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EXE CUTI Vr: SU~1"1ARY 

This was a cooperative effort among thL~ University of Wisconsin

Supnrior, llnivl!rsity of ~linn('sota-Ouluth, nnd U.S. EPA Environmental Research 

Laboratory-Duluth to develop and evaluatr ·~ff1'...1ent toid-:ity screeninx rnetiwds 

and test m0thods ~nd proLacols for deriving site-apecific wat~r quality 

criteria. The principal comp0r,c>nts of the study were to include: (1) a 

chemical d•a·cactcrization of the main discharges to the St. Louis River and 

1Iarb,,r, (2) persistence of toxic pollutants in the St. Louis River and 

Harbor, (j) a description of the exposure times for v,lrious components of the 

ecosystem, (4) bioassays with St. Louis River water and resident species, (5) 

an a'lscssment as to the deg rad at ion of the biologic community of St. Louis 

Harbor, an.J (6) ,1 r:iodelini:: frrunewurk to a,j,~rcss items l through 5. 

Because pcrsisLcnt toxic pollutanc concentrations were not found in the 

WLSSD effluent and qo persistent open W<lter pollutant prc!blems were apparent, 

this study was ended. Fol lowing arc a series of reports on work completed. 
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A S1rn1,1rnrv of Results and Conclusions 

ST. LOUIS BAY 

Water Chrmi:itry Survrys 

At the six sites, in thr smal L embaymcnt near the Western Lake Sup".- ior 

Sanitary District (WLSSD) wastewater trcatml'nt plant, ammonia, 11lkalinity, 

total phosphorus, and chloride w<>ri> hi~'i1C'r than ~n the control cmb;iym,•nts. 

TI1c fraction of WLSSD cfflucnl, estimated from chlorid~ 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 p~po. 

Ammonia and total phosphorus appear to have a substantial 11>clim1!nt 

source in the small '!mbayment nc:>ar Wl,SSD. 

Nutrient input budgets for St. Loi.: is Bay reve.1lcd that 90% of the 

alk:ilinity, .wim0nia, and tot11I phosplwrus lo.1dings were derived from the St. 

Louis Riv(•r with the remainder ori{\in11ting from WLSS!), 11,"lwev••r, high 

chloride concentrations in the WLSSO cfflurnt cont(ibute 43% of the Cl

loading to St. Louis Bay, cor;ipared to 571. fr,1m the St. Louis Rivt'r. 

Comparison of thr total piwsphorus input budget for 1982 with a similar 

bu<lget for 1972 revC"aled th.1t lhe WLSSD sewage trr:itme11t plant relC'ased 

one-fifth the total phosphorus that w11s re leased by the ni.ne sewage treatment 

plants operating i~ 1972. 

Phenol co1 -<'nlrations decr<?ased from i3 to 9 µ::; i,-1 in the mid-l970s 

to 3 115 L-l in 1g82. 

The me.111 total phosphoru:l at site L (downstrc,1m from the present WLSSD 

plant) decreased from 110 IN L-l hetwec·n 1972 to 1979 to 75 µ3 L-l 

for 1979 to 1982. 

lhe mPan ammonia cunc~ntration at site L decrciscd f~om 0.259 mg L-1 

(pre-1979) to 0.116 mg L-1 after 1979. 
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Rc>nthic Invertehrate Surveys 

The benthic invl'rtebrate surveys demonstrated noticeable differences 

bet ween the Wl.SSiJ di scharv,e bay and two hays (cont ro 1 s) upstream. The 

dischari.ie bay contained fewer types of organi3ms <lnd these Are considered 

more lolerant of domestic effluents. The differences between the bays were 

less noticeable in Octobc>r than in J~ne or August. 

Phytoplankton and Zooplankton Surveys 

TI1e Ouluth-Superior Harbor is a complex system for pelagic sa~pling. 

Not only is the bathymetry complex, with the e:ic;tensive shallows plus the 

deep, dredged ship channels, but the interactive flows of tilt' St. Louis River 

and seichc currents from Lake Superior make point sa~?les a function of many 

variables. In the shallows, ·p:irticularly, the range of seasonai cha11ge can 

b~ cxtr~me. Within this context, examinati~n of the plankton data from 

Summer 198.2 shows rm <H!verse influence o( the effluent from the WLSSD plant. 

WLSSll E FFJ.UEn TOXIC IT't' AND Cl!ARACTf. R IZATION 

Effluent Toxicit~ 

The effluent was ~ntermittently acutely toxic to aquatic organisms (fish 

ar:tl invertebrates) in toxicity tests. Behavioral monitor in~ of fish 

continuously exposed to the plant effluent was used to identify periods of 

effluent toxicity. 

Increases in fish locomotor and respiratory activitv correlate with fish 

mortality in bioassays of ~rab samples. Some possible causes of observed 

toxicity were thou~ht to be related to el~vated total residual chlorine or 

carbon dioxide conccnt~ations resulting from changes in wastewater treatment 

in response to ch,1t11;.cs in influ,:nt <:onditions. 
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1L i,; rel'<JmmcrhH'O th:it anv futur•• bi,>.1ss:iys c>f WLSSU et fluent 1 or the 

efflut.!nl fr•Y:l olhcr tr(•at:nent plants, h.:• c1i,,,plt'r!H!l\t'..'d with chemical anatvscs 

of total c:.t0ri11•·, µH { i11rn1t•Jial~· ;rnd .1ftcr ••XlenJed :n•r..ili,:rn), carbon 

dioxide, .11:.i:.a!inity, :ln<I h;irdness. lf possihlc, these tests should be 

couol<'d wi.tl1 sensitive ariuat ic ,1n~;111ism hehaviDral monitnr.ing to identify 

<'pisodic periods of toxicity. 

Effluent Cti;u:1ctc>rizati<ln 

A C""lparat ive qda! it.1t ive analyst>~ was ''li!de of lhc W!.SSfl effluent and 

influer~t, .1nd a simi l:i.r ;rn.ilysis w;is 1n.1dc of' tll•~ effluent from the lar~•,,.;t 

sin~tc contrihut<>r ,,f indur:tri:ll typ'' ,ir"'.mics (;i pulp and PilDCr industry) to 

the \..'LSSD influt'llL. The i1i<JlaLi,11t and conc1~ntn1tio11s in coitposil(' sampl1.•s 

f1mctionalitics in ti:,• comp<11H'<Hs analyu•d using mass sp<~clrusct>py. The mass 

,if data is pr,•-·a•ntlv 'winr, inc<'rr.iratf'd intu 11 thrt'l' x thn•c matrix (3 

analvscs and 1 s.1mpl<' sites) has,•d ,1n (uncl i<111al ily. '.,'11$!11 cvmplctcd an 

intrrprt:'t:1tion ,if the rne.1nin1~ a:id si11,nificance of Lhc data will be mad<.:. 

flf'cause chlornph«nols ori;;inatin~ from \\L'iSD had been prcvi,H1sly tr.iced 

within th•l bay .1nd inlo T,;1ke S•1pcrior, a v,as chromator;raphy with electron 

capture detection pr.lccdurc aimed at s«nsitivity, and a second procedur<: with 

liquid chr.wiatographv vith a variable •.wvel1•n~th Lhat would aid the 

idcntifi.catirm of d1L,ropht>nols in complex mixtun•s wer•2 d•'Vcloped. 

A detailed report containing the methods usvd in effluent 

characterization and r:i.w d.na, and chlorophcnol analysis procerlures are 

available on requt:'st. 

Jlibli 

"An Annotat•~d niblicv-'rarihy of Envii;;wnm('llLal Rei<C>.1rch Conducu•d Within 

th~ St. Louis River Est11.1ry i91.:J-1'182" 1111th0red by Phi L ikvore was cnmnlPll'd 
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and is onlv avnilable from the Na:ional Technical Information Service, 5285 

Port Raya! RnRd, ~rrin~fiPld, Vir~inia 22161 [Order No. PBSJ-261-691 

(EPA-600/S'.>-83-on) I al a cost of $10.00. This r('port is intended as a tool 

for P'-'oplc l•J .. >cate specific typ;_.s of studies conduct~·d within St. L<rnis Bay 

and was an attempt to compile Hnd r~view all of the phvsical, biological, and 

chcrnic<Al studies r.:-lat.t'd t.o t.hc buy. 

CONCLllSlONS 

l. The w~1ter quality of th•! SL. Louis Harbor h.!s "improved. ~luch of the 

improvement con he attributed to the onset of the operation of the 

present WLSSD wastewater trcat~cnt plant. 

2. Th<'rc wa,; nu Ly &. sl ii:;ht impoct on the IH'nlhic invert•::brat.c community frorn 

th£' Wt.SSD outfall. 

3. 'lurv<>y data indicates thut phy1 opl.:inkt.in and >:oopl1rnkt<lll werr not 

demonstratahly i!llpact\!d hy t!rn WLSSD c(flu,•nt.-

4. 11.e WLSSD plant is currently trcatinv, its waste to a hi'l,her dcgr·~c than 

the I m:;!,/!. phosplwru>< I i!llit. Th.• concpntration in the main ch1mncl 

oopositc the rl ant has decreast.'.' hy a factor of three since 1973. 

5. The WLSSD dischan~c was occnsio:1ally .Kutcly toxic. ll appc>an; that s,~me 

toxic discltar1;1•s arc related to chani;f's u1 trt'almC'nl proccss<·s and plant 

opcraticns in response to special wasLC trent•cnt needs r<>su!ting in hii;h 

residual chlorine or carbon di.oxide' c;:inc1•ntr;1tions i:1 the effluent. Data 

indicate that at ::imcs the mixtures of the WLSSO plant effluent at1d bay 

would he acutely toxic in the immediate vicinity of the discharge pipe 

hut not imp.:i.cl the n:E!: ,,f th·~ h1y hN :rnse of a h i::h di lut itm ratio. 

6. The primary vbicrtivcs of this n•sc.1rrh orojc(t were 11<>l allainahlc at 

this site \:le(.'lut;c persiBtcnt toxic pullut.:ints w..•n• not f1J1111d in the Wt.SSD 

effluent and nn persistent open water polluta~t problem~ were apparent. 
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Water Quality .Assessment of St. ~~is Ray of Lake Superior 

lNTRODL!CTlON 

St. Louis !lay of Lake Superior provides a ur,iqu1.~ opportunity l<> Sludy a 

natural ec0system .:md related observed resp,rnsc lo pol lut11ats to laboratory 

testing effect endpoints .1nd obscrv.1tions. To •Jlldcrstand a polluta,1t's cau:.e 

and effect relationship in such 11 system, it must be studied in sufficient 

depth to un<len1tand the contrcJlling factors. TtJ this •~nd, St!Veral on site 

(field) and laboratory sturlies w..~rt• 1rndertalwn to quantify poi;siblc pollutant 

impacts and resulting biotic responses of th~ bay eco~ystem. 

Such rP."H•arch is needed to provi<lc u basi~ for the U.S. Envir1rnmcnt11l 

Prott•ct ion -\~pncy's (EPA) Off i-:1~ of \.lalPr tu pruvidc ~uir11:.1cc to the Sthtea 

''"the nt1dification of natiGnal 1-·ater qu:ility crit»ria L,1 site-siwcific 

situacions, and the l'vntrol of Cc'1.1ptcx cffl•i.,nt,; th::ou,~h th<> 'fational 

Pollution nischar~<' Svstcm. TI1e EPA Gn•:1t r.aki.~s :1.1tional Pro~rmri Offict• ;dso 

needs infnrm.:ition on the camH'S of pollution <)f St. L.1l1is ll.1y and the imp11e.t 

of the bay 011 we.~tern Lilkf' SupPrior. 

( l) tr: f\dd lest 

the EPA guidelines for d~rivin~ site specific waler quality criteria, (2) to 

obtain data on the relationship between toxicity test in~ of a complex 

effluent and rcc,•ivin;; waL<!"r hiotic rcsponia', awl (3) eva!uatP tht• U!H.'!fulrC'ss 

of ...-.1tcr q1:ality criteria to nr<Jtect a Great Lakes ,;:>cosvstcm. 

ro meet the above objt::'ctiv1•s, tr.r<>e cnn-iitions r:iusl have existed. TI1c 

first is that G point source dischar~e to the bay had to be at least 

chnmically toxic, the toxic components of the cfflmmt hat! l<) be id1'ntificd 

.1nd LhP h.1y hiota had to he i:np.1ctcd by the cfflu<~•il. Because the Western 

Lake Superior S.1nit-:iry District (\..'l,f,$D) di.schar;;:c, contai1-.i11;; bulh i..rcat•,~d 
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scl•!ctcd for .nitial :;tudy. 

bay; its final cffl11ents had exhibitt•d toxicity in the Dast .tt\lJ su[lh! fii>h 

kills had oc<:urred in the• ••mbaymcnt near itli dis~hari;.c pip!.!. Durin~ 19$2 

studies to chL•mically characteriz,e the Wl.SSD effluent, determine its toxicity 

and tra<.:c iti; movement in an1\ out of the bay w~·re ir.itiatcd while otlwr 

st1dics wcr~ initiated to provide a ~tcr chemistry and bioloAic~I baseline 

fer thc hay from 'w'hich pre;u•nt and future p:)llutan:. i:::pacts on th.: bay, and 

the h.1y's impact on Lakc> Superior, .:ould ht,• determined. A literature search 

of all studic11 relevant to St. Louis Ray was idso b.:•)1,un. information E,uincd 

fr,~rr. these first V('ar efforLs W"r(' ncce1H1ary le! determine if the primary 

objPctivcs of this rcs1•arch proj,•1.:t wcr<' 11chi .. v11hle, .1nd ii achi,•vablc~ to 

rd :m <111hH•qucnt r.t ud i •io;. 

'fliis pr<!j1•tt was und1•rt.1kt•n 1u1 a cn.,r>Pr.1l Ive ,•ff,,rr bC'twcen the U.S. 

F:PA Environm••ntal i{,_•,;i:::1rch l.ah•1ratcH·y-D:1luth, tlnivcrsity of 'linnl't;.Ha-Duluth, 

and Universi ... y of '..'i<>consin-Sup .. 1·i,>r-. r\"'111',win~ .:in~ £cp1Hl!i on individual 

research tasks undertaken in 1982. 
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I N'l'H.ODUC'r ION 

The objective of this study was to characterize the water 

chemistry of St. Louis Buy with reference to inorganic and organi~ 

constituents emittP.d i11 the ef:fluent stream of thE: Western Lake 

Sup~rior Sanitary District (WLSSD) sewage treatment plant. In 

this report we present water chemistry data from our study and 

discuss the influence of the WLSSD effluent stream on water 

chemistry in St. l/Juis Bay. 

St. Louis 8-_~ 

The Duluth-Superior Harbor is comprised of St. Louis Bay, or 

inner Harbor, the Superior Bay or outer Harbor ( F'igure 1). The 

St, Louis Hiver, which flows throu9h the Duluth-Superior Harbor-, 

is the third lar-gest tr-ibutar-y to Lake Superior in terms of ar~a 

drained and loadin~ of total dissolved solids (Thompson 1978). 

Average dischar-rJe over a nO-yeat· period was· 64. 3 m3 sec-1 

with a range of 2.3 to 1073 m3 sec-1 (MPCA 1977), although 

average discharge dui::ing the present study (June through 1~ovei.1ber 

1982) was 116 ra3 sec- 1 (Mirnesota Pow0r, unpub, data). 

The Lake Superior seiche also transports water into Superior 

Bay and St. Louis Bay. The seiche reverses flow in the St. Lo1iis 

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

and Stortz 1980). The hydr-aulic flushing time (Barbor volume i

total inflow) for the Harbor was 12 days or 89> per day in 1979; 

the sciche exchanged 6% per day and the river exchanged 2% per day 

( SyJor and Stortz 19BO}. The complex ']E:0111etry o( Lile Hutuut 

(Figure 1) dictates that little Lake Superior- water penetrates 
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into St. 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 Su~ cior and the Harbor serves as the econo:nic base for the 

cities of Duluth, Minnesota and Superior, Wisconsin. 

The WLSSD sewage treatment plant tre~ts d~nestic sewage from 

the cities of Dulutl1, Cloquet, Carlton, Wrenshall, Scanlon, 

Hermantown, and Proctor as well as industrial wastes from the 

Potlach Corporation, a manufacturer of wood products. The plant 

started operating in 1979; prior to that time domestic wastes were 

treated at nine separate primary sewage treatment plants (EPA 

197 5 l . 

'.!:'he i•JLSSt.> effluent discharge pipe (Pl extends souLhwestwar<l 

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

sc:imJ2.ling Scheme 

For this study we chose 12 sampling sites in St. Louis Bay 

{Figure: 2} • Site A (U.S. Hir.1hway 2, Arrowhca~ B::idge) 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. Sites B and C near the Minncsoca 

~ower M.L. Hibbard Electric Station are typical of embayments not 

affected by the effluent from WLSSD. 

Sites D through I provide a grid within the embayrnent 

receiving WLSSD effluent. Samples taken from this grid will show 

::he Sf'cilidl ulslciuuLiou o[ l110 WLSSD e(flue11t. Site J was chosan 

to represent an area impacted by a small stream flowing into St. 
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Louis Boy, os well os hy tho WLSSD effluent, ~nd site K was chosQn 

to represent an area near the main channel, but somewhat removed 

from th~ influ~nce of the WLSSu effluent. 

Two separate schemes were used (or naming water chemistry and 

benthos sample collection sites. Six of the water chemistry sites 

were also used fer benthos sample collection. The six water 

chemistry sites and the correspundi119 designation for th~ benthas 

sample collection sites are presented .n Table l. 
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Sar.pl i CG !'-~e't; hoc! s 

Water samples were ccllected at the 12 sites in St. Louis 

Bay (Figure 2) twic~ a month during the period 16 June through 2 

Novembei..· 1982. Samples for analytes measured in the laboratory 

were taken at a depth of 1 metre Nith either a van Dorn or 

Kemmerer sampling device. Water column depths at ench site are 

presented in Table 2. In situ temperature, ~ondu~tivity, and pP. 

were measured using portable r. . .,.,ters; tcmpcr.~tL:re ar.d concuctivit.y 

were measured at l metre depth at each location and fielr'l pf! was 

measured at 0.10 metre depth. 

Samples for phenol analysis were transferred to glass bot

tles and were preserved with copper Slllfate <rnd phosphoric acid 

(Standarc1 :-!ethods 1975). Silica and total suspended solid sam

ples were transferred to plastic bottles. Samples for phosphate, 

alkalinity, and chloride were trans=crred to glass bottles. 

The samples were returned to the lab within 2 hours of 

collection and kept at 5°C until analysis. Samples for dissolved 

phosphate and nitrate were filtered through a 0.45 um pre-washed 

membrane fil~er upon arrival in the laboratory. Filtered samples 

were stored in plastic bottles at s0 c until analysis. 

Analytical Methods 

The analytical methods used in this project. are from Stan

dard Methods (1975) or are modifications of the proce~~res in 

Standard ~ethcds (1975) and arc listed in Table 3. All nutrient 

samples were analyzed witnin 24 hours of collection and all 
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fron replicate annlyscR rn~~e throu~hout thia study, is 

pres~nted in 7~bl~ ~. 

Nitrate/nitrite data are incomplete because we eccocntcred 

unreliable reduction of nitrate to nitrite with pre-p~ckaged 

reagents. After isolating the cause of the difficulties and 

purchasing new rea9ents, we began analyzing for nitrate/nitrite 

on 7 September 1982. 

10 



Hf.SUL'l'S }\~~D l)!SCUSS !ON 

Conductivity profiles determined at site A anJ site L (Cook, 

homo3eneous and indicat<'! that the l metre depth is representative 

of the entire water column. 

Conductivity profiles in the small emhayment near the WL!::;So 

plant exhibited limited vertical structure (Ja~orski, EPA-Duluth, 

unpub. data). This vertical variation in conductivity was ·~uch 

less than the ho~izontal variation in condu=tivity (eg. between 

sites D and I). 'I'het-ef:orr.:, at any one site in the embayment, the 

water colu:nn can be considered verticillly well-mixed relative to 

the ~LSSD effluent. 

Water clwmistt·y data for all the sites for each sampling date 

arc presented in Table~; 5 throurJh 14. l\ summa!'.'y cf: the Welter 

chemistry dat-a, consist in<J of m~d ian .. u1tl mean v ,;i.l ues an~l the 

range, is presented i!1 'I'1blt~ 15 for each sampling site. Ag reemcn t 

between the median and mean values was good, except in a fc~ 

instances in uhich the meun was •.ir•2ctb2t: due to a sin,Jle, lat"'(,je 

value (eg. TS~> at site ,J .:ind rm 3 at. site D). 

The primary influence of the WLSSD plant effluent was on 

alkalinity, total phosphorus, arn:nonia, and chloride. 'l'hc concen-

trations of these param(?ters in the l'iI,SSD efOuent stream (Table 

16) were significantly greater than th•2 conc1c!ntrations in St. 

Louis Bay. 

Water flowing into St. r,ouis Bay at site A had a chemical 

composition similar to that at site L., locat.ed at thi.: uuLlcL [uc 

St. Louis B.iy. !!a table ~XC"<?pt io:i:. wf!re t:.:'tal phosphoru!';, for 
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which sit·~ L was 12% grqatcr than site f,, and chloride, for which 

site L was two-fold qreater than site A. 

Iii adrHtion to being influenced by the St. Louis Hiver and 

Bay, site L was influenced by the Lake Superior seichc, which 

mixes Lake Superior water into Superior Uay. The effect of Lake 

Superior water entering the Du1uth-Superioc Harbor with the seiche 

would ·)e to dilute the Hacbor water. •rtie importance of the se~.:::hc 

at site L was not determined durin1 this study, althou~h the 

effect should be small because of the distunce bet\-men Lake 

Superior ond site L. 

The <Jix site~:; in tbe embayment 1:eceiving the WLSSD effluer.t 

{sites D through I) had concentt·:1tions of nutrients, alkalinity, 

and chloride that were qroattn· than the control c>mbdy;nents (sit1~s 

B and C). 'l'hc three sites close~;t to the l'iLSSD di f;char-qe pipe 

(sites D, E, and n had concentration~; O( nutrients, alkalinity, 

and chloride that were higher- than t~H:> other three sites in the 

embayment {sites G, H, and I). 

Site J, the site influi:rnc~~d by a small stream, had co;.centca

tions of nutrients, alkalinity, and chloride that. were similar to 

sites D through I. Total suspcnde(] solidi;; (TSS} at site J, 

however, were stonqly affected by the small stream flowing into 

the embayment. After heavy rains on the '._Yceceding two days, the 

TSS at site Jon 7 July 1982 ('fable 6) was ten-fold greater than 

tb~~edian concentration (Table 15), The 0ther six sites in the 

ecnbayment were not inflnr>ncer1 by this small stream, a:;; inrlicated 

b7 the much lowf!r TSS on 7 July (Table 6). 
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Mi x i r ~-of i :::., SS D E .ff ~::::_!l!._~!:_.~1-the s.~~ ~ s __ R iv,:: r 

The concentrations of nutrients, alkalinity, and chloride at 

sites o tnrough I dre stron~ly influen~erl by the effluent fro~ 

WLSSD, To quantify the er.tent of this i11flucnc•.! we have calcu

lated tile m1xinq of WLSSD effluent with St. Louis Hiver water. 

'l'he d<:rivation of the fon;\ula for mixing {Table 17) assumi:s 

that only two water types - St. Louis r:.tver and \'ILSSD effluent -

1nix together to producP. the embay:nent water. We used site A 

( l\t·rowhead Bridge) for the wuter compcsition of the St. Louis 

River. For the WLSSD effluent we used thu concentration of the 

effluent on the day before our samplinq date, ;ind we assumed that 

the effluent relc<lsml on that date co:npletcly mixed with the 

embayme:it within one <lay. Clearly, mixin') in the embaymcnt may 

take longer than one day or, µcrhaps, take less time, Mixing is 

dependent on St. Loui~; Rivr:t- flow con•1itions, wind V'!locity and 

direction, and WLSSD effluent discharge rate. These para~ctcrs 

are all variable with time of year. In addition, the conc0n-

trations ot components in Llle St. Louis River and the WLSS:J 

effluent are not constant durin'J the y0ar. 

Despite these limitations in the mixing model, the '\:esults 

obtained arc useful for describinu the water chemistry patterns in 

the emb:01y111cnt. In addition, the mixin<J values allow the results 

from toxicity tr::sts run 01 full-:,;tecngth ei:flucnt to be extrapo

lated to the rnnbay.uent, in which the i'!f(luent is diluted by mixing 

with river water. 

The mixin'_; fraction, r:, wu::> d.H .• 0:r;nincd using chlnrida. 

ChloriJu is conservative (i.a., does not take part in any 
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hiological n~actions) and lhe only source of chloride is from the 
. 

St. Louis Piv•H' and th•:? WLSSO effluent. Therefore, the chloride 

The fraction of \/LSSD ef[luent that mixed with thf: river 

ranged from 0.10 to 0.43 for the thre~ sampling sites closest to 

the effluent ~ischarge pipe (sites a, E, F) and 0.03 ~o 0.10 foe 

the other three sit 

Novc~ber 1982 ware 1 J 0.25 for the three sites closest tc the 

effluent c'J!sc1tar9e pipe and 0.05 to 0.10 for the other site-;. 

The rwtrient ele:nc"lts nnJ alkalinity are non-con!';erv.:iti JC 

(i.e., take [sal"t in biolo9icdl reactions) and are affe.;ted by both 

mixing an1 biolocJical .1ctivir.y. To detcr.nin<J tl1e influ(•&cc uf 

biolo1ical activity we use the mixin'J fca;:tion;s.. (Table 18), :llon•J 

with the St. ·fiotiis Hiver ,lt\d \·Jl,SSD L>:'.flw~nt concentr<1tionr; to 

predict nutrient and ,3lkalinity conccntr,'ltionr~ in the cmhay•.nent. 

When bioloq ic<~l uptake taken; place the> predicted con.:.:1'.)ntr<ition 

will be 9reatcr than the observed. When hioloqical pcoduction 

takes placo the predicted concentration i~ lc~s th~n the observed. 

for a11':al in it:•, the prcd ictcd and ob~;erved conce:1 Ln1t ions 

agree well (Tablr? 19) a'ld indicate no or sliqht biol0Jic;1l 

monification of this pa.r<~meter. Biolo<JiC.:tl modification o( 

alkalinity is only iinrcrt.:int at low v21l~1es of alkalinity (Cool: 

1981) or for high level3 of biological activity (Gold~an and 

Brewcc l 980) • 

'r0tal phor;phorus and am.11orlia values prcd ictcd by the moo el dt 

site~ D, E, and F arc less th~n the cb~ctvcd {Tab!o 19! indi~atin~ 

that total phos!?horus anrl :Jmmonia ilre pr::nlucP.d by biological 
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activity. The likely source of this production is bacterial 

activity in the sediments. The hRctPria decompose organic matter 

and liberate the nutrients associated wi~h the organic matter. 

These nut~ients ctre then transported out of the sediments, either 

by diffusion or by the movement of inv~rtebrate organisms (eg. 

tubificids) (Berner 1980). The sediments in the area near sites 

D, E, and F are relatively rich in organi~ mat~er (D. Barlaz, 

Geology Dept., University of Minnesota, Minneapolis, pers. comm.). 

This orga:1ic matter originated frcm either the WLSSD sewage 

treatment plant or from phytoplankton in the embayment, whose 

grow::h was stimulated by t!.e· nutrients disclrnrged from WLSSD. 

Biological production of nutri9nts from the sediments at 3ites G, 

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

l~.trient Inputs to St. Louis Bay 

Another method to quantify the influence of the WLSSD 

effluent on water chemi~try in St. Louis Bay is to make an input 

budget for the Bay. Co~parison of nutrien~, alkalinity, and 

chloride inplts from the St. Louis River a11d the WLSSD effluent 

yields information on the relative importance of these two 

sources. 

The concentraticn measured at site A (Acrowheaa Bridge} is 

representative of. the St. Louis River. Discharge at site !>. was 

assumed to be ll6 m3 sec-1, the average discharge for this 

pE::r iod at 'l'homson Dam, 30 km ups tr:eam (Minnesota Power, unpub. 

data). No other major rivers nor sti:eams enter the St. Louis 

River between Thomson Dam and site A. Discharge d;.ta f::>r the 

WLSSD efflue~t were ob~ained from Duane Long, WLSSD Plant, Duluth. 
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A summary of the !~puts to St. Louis Bay are presented in 

T~ble 20. Even thou~h thR average flow rate from WLSSD was two 

orders of magnitude lower than the St. Louis River flow rate, 

alkalinity, total phosphorus, <:ind ammonia loadings from WLSSD were 

10% of: the St. Louis River loadings. Chloride inputs from the two 

sources were similar with 43i of the total Cl- input coming from 

the WLSSD input. 

Two other sources of nutrients are not considered in this 

input budget. The first is the Lake Super:ior seiche, which 

transports relatively dilute Lake Superior water intc the Duluth

Superior Harbor. The s0ichc also transports ~uperior Bay water 

into St. Louis Bay. The prime!ry influenc·~ of the seiche is to 

dilute St. Louis Bay w.:.ter and enhanc::e the tlushing of the Bay. 

The seconu sour:ce not considr~rcd in this budget is the 

transport of nutrients out oE the bottom sediments anJ int0 the 

water column of St. Louis Bay. The mixing model (above) showed 

that sediments were a significant sourc:e of ammonia and phosphorus 

in the small embayrnent near WI,SSD. The sediments in other sr.1all 

embayments in st. Louis tJay may also be a source of nutrients. 

The loading of nutrients fro:n the sedim~nts was not determinecl in 

this study. 

A similar nutrient input budget for St. Louis Bay was 

determined in 1972 (EPA 1975). Comparison of the 1972 and 1982 

nutrient input budgets provides information on the influence of 

the WLS~D plant, whiLh st~rted tra~tin; wastes '" ig1q. 

In 1972 the P loadin9 was 8.7 x 105 y day-!. of which nearly 

50%, or 4-3 x 105 g day-1 , was rlerived from the nine sewage 
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trentment plants in the area (CPA 1975). Curing the period June-

l\ovPmb"'r 1982, the !.cacinc frcrn th<? l:Lssr pl2:1t was c.8 x 105~ 

day-l (Table 20) or one-fifth the 1972 value for loading from 

sewage treatment plants. Thus, the WLSSD sewage treatnent 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 l0 5g day-1, re~pectively), 

despite the lower amount of P dischargen from sewage treatrr:F>nt 

plar.tn in 1982. This sinilarity is cue to the high St. Louis 

River P loading in 1982 (7.6 versus 4.4 x lOSg day-1 in 1972), 

which in turn is due to the high value for river flow in 1982. 

The 60 year average for the St. Louis Riv~r was 64.3 m3sec-1, 

while in 1982 the flow rate was 116 m3sec-l. Phoephorus concen-

trations in the St. Louis River were very s!rnilar in 1972 and 

1982. 

The primary conclusion fr,:,m this budget i.s 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-1 ~t site A (Arrowhead 

Bridge) to 10 mg L-1 at site L (Dlatnik High Bridge) (Table 15). 

Although this is a significant increa~e in chlorin~ ronc~nt~a

tion, it does not present a problem with respect to water 

quality. The value of 10 mg L- 1 is much less than the chloride 
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concentration in the. lower Gt·eat r,akes ( 28 mg L -l; Beeton 

1965), and is comparable to value~ from dilute lakes (Armstrong 

and Schindler 1971). In addition, the chloride ~oncentration 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 du.t=-ing this project in 1982 into 

historical perspective, we have compiled water chemistry data for 

St. Louis Bay from other projects for the period 1972 through 

1982. The other projects that hav~ comparable data on St. Louis 

Bay during this period are: Minnesota Pollution Contr0l Agency 

(MPCA 1978a,b; MPCA 1981); the Western Lake Superior Sanitary 

District (WLSSD); the Environmental Protection Agency (EPA 1975); 

the Wisconsin Department of Natural Hesources (WDNR 1977); and the 

Lake Superior BAsin Studies center Analytical Chcimistry Laboratory 

( LSBSC). 

The sites we IH1ve chosen for this comparison are site A, at 

the Arrowhead Bridge (U.S. 53), and site L, at the Blatnik High 

Bridge (Interstate-535). WLSSD and EPA collected Wdter samples 

from the Burl in'.] ton Nor~thcrn Railroad Bringe, which crosses St. 

Louis Bay some 500 m upstream from site L (Blatnjk High Bridge). 

The Burlington Northern Hailroad BLidge and site L were considered 

eguivalent for this comparison. 

If multiple sampling depths were repot '._.,::.:, for the other 

studies we chose the l metro or shallower sample to correspond to 

our sampling depth. 
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Data for total phE!nol were less complete than foe tiie other 

parameters and we present only yearly averages for site L (Blatni~ 

High Bridge) in •rable 21. Total phenol cone en tra tions decreased 

from 8 to 9 ug L-l in the mid-1970's to about 3 ug L- 1 in 

1982. The maximloo values reported decreased from 20 in 1Y74 to 5 

ug L-1 in 1982. The recommended limit for total phenol in 

surface waters is 100 ug L-1 , which was never exceeded at any 

time in St. Louis Bay. 

The five laboratories studyin<J St. Louis Bay used the same 

analytical method for total phosphorus (Table 22). Four 

laboratories used the cadmium rr~duction method for nitrate and 

three laboratories used the ncsslerization method for ammonia 

(Table 22). ,a, crude comparison of meth•)dology a.nong the five 

laboratories can b(~ det<!rmined when historical data from the 

laboratories overlaps (Figures 3-8 and discussion below). 

The values for total phosphorus, alkalinity, nitrate/nitrite, 

and anu-:ionia used in this hi.:;torical comparison are rnont!1ly means 

for each of the laboratories reporting data. 

Total phosphorus at site A (Arrowhead Bridge) ranged from 40 

to 150 ug L-1 over the period 1972-1982 with no hiRtorical 

trend evident (Figure 3). 

Total phosphorus at site L (Blatnik Hlgh Bridge and Burling

ton Northern Railroad Bridge) ranged from 30 to 300 ug L-1 prior 

to the 1979 start-up of the WLSSD sewage treatment plant (Figure 

4). l\ft~r 1979 the V<llues ranged from 30 to 140 ug L-1 • The 

effect of the WLSSD sewage treatment plant was to decrease the 

variability in total ~hosphorus - ... U<- site r~. The mean value for 
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total phosp!10rus between 1972 and 1978 was 110 ug L- 1 .incl 

after 1979 was 75 ug ·L-1, After the W~SSD plant started 

operations in 1979 the mean phosphate concentration decreased hy 

401. This decrease is significant at thE p < 0.05 level, 

according to BMDP in~ervention analysis. 

Nitrate/nitrite at site A (Arrowhead Bridge) ranged from 

0.010 mg L- 1 to 0.400 mg L-1 during the period 1972 to 

1982 with no trend evident (Figure 5). Data from WLSSD were for 

nitrate only. MPCA data, for which separate nitrate and nitrite 

values were given, indicated that nitrate/nitrite wa3 15% greater 

than nitrate alone. 

Nitrate/nitrite at site L (Dlatnik High Bridge and Burlington 

Northern Railroad Bridge) ranged from 0.010 to 1.00 mg L- 1 

prior to 1979 and from 0.10 to 0.380 mg L-1 after 1979 (Figure 

6). The variability within any one year dccrea~ed after 1979. 

Beforf' the start-up of the \vLSSD 9lant nitrate/nitrite averaged 

0.191 mg L- 1 and after the start-up 0.139 mg L-1 . 

A.mmonia at site ,r., (Arrowhead Bridge) ranged from 0.010 to 

0.600 mg L-1 betw8en 1972 and 1982 (Figure 7). There ace 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 mg L-1 IJrior to 

1979 and from 0.020 to 0.380 mg L-1 after 1979 (Figure 8). 

TrenJs with time are difficult to identify f0r ammonia primarily 

because prior to Septembec, 1978 the limit ot detec"!:.ion for the 

MPC.Z. data was 0.200 mg r.,-1, which is mur..:h :1igher than the 

majority 0f data points from other sources for this period. on 
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the basis o[ the l'!LSSD dat:.::i point::; o;,ly the pre-1979 mean ammonia 

concem'.'ration was O. 259 mg L -l and post-1979 mean am1wnia 

concentration was 0.116 Thus there h~s been a 55! 

!:"eduction in ammonia concentration since the WLSSD sewage 

treatment plant started opera.ting in 1979. 
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!. At the six sit':?S in the small er:icayr.ient r.e.::.r the ~lLSSC 

plant, <H1raonia, alkalinity, total phosphorus, and 

chloride were hig~er than in the control embaymcnts 

(sites B and C). 

2. The 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 si~es 

farthest from the discharge pipe. 

3, Ammonia and total phosphorus appear to have a 

substantial sediment source in the small embayment near 

WLSSD. 

4. Nutrient input budgets for St. Louis Say revealed that 

90% of the alkalinity, ammonia, and total phosphorus 

loadings were derived from the St. Louis River with the 

remainder originating from WLSSD. However, high 

chloride concentrations in the WLSSD ~ffluent contribute 

43\ of the c1- loading to St. Louis Bay, compared to 57% 

from tho St. Louis River. 

s. co~parison of the total phosphorus input b~aget for 1982 

with a similar budget for 1972 revealed that the h'.L.SSD 

sewage treatment plant released one-fifth the total P 

that was released by the nine sewage treatment pl~nts 

operatin~ in 1972. 
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6. Phenol concontrations decreased from 0 to 9 ug L-l in the 

mid-1970's to 3 ug L-J in 1982. 

7. The mean total pho"phor us at site L decreased from 110 ug 

L-1 between 1972 to 1979 to 75 ug L-1 for 1979 to 

1982. 

8. The m':!an ammonia concentra.tion at site L decreas~d from 0.259 

mg L-1 (pre-1979) to 0.116 mg L-1 after 1979. 
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':'able L Equivalency "of sampling sites. The Yater chemistr:; 
sampling site in the left column is the same as the 
benthos sample collection site in the right column. 

Yater chemistry 
sampling site 
designation 

B 

c 

F 

G 

H 

K 

26 

Benthos sampling 
site 

desi8nation 

lB 

2B 

WlA 

',il c 

ltl2C 

Interstate 



Table 2. Water depths at each s~~p!e collection site. 

Sample 
Sih 

A 

B 

c 

D 

E 

F 

G 

H 

.. ... 

J 

K 

L 

27 

\111ter 
Depth 

(Cl) 

7,5 

2 • .i 

2.0 

2.0 

2.5 

3.0 

2.0 

2.0 

4,5 

2.2 

1. 5 

e.o 



Procedurun une~ for wat~r ch~~istry nnalynia. 

Pars:::eter 

Tempera tu re and 
Conduct1v;;,ty 

Field pP. 

Laboratory pH 

Alknlinity 

Dissolved Phosphoru2 

Total Phosphorus 

NH3 

Phenol 

28 

'r'echnique 

Measured in situ vith a rs! 
Model 33 Te::iperatur .. /Con(h~ti
vi ty Meter. Calibrated in the 
laboratory. 

~easurod in nitu using a Graph-
1 c c 0 n tr 0 l D port tl bl·~ pH :.! ... '. e !" 
(model ?!!~ AIOO). Calibrated 
in the fi~ld usinP, pH4, 7, and 
9 buff~rs. 

Measu~ed in the l&boratory ~t 

room tenperature. Beci!'man 
Hodel )500 Digital pH ::ie~er and 
~ensorex ~30CC conbination 
el«>ctrcde. Calibrated vith pH 
4.0 and 7.0 buffers. 

Titrntion with oulfurtc ncid to 
pH 4.5 and pH 4.2. .Stnndard 
1-!ethoda (197')). pp 279-26?.. 

Filtration through 0.45 un Gel
m a n G :1 - 6 m e m b r a n e ~ i l t e r • 
Molybdenum blue/asccrbic acid 
method. Standard ~ethJds 

(1975}. pp 401-482. 

Acid-persulfate digestion fel
lowed by ~olybdenun blue/asccr
bi c ucid analysis. Standard 
~ e t 11 c d s ( l 9 7 5 ) • p 4 7 6 • 

Filtration throutt,h 0.45 u::i Gel
man G~-6 membrnne filter. 
Cadmium reduction method. 
Standard Methods (1975) as 
modified by Stair?ton, et al 
(1974). pp 42-48. 

Distillation followod by Hes
Rlorization. Standard Me~hods 

(1975), p~ '110-~15. 

Dist\llntion, chlorofor~ ex
tractivn and !ornntion cf anti
pyrine dye. ~tandard Metnods 
(1975). pp 577-580. 



Table 3 (continu0d) 

Fara1neter 

Silica 

Totsl Su$pended Solids (TSS) 

Chloride 

29 

T·echnique 

Betveen 16 June and 22 July 
1982 the heteropoly blue method 
was used. Between 3 August and 
2 November 1982, we used metol 
(p-methylaminophenol sulfate} 
a s t h e r e cl 11 c i n g a g e n t • S t a n -
dard ~eth?ds (1975). pp 490-
492. 

Suspended solids collected on 
Gelman A-E glass fiber filter 
disk, dried at 103 C and 
A"eighed. 

Measured using chloride speci
fic ion electrode (Graphics 
cont r o 1 PH I 9110 0 Ultra - sens i -
~ive Cl- electrode ~nd Orion 
R e s e a r c h , I n c • }l o d e 1 9 0 - 0 2 - 0 0 
double junction reference elec
trode). 



':'able 4. 

% S. D. 

Precision of anelytical ~etho~s. Precision wss 
estimat~d from duplicate analyses run during June
tl o v e m b e !' 1 ') 8 2 • N i s t h e n u m b e r o f d u p 1 i c a t e a n a 1 y s e s 
11nd p1·ecision is !,he average relative deviation in 
percent. 

Parameter 

pH 

Alk 

Dis.P 

T. P. 

llH3 

llO -/NO -3 2 

Phenol 

Si 

c1-

ti 
c.."fs.D. 1 
21: l'tean:J ---1r----

N Precision 1 

(% S. D.) 

29 0.8 

28 Q.8 

34 1.8 

37 3.2 

84 6.7 

21 3.4 

7 15.4 

36 6.o 2 

32 0.33 

2 7.7 

x 100 where N is the number of 

duplicate .analyses. 

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

3 For the metol method used between 3 August and 2 November 1982. 
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Tabla 5. Water chemistry data for nnr.iples collected on 16 Jun~ 1982 

·---
Sample Temp. Cond. Field L::ib. Alk PO 3- TP rm}/r>o~ NII Phenol Si TSS Cl-
Slte (OC) (umho/cm) pH pl! (rig/) \ (uei/1) {ugP/l) (ugN/l {mgNll) (ug/l) (mr./l} (mg/l) (mg/l) 

A 20. 1 118 7.5A 7.28 49.- t 1 92 0.15 .<: 1.4 11 5 

B 20.1 112 7.60 7.60 48.5 3 ·1':! <0.02 2 1.4 8 5 

c 20.0 112 7.97 7.48 46.9 4 n 0.10 2.1 8 5 

D 19.0 200 
w 

7.22 7.15 49 •• , 43 174 o. 18 L4 16 36 
,_. 

r: 19.0 330 6.91 7.03 64.5 80 250 0.24 2 2.7 16 52 

F 19.0 350 6.60 1.01 60.2 73 t!?C 0.24 ... 
~.4 17 50 If:. 

G l<;.6 142 7,47 1.20 49.0 21 l07 O.Otl 1 .4 8 15 

H 17.9 160 6.95 7.19 31.0 28 11 ') {J. 1?. 2 1. 6 8 23 

I 17.9 166 7.28 7.15 51.3 ·52 1:::.0 (;. i ·; 1.4 9 23 

J rn.6 2311 1.02 7.14 59.5 55 195 0.23 3 2.} 26 43 

i' 1~).8 121 7,75 7-30 47.5 1 I} 93 <0.02 2 1.6 11 10 

L 17.2 129 7.65 7,43 48.0 10 93 <0.0.:' 2 2.2 9 9 



Table 6. Water chemlstry data for samp1 es collected on 1 July 1982 

Sample Te11p. Cond. Field Lab. Alk \'043- TP N03/NOj mi.. Phenol Si ns c1-
. Site (OC) (urnho/cl"/ pH pH (mg/l) (ugP/l) (ugP/l) (ugN/l (mg!l11) (ue/l) (mg/l) {mdl) (mg/l) 

A 21. 1 135 7.78 7.77 55.5 ., 
,I 103 <0.02 1. 2 ~4 3 

E 21.6 139 7.67 7.70 56.6 4 53 0.0'; 2 1.2 12 5 

c 21.0 139 1.12 7.75 'Yf. l 7 60 <0.02 4 1. l '7 5 

D 19.9 300 7,53 7.63 99.6 rn 150 0.58 17 1. 6 22 15 

w E 19.9 365 7,43 7.30 142.6 37 340 0.66 25 3.0 23 23 
N 

F 19.9 430 1.111 7.68 123.2 57 270 0.'70 19 2.1 21 20 

G 20.0 159 7.71 7,1_;9 GI •1J 15 <J2 0.16 4 I.') I? 7 

II 20.0 157 7.66 7.69 59.6 8 90 0.13 3 1 • Cj 14 B 

I 20.0 149 7.64 7.66 60.2 11 73 0.12 5 2. 1 14 6 

J 1!1.2 115 7.62 7.63 63.9 5 100 0.23 6 3,7 126 \() 

K 20.9 139 7.73 7,(,A 56.3 4 66 0.03 2 2.4 16 5 

L 20.0 141 7.64 7.67 57.0 7 79 0.06 3 1.8 10 !3 

Remarks: lle11vy rain on 5, 6 July. 



Table 7. Water chemistry dtita for samples collected on 20 July 1982 

Sample Tem). Cond. Field Lab. Alk PO 3- TP 1103/NOJ NH Phenol Si TSS Cl-
Site (OC (umho/cm) pH pll (mg/l) (ugi/1) (ugP/l) (ug!l/l (m;:Ntl) (ue/l) (mg/l) (mg/l) (mg/l) 

A i:s 1 NS 1.10 1.14 36.6 14 '10 0.12 3 3,3 12 3 

B NS us 1.oa 7.30 36.6 13 66 0.14 6 3.1 lO 3 

c 22.1 98 6.61 7.27 36.8 Hi 71 0.1) 3 3.0 12 3" 

D 21.1 210 6.45 6.90 so.a 95 302 0.52 8 4.3 19 90 

E 22.0 110 6.45 6.68 54.3 45 ~68 0.15 3 3.4 12 52 
w 
w 

F 2 .o 132 7,15 7.19 39.9 20 81 0.22 4 3.2 10 14 

G 2.~.o 106 6.71 1.26 37.0 15 81 0.16 3 3.1 11 (, 

II 2 t. 9 105 6.'[8 7.16 35.4 1 (, 71 0.14 4 3.1 10 10 

I 21.5 100 6.69 7.29 36.5 15 78 0.15 3 !,.3 10 7 

J 2).1 120 1.22 7.24 40.2 16 87 0.19 :; 3.2 9 13 

K 22., 98 6.62 7.31 35,9 13 70 0.12 7 ;1.2 9 4 

L 19.9 98 7.15 7.36 37.4 B 148 0.50 4 3.0 8 9 

--
1us - not ssmrldd 



Tnble B. Water chemistry data for samples collected on 3 Aueus+. 19B2. 

Sample Tenp. Cond. Field Lab. Alk PO 3- 'J'P No'.;/rm~ pNH l?henol Si TSS Cl-
Si~e (OC) (umho/cm) pl! pH (mg/l) (uei/1) (ugP/l) (ur,N/l} (mgN/i) (ug/l) (rng/l) (nrg/l) (mg/l) 

A 98 7.22 50.0 41 127 0.12 3 3.6 16 4 

B 98 7,40 50.4 47 132 0.09 2 3,4 13 4 

c 100 7.52 49.1 28 99 0.12 2 3.4 12 4 

D 353 7.27 107.0 143 311 0.38 5 3.7 13 65 

E 331 7,39 102.7 139 274 0.33 6 3.6 13 65 
w 
.p. 

F 408 7.13 117.9 18? '564 0.39 ·7 3.e 14 79 

G 110 7,55 50.3 32 94 0.13 2 2.9 10 10 

II 113 7.52 49.2 28 89 0.20 2 2.9 8 8 

I 111 7.52 49.1 36 98 o. 11 2.8 9 7 

J 114 7.40 4!:1.9 78 135 o. 13 i 2.7 13 B 

K 103 7.56 48.6 60 124 0.12 2.9 11 6 

L 109 7.38 4B.1 211 B6 0.12 ' 2.7 12 6 



Table 9. Water che~istry data for samples collected on 16 August 1982 

Sample Tern)' Cond. Field Lnb. Alk PC 3- TP uo;/No~ rmt Phenol Si Tf;~ c1-'ii 
Site (OC ( uir,ho/ cm) pH pl! (mg/1) (ugf/l) (ugP/1) (ugN/l ( mr,ir 1) (ug/1) (mg/l) (me/l) (mg/1) 

A '2'.?. 0 135 1.21 6.83 3a.4 15 0.14 (1 3.5 1 6 

B 2~~. 9 130 7,44 7.12 47,4 16 0.13 (1 3.3 7 6 

c 23.0 135 7.46 7,37 52.9 22 0.13 (1 3.4 12 6 

D 2L.9 490 6.75 7.23 84.5 170 0.26 3 3.a 11 75 

E 2~ ,5 570 6.71 7,15 ee.1 214 0.25 4 3,7 13 7B 
w 
t,"l F 2'2.8 222 7,07 6.84 52.0 51 0.16 3.2 10 32 

G 24.5 264 7.14 7,40 63.1 68 0.19 <1 3.2 q 34 

11 25.0 620 6.?9 7.32 91. 2 176 0.21 3 3.6 6 81 

I 23.5 215 7.09 7,52 60.3 37 0.14 3.2 9 25 

J 24.9 240 7,33 7,39 66.2 29 0.16. 6 3.3 12 32 

K 23.a 193 7.15 1.21 51.2 57 0.13 3.2 7 17 

L 21.0 135 7.56 7,46 52.6 26 0.13 2 3.0 1 10 



Table 10. Water chemistry data for ~nmples collected on 7 September 1982 

Sample Temp. Cond. Field Lab. Alk PO 3- TP N03/NO) NllJ Phenol Si 'l'SS c::.-
Site (OC) (umho/cm) pH pH (mg/l) (ugi/1) (ugP/l) (ur.N/1 (mgN l) (ug/l) (mg/l) (n1g/l) (mg/l) 

A 20.2 140 7.42 57.0 39 86 83 0.09 4 3.; 10 5 

B 20.4 1)9 7.62 ')8.2 30 75 95 0.09 2 3.0 6 :-

c 20.4 159 ~,. 64 58.7 ;3 92 120 0.10 4 3.2 17 5 

D 23.4 396 7.43 104.6 424 610 86 4.43 3 3.4 13 45 

E 23.2 273 7.4s 83.2 250 357 140 3.18 2.9 9 24 

w F 24.4 200 7,54 65.0 94 166 184 0.59 6 2.1 7 17 
O'I 

G 21.0 153 7.66 58.8 38 91 129 0.13 1 2.8 5 8 

H 21. l 151 7.69 58.2 34 H6 1'18 0.13 3 2.7 6 Si 

I 21. 2 152 7.64 58.l 1\0 81 Ul 0.13 <1 2.1 6 9 

J 21. l 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 



Table 11. Water chemistry data for samples collected on 21 September 1982 

Snmple Temp. Ccnd. Field Lab. Alk PO 3- TP Nc3/No; N!I Phenol Si TSS Cl-4 
(mr.Ntl) Sito (OC) {u;:iho/cm) pl! pH (mg/l) (ugl'/l) (ueP/l) (uell/J) (ug/l) ( •.ig/l) (mg/l) (mg/l) 

A 14.2 128 7.12 59.3 2i 63 127 O. lJ ).8 6 5 

B 14.0 125 7.30 58.8 19 173 108 0.10 1 3.3 4 6 

c 13.9 128 7.3:. 59.0 1R 65 113 o .• l 1 3.5 7 5 

D 15.0 147 7.12 86 •• 145 239 54 o.1a 2 3.9 10 54 

w E 15.2 231 7,53 74.6 83 160 1)1 0.17 2 3,5 10 34 
-..I 

F 14.4 158 1. 38 78.8 108 210 go 0.19 1 3.9 10 44 

G 15.0 200 7.45 77.0 104 200 91 0.14 2 3.a 7 40 

II 14.5 J.67 7,42 67.5 59 134 94 0.15 2 3,5 8 24 

I 14.B 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 14.5 179 7,42 63.2 44 136 136 0.15 2 3.5 9 20 

L 14.2 140 7.49 58.7 30 78 1B7 0.14 5 2.9 6 12 



Table 12. Water chemistry data for samples collected on 5 October 1982 

Sample Tern). Cond. Field Lab. Alk PO 3- TP N03/NOJ flH3 Phenol Si Tns c1-
Site (Oc {umho/em) pH pH (me/l) {uei/1) (ugP/l) (ugli/l {msN/1) {ug/l) (mg/1) (m£r,/l) (mg/l) 

A 159 7,08 58.8 20 70 86 0.15 4.2 9 5 

B 158 7.26 58.8 22 74 108 0.14 4.1 5 5 

c 160 -.~ 7.27 59.6 20 79 92 0.14 l 4.2 7 5 

D 441 7.05 89.3 85 193 113 0.37 3 4,4 <J 57 

E 472 7.05 92,7 92 212 79 0.40 3 4.6 (' 
;; 66 

w 
00 

F 388 1.oa 82.9 69 174 98 0.28 3 4,4 9 49 

G 266 7.17 11.1 45 127 103 0.24 2 4,2 7 29 

H 278 7.19 ?0.6 49 133 120 0.19 3 4.1 6 27 

I 210 7,34 64.7 30 92 117 0.17 2 4.0 7 14 

J 255 7,32 69.7 37 111 92 0.15 4 4,3 7 23 

K 211 7.28 64.7 34 91 87 0.21 3 4.0 ::, 16 

T 184 7,34 62.1 22 85 108 0.15 3 4,0 6 9 , 



Table 13. Water chemistry data for samples collected on 19 October 1982 

Sam pl•~ Temp. Cond. Field Lab. Alk PO 3- TP NO-/NO- N!f.,. Phenol Si 'l'"'" Cl-,.).,) 

Sit;, (OC) (umho/cm) pH pH (mg/l) (ugi/1) (ugP/1) {u~N/lJ (mBllh) (ug/l) (me/l) (mr,/l) (mr./l) 

A B.B 70 7.16 31.5 7 61 74 0.04 2 3.6 14 3 

B 9.0 69 7.22 33.2 11 57 64 0.02 l 3.6 8 3 

c 9.1 69 7.19 33.a 11 57 65 0.03 3 3.6 7 3 

D 11. 9 265 6.98 83.2 77 208 34 0.13 6 4.5 10 70 

E n.o 340 6.9'.) 75.2 77 19t 37 0.10 6 4.4 10 60 
w 

'° F I:;i.£ 380 7.00 88.8 96 242 20 0.12 5 4,4 9 78 

G ll.8 275 1.04 70.7 69 185 33 0.13 I\ 4.) 10 56 

H CJ,5 101 7.21 39.1 19 81 53 0.04 3 3.6 9 11 

I 9.2 92 7.22 37.3 11 73 61 0.04 3 3. (, 11 e 

J 10.0 112 7.28 44.0 19 70 73 0.05 ) 3.8 6 12 

I{ 9.2 68 7.25 32.4 10 60 59 <0.02 2 ;.6 9 3 

L ·3.5 80 7.26 35,J, 12 69 60 0.05 2 3.6 11 5 



Table 14. Water chemistry data for snmples collected on 2 November 1982 

Sample Temp. Cond. Field Lab. Alic PO 3- TP rm;/llO~ NH Phenol Si TSS Cl-
Site (OC) (!.lmh::i/Cm) pH pH (mg/1) (ugi/1) (ugP/l) ( ugN/l ( m1:Nfi) ( 11r,/l) (mgSi/l) (mP,/1) (mr./l) 

A 7.0 82 7,34 42.4 1) 53 81 0.09 l 3.9 5 4 

B 1.0 00 7,32 41.0 11 50 88 0.11 2 3.8 4 A 

c 1.0 81 7.34 41.4 14 51 80 0.11 1 3.0 4 4 

D 8.9 182 7.21 81.2 168 250 25 0.60 5 4.1 6 62 

E 9.5 208 7.25 80-4 l'/4 2()0 39 0.62 3 4.2 6 tiu 
_;;:,. 
0 

F fJ. l 149 7.24 03.0 190 270 18 0.43 3 4.2 6 64 

G 13. 5 168 7.26 55.s 53 120 56 0.30 3 3.9 6 :n 

H 13.0 HB 7.38 4B.6 34. 89 39 0.23 2 4.0 6 25 

I 13.0 142 7.36 48.) 27 95 54 0.19 1 ).B 7 31 

J 7. <) 158 7.36 55.5 34 89 70 O.i5 3 4.0 4 2? 

I{ 7.2 101 7,37 40.4 14 54 77 0.09 2 4 12 

L '7 .6 130 7.36 45.5 27 81 83 0.18 1 3.6 6 21 



Table 15. Summary of veter chemistry data for oarnpl~s coll~cted J~ne - November, 1982 

Conductivity Lsborato':"y pH Alkalinity Db:rnl vnl P04 3_ 
(umho/cm) (rr.r,/l) (111:?/l) 

Sample 
Site Mee inn Mean Range Median Hean Range Median Mt:Jan Range Mi::d!<.in lr.c1;n Range 

A 12fl 11 B 70-159 ·1.19 7, 24 6.tS)-7. 77 49.0 47.9 31.5-59.3 14 HI 3-41 

B 125 117 69-158 7. 31 7,38 7.12-1.70 49. 4 49.J 33.2-58.8 14 lfl 3-47 

c 124 116 69-160 7.36 7 .42 'f. l 9-7. 75 'j 1 .o 49,5 3'.~.El-59. 6 17 1'l 4-33 

D 282 298 147-490 7.18 7.20 6.')0-7.63 85.3 86.6 eo.B-101.0 119 i ·;·1 18-424 
.;::.. 

E 330 323 110-570 7.20 7. HI 6.6e-1.53 m.H es.a 54.J-142.6 .00 11 <J 37-250 

F 286 282 132-430 7.16 7.22 6.B4-7.68 80.B 79.2 52.0-123.2 84 9·t 20-190 

G 164 184 106-275 7,33 7.36 7.04-7.66 60.4 59.5 31.0-11.0 42 4 i5 15-104 

H 154 200 101-620 7,35 7.38 7.16-7.69 54.6 57 .o 3S.4-91.2 ·54 ·1'::> 8-176 

I 150 152 92-245 7,35 ?. 3'1 7.1')-7.66 54. ·1 ')2.6 36.')-60.3 )1 27 11-40 

J 164 173 112-255 7.38 1.1n 7.14 .. 7.6) 59,f, ,., .o 40.2-69,7 :~.1 36 5-W 

K 130 136 68-195 ·1. 34 7.40 7.21-7.65 4 !'). 'l 49.8 32-4-64.7 24 28 4-60 

L 132 12g 80-184 7 .40 7.44 7.26-7.67 50.4 50.2 35.1-62.1 2;. 21 8-40 



Table 15 (continued) 

Total Phosphorus tlitrate/Nitrite Ammon is Phenol 
(ueP/l) (ug?l/l) (mgN/l) (ug/l) 

Sample 
Sit~ Median Mean R-nso Median Menn Ranee Med ion Mean Range Mt.,dinn Hean Range 

--
A 71 Bl 53-127 83 90 81-127 0.12 0.10 (0.02-0.15 2 2 < 1-4 

B 74 84 50-173 95 93 64-108 O. IO 0.08 <O.C2-0.14 2 2 <1-6 

c 71 73 51-99 92 94 65-120 o. 11 0.10 (0.02-0.14 2 2 <1-4 

i) 239 271 150-610 54 62 25-113 o. ·~n 0.76 0.13-4.43 4 5 1-17 

E 250 246 160-357 79 85 37-140 0.2') 0.61 0.10-3.18 3 6 1-25 

"'" F 24~ 228 166-364 90 82 18-184 0.26 ~.34 0.12-0.78 4 5 1-19 
"' 

G 107 122 81-200 91 82 33-129 0.15 0 17 o.oa-0.24 2 2 (1-4 

H fl9 99 71-134 94 91 39-148 0.14 0.16 O.Ot;-0.21 3 3 2-4 

I 92 91 73-130 81 84 54-117 0.13 0.13 0.01)-0. \7 , 1 2 <1-5 

J 98 109 70-195 92 103 70-145 0.16 0.16 0.0!)-0.2; 4 4 3-7 

K 85 87 54-136 87 101 5')-147 0.10 0.12 <0.0:?-0.21 2 2 <1-'1 

L 81 89 69-148 108 114 60-187 0.12 0.14 <0.0:?-0. 50 2 3 1-5 



Table 15 (~o~tinued) 

Silica Total Suspended Solids Chloride 
(mgSi/l) (mg/l) (mg/l) 

Sample 
Site Modian Mean Range Median Mean Range Median Mean Range 

A 3,6 3.2 1.2-4.2 10 12 5-34 4 4 3-6 

B 3.3 3.0 1.2-4.1 8 8 4-13 5 5 3-6 

c 3.4 3.1 1.1-4.2 10 10 4-17 5 4 3-6 

D 3.e 3.5 1. 4-4. 5 12 t3 6-22 60 57 15-90 

E 3.6 3.6 2.7-4.6 11 12 6-"23 56 51 23-66 
.!::> 

3.6 3.6 w F 2.7-4.4 10 11 S-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 11 14 6-31 

J 3,4 3.3 2.5-~.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 .o 8 8 5-12 g lO 5-21 



Table 16. C0ncentrclti0n5 vf alkalinity, t ... tal ?h.,,sph.Jte, 
amm1.mia, and Cl- in the l.,rLSSD effluent. Data ccurtesy 
of Duane wng, \~'LSSD. 

Total 
Date Alkalinity Phvsphorus Atrimt;nia Chlcride 

--Cmg cl> ____ :__ 

15 June 2CYJ 0.90 1.20 250 

6 July 350 0.62 3.00 85 

19 July 180 0.48 0.55 205 

2 J\ugust 220 0.62 <0.10 205 

15 August 180 o.48 <0.10 265 

6 September 180 1.73 6.20 250 

20 September 150 0.915 <G.10 285 

4 Octvber 100 0.35 0.65 225 

18 Oct1.;ber 190 0.55 0.10 250 

1 Ni:..verr.ber 220 0.90 1.60 225 

Average* 198 0.64 0.56 211 

*Volume-weighted average concentraticns fr:r the period June
November 1932. 
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Table 17. Derivati...:.n 1.f fcrr.iula f,,r calculating the r.l.!xing ...:f 
\'lLSSD effluen:: with t!ie '::t. IJ....uis River. 

If we assume that the chemical com:;:osi tion in the small embayrnent 
near the WLSSD pl&nt is a result cf the ~ixing cf Arruwhead 
Bridge (site A) water with WI.SSD effluent water, then the mixing 
fractkn (f) can be calculated fr0m: 

C = (1-f) A + f W 

where: 

C = ccncentrati0n in the embayrr:cnt 

A = concentratic.n at site A (Arrowhead Bridgei 

'ti = c..;nccntrativn vf \.,'LSSD effluent 

This fcrmula simplifies tv 

f = C - A 
W-A-

For Cl - , with C = 50 mg L -1, A = 3 mg L -1 and 'II = 250 
rrq L-1 then f is: 

E = 50 - 3 = 0.19 
250 - 3 

Therefore, the c..;,ncentrntic,n vf c1- in the embayment is 
a result cf mixing 19% WLSSD effluent with 81% St. 
Louis River water. 
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Table 18. Compilat:lvn of mixing fractivns, f, for e~ch of the 
six '='1'b<1yn1tnt sites for each sal!lpling date. 

Site 6/16 7/7 7/20 8/3 8/16 

D o.127a 0.146b 0.431 0.303 0.266c 

E 0.192 0.244 0.243 o.3o3 0.278 

F 0.184 0.207 0.054 0.373 0.100 

G 0.041 0.049 0.015 0.030 0.108 

H 0.073 0.001 C.035 0.020 .0.290 

I 0.073 0.037 0.020 0.015 0.073 

9/21 10/5 10/19 ll/2 A-1eraoed 

D ct.175 0.235 0.271 0.2?2 .25? 

E 0.104 0.277 0.231 o.253 .227 

F 0.139 0.200 0.30'1 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 

aEffluent values fvr calculaticn taken frcm June 14, 1982. 

bEf fluent values fer calculaticn taken frcrn July 5, 1982. 

9/7 

0.163 

0.078 

0.049 

0.012 

o.cl6 

0.016 

cPlant effluent ccncentratkns taken frcm August 16, 1982. 

dcalculated usi11g mean embaymerit ccnccntrat it n, me.Jn WLSSD 
effluent o.;ncentratk,n. and mean Arrcwhead Bridgt- ccncentrath,n 
(Tables 15 and 16). 
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T.::.ble ; g. Co:ipar:'..f'on ..;~· predic~er! alkalinity, '.:o':al phosphorus, 
and am~onia, with ':he observed mean conc~ntrations in 
th~ e::~:!~":;:cr:t .. I\~r-owhead 2ride'! (t:ite A) and WLSSJ 
effluent concentratiocs used to predict the embayment 
concentraticn~ are also given. All concentrations ~re 
in 1:1g L- 1. 

Alkalinj ty Total Phosphorus Ammonia 

Site Predicted Hean Predicted Menn Predicted Mean 

D 86.3 86.6 .224 .211 .216 .3so 

s 82.0 85.8 .206 . 246 . 203 .290 

F 77.6 79.2 .191 .22s .190 .260 

G 62.4 59.5 ,135 .122 .14· .150 

H 62.4 57.0 .135 .099 .144 .140 

I 55.1 52.6 .108 .091 .121 .130 

-----------------------------------------
A 47,g .08, .100 

\TLSSD 198 .639 ,556 
effluent 
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Table 20. CvmpariSvn of inputs to St. U>uis Bay fn:,m the St. Louis River .:ind WLSSD effluent during 16 June - 2 Nvvcmber 
1982. The average flow for the St. Louis River is c<1kulate:.l fr..:;m discharge data at the Thoms0n Dam, s..:;me 30 
km upstream from St. Luuis Buy. C0ncentrati0ns used in ccilculating luildings frurn the St. Luuis River are 
thuse measured at site A (.l\rmwhead Bri<l•)e). All average cuncentrntfonn are vulumc-weightQ<l averaqcs. 'l'he 
lvading is an averag~ kiading rnte 1.,ver the 140 day pcrfod between 15 June and 2 Nvvember 19fl2. 

Alkalinity 'I\, ta l Ph-..sph0rus l\n\!l'lv n i a Chl-..ride 
Avernge Ave. wading Ave. Loading Ave. wading Ave. wading 

Svurce f'lt.,w O:..nc Cone 
(m3 sec-1) (!nJ L-1) (1079 day-I) (mg L-ll 

Cvnc Cvnc: 
(105g day-1) (mi cli (105g day-ll (In] L-1) uo7g day-1) 

WLSSD l.f) 198 2.7 .fi39 0.88 0.556 0.76 211 2.9 

St. 
wuis , 

niver (at 
site A) HG 46 46 .076 7.6 0.089 8.80 3.9 3.9 

. . 
Total l 
Loading t19 6.5 9.6 6.8 
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Table 21. Yearly average cctal ?"lenvl ccncentrath,ns at site L 
(Interstate-535, Blatni i< High Bridge). Early dat:i ;ire 
fn.;m MPCA (1978a). N is th; number cf samples 
collected during the year. 

Yea,; 

1973 

1974 

1975 

1982 

N 

l 

15 

8 

10 

Averaae 
Total Phenol 

(m:;! L-1) 

23 

9.2+fi.O 

8.0t4.G 

i. 7+1.2 
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Range 

2-20 

4-19 
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Tab:ie 22. M:c!th,,;..ds cf nutrient. analysis us~d by the five lab..;.ratcrh.,s 
s::.udying St. LL'UlS Say. f\,r J.:tails vf ar1alyticnl rnethcd!:i sec 
references in figures 2 and 3. 

Laboratory 

LSBSC 

WLSSD 

EPA 

Mf'CA 

WDNR. 

lisn2-1977 

21977-1980 

~ci3 only 

Anm:>nia 

Distil le ti on, 
Nesslerizaticn 

Phenate 

Distillaticn, 
Nesslerizati..,n 

Disti llaticn, 
Nesslet i zaticnl 

Alkaline O'hid~ticn, 
Diazvli zut kn2 

Phenate 

Total Phosphorus 

Cd Reduction, Persulfate Digesticn, 
Azc Dye ~lybdenurn Blue 

Brucine3 Persulfate Digesticn, 
~lybdenum Blu~ 

Cd Reducticn, Persulfate Digestion, 
Azv Dye ~lytdenum Blue 

Cd Reduction, Persulfate Digesti0n, 
/J..zc Dye ~lybdenurn Blue 

Cd Reducticn, Persulfate Digestion, 
AZKJ Dye ~lybdenu:n Blue 
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FICt:'RE CF-.P'I'IONS 

Figure 1. ':'he C'ul11th-Superior Earbor. 

Figure 2. 'l'he Culuth-~uperior Inner Harbor (St. Louis Day). 
Locations for water che~istry a~a plank~on sample 
collection are designated ::>y A through L. P denotes 
the approximate location of the WLSSO dischar9e pipP. 

Figure 3. Total phosphorus at site A (Arrowhead Bridge) between 
1972 and 19R2. Depth of sample was <l metre. 
References: LSP.SC - thj.s laborntory7 WLSSD - Storet 
computer printout; EPA-EPA (1975); WDNR-WDNR {1~77). 

Figure 4. Total phosphorus at site L (IHatn::.k lligh Bridge and 
Burlington Northern Railroad Erid9e) between 19/2 and 
1982. Depth of sample was <l metre. References as in 
Figure 3 and: MPCA-MPCA (i978a, b, 1981). 

Figure 5. 

Figure 6. 

Nitrate/nitrite at site h (/\rrowhead 
1972 and 1982. Depth of s~mple 
References as in Figure 3. 

Nitrate/nitrite at site L (Blatnik 
8urlingt0n Northern Railroad Bridge) 
19B2. Depth of sample was :1 metre. 
Figures 3 and 4. -

Eridge) 
was < l 

between 
metre. 

High Bridge and 
between 1972 and 
References as in 

Figure 7. Ammonia at site A (Arrowhead Bridge} between 1972 and 
198?.. Depth cf sample was 2_1 metre. Refere:ices as in 
Figure 3. 

Figure 8. Ammonia at site L {Blatnik High Bridge and Burlington 
Northern Railroad Br idgE) bet ween 197 2 and 198 2. 
Depth of sample was <l metre. References as in 
Figures 3 and 4. 
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Introducli0n 

Hislory -- St. Louis Bay has histodcal ly ox,perienced very poor water 

quality conditions. A combiodtion of r;:;::c:;:; cut:;cphic."?tion pr01<11mnhly due to 

nutrients from a waste treatment plant, and fish-tainting chemicals, 

presumably from an upstream paper lli 11, combined with the modifications of 

navigational dredging and development of the waterfront have been prim1! 

influences for degradation. 

The COl'.struction of the Western Lake Superior San .tary District (WLSSD) 

treatment plant apparcnt. ly has deviated much of the chemical problems S•.Jch as 

low dissolved oxygen and fish tainting chemicals. 

Purpose 

With the developm<;>nt of WLSSD .1nd its sewage system, a numb..:,. of waste 

streams and their chemicals ;1r.:: now processed Lhough the plant nnd di" harged 

into the lower St. Louis 1\ny vin a diffuser sysLEm. The purpose of Lhis 

survey was to determine the pattern of distribution of the bcnthic 

macroinvertebrales in relation to the \41.SSD discharge. 111is survey was 

conducted in conjunctiL with a number of other fascets of a stuJy program. 

Amon~ the other inv~~sl i'Sat ions was a survey of lhc plankton and water 

quality, and labor;itory mc~i!s•ll"es of acute toxicity, test fish responses and 

chemical determination of contaminants. 

Ratio.ialc 

The bcnthic macroinvert•:bralc conrnunit:v w.:i;; selected for s1..rveying 

because of their sessile h<1bits .1nd in::e~ratini.; exposure Lo the environmental 

con<lit ions in their imm,~diate surroun1I Upstream coves were u,;eu '"'" 

controls since they ' ' 'W'Oll!U L0 ch~mic3ls possih!y found in thr 
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disdmrge, H11ltlple sampling stations ~ere used in order to cstim>itc "';:ati;;l 

variation within a cove. The transects in the l~LSSD discharr,e cove were used 

in order to raore precisely delincatr.: the impacted arl:'a, if lc1deed ;rn i<.;pact 

was found. Presumably, if the community was adversly affected, differences 

in the taxa captured would he fr.:J!"id and circumstantially be attributed tJ the 

WLSSD disclnrge. The other lnv~stigf!tions would be compared for possible 

confirmation. 

Station Location 

Three bays on the llinncsota sidr~ of St. Louis Bay were sampled thr,~c 

tiraes duri tg 1933 using r,1id and r~uartcr-point stations on transects extending 

acros::i the bays (Figure l). Upstream bays were near the Arro1.1hc>ad Bridge. 

In the ll'..S:iD discharge bay, two 3 station transects w<ire sa1Jplcd, using the 

diffuser station as a com1:10n point. Sampling was done on .June 15, August 10, 

and October 26, 1982. Durin!, August and October, an additional station (llri') 

southeast of the <lischarg:e bay was sampled • 

. sc:npling Regime 

Grab s.:imples were taken in discrete triplicctei:: using a 6" x 6" Eckm:m 

dret!ge. The sm:iples were wa;:;he in a mesh bottom bucket of 30 mesh sc:::-ecn tc> 

remove fine sedi~cnts. TI1e residue was placed in labeled jars and pre::ierved 

with lQZ forrnaltn. 

Sample Preparation 

The samples were washed and <lepositea in ,' 9" x 15" white porcelin pan 

and flooded with a sugar solution to facilitate organism floatation. The 

org;inisms, rirtmarily insects, that floated werl! rc;;nned, then the debris was 
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sort.:>d to remove .-,ther orga 1isms. The organisms were re-preserved in 70~ 

ethanol. 

Sam;:ile Analysis 

The organisms 1.1ere enu1m2rated and identified to convenient taxa using 

dissecting Pnd compound microscopes. Standard taxonomic reference were 

ut i Li zed. 

Hesults 

Tables 2, 3, and /~ present the number of organisms in each taxonomic 

entity ns captured by the combin~d 3 grabs of the 6" x 6" dredge at each 

station. Tables 5 <'!Id 6 present 'the sur.inations when all 3 sampling periods 

are combined, along with simple calculated values relative to clarifying the 

patterns of distributiun. Table 7 presents data ~y sampling period for total 

numbl'rs per ta;wn and percent compr-sition. Table 8 presents the data as 

dem;ity (numbt:rs/m 2) of orgfa.1h;;is. Figures 2 :ind 3 display density and 

rercent coo.position data. 

A total of 105 grab samples captured 2, 916 organisrJS of 22 taxa (18 to 

20 eaclt sampling period). 93.4% were oligochae•es and chironomids (90.5 to 

96% for individual sampling). Over the thri:.e s;lopling times, 2 to 12 taxa 

per station were captured. Frequently, the occurrence of a taxon at a 

station was represeqted hy one ind:l•·idual. 

Overall, the upstreao bays had the fewest oligochaetes and the largest 

nui,,ber of t,1x:i. WIG, the r.1·)st upstre.iri station :::.n the discharge bay, was 

quite similar to the upstream hays, possibly due to the direction of t!v.? 

water flow. The stat ion by the diffuser (UlA) showed an increase in the 

nu~1i:>er of taxa durini:; the su..1Mer whn(, \.'23 anJ llZC rem.:il.neJ severely 
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depressed. The pritterns of the urstt"f:':'ln stations were reasonably consisteut, 

thus both spacial and temporal dif~erences were in effect. 

The oligocha..:tes wert. not identified to lowec taxonomic entities and the 

numbers even include a few individn;:ils of the freshwater polychaetc, 

Manayunkia ericnsis. Lowest densities \..'ere found outside of the dischat·ge 

bay. The gr·~atest numbers were found in Augt1st. This was the 1aost common 

taxon, comprising 65.9% of all ,r~anisns :s4.5 to 74.9%, for each samplinc). 

Chirono:nids were the second most com;;ion group, 27. 5% of all organisms 

(19.l to 36.ll for each period), Eleven cenera were c~pturcd, with the most 

common and wid2ly dispersed being Procladius. !tuch lower numbers and number 

of taxa wae found in the discharge bay. 

Two gen;!ra of Trichopera were found. They were more cor:irnon in the last 

2 sa1:1pli.ngs and a few were found in the discharge bay during October. 

Ephemcropera was represented almoqt exclusively by Hexagenia. None were 

found in the discharge bay and the October sacples contained very small 

imllviduals. 

Conclusions 

The beathic invertebr.>tes der.ionstrated noticeable differences between 

the WLSSD discharge bay and two bays 11pst:reara. 

The disdrnrge bay (;ontai.ned fewer types of oqpnisms. 
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Table 1. Sampling areas, stations and depth of wat<?r (meters) for the 1982 

St. Louis Bay, Minnesota, benthos nurvey. 

June Aug. Oct. 
15 10 26 

l. Transect in the bay south of the Minnesota 

Power electric gene rat ini~ plant. 

lA - Southern station 2.6 3.2 3.1 

lB - Midpoint 2.4 2.5 2.8 

IC - Northern station 1.5 3.0 2.2 

2. Transect in the bay north of the 

generatin~ plant. 

'lA - Southern point l.8 2.0 2.3 

2B - Midpoint 2.4 2.5 2.5 

2C - Northern point l. 5 2.2 2.1 

3. l\ay receiving WLSSD discharge. 

Wl. Southern transect. 

WlA - Close to diffuser 1.5 3.5 J.5 

WlB - :-tidpoint of southern transect 2.1 2.2 2.5 

WlC - Close to shipping channel l. 5 2.0 2.7 

w2. Northern tr;insect, uses WlA as one end. 

W2B - Midpoint of northern transect 2.7 3.0 2.5 

W2C - Close to shipping channe 1 4.3 4.0 4. 3 

INT - Southwest of discharge bay N/A 2.0 2.1 
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Tallie 2. Results fran the June 1982, sampling of the St. Louis Bay, Mlnnesora, benThos survey. 

Samplln~ Stations , ... 18 IC 2.-. 28 2C WlA W18 W1C "'28 W2C Total 

I) 01 lgochaetes 49 17 3 8 :! 76 147 71 96 7() 540 

2l Dlptera 

Al Ch I ronom I dae 

al Tanypod I nae 

Proc! ad: i...s 20 16 10 17 14 21 3 7 23 4 9 144 

Coulotanypus 6 2 10 3 11 3 35 

Ab I ahesmy 1 a 2 

bl C'llrrinominaa 

Cryptoch I ronet:ius 
sty I I fera 2 5 

Cryprochlronomus 
nals 5 3 6 17 

Glyptotendipes 2 2 2 s 
Tanytar ~us 2 

Chlronoml's 3 s 9 

Pol yped I I um 5 10 19 

!"lcropsectra 

Tr ibalos 

pupae 

9) Coratopoqonidae 

Palpomia 5 

CJ Cu 1 lcidae 

Chaoborus 

31 Tri copter a 

Pr:·; I occntr-::p-us 

Oecatls 2 2 5 

.!) Ephomeroptnila 

Hexagen;a 2 2 7 

Caonls 

5) f-lol lusca 

Sphaorlum 4 2 8 

61 AmphlDOda 

Garrrnarus fasclatus 

71 Other 

lsopod;:i 

Hlrudlnao 2 2 
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Table 3. Results frO'll the August 1982, sampl Ing of tt>e St. Louis Bay, Minnesota beothos survey. 

Sampling Stations IA IB lC 2A 2B 2C WIA W18 WlC 'r/28 ll'2C !MT Total 

1) 0 l I gochaetes 102 34 JO 6 22 46 95 109 93 110 196 :so 873 

2) Olptera 

A) Ch lronomi dae 

Ill Tanypod I nae 

Proc I ad I us 16 4 H) 11 16 2 :Sl 17 24 25 158 

Coolotanypus 3 5 

Ab I i,besr-iy I a 3 

b) Ch 1 ronon I nae 

Crypt?Chironomus 
sty I! fera 5 8 

Cryptochironcrnus 
nals 2 2 2 11 9 3 31) 

Glyptotendlpes 

Tan)'tarsus 2 3 

Chlronomus 3 5 

Pol yped I I um 3 

Mlcroosectra 

Tr ib'illos 

pupae 3 2 5 

Bl Car atop09on Id a e 

P11loomia 3 5 

Cl Cul lcidae 

Ch11oborus 2 

·'I Trlccptor11 

Phylocontropus 11 3 7 4 6 ~3 

Oo::etis 

4) Ephemoroptera 

Hoxagenla 2 2 7 

Caenls 

5) Mo! lusca 

Sphaqrlur.1 2 2 2 8 

61 Amphlpoda 

Gar:"lmarus ta.,c I atus 2 4 

71 Other 

I SCpOdi'.1 

Hl,-udlnao 2 2 2 11 
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Tobie 4. Results from the October 1982, sempl Ing of the st. Louis Bay, Mlnnasoto bOllthos surv&y. 

Sami> 11 "2 Stat lc>11s lA 1B IC lA 26 2C W!A W1B WIC W2B W2C INT Toti'll 

IJ 0 I I gochaetes 56 23 12 15 4 25 74 93 78 35 84 11 510 

2) Dlptaro 

A) Chlronomldi."e 

a) T any pod I nae 

Procladlus 20 4 3 a 35 19 67 42 H 10 252 

CO@lotal"ypus 5 5 2 6 5 5 29 

Abla':lesmy!a 3 4 

bl Ch I ronoml nae 

Cryptochironomus 
sty 11 fora 2 2 2 9 

Cryptoch I ronomu s 
nals 

G I ypt 01tond I pos 

Tanyrarsus 2 

Chironomus 2 3 2 22 32 

Polypoo!l•.im 2 4 9 

~fcroosectra 

Tri bolos 

pupae 

8) Ceratopogon i dee 

Pal pomia 2 3 

Cl Cul lc!dae 

Chaotxirus 2 3 6 

}) Trlcor>tera 

Phylocon"tropus 3 7 2 2 2 20 

Oecn"tl ~· 

4) Ephomoroptera 

f'e,.agor.la 2 5 13 2 8 32 

Cacn;s 

5) ~lo 11 usca 

Sphaerlum 7 9 

6) Afl';ihfpoda 

Garirnar u5 fasclatus 2 I! 11 

7) Otlier 

I sopoda 

Hlrud!nae 6 
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T11ble 5. Su11111ary results of the 3 sampllngs of the lYB"L St. Louis Bay, Minnesota benthos survey, 

~ng Stations 1A 1B IC 2A 28 2C WIA Wl8 WlC '!128 '!12C INT Total 

I) 0 I I gochootes 207 74 45 29 'L. i H 245 349 242 241 350 41 1923 

2) Olptera 

Al Chlronomldoe 

O) Tony pod I noe 

Procladlus 56 24 23 18 26 45 40 57 107 70 77 II 554 

Coo1otanypus II 2 15 8 12 10 5 6 69 

Abla~smylo 3 3 I l 9 

bl Ch I ronoml nae 

Cryptochlronomus 
sty I lfer;, 2 6 3 3 2 4 22 

Cryptochironomus 
nal s 2 5 2 3 2 4 12 15 3 48 

Glyptotendip.:is 2 2 2 9 

T11nytarsus 2 l 3 7 

Ch I ronor.ius 2 4 4 B 22 3 46 

Po I yped I I um 6 2 3 15 2 2 31 

Mlcropsectra 

Trlbelos 

pupae 3 2 5 

SJ Ceratopoqonidao 

Palpomla 3 2 3 3 13 

Cl Cul lcldae 

Chaoborus 2 4 9 

3l Trlcoptora 

Phylocentropus 15 7 ~ 9 5 8 2 54 

Oecetls 3 2 6 

4) E phemeroptera 

Hex.:igenla 4 7 16 2 5 4 8 46 

Caenls 2 

5) Mo! I usca 

Sphaerlum 4 5 2 9 2 25 

6) Amphlpoda 

'3amm11rus t~sclatus 2 3 8 16 

7) Other 

l sopoda 

Hlrudlna& 6 4 2 3 2 19 
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Table 6. Summary of the number of taxa and organ i.sms and percent composition of two major taxa from the 1982 

St. Louis Bay, Minnesota, bent hos survey. 

Sarnplin~ Stations lA lB IC 2A 2B 2C WIA WIB WlC W2B W2C INT Total 

Number o iaxa lti 13 16 15 16 13 7 10 l l 4 5 11 22 

Numb,~:: of Organisms 320 134 125 97 98 163 313 439 405 313 431 78 2916 

'.t 01 i;i:c1chaetes 64.7 55.2 36.0 29.9 27.6 '~4 .8 78.3 79.5 59.8 77 .o BL 2 52.6 65.9 -----
% 0 l i goch .~.,~ t e.; + Proc lad i11s 82.2 73. l 54.4 48.5 54. I 72.4 91.1 n.s 86.2 99.4 99. l 66.7 84.9 

Cl' 
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Table 7. N1i11bers of organ Isms and percen'f' compos 11' Ion, by salll()l Ing period, 

tor 'the 191!2 51'. Louis Gay, Mlnneso'f'a, benthos survey. 

·----
June August 0ctob<lr 7otal 

No. 1 J: ~o. I No. j No, ~ 

I) 0 11 gochaetes 540 66.4 sn 74 .~ 510 5~ .• 5 1923 65.9 

2l Clptera 

Al Ctllronomldae 

a) Tanypodlnao 

?rocladlus 144 17,7 158 13,6 25:: 26,9 554 19,0 

Coelotanypus 35 4,3 5 0.4 29 3.1 69 2.4 

Ablabesmyla 2 0.2 3 0,.5 4 0.4 9 0.3 

bl Chlronomlnae 

Cryptoc h I ronomus 
sty I I fora 5 o.c 8 0.1 9 1,0 12 o.s 

Cryptoch I ronomus 
2:6 nals l7 2.1 30 O, I 48 l .6 

Glyptotendtpes 8 1,0 0.1 9 0.3 

Tanytarsus 2 0.2 3 0.3 2 0.2 7 0.2 

Clllronomus 9 1 • I 5 0.4 32 }.4 46 1.6 

Polypedl lum 19 2.3 3 C,3 9 1.0 31 l • 1 

\l I cropso..:tra 0 ·' T 

Tri bolos 0,1 T 

pupae 5 0,4 5 0.2 

Bl Caratnpogonldae 

Palpomla 5 0,6 5 0,4 3 0.3 13 0,4 

Cl Cu I ic ld<i~ 

Chaoborus o.: 2 0.2 6 0,6 9 0.3 

3) Tri copter~ 

Pl'ly !ocontropus 0.1 33 2.a 20 ~ . 54 1.9 L •I 

Oocetls 5 o.6 O, I 6 0.2 

4) Ephenorc;itera 

Hexagenla 7 0,9 7 0.6 32 3.4 46 1.6 

Caenls 0.1 0.1 2 T 

5) l>'?l lusca 

Sphea~lum 8 1.0 8 0,7 9 1,0 25 0.9 

6) Am:;>hlpode. 

Ga=arus fe.sclatus 0.1 4 0 • .5 11 1,2 16 0.5 

7) Other 

lsopoda 0.1 T 

l-llrudlnaa 2 0.2 11 0.9 6 0.6 19 0.1 

Total 813 1165 938 2916 

No. r,,..., 20 18 19 22 

1 
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r .. ti1e e. Density ( nucntiers/'112 ) of oonth l c macro! nver tebr.,tes collected during 1983 

from St~ Louis e.,y, Mlnnesot,,. 

1A 19 IC 2A 23 2C WIA Wlfl W1C W2H w2C INT 

----------
1) o ! I gochl!{Jt!~s 989 354 215 139 129 349 1171 1668 115 7 1152 1673 7'14 

21 Dlptora 

Al Ch1rono'1'lidae 

al Tanvnodinae 

d Proclod!us 268 115 110 86 124 '.115 191 272 511 335 368 ,~ ,.., 
Coalotanypus 53 IO 72 38 '57 4fl 24 ,q 

Ab I .'lbesmy 1 a 14 14 5 5 

bl Clllronom!nall 

Cryptochlronomus 10 5 29 14 14 'i !O 19 
sty I! fera 

Cryptoch'ronomus IO 24 10 14 10 J:) 57 72 22 
nal s 

Glvototend!pes 5 10 10 5 5 10 

Tanytarsus 10 5 14 

Chlronf)IT!US 5 IO 19 19 38 tM 5 14 5 

Po I yoed 11 •Jm 29 10 14 5 72 10 15 

Mlcroosectra 7 

Thibcles 5 

P~oM 14 10 

Bl Coratopo')onldae 

Pa I poml a 14 5 10 14 14 5 

Cl Cul!cld~n -------· 
Ch~ooor I nae 

Cnaoborus 10 5 5 14 7 

3l T:-lcoptera 

Phyloc:Antroous. 72 :n 24 43 24 38 5 10 5 7 

O<lcot Is. 5 14 10 

4) Eph0"'9ropter 11 

liexaglnla 1q H 76 10 24 19 62 

Caonls 5 5 

5 l Mol lusc11 

Soha"!rlum 19 ~ 5 24 10 5 43 14 , 
6) Amph lpod.l 

Gt1crm11rus fosc I atus 10 5 14 31l 5 5 

7) Othnr 

lsooada 5 

HI rud I nao 29 19 5 10 14 5 14 

Number of tax a 16 13 16 15 15 14 8 10 10 4 5 11 

Density of oroanl~ms 1531 641 5qB 464 464 1 95 151;: 2056 1933 1497 2062 538 

6Y 



I 
I 

DULUTH-SUPERIOR INNER HARBOR 

N 

+ 

_) --1000 SCIO 0 

) 

Figure l. Sampl~ng stations for c~e 1982 benchos survey of St. Louis Bay, 
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PUr-POSE 

The purpose of this subtask was to document the distribution of plankton 

organisms within the Duluth - Superior Harbor, relative to the effluent of 

the Western Lake Superior Sanitary District (WLSSD). Samples of phyto-

plank~on and zooplankton were collected from six sites in the Harbor: two 

sites were within the bay where WLSSD effluent is discharged (coded E and 

H); two sites were chosen to match these in bay:; "upstream" and north and 

south of the tlinnesota Power & light Company plant (C and&, respectively); 

the fifth and sixth sites were locateJ at the Arrowhead Bridge (A} and the 

High Bridge (L). These last two sites are located where plankton org~nisms 

would be well-mixed "u!)stream" (A) and "downstream" (L) relative to conditions 

within the WLSSD Bay. 

tlATERIALS [l.UO HErnous 

Samples were 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 vanDorn water sampler. Slides wore 

made following HcHabb (1950); 15 ml of the luyol preserved sample were 

filtereci onto a rrii~lipore filter using a pressure·· vacuum pump at low 

vacuum. The filters were placed Pn a drop of immersion oil and left to 

stand over-right, until clear. A drop of Perr.munt solution (Fisher S~ientificJ 

was placed on top of the filter and covered with a cover siip. 

Six slices w.:?re made for e:ach sampling period - one for each of thP. six 

sites. The slides were counted at 400X, tislng randorr. fields. 11bout 50 

fields were coimted to 9ive a tot::l of 200 indi·;icuals co,mted per slide. 

The number of fields varied with the density of organisms on the slides. 

l~dividuals were identified t~ genus, and to species whEre pussible. 
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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. Chlorophyll i!_ concentrations from 

each sample 1~ere measured by fluorometer {Strickland and Parsons, 1972). 

corrected for background fluorescence. All value$ were read from standard 

curves derived from purified chlorophy1 1 a (5igma Chemica~ Company). 

Zooplankton were taken by vertical tows at each site with a standard, 80~ rnesh 

Wisconsin net. Preservation in 4% formalin plus 60 g/liter sucrose was used for 

t~e triplicate samples taken each t1me. Zooplankton were counted in open 

chambers according to the procedures recommended by the International Biological 

Prograrrme (Edmondso.i and Winberg, 1971); three hundred organisms, minimum, were 

counted at each site. Edmondson (1959) and Pennak (1978) were used for 

taxonomic reference. 

~ESULTS AND DISCUSSION 

The: l11Jl11th - Su~erior r'-:rbor supports a relatively rici1 assemblage of 

phytoplankton during su.nr:ier. T~irty-three species wt.re identified along with 

twenty more units iJentified to genus (l~bl~ 1). Only twe~ve species (units) 

were found in large eno:t'Jh number':> to bo conside'."'ed corrrnon. There were not 

anomalies in distribution 0r densities of these corrmon species between control 

sites and sites near the outflo1· of WLSSO (Tatrte 2a-c), except an increase in 

the density of .f!:i'..2._tomonas ~in the proximity of the effluent is indicated. 

Diatoms tended to decline as the surrmer progressed and waters warmed 

(Stephanodiscus, Synedra), as is corTnon (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 a~y organic pollution or nitrogen limitation (Wetzel, 

1975). 
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Table 1. Phytoplankton List for Duluth-Superior Harbor Study, 1982. 

Bacillariophyceae {diatoms) 
Achnanthes ·1anceolata var. rostrada 

• 
Asterione1la formosa * 

<.occoneis spp.* 

Coscinodiscus spp. 
Cyclotella Meneghiniana* 

Cymbel la spp. 
Oi a toma himena 1 e 

Oia.toma spp. 

Eunotia pectinalis 

Fragilaria capuci~a 

Fragilaria crotonensis 

Fragllaria spp. 
Gomphonema spp. 
~elosira ~istans* 

Melosira granulata* 

Melosira varians 
Melosira spp,* 

Meridian circulare 

Navicula cuspidata 

Navicu1a exigua 
Navicula gdstrum 

Navicula hungarica 

Navicula pL•pula 

Navicula radiosa 

Navtcula viridula 

Navicuia spp.* 

fli tzschia paiea 

Nitzschia tryblione11a 

Nitzschia spp. 
Pinnularia spp. 
Rhoicosphenia curvata 

Stauroneis crucicula 

Stephanodiscus spp.* 

Synedra actinastroides 

Synedra ulna* 
79 

Synedra spp.* 

Tabellaria fenestrata 

unidentified diatoms 

Chlorophyta (green algae) 

Actinastrum spp. 

Ankistrodesmus 

Cosmarium 

Crucigenia quadrata 

Elaktothrix viridis 

Kirchneriell~ lunaris 

Pandorina morum 

Pediastrum duplex 

Scenedesmus spp.* 

unidentified unicells 

unidentified colonies 
unidentified filaments 

Cyan9phyta (blue-grezn algae) 

Anabaena spp. 
An~cystis spp. 

Aphanocapsa spp. 

EuglenC'phyta 

Euglena spp. 

Phacus longicauda 

Pyrrophyta 

Ceratium hirvdinella 
Crypto:nonadales 

Cryptomonas erosaw 

* Con~on species throughout study. 



fable 2a. June ~hytop1ankton in the Duluth-Superior Harbor, , no" 
i ::1U4.• 

Sites 

Spl?cies. A B c E H l 
• 

Asterionella formosa 467* 733 800 600 , 067 933 

Cocconeis spp. 200 133 133 200 133 67 

Cyclotella rneneghiniana 1267 733 600 400 400 400 

Melosira dis tans 1533 933 1867 2400 1867 2000 

Melos ira 9.-anulata 3467 3933 4600 3267 4000 4200 

Melosira spp. 0 200 867 0 800 133 

Navicula spp. '100 600 600 267 400 267 

Stephanodiscus spp. 1533 533 1400 533 667 267 

Synedra ulna 333 67 200 200 61 133 

Synedra spp. 133 0 600 333 467 333 

Scenedesmus spp. 67 67 67 200 67 200 

Cryptomona s erosa 2133 2267 3467 2933 2333 2667 

*Density, number per liter 
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Table 2b. July.Phytoplankton in the Duluth-Superior Harbor, 198~. 

Sites 

S~ecii>s 
A B c E H L 

• 
Asterionella formosa 133* 67 133 0 333 133 

Cocconeis spp. 467 467 267 200 267 200 

Cyclotella meneghiniana 3067 933 1867 933 2733 2133 

Melosira dis tans 3067 1600 1600 267 J267 3733 

Melosira granulata 867 1667 1267 1067 1733 2131 

Melosira S?P· 0 67 0 0 0 0 

Navicula spp. 400 WO 800 133 333 200 

Stephanodiscus spp. 67 600 600 67 133 267 

Synedra ulna 333 400 467 200 200 200 

Synedra spp. 400 400 tiOO 267 200 67 

Scenedesmus spp. 133 200 133 0 267 0 

Cr yp to mo na s erosa l 067 4533 4200 88'0 l 067 2133 

~Density, number per liter 
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Table 2c. Au~ust Phytoplankton in the Duluth-Superior Harbor, 1982. 

Sites 

Species A B c E H t 

Asterio11el la formosa 67* 1.53 f".:7 67 67 200 

Coccor . ..?i s spp. 67 67 0 0 67 0 

Cyclote1la meneghiniana 733 200 133 67 267 600 

Melosira distans 600 ·1000 1067 1000 1133 1733 

Me 1 OS ira gra'1ulata 2867 2667 2067 2000 2867 4200 

Me1osira spp. 67 333 333 133 467 400 

Navicula spp. 33:" 333 133 67 533 267 

Stephanodiscus spp. 133 67 0 0 0 67 

Synel1ra ulna 0 0 0 0 0 0 

Synedra spp. 0 67 C7 0 67 133 

Scenedesmus spp. 133 67 200 133 200 67 

Cryptomonas erosa 3067 6600 8533 10,400 5133 1733 

*Density, number per liter. 
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Table 3. Chlorophyll a Concentrations from the Duluth-Superior Harbor, 
Surrr.ier. 1982 -(ug/1 i ter}. 

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 o. 70 

E 0.90 4.00 1.10 

H 0.75 0.20 1.00 

l 0.85 3.00 0.60 

*Reference Figure 1. 
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Concentrations of Chlorophyll 2._ measurec from each site are prese~t~d by 

date in Table 3. The usual pattern for north temperate waters is seen in the 

harbor. as well: Chlorophyll values climb into July anc drop quickly as solar 

radiation and water temperatures diminish. We conclude once more th~t all sites 

demonstrate the same essential p1tt~rn (p .05, two-way ANOVA) as we did from the 

species lfst information tSokal and Rohlf, 1969). The one interesting 

departure, site "H" on July 22, shuws a value one order of magni~G:e 1ower than 

its companions. This stte is the off~h0re site in the WLSSD Ray. A;l standards 

and procedures were double-checked fo~ this sample - the valu~ i~ ~01 ret~ly 

reported. This probably indicates the sort of variability that ran be exrect~d 

when sampiing near the dredged channels, the deeper waters of which Cv~tain less 

chlorophyll than the uppermost layers. Light attenuation, rapidly ~n the 

uppermost layers, must be an extremely important factor ~nfluencing 

~hytoplankto~ life in the Harbor. 

Ti1e zooplankt.:m of tre harbor, judging froin these six sites, becGmo 

dominated oy Bc.:srr.i na _core gon i {some specimen~ bear features of _13_. "long~ rest ri s} 

as summer prooresses. Table 4 displays the thirteen taxonomic categorie:; foto 

which zooplankton were enumerated. Table 5 illustrates the volumes of Harbor 

water filtered per sample at each site durin;J the Sl'mme;·. lriplicate samples 

were taken each time. ;\t times, B1J'3mina so dominated the community that they 

appeared to "swurrn''. Tlii s became more prominent 1 ater in mi d-summ~r as the 1110re 

cool-water specie~ like J?a.E!l!ll_! .92._l~ata and the Diaptorr.u-:; spp. declined. Fro1t1 

Table 6a, b, and c, the clear domtnJnce of jusi a ~ew ~pecies within the 

ct.mmui .. y can be seen. The patt.t::-n persisted ax each of the 'iites sampled. 

Further, the same species were dominsrt at all six sites at one particula:- tim! 

:tho .~h the magni~:Jde of this dominance varied. 0'1ly eight speciE:!:; figured 

i mportc nt. ly i ;, the lCOP 1 ankto11 corrmu nity structure. however, e 1 even taxc: p 1 us .:i 
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Table 4. Composite List of Zoophnkton from Six Sites in the 
Du luth-Sl.lperior !!arbor. Summer. 1982. 

Category l - Cladocera 

Daphnia galeata 

Bosm ina corego n i 

Diaphanosoma leuctenLergianum 

leptodora kindtii 

Ceriodaphnia megalops 

Alona guttata 

Cate~ory 2 - Copepoda 

Diaptomus spp. 

Mesocyclops leuckarti 

Paracyclops fimbriatus 

Hal icyclops spp. 

Orthocyclops modestus 

Catecrnry 3 

Immature copepods (nauplii & copepodites) 

Harpac ti coida 



Table 5. Volumes F•~~-r-d ~n 7o~nl~n~~n~ rn11Prtinn flitPr~) 11 \..it::: t; 1~ w \Jt"'l1.&1t1 .. ...,,v•t .... ~~ ••--~-~~ , ..... -

at six S ltes 1n the Duluth-Superior Harbor during 
Surrrr.er, 1982 

A B 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.B 36.8 85.9 
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category of immature copepods (nauplii and copepodites) were enumerated along 

with an occasional errant Harpactitoid copepod-up from ~he sediments. 

The June data {Table 6a) illustrate an interesting phenomenon arour.d 

station E, the WLSSO effluent. The production of immature copepods is aheaa 

here relative to the rest of our sites. I suspect the warmth of the effluent to 

be the principal cause. The numbers of immatures are elevated 10 - 15X over 

those in the two comparison bays in June. This relationship is still somew~at 

apparent in July. but disappears hy August. This could be an indirect effect -

the warmth causing accelerated algal growth, algae used as food by the 

copepods. 

In July (Table 6b) the overall comriunity was quite reduced, but densities 

were highest in the WLSSO Ray. Halicyclops spp. which pervade the bay were ~ost 

abundant at station E. near HLSSD. This genus is known for its tolerance to 

brackish-salty conditions (Edmondson. 1959). 
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Table 5a. June looplankton in the Duluth-Superior Harbor, 
1982 (no. per 11ter} • 

• 
Sites 

Zoop1ankton A B c E H l 
Daphnia galeata 6.94 8.41 9.66 3.88 9.59 9.43 

Bosmina coregoni 31.89 29.0Z 49.44 77.04 40.61 178.56 

Oi aphanosoma 1 euc ten berg i an um .34 1.18 2.10 l. 56 . 37 3.40 

Leptodora kindii .10 .65 .28 .00 .00 .00 

Cerioaaphnia megalops .00 .00 .oo .00 .00 .00 

A1ona guttata .oo .oo .00 .oo .oo .oo 
Diaptomus spp. 3.95 2.29 .44 3.68 1. 88 1. 89 

Mesocyclops leuckarti .42 .24 .73 20.03 10.16 2.27 

Paracyclops fimbri a tus .93 .53 1.14 .33 1. 31 2.27 

Halicyc1ops spp. 1. C!J 2.86 3.93 10.07 .65 4.52 

Orthocyclops modestus • 00 .00 .00 .oo .00 .00 

Irrmature copepods J.82 18.24 24.54 211. 50 6.78 71.30 

Harpacticoida .oo .oo .oo .00 .oo .oo 
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Table 6b. July Zooplankton in the Duluth-Superior Harbor. 1982 
{no. per liter).· 

Sites 

Zoo12lankton A 8 c E H L 

Daphnia gal ea ta .26 .53 .78 l.14 • .24 • 61 

Bosmina coregoni • 91 2.00 6.60 17.39 2.26 2.02 

Di aphanosoma' l eucten bergi an um .23 .33 .92 1.47 • 11 .07 

Leptodora kindtii .00 .00 .00 .oo .00 .00 

C~riodaphnia megalops .04 .04 .00 .00 .00 .00 

Alona guttata .01 .04 .07 .00 .03 .00 

Diaptomus spp. . 15 .37 .26 1. 35 .38 .57 

Meo::r cyclops 1 eucka rt i .03 .08 .72 . 61 . 16 .20 

Paracyclops fimbriatus .12 .37 .39 2.08 .22 . 39 

Hali cyclops spp. .92 5.76 2.35 11.43 .73 l. 20 

Orthocyclops modestus .00 .oo .00 .00 .05 . l 0 

Immature copepods 5.39 9.63 11. 05 54.82 4.65 8. 14 

Harpacticoida .03 .00 .00 .00 .00 .01 
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Table 6c. August Zooplankton 
(no. !ier liter). 

in the Dul uH.-Sui;erior liarbor. 1982 

Sites 

Zooplankton · A B c E H l 

Oaphnia galerta 19. 35 24.24 1,3. 75 6.36 7.42 3.0Z 

Bos mi na coregoni 9. 10 29.63 1 g. 71 7.5.79 17.17 6.29 

Oiaphanos0rna 1 eu:ten bergi an um 9.46 8.20 5.67 3.34 3,89 1. 71 

Leptodora kindtii .08 .00 .00 . 00 .00 .oa 
Ceriodaphnia megalops .30 1.02 • 72 .19 .. u .08 

Alona guttata .00 . 00 .00 .00 .oo .oo 
Oiaptomus spp. 4. 16 3.84 4.36 8.07 5.16 4.37 

t:e so eye 1 ops 1 eucka rti l. 44 4.82 2. 61 6.85 3.45 1. 70 

Paracyclops fimbriatus 3.70 9.39 4.07 6.85 3.23 1.65 

Hali cyclops spp. 3. 10 9.47 3.84 7.23 4.27 1.65 

Orthocyclops modestus .oo .00 .00 .00 .OD .00 

lmm~ture copepods 16.70 37.39 17. 10 25. 73 18.67 10.98 

Harpacticoida .oo .00 .00 .00 .oo .00 
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August (Table 6c} showtJ higher densit'es overall for the zooplankton 

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

daphnia, which made its first appearance in our samp1es from four of the six 

sites. Their densities we~e greatest in the ope,., water stations and the 

control bays (sites A, Land B, ~). The population increases of these spec

ies probably paralle1Pd the development of adequate bacteria, phytoplankton 

or periphyton food supplies. 

The Duluth-Superior Harbor is a complex system for pelagic sampling. tlot 

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 a function of many 

variables. In the shallows, particularly, the range of seasonal change can be 

extreme. Within this context, examination 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 ventilatory activitles (cough and opercular rates) of two bluegills 

exposed to 1002 final-treated effluent (continuous flow-through) were 

monitored ovc·r an ex.tended period of time. A sym'llsls of this monitoring 

effort follows. 

TWo fish were installed on Aun11st 18, 1982, and allowed to recover from 

the effects of transfer for 24-hours. S~artinB August 19, the fish were 

monitored continuously for the! next q6--hours and all respiratory data was 

recorded on strip-chart records. At least one major period of stress was 

noted to occur; at other times the fish appeared normal, i.e., similar to 

several hundred controls observed at ERL-D in Lake Superior water. 

After 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 r:rngtng from 2 to 12 hours per day. Occasionally the fhih were 

monitored even longer. 

Respiratory data wert! plotted at h~lf-hour intervals on the basis of 

relative change from the expected normal. TI1ree categories were desiunated: 

some stress evident, moderate stress, and highly stressed. It was apparent 

from these d<tta plots 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 correlated with changes in influent 'lllality as a result of 

industrial housekeepinc activities. University of Wisconsin personnel 

conducting on-site expo~;urcs observed mortalities among fathead minnows 

during this same period (circa September l - 7). Other peak periods of 

response were of unknown cause. 

94 



All original data plots were turnc>rl nvc> r to Mr. 011;,p)'.;! Long at \.!LSSO for 

study and comparison of these events with treatment plant operations. 
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s ITE-SPEC IF I c ACUTE Mm CHt\OiH c r~QUA TI c TOX l c lTY 

TEST HlG'- -WES TER!l LAKE SUPER !OR SAN IT ARY 

DISTRICT TREATMENT PLAfff EFFLUENT STUDIES 

INTRODUCTION 

A need exists for the characterization of natllral \·1aters 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 .Jf variances for discharge permit 

limits upon an environmentally sound site-specific basis. 

A study was conducted by the University of Wisconsin-Superior, Superior, WI, 

to determine the toxicity to aquatic organisms of effluent from the ~lestcrn Lake 

Superior Sanitary District (~JLSSD) treatment facility in Duluth, MrL Exposures 

1~ere conducted on site and at the University of Wi scons i n-Supcri or campus with 

organisms native to the area t1r.d thought to have a high level vf sensitivity to 

potentially toxic effluent. Water from the St~ Louis River upstream from the 

WLSSD discharge point and University of Wisconsin laboratory water 1-1ere used as 

the control water. 

Bioassays were conducted using static and flowing conditions with grab and 

composited s~1nples of two processed waters within the WLSSD treatment plant and 

seven species of aquatic organisms. Water samples were collected at various 

times throughout the sumner of. 1982. 
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METHODS 

Test Water Descrintion 
·-~~'-----~- -- I, ____ _ 

WLSSD treatment plant processed 1·1aters and St. Louis River \'tater were 

employed as test 1·/dters. WLSSD ~1ater was examined for suspected toxicity while 

the river water was used as a 'clean' wdter control for crnnparison. 

Two types of WLSSD treatment plant processed waters were tested - filtered 

and final ef1'luent. Filtered effluent was water which had been fully treated 

except for chlorination. Tliis water was called filtered effluent because it is 

filtered imnediately prior to chlorination. Final effluent was filtered effluent 

that had been chlorinated and subsequently dechlorinated before discharge to the 

harboi·. Filtered effluent was not released to the harbor during this study with-

out chlorination and dechlorination. 

St. Louis River \'later was collected by sulm:erging 5 gal polypropylene car

boys at a site located at the end of the City of Superior, ~JI boat landing pi er 

on the dov:ns tream side of the Arrm1head bridge. 

Water Ch~_mi ,s.try __ Oe termi na t}p.!!§_ 

Mea sure111en ts of pH (Method 4 24) , tot a 1 al ka 11 n i ty (Method 403), tot a 1 

hardness (Method 309 B) and dissolved oxygen (Method 422 B) were made on exposure 

water samples according to Standard Methods for the Examination of Water and 

\/astewater (APliA, 1975). Water analysis \~as performed once either at the start 

or durin3 the exposure period for static bioassays. For the flow-through tests, 

samples for pli, alkalinity, and hardness were taken every day while dissolved 

oxygen was measured at least every other day. Alkalinity and pli determinations 

were completed on the same day they were taken or stored at 3 C overnight before 

the measurements were made. Samp1es from the WLSSD treatment plant for hardness 

determination required fivefold dilution prior to analysi5. Without dilution, 
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the hardness endpoint was not clear. Chlorine conlent and pH of the tested 

effluents at the time of discharge are available from WLSSD records and not 

reported in this report. 

Results of final effluent exposure \·wter cherr.istry measurements made during 

the ~tudy period were quite variable. The geometric mean pH was 7.76 and ranged 

from 6.7 to 8.6. The mean total alkalin·ity \·1as 214 mg·L-1 as Caco
3 

with a range 

from 147 to 362 mg·L-1 . The mean value for total hardness was 210 mg·L-l as 

Caco
3

, ranging from 121 to 252 mg·L-1 . The mean and standard deviation of 

dissolved oxygen concentrations were 6.8 ± 1.0 mg·L~ 1 (n=ll8). 

Results of filtered effluent exposure water chemistry determinations were 

also highly variable. The geometric mean pH was 7.95 with a range of 6.5 to 

8.6 The mean total alkalinity \'las 193 mg·L-l as Caco
3

, ranging from 142 to 

278 mg·L-1 . Mean Lotal hardness was 235 mg·L-l as caco
3 and ranged from 208 

to 267 mg·L-1 • The mean and standard deviation of dissolved oxygen concentra

tions were 6.8 ± 0.9 mg.L-l (n=88). 

Organisms 

Test organisms used during the series of exposures included ~h~ mag~. 

(~1ater flea). ~arrm~ E§eudol imnaeus, fualel la az_!:eca (amphipods). Pirnephales 

E_rom_tla~ (fathead minnow), Di~ctron~ sp. (caddis fly). !1exagenia sp. and 

Stenonema sp. (mayflies). Q_. !fi_a_gna 1·1ere cu1tured at the University of Wi scans in

Superi or with 30 mg of yeast and trout chow (4:1 wt:wt) per liter of water. G. 

pseudolimnaeus 1·1ere collected from the Eau Claire River upstream of the city 

of Gordon, WI on 17 M<?.rch, 1982. On the same date, !!· azteca \':ere 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, map1t: h;!aves 

prior to exposure. Fathead rninna11s were reared in the University of Wisconsin-
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Superior culture facilities and fed 48 hr old Artemia sp. (brine shrimp) until 

testing. Diplcctrona sp., ~genj_.! sp. and Stenor~ sp. were all collected 

on 9 i1ugu!>L 1982 from Mission Creek at rond 'du lac, MN, the; !3rule River at the 

Wisconsin Ranger Station, Brule, WI and from lnterfalls lake at Pattison Park, 

WI, respectively. 

During all tests observation for mortalities were made at least once daily. 

Static Bioass~ 

Static tests were conducted on grab samples and on one day and seven day 

composite samples of WLSSD effluent collected at different times throughout t~e 

summer. The tests were run at the University at room temperature which ra11ged 

from 21-23 C for the exposures. 

The 14 June, 19B2, effluent was screened for toxicity with five 30 day-old 

P. prorr:_eJ~. six ~.· rse_ll.2.c>lJII~.!1_.!~ and el even !i. .i.1..A_~ca. They \'If"' c a 11 tested 

in l L beakers containing 900 ml of the grab sample. In addition, five young 

P. promelas and five Q_. ~~were tested in 250 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 ~- promelas and five _!!. magna in 200 ml of 100% effluent 11ere 

made in 250 ml beakers. For each exposure, quadruplicate control exros11res were 

performed using laboratory water from the University of Wisconsin-Superior. 

Grab sampl~s of WlSSD effluent taken on 8, 9, and 10 September, 1982, were 

used to expose ~· promelas. The samples were diluted with St. Louis River water 

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

were exposed Lo ~ctch conce11lt'at1 on. 
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f:_l O\",I_: !_~o u 9}1 __ S y_s_te;J}_ p_e~_c_r_i p_t ion_ 

A continuous fl ow sys tCm 1·1as des i qned to expose various types of organisms 

to the WLSSD treatment plant final effluent dnd to St. Louis River water. 

Temperature control and aeration were provided to the test waters. Organisms 

were exposed to 100% final effluent and 100% St. Louis River water. An 

identical exposure apparatus was used for each water type. The apparatus con

sisted of an exposure tank within a larger tank (v1ater bath). Two types of 

exposure tanks were employed throughout the three month test period: a large tank 

into which two small compartmental inserts v1ere placed and a smaller exposure tank 

with no compartments. Each exposure tank was equipped with a stand pipe and drain 

tube. Metering pum~s delivered test waters to the exposure tanks via stainless 

steel tubing. The point of inflow was always opposite the tank stand pipe. The 

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. 

Flow-Throy_gl!_Bioassa~ 

The first flow-through exposures were conducted with Diplectrona sp., 

Hexageni a sp., p_. 12romel as, and _?ten_onem~ sp. Five each of Q.1-£.:! ectrona sp. 

and Hexagenia sp .• and ten each of p_. promelas and Steno~_!!!!_ sp., \.;ere exposed 

in duplicate. To separate the organisms and expose them in duplicate, two 3 

comparb1cnt inserts and two stainless steel mesh cages were used within a 1ar~e 

exposure tank that 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 tv10 ends covered with 505 l•m Nytex® mesh to 

a 11 ow 1·1a ter e;..clwnge. The cages wer'! 9 .4 cm long by 4 .O cm in di a meter and 

closed with a neoprene stopper. Ten ~_ten_o_n_~ma sp. were 1 caded in each of the 

cages and positioned in the center of insert compartments. The other organisms 

were exposed separately in insert conwartments. The tank volume exchange rate 
, 

with final effluent was 5.B volumes·dJy-:. 

In the second f101.<1-throu9h exposure, twenty fathead minnows viere placed 

into a tank 9.B x 23 x 11 .8 cm containing 2.65 L of water. Flow was increased 

to provide 20 tank volume exchanges·day-1• 

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

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

plate to prevent contamination and evaporation. 

RESULTS 

Bioassays of WLSSD effluents (prior to chlorination and immediately 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 

performec.i at the UW-Superior testing facility and the flo1"1-through testing done 

at the WLSSD treatment facility. 

St_atic Bioassa_y--2_ 

Twenty-three tests were run with HLSSD effluent and St. Louis River 

reference water. Four species of aquatic organisms (~. promelas, §_. pseudo

limna~, !i· azteca, and Q_. ma_gna) were included in the tests. Water samples 

were collected on thirteen occasions from three sites (St. Louis River, WLSSO 

effluent after final filtering prior to chlorination, and final processed water 

after chlorination and dechlorination). Some deaths occurred in St. Louis River 
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reference water in 26.1% of the tests. Similar numbers of deaths in reference 

and processed \'1aters precl•Jded the use of bioassay data with Oaphnia for the 

composited water samples coilected on ,_luly 12 anrl 19 and with ~· E.!'Omela_~ for 

water samples collected on July 13 and September 9. Filtered effluent from 

WLSSO ha~ increased toxicity when compared to St. Louis River water in 46.2% of 

the re~aining tests (Table 1) and the final WLSSD effluent 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 rif only 1-2 organisms. 

The greatest differences in mortalities of organisms in reference and 

processed \~aters v1ere with f.. pro:nelas and grab samples of the final effluent 

co 11 ected on 29 July, B September, arid 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 E_. Qromelas. Toxicity was 

rerluced from the initial tests. Mortalities decreased from 40 to 5% for the 

29 July grab saniple and from 100 to 0% for the 10 September grab sample (Table 1). 

Toxicity of the 10 September fi~al effluent was estimated by diluting 

the effluent with St. Louis River water and exposing f.. promelas for 96 hr. 

The dilutions were 25, 50, and 75% of the processed water. A Spearman-Karber 

(trirrrned) estimate ~1as made of the median lethal concentration (Lc50 ) for this 

water s amp 1 e ( Hami Hon, g_t:._ ~· 19 77) . The 96 hr Lc50 was 55 .4 % of pure processed 

water. 

Flow-Throuqh Bioassays 

Initially. four species of aquatic organisms (~. promelas, Hexagcnia sp .• 

Stcn::mcmJ sp., :!?ld Qj_p1ecti:sJJ2_ sp,) t>1ere exposed to St. Louis River 1<1ater and 

WLSSD final effluent for 96 hr starting on August 16. The St. Louis River 
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TABLE 1. 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. Processed 
\.laters were Sampled at the Stated Times by Instantaneous Grabs or by 
Compositing with a Pump for 1 or 7 Days. Reference Waters were all 
Grab Samples. Exposure Water Temperatures were 21-23 C. 

Processed Water Coll ectiol!, Percent Mort-'!1 itL 
Qa te --Tl me -r~_e_c_i_e_s ____ A~g_e ___ ._Re_fi_e_r_e_n_ce __ -_F_i..:...rt::_.e:;.:.Fi~/-...:.f...:.-1..:...n.=a...:..l~_ 
6/14 1430 Grab Pimephales promelas_ 3 day 0 O o 

6/23 

6/29 
6/30 
7/12 

7/13 

7/19 

7/19 

7/29 
7/29,y 

8/2 
9/8 

9/9 
9/10 

1455 

0838 
1115 

1430 
1430 

a.m. 
p.m. 
a.m. 
a.m. 

9/lo'rJ/ a.m. 

Grab 

Grab 
Grab 
7-day 
Composite 

1 day 
Composite 
1 day 
Composite 

7 day 
Composite 
Grab 
Grab 

Grabfl 
Grab 
Grab 
Grab 
Grab 

Gamnarus 
---pse·u-dol i rnnaeu '>_ 

Hyalella azteca 

30 day 

adult 
adult 

Daphnia magna. adult 
Pimephales _promelas 9 day 

Daphnia ~~ adult 
Pimephale~ promelas 3 day 
Pirnephales promelas 5 day 
Pimephale~ promelas 9 day 

D~hnia magna adult 
Pime_phales promelas 10 day 

Pimephales promelas 11 day 

g~lmi a rnagn;i 
Daphnia ~nasl 

adult 
adult 

Pimephales prornelas 5 day 
Pirne_Rhales _promelas!Y13 day 
Pimephales promelas 13 day 
Pimcphales promelas!U 5 day 
Pirnephales prome1as9! 0-5 day 
Pimephales promelas9! 1-6 day 
Pimephales _promelasV 2-7 .day 
Pim~hales promelas9l 8-13 day 

0 

0 

0 

0 

0 

0 

0 

0 
0 

11.8 

5 

0 

11.8 

O· 

10 

0 

0 

0 

10 

10 

0 

0 

0 

0 

9.1 
0 

10 

20 

10 

8.3 

0 

5.0 
4.8 

0 

20 

5 

N.T. 
N. T. 

N.T. 
0 

N.T. 
N.T. 

N.T. 
N.T. 

0 

0 

0 

0 

0 

5 

0 

9.8 
N. r.!Y 

N.T. 

5 

0 

10 

0 

40 
5 

5 

5 

33 

9.1 
100 

0 
~ f 1 l te r i_s _p_r_o_c_e_s s-e-d-c--\'/-a..,..te_r__,,1-mn-.· e-d-;-.i:--a-:-t-e"l y-p-r-.-i o-r--:t_o_c~h' 1 or i na ti on. Fina 1 is the ch 1 ori n a ted 

and dechlorinated processed water as it leaves the treatn~nt facility. Filter water 
was aerated during testing, final water was aerated only at stated times 
{see footnotes e & g). 

b/ N.T. =not tested. 
cl 48 h exposure. 
d/ Water collected on 7/29 was held and retested on 8/6. 
~ Continuous aeration during exposure to final processed water. 
!} Water collected on 8/2 was aerated and held for testing until 8/7. 
g/ uaily 15 minute aeration during exposure. 
!ii 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 

Arrowhead bridge and WLSSO final effluent pumped continuously from 

the treatment plant discharge line. No 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 Ste~.onema bioassay, where no 

control organisms died. Ten percent mortality occurred in the final effluent 

test water with Stenonema. 

An extended acute flow-through exposure of £:. p_r_Q!nelas to WLSSD ;inal effluent 

was then conducted bet\'1een 1 September and 8 September. The test \'las designed 

to proceed for 30 days to observe fish for possible gro1~th differences. However, 

at 192 hr the test 1~as terminated due to mortality of all organisms in the final 

effluent test 1·1ater {Table 2). The reference or control 1·1ater was St. Louis 

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

TABLE 2. On-Site Flow-Through Extended Acute Bioassay of Western 
Lake Superior Sanitary District (WLSSD) a' 

Final Process Hater ~lith Pimep_h.i!]~ promelas~ 

Percent Mortality 

St. 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 <50~ 

9/8 192 h 5 100 

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

'E} Effluent was highly colored and percentages are approximations based 
on observations of netted fish o~ 9/7 and 9/8. 
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DISCUSSION 

The processed 1"1ater discharged from the 11LSSD treatment facility is not 

continuously toxic to aquatic 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. \4hen this effluent was diluted with St. Louis River water, the 

resultant LC 50 to fathead minnows was 55.4% of the pure processed water. From 

this it would appear that the mixture of WLSSO final effluent and harbor water 

1-t0uld 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 of 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 WLSSO 

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 

resu1ted in 33 and 100% mortality, respectively, to fathead minnows in static 

bioassay. The 96 hr LC50 for total residual chlorine with fathead minnows was 
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reported as 130 and 86 11g·l -l in t1·m separate tests (Arthur et al .• 1975). 

The 24 hr Lc50 for fathead minn0\·1s 1~·as 145 and 140 \J9·L-l as determined by the 

same authors. 

On 6 September, the final effluent chlorine concentration reached a recorded 

high value of 180 vg·L-l and on 9-10 September the concentration for the three 

recorded spikes ranged from 270 to 450 µg·L-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 l September, mortalities began occurring between 3 dnd 6 September, 

with complete mortality occurring by 8 September. These mortalities may have 

resulted from the elevated chlorine co1;r:entration on 6 September. 

WLSSD personnel indicated that excess carbon dioxide (C02) 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 s~me 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 l 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 7.21 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 period. It i~ not known whether these five 
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samples would have increased to a pH gr<>ater than 8.1 as did samples taken 

during the later sampling period. 

During the second flow-through bioassay the total alkalinity of bioassay 

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 bioassay 

exposures, the total alkalinity was 317, 362 and 236 mg·L-1 as Caco
3

, respectively. 

Corresponding hardness values were 152, 141, a~d 121 mg·L-l as Caco3 , 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 period 

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, respectively. The interaction 

of high pH influent from the Potlatch Corporation with other influent and process 

waters already within the plani 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 plant influent waters. Highly alkaline discharge 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 Cloquet 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 plant 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 September, Alkaline influent was not present then. 
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Carbon dio~ide is readily dissolved into an alkaline solution and the con-

centration of uco-3 and co3- are allowed to increase, subseriuently increasing 

carbonate alkalinity. This is the condition that existed in the Potlatch 

effluent from 6 to 10 Septc,·ber. Apparently, in-plant precipitation, complexation, 

and dilution by other influents are sufficient tci maintain a final effluent pH 

near neutral ily with elevated alkalinity during the tirne highly all<al ine Potlatch 

effluent is present. 

During the secondary treatment process microbial respiration produces some 

co2 but an excess of free co2 may already have been present in the influent. 

This ~1ould tend to preserve the high alkalinity of alkaline influent; that is, 

it would allow relatively large amounts of co2 to ~emain in solution as HC0-3 
as co3-. Hhen the process ~111ters pass from the region of high free co2 concen

tration to a region of lower concentration, co2 is evolved according to the 

following reactions. 

CO (=) + H 0 ;===: HCO (-) +OH(-} 
3 2 3 

HCO (-) + H 0 ~~ H CO + OH(-) 
3 2 .. 2 3 

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 probable cause for the 

gradual pH increase, marked difference between alkalinity and hardness of final 

effluent when alkaline influent was present and possibly, test organism 

mortalities. All of the factors which influence co2 co11centratfor.3 ;:;re net 
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accounted for. f!igh free co, concent1·at iono; may have occurred at other times 

during the study and may be assoc i a tcd v1ith cond 1t ions other than al ka 1 ine 

influent. 

REFERENCES 

~neric:~ Public Health Association. 1975. Standard Methods for the Examination 

of Water and ~lastev1ater {14th ed.). American Public Health Association, 

Washington, O.C. 

Arthur, J.W., R.W. Andrew, V.R. Matt~on, O.T. Olson, G.E. Glass, B.J. Halligan, 

and C.T. Halbridge. 1975. Cowparative toxicity of sewage-effluent dis

tribution to fresh~1ater aquatic life. U.S. Environmental Protection 

Agency, Duluth, MN. Ecological Research Series EPA-600/3-75-nl2. 

lfomilton, M.A., R.C. Russo, and R.V. Thurston. 1977. Trirm1ed Spearman

Karber Method for estimating median lethal concentrations in toxicity 

bioas.,;ays. Environ. Sci. Technol. 11 :714-719. Correction 12:417(1978). 

111 



Summary 

Characterization of the Organic !lature of the Western Lake Superior 

Sanitary District Effluent 

Summer, 1982 (Subtask 1) 

Prepared by 

Ronald Caple 

Depa rt men t of Ct1e1~is try 

Lake Superior Basin Studies Centt?1· 

214 Re s...:a rch Ln bora tor y Building 

University of ~innesota-Duluth 

Duluth, Minnesota 55812 

February, 1983 

The University af 11innesota 1.s coll•mitted to the policy that all persons shall 

hnve equal access to its programs, facilitieH and employment without regard 

to race, creed, color, sex, national ori~in or handicap. 

112 



The objective of this portion of the project was to identify as many of 

the organic components in the lk.stern Lake Superior Sanitary District (WLSSD) 

effluent as possible. To mnke this coraplcx task more meaningful, a similar 

analysis was undertaken of the ULSSD affluent, as well as the effluent of the 

Potlatch paper mill operations in Cloquet, Minnesota. The latter is 

suspected to be the largest single contributor of industrial type organics to 

the llLSS D opera ti on. 

The qualitative analyses of the above three sites was the result of 

coordinated sampling chat gave a composite sample at each of those sites 

corresponding as closely as possible to the same flow through sample. The 

isolation and concentration of the organics in these composite samples was 

done in threes to reflect the "acidic", "neutral", and "basic" 

functionalities in the cooponents. The chemical analyses were done by mass 

spectroscopy. TI1e mass of data obtained are presently being incorporated 

into a throe x three matrix (3 analyses at 3 sample sites) based on 

functionality. 

A two-pr.:mged approach to the analyses of chlorophenols was developed in 

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 liquid chromatography (l!PLC) with a variable wavelength 

detector that, with wavelength ratiolng as a tool for identification, would 

aid in the identification of chlorophenols ln complex mixturea. The GC-ECD 

method involved a prior derivatization with acetic anhydride which led to 

enhanced extraction efficiencies, whereas the HPLC analyses, while not as 

sensitive without prior conci:-ntn1rion, did not require derivatization. 
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A procedure has been optlmized for the quantitative analysis of trace 

phenolic components in environmental samples. Basic solutions that contain 

the phenolic compounds as their phenoxide salts are acetylated ~ith acetic 

anhydride. The resulting acetate derivatives of the phenols are readily 

extractable from an aqueous soh1tion and are easier to handle by cotmnon GC 

teclmi4ues. 

led report containing the methods used in effluent characteriza

tions and raw data, and chlorophenol analyses procedures are available on 

reques!:. 
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