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EXECUTIVE SUMMARY

This was a cooperative cffort among the University of Wisconsin-
Superior, University of Minnesota~Duluth, and U.S. EPA Environmental Resecarch
Laboratory=Duluth to develop and evaluate offluent toxitity screening methods
and test mothods and protocols for deriving site-specific watar quality
eriteria. The principal components of the study were to include: (1) a
chemical chavacterization of the main dischaygus to the St. Louis River and
Harber, (2) persistence of Loxic pallutants ia the St. Louis River and
Harbor, (3) a description of the exposure times for various components of the
ecosysten, (&) bivcassays with St. Louis River water and resident species, (s)
an assessment as to the degradation of the biologic community of St. Louis
Harbor, and (6) a modelinz framework to address items | through 5.

Because persistent Loxic pollutant concentrations were nol found in the
WLSSD effluent and no persistent epen water pollutant problems were apparent,

this studvy was ended. Following are a serics of reports on work completed.
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A Summary of Results and Conclusions

ST. LOUILS BAY

Water Chemistry Surveys

At the six sites, in the small embayment near the Western Lake Suprcior
Sanitary District (WLSSD) wastewater treatment plant, ammonia, alkalinity,
total phosphorus, and chloride were hiqur than in the control embaymencs.

The fraction of WLSSD cffluent, estimated from chloride concentration,
was 0.20-0.25 in the three sites closest to the discharge pipe. and 0.05-0.10
in the three sites farthest from the discharge pipo.

Ammonia and total phosphorus appear to have a substantial sediment
source in the small cmbavment near WLSSD.

Hutvrient input budgets for 5t. Louis Bay reveéled that 90% of the
atkalinity, ammonia, and total phosphorus loadings were derived from the St.
Louis River with the vemainder originating from WLSSD. However, high
chloride concentrations in the WLSSD cffluent contribute 43% of the CL™
loading to St. Louis Bay, compared to 57% from the St. Louis River.

Comparison of the tetal phosphorus input budget for 1982 with a similar
budget for 1972 revealed that the WLSSD sewage Lreatmeut plant released
one~-fifth the total phosphorus that was released by the nine sewage treatment
plants operating in 1972,

Phenol coi.cntrations decreased from 8 to 9 g L7l {n the mid-1970s
to 3 w L7l in 1982.

The mean total phosphorus at site L (downstrcam from the present WLSSD
plant) decreased from 110 pu L7l between 1972 to 1979 to 75 uz L1
for 1979 to 1982,

The mean ammonia concentration at site L decreased from 0.259 my At

(pre-1979) to 0.116 mg L™ after 1979.



Benthic Invertehrate Surveys

The benthic invertebrate surveys éemanstrated noticeable diflferences
between the WLSSD discharge bay and two bays (controls) upstream. The
discharge bay contained fewer types of organisms and ithese are considered
more tolerant of domestic effluents. The differences between the bays were
less noticeable in Octuber than in June or August.

Phytoplankton and Zooplankton Surveys

The Duluth~-Superior Harbor is a complex system for pelagic sampling.
Not only is the bathymetry complex, with the extensive shallows plus the
deep, dredged ship channels, but the intcraccch flows of the St. Louis River
and sciche currents from Lake Superior make point samples a function of many
variables. 1In the shallows, ‘particularly, the range of seasonal change can
be extreme, Within this context, examination of the plankton data from

Summar 1982 shows no adverse influence of the ef{fluent from the WLSSD plant.

WLSSD EFFLUENT TOXICITY AND CHARACTERIZATION

E€fluent Toxicity

Thé effluent was intermitteatly acutely toxic to aquatic organisms (fish
ail invertebrates) in toxicity tests. HBehavioral monitoring of fish
continuously exposed to the plant effluent was uscd to identify periods of
efflucnt toxicity. o}

Increases in fish locomotor and respiratory activity correlate with fish
mortality in biocassays of grab samples. Some possible cauvses of observed
toxicity were tnought to be related to elevated total residual chlorine or
carbon dioxide concentrations resulting from changes in wastewater treatment

in response to changas in influent conditions.
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It is recommenned Lhat anv future bioassavs of WLNSD etfluent, or the
effﬁuant from other troatment plants, be complemented with chemical analvses
of total chlorine, pH “immediale and after extended aceratinn), carbon
droxide, alkalinity, and hardness. If possible, these tests should be
counled with sensitive aquatic organism behavioral monitoring to identify

episodic periods of toxicity.

Effluent Characterization

A comparative gaatitative analyses was made of the WLSSD cffluent and
influent, and 4 similar analysis was made of the effluent from the largest
single contributor of industrial type oreanics {a pulp and paper industry) to
the WLSSD influent. The isolation and concentrvations In cooposite samples
were done n threes to reflect the "acidic™, "oneutral", and "basic"
functionalities in the compouents analyzed using mass spectroscopy. The mass
of data is pregently heing incorporated into a three x three matrix (3
analvses and 3 sample sites) based on {unctionality., Wagn cowpleted an
interpyctntion of the meaning and significance of the data will be made.

kkacauﬁe chlorophenols originating from WL3SD had been previously traced
within the bay and into Lake Superior, a gas chromatosraphy with electron
capture detection procedure aimed al sensitivity, and a second procedure with
liquid chromatozraphy with a vartable wavelensth that would aid the
identification of chlorophenals in complex mixtures were developed.

A detailed repart containing the methods used in effluent
characterization and raw data, and chlorophenol analvsis procedures are
avallable on request,

Biblinﬂrqui
“An Annctated Bibliography of Enviganmental Research Conducted Within

th2 St. Louis River Estuary 19.3-1382" authored by Phil Devore was completed



and is onlv available from the National Technical Information Service, 5285
Purt Raval Hoad, Sprinegfield, Virzinia 22161 [Order No. PR82-261-697
(EPA~600/85~-83~092) ] at a cost of $10.00. This report is intended as a tool
for people to iuocate specific types of studies conducted within St. Louis Bay
and wa; an attempt to compife and review all of the phvsical, bioclogical, and

-

chemical studies related to the bay.

CONCLUSLONS

1. The water guality of the St. Louts Harbor has impraved. Much of the
improvement can bhe attributed to the oaset of the operation of Lhe
present WLSSD wastewater treatment plant.

2. There was ounly & slight impact on the benthic invertebrate community from
the WLSSD outfall,

3. Survey data iadicates that phytoplackton and zooplankiton were not
demonstratably impacted by the WLSSD el(fluent:

The WLSSD plant is currently treating its waste to a higher degree than

fs

the | ma/t phosphorus limit, The concentration in the main channel
opposite the plant has decrease! by a factor of three since 1973,

5. The WLSSD discharge was occasionally acutely toxic. 1t appears that some
toxic discharces are related to changes to Lreatment processes and plant
operaticns in respanse Lo spectal wasce treatment needs resulting in high
residual chlorine or carbon dioxide concentrations in the effluent. Data
indicate that at times the mixtures of the WLSSD plant effluent and bay
would be acutely toxic in the immediate vicinity of the discharge pipe
but not impact the rest of the bhay becanse of a hizh dilution ratio.

6. The primary objectives of this researca project were not attainable at
this sitec because persistent toxic pollutants were not found in the WLSSD
efflucnt and no persistent open water pellutaat problems were apparent.
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Water Quality Assessmeat of St. Liuis Bay of Lake Superior

LNTRODUCTION

S¢. Louis Bay of Lake Superior provides a unique opportunity to study a
natural ecosystem and related observed response to potlutaats to laboratory
testing effect endpoints and ohscrvatinns.N To understand a pollutant’'s cause
and effect relationship in such a system, it must be studied in sufficient
Jepth to understand the controlling factors., To this end, several on site
{field) and laboratory studics were undertaken to quantify possible pollutant
impacts and resulting biotic responses of the ﬁay ccosystem,

Such research is needed to provide a basiys for the U.5. Enviroamental
Protection Agency's (EPA) Office of Water to provide guidzace to the Statces
on the modification of naticnal water quality criteria to stte=specific
situacions, and the control of couplex cffluents through the National
Follution Discharee Svstem.  The EPA Greal Lakes National Program Office also
needs information on the causces of pollution of St. Louis Bay and the impact
of the bay on western Lake Superior.

n;e primary objectives of this research project were:r (1) te ficld tesr
the EPA guidelines for deriving site specific water quality criteria, (2) to
obtain data on the relationship between toxicity testing of a complex
effluent and receiving water biotic response, and (3) evaluate the usefulress
of water quality criteria to vrotect a Great Lakes ecosvstem.

To meet the above objectives, three condilions must have existed. The
first is that s point source discharye to the bay had to be at least
chronically toxic, the toxic components of the effluent hal Lo be identified
and the bay biota had te be impactced by Lhé efflucat., Because the Western

lLake Superior Sanitary District {WLEED) discharge, conlainiuy bolh created
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domcstic and irdustrial wastes, appeared o meet the above conditions, it was
sclected for .nitial srudy. 1t is the largest single point discharger to the
bay; its final cffluents had exhibited toxicity in the past and svme fish
kills had occurred in the embayment near its disgharge pipe. Duriang 1932
studics to chemically characterize the WLSSD effluent, determine its toxicity
and trace its movement in and out of the bay were initiated while other
studies were initiated to provide a 3ter chemistry and hiological haseline
fer the hay from which present aund future poliutant impacts on the bay, and
the hav's impact on Lake Superior, could be determined, A literature search
of all studies relevant to St. Louis Bay was also begun, Information gained
from Lh;su first vear effo;ls wrere necessary Lte determine 1f the primavy
objectives of this research project were achivvable, and if achivvable to
plon subsequent studies,

This preject was undertaken as a cooperative effort between the U5,
EPA Envivonmental Hesearch Laboratory=Duluth, University of Mianesota-Daluth,
and Universicy of Wisconsin=Superior., Following are reports on individual

research tasks undertaken in 1982,
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INTRODUCTION

The objective of this study was to characterize the water
chemistry of St., Louis Buy with reference to inorganic and organic
constituents emitted ii the effluent stream of the Western Lake
Supzrior Sanitary District (WLSSD) sewage treatment plant. 1In
this report we present water chemistry data from our study and
discuss the influence of the WLSSD effluent stream on water

chemistry in St. Louls Bay.

3t. Louis Bay

The Duluth-Superior Harbor is comprised of St. Louis Bay, or
inner Harbor, the Superior Bay or outer Harbor (Figure 1l)}. The
St, Louis River, which flows through the Duluth-Superior Harbor,
is the third largest tributary to Lake Superior in terms of area
drained and loading of total dissolved solids (Thompson 1978).
Average discharge over a 60-year period was 64.3 m3 sec™!
with a range of 2.3 to 1073 m3 sec™l (MPCA 1977), although
average discharge during the present study {(June through Hovewmber
1982) was 116 n3 sec”? {Mirnesota Power, unpub., data).

The Lake Superior seiche also transports water into Superior
Bay and St. Louis Bay. The sciche reverses flow in the St. Louils

River up to Fond du Lac, the site of the first river dam (Sydor

L

and Stortz 1980). The hydraulic flushing time {(Harbor volume
total inflow} for the Harbor was 12 days or 8% per day in 1979;
the seiche exchanged 6% per day and the river exchanged 2% per day
{Sydor and Stortz 19838). The complex geometry ol Lhe Harbor

{(Figure 1) dictates that little Lake Superior water penetrates



into S8t. Louis Bay. Also the river flow in 1982 was larger,
resulting in a river dominated inner Harbor.

The St. Louis River is the most intensively used tributary to
Lake Superior and the Harbor serves as the economic base for the
cities of Duluth, Minnesota and Superior, Wisconsin.

The WLSSD sewage treatment plant tréats domestic sewage from
the cities of Duluth, Cloquet, Carlton, Wrenshall, Scanlon,
Hermantown, and Proctor as well as industrial wastes from the
Potlach Corporation, a manufactureriof wood products. The plant
started operating in 1979; prior to that tiﬁe domestic wastes were
treated at nine separate primary sewvage treatment plants (EPA
1875) .

. The WLSSD effluent dischargé pipe (P) extends southwestward

from the small split near the WLSSD nlant (Figure 2).

Sampling Scheme

For this study we chose 12 sampling sites in St. Louis Bay
{Pigure 2}. Site A (U.S. Highway 2, Arrowhcad Bridyge) is
representative of St. Louis River water entering St., Louis Bay and
site L {Interstate~535, Blatnik High Bridge) is representative of
water leaving St. Louis Bay. ESites B and C near the Minnesota
Power M.L. Hibbard ElectriéVStation are typical of embayments not
affected by the effluent from WLSSD.

Sites D through I provide a grid within the embayment
receiving WLSSD effluent, Samples taken from this grid will show
the spatial distribolion of Uhe WLS3D «ffluent. 5Site J was chosen

to represent an area impacted by a small stream flowing into St.



Louis Bay, as well as by the WLSSD cffluent, and site K was chosen
to reﬁresent an area near the main channel, but somewhat removed
from the infiugence of the WLSSD effluent.

Two separate schomes were used for naming water chemistry and
benthos sample collection sites. Six of the water chemistry sites
were also used fcr benthos sample collection. The six water
chemistry sites and the corresponding designation for. the benthos

sample c¢ollection sites are presented ..n Table 1.



METHCDE

Sarpling Methods

Water samples were ccllected at the 12 sites in St. Louis
Bay (Figure 2) twice a month during the period 16 June through 2
November 1982. Samples for analytes measured in the laboratory
were taken at a depth of 1 metre with eithe; a van Dorn or
Kemmerer sampling device. Water column depths at each site are
presented in Table 2. In situ temperature, conductivity, and pH
were measured usine portatle meters; temperature and conductivity
were measured at 1 metre depth at each lccation and field pH was
mecasured at 0.10 metre depth.

Samples for phenol analysis were transferred to glass bot-
tles and werc preserved Qith copper sulfate and phosphoric acid
{Standard Methods 1975). €ilica and total suspended solid sam-
ples were transferred toc plastic bottles. Sahples for phosphate,
alkalinity, and chloride were transferred to glass bottles.

The samples were returned to the lab within 2 hours cof
collection and kept at 5°C until analysis. Samples for dissoclved
phosphate and nitrate were filtered througch a .45 um pre-washed
membrane filter upon arrival in the laboratory. Filtered samples

were stored in plastic bottles at 5°C until analysis.

Analvtical Methods

The analytical metheds used in this preject are from Stan-
dard Methods (1275) or are modifications of the procedcures in
Standard Metheds {(19753) and are listed in Taeble 3. All nutrient

samples were analyzed witnin 24 hours of collection and ail
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s

analysas ruan within 16 heours., DPrecision for asach mothcod, as
estimatad fronm replica;e analyses made throuchout thig study, is
presanted in Toble 4;

Nitrate/nitrite data are incomplete because we encountered
unreliable reduction of nitrate tc nitrite with pre-packaged
reagents. MAfter isolating the cause of the difficulties and

purchasing new reagents, we began analyzing for nitrate/nitrite

on 7 September 1982,

o
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RESULTS AMD DISCUSSTION

"Conductivity proféles determined at site A and site L (Cook,
unpub, data; Jaworski, EPA-Duluth, unpub. datz) were vertically
homogeneous and indicate that the 1 metre depth is representative
of the entire water column. '

Conductivity prcfiles in the small embayment near the WLSSD
plant exhibited limited vertical structure (Jaworski, EPA-Duluth,
unpub, data}l. This vertical variation in conductivity was much
less than the horizontal variation in conducstivity (eg. between
sites D and I}. ‘Thereforc, at any one site in the embayment, the
water column can be considered vertically well-mixed relative to
the WLSSD cffluent.

Water chemistry data for all the sites for cach sampling date
are presented in Tables 5 through 14. A summary cf the water
chenmistry data, caonsisting of median and mean values and the
range, is presented in Table 15 for each sampling site. Agreement
between the median and mean values was good, except in a few
instances in vhich the mean was greater due to a single, large
value (eq. TSS at site J and N3 at site D}.

The primary influence of the WLSSD plant effluent was on
alkalinity, total phosphorus, amnonia, and chloride, The concen-
trations of these parawmeters in the WLSSD effluent stream (Table
16} were siqnificanﬁly greater than the concuntrations in St.
Louis Bay.

Water flowing into St. Louis Bay at site A had a chemical
cohposition similar to that at site L, located at the vutlvi Lor
St, Louls Bay. ﬁotable avceptinns were total phosphorus, for
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which site L was 12% greater than site A, and chloride, for which
site L was two-fold greater than site A.

In addition to belng influenced by the St, Louis River and
Bay, site L was influenced by the Lake Superior seiche, which
mixes Lake Superior water into Superior Bay. The effect of Lake
Superior water entering the pPuluth-Superior Harbor with the seiche
would e to dilute the Harbor water, The importance of the seizhe
at gite L was not determined during this study, alphough the
effect should be small because of the digtance between Lake
Superior and site L.

The six sites in the ecambayment receiving the WLSSD effluent
{sites D through I) had concentrations of nutrients, alkalinity,
and chloride that were greater than the control embaynents {sites
B and C). The three sites closest to the WLSSD discharge pipe
{sites D, B, and F) had concentrations of nutrients, alkalinity,
and chloride that were higher than the oéh@r three sites in the
embayment {sites G, H, and I).

Site J, the site influenced by a small stream, had co.centra-
tions of nutrients, alkalinity, and chloride that were similar to
sites D through I. Total suvaspended solids {TSS) at site J,
however, were stongly affected by the small stream flowing into
the embayment. After heavy rains on the wreceding two days, the
TSS at site J on 7 July 1982 {Table 6} was ten-fold greater than
the median concentration (Table 15). The other six sites in the
embayment were not influenced by this small stream, as indicated

by the much lower TSS on 7 July (Table &),
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Lh 1]

Mixing of WLSSD Effluent with the St,. Louis River

The concentrations of nutrients, alkalinity, and chloride at
sites » througn I Qre strangly influenced by the effluent from
WLSSD, To quantify the extent of this inflvence we have calcu-
lated the mixing of WLSSD effluent with St. Louis River water.

The derivation of the formula for mixing {Table 17) assumes
that only two water types - St. Louis River and WLSSD effluent -~
mix together to produce the embayment wdter., We used site A
{ rrrowhead Bridge) for the water compésition of the St,. Louis
River, For the WLSSD effluent we uscd the concentration of the
effluent on the day before our sampling date, and we assumed that
the effluent released on that date conpletely mizxed with the
embayment within one day. Clecarly, mixing in the embayment may
take longer than one day or, perhaps, take less time, Mixing is
dependent on St. Louls River flow conditions, wind velocity and
direction, and WLSSD effluent discharge rate. These pavamcters
are all variable with time of ycar. In addition, the concen~
trations of components in the St. Louis River and the WLSSS
effluent are not constant during the year,

Despite these limitations in the mixing model, the vesults
obtained are useful Egr describing the water chemistry patterns in
the embayment, In adéition, the mixing valuess e2llow the results
from toxicity tests run oa full-strength eifluent to be extrapo-
lated to the cmbayvment, in which the 2ffluent is diluted by mixing
with river water.

The miziny fraction, f, was determined ucing chloride.
Chloride is conscrvative (i.e., does not take part in any
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hiological reactions) and the only source of chloride is from the
St. Louis Piver and the WLSSD effluent. Therefore, the chloride

concentrations in the emhaymen

fail

will anly be influenced by nixing.

The fraction of WLSSD effluent thaﬁ mixed with the river
ranged from 0.10 to 0.43 for the three sahpling sites closest to
the effluent fdischarge pipe (sites D, E, F) and 0.03 *o 0.106 for
the other three site~ Table 18), Mean values during June to
Hovember 1982 were o 2 0.25 for the three sites closcest ke the
effluent discharge pipe and 0,095 to 0,10 for the other sites.

The nutrient elements and alkalinity are non-conservative
{i.e,, take part in biological rcac:ioné) and are affe:ted by both
mixing and biological activity. To deteranine the influerce of
bioclogical activity we use the mixing fractions.. (Table 18), alony
with the St.-Bouis River and WLSSD cffluent concentrations to
predict nutrient and alkalinity concentrations in the cabaynent,
When biological uptake takes place the predicted concentration
yillVbe greater than the ohserved. When biological production
takes place the predicted concentraticn iz less than the observed,

For alkalinity, the predicted and observed concentrations
agree well {(Table 19) and indicate no or slight biolojical
modification of this parameter. Biological modification of
alkalinity is only impcrtant at low values of alkalinity (Cool
1981) or for nhigh levels of biclogical activity (Coldman and
Brewer 1980).,

Total phosphorus and ammonia values predicted by the model at
sites D, B, and F are less than the cboeorved (Table 19) indicating
that total yhoSphorus and ammonia are produced by bioleogical

14



activity. The likelyWSOurce of this production is bacterial
agktivity in the sediments, The bacteria decompose organic matter
and liberate the nutrients associated wi~h the organic matter,
These nutrients are then transported out of the sediments, either
by diffusion or by the movement of invertebrate organisms {eg.
tubificids) {(Berner 1980). The sediments in the area near sites
D, E, and F are relatively rich in organic matter (D. Barlaz,
Geology Dept., University of Minnesota, Minneapolis, pers. comm.).
This organic matter originated frcem either the WLSSD sewage
treatment plant or from phytoplankton in the embayment, whose
growch was stimulated by the nutrients discharged from WLSSD.
Biological production of 6utrients from the sediments at sitesgs G,

H, and I does not appear to be a significant source.

Wutrient Inputs to St. Louis Bay

Another method to guantify the influence of the WLSSD
effluent on water chemistry in St. Louis Bay is to make an input
budget for the Bay. Comparison of nutrient, alkalinity, and
chloride inputs from the St. Louis River and the WLSSD effluent
yields information on the relative importance of these two
sources. -

The concentraticn measured at site A (Acrowhead Bridge) is
representative of the St, Louis River. Discharge at site A was
assumed to be 116 m3 sec“l, the average discharge for this
period at Thomson Dam, 30 km upstream (Minnesota Power, unpub.
data)., No other major rivers nor streams enter the 5t. Louis
River between Thomson Dam and site A, Discharge d:zta £or the

WLSSD effluent were ob.ained from Duane Long, WLSSD Plant, Duluth.
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A summary of the inputs to St. Louis Bay are presented in
Table 20. Even thongh the average flow rate from WLSSD was two
orders of magnitude lower than the S5t. Louis River flow rate,
alkalinity, total phosphorus, and ammonia ldadings from WLSSD were
10% of the 5t. Louis River lcoadings. Chloride inputs from the two
sources were similar with 43% of the total C17 input coming from
the WLSSD input. ‘

Two other sources of nutrients are not considered in this
input budget., The first is the Lake Superior seiche, which
transports relatively dilute Lake Superior'water intc the buluth-
Superior Harbor. The seiche also transperts Superior Bay water
into St. Louis Bay. The primary influence of the seiche is to
dilute St., Louls Bay water and enhance the flushing of tha Bay.

The second source not considered in this bhudget is the
transport of nutrients out of the bottom sediments and into the
water column of St, Louis Bay. The mixing model (above) showed
that sediments were a significant source of ammonia and phosphorus
in the small embayment near WLS5D., The sediments in other small
embayments in St, Louls %Bay may also be a source of nutrients.

The loading of nntrients from the sediments was not determined in
this study.

A similar nutrient input budget for St. Louis Bay was
determined in 1272 (EPA 1975). Comparison of the 1972 and 1982
nutrient input budgets provides information on the influence of
the WLSSD plant, which stavted tveating wastes vn 1979,

In 1972 the ® loading was 8.7 x 105 g day‘l of which nearly

50%, or 4.3 x 10° g day”l, was derived from the nine sewage

16



treastment plants in the area (EPA 1975). TCuring the period June-

- -5
WLES5T rlant was C.B x 1C°q

o

November 1982, the lcadine from th
day“l (Table 20) or one-£fifth the 1272 value for loading from
sewage treatment plants. Thus, the WLSSD sewage treatment plant
removes P more efficiently than‘the treatment plants that pre-
ceeded it.

The total P loading rates to St. Louis Bay during 1972 and
1982 were similar (8.7 versus 8.5 x 105g day“l, reépectively),
despite the lower amount of P discharced érom sewage treatment
plants in 1982, This similarity is Que tc the high St. Louis
River P loading in 1982 (7.6 versus 4.4 x 1059 day“l in 1972),
which in turn is due to the high value for river flow in 1982,
The 6C year average for the 5t. Louis River was 64.3 m3sec™1,
while in 1982 the flow rate was 116 m-osec—l. Phosphorus concen-~-
trations in the 5t. Louis River were very similar in 1972 and
1982.

The primary conclusion from this budget is that 90% of the
ammonia, total phosphorus, and alkalinity entering St. Louis Bay
during June to November 1982 were derived from the St. Louis
River, from sources upstream of site A (Arrowhead Bridge).
Chloride loading from WLSSD and the St. Louis River were approxi-
mately equal. The WLSSD effluent causes the mean chloride
concentration to increase from 4 mg L™! at site A (Arrowhead
Bridge) to 10 mg L™! at site L (Blatnik High Bridge) (Table 15).
Although this is a significant increase in chloride concentra-
tion, it does not present a problem with respect to water

gquality. The value of 10 mg L™l is much less than the chloride
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concentration in the. lower Great Lakes (28 mg L'l; Beeton

1965), and is comparable to values from dilute lakes (Armstrong
and S8chindler 1971). 1In addition, the chloride concentration at
site L is very similar to the mean chloride concentration of the

rivers of the world {(Holland 1978).

Historical Trends

To put the data collected dusing this project in 1982 into
historical perspective, we have compiled water chemistry data for
St. Louis Bay from other projecﬁs for the period 1972 through
1982. The other projects that have comparable data on St. Louis
Bay during this period a;e:' Minnesota Pollution Controsl Agency
(MPCA 1978a,b; MPCA 1981); the Western Lake Superior Sanitary
4Distr1'.ct {(WLESD); the Environmental Protection Agency (EPA 1975);
the Wisconsin Department of Natural Resources (WDNR 1977); and the
Lake Superior BAsin Studies Center Analytical Chemistry Laboratory
(LSBSCY .

The sites we have chosen for this comparison are site A, at
the Arrowhead Bridge (U.S5. 53), and site L, at the Blatnik High
Bridge {Interstate-535), WLSSD and EPA collected water samples
from the Burlington Nog@hern Railroad Bridge, which crosses St.
Louis Bay some 500 m upstream from site L (Blatnik High Bridge);
The Burlington Northern Railroad Bridge and site L were considered
eguivalent for this comparison.

If multiple sampling depths were repotr.<i £or the other
studies we chose the 1 metre or shallower sample to correspond to
our sampling depth.
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Data for total phenol were less complete than for the other
parameters and we present only yearly averages for site L (Blatnik
High Bridge) in Table 21. Total phencl concentrations decreased
from 8 to 9 ug L™l in the mid-1970's to about 3 ug L™ in
1982. The maximum values reported decreased from 20 in 1974 to 5
uqg L7 in 1982. The recommended limit for total phenol in
surface waters is 100 uyg L'l, which was never exceeded at any
time in St. Louis Bay.

The five laboratories studying St. Louis Bay used the same
analytical method for total phosphorus {Table 22). Four
laboratories used the cadmium reduction method for nitrate and
three laboratories used the nesslerization method for ammonia
(Table 22). A crude comparison of methodology among the five
laboratories can be determined when historical data from the
lahoratories overlaps (Fiqures 3-8 and discussion below).

The values for total phosphorus, alkalinity, nitrate/nitrite,
and émmonia used in this historical comparison are monthly means
for each of the laboratories reporting data.

Total phosphorus at site A (Arrowhead Bridge) ranged from 40
to 150 uy L~1 over the period 1972-1932 with no historical
trend evident (Figure 3). ‘

Total phosphorus at site L (Blatnik High Bridge and Burling-
ton Northern Railroad Bridge) ranged from 30 to 300 ug L= prior
to the 1979 start-up of the WLSSD sewadge treatment plant (Figure
4). After 1979 the values ranged from 30 to 140 ug L™1, The
efféct of the WL55D sewage treatment plant was to decrease the
variability in total phosphorus at site L. The mean value for
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total phosphorus between 1972 and 1978 was 110 ug L™! and

after 1979 was 75 ug‘L”l. After the WLSSD plant started

4]

operaticns in 1979 the mean phosphate concentration decreased by
40%, This decrease is significant at the p < 0.05 level,
according to BMDP in%ervention analysis.

‘Witrate/nitrite at site A (Arrowhead Bridge) ranged from
0.010 mg L™l to 0.400 mg -1 during the period 1972 to
1982 with no trend evident (Figqure 5). Data from WLSSD were for
nitrate only, MPCA data, for which separate nitrate and nitrite
values were given, indicated that nitrate)nitrite was 15% greater
than nitrate alone.

Nitrate/nitrite at site L (Blatnik High Bridge and Burlington
Northern Railrcad Bridge) ranged from 0.010 to 1.00 mg L1
pricr to 1979 and from 0.10 to 0.380 mg -1 after 1979 (Figure
6). The variability within any one year decreased after 1979.
Before the start-up of the WLSSD plant nifrate/nitrite averaged
0.191 mg .71 and after the start-up 0.139 mg L,

Ammonia at site A (Arrowhead Bridge) ranged from 0.010 to
0.600 my L™l between 1972 and 1982 {Figure 7). There are too
few data points to verify any trends with time,
ammonia at site L {Blatnik High Bridge and Burlington Northern

'Railroad Bridge} ranged from 0.010 to 1.350 myg L1 prior to
1979 and from 0.020 to 0.380 mg L™1 after 1979 (Figure 8).
Trends with time are difficult to identify for ammonia primarily
bazcause prior to September, 1978 the limit ot detection for the
MPCL data was 0,200 ng L'l, which is much nigher than the
majority of data points from other sources for this period. On
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the basis of the WLSSD data points only the pre-1979 mean ammonia

concencration was 0.259 my L1

concentration was 0,116 mg L1, Thus cthere has been a 55%

and post~1979 mean amronia

reduction in ammonia concentration since the WLSSD sewage

treatment plant started operating in 1979,
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CCNCLUSICNS

At the six sites in the small embayment near the LESD
plant, ammonia, alkalinity, total phosphorus, and
chloride were higaer than in the contrcl embayments

{sites B and C).

'he fraction of WLSSD effluent, estimated from chloride
concentration, was 0.20-0.25 in the three sites closest
to the discharge pipe and 0.05-0.10 in the three siles

farthest from the discharge pipe.

Ammonia and total phosphorus appear to have a
substantial sediment source in the small embayment near

WLSSD.

Nutrient input budgets for St. Louis Bay revealed that
90% of the alkalinity, ammonia, and total phosphorus
loadings were derived from the St. Louis River with the
remainder criginating from WLSSD. However, high
chloride concentrations in the WLSSD effluent contrikbute
43% of the Cl~ loading to St. Louis Bay, compared to 57%

from the St. Louis River.

Compariscn of the total phosphorus input budget for 1982
with a similar budget for 1972 revealed that the WLSSD
saewage treatment plant released cne-£fifth the total P
that was released by the nine sewage treatment plants

operating in 1972.
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Phenocl concentrations decreased from 8 to 9 ug L

mid-1970's to 3 ug L™3 in 1932,
The wean total phosphorus at site

L™l between 1972 to 1979 to 75 ug

1982.

The mean ammonia concentraktion at

mg L™ (pre-1979) to 0.116 mg L™
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Table 1. Equivalency of ssmpling sites. The water chemistry
sampling site in the left column is the same asa the
benthos sample collection site in the right colunn.

Water chemistry ‘ Benthos sampling
sampling site aite
deaignation designation
B 1B
C ‘ 2B
F ' W1A
G - d1C
H : Wac
K Interstate
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Table 2. Water depths at each sample collection site.

Semple Water
Site Depth
(m)
A 7.5
B 2.4
c 2.0
b 2.0
E 2.5
F 3.0
G 2.0
H 2.0
I 4.5
J o 2.2
K 1.5
L 8.0
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Tatle Z, Fracedures

u

S

2

¢

>
.

or water chesistry analysis.

Parameter

Technique

Temperature and
Conductivity

Field pH

Laboratory pH

Alkalinity

Dissolved Phosphorus

Total Phosphorus

NO5 " /%0,

NH}

Phenol

28

Measured in a3itu with a YSI
Yodel 33 Tenperature/Conduesi-
vity Meter. Calibrated in the
labvoratory.

Measured in aitu using a Graph-
ic Controls portable pH Yeter
(model PHM 8100). Calibrated
in-the field using p¥4, 7, end

9 buffers,

Measured in the luboratary at
room temperature. Recrman
Model 3500 Digital pH meter and
Yensorex S30CC combination
electrcde. Calibrated with pH
4.0 and 7.0 buffers,

Titrantion with sulfuric acid to
pH 4.% and pH <.2. Standard
Yethoda (197%). pp 27%-282.

Filtration through 0.45 unm Gel-
man GN-6 membrane filter.
Molybdenum blue/ascerbic acid
method. Standard Methods
(1975). pp 4061-482.

Acid-persulfate digestion fcl-
lowed by molybdenum blue/ascor-
biec wcid analysis. Standard
Metheds (2975). p A4T76.

Filtration through 0.45 um Gel-
man GM¥-6 memdbrane filter.
Cadmiuom reduction method.
Standard Methoda (1975) as
nodified by Stairton, et al
(1974). pp 42-48.

Distillation fol
slerization. Sta
(1975), op 410-4

Diatillation, chloroform ex-~
traction and formaticn eof anti-
pyrine dye. Standard Metnods
{1975). pp 577-580.



Table 7 (continuad)

Faranmeter

Technique

Silica

Totsl Suspended Solids (TSS)

Chloride

Between 16 June and 22 July
1982 the heteropoly blue method
was used. Between 3 August and
2 Novemter 1982, we used metol
(p-methylamincphenol sulfate)
as the reducing agent. Stan-
dard Methods (1975). pp 490-
492,

Suspended solids collected on
Gelman A-E pglass fiber filter
disk, dried at 103 C and
weighed.

Measured using chloride speci-
fic ion electrode (Craphics
control FHI 91100 UYltra-sensi-
tive €17 electrode and QOrion
Research, In¢. Model S0-02-00
double junction reference elec-
trode ).
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Table 4. Precision of analytical methois,. Precision wsas
estimated from duplicate aralyses run during June-
Hovember 1982. N is the number of duplicate analyses
snd precision is t(he sverasze reletive deviztion in
percent. '

1

Parameter N Precision
(% s.D.)
pH 29 0.8
Alk 28 0.8
Dis.?P 34 1.8
T.P. 37 3.2
HH3 84 6.7
NOs"/NOp” 21 3,4
Phenol 7 15.4
5i 16 6.0°
22 0.3%
cl~ 2 T.7
N
E{ S.D. ]
' ¢ s.p. = mean x 100 where K is the number of

N
duplicate .analyses.

2 For the heteropoly blue method used between 16 June eand 22 July
1982.

3 For the metol method used between 3 August and 2 lovember 1982,
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Table 5. Water chemistry data for samples collected on 16 June 1982

Somple Temp. Cord. Pileld Lab.  Alk PO, >~ TP NO=/NO, NN Phenol  Si 7SS c1”
Site (°C) ({umho/fem) pH pH {mg/2) (ug%’/l) {ugP/1) (uéﬂ/li (mgﬁ?l) (ug/1) {mg/i} (mg/1)} (mg/1)

A 20.1 118 7.54  7.28  49.. " 92 : 0.15 z 1.4 1" 5

B 20.1 112 7.60  7.60  4B.5 3 o - €0.02 2 1.4 8 5

¢ 20.0 112 7.97  7.48  46.9 4 79 - 0.10 1 2.1 g 5

D 19.0 200 7.22 7.5 49.7 43 174 - 0.18 1 1.4 16 36

B 19.0 330 6.91  7.03  64.5 80 250 - 0.24 2 2.7 16 52

F 19.0 350 6.60  7.07  60.2 T3 27¢ - 0.24 2 1.4 17 50

¢ 19.6 142 7.47  7.20  49.0 21 107 - 0.06 1 1.4 8 15

H 17.9 160 6.95 7.19  51.0 28 19 T 2 1.6 8 23

I 17.9 166 7.28  7.15  51.3 32 120 - gy 1 1.4 9 23

] 18.6 231  7.02  7.14  59.5 55 195 - 0.23 3 2.5 26 43
¥ 19.8 121 7.75 7.30  47.5 16 93 . <0.02 2 S 1.6 1 10

L 17.2 129 7.65 T.43 48.0 10 a3 - <0.0¢ 2 2.2 9 9
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Table 6. Wuter chemistry data for samp’es collected on 7 July 1982

Sample Tenp Cond. Field Lab. Alk P0d3" TP HH-= FPhenol St T35 c1”
Site (°C) (umho/cr; pH pi  (mg/1)  (ugP/1) (ugP/1) {mgh7t)  (ug/1) (mg/1) {mz/1)} {(mg/1)
A 21.7 135 7.7 1.77  55.5 3 103 €0.02 1 1.2 34 3
B 21.6 139 7.67 T.70  56.6 4 53 0.07% 2 1.2 12 5
¢ 21.0 139 70120 .75 519 7 60 <0.02 4 ol 7 5
D 19.9 300 7.53  7.63  99.6 18 150 0.58 17 1.5 22 15
E 19.9 365 7.48  7.30  142.6 37 140 0.66 25 3.0 23 23
F 12.9 430 7.47  7.68 123.2 57 270 0.78 19 2.7 21 20
¢ 20.0 159 .70 1.9 6149 15 92 0.16 4 t.9 12 7
i 20.0 157 7.66  7.69  59.6 8 a0 0.13 3 1.9 14 &
I 20,0 149 T.64  T.66  60.2 T 73 0.12 5 2.1 14 6
J w2 175 7.62  T.63  63.9 5 100 0.23 6 .7 126 16
K 20.9 139 7.73  T.64  56.3 4 66 0.03 2 2.4 16 5
L 20.0 141 7.64  7.67  57.0 7 19 0.06 3 1.8 10 3
Remarks: lHeavy rain on 5, 6 July.
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Table 7. Water chemistry duta for samples collected on 20 July 1982

Sample Temp. Cond. Field Lab. hlk HO- /NO NH Phenol Si T5S c1™
Site (°C§ {umho/em)  pH ph  (mg/1) (ue,igfl) (UgPJ'l) (us“/lg (mgi71) (ug/1) (mg/1)} (mg/1) (mg/1)
A Es! NS 7.10  7.14  36.6 14 70 - 0.12 3 3.3 12 3
B NS LS 7.08 7.30 36.6 13 66 - 0.14 6 3 §0 3
¢ 22.1 98 6.61 7.27  36.8 16 T - 0.13 3 3.0 12 3.
D 21.1 210 6.45 6.90 80.8 95 302 - 0.52 3] 4.3 19 a0
E 22.0 110 6.45 6.68 54.3 45 168 - 0.15 3 3.4 12 52
F 21.0 132 7.15 7.9  39.9 20 87 - 0.22 4 3.2 10 14
G 22.0 106 6.71 T.26  37.0 15 61 - 0.16 3 3.4 " 3
I 2.9 105 6.8 T.16 35.4 16 A - 0. 14 4 3.1 10 10
I 21.5 100 ‘6.69 7.26 36.5 15 |- - 0.15 3 3.3 10 7
J 23.1 120 7.22 7.24 40.2 16 87 - 0.19 3 3.2 9 13
K 22.1 a8 6.62 7.514 35.9 13 70 - 0.12 T 3.2 9 4
L 19.9 a3 T.15 7.36 37.4 8 148 - 0.50 4 3.0 8 9

43 - not samrled
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Table 8. Water chemistry data for samples collected on 3 August 1982.

Sample Temp. Cond. Field Lab.  Alk PO, 0" TP NO= /RO, phi Phenol  Si 78 c1-
Site (°C) (umho/cm) pH pH (mg/1) (ngﬁ/l) (ugP/1) (u?:N/lT (mgﬂ/?) (vg/1) (mg/1) (mg/)) {(mg/1)
A - 98 - 7.22  50.0 41 127 - 0.12 3 3.6 16 4
B - 93 - 7.40  50.4 47 132 - 0.09 2 3.4 13 4
c - 100 - 7.52  49.1 28 49 - 0.12 2 3.4 12° 4
D - 353 - 7.27  107.0 143 31 - 0.38 5 3.7 13 65
E - 331 - 7.39  102.7 139 274 - 0.33 6 3.6 13 65
F - 408 - 713 117.9 185 364 - 0.39 "7 5.8 14 79
G - 110 - 7.55  50.3 32 94 - 0.13 2 2.9 10 10
1l - 113 - 7.52  49.2 28 89 - 0.20 2 2.9 8 8
I - 111 - 7.52  49.1 36 98 - 0.11 1 2.8 9 7
J - 114 - 7.40  48.9 8 135 - 0.13 4 2.7 13 8
K - 103 - 7.56  48.6 60 124 - 0.12 1 2.9 1" 6
L - 109 - 7.38  48.1 24 86 - 0.12 3 2.7 12 6




Table 9. Water cheristry data for samples collected on 16 August 1982

Sample Temp. Cond. Field Lab.  Alk PG,0" TP NO./NO, MM Phenol  Si SS9 c1”
Site (°c§ {uwho/cm) pil pH (mg/1)  {ugr/1) {ugP/1) (uéN/l% (mgﬂ}l) (ug/1l) {mg/1} (mg/1) (mg/l)
A 25.0 135 7.27  6.83  38.4 15 - - 0.14 a 3.5 7 6
B 22.9 130 7.44  T.12 47.4 16 - - 0.13 <1 3.3 7 6
c 25.0 135 7.46  7.31  52.9 22 - - 0.13 < 3.4 12 6
D 2¢.9 490 6.75  T7.23  B4.5 170 - - 0.26 3 3.8 1 75
E 24.5 570 6.71  7.15  £8.1 214 - - 0.25 4 3.7 13 78
F 22.8 222 7.07  6.84  52.0 51 - - 0.16 1 3.2 10 32
¢ 24.5 264 7.14  7.40  63.1 68 - - 0.19 < 3.2 9 34
It 25.0 620 6.59 7.32 91,2 176 - - 0.27 3 3.6 6 a1
1 23.5 245 7.09  7.52  60.% 37 - - 0.14 1 3.2 9 25
3 24.9 240 7.33  T.39  66.2 29 - - 0.16. 6 3.3 12 32
K 23.8 195 7.15  7.21  51.2 57 - - 0.13 1 3.2 7 17
L 21.0 135 7.56  7.46  52.6 26 - - 0.13 2 3.0 7 10




9¢

Table 10.

Water chemistry data for samples collected on 7 September 1982

Sample Temp. Cond. Field Lab. Alk NG /YO BH Phenol 5i 55 c1”
Site  (°C) (umho/cm) pH pH (mg/1) (usé/l) (ng/l) (WN/Ig (mgN?l) (ug/1) (mg/1) (mg/)) (mg/2)
A 20.2 140 - 7.42 57.0 39 86 83 0.09 4 3.3 10 5
B V20.4 139 - 7.62 58.2 30 75 a5 0.09 2 3.0 6 s
¢ 20.4 1%9 - 7.64 58.7 33 a2 120 0.10 4 3.2 V7 5
D 23.4 596 - T.43  104.6 424 610 86 4.43 3 3.4 13 45
B 2%.2 273 - 7.48 83.2 250 357 140 3.18 1 2.9 9 24
F 24.4 200 - 7.54 £5.0 94 166 t84 0.59 6 2.7 i 17
G 21.0 153 - 7.66 58.8 38 91 129 0.13 1 2.8 5 8
H 21.1 151 - 7.69 58.2 34 86 148 0.13 3 2.7 6 9
1 21.2 152 - T7.64 58.1 40 8l a8y 0.13 <1 2.1 ‘6 9
J 21.1 171 - 7.61 59.7 48 98 145 0.17 4 2.5 7 12
K 20.6 148 - 7.65 57.5 32 85 147 0.12‘ <1 2.8 6 8
L 20.5 148 - 7.61 57.6 40 -80 132 0.12 - 2 2.6 5 9
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Table 11.

Water chemistry data for samples collected on 21 September 1982

P00

Sample Temp. Cend. Field Lab.  Alk s TP WCy/NO, i Phenol  Si 785 c1”
Site (°C) {umhofem) pH pi  (mg/1)  (ugP/1) (ugP/1) (BgH/7) (mﬂﬁ?l) (ug/1) (ng/1) (mg/1) (mg/1)
A 4.2 128 - 7.2 59.3 21 63 127 0.1) 1 3.8 6 5
B 14.0 125 - 7.3  58.8 19 173 108 0.10 1 3.3 4 6
c 13.9 128 - T.33 59.0 18 65 113 6.1 1 3.5 7 5
D 15.0 147 - 712 86.. 145 239 54 0.18 2 3.9 10 54
E 15.2 231 - 153 T4.6 83 160 151 0.17 2 3.5 10 34
F o 14.4 158 - 7.3 78.8 108 210 90 0.19 1 3.9 10 a4
G 15.0 200 - 7.45  77.0 104 200 91 0.14 2 3.8 7 40
i 14.5 167 - 7.42 675 59 134 94 0.15 2 3.5 8 24
I 14.8 158 - 7.16  60.0 35 102 107 0.13 1 3.4 14 13
J 13.9 152 - 7.44  62.8 34 95 135 0.16 7 3.4 6 14
K 145 179 - T.42 63.2 a4 136 136 0.15 2 3.5 3 20
L 14.2 140 - 7.49 5847 30 78 187 0.14 5 2.9 6 12
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Table 12.

Water chemiastry date for semples collected on $ Cctober 1982

Alk

Sample Temp. Cond. Field Lab. PO, TP NO=/NO> NH Phenol  Si 7SS c1”
Tsite (%) (wshofem) g o (me/))  (ugh/) (ep/) GRS @) Gel)) ed) (/) (me)
A - 159 - 7.08  58.8 20 70 86 .15 1 4.2 9 5
B - 158 - 7.26 583.8 22 T4 108 0.14 1 4.1 - 5 5
c - 160 -y 7.2T  59.6 20 79 92 0.14 1 4.2 7 5
D - 441 - 7.05  89.3 85 193 113 0.37 3 4.4 9 57
E - 472 - 7.05  92.7 92 212 79 0.40 3 4.6 S 66
F - 336 - 7.08  82.9 69 174 98  0.28 3 4.4 9 49
G - 266 - 7.17  T1.1 45 127 103 0.24 2 4.2 7 29
H - 278 - 7.19  70.6 aé 133 120 0.19 3 4.1 6 27
1 - 210 - 7.34  64.7 30 92 17 0.17 2 4.0 7 14
b} - 255 - 7.32 9.7 37 111 92 0.15 4 4.3 7 23
X - 211 - 7.28  64.7 34 91 87 0.21 3 4.0 5 16
7, - 184 - 7.34  62.1 22 85 108 0.15 3 4.0 6 9
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Table 13. Water chemistry data for samples collected on 19 Octeber 1932

Sample Temp. Cond. TField Lab. Alk PO, o~ TP %0=/NO,, N,  Phemol  Si TS5 c1”
Sits  {°C) (umho/cm) pH pH (mg/1) (ugé'/l) (ugP/1) (u?szﬂ/ﬁv (mgi/1)  (ug/1) {mg/1) (mg/1) (me/1)
A 3.8 70 - 7.16  31.5 7 61 74 0.04 2 3.6 14 3
3 9.0 69 - 7.22  33.2 11 57 64 0.02 1 3.6 8 3
c 9.1 69 - 7.19  33.8 1 57 65 0.03 3 3.6 7 3
D 11.9 265 - 6.98  83.2 77 208 34 0.13 3 4.5 10 70
E 1.0 340 - 6.99  75.2 77 19t 37 0.10 6 o4 10 60
F 1%.2 380 - 7.00  88.8 Y6 242 20 0.12 5 4.4 9 78
G 11.8 275 - . 7.04 0.7 69 185 33 0.13 4 4.3 10 56
H 9.5 101 - 7.21  39.1 19 81 - 53 0.04 3 3.6 9 1
1 9.2 92 - 7.22 3.3 11 73 61 0.04 5 1.6 " "
J 10.0 112 - 7.28  44.0 19 70 73 0.05 - 5 3.8 6 12
K 9.2 68 - 7.25  32.4 10 60 59 <0.02 . 2 3.6 9 3

L 3.5 80 - 7.26 35.1 12 69 60 0.05 2 3.6 11 5
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Table 14.

Water chemistry data for sanples collected on 2 November 1932

Sample Temp. Cond. Field Lab. Alk PO,O" RO /HO Fhencl 51 T55 c1™
Site  (°C) (umho/Cm) pH pi (mg/1) (ugé‘/l) (ugP/l) (ugN/ﬁ (mrﬂ?l) (vg/1) (mgSif1) (me/1) (mg/))
A 7.0 82 - 7.34 42.4 13 53 81 0.09 1 3.9 5 4
B 7.0 (31¢] - T.32 41.0 11 50 83 c.11 2 3.8 4 A
¢ 7.0 81 - 7.34 41.4 14 51 80 0.11 1 3.8 4 4
D 8.9 182 - T.21 81.2 168 250 25 0.60 5 4.1 ) 62
E 9.5 208 - T7.25 80.4 114 260 39 0.62 3 4.2 6 60
F 3.1 149 - T.24 83.0 160 210 18 0.43 3 4.2 6 64
G 3.5 168 - 7.26 55.8 53 120 56 €.30 3 3.9 6 31
H 3.0 148 - 7.38 48.6 34, 89 39 0.235 2 4.0 6 25
I 8.0 142 - 7.36 48.3% 27 95 54 0.19 1 3.8 7 31
J .9 198 - 7.36 55.5 34 89 70 0.15 3 4.0 4 25
K 7.2 101 - T.57 40.4 14 54 17 0.09 2 - 4 12
L 7.6 120 - 7.36 45.5 27 81 a3 0.18 1 3.6 6 21
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Table 15.

Summary of water chemistry data for samples collected June - November,

198

2

Conductivity Laboratory pil Alkalinity Dissolved PO,-
{umho/cm) (rg/1) (uaP/1)

Sample

Site Median  Mean Range Median Mean Range Median  Hean Range Mcdian  Mewp Renge
A 128 118 TO-159 1.49 7.24 6.u3-7.77 449.8 47.9 31.5-59.3 14 18 5-41
B 125 117 69~158 T.31 T.38  T.12-7.70 49.4 49. 4 33.2-58.8 14 18 3-47
C 124 116 69-160 7.36 7.42  T19-7.715 51.0 49.5  33.8-%9.6 17 17 4-33
D 282 298 147-420 T7.18 7.20  6.90-7.63 849.% 86.6 £0.8-107.0 119 137 18-424
E 330 32% 110-570 7.20 7.18  6.6E-7.53 Hi.ﬁ 85.8  54,3-142.6 .68 119 37-250
F 286 282 132-430 7.16 T7.22  6.84-7.68 £0.8 79.2 52.0-123.2 84 94 20-190
G 164 184 106-275 7.33 T.36 7.04-7.66 (60.4 59.% 37.0-77.0 42 45 15-104
H 154 200 101-620 T7.35 7.38  7.16-7.69 54.0 57.0  35.4-91.2 %4 45 B-176
1 150 152 92-245 7.35 7.39 T.15-7.66 54.7 52.6  36.5-60.3 51 21 11-490
J 164 173 112-255 7.38 T.38  7.14-7.6% 59.6 57,0 40.2-69.7 4 36 5-78
K 130 136 £8-195 7.34 1.40 1.21-T7.65% 4%.1 49.8  32.4-64.7 24 28 460
L 132 129 80-184 T.40 T.44 T.26-7.67 50.4 50.2 22 21 8-40

35.1-62.1
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Table 15 (continued)

Nitrate/Kitrite

Total Phosphorus Ammonis Fhenol
(upP/1) {ugh/1) {mgh/1) {uz/1)
Sample
Site Median  Mean R.nge Kedian  Mean Hange Medinn  Mean Range Median Mean  Renge
A T1 81 53-127 B3 90 81-127 0.12 0.1 <0.02-0.15 2 2 <14
B 14 84 50-173 95 93 64-108 0.10 0.08 <0.C2-0.14 2 2 <1-6
c 71 5 51-99 92 94 65-120 0.1 0.10 €0.02-0.14 2 2 <1-4
|3} 239 271 150-610 54 62 25-113 0.%8 0.76 0.13-4.43 4 5 1-17
E 250 246 160-~357 79 85 37-140 0.29 0.61 0.10-3.18 3 6 1-25
P 242 228 166-364 90 a2 13-184 0.26 2.34 0.12-0.78 4 5 i-19
G 107 122 81-200 91 82 33-129 0.15 c.17 0.08-0.24 2 2 <-4
H 89 99 71—i34 94 a1 39-148 0.14 0.16 0.04-0.27 3 3 2-4
I 92 91 73-130 81 84 S4-117 0;13 0.13 0.04-0.17 i 2 {1-5
J a8 109 70-195 92 103 70-145 0.16 0.16 0.0%-0.23 4 4 3-7
K B35 87 54-136 a7 101 59-~147 0.1¢ 0.12 *(0.02-0.21 2 2 <=7
L 81 89  69-148 108 114 60-187 0.12  0.14  €0.02-0.50 2 3 -5




EY

Table 15 {cortinued)

Silica Total Suspended Solids Chloride
(mgsSi/1) . (mg/1) (mg/1)
Sanmple
Site Median Mean  Renge Median Mean Range Modian Mean Range
A %.6 3.2 1.2-4.2 10 12 5-34 4 4 36
B 3.3 2.0 1.2-4.1 8 8 4-13 5 5 3-6
c 3.4 3.1 1.1:4.2 10 16 4-17 5 4 3-6
D 3.8 3.5 1.4l4.5 12 13 6-22 . 50 57 15-90
E 5.6 3.6 2.7-4.6 1 12 6-23 56 51 23-66
F 3.6 3.6 2.7-4.4 10 11 &-21 46 . 45 17-79
G 3.2 3.2 1.4-4.3 8 8 6-12 22 24 6-56
H 3.3 3.1 1.6-4.1 8 8  6-14 16 24 8-81
I 3.0 3.2 1.4-4.0 9 10 6-14 41& 14 | 6-31
J 3.4 3.%  2.5-48.3 8 22 4-126 15 20 3-43
K 3.2 3.0 1.6-4.0 8 9 4-16 9 10 3-20

L 3.0 2.9 1.8-4.0 8 8 5-12 G 10 5-21




Tahle 16. Cuncentraticns of alkalinity, tutsl phospghate,
ammenia, and C17 in the WLSSD effluent. Data ccurtesy
vf Duane Lung, WLSSD.

Total
Date Alkalinity  Phesphorus Ammcnia Chleride
(mg L3 :
15 June 200 0.90 ©1.20 250
6 July 350 0.62 3.00 es
19 July 180 - 0.48 0.55 205
2 August 220 0.62 <0.10 205
15 August 180 0.48 <0.10 265
6 September 180 1.73 6,20 250
20 September 150 0.99 <G.1l0 285
4 Octeber 100 0.35 0.65 225
18k0ctuber 130 0.55 Q.10 250
1 Nevember 220 0.90 1.60 225
Average* 198 0.64 0.56 211

*Volume-weighted average concentraticns for the pericd June-
November 1932.
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Table 17. Derivaticvn f fermula £.r calculating the mixing cf
WLSSD efflusnc with the 3t. Leuis River.

If we assume that the chemical com>esition in the small embayment
near the WLSSD plant is a result c¢f the miring ¢f Arrcwhead
Bridge ’site A) water with WLSSD effluent water, then the mixing
fracticn (£f) can be calculated from:

C=(1-£) A+ fwW

where:
C = cencentraticn in the embayment
A = concentraticn at site A (Arrvwhead Bridge)
A = concentraticn of WLSSD effluent

This formula simplifies to

£ = C-A
W= A
For C1~, with C = SO mg L™1, A =3 mg L~ and w = 250
mg L7} then £ is:
£ = 50-3 =0.19
250 = 3

Therefcre, the cencentraticn ¢f C17 in the embayment is
a result of mixing 19% WLSSD effluent with 81% St.
Louis River water.
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Table 18. Coempilaticn of mixing fracticns, £, for each of the
siv smbayment sites for each sampling date.

Site 6/16 /1 7/20 8/3 8/16 9/7
D 0.1278 0.146°  0.431 0.303 - 0.266° 0.153
E 0.192 0.244 0.243 0.303 0.278 0.078
F 0.185 0.207 0.054 0.373 0.100 0.049
G 0.041 0.049 0.015 0.020 0.108 0.012
H 0.072 0.051 0.035 0.020  0.290 0.C16
1 0.073 0.037  0.020  0.015  0.073  0.015

9/21 10/5 10/19 11/2 Averaged
D d.175 0.235 0.271 0.252 .255
E 0.104 0.277 6.231 0.253 .227
F 0.139 0.200 0. 304 0.271 .198
G 0.125 0.109 0.215 0.122 .097
H 0.058 0.100  0.032 0.095 .097
I 0.029 0.041 0.020 0.122 .043

2pffluent values for calculaticn taken frem June 14, 1982,
beffivent values for calculaticn taken frem July 5, 1932.

Cplant effluent concentraticns taken from August 16, 1982,
dealculated using mean embayment ccncentraticn, mean WLESD

effluent cuncentraticn, and mean Arrcwhead Bridge cencentratiun
{Tables 15 and 16).



Takle 19. Compariron vd predicied alkalinity, total vhosphorus,
and ammonia, with %‘he observed mean concentrations in
the epbayment. Arrowhead Pridee {site A) and WL3SD
effluent concentrations used to predict the embayment
concentraticny are also given. All concenirations are
in ng L7, ’

Alkalinity Total Phosphorus Ammonia

Site Predicted MYean Predicted ¥ean Predictéd liean

D 8€.73 B6.6 . 224 271 216 . 380
g 82,0 B5. 8B . 206 . 246 . 203 . 290
F T77.6 79. 2 .191 . 228 41580 260
G 6204 59-5 0135 -122 -14' '150
H 62.4 57.0 135 .059 144 .140
I £5.1 52.6 .1¢8 .091 121 130
A 47.9 .08 .100

WLSSD 1488 .63%9 556

effluent
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Table 20.

Comparisen of inputs to St. louis Bay frem the St. Louis River and WLSSD effiuent during 16 June - 2 Nuvember

1982,

km upstream from St, Louis Bay.

The average flow for the St. Louis River is calculated frem discharge data at the Thomsen Dam, sume 30
Concentrativns used in caiculating lcadings frum the St, Louis River are

thuse measured at sice A {Arrowhead Bridage). All average concentraticns are wolume-weighted averaqes. Thez
lvading is an average leading rate ¢ver the 140 day pericd between 16 June and 2 November 1982,
Alkalinity ‘futal Phesphurus Anmonia Chluride
Average Ave. Lyading Ave, fLeading Ave, Loading Ave. Loading
Seurce gluw Conc Conc Cunc Cune:
(m® sec™)) | (m LD (10%g day™h) | (mg L™l (1059 day™]) | (my L] (10%g day™1) | (my L7h) (107 day™1)
WLSSD 1.6 198 2.7 .639 0.88 0.554 0.76 211 2.9
St.
Louis
River {at
site A) 116 46 a6 076 7.6 0.088 8.80 3.9 3.9
Tutal
luading 19 8.5 9.6 6.8




Table 21.

Yearly average tctal phenul concentraticns at site L
{Interstate~535, Blatnixk High Bridge). Early data are
frem MPCA (1978a). N is th2 number of samples
cellected during the year.

Average «
Year N Total Phencl Range
(mg L1
1973 1 23 -
1974 15 9.2+6.0 . 2=
1975 8 8.0+4.6  4-19
1982 10 - 2.7+41.2 1-5
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Table 22. Metheds cof nputrient analysis used by the five laburatcries
studying St. Leuis Bay. for details of analytical metheds see
references in Figures 2 and 3.

Laboratory Ammonia NO3/NO, Total Phesphorus
Lsnsc Distillation, Cd Reduction, Persulfate Digesticn,
Nesslerizaticn Azc Dye Mclybdenum Blue
WLSSD Phenate Brucine3 Persulfate Digesticn,
M lybdenum Bluz
EPA Distillaticn, Cd Reductien, Persulfate Digestion,
Nesslerization Azv Dye Molybdenun Blue
MPCA Distillaticn, Cd Reduction, Persulfate Digesticn,
Nesslerjzaticn AZ¢ Dye Molybdenum Blue
Alkaline Oxidaticn,
Diazclization?
WDNR Phenate Cd Reducticn, Persulfate Digestion,
Azo Dye Mclybdenum Blue
11372-1977

2)977-1980

3N03 only



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

FICURE CARPTIONS
The Duluth-Superior Harbor.

The LCuluth-Superior Inner Harbor (St. Louis Bavy).
Locationes for water chemistry and plankton sample
collection are designated by A through L. P denotes
the approximate location of the WLSSD discharge pipe.

Total phosphorus at site A (Arrowhead Bridge) between
1972 and 1982. Depth of sample was <1 metre.
References: LSRSC - this laboratory; WLSSD - Storet
computer printout; EPA-EPA (1975); WLDNR~-WDNR (1%77).

Total phosphorus at site L (Blatnik High Bridge and
Burlington Northern Railroad Bridge) between 1972 and
1982. Depth of sample was <1 metre. References as in
Figure 3 and: MPCA-MPCA (1978a, b, 1981).

Nitrate/nitrite at site A (Arrowhead Rridge) between
1972 and 1982. Cepth of sample was <1 metre.
References as in Figure 3.

Nitrate/nitrite at site L (Blatnik High Bridge and
Burlington Northern Railroad Bridge) between 1972 and
1982. Depth of sample was ‘1 metre., References as in
Figures 2 and 4.

Ammenia a2t site A (Arrowhead Bridge) between 1972 and
1982. Depth cf sample was <]l metre. References as in
Figure 3. -

Ammonia at site L {(Blatnik High Bridge and Burlington
Nerthern Railrcad Bridge) between 1972 and 1982,
Pepth of sample was <1 metre. References as in
Figures 3 and 4.
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Figure 2
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TOTAL PHOSPHORUS (mg P/L)

TOTAL PHOSPHORUS (mg P/L)
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Figure 3

TOTAL PHOSPHCRUS AT ARBOWHEAD BRIDGE
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Figure 5
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St. Louls Bay Benthic Macroinvertebrate Survey

by

Thoaas Rosh

U.5. Fnviromsental Protection Agency
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6201 Congdon Boulevard

Duluch, Hinnesota 355304
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Introduction

History —— St. Loui; Bay has historically experienced very poor waLer
quality conditions. A combioation of cscess eutrophication presumahly due to
nutrients from a wasle treatment plant, and £ish-tainting chemicals,
presumably from an upstream paper m 11, combined ;ith the modifications of
navigational dredging and development of the waterfront have been prime
influences for degradation. )

The construction of the Western Lake Superior San.tary District (WLSSD)

treatment plant apparently has deviated much of the chemical problems such as

low dissolved oxygen and fish tainting chemicals.

Purpose

With the development of WLSSD and ils sewage svstem, a number of waste
streams and their c#emicals are now processed though the plant and di-. harged
into the lower St. Louis Bay via a diffuser system. The purpose of this
survey was to detcermine the pattern of distribution of the benthic
.macroiavertebrates in relation to the WLSSD discharge, This survey was
conducted in conjunctic . with a number of other fascets of a study program.
Among the other investigations was a survey of the plankiLon and water

quality, and laboratory measures of acute toxicity, test fish responses and

chemical determination of contaminants.

Rationale

The benthic macroinvertebrate community was selected for surveying
‘because of their scssile habits aad intesrating exposure Lo the environmental
'canditions in their immodiate surroundinps. Upstresam coves were used as

controls since they wouid not be exposed to chemicals possibly found in the
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discharge, ‘ultlple sampling stations were used in order to estimate spatial
varlatlion within a cove. The Cransects in the WL55D discharge cove were used
in order to more precisely delincate the impacted area, if Indeed an impact
was found. Presumably, if the community was adversly affected, differences
in the taxa captured would be feund and circumstantially be attributed to the

WLSSD discharge. The other Investigations would be compared for possible

confirmation.

Station Location

%

Three bays on the linnesota side of St. Louis Bay were sampled three
times during 1983 using mid and guarter-point stations on transects extending
across the bavs (Figure 1). Upstream bays were near the Arrowhead Bridge.

In the WL35D discharge bay, two 3 station transects were sanpled, using the
diffuser station as a common polut. Sampling was done on June 13, August 10,
ira

and October 26, 1982, During August and October, an additional station (INT

gsoutheast ¢f the discharge bay was sampled.

Szmpling Regine

Crab samples were taken In discrete triplicates using a 6" x 67 Eckman
dredge. The samples were washe in a mesh botton bucket of 30 mesh screen to
remove fine sediments. The residue was placed in labeled jars and preserved

with 104 formalin.

Sample Preparation

The samples were washed and depositea in o 97 x 15" white porcelin pan
and flooded with a sugar solution to factlitate organism [loatation. The

organisms, primarily insects, that [loated were removed, then the debris was



sorted to remove ather orgairisms. The organisms were re-preserved in 70X

ethanol.

Sample Analysis
The organisms were enumerated and {dentified to convenient taxa using

dissecting and compound microscopes. Standard taxonomic reference were

utilized.

Results

Tables 2, 3, and 4 present the number of organisms in each taxonomic
entity as captured by the combined 3 grabs of the 6" x 6" dredge at each
station. Tables 5 and 6 present the summations whea all 3 sampling periods
are combined, along with simple calculated values relative to clarifying the
batternﬁ of distribution. Table 7 presents data by sampling period for total
numbers per taxon and percent compesition. prlc 8 presents the data as
density (numbers/mz) of orgaajsms. Flgures 2 and 3 display density and
rercent composition data.

A total of 105 grad samples captucred 2,916 organisms of 22 taxa (18 to
20 each sampling period). 93.4% werc oligochae*es and chironomids (90.5 to
96% for individual sampling). Over the three sampling times, 2 to 12 taxa
per station were captured. ﬂ?requently, the occurrence of a taxon at a
station was represcnted hy o;e indi+idual.

Overall, the upstream bays had the fewest oligochaetes and the largest
nusiber of taxa. WIC, the most upstream station in the discharge bay, was
quite similar to the upstream bays, possibly due to the direction of the
water flow. The station by the diffuser (W1A) showed an increase In the

numver of taxa durlng the suauer while W23 and W2C remalned severely
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depressed. The patterns of the upstream stations were reasonably consistent,
thus both spacial and temppral differeuces were In effect.

The oligochactes were not identified to lower taxonomic entities and the
numbers even Include a few individuals of the freshwater polychacte,

Hanayunkia eriensis. Lowest densities were found outside of the dischavge

bay. The greatest nuabers were found in August. This was the wost common
taxon, comprising 65.9% of all »srzanisms (54.5 to 74.9%, for each sampling).

Chironoanilds were the second most comaon group, 27.5% of all organisms
{19.1 to 36.17%7 for each period)., Eleven genera were capturcd, with the most
comnon and widzly dispersed being Pracladius.‘ Huch lower numbers and number
of taxa was found in the discharge bay.

Two gencra of Trichopera were found. They were wore common in the last
2 sanplings and a few were found in the discharpe bay during October.

Ephemeropera was represented almost exclusively vy Hexagenia. None were
found in the discharge bay and the October samples contalned very small

individuals.

Conclusions
The benthlc Invertebrates demonstrated noticeable differences between
the WLSSD discharge bay and two bays upstream.

The discharge bay contained fewer types of organisms.
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Table 1. Sampling areas, stations and depth of water (meters) for the 1982

St. Louis Bay, Minnesota, benthos survey,

Transect in the bay south of the Minnesota

Power electric generating plant.

1A -~ Southern station

13 -~ Midpoint

1C - Northern station

Transect in the bay north of the

generating plant.

?A - Southern point

2B - Midpoint

2¢ ~ Northern point

Ray receiving WLSSD discharge.

Wl. Southern transect.
WiA - Close to diffuser
WiB - Midpoint of southern transect
W1C - Close to shipping channel

W2, Horthern transect, uses WlA as one end.
W2B - Midpoint of northern transect
W2C - Close to shipping channel

INT -~ Southwest of discharge bay

June Aug. Oct.
15 10 26
2.6 3.2 3.1
2.4 2.5 2.8
1.5 3.0 2.2
1.8 2.0 2.3
2.4 2.5 2.5
1.5 2.2 2.1
1.5 3.5 3.5
2.1 2.2 2.5
1.5 2.0 2.7
2.7 3.0 2.5
4.3 4.0 4,3
N/A 2.0 2.1



Tahle 2, Results from the June 1982, sampling of the ST, Louls Bay, Minnesota, benthos survey,

Sampting Stations - tA 1B IC A 2B 2C WA WIB  WIC W28 W2C Total
1) Ofjigochaotes 49 17 3 8 ! 2 76 187 71 96 70 540
2) Diptera

A} Chlronomidae
a) Tanypodinae

Procladius 20 16 1 17 14 21 3 7 23 4 9 144
Coolotanypus 6 2 10 3 1 3 35
Ablahasmyia 1 1 ?

b) Chironominae

Cryptochironomus
styllfera 2 1 ] 1 5

Cryprochironomus
nals 5 3 1 1 1 6 17

Glyptotendipaes ¥ 2 2 1 2 8

Tanytarsus 1 1

n

Chironomus 3 1

Polypedilum 5 i } 1 10 1 19

Micropsoctra

Tribalos

pupas

8) Ceratopogonidas

Palpomia 1 3 o 5
C} Culicidan
Chaoborus ' 1
3) Tricoptera
" Bhylocentranus 1 !
Decatis i 2 2 5
+) Ephemeroptona
. Hexagania 1 2 1 1 2 7
Caanis 1 1
5) Mollusca
Sphaorium 4 2 1 1 8
6} Amphipoda
Gammarus fasclatus 1 !
1) Other
{sapoda | 1
Hirudinao 2 2
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Table 3. Results from the August 1982, samplling of the 5%. Louls Bay, Minpesota benthos survey,

Sampling Staticons 1A 1B 1IC 2A 28 20 WIA  WIB  WIC W2B W20  INT  Total
1} Oligochaetas 102 34 30 6 22 46 95 109 93 110 196 30 873
2) Olpters
A} Chironomidae
a) Tanypodinaae
Procladius 16 4 1% § 1 16 2 31 17 24 25 1 158
Coalotanypus 3 1 | 5
Ablaboasmyia i 1 1 3
b} Chlrconominaa
Cryptachironomus
stytifera 5 1 1 1 8
Cryprochironomus
nals 2 2 1 2 11 9 3 30
Glyptotendipes
Tanytarsus 1 3
Chlronomus 1 1 5
Polypadilum i 1 ! 3
Micropsactra 1 1
Yribalos | 1
pupas 3 2 5
8) Coratopogonidae _
Palpomia } 1 3 5
C) Cullcidae
Chaaborus | i 2
;1 Tricoptora
Phylocentropus 11 3 7 4 6 | i i)
Qazetis
4) E£phemaroptara
Hexagenia 1 2 ! 2 1 7
Caenls
5) Mollusca
Sphaoer lum 1 4 2 1 2 8
6} Amphlipoda
Gammarus fasclatus 2 1 1 4
7) Other
| sopoda
Hlrudinae 2 4 2 1 2 i
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Table 4, Results from the October 1382, sampling af the St. Louls Bay, Minresnta bonthos SUTYEY.

Sampling Statlons 1A 18 IC 2A 2B 2C WIA WiB WIC #W2B w2C INT  Total

1) Ol Igochaates 56 23 12 15 4 25 74 93 78 35 24 1 518
2) Diptera

A) Chlronomldae
a) Tanypodlnae

Prociadius 20 4 3 1 8 35 19 67 42 43 10 252
Coalotanynyus 5 % 2 i 6 5 5 29
Ablabesmyia 1 3 ) a

b} Chlironominze

Cryptochironomus

stylifora 1 2 2 1 i 2 9
Cryptochiconomus '

nais | 1
Glyptatoendipes 1 ' 1
Tanyrarsus ! 1 2
Chironomus 1 2 | 3 2 22 1 32
Polypedilum 1 2 4 1 } 9
Micropsectrs
Tribaios
pupaa

B) Ceratopogonidas

Palpomia 1 2 3
Y Cullcidas
Chaotorus 2 3 1 6
3) Tricoptera
Phy locantropus 3 7 2 2 i 2 t 1 1 20
Qacatis 1 1

4) Ephemaroptera

Hoxagania 4 9 13 1 2 i 8 32

Caunis 1 ]
5) Mollusca

Sphaerium 1 1 H g9
6) Arphipoda

Garmarus fasciatus 2 1 1 1
7} Other

I sopoda

Hirudinae ) 1 i 6




Table 5. Summary resuits of the 3 samplings of the 1982 5t. Louis Bay, Minnesota benthos survey,
Samplling Statlons 1A 1B IC 2A 28 2C wWiA WiIB WIC W28 w2¢ INT Total
1} Ol lgochastes 207 M A5 29zl 13 245  34% 242 41 350 41 1523
2) Dlptera

A) Chlronomidae
a) Tonypodinze
Procladius S6 24 23 18 26 4% 40 57 107 70 77 13! 554
Coalotanypus 11 2 15 8 12 10 5 6 3]
Ablabesmyla 3 3 1 § § g9
b) Chircnominasa
Cryptochirenomus
stylifera 2 ] ] 3 3 ] 2 4 22
Cryptochironomus
nals 2 3 2 4 12 15 3 48
Glyptotendipas | 2 2 1 1 9
Tanytarsus 2 1 1
Chironcmus 1 4 4 8 22 1 1 46
Polypadl lum 6 3 1 15 2 2 31
Micropsectra 1 A
Tribalos 1 1
. pupae 3 2 5
8) Ceratopogonidae
Palpomia 3 i 2 3 3 i 13
C) Cullcidao
Chacborus 2 ! 4 1 1 9
3) Tricoptera
Phylocantropus 15 7 ) 9 5 a 1 2 H 1 54
Oocetis i 2 &
4) Ephemsroptora
Hexagon!a 4 7 16 2 5 4 8 46
Casnls 1 27
5) Moilusca
Sphaar fum 4 1 1 5 2 1 9 2 25
61 Amphlpoda
Sammarus tzsclatus 2 i 3 8 1 i 16
1) Other
tsopoda 1 1
Hirudinas 6 4 i 2 3 1 2 19
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Table 6. Summary of the number of taxa and organisms and percent composition of two major taxa from the 1982

. Louis Bay, Minnesota, benthos survey,

Sampling Stations

A

2B

INT

Total

Number of Taxa

15

16

11

22

Numbor of Organisms

97

98

78

2916

1 Olizochaetes

29.9

27.6

52.6

65.9

% Oligochactes + Procladius

48.5

54,

66.7

84.9

o
-



Table 7. Mumbers of organlsms and parcent compositlon, by sampling pertod,
for the 1982 St, Louls Bay, Minnssota, benthos survey.

June Auqust Jetober votat
No., ' H Na, 4 Na, b No, <
1) Ollgochaates 540 66,4 873 74,9 510 54,5 1923  §£5.9
2) Clotera
A} Chironomidae
s} Toanypodinae
Procladlus 144 17.7 158 13,6 250 26,9 554 19,0
Coatotanypus 35 8,3 5 0.4 29 3,1 69 2.4
Ablatasmyla 2 0.2 3 0.3 4 0.4 9 0.3
b} Chironominas
Cryptochironomus )
styllfera 5 0.6 8 .7 9 1.0 22 0.8
Cryptochlronomus .
nais 17 2.1 30 2.6 1 0,1 48 1.6
Glyptontendipes 8 1,0 1 0.1 0.3
Tanytarsus 2 0,2 3 0.3 2 0,2 0.2
Chlronomus 9 1,1 5 0.4 32 3.4 46 1.6
Polypedilum 19 2.3 3 C.3 9 1.0 k3 LI
Micropsactra 1 0.1 i
Tribalos 1 0.1 1
pupae 5 0.4 5 0.2
8} Ceratnpogonidan
Palpomia 5 0.6 5 0.4 3 0.3 13 0.4
C} Culicidaa
Chaoborus 1 0.: 2 0,2 6 0.6 9 0.3
3) Tricopters
Phytocentropus § 0,1 33 2.8 20 Z2ai 54 1.9
Owcatis 5 0.6 — 1 0,1 6 0.2
4) Ephenarcotera
Haxagen la 7 0.% 7 0.6 32 3.4 46 1.6
Caenlis ' 0.1 « 1 0.1 2 T
) Maliusca
Sphaorium ] 1.0 8 0.7 9 1,0 25 0.9
6} Amphlpoda A
Gammarus fssclatus 1 Q.1 4 0.3 11 1.2 16 0,5
7) Qther
| sopoda 1 0,1 1 T
Hirudinae 2 0.2 A 0.9 6 0.6 19 0,7
Total 813 1169 938 2916
No, Taxa 20 18 19 22
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Table 2. Density (numbers/mz) of benthic macrolnvertobrates collectad during 1983

from S5t. Louis Boy, Mlnnasota.

1A 13 1c 2A 28 2c WA Wil . Wi w28 w28 INT
1} Oligochactes 989 354 215 139 129 345 117N 1658 Y157 1152 1673 794
2} Dliptara
A) Chlronomidea
a) Tanynodinas
d Procladlius 269 115 1o 86 124 215 191 272 511 335 358 75
Comlotanypus 53 10 72 38 57 48 24 43
Abtabosmyla 14 14 5 5
b) Chironomlinae
Cryptochironomus 10 5 29 14 14 5 10 19
styllfera
Cryptoch! rononus 10 24 10 14 10 13 57 72 22
nals
Glyptotendipes S 10 10 S 5. 10
Tanytarsus 10 5 i 14
Chlrannomus b 10 19 19 38 105 S 14 9
Polypedl tum 29 10 14 g 72 10 15
Micropsectra 7
Thibeles 5
Puoao 14 10
8) Ceratopononidas -
Palpomla 14 5 10 14 14 5
C) Culleldan
Chachor Inan
Chaoborus 10 5 3 14 1 7
31 Tricontera
Phy tocantroous 72 33 24 43 24 38 5 10 5 7
Oacetls 5 14 10
ﬂ) Ephomaroptera .
Hexaqinla 19 33 5 10 24 19 62
Caenls 5 5
5) Moliysca
Sohasrium 19 M 5 24 10 5 43 P4
A} Amphipoda
Gammarus fasclatus 10 5 14 38 g 3
T} Gthor
Isonada 5
Hirudinan 29 19 5 V0 14 5 t4
Numbor of taxa t8 13 16 1% 15 14 8 10 0 4 5 11
Denslty of oraanlems 1531 641 5GB 464 464 MBS 1512 2086 1933 1497 2062 538
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DULUTH-SUPERIOR INNER HARBOR

Westsm Lake Superior
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Figure 1. Sampling stations for the 1982 benthos survey of St. Louis Bay,
Minnezota.
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PUFPOSE
The purpose of this spbtask was to document the distribution of plankton

organisms within the Duluth - Superior Harber, relative to the effluent of
.the Western Lake Superior Sanitary District (WLSSD). Samples of phyto-
plankion and zooplankton were collected from six sites in the Harbor: two '
sites were within the bay where YLSSD effluent is discharged (coded £ and

H); two sites were chosen to match these in bays "upstream” and north and
sputh of the Minnesota Power & Light Company plant (C and B, respectively);
the fifth and sixth sites were located at the Arrowhead Bridge [A) and the
High Bridge (L). These last two sites are located‘where plankton organisms
would be well-mixed "upstream” (A) and "downstream" {L) relative to conditions

within the WLSSD BRay.

MATERIALS AND METHOLS

Samples wese collected at two-week intervals at each site, coordinated
with the water quality sampling subtask (Figure 1). Phytoplankton were
taken from the upper meter of water by varnDorn water sampler. Slides were
made following McMabb (1960); 15 ml of the Lugol preserved sample were
filtered onto a mitlipore filter using a pressure - vacuum pump at Tow
vacuym. The filters were placed on 2 drop of immersion il and left to
stand overright, until clear. A drop of Permount solution {Fisher Scientific)
_was placed on tup of the filter and covered with a cover siip.

Six slides were made for each sampling period - one for each of the six
sites. The slides were counted at 400X, vsing random fields. dbout 50
fields were connted to give a total of 200 individuals counted per slide,
The number of fields varied with the density of organisms on the slides.

Individuals were identified to genus, and to species where pussibie. AN
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the colonies were counted as a single unit. Filaments were counted only if 5 or
more cells appeared in the-field of view. Chlorophvll a corcentrations from
each sample were measured by fluorometer {Strickland and Parsons, 1972),
corrected for hackground fluorescence. All values were read from standard
curves derived from purified chlorophy'l a (3igma Chemica} Company).

Zooplankton were taken by vertical tows 2t each site with 2 standard, 80p mesh
Wisconsin net. Preservation in 4% formalin plus 60 g/liter sucrose was used for
tre triplicate samples taken each time. Zooplankton were counted in open
chambers according to the procedures recommended by the International Biological
Programme (Edmondso. and Winberg, 1971); three hundred organisms, minimum, were
counted at each site. FEdmondson {1959) and Pennaky(1978) were used for

taxonomic reference.

RESULTS AND DISCUSSION

The Duluth - Superior Parbor supports a relatively ricn assemblage of
phytoplankton during summer. Thirty-three species were identified along with
twenty more units identified to genus {7oble 1). Only twelve species (units)
were found in large eno:ugh numbers to be considered common. There were not
anomalies in distribution ar densities of these comnon species between control
sites and sites near the outflov of WLSSD (Tabte 2a-c), except an increase in

the density of Cryptomonas erosa in the proximity of the effluent is indicated.

Diatoms tended to decline as the summer progressed and waters warmed

{Stepnanodiscus, Synedra), as is common (Fogg, 1975). Green algae fluorished in

the warmer waters and. surprisingly, very few blue-green algae appeared. The
low light intensities in the brown harbor waters may favor the growth of greens
over blue-greens, barring any organic pollution or nitrogen limitation (Wetzel,
1875).
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Table 1. Phytoplankton List for Duluth-Superior Harbor 5tudy, 1982.

Bacillariophyceae (diatoms)

Achnagthes‘1anceolata var. rostrada

Asterionella formosa *
(occoneis spp.™
Coscinodiscus spp.
Cyc!otella Meneghiniana*
Cymbella spp.

Diatoma himenale
Diatoma spp.

Eunotia pectinalis
Fragilaria capucina
Fragilaria crotonensis
Fragilaria ¢pp.
Gompnonema spp.
Melosira distans*
Melosira granulata*

Melosira
Melosira
teridion
- Havicula
Kavicula
Navicula
Nayicula
Havicuta
Navicula
Havicula
Havicuia

varians
spp.*
circulare
cuspidata
exigua
gastrum
hungaricsa
pupula
radiosa
viridula
spp.*

Hitzschia paiea

Nitzschia tryblionella

Hitzschia spp.
Pinnularia spp.

Rhoicosphenia curvata
Stauroneis crucicula
Stephanodiscus spp.*
Synedra actinastroides

Synedra ulna*

79

Synedra spp.*
Tabellarizc fenestrata
unidentified diatoms

Chlorophyta (green algae)

Actinastrum spp.
Ankistrodesmus
Cosmarium

Crucigenia quadrata
Elaktothrix viridis
Kirchneriella lunaris
Pandorina morum
Pediastrum duplex
Scenedesmus £pp.*
unidentified unicells
unidentified colonies
unidentified filaments

Cyanophyta (blue-grean algae)
Anabaena spp.
Anacystis spp.
Aphanocapsa spp.

cuglencphyta
Euglena spp.
Phacus Tongicauda

Pyrrophyta
Ceratium hirudinella

Cryptomonadales
Cryptomonas erosa”

* Common species throughout study.



Tahle 2a. June Phytoplankton in the Duluth-Superior Harbor,

Species
Asterionella formosa

Cocconeis spp.
Cyclotella meneghiniana
Melosira distans
Melosira granulata
Melosira spp.

Mavicula spp.
Stephanodiscus spp.
Synedra ulna

Synedra spp.
écenedesmus Spp-.

Cryptomonas erosa

467*
200
1267
1533
3467
0
400

1533k
333
133
67
2133

*Density, number per liter

8
733
133
733
933

3933
200
600
533

67

0

67

2267

80

800
133
600
1867

4600 -

867

600
1400

200
600
67
3467

Sites

600
200
400
2400
3267

267
533
200
333
200
2933

1067
133
400
1867
4000
800
400
667
67
467
67

2333

1
i

[+]
gU20

;33
67
400
2500
4200
133
267
267
133
333
200
2667
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Table 2b. July Phytoplankton in the Duluth-Superior Harbor, 1982,

Species A
Asterionella formosa 133>
Cocconeis spp. 467

Cyclotella meneghiniana 3067

Melosira distans 3067
Melosira granulata 867
Melosira spp. 0
Navicula spp. 400
Stephanodiscus spp. 67
Synedra ulna 333
Synedra spp. 400
Scenedesmus spp. 133
Cryptomonas erosa 1067

*Density, number ner liter

67
467
933

1600
1667

67
600
600
400
400
200

4533

81

Sites

C
133
26i

1867
1600
1267

0

. 800

600
467
600
133
4200

E

200
933
267
1067

133

67
200
267

333
267

2733

. 3267

1733

333
133
200
200
267
1067

133
200
2133
3733
2133
0

200

267

200
€7

M~
j—
(9% ]
s <o



Table 2c Aucust Phytoplanktor in the Dyluth-Superior Harbor, 1982.

Species A
Asterionella formosa 67*
Coccor.eis spp. 67
Cyciotella meneghiniana 733
Melosira distans 600
Melosira granulata 2867
Malosira spp. 67
Mavicula spp. 33°
Stephanodiscus spp. 133
Synedra ulna 0
Synedra spp. 0
Scenedesmus spp. 133
Cryptomocnas erosa 3067

*Density, number per liter.

153
67
200

1000

2667
333
333

67

67

67
6500

62

Sites

€7

133
1067
2067
333
133

200

67

67
100G
2000

133

67

133
10,400

67
67
267
1133
2867
467
533

67
200
5133

260

600
1733
4200

400

267

67

133
67
1733



Table 3. Chlorophyll a Concentrations from the Duluth-Superior Harbor,
Summer, 1982 (ug/liter).

June 17 July 22 August 18
Site*
A 0.90 3.50 0.70
B 1.10 5.00 0.75
c 1.20 4.00 0.70
E 0.90 4.00 1.10
H 0.75 0.20 - 1.00
L 0.85 3.00 0.60

*Qeference Figure 1.
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Concentrations of Chlorophyll a measured from each site are presented by
date in Table 3. The usual pattern for north temperate waters is seen in the
harbor, as well: Chlorophyl] values climb into July and drop quickly as solar
radiation and water temperatures diminish. We conclude once more that all sites
demonstrate the same essential pattern (p .05, two-way ANOVA)} as we did from the
species 1ist information (Sokal and Rohif, 1969). The one interesting
departure, site "H" on July 22, shows a value one order of magniruce Yowar than
its companions. This site is the offshare site in the WLSSD Bay. Ail standacrds
and procedures were double-checked for this sample - the value i3 correcily
reported, This probably indicates the sort of variability thet can be exrected
when sampiing near the dredged channels, the deeper waters of which cuntain less
chlorophyll than the uppermost layers. Light attenuation, rapidly in the
uppermost layers, must be an extremely important factor influencing
ghytoplankion 1ife in the #Harbor.

The zooplankton of tra harbor, judging from these six sites, become

dominated oy Besmina coregoni {some spacimens bear features of B. iongirestris)

as summer progresses. Table 4 displays the thirteen taxonomic cateqeries inte
which zooplankton were enumerated. Table 5 i1lustrates the volumes of Harkor
water filtered per sample at each site during the simmer. Tlriplicate samples
were taken each time, At times, Bnimina so deminated the community that they
appeared to "swarm". This became more nrominent later in mid-summer as the more

cool-water species like Daphnia galeata and the Diaptomus spp. declined. From

Table 6a, b, and ¢, the clear dominance of just a few species within the

commuw oy can be seep., The pattern persisted av each of the sites sampied.
Further, the same species were dominart at all six sites at one particular time
tho 1h the magnitude of this dominance varied, Only eight species figured
importently in the 2coplankton community structure, howevar, eieven taxe plus a
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Table 4. Composite List of Zooplankton from 5Six Sites in the
Ouluth-Superior ifarbor, Summer, 1982, -

Category 1 - Cladocera
Daphnia galeata

Bosmina coregoni

Diaphanosoma leuctenlergianum
Leptodora kindtii
Ceriodaphnia megalops

Alona guttata

Category 2 - Copepoda

Diaptomus spp.
Mesocyclops Teuckarti
Paracyclops fimbriatus
Halicyclops spp.

Orthocyclops modestus

Category 3

Immature copepods (nauplii & copepodites)

Harpacticaida
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Table 5. Volumes Filtered in Zooplankton Collection {liters)
at Six Sites in the Duluth-Superior Harbor during
Summer, 1982
A 8 C £ H L

June 73.6 24.5 61.4 30.7 24.5 73.6

July 73.6 24.5 15.3 24.5 36.8 73.6

August 73.6 24.5 30.7 36.8 36.8 85.9
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category of immature copepods (nauplii and copepodites) were enumerated along
with an occasional errant Harpacticoid copepod-up from the sediments.

The June data (Table Ga) illustrate an interesting phenomenon around
station E, the WLSSD effluent. The producticn of immature copepods is aheaa
here relative to the rest of our sites. I suspect the warmth of the effluent to
he the principal cause. The numbers of immatures are‘elevatgd 10 - 15X over
those in the two comparison bays in June. This relationship is still somewhat
apparent in July, but disappears hy August. This could be an indirect effect -
the warmth causing accelerated algal growth, algaé used as food by the
copepods.

In July (Tabie 6b) the overall community was quite reduced, but densities
were highest in the WLSSD Bay. Halicyclops spp. which pervade the bay were most
abundant at station E, near WLSSD. This genus is known’for its tolerance to

brackish-salty conditions (Edmondson, 1959),
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Table 6a. June Zuoplankton in the Duluth-Superior Harbor,
1982 (no. per liter).

Zooplankton A
Daphnia galeata 6.94
Bosmina coregoni 31.89
Diaphanosoma leuctenbergianum .34
leptodora kindii .10
Ceriogaphnia megalops .00
Alona gquttata .00
Diaptomus spp. 3.95
Mesocyclops leuckarti .42
Paracyclops fimbriatus .93
Halicyclops spp. 1.29
Orthocyclops modestus .00
Immature copepods 7.82
Harpacticoida .00

8.41
29.02

2.29
.24

.53

2.86
.00
18.24
.00

53

Sites

c £
9.66 3.88
49.44 77.04
2.10 1.56
.28 .00
.00 .00
.00 .00
.44 3.68
.73 20.03
1.14 .33
3.93 10.07
.00 .00
24.54 ' 211.50
.00 .00

9.
40.

10.

59
61

.37
.00
.00
.00
.88

.31
.65
.00
.78
.00

9.43
178.56
3.40
.00
.00
.00
1.89
2.27
2.27
4,52
.00
71.30
.00



Table 6&b. July Zooplankton in the Duluth-Superior Harbor, 1982

{no. per liter).

Zooplankton

Daphnia galeata
Bosmina coregoni
Diaphanosoma leucten bergianum
Leptodora kindtii
Ceriodaphnia megalops
Alona quttata
Diaptomus spp.
Me<rcyclops leuckarti
Paracyclops fimbriatus
Ha]icyc]ops 5pp.
Orthocyclops modestus
Immature copepods

Harpacticoida

A
.26
.9
.23
.00
.04
.01
.15
.03
.12
.92
.00

5.39
.03

a9

.53
2.00
.33
.00
.04
.04
.3}
.08
.37
5.76
.00
9.63
.00

Sites

c
.78

6.60
.92
.00
.00
.07
.26
72
.39

.00
11,05
.00

17.

11

54.

m

39

.47
.00
.00
.00
.35
.61
.08
.43
.00

a2

.00

2.26
1
.00
.00
.03
.38
.16
.22
.73
.05

4.65
.00

.61
2.02
.07
.00
.00
.00
.57
.20
.39
1.20
.10
8.14
.01



Table 6c. August Zooplankton in the Duluth-Superior Harbor, 1982
(no. ner liter),

Sites
Zooplankton - A B c - E H
Daphnia galerta 19.35 24.284 13.75 6.36 7.42
" Bosmina coregoni 9.10 29.63 19.71 .25.79 17,17

Diaphanoscma lewten bergianum  9.46 8.20 5.67 3.34 3.89

Leptodora kindtii .08 .00 .00 .00 .0a
Ceriodaphnia megalaps .30 1.02 .72 .19 w13
Alona guttata .00 .00 .00 .00 .00
Diaptomus spp. 4.6  3.84 4.36 8.07  5.16
esocyclops leuckarti 1.44 4.82 2.61-  6.85 3.45
Paracyclops fimbriatus 3.70 9.39 4.07 65.85 3,23
Halicyclops spp. 3.10 5.47 3.84 7.23 4,27
Orthocyclops modestus .00 .00 .00 | .00 .00
Immature copepods 16.70 37.39 17.10 25.73 18.67
Harpacticoida .00 .00 .00 .00 .00
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3.02
6.29
.0
.00
.a8
.00
.37
1.70
1.65

.00
10.98
.00



August {Table B¢} showed higher densities overall for the zooplankton

in the Harbor. Relatively large gains were made by Diachanosema and Cerio-

daphnia, which made its first abpearance in our samples from four of the six
sites, Their densities wege gréatest in the open water stations and the
control bays {sites A, L and B, ©). The population increases of these spec-
ies probably paralleled the development of adequate bacteria, phytoplankton
or periphyton food supplies.

The Duluth-Superior Harbor is a complex system for pelagic sampling. llot
only is the bathymetry complex, with the extensive shallows plus the deep,
dredged ship channels, but the interactive flows of the St. Louis River and
seiche currents from Lake Superior make point samples alfunction of many
variables. In the shallows, particularly, the range of seasonal change can be
extreme. Within this context, examinatian of the plarkton data from Summer

1982 shows no adverse influence of the effluent from the Western Lake Superior

Sanitary District..
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The ventllatory activitles (cough and opercular rates) of twe bluegills
exposed to 100% final—treateé effluent (continuous {low-through) were
nonitored over an extended period of time. A synopsis of this moniltoring
effort follows.

ng fish were installed on August 18, 1982, and allowed to recover from
the effects of transfer For 24-hours. Starting August 19, the fish were
monitored continuously for the next 96--hours and all respiratory data was
tecorded on strip-chart records. At least one major period of stress was
noted to occur; at other times the fish appeared normal, i.e., éimilar to
several hundred controls observed at ERL-D in Lake S;perior water.

AMfter 96~hours, fish were monitored nearly every day for the next month.
New fish were installed on August 27 and on September 10, 1982. During this
period, treatment plant operators would turn the strip-chart monitor on for
time slots ranging from 2 to 12 hours per day. Occasionally the fish were
monitored even longer.

Respiratory data were pletted at half-hour intérvals on the basis of
relative change from the expected normal. Three categories were designated:
some stress evident, moderate stress, and highly stressed. [t was apparent
from these data pleots that the effluent was not of consistent quality from
hour-to~hour or day-to~day. At least one period of high stress was
correlated to the presence of residual chlorine. Another period of stress
appeared to be corfalatad with changes in influent quality as a result of
industrial housekeeping activities., University of Wisconsin personnel
conducting on-site exposures observed mortalities among fathead minnows
during this same perlod (circa September 1 - 7). Other peak perlods of

response were of unknown cause.
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All original data plots were turned over to Mr, Duane Long at WLSSD fer

i

-
&

study and comparison of these events with treatment plant operations.
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SITE-SPECIFIT ACUTE AND CHRONIC AQUATIC TOXICITY
TESTING--WESTCRN LAKE SUPERIOR SANITARY
DISTRICT TREATMENT PLANT EFFLUENTVSTUDIES
INTRODUCTION

A need exists for the characterization of natural waters regarding their
capacities for reducing the toxic effects of discharged wastes to aquatic organisms,
An understanding of effects of naturally occurring ligands in reducing toxicities
of various wastes would facilitate the issuance of variances for discharge permit
Timits upon an envirommentally sound site-specific basis,

A study was conducted by the Univefsity of Wisconsin-Superior, Superior, WI,
to determine the toxicity to aquatic organisms of.effluent from the Western lLake
Superior Sanitary District (WLSSD)'treatment facility in Duluth, MN. Exposures
were conducted on site and at the University of Wisconsin-Superior campus with
oréanisms native to the area and thought toc have a high level of sensitivity to
potentially toxic effluent. Water from the St. Louis River upstream from the
WLSSD discharge point and University of Wisconsin laboratory water were used as
the control water.

Bioassays were conducted using static and flowing conditions with grab and
composited samples of two processed waters within the WLSSD treatment plant and
seven species of aquatic organisms. Water samplies were collected at various

times throughout the summer of. 1982.
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METHODS

Test Hater Description

WLSSD trcatment plant processed waters andASt. Louis River water were
employed as test waters. WLSSD water was examined for suspected toxicity while
the river water was used as a ’clean’' water control for comparisan.

Two types of HWLSSD treatment plant processed waters viere tested - filtered
and final efiluent. Filtered effluent was water which had been fully treated
except for chlorination. This water was called filtered effluent because it is
filtered imnediately prior to chlorination. Final effluent was filtered effluent
that had been chlorinated and subsequently dechiorinated before discharge to the
harbor. Filtered effluent was not released to the harbor during this study with-
out chlorination and dechliorination.

St. Louis River water was collected by submerging 5 gal polypropylene car-
boys at a site Tocated at the end of the City of Superior, WI boat landing pier

on the downstream side of the Arrowhead bridge.

Water Chemistry Determinations

Measurements of pH {Method 424), total alkalinity (Method 403), total
hardness (Method 309 8) and dissolved oxygen {Method 422 B} were made on exposure
water samples according to Standard Methods for the Examination of Water and
Wastewater {APHA, 1975). Water analysis was performed once either at the start
or during the exposure period for static bioasgays. For the flow-through tests,
samples for pH, alkalinity, and hardness were taken every day while dissolved
oxygen was measured at least every other day. Alkalinity and pH determinations
were campleted on the same day they were taken or stored at 3 € overnight before
the measurements were made. Samples from the WLSSD treatment plant for hardness

determination required fivefold dilution prior to analysis. Without dilution,
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the hardness endpoint was not clear. Chiorine content and pH of ﬁhe tested
effluents at the time of discharge are available from WLSSD records and not
reported in this report.

Results of final effluent exposure water chemistry measurements made during
the ctudy period were quite variable. The geometric mean pH was 7.76 and ranged
from 6.7 to 8.6. The mean total alkalinity was 214 mg-L'] as CaCO3 with a range

from 147 to 362 mg:L']. The mean value for total hardness was 210 mg-L"l as

CaC0y, ranging from 121 to 252 mg-L7).

The mean and standard deviation of
dissolved oxygen concentrations were 6.8 + 1.0 mg-LT1 (n=118).

Results of filtered effluent exposure water chemistry determinations were
also highly variable. The gecometric mean pH was 7.95 with a range of 6.5 to
8.6 The mean total alkalinity was 193 mgoL'] as CaC0,, ranging from 142 to

]. Hean total hardness was 235 mg-L'1 as CaCO3 and ranged from 208

278 mg-L~
to 267 mg-L']. The mean and standard deviation of dissolved oxygen concentra-

tions were 6.8 + 0.9 mg.L“1 (n=88).

Organisms
Test organisms used during the series of exposures included Daphnia magna,

{water flea), Gammarus pseudolimnaeus, Hyalella azteca (amphipods), Pimephales

promelas (fathead minnow), Diplectrona sp. (caddis fly), Hexagenia sp. and
Stenonema sp. (mayflies). D. magna were cultured at the University of Wisconsin-
Superior with 30 mg of yeast and trout chow (4:1 wt:wt) per liter of water. G.

pseudolimnaeus were collected from the Eau Claire River upstream of the city

of Gordon, WI on 17 March, 1982. On the same date, H. azteca were collected
from the St. Croix River immediately below the St. Croix Flowage dam near
Gordon, WI. The amphipods were held at 15 C and fed ground, dried, mapie leaves

prior to exposure. Fathead minnows were reared in the University of Wisconsin-
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Superior culture facilities and fed 48 hr old Artemia s<p. (brine shrimp) until
testing. Diplectrona sp., ﬁgﬁgggpjg_sp. and Stenonema sp. were all collected

on § August 1582 from Hiséion Creek at Tond du Lac, MN, the Drule River at the
Wisconsin Ranger Station, Brule, Wl and from Interfalls Lake at Pattison Park,
WI, respectively.

During a1l tests observation for mortalities were made at least once-dai1y.

Static Biocassays

Static tests were conducted on grab samples and on one day and seven day
composite samples of WLSSD effluent collected at different times throughout tihe
summer, The tests were run at the University at rbom temperature which ranged
from 21-23 C for the exposures.

The 14 June, 1982, effluent was screened for toxicity with five 30 day-old
P. promelas, six £. pseudolimnaeus and eleven H. azteca. They were all tested
in 1 L beakers containing 900 mL of the grab sample. In addition, five young
P. promelas and five D. magna were tested in 256 mL beakers containing 200 mL
of grab sample. |

Static exposures performed from 23 June through 2 August, 1982 used grab
and one or seven day composite samples of WLSSD effluent. Quadruplicate ex-
posures of five P. promelas and five D. magna in 200 mL of 100% effluent were
made in 250 mL beakers. For each exposure, quadruplicate control exposures were
performed using laboratory waégr from the University of Wisconsin-Superior.

Grab sampl:s of WLSSD effluent taken on 8, 9, and 10 September, 1982, were
used to expose P. promelas. The samples were diluted with St. Louis River water

to provide 0, 25, 50, 75, and 100 percent solutions in duplicate. Ten fish total

were exposed Lo each concentration.
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Flow-Through System Description

A continuous flow system was designed to expose various types of organisms
to the WLSSD treatment plant final effluent and to St. Louis River water.
Temperature control and aeration were provided to ihe test waters. Organisms
were exposed to 100% final effluent and 100% St, Lodis River water. An
identical exposure apparatus was used for cach water type. The apparatus con-
sisted of an exposure tank within a larger tank (water bath). Two types of
exposure tanks were employed throughout the three month test period: a large tank
inte which two small compartmental inserts were placed and a swaller exposure tank
with no compartments. Each exposure tank was equipped with a stand pipe and drain
tube. Metering pumns delivered test waters to the exposure tanks via stainless
steel tubing. The point of inflow was always opposite the tank stand pipe. Tﬁe
WLSSD final effluent diverted to a sampling box was the source of treatment plant
test water, St. Louis River water that was collected periodically was pumped
from a 56 L polypropylene reservoir into the other exposure tank. To facilitate
temperature control, a flow-splitting tank distributed cold tap water equally to
each of the two water bath tanks. Adequate oxygenation was supplied by a dual

outlet air pump. An air stone was placed in each exposure tank in the area of

test water inflow.

Fiow-Through Biocassays

The first flow-through exposures were conducted with Diplectrona sp.,
Hexagenia sp., P. promelas, and Stenonema sp. Fivé each of Diplectrona sp.
and Hexagenia sp., and ten each of P. promelas and Stencnema sp., were exposed
in duplicate. To separate the organisms and expose them in duplicate, two 3

compartment inserts and two stainless steel mach cages were ;sed within a larae

exposure tank thét measured 34,5 x 20.5 x 10.5 cm. The inserts measured
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15.0 x 15.4 x 13.8 cm and had two ends coverad with 505 Nytex@Dmesh to

allow water exchange. The c;ges were 9.4 cm Tong by 4.0 cm in dianeter and
closed with a neoprene stopper. Ten Stenonema sp. were loaded in each of the
cages and positioned in the center of insert compartments. The other organisms
were exposed separately in insert compartments. The tank volume exchange rate
with final effluent was 5.8 volumes~duy'?.

In the secand fluw-through exposure, twenty fathead minnows were placed
into a tank 9.8 x 23 x 11.8 cm containing 2.65 L of water. Flow was increased
to provide 20 tank volume exchanges-day'].

In both exposures a duplicate system was operafing using St. Louis River

water, collected daily, as a reference. A1l chambers were covered with a glass

plate to prevent contamination and evaporation.

RESULTS

Bivassays of WLSSD effluents {prior to chlorination and inmediately after
dechlorination) were conducted with waters sampled "14 June through 10 September
1982. Both static and flow-through assays were conducted, with the static tests
performed at the UM-Superior testing facility and the flow-through testing done

at the WLSSD treatment facility.

Static Bioassays

Twenty-three tests were run with WLSSD effluent and St. Louis River
reference water. Four species of aquatic organisms (P. promelas, G. pseudo-

limnaeus, H. azteca, and D. magna) were included in the tests. Water samples

were collected on thirteen occasions from three sites (St. Louis River, WLSSD
effluent after final filtering pricor to chlorination, and final processed water

after chlorination and dechlorination). Some deaths occurred in St. Louis River

102



reference water in 26.1% of the tests. Similar numbers of deaths in reference
and processed waters precluded the use of bioassay data with Daphnia for the
composited water samples collected on July 12 and 19 and with P. promelas for
water samples collected on July 13 and September 9. Filtered effluent from
WLSSD hau increased toxicity when compared to St. Louis River water in 46.2% of
the remaining tests (Table 1) and the final WLSSD effiuent showed increased
toxicity when compared to St. Louis River water in 38.9% of the remaining tests,
However, mortalities of 5-10% represented the deaths of only 1-2 organisms.

The greatest differences in mortalities of organisms in reference and
processed waters were with P. promelas and yrab samples of the final effluent
collected on 29 July, 8 September, arnd 10 September.‘ On these three dates
(23.1% of sampling dates), mortalities ranged from 33 to 100% in the undiluted
final effluent. A portion of the samples collected on 29 July and 10 September
were held seven days with aeration and retested with P. promelas. Toxicity was
reduced from the initial tests. Mortalities decreased from 40 to 5% for the
29 July grab sample and from 100 to 0% for the 10 September grab sample (Table 1).

Toxicity of the 10 September final effluent was estimated by diluting
the effluent with St. Louis River water and exposing P. promelas for 96 hr.
The dilutions were 25, 50, and 75% of the processed water. A Spearman-Karber
(trimmed) estimate was made of the median Tethal concentration (LCSO) for this
water sample (Hamilton, et al. 1977). The 96 hr LCSO was 55.4% of pure processed

water,

Flow-Through Bipassays

Initially, four species of aquatic organisms (P. promelas, Hexagenia sp.,

Stengnema sp., and Diplectrona sp.) were exposed to St. Louis River water and

WLSSD final effluent for 96 hr starting on August 16. The 5t. Louis River
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TABLE 1.

Compositing with a Pump for 1 or 7 Days.

Grab Samples.

Processed Water Collection

Effects upon Survival of Several Species of Aquatic Organisms Exposed
to St. Louis River Water {Reference) and Two Processed Waters of the
Western Lake Superior Sanitary District (WLSSD) for 96 hr.
Haters were Sampled at the Stated Times by Instantaneous Grabs or by
Reference HWaters were all

Exposure Water Temperatures were 21-23 C.

Processed

Percent Mortality

Date Time Type Exposed Species Age Reference  Filter?/ Final¥
6/14 1430 Grab Pimephales promelas 3 day 0 0 0
30 day 0 0 0
Gammarus
pseudolimnaeus adult 0 0 0
Hyalella azteca adult 0 9.1 0
Daphnia magna adult 0 0 0
6/23 1455 Grab Pimephales promelas 3 day 0 10 0
Daphnia magna adult 0 20 5
6/29 0833 Grab Pimephales promelas 3 day 0 10 0
6/30 . 1115 Grab Pimephales promelas 5 day 0 8.3 9.8
7/12 7 -day Pimephales promelas 9 day 0 0 N T.bj
Composite
‘ Daphnia magna adult 11.8 5.0 N.T.
7/13 1 day Pimephales promelas 10 day 5 4.8 5
Composite
7/19 1 day Pimephales promelas 11 day 0 0 0
Composite
Daphnia magna adult 1.8 20 10
7/19 7 day Daphnia @gggg?/ adult 0 5 0
- Composite
7/29 1430 Grab Pimephales promelas 5 day 10 N.T. 40
772908 1430 Grab Pimephales promelas®/13 day 0 N.T. 5
, Pimephales promelas 13 day 0 N.T. 5
8/2 a.m. Grabf/ Pimephales prome]asgf 5 day 0 0 5
9/8 p.m. Grab Pimephales Qfome]asgf 0-5 day 10 N.T. 33
- 9/9 a.m. Grab Pimephales prome]asgf 1-6 day 10 N.T. 9.1
9/10 a.m. Grab Pimephales promelas< 2-7 day 0 N.T. 100
9/10ﬂ/ a.m. Grab Pimephales promelas® 8-13 day 0 N.T, 0

a/ Fiiter is processed water immediately prior to chlorination.
~  and dechlorinated processed water as it leaves the treatment facility.

Final is the chlorinated

was aerated during testing, final water was aerated only at stated times
(see footnotes e & g).
not tested.

b/ N.T. =

¢/ 48 h exposure.

d/ Water collected on 7/29 was held and retested on 8/6.
§7 Continuous aeration during exposure to final processed water.

f/ Water collected on 8/2 was aerated and held for testing until 8/7.

/ vaily 15 minute aeration during exposure.
Ey Water collected on 9/10 held at room

temperature and retested on 9/17.
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reference water consisted of daily grab samples collected upstream at the
Arrovhead bridge and WLSSD final effluent pumped continuously from
the treatment plant discharge line. Mo significant (p<0.05) differences were
observed in mortalities between the two tested waters, However, high mortalities
in the controls occurred with the exception of the Stenonema bioassay, where no
control o}ganisms died. Ten percent mortality occurred in the final effluent
test water with Stenonema. ‘

An extended acute flow-through exposure of P. promelas to WLSSD final effluent
was then conducted between 1 September and 8 September. The test was designed
to proceed for 30 days to observe fish for possible growth differences. However,
at 192 hr the test was terminated due to mortality of all organisms in the final

effluent test water {Table 2). The reference or control water was St. Louis

River water in which 95% of the fish survived the 192 hr exposure.

TABLE 2. On-Site Flow-Through Ex{ended Acute Biocassay of Western
Lake Superior Sanitary District (WLSSD) a/
Final Process Water with Pimephales promelas~

Percent Mortality

ASt. Louis Final
Date Duration River Effluent
9/1 24 h 0 0
9/2 48 h 0 0
9/3-6 72-144 h 5 <20/
"9/7 | 168 h 5 <502/
9/8 192 h 5 100

a/ Fathead minnows were 15 days old at the start of the extended acute
exposure.

b/ Effluent was highly colored and percentages are approximations based
on observations of natted fish om 9/7 and 9/8.
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DISCUSSION

The processed water discharged from the HLSSD treatment facility is not
continuously toxic to aquaﬁic organisms on an acute basis. However, significant
toxicity does periodically occur. In 23.1% of the samples collected from 14
June to 10 September, 1982, mortalities to fathead minnows in the undiluted
final effluent ranged from 33 to 100%.

The grab sample of final effluent collected on 10 September resulted in
100% mortality. When this effluent was diluted with‘St. Louis River water, the
resultant LC50 to fathead minnows was 55.4% of the pure processed water. From
this it would appear that the mixture of QLSSD finaI effluent and harborkwater
would be acutely toxic at times to organisms in the immediate vicinity of the
diffuser pipes where the effluent.is discharged., Dependent upon the total volume
of St. Louis River water for dilution 6f the WLSSD effluent, toxicity would be
diminished as distance from the diffuser pipes increased. The dilution factor
can be determined from other studies.

The observation that acute toxicity of the final processed water from WLSSD
was greatly reduced upon holding with aeration for a period of seven days in-
dicated that the chemical agents responsible for the toxic effects were volatile
or chemically unstable in the water. One possible cause for the observed periodic
toxicity that was examined was the concentration of total residual chlorine in
the final effluent. Records of the chlorine feed rate and chlorine concentrations
in the mixer and final effluent were obtained from WLSSD (Figure 1). Elevated
concentrations of chlorine in the final effluent were recorded on 6 September
and 9-10 September, Grab samples of final effluent collected on 8 and 10 September
resulted in 33 and 100% mortality, respectively, to fathead minnows in static
bivassay. The 96 hr LCSO for total residual chlorine with fathead minnows was
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Figure 1. Chlorine feed rate (]bs-day'l) and concentrations of chlorine in the mixer and

final effiuent (mg-L=!) at the WLSSD wastewater treatment facility from September 1
to September 10, 1982. -
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1 in two separate tests (Arthur et al., 1975).

reported as 130 and 86 pg L~
The 24 hr LC50 for fathead minnows was 145 and 140 ug-L"] as determined by the
same authors.

On 6 September, the final effluent chlorine concentration reached a recorded
high value of 180 pg-L'] and on 9-10 September the concentration for the three

recorded spikes ranged from 270 to 450 ug-L'].

The toxicity of the final effluent
grab sample collected on 10 September may have been caused by elevated concentra-
tions of chlorine on that date. However, possible causes for the mortalities in
the static bioassays conducted with grab samples collected on 29 July and 8
September are not known.

In the extended acute flow-through exposure with young fathead minnows that
started on 1 September, mortalities began occurring between 3 and 6 September,
with complete mortality occurring by 8 September.‘ These mortalities may have
resulted from the elevated chiorine conéentration on 6 September.

WLSSD personnel indicated that excess carbon dioxide (COZ) may occasionally
be present in sufficient concentrations to cause mortality of fathead minnows.
Evidence of high CO2 content of the final effluent does exist, although no CO2
measurements were made in this study.

The pH of scme grab samples increased with time. Samples taken on 8, 9 and
10 September 1982 had an initial pH of 6.95, 6.81 and 6.61, respectively (WLSSD
records). They exhibited a gradual increase of pH to 8.12, 8.55 and 8.45,
respectively, when held 1 day for bioassay testing. Five water samples taken
during the period, 1 September to 5 September 1982, had a mean pH of 7.13 and
ranged from 7.05 to 7.2) when measured within 6 hr after sampling. They exhibited
an increase of 0.45 to 0.60 pH units according to plant records of pH for final

effluent discharged during this peried. It is not known whether these five
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samples would have increased to a pH greater than 8.1 as did samples taken
during the later sampling pericd.

During the second flow-through bioassay the total alkalinity of biocassay
water was frequently much greater than hardness. For final effluent grab samples
taken on 8, 9, and 10 September and analyzed at the end of acute biocassay
exposures, the total alkalinity was 317, 362 and 236 mg-L"] as CaCO3, respectively.

Corresponding hardness values were 152, 141, and 121 mg-L']

as CaCOB, respectively.
The differences between alkalinity and hardness are greater than that of samples
taken earlier in the study. Alkalinity and hardness values for the time ﬁeriod

1 September to 5 September 1982 had a mean of 218 and 174, respectively, with a
range of values from 210 to 235 and 165 to 187, Eespective1y. Thae interaction

of high pH influent from the Potlatch Corporation with other influent and process
waters already within the plant may result in a temporary buffering of the final
effluent.

Discharge water from the Potlatch Corporation passes through the Cloquet
pumping station and travels to the WLSSD treatment plant where it mixes with
other ptant influent waters. Highly alkaline diséharge water from the Potlatch
Corporation reached the Cloquet station approximately at 9:00 a.m., 6 September
and continued until termination of our testing on 10 September, 1982. The mean
and range of pH values for Cloguet station effluent was 10.36, and 8.77 to 11.32,
respectively. Approximately 21 hrs later, the beginning of the alkaline water
arrived at the treatment pIéHt influent point, as indicated by a pH increase
from 7.48 to 8.14 in 1 hr. For the period 6 September to 9 September, 1982,
final effluent mean pH was 6.82 and the range of pH was 6.45 to 7.17. In com-
parison, final effluent mean pH was 6.59 and ranged from 6.45 to 6.81 during the

period 1 September to 5 Septeomber, 1982, Alkaline influent was not present then.
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Carbon dioride 1s readily dissoived into an alkaline solution and the con-
centration of HCO'3 and 603= are allowed to increase, subsequently increasing
carbonate alkalinity. This is the condition thaf existed in the Potlatch
effluent from 6 to 10 Septeber, Apparently, in-plant precipitation, complexation,
and dilution by other influents are sufficient to maintain a final effluent pH
near neutralily with elevated alkalinity during the time highly a]ka]iné Potlatch
effluent is present.

During the secondary treatment process microbial respiéation produces some
CO2 but an excess of free COZ may already have been present in the influent.

This would tend to preserve the high alkalinity of alkaline influent; that is,
it would allow relatively large amounts of COz(to remain in solution as HCO"3
as C03=. When the process waters pass from thé region of high free CO2 concen-

tration to a region of lower concentration, 602 is evolved according to the

following reactions.

co3(=) * Hy0 s===2 Hc03(“) + on(-)

(“) [— Y l(")
HCO3 + Hzﬁs H2C03 + ORY 7
H2C03?==:5H20 + COZ

When CO2 is evolved, hydroxyl ion (OH™) is produced, raising pH of final
effluent. These reactions are probably responsible for the pH increase observed
for the grab samples described earlier.

This mechanism, although simplistic, may explain a p}obab]e cause for thea
gradual pH increase, marked difference between alkalinity and hardness of final
‘effluent when alkaline influent was present and possibly, test organism

-4 -
1

mortalities. ATl of the factors which infliuence COZ concentrations arg not
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sunted for., High free COZ concentrations may have occurred at other times
during the study and may be associated with conditions other than alkaline

influent.
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The objective of this portion of the project was to ldentlly as many of
the organic components In the Western Lake Superior Sanitary District (WLSSD)
effluent as possible. To make this complex task wore meaningful, a similar
analysils was undertaken of the WLSSD affluent, as well as the effluent of the
Potlatch paper wmill operatfons in Cloquet, Minnesota., The latter is
suspected to be the largest single contributor of industrial type organics to
the WLSSD operation.

The qualitative analyses of the above three sites was the result of
coordinated sampling that gave a composite sample at each of those sites
corresponding as closely as possible to the same flow through sample. The
isolatlon and concentration of the organics in these composite samples was
done in threes to reflect the “acidic™, "neutral™, and "basic”
functionalities in the conponents. The phemical analyses were done by mass
spectrescopy. The mass of data obtalned are presently being Incorporated
into a three x three watrix (3 analyses at 3 sample sites) based on
functienality.

A two-pronged approach to the analyses of chlorophenols was developed ia
the event this would be useful for future monitoring purposes., The
procedures were complementary In that one was a gas chromatography with
electron capture detection (GC~ECD) approach aimed at sensitivity, and the
second procedure used liquld chromatography (UPLC) with a variable wavelength
detector that, with wavelength ratloing as a tool for identification, would
ald in the identification of chlorophenols In complex mixtures. The GC-ECD
method involved a prior derivatization with acetic anhydride which led to
enhanced extraction efficiencies, whereas the iIPLC analyses, while not as

sensitive without prior concentrarion, did not require derivatization.
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A procedure has been optimized for the quantitative analysis of trace
phenolic components in environmental samples. Basle solutions that contain
the phenolic compounds as their phenoxide salts are acetylated with acetic
anhydride. The resulting acetate derivatives of the phenols are readily
extractable from an aqueous solution and are easier to handle by common GC
tecliniques.

:iled report containing the methods used in effluent characteriza-
tions and raw data, and chlorophenol analyses procedures are available on

request,
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