

Unknown
Bacillariophyta

Cyanophyta

Anabaena felissii

A. flos-aquae

A. planctonica
A. subcylindrica

wisconsinense
A. sp.
Aghanocagsa
delicatissima
A. elachista
Aphanothece
clathrata

microspora
nidulans

7

£

AL

A. sp.

Chamaasiphon
confervicola

Chroococcus
dispersus

C. kuetzingianum

C. limneticus

C. microspora

C. minor

C. minutus

(continued)




Table

C. prescottii

Coelosphaericum
naegelianum

Cyanarcus hamiformis

Dactylococcopsis
acicularis

D. fascicularis

D. smithii
D. sp.
Gomphosphaeria

aponina
G, Tlacustris
Lyngbya contorta
Merismopedia convoluta

M. punctata

Microcystis
aeruginosa

M. flos-aquae

M. incerta

Oscillatoria
acutissima

0. angusta

. angustissima

0
0. prolifica
0. splendida

|

. subbrevis
tenuis

#

hormidium mucicola
P. tenue
Unknown blue-green

Chrysophyta

Chrysosphaerella
Tongispina

Dinobryon bavaricum

D. caudata

D. divergens

D. sertularia

D. sociale

D. stipitatum

D. tabellariae

Mallomonas acaroides

M. alpina

M. caudata

Ophiocytium
capitatum

Stipitococcus
vasiformis

Synura ulvella

S. sp.

A-9 (continued)

Cryptophyta

Chroomonas nordstedtii

Cryptomonas erosa

C. ovata

C.sp.
Rhodomonas minuta

Pyrrophyta

Ceratium hirundinella

Euglenophyta

Euglena sp.
Phacus sp.

Chloromonadophyta

~-145-

Gonyostomum semen
Unknown flagellates
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Table A-15. List of phytoplankton species found in nearshore Lake Huron
spring and fall, 1074.

Chlorophyta
Ankistrodesmus Franceia droescheri S. opoliensis
convolutus F. ovalis S. quadricauda

A. falcatus
A. sglralls

rasterlas

irregularis

Chlamydomonas
globosa

C. polypyrenoideum

C. snowii

a

1
2
ella

212212
] lu ok

e1112301dea

Closteriopsis

longissima

Closterium gracile
C. parvulum
Coelastrum dubium
c. kuetzingianum

C. mlcroEorum

g; reticulatum

C. sphaericum

Cosmarium contractum

Gloecystis ampla

C. formulosum
psuedoprotuberans

1212

subtumidum

5p.
rucigenia
apiculata
C. guadrata
C. tetrapedia

Dactylococcus
infusionum

D. sp.
Dictyosphaerium
ehrenbergianum

D. pulchellum
Dispora

crucigenioides
Elakatothrix
gelatinosa
E. viridis
E.

(@]

-F

5

G. gigas
G. major
G.

FF

Golenkinia

paucispina

G. radiata

G. .

Hyalotheca mucosa

Kirchneriella
contorta

K. lunaris

5; obesa

Lagerheimia
ciliata

L. citriformis

L. guadriseta

L. longiseta

L. subsalsa
Micractinium

pusillum

Mougeotia americana

M. elegantula

M. s

Oocystis borgei

0. elliptica

0. pusilla

0. submarina

Pediastrum
biradiatum

P. borzanum

P. duplex

P. duplex var.
gracilimum

. tetras
Scenedesmus abundans

&

¥

L)

8. acuminatus
S. acutiformis

w
1
2
8
[y
T
c
[

bijuga

dlmorghus

longus

obllguus

2121

ik

|11
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Schroederia setigera

Sphaerocystis
sehoeteri

Staurastrum
chaetocercus

. dejectum
furc1gerum

aradoxum
olymorphum
sebaldi
tipitococcus
vasiformis
S. sp.
Tetraedron
arthrodesmiforme
T. caudatum
T. minimum
Z; pentaedricum

T. prescottii

T. trigon

wn

"’IE”IE”IE”IWI

:

Tetrastrum glabrum

T. heteracanthum

I. regulare

Ulothrix
subconstricta

U. subtilissima

U. sp.

Unknown Chlorophyta

Bacillariophyta

Achnanthes affinis
A. clevei

A. flexella

A. hungarica

A. lanceolata
A.

H

minutissima




é; Sp.
Amghigleura

pellucida
Amphiprora ornata

Anomoeneis vitrea
Astrionella formosa
Attheya zachariasi
Cocconeis diminuta

. pediculus

C. placentula

C. sp.
Coscinodiscus rothii

|O

[
0]
o
—
o}

Cyclotella antiqua
caspia

comensis

comta

glomerata
kutzingiana

meneghiniana
michiganiana
ocellata
pseudostelligera
stelligera

. striata

Sp-

C.sp. 1
Cymatopleura solea
Cymbella affinis
C. cesatii

cuspidata
inaegualis
miroceEhala

Eostata
tumida

tumidula

. turgida
ventricosa

L. SP.

Denticula elegans
D. tenuis

Diatoma elongatum
D. tenue

D. vulgare
Diploneis elliptica
D. marginestriata
D. oculata

D. puella

Epithemia sp.
Fragilaria capucina
F. construens

F. crotonensis

2121212

(@}

a

212121212

aQ

@}

S R H b

oo

A-15 (continued)

g
-

harrissonii
intermedia

lapponica

leptostauron

Einnata

vaucheriae

.

===

i

=
&

Gomphonema

angustatum
G. olivaceum
G. sp.
Gyrosigma sp.
Melosira granulata
M. islandica
M. varians
Meridion circulare
Navicula cryptocephala

|

N. cryptocephala
var. veneta
decussis

elginensis
exigua
gregaria

hustedii
lanceolata
menisculus

placentula
Rugula

radiosa
reinhardtii
subtilissima
tripunctata
tuscula

N. viridula
Neidium affine

|= =] == =] =

=2

2|7

z|=|=

N. bacata

filiformis
fonticola

gracilis
kutzingiana
linearis

palea

N. sinuata

Opephora martyi
Rhizosolenia longiseta

Z]=)=] ===

2

R. longiseta

Rhoicosphenia
curvata
Stephanodiscus astraea

~-162-

S. astraea var.
minutula
S. dubius
hantzschii
invisitatus
Surirella ovata
§. ovata
§. robusta
S. sp.
Synedra acus
amphicephala
cyclopum
delictissima
radians
rumpens
tenera
ulna
vaucheriae
S. sp.
Tabellaria fenestrata
T. flocculosa
Unknown
Bacillariophyta

s,
S.

]

|22 ]

w'm
« {e

Cyanophyta

Anabaena flos-aquae

A. planctonica

A. subcylindrica

A. wisconsinense

A. sp.

Aphanocapsa
delicatissima

A. elachista

Aphanothece
clathrata

A. microspora
A. nidulans
A. prasina

A. sp.

Chamaesiphon
confervicola

Chroococcus
dispersus

C. kuetzingianum

limneticus

minor

minutus

C. prescottii

Ezélosphaericum

naegelianum

1212121




Table A~15 (continued)

Cyanarcus hamiformis Cryptophyta
Dactylococcopsis Chroomonas nordstedtii

acicularis Cryptomonas erosa
D. fascicularis C. ovata
D. smithii C. sp.
D. sp. Rhodomonas minuta
Gomphosphaeria

aponina Pyrrophyta

G. lacustris Ceratium hirundinella

fihgbza contorta
Merismopedia convoluta
M. punctata
Microcystis

aeruginosa
M. flos-aquae

E: incerta

Oscillatoria
acutissima

0. angusta

0. angustissima

. prolifica

. splendida

. tenuis

0. sp.

Phormidium mucicola

P. tenue

Unknown blue-green

Euglenophyta

Euglena sp.
Phacus sp.

Chloromonadophyta
Gonyostomum semen
Unknown flagellates

OIOIO

|

Chrysophyta
Chrysosphaerella
longispina
Dinobryon bavaricum
D. caudata
D. divergens
sertularia
sociale
stipitatum
D. tabellariae
Mallomonas acaroides
M. alpina
M. caudata
Ophiocytium
capitatum

Stipitococcus
vasiformis
Synura ulvella

S. sp.

12112
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