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INTRODUCTION

The chemical 1imnology of Lake Superior 1s‘the least studied and

- the least understood among the Great Lakes. Much of the current studies

have been directed toward the lower lakes where excessive eutrophication

has caused progressive deterioration of water quality and undesirable

changes of species in the biotic communities. Lake Superior has remained

relatively free of the problems which the Lower Great Lakes have en-

countered, ahd measures are now being undertaken to preserve Lake Superior

in its present state. _ |
Historical data are few and widely scattered. Moreover, much

of the chemical ané1yse5"were reported at a time when modern methods of

~analysis were not available, thué complicating assessment of long term

trends in chemical composttion.

Between 1968-1971, CCIW carried out seven limnological surveys

‘across Lake Superibr collecting physical, chemical and biological data.

This is a report on the chemistry of nutrients, inorganic ions and minor
trace elements in Lake Superior providing a data summary, spatial and
temporal distribution maps and seasdnaf variation of these constituents.

Results can also serve as a "baseline" reference for evaluating future

“changes and planning of future 1imnological studies of Lake Superior. A

comparison is a]sb made between CCIW data and past data.

DATA ANALYSIS

Statistics of the data are unwéigﬁtedd Any kind of weighting
scheme is quite subjective and since good uniformity exists for most of

the chemical parametérs in Lake Superfor, it is assumed that unweighted

1.
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statistics adequately describe: the chemiétfy in Lake:Superior.

Mean values for the whole lake were computed by a simple
averaging process. Meanvva1ues for each samb]ing station, computed 1h
a similér mSnner;'Wére subsequently usedvin*a~computer}p]ott1ng routine to
'producé spatial distribution maps. ForlinterpQIation between obsérvations.
the p]ottiné rout{ne interpolates ffbm the‘nearest 3 data points whose

weights are inversely proportional to the distance square. Distribution

. maps were-plotted for parametef§ with”more than fifty sampling locations.

Because .of the great depth of Lake Superior, sampling depths were wideiy
spaced. To facilitate data analysis, 25 meter was arbitrarily chosen as

the dividing line between surface and bottom layer measurements. For

‘major inorganic ions and trace metals, which were fairly uniform with

depth, no differentiation between surface and bottom water was made unless
there were significant variations with depth.

| The séven”synoptic surveys-were carried out within a period of
four years;»eaéh in a different month. vlf the survey or: surveys taken
within each year were taken to be representative of that year, then data
interpretation could be based ‘on yearly comparison. However, a more valid
assumption would be that Lake Superior with a huge VOIUme»is 1ikely to

undergo extremely siow respohsé to‘any external changes. With this

~assumption, differences observed between each survey wi]llbe interpreted

as seasonal variation rather than yearly changes.

ANALYTICAL METHODS .

The chemical analyses were carried out by Water Quality Division,

and the methods are described in "Methods for Chemical Analysis of Waters

2..
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and Hastewaters," W. J. Traversy (1971).

SAMPLING PROGRAMS

Sampling locations for each year are shown in Figure 1.

. Basically .the network was the same for the four years but sampling programs

differed from survey to survey.. Sampling programs for each survey are

listed in Table 1.
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- Table 2.

TEMPERATURE (Fig. 11 and ‘Fig. 12)

Water.temperature is one of “the prime factors;contrbllingjthe

rate of photosynthetic growth of primary producers. -An-abundance -of

these organisms-has é?&bminaht effect on the species population in the

higher levels of the food chain. 1In addition, population dynam1¢s can

alter the cycle and kinetics of chemical nutrients.

Lake Superior is the coldest of the Great Lakes chiefly because

| of its latitude and its great depth. The annual temperature cycle of

‘Lake Superior shows four seasonal periods. Spring warming (April to

June) summer stratification (July to September), autumn cooling (October

to December)”éhd winter stratification (January to March).
"ThE‘annual.water temperatufe»cyc]e fornsurface~and~bottom

water are shown in Fig, 2 and their mean temperatures are listed in

In Aptil,“mean*bottom;water‘temperature was 0.9°C higher than

the mean surface water temperature indicating that reverse thermal

stratification had occurred during the winter stationary period. -Average

water temperathre in April was between 1 -"2%.

Spring convection began in May, when.the mean lake water

temperbture was'raised by‘about 1°CL Thermal bar formation began along

the shallow shore off Duluth and Thunder Bay, while isothermal conditions

prevailed in the off-shore water.

By earTyMJuly; warm water was found at the surface in the

shallow waters. Thermal bars were well developed along the north and south

shore. Sigqs”of thermal stratification appeared in nearshore Water§ where .

4.
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| surface.and bottom temperatures differed by 6°¢C. By mid-August, thermal

bars had disappeared and the lake was well stratified. Thermal

- stratification extended into October when the lake water was at 1ts' 

warmést. The maximum may have occurred during September but was not'
detected due to survey schedules;

| _-Autumn convection begén in early November and consequent mixing
of surface and bottom water produced isothermal conditjons in the nearshore
zones. By late November, the entire lake was once again near isothermal
between 5° and 6°C. Through the whd]e annual cycle, the deepest part pf :
Lake Superior in the Eastern Basin remained below 5°C.

Dissolved Oxygen and Oxygen Percent Saturation (Fig. 13 & Fig. 14)

Surface lake waters are always well saturated with oxygen because
of constant exchange; with atmosphere. However, during periods of
stagnant thermal stratification in summer when there is 11tt1e~exchangé
between top and bottom'layer§ of water, the lower layer of water can be
depleted of oxygen. Because of the large oxygen reserve in the hypo- ‘
1imnion of Lake Superior, significant oxygen depletion was never.observed.

Oxygen solubility in water decreases with increasing water
temperature. Fig. 3 shows that this relationship 1s‘cTose1y followed 19

that surface dissolved oxygehs are high in spring and winter and lower in

.summer and fall. Vertically warmer surface waters are lower in

dissolved oxygen than the deeper cold water. (Table 3). Horizonta11y;
warmer nearshore waters have lower dissolved oxygen. During spring and

fall convection dissolved oxygen values for the upper 25 meters and those
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below 25 meters are near]y'thevsame. 1nd1catihgithorOUQh mixing in the

lake.

Percent saturatioh of okygen'is a better indicator for. oxygen
conditions in water since the<d1fferences in water temperature has been

taken .into account. Oxygen percent saturation should remain around 100%

. under normal conditions. In Lake Superior, percent oxygen saturation is

slightly above 100% in summer and just below 100% in spring and winter

~ (Fig. 3, Table 4). During spring and fall circulation periods, oxygen

saturation is close to 100%. The bbserved seasonal variation in oxygen
percent saturation'is'probab1y caused by the nonfequilibration of dissolved
oxygen with changing water temperature.

Biological product1v1ty in Lake Superior 1s low. Since Lake

'Superior is a huge body of cold water, dissolved oxygen is unlikely to

reach very 10h4]evels,
Phosphorus -

Phosphorus'enrichment in lake waters has been reported to be the
cause of increased bio]ogicai productivity, undesirable biotic change and

deterioration of water quality (Vollenweider, 1968). In an undisturbed

ecosystem, phqéphorus compounds in water are scarce since the only natural

soﬁrées ére weathering of phosphate (apatite) minerals and atmospheric
precipitation.. Major cultural sources of phosphorus include inputs from

urban centers and agriculture run-off.



.
. . . . i e
L . . , . -, .

Phosphorus in Lake Superior: has been analyzed in three fractions:

total phosphorus, totql dissolved phosphorus and orthophosphate. From
these three analyses, the difference between total phosphorus and total
dissolved phosphorus gives particulate phosphorus, and the difference
between total dissolved phosphorusvand orthophosphate is laballed soluble
organic phosphorus. The mean concentrations of total phosphorus, total
dissolved phosphorus, particulate phosphorus, orthophosphate and soluble
organic phosphorus are found in table 5. Table 6 shows total dissolved
phosphorus, particulate phosphorus, orthophosphate and soluble organic
phosphorus expressed as a fraction of total phosphorus.

Total phosphorus and orthophosphate were sambled more

frequently than total filtered phosphorus. "Therefore, the sums of the

fractions of solub]e organic phosphorus and orthdphosphate may not equal

the fraction of total dissolved phosphorus (Table 6).
Total Phosphorus (Fig. 15)

Natural variation of 80% are observed in total phosphorus

measurements. Therefore, such a large variation is not uncommon in

particle samp11ng; Other phosphorus pérameters which are related to the -

total quantity.of phosphorus or are’calculated-from these measurements
also are subject to the same variatioh, Regions of consistently high
total phosphorus cdncentrations are regarded as source area of this
nutrient.

Measurements from twenty sampling locations-in Lake Superior

in 1968 and 1970 showed that the average total phosphorus concentration




varied from 9.3 ppb to 18.0 ppb-as POs. With fifty six sampling
stations in 1971, mean total phosphorus from three synoptic surveys

ranged from 9.0 - 12.0 ppb. Both surface and bottom phosphorus

" distribution maps (Fig.15 ) indicate Western Superior and Thunder Bay

high in total phosphorus. :Phosphqrds’]eyel in the open lake remained between

6 -9 ppb.

Total Dissolved Phosphorus (Fig.16 )

Total dissolved phosphords contains all the dissolved and
‘soluble compounds which pass through a .45 micron filter paper. Rigler
(1964) has demonétrated that the amount of total dissolved phosphorus
varies withvthe pore size of filter paper and with the location from
where tﬁé watef sample was taken. A further discussion on total
dissolved phosphorus is. provided under orthophosphaté'and soluble
o}ganic phosphorus section.

Resulté obtained in 1970 showed that the medn totaI_dissolved
phosphorus was -3 - 4 ppb, and that the mean total dissolved phosphorus
in 1971 was between 5 - 7 ppb. Spatial distribution maps in June 1971
showed high total d15501ved phosphorus in the Duluth and Thunder Bay

| dwregions.' Total dissolved phosphorus in October was uniformly

distributed. ‘
The percentage of total dissoIved phosphorus~ranged from 1-100%
(Table 6) within any single survey and:shoded no simple relationship to
total phosphorus cpncentration. The lake wide average fraction of total

dissolved phosphorus in 1970 was between 30 - 40% and in 1971 the
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lake wide average fraction was between 55'- 70%5. The significance of
this difference is not known.

Areal distribution maps of the percentage of total.disso]ved
phosphorus (F1g. 17)fdo not show any identifiable pattern.

Orthophosphate (Fig. 18)

Orthophosphate is continually being'recycled by planktob, thusv
its equilibrium concentration is low and fairly constant.

The orthophosphate confent of Lake Superior is low 0 - 3 ppb-
and close to the detection limit of thé analyt]caj'method. Ortho-
phosphate maxima for all the three surveys in 1971 were all recorded at

station 69, at the exit of Duluth Harbour. Individual percentage of

—-orthophosphate 'ranges from 0 - 60% and shows ‘much larger-variation -than

orthophosphate-concentrations.‘ Lake wide average percentage of ortho- .
phosphate remains between 10 - 20%. Fig. 19 shows the areal distribution
of the percentages of orthophosphate. It is interesting to note that the

nearshore waters have a lower percentage concentration of orthophosphate.

Particulate Phosphorus (Fig.?20)

A1l particulate phosphorus material‘which is retained on a

.45 micron filter paper is included in this fraction. It is composed

of both organic and inorganic phpsphorus=compounds. the organic component

/

can further be subdivided 1hto l1iving and non-living matter. The relative

proportion of each individual component is highly dependent upon the.




sémple4location. A biologically activeﬂbpdy:of water will increase the

proportion of organic component at the expense of inorganic fraction
while land runoff will favor the inorganic phosphorus component.

Average particulate phosphorus in Lake Superior was found to

range from 4 - 9 ppb. Maximum values were recorded in Western Superior

and Thunder Bay Qhere pﬁosphorus loading and‘productivity are expected
to be high. It is not‘possible.to attribute these higher particulate
phosphorus,concentfatipn tb any singlezfactor.

The proportions of particulate phosphorus ranges from 0-90% of
total phosphoéus (Table 6). wéstern Superior and Thunder Bay where part-

iculate phosphorus concenfrations already are high also haVe‘higher

. percentages .of particulate phosphorus. (Fig. 21).

On a lake wide basis, pérticu]ate phosphorus represents
60 - 70% of the total phosphorus in 1970. In 1971, the percentage of
particulate is reduced to 30 - 45%.

Soluble Organic Phosphorus (Fig. 22)

_ Dissolved phosphorus compounds which do not readily react with
acidified mol?bd'até, have been labelled "sc:lub'le organic phbsphorus'-' |
by Hutchinson (1957), and “soluble in reactivé phosphorus" by Strickland
and Parson (1960). To avoid confusion with orthophosphate, the term
“soluble organic phosphorus® is used here. While these ?soluble organic
phosphorus” compounds are also utilized for plant growth, their avail-
abilities and turnover times are not as well studied as orthophosphate

(Fogg 1973).

10.
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Lake wide average soluble organic phosphorus concentration in-

1970 was found to be around 2.5 ppb (See Table 5). The 1971 average

soluble organic phosphorus concentration was 3 - 7 ppb. The higher -
soluble organic phosphorus concentration fn 1971 was the result of.higher

total dissolved phosphorus. Spatfal distribution maps (Fig. 22) for

~ soluble organic phosphorus show 1ittle regional disparity.

The calculated pefcentage of soluble organic phosphorus ranges
from 0 - 89%. Lake wide average percentage of soluble organic phosphorus
ranged between 20 - 25% in 1970 and 40 - 60% in 1971. Areal distributioﬁ
maps of the peréentage of soluble organic phosphorus (Fig. 23) resemble
those of peréentage of total dissolved phosphorus and show no sample
identifiable pattern. " The .observed complicated pattern for soluble
organic phosphorus is not unexpected considering the many types of phos-

phorus compounds which can come under this heading. -

Soluble Silicate (Fig. 24)

Silicate in natural waters 1s'pr1mar11y derived from wéathering

- of silicate minerals. Man-made sources of silicate are mainly from

mineral refinfng'industries which are located along the shore of
Minnesota. The silica cycle in natural waters is.closely_associated
with diatoms whose éell walls are combosed of silica materials. The
dominance of the less desirable blue green algae which is cénsidered a
byfproduct of excessive eutrophication over diatoms in the Great Lakés
have been attributed to 1imited available silica in surface water.

(Schelske & Stoermer 1971).

11.
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Soluble silicate measurements are summarized in Table 7 and

" Fig. 6 shows the annual cycle of soluble silicate in surface and -

bottom water. These values are low compared to those reported by
"Cisco"‘in‘1951.Awhose mean soluble sflicate concentration was 5.0 ppm,
and 3.6 ppm in St. Maryfs RiverAin‘1957 and 1958 by Thomas and Gale
(]965)."More récenf resﬁiﬁs by Putnam and Olson (1970 ), Schelske and
Callender (1970) rgported soluble silicate to be around 20 - 25 ppm

which agreed well with CCIW measurements.. The reason for this dis-

'crepancy in soluble silicate results is probably analytical.

The "annual cycle of soluble silicate (Fig. 6 ) suggests two

pulses of silicate uptake by diatoms in summer ‘and fall. Lowest .

-soluble silicate concentration found in surface water is 1.70 ppm.

vVertical distfibutions of siliéate clearly indicate that silicate is

lower in surface water than deeper bottom water. It could be the
combined effect of silicate uptake by diatoms in surface water and -
decaying of settling silicate diatom skeletons. Differences between
surface and bottom water soluble silicate becomes larger as the lake
becomes more stratified. .

A‘ Areal distribution maps (Fig 24 ) of soluble silicate for
June éndvﬁuly showhﬁesterh Superior, where most of the m{ning‘
industries are located, and Thunder Bay, to be .20 ppm higher than the
rest of the lake. 1In October the lake is fairly homogeneous 1n.

soluble silicate.

2,
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Nitrate (Fig. 25)

Nitrate, nitrite and ammonia are the preferred’fohns of nitrogen
available for growth by phytoplankton and bacteria. Nitrate uptake
is commonly observed in the euphotic zone. wfthin the Great Lakes basin,
the external nitrate sources are primarily surface influence and .atmos- »
pheric precipitation. |

_ Average nitrate concentrations for surface and bottom water are‘

given in table 8 and the annual nitrate cycle is shown in Fig. 7. Nitrate
is higher in spring and winter and lower in summer and fall. vLargest
decrease in nitrate occurs between June and July. Uptake of nitrate in
surface water is evident in that mean surface nitrate concentrations ake
less than those of the deeper water. Differences in nitrate concentration
between surface and deeper water increase with increasing thermal
stratification. Mean nitrate concentrations below 25 M remain unchanged
during the stratified period. Spring and fall mixing bring mean surface
and bottom nitrate concentrations to be the same.

Areal nitrate distribution maps show_ that nitrate uptake start
from nearshore water. Surface influence of nitrate may not be detected

if nitrate uptake is fast.

13.
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Ammonia (Fig. 26)

Ammonia is a major -end product of decomposition of nitrogeneous

organic matters, and under aerobic conditions, it is rapidly converted to

~ nitrate by nitrifying bacteria.v Thérefore, in natural waters, ammonia

nitrogen is a smé]T percentage of nitrate nitrogen, and exhibits largé

variations. Generally, accumulation of ammonia indicates organic decay
and sewage discharge in neafshore and bay waters.
Average ammonia concentrations are found to be in the range of

5 - 20 ppb. (Table 9). Surface water has a higher ammonia content than

bottom water. The highest ammonia concentfation is found in the

Western ‘Superior close to the Duluth Harbour.

14.
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MAJOR 10NS

‘In the following discussion, major 1on§ fefer'to some of the
.common natural occurring cations and an{ons 1n all natural waters
(sodium. potassium, ca]cium. magnesium, chloride. sulphate, bicarbonate).
Concentrations of these inorganic ions within a body Qf‘natura1_water‘
are governed by the buffering reactions of the carbonate system and
solubility limitations. These ions remain fairly constant at their
“equilibrium concentrations. Therefore, the concentration of these
inorganic ions within a lake can serve as an index for monitoring the
‘progress of lake aging. However, unnatural sources for these ions
such as industrial, municipal and rural waste discharges have greatly
raised the major 1on-concéntrat16ns in some lakes which have dense
population and heavyfindustries within their drainage basin. At low
concentratioﬁs. these ions are seldom considered as contaminants, but
at higher concentrations water can become unsuitable.for domestic and
fndustrial usage. » |

Several workers have investigated dissolved ions in the Great

Lakes (Beeton 1965), Kramer (1964). Weiler and Chawla (1969). Results
indicate a progressive increase in the concentration of various major
ifons and total solias in all of the Gfeat Lakes except in Lake
Superior where there appears to be a siight deérease (Tablevil). This
downward trend in Lake Superior js not considered as significant.

The average concentrations of major fons in the Great Lakes

compiled by some of the earlier workers are shown in Table 10.

15,
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Data Compiled by the'earlier workers ‘include data from various

sources where different-sampling ‘and analytical- pracedures-were employed.

"TheAresu1ts represent four years of intensive surveys over the whole of

Lake Superior. The average concentration of various‘maJor‘ions between

1968-1971 are summarized in Table 11. In general, the results and

-¢¢ﬁcfb§?on§deawﬁ are compatible with previously reported work.

pH_(Fig. 27)

pH is a measure of hydrogen ion cbhcentﬁation which is closely
regulated by the carbonate;system in natural waters. It is primarily used

in.determining reaction paths in other systems that are pH depéndent;

‘Adams Jr. (1972) observed that pH in Western Superior in 1969 was high

{n sumrer and Tow in spring and fall. This was attributed to the increase
in photosynthetic uptake of CO2 in summer time, thus lowering the
bicarbonate and hydrogen ion concentrations.

The pH values- in Lake Superior ranged from 7.4 - 8.6. Maxima

. and minima values recorded during each survey occurred mostly at the

nearshore stations along the north shore from Thunder Bay to Marathon

and along the south shore from the Apostle Islands to Keweenaw Peninsula.

The mean values when interpreted on a yearly basis suggested a 7
progressive increase of pH from 7.75 to 7.95. However, when the same set
of results was plotted versus season, Fig. 8, it was more likely that pH

varied with season. In June, during the thermal stratification

16.
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pH was siight1y=higher'in surface water than in bottom water.

CONDUCTIVITY (Figq. 18)

~ Conductivity {s an indicator of areas having high concentrations
of dissolved ions although this measurement s insensitfve t0‘organ1c'
chemical compounds. Specific éonductance in each of the Great Lakes is
changingjwith time on a long term basis. The upper lakes are increasing
at a slower rate in relation to the input and volume while the lower
lakes are increasing much more rapidly due to increasing cultural inputs
and continued enrichment as the water moves through the Great Lakes.

Average specific conductance in Lake Superior remains around

'95 97 micromhos at 25°C. (Fig. 9) with no apparent seasonal fluctuation.

Conductivity measurements between surface and bottom show no differences

" even in the summer months when the lake is thermally stratified. Compared

to the value of 78.7 (Beeton 1965) the increase is significantly high.
The average specific conductance for 1969 was 106 which is substantially
higher than the. other numbers obtained in 1970 and 1971. It is unlikely
that this value.is real but dué to differences in the calibration of
conductivity meters, conductivity distribution maps show consistently
high conductivity in areas of population centers and industries. Duluth
Harbour, Silver Bay, Ashland, Thunder Bay, Nipigon Bay, Keweenaw Bay aqd
Whitefish Bay are consistently higher in conductivities.

POTASSIUM (Fig. 29) -

Potassium is a micronutriént required for plant and animal -

17.
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growth. It 1s derived from weathering of minerals, chemical wastes in
drainage basin, atmospheric precipitation and runoff. |
Lake Superior is fairly uniformvin'potassium; Between 1968-1971,

mean concentrat1on ranged from 0 42 --0. 53 PPM,, and the maximum and

-minimum recorded were 0. 67 and 0. 39 ppm respectively

SODIUM (Fig. 29)

Sodium in lake water has origins similar to potassfum. It is
also introduced into the lake water as brine waste-of 1ndpstr1es and‘
street salting. | 7 | |

Sodium concentration in Lake Superior remained fairly constant
from 1968 1971 with averaged value between 1. 2 - 1.3 ppm. Spatial
distribution maps for the months of May and October show that Western

Superior is about .05 ppm higher in sodium than the rest’of the lake.

"CALCIUM (Fig 30)

Calcium and magnesium are responsible for the hardness of water.
Sources of cal¢ium and magnesium in the Great Lakes are chemical
weathering of mineral calcite (CaCO3) and dolomite (CaMg(C03)2) Bedrock .
and over]ying sedlment 1n the Great Lakes region compose a high
proportion of calcite and dolomite. Other major source of ca]cium and
magnesium is from agricultura] runoff. ’

The mean concentration for ca1c1om between 1968-1§71-was at 13.2
ppm. Most .of thefhigher values were obtained in nearshore zone. The

overall calcium concentration of Lake Superior was rather uniform. -

18.
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MAGNESTUM (Fig. 30)

The mean concentration of magnesium remained fairly constant in

the period of study. It ranged froh 2.5 to. 2.7 ppm with high

concentrations in the western part of Superiof.

CHLORIDE (Fig. 31)

Because of the Consefvative nature.of this ion, chloride has been
extensively used as an indices of chemical loadings in comparison with
the non-conservative constituents in the lower lakes. Tiffany and

Winchester (1969), Ownkey and Kee (1967). Among the Great Lakes, Ontario

and Erie have shown .great increases, Michigan and Huron have shown slight

increases and Superior has shown no historical buildup in chloride.
Chloride spatial distribution map for the month of May showed

higher chloride levels in Duluth, the Silver Bay region and in Thunder

Bay. This pattern of distribution was not apparent in October which'could.

have beeh due to the influx of chloride in spring runbff froﬁ the use

of road salt in Winter. | '

SULPHATE (Fiq. 31)

In addition to the usual sourées for sulphate as described for
the other major ions, sulphate is also the end product 6f most
bacterial oxidation of sulphur-compounds. The sulphur cycle in natural

waters involves both chemical and biological components within the

19,
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system, whichlin turn méy.affect the sulphate concentration. Therefore,
it 1s likely that sulphate will be:more variable thaﬁ»the cher‘maJQr
fons. | | ' |

”Avéraged sdiphate concentrétfdns4béfwéen”T9684T971 showed some -
large discrepancies: 3.44 ppm (1968), 2.61 ppm (1969), 1.89 ppm (1970)
and 2.?1 - 2.79 ppm (1971). It is probable that such data variation was

~ the results of the change in analytical methods and not due to biological

processes.. In 1968’and 1969, the titrimetric method using Thdrin'was
employed for sy]phate analysis. Later in 1970 and 1971, the colormetric
methy1 thymbl'b1ue method was used.

Sulphate spatial distribution maps for May show that the lake

~was>homogeneous-1n.sulphate jon, but less homogeneous in October.

ALKALINITY (Fig.31)

- Alkalinity in water is basically a measure of carbonate, bi-
carbonate-and hydroxide ions. The lower great lakes are shown to be

saturated with calcite but Lake Superior and Huron are not (Kramer

- 1964). In Lake Superior, changes in pH due to photosynthetic assimilation

of carbon dioxide were reported to lower the carbonate concentration.
(C.E. Adams Jr. 1972).

Figure 31 shows thét the nearshore waters are lower in .alkalinity

‘than open lake water. There is no observable vertical variations in

alkalinity. In October, lower alkalinity is recorded near Keweenaw
Peninsula, and surface water samples are lower in alkalinity than:

deeper water samples. ~ Alkalinity ié high in Nipigon Bay. .

20.




A plot:-of alkalinity versus seasons strongly indicates a
seasonal relationship (Fig. 10). In general, alkalinity shows a
| gradud1'decrease from spring to fall and returns to spring level in

December.
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TRACE_METALS

One of the major problem$ Qhen'interpreting‘trace element data
or data on any other micro-contaminants in the environment for the Great
Lales, is 2 lack of historical data with which to estab]ish a reliable
baseline for the purpose of trend comparison Lnterests in water quality

and levels of toxic substances are fairly recent. Lake Superior has a

-small population in 1ts drainage basin and a large volume receives loads

that are mostly natural in origin, could reach a steady state concentration
with little change in chemical composition over a period of a century.
Given a new cultural Toad, the size of Lake,Superior-will cause the
instantaneous concentration of a constituent to lag behind a steady state
concentration. Beeton (1965) has studied historical data on chemical
concentrationsin the Great Lakes and concludes that there is 1ittle |
change in Lake Superior chemistry over the last hundred years. Therefore,
it is valid to assume that the present data are close to “natural back-
ground"'concentrations. The other problem is more‘a laboratory one.
Existing levels of trace elements in the wafers of Lake Superior are low
and near the detection 1imits of most analytical methods. Such low

concentrations are also easily susceptib]e to contamination during

“sample preparation. thus making it difficult to detect values above the

bacquound level. Furthermore, much of the»observed results will

‘depend largely on-the localities of the sampling network and sampling

" frequency. This 1s seen in the case of copper, iron and zinc where

natural variabilities are high. Therefore, the following discussion on

trace metals on LakefSuperior«should-be~treated vith regard to these

22.




X -
. . R
[ . .

reservations.

A sunnmry-of trace metal concentrations for Lake Superior
1970-1971 1s tabulated in Table 12 showing the mean.-the median and the
range. The loss of a significant figurelin the 1970 result was due to
the rounding off 1n‘codihg proceduré and not because of the increased
sens{tivity in the 1971 analytical procedures. Table 13 shows the
average, median and ranges of some of these trace metals in the Great
Lakes compiled by Weiler & Chawla (1969). The trace metal sampling networks
was denser in 1971 with 56 stations compared to 19 in 1970. |

Cadmium (Fig. 32)

The survey conducted in May showed higher cadmium concentration

(0.45 ppb) than in October (0.23 ppb). Higher cadmium values were found

near the Apostle Islands and Silver Bay in the western Section and

Thundef Bay on the North shore and Whitefish Bay near St. Mary's River.

Overall lake wide mean Cadmium concentration was lower with a large

portion of the:.lake showing no detectable cadmium.

Chromium (Fig. 32)

' Similar to Cadmium, laké wide variations in chromium were _
observed in May with higher chromium concentrations in Western Superior.
The rest of the lake was fa?rly homogeneous with 0.0 - 0.5 ppb of

chromium in both May and October.

Cobalt (Fig. 32)

Mean concentration of cobalt in October was .58 ppb compared to

.28 ppb.in May, although both surveys showed the same ranges. Western

23.
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Superior again showed highernlevels pf1coba1t-from Silver Harbour to

Athe{Apostlé Islands.'.Nhile*Eastgrn”Suberior concentrations were

generally lower, the lake wide mean high cobalt concentration in QOctober

'wéé due to the high readings obtained in Eastern Superior where the range

of cobalt increased from 0.0 - 0.5 ppb in May to 0.05 - 1.1 ppb in

"October. The reasons beh1nd such an increase are not clear.

Copper (Fig. 33):

Statistics for copper wéré»51milar within one year, but results
obtained from 1971 showed a significantly higher copper content than
1970. The spatialldistribution map for May showed a gradual decrease in
copper moving from West to East. - Higher reading; were recorded near
Silvervﬁﬁrﬁbur'and fhﬁndér Bay. Some verfical'var1ation existed at
stations near the Keweenaw Peninsula, but no apparent dépthare1ationsh1p
was found. | |

In October.vthefMay.distribution pattern. was reversed with
higher concentration found in the East. However.'within Western Superior,

high copper levels were still recorded from four. stations on a transect |

ﬂfrom,Grand3Mqrais. Michigan to Marathon, Ontario. High values were

obtaihedlboth:ffdm surféte and deep water samples, and showed no

apparent correlation with depth. .

Iron (Fig. 33)

High .concentrations of iron were found near Thunder Bay, Duluth
Harbour and Whitefish Bay where concentrﬁtions ranged from 10-66 ppb

in May and 11-29 ppb in October. Open Lake water ranged from 1-5 ppb."

24.
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The:differences in rahges‘caused the differences in average concentrations.
Results obtained from"197J were consistent with values collected in

1970.

Lead (Fig. 33)

Agreement wds good between 1970 and 1971 results. Mean lead
concentration was low around 1.5 ppb with a narrow range of 0.0 - 8.0
ppb. Lake wide variation was small but slightly higher lead concentrations

were usually found in the surface water.

Manganese (Fig. 34)

Lake Superior had a homogeneous manganese concentration of 0.5 ppb.

-‘$14ghtly higher values-were recorded in Western Superior -and -Whitefish

. Bayy but their significance was not known.

 MERCURY (Fig. 34)

Average concentration for:Mercury was 0.3 ppb. The highest
mercury level was found near Silver Harbour. Overall, Western Superior

had a higher mercury content than the rest of the lake.

- Molybdenum (Fig. 34)

The average concentration of molybdenum was 0.2 ppb with a range

of 0.0 ~ 0.6 ppb.

Vanadium (Fig. 34)

Vanadium in Lake Superidr was present in minute traces and was

mostly undetectable.

25.
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Nickel (Fig. 35)
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Nickgl.dtstribution maps show sim{larities‘with othef.heavy metals
such as iron and copper. Western Superior, Thunder Bay and Whitefish Bay
were areas of high nickel concentrations with'values,as high as 10 ppb.
Lake wide average concentration was 1.0 - 1 5 ppb. In October, the
range was narrowed to 0.0 - 3. 0 ppb and the distribution map showed a

more homogeneous uniform nickel concentration.

Zinc (Fig. 35)

Among the list of trace metal measured, Zinc has the highest values
having mean concentrations of 15.9 ppb in May and 9.6 ppb in October 1971.

Table 14 shows that zinc is the largest component in trace metal loadings

from atmospheric source in the Superior Basin (Shiomi and Kuntz 1974).

Patches of high Zinc concentratidns were found across the lake.
A»promineht'feature Qas that the open lake water of Eastern Superior and
the Keweenaw Bay were generally high in zinc concentration whi1e Western
Superior was low in May and ﬁigh in October. Correlation between zinc
and cultural ‘input was less evident }han with the other trace metals. In
May, the zinc concentration in the top 25 M of water was significént]y
higher than those below 25.0 M The same observation was observed in
October with the except1on of Thunder Bay and the Centra] region of
Nestern Superior

May 1971 " October 1971

X M R X M . R
0-25 16.8 14.0 1.0 -71.0 9.9 8.3 0.0 - 41.0

Below ZS-M 14.8 - 12.00 1.0 - 54.0 9.2 6.8 0.0 - 42.0

26.




- sumuRy | . o

o " Ona eutrophication scole, Dobson (1972) has classified Lake

'Super1or as oligotrophic based oh estimatiOn of biomass from particuiate
phosphorus and nitrate, silicate uptakes in the surface water of Lake

. Superior. | _ ‘ ‘

. Stoichiometric relationshipr(Stumm & Stumm Zollinger 1968) from
.photosynthesis reaction suggests that phosphorus is the most likely
nutrient to become 1imiting. The extremely low phosphorus concentration
observed-andvstud{es carried out by Schelske (1970)'certa1n1y seem to
support the phosphorus 11M1t1ng theory. In view of the other essential
~ parameters controlling primary‘production, 1‘e. light and temperature;
.the high latitude of Lake Superior may be another significant factor in
determining biomass production.

| Lake Superior water quality has undergone very little change
over the years and'reasons for this are primarily huge volume of the lake
thin]y populated drainage basin. Presumably most of the material loads
are natural in origin. Estimation of 1oad1ngs from natural weathering are
not available. Shiomi)and Kuntz (1973) have demonstrated that nutriént
loadings from atmospheric source represent a net and significant portion
in the total loadings in the Lake Ontario Basin Preliminary data on
atmospheric material inputs in the Superior Basin from Schreiber and
Thunder Bay are-shown in Table 14. (Shiomi and Kuntz'1974). Results

fndicate that .concentrations of nutrients and trace metals in the rain are

28,



higher than those in the water. Cultural loads in Lake Superior appéér
to center around Western Lake Superior and Thunder Bay and are.
distributed over the entire lake.

A large body of water such as Lake Superior can absorb a large

;m;tétjal 1qad without any immediate observable changes in water quality.

The estimated watéi retehtion}time'of Lake Sdperior is 189 years and the

recovery time is over 500.years (Rainey 1967).

_ The present water quality of Lake Superior ranks best among the
Great Lakes. Lake Sdperior-water*is also a major feeder: for the Great
Lakes. Any impairment of water quality in the waters,of'Lake Superior

may have far reaching effects on the lower Great Lakes. Therefore, it is

imperative that water QUality in Lake Superidr‘be'maintained in its presént

state. Attention should be focused on embayménts'and“loadings“from'human

source should:be closely moni tored.
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TABLE 1

NUMBER OF SAMPLING STATIONS FOR LAKE SUPERIOR 1968 - 1971

DATE

18/8-28/8
1968

15/11-23/11

1969

15/4-23/4 .

1970

28/10-6/11

1970

25/5-2/6
1971

30/6-7/7
1971

5/10-13/10
1971

physical
nutrients

major ions

trace elements

PHYSICAL  NUTRIENTS  MAJOR IONS TRACE ELEMENTS

85 16 21 -

86 o } 22 -

87 19 19 | 19
87 .20 20 15
70 56 | 56 56
70 56_ o 3
}om~ 56 56 | 56

temperature, dissolved oxygen, pH, tonductivity
phosphorus.'nitrate. qmmonia, silicate

sodjum, potassium, calcium, magnesium, chloride,
sulphate, alkalinity _

cadium, cobalt, copper, chromium, iron, lead,
mercury, maganese, molybdenum, niéke], vanadium,

zinc
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WATER TEMPERATURE IN (OC) LAKE SUPERIOR 1968 - 1971

TABLE 2
DATE
APRIL 1970
BELOW
MAY 1971
| BELOW
JULY 197
 BELOW
‘AUGUST 1968
| BELOW
OCTOBER 1971 .
BELOW
NOVEMBER 1970
BELOW
NOVEMBER 1969
BELOW

. DEPTH

0-25M
25M
0-25M
25M

0-25M

25M

+°0=25M

. 25M
0-25M
25M
0-25M
25M

0-25M.

25M

MEAN

0.93
1.66
2.88
2.68

6024

3.81

10.51:
4.66

11.15

6.14 -

7.91
6.17

5.45

4.99

MAX

2.65

3.57
9.20

4.38
17.40

10.02

16.90

11.49
14.35

14,25

11.62
11.61
8.32
8.33

MIN

0.18 .

0.17

1.60

1.60

~.3.02
3.02

10.51
3.56

. 4.95

3.64
4.82
3.68
5.45
3.64

S.D.

0.50

1.13

1.06

0.57
3.67
0.66
3.09
1.37
1.74
2.99
1.53
2.08

1.18 .

2.59

i
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TABLE 3
DATE
APRIL 1970
S MAY 1971
JULY 1971
AUG 1968
ocT 197
NOV .1970
NOV

1969

DISSOLVED OXYGEN.-(MG/L) IN LAKE SUPERIOR
1968-1971 '

DEPTH

BELOW
0-25M
BELOW
0-25M

 BELOW
0-25M

BELOW
0-25M
BELOW

0-25M

BELOW
0-25M
BELOW

0-25M

25M

25M

25M

25M -

25M

25M

25M

MEAN

13,
13.
13.
13.
12.
13.
1.
12.
10.
12.

LA

12.
12.
12.

72
28

44

4
85
35
54
94
81

23
.58

16

07
33

MAX

14,
14,

14,

14.
14.
14
13.

13,

13.
13.
12.
13.
12.
13.

84
84
18

26

44

.44

46
54
35
78
80

35

89
06

MIN

12.41 -

12.32
11.38
12.31

9.41
11.79
9.45

-10.25

9.80
10.00
10.39
10.04
11.08
11.09

S.D.

0.30
0.57
0.35
0.35
0.95
0.31
0.95
0.42
0.56

0.86

0.51
0.74

0.45

0.48

]
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TABLE 4

OXYGEN PERCENT SATURATION IN LAKE_SUPERIOR 1968-1971"

~DATE - DEPTH

APRIL 1970 0-25M
| BELOW 25M
MAY 1971 0-25M
~ BELOW.25M

JULY 1971 0-25M '.
BELOW 25M

AUGUST 1968 0-25M

BELOW 25M

OCTOBER 1971  0-25M
BELOW -25M

NOVEMBER 1970  0-25M

BELOW -25M

NOVEMBER 1969  0-25M
BELOW 25M

S.D. -Standard Deviation.

MEAN

97.9
1 96.7

101.3

100.4 -

105.3
103.0

1050

102.2

100.3
100.0

99. 4
199.6

97.5

98.3

MAX

105.2
105.2

109.5

109.5

124.2
1.7

110.7

107.4

117.0
109.7

105.7 -
112.4

104.5

102.2

MIN

87.9
86.7
97.6
88.9
91.6
91.6

97.0

85.6

90.7

84.5

81.9

91.0
91.1

Y

1.
2.

2.
3.
20

3.
2.

2.
2.

1

R

I'D.

82

10

.80
a5
96

33

12

58 .

55
40
.58
3.

95

.49
.50

s
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TABLE 5

AVERAGE MINIMUM AND MAXIMUM PHOSPHORUS (PPB PO,) CONCENTRATIONS IN LAKE
SUPERIOR 1968-197

DATE DEPTH T.P. ' T.0.P. ORTHO P P.P.  S.0.P.
68 0-25M 18 1.3
‘ ~ (2-60) (0-12)
BELOW 25M 14 1.3
(2-41) (0-5)
70 0-25M 13.2 4.2 2.9 9.3 2.6
: ' (7-27) (1-16) (0-15) (4-25) (0-12)
BELOW 25M 13.2 5.2 2.7 8.2 2.3
' (7-18) (1-16) (0-8)  (1-13) (0-12)
70 0-25M 9.3 3.0 0.7 6.3 2.2
- (5-27) (M-7) (0-3) (0-23) (0-5)
BELOW 25 - 9.0 3.1 1.0 6.0 2.1
' (4-27) (W-7) (0-3) (0-23) - (0-5)
n 0-25M 9.9 7.8 1.3 3.7 6.8
(6-32) (3-14) (0-11) - (0-19) (0-13)
BELOW 25 - 10.0 6.9 1.3 4.6 5.7
(5-55) (1-13) (0-6) (0-28)  (0-11)
n 0-25M 12.2 6.4 1.5 5.8 4.9
(3-81) (1-33)  (0-10) (0-49)  (0-24)
BELOW 25M 11.7 5.8 1.4 6.4 4.5
(2-69) (1-14)  (0-12) (1-62)  (0~12)
N 0-25M 9.3 4.8 1.2 4.4 3.6
- _ 2-27 (1 15)  (0-8) ‘(0 -22) (0-14)
" .. BELOW 25 7.8 4.4 1.2 _ 3.3 3.2
e (3-39) (1-15)  (0-4) (o-ze) (0-28)
( ) Range .
T.P. Total phosphorus
T.D.P: Total dissolved phosphorus
Ortho P - Orthophosphate
S.S.P Particulate phosphorus

Soluble organic phosphate
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TABLE 6

DATE DEPTH
APRIL 70 0-25M
> 25M

NOVEMBER 70 0-25M
> 25M

MAY 71 0-25M

> 25M

JULY 71 0-25M
> 25M

OCTOBER 71 0-25M

> 25M

Range

TOTAL

0.32
(.07-.72)
0.39
(.08-.92)

0.35
(.00-1.00)
0.39

(.01-1.00)

0:.70
(.37-1.00)
0.65
(.02+1.00)
0.55

(.08-1.00)
0.55

-(.08-.93)

0.53
(.09-1.00)
0.59
(.10-1.00)

0.70
(.27-.92)
0.63

(.08-.92)

0.64

(.00-.89)

0.63
(.00-.87)

0.29
(.00-.62)

0.36
(.00-.98)

0.45
(.00-.91)
0.46
(.06-.92)

0.47
(.00-.92)

0.40
(.00";89)

PHOSPHORUS FRACTIONS IN LAKE SUPERIOR.

© PARTICULATE ORTHO- -
DIS. PHOSPHORUS. PHOSPHORUS PHOSPHATE ORG. PHOSPHORUS -

0.24
(.00-.66)

0.21
(.00-.66)

08

~(.00-.40)

0.13
(.00-.60)

0.12
(.00-.60)
0.14

(.00-.71)

0.14
(.00=.66)

0.13
(.00-.50)

0.14
(.00-.60)

0.18
(.00-1.0)

SOLUBLE

0.19
(.00-.86)
- 0.24
(.00-.92)

0.26

(.00-.60)
0.25

(.00-.69) -

0.60
(.00-.91)

0.53
(.00-.89)

0.41
(.00-.89)

0.42
(.00-.86)

0.38
(. 00-.93)
0.41
(.00-.93)

Sn-an
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TABLE 7
~ SOLUBLE SILICATE (PPM SI0,) IN-LAKE
. SUPERIOR |
DATE DEPTH MEAN MAX MIN
APRIL 70 0-25M 2.2 2.44 1.76
> 25M 2.25 2.52 1.98
MAY 7 0-25M 2.33 3.35 2.10
> 25M 2.33 2.00 2.16
JULY 71 . 0-25M 2.18 . 2.75 1.84
> 25M 2.20 2.41 1.
AUGUST 68 0-25M 2.23 2.66 1.
> 25M 2.34 2.90 1.
OCTOBER 71 - 0-25M 2.04 2.34 1.70
> 25 2.18 2.56 1.
NOVEMBER 70 0-25M 2.18 2.45 1.92
> 25M . 2.27 2.50 1

R . . - R 7




NITRATE CONCENTRATIONS (PPM N) IN LAKE SUPER!OR

TABLE 8
DATE DEPTH.
APRIL 70  0-25M
> 25M
MAY 71 0-25M
: > 25M

JuLy 71 0-25M
> 25M

AUGUST 68  0-25M
> 25M

OCTOBER 71 0-25M
> 25M

NOVEMBER 70 0-25M
_ > 25M

MEAN

.264

+260

.279
.280

.247
.252

.235
. 257

.225
. 261

.262

MAX

.332

.285

.350
.350

L] 290

.290

.560
1440

.290
.+ 295

.288
-+320

MIN

.240
. 225

170

.158
.210

.130
. 130

180

.180

210

.190

S.D.
.016

..‘0‘ ]

.022

.018

025
.016

.066

-067

016

.023

016
.026
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TABLE 9

DATE

APRIL 70
MAY 71
JULY 7

OCTOBER 71

‘NOVEMBER 70

AMMONIA (PPB N) IN LAKE SUPERIOR (1970-1971)

DEPTH

0-25M

> 25M

0-25M
> 25M

0-25M

> 25M

0-25M
> 25M

0-25M
> 25M

MEAN

1,
8

18

10

MAX

61
18

4]
86

36
18

46

52

17

17

MIN

S.D.

10

3

7
potiundin

—— ‘
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TABLE 10

Bt
prestatiobion

AVERAGE MAJOR IONS CONCENTRATIONS (MG/L) IN THE GREAT LAKES

AS REPORTED BY EARLIER AUTHORS

' ONTARIO!  ERIE!  HURON'  MICHIGAN®  SUPERIOR'

Ca 40.3  37.4  28.1 32 13.2
Mg 8.1 8.3 6.7 10 2.7
Na 126 1.5 3.2 3.4 1.3
K 1.35 1.23 .84 9 .54
S0, 2.94 257 17.2  15.5 3.9
ct 27.5 24.6 6.3 6.2 1.3
F 216 10 074 0.1 0.32
Aklalinity 92.8  92.4  78.6 n3 51.8
Dissolved Solids 194 198 M8 150 52
pH 7.9 8.1 8.0 8.0 7.8
] ' Weiler and Chawla 1969

| -2 Kramer 19641
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TABLE 11

MEAN, MAXIMUM, MINIMUM CONCENTRATIONS OF MAJOR IONS IN LAKE SUPERIOR FOUND IN

CCIW DATA

pH

CONDUCTIVITY

- Na

Ca -

Mg

cl

S04

Alkalinity

OCT 68

- 7.75
70 50‘7090

95

81-108

0.54

" 0.50-0.67

1.32
1.20-1.80

13.17

12.8-13.8 -

2.72
2.60-2.90

- 1.29
1.00-1.90

3.94
1.90-6.7

41.32

© 40.6-42.6

NOV 69

108

103-121

0.47
0:40-0.61

1.23

1.10-1.45

13.26
12.4-14.0

2.69 -
2.50-2.85

1.16
1.10-1.40

2.61
1.90-2.90

42.30
41.5-46.0

- APR 70

7.84
7045"8.0]

97
90-113

0.42
0-39-0-60

1.27

1.20-1.50

13.23
12.5-16.0

2.49
2.10-2.80

1.28

1.00-1.70

1.89
1050-2n50

42.39

39.5-49.0

MAY 71

8.02
7.68 -8.32

99
85-116

0.53
0.50-0.60

1.20
1.20-1.30

13.13
12.0-14.8

2.56
2.30-3.00

1.23
0.90-2.30

2.7
2.00-3.80

41.73
37.0-45.5

ocT N

7.95
7.62-8.57

97
88-111

0.49
0.40-0.50

1.20
1.10-1.40

13.44
10.8-18.4

2.65
2.50-2.90

1.14
1.00-1.40

2.79

2.00-7.40

41.18.
34.1-48.3
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) . . | n . . X

c
tR
co

cu
" FE

PB

MG -

Ni

N

0.0
0.0
0.5
2.5

6.9 .
1.8’

0.5

0.0

0.0

- 0.3

0.0

4.8

- - B S

—d

& © O o o o

" N

mean

2-16 -

" median

range

TRACE METALS (PPB) IN LAKE SUPERIOR 1970-1971

X

0.0
0.0
0.0
1.9

» 8.8
2.1

0.0
0.0

0.0
0.0

M

© 0 0o o . 0o N AN O O O

TABLE 12

"Nov 1970

. .45

.35
.28

7.67
4.86 . .

1.53
.54

30

19
1.4

.02

15.96

May 1971

M
0.4
0.0
0.0
7.0

1.0
0.2

.21
1.0
0.0

113.0

2.0

2

R X
0.0-3.3 .23
0.0-6.2 0.30
0.0-2.2 .58
1.0-34.0 7.86

- 0.0-66.0 2.57 .

0.0-8.0 1.26
0.0-23.0 .47

“0Oct 1971
M R
0.0 0.0-1.3

- 0.2 0.0-1.5

0.5 0.0-2.8
5.2 1.2-50.0

1.2 .0.2-38.0 . o

1.2 0.0-3.2
0.4 0.1-6.7

LO&J;SOEQQQELEQBALSib&Q,3 ation b il

0.0-0.6 .24
0.0-10.0 .92

10.0-0.3 0.03

1.0-7];0 9.57

0.2 0.0-1.0
0.8 0.0-3.0
0.0 0.0-0.7

8.07 0.0-42.0

Oty
p——e
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cd

CR .

co
cu
FE
PB
Sy

HG

Ni

-

MEAN

12,

2,

27

SUPERIOR

RANGE

0-18

4-230

3-230
17

0-1

9-80

- TABLE 13.
TRACE METALS IN THE GREAT LAKES

(WEILER AND CHAHLA, 1969)

HURON

NEM RANGE

1.6,  0-19

3 2-13
22,  3-400
2.1 27
<1,  0-100

4, 2-15

- 33, 10-110

-ERIE

MEAN

1.6;

7;

48,

2.8;

<].

RANGE

0-14

ONTARIO

MEAN  RANGE

0.7,  0-12

60,  *5-175 ,ﬁfg;
N 4-50°v .: A

3.3, 27

5.6, 2-16

N,  18-115

liﬁT?”
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- TABLE 14

pH

Total phosphorus

 Nitrate:

Ammonia

~Silicate
—.Sadium

Potassium

- Magnes ium

Calcium

Chloride

" Sulphate

Lead-

~ Copper
. Iron

~Zing

Cadmfium

Nickgln

~ SCHREIBER

1 MEAN
Ot

61 0

MEDIAN
6.30
52.0
438

275
1220

675

130
250

1150
400

3500

7.0
6.0
22.0
53.0 -

].Si; 

‘”THUNDER BAY

| MEAN
6. ss
90.3
| slgfi;
872
32
3178 -
648
550
2466
100
R
12.0
5.8
65.5
3.2
. 1.8
'1f¢l"

 MEAN
6.50

és.s e
T
300

1700
1675
435
250
2000

650
4450
6.0

5.0

26.5

- 40.0
'z.o“ B
1.0

—G




FIG. 1

CCIW LIMNOGICAL STATIONS IN LAKE SUPERIOR

» Physical Stations
o Chomical Stations

1969
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FIG.2 LAKE SUPERIOR MEAN WATER TEMPERATURE

1970 1971 w71 . 1968 1971 - 1970 1969
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FIG.3 DISSOLVED OXYGEN (mg/1) AND OXYGEN PERGENT SATURATION IN
" LAKE SUPERIOR | » |
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FIG.4 PHOSPHORUS (mg POs/1) IN LAKE SUPERIOR =~

1970 1971 1971 1968 - 1971 1970
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FIG.5 PHOSPHORUS FRACTIONS IN LAKE SUPERIOR

1970 1971 1971 . 1971 1970
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FIG.6 REACTIVE SILICATE (mg/l) IN LAKE SUPERIOR

1970 1971 1971 - 1968 1971 1970
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- MEA_N WATlER TEMPERATURE' IN LAKE: SUPERIOR" |
Lo EEE R BELOW 25m

JU'NE 2, 1971

JuLy 7, 1971
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OXYGEN PERCENT SATURATlONVIN LAKE SUPERIOR

BELOW 25 m

MAY 26 - JUNE 7, 1871

OCT5 135 1971




TOTAL PHOSPHORUS ‘( ppb POg) IN LAKE SUPERIOR

e .

0 o-28m L S . BELOW 25m

OCT §-13,1971 -




~:_ TOTAL DISSOLVED PHOSPHORUS FRACTION IN LAKE SUPERIOR
T e . T

. BELOW 25m
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~ TOTAL DISSOLVED PHOSPHORUS ( ppb PO4) IN LAKE SUPERIOR

0-25m

)

BELOW 25m
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ORTHOPHOSPHATE (ppb PO,) IN LAKE SUPERIOR
B P T | BELOW 25m. .




UFIGS 19 :

: ORTHOSPHI\T E FRACTION IN LAKE. SUPERIOR
- BELOW 25m

- OCT5-13,1971
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" PARTICULATE \PHOSPHORUS ( ppbPO,) IN LAKE SUPERIOR

o-25m . pelowasm

JuLy 7 1971

OCT 5 - 13, 1971




PRI}

T S R T S AR A SN S X S R R SO T oo E e R o - A
[ [T B 3 . - i . - . w7 o < ; [P L N . R I
o i LR C AN Coe ' - " . - ‘ ’ _ ’ - ‘ - .:i'_“ _ -
. - Lo ‘ - : - &0 . . . . S ° N N - ’ B . ' R DA
B . RN Lo e P Y P Y . R . v : . . - ’ . C . R L e L

S Reen

L PARTICULATE PHOSPHORUS FRACTION IN LAKE SUPERIOR

", 0-25m L o o BELOW 25m

. OCT 5-13, 1971




JUNE 30 - JULY

7, 1971

LAKE SUPERIOR -

BELOW 26m .~




P ﬂ‘
B o
Jg L
 E—
. i
3 ) _

) : . L o

. SOLUBLE. b{qGAmc PHOSPHORUS  FRACTION

|IN. LAKE SUPERIOR

" BELOW 25m




B

.7 .. REUATIVE SILICATE (PPm'SiOp) IN LAKE. SUPERIOR .

%

o e-28m o TR oD S BELOW 26m

]

MAY 26 JUNE 2, 1971




Y
L
.

. : -} v =
=‘ ’ - | )

)

:‘-4 ’
. .\ .

Lo 10

—‘1
B
=
E




~AMMONIA .(ppbN):IN LAKE ‘SUPERIOR

.il0-26m . - . BELOW 25m




~ pH IN LAKE SUPERIOR

- MAY 26 - JUNE.2,1971

pH

JUNE 30~ JULY 7, 1971

pH
) Below 25m

.




Y CONDUCTIVITY ( pmhos) IN 'LAKE SUPERIOR _
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' INORGANIC IONS (pp
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