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PREFACE

This Baginaw Riverf3ay Remcdial Accfon blam (RAF) was preparcd by
the dMlchigan Depayczent of Natural Besources (MONREY fyoa= a [irst <rafg
coxpiled for MDHE By the East Central Hichigan Planning and Developeent
Reglonm, the Naglanal Wildlife Tederaciown, and graduare sgudents from the
Lniversicy of Mirhigan, The Kecedlal Accion Section was preparcd by HDXE
and a reglonal public erganizatiun kvowo as the Saginaw Boasin Nagural
Bescurcea Stceering Com=ittee. FPublic and technical co=ment was recelved
throughout the BRAP development and revwfew pregcess as Jdeacribed in Section
VI.

The BAP aummarizes exizating water quality data pm che Saginaw Bay
drainage basin aod gutlines jnitial perceprions of the remedial actions
that sheuld be rtabken to further addreas the eurrophleatiep aod toxic
material problems la the Sagioaw Biver aod Saginaw Bav. The remedial
perions presepnted hete will he Further refined 1o fubure wersioona of the
Ak, which 1t 1% anticigated, will bhe periodically updared amd vewised as=
core data are acqulired, remedial wmesAaures arve Emplemented, and
enviranmental cenditicna dmprowve.
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EXECUTIVE SLtMaRY

The LHaginew River and Saginaw Lay have been deflnec as one of 42
Great Lakee Arese of Comeern (&HED by the Incernatfonal Joine {ommission
(11 becavse degraded water quallty conditions impaic rcercain vses for
which these watere are designated., FRnviconmerntal programs aave prodoced
subcstantisl improvements in Sseinaw River and Saginaw Bav water quelitw
aver cthe past 20 vesre, but addittonal eflfores are needed co eBddress Ehe
remaining probleme. aMn eflective way ol dealing with these problece e
te design and implesent eite-specilic activities thet are tsllored to the
Spginaw Zav area. This would provide & move divected efforec chan woule
be poaalble sclely with statewide or natlonal programs.

The Intermationel Joine Coemission edvecates thils slte-specific
approach, and the eight Creac Takez states and two Canadlan provinces in
the Great [akes bacsin heve agreed to prepare a Remedlal Actienm Flanm (RaF)
ior each 2f the Arsas of Loncern, L{f any, withinm thelir jurisdiction. The
Michigen Departoent of Xaturel Resources [(MDXR) wae responelble for
developing the Saginaw River/Bsy RAP and deliverinzg It to the 1.JC &y
September LB9EE,

Inm Cctober LWEG, the MODME contracted with the Esact Centrsl Michigen
Flanring and Development Reglonm (ECMPORY, a li=county regionel planning
apancy loceced in Seginew, to prepare o Zircst draft ol the Saginew
Eiver/Bay BRAP by Septecher 1, L9H7. ECHNPIR subcontrected & lerge partion
of the EAFP preparation work to the Xatfomal %ildlife Federsztion [KLF)
Great Lekes Maturel Resoucce Center In Amo Athoer, WY, 1o turn, secuted
the zervices af seven gredusate crudents Srom the Tnlversity ot Michizenm's
[(UeM) EBchool of Matural Reeources Lo work on varlous aspects of this
plan. The ELXPDE prepared the Envirommental Seccting and Progrtaka
secelonz while che WWE/U=¥ coplition produced the Problem Descriptlon and
the Sources and Loads cectiomg of the first desft. Thie September L[9EE
vergtion of the RAT wee prepated by the MDNR, except {or the Kemediel
Acefan seccion, which was produced by the MNDXE and & regiomal puhlic
orginizacion knawn aa the Saginaw Bealn latwre.: Respurces Steering
Ca=nicren.

The Sagioaw Aiver/Pav Remedial Acticn Plan has been develcoped to
address the apecidfic water qualitv problema of tpwic meterlals and
cultural eutrophicatien 1n the Saginaw River and Saginaw FRav. The
chjective cf the BAF procesa is to describe and implement actions that
when conpleted will §1) reduce toxlc materlal lewels in filsh tilssue to
the polnt where muklic hesalth flah consumpticn adwilscriea are oo longcr
aeeded for acy fiah apecles 1o the ADC, €21 reduce toxilc material levels
in Ehe ADC tr theose of Michigan's water quality stapdards, and {3} reduce
vutrephlicaties in Saginaw 2ay to a8 level where the cay will sepport @
balanced meactrophic blologleal community.

Sazxiaaw Bay ir a southwestern extenslon of Lake Huronm located in the
edst central portion af Michigan's lower penimsula., The bav hae & larze
gurface aresa of 2%00 square Xilometers and lts dralnage hasin of 22,557
squate kilometers includes apsveximately 135 of Michigan's total land
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area. Twentv=gight rivers, creeke ot sgricwltural drains flow ditectly
into Saginmaw Bey, but sbout 75% of the toibuwtary hydravlic fnput comes
from the Seginew River.

The phyaical beunderies ot the Saginew River/Bay A0 ape deffred as
ewtending frow the head of the Saginaw Kiver, at the confluence of che
Shiavassee and Tittebavasses rivers wpstoeem af Saginaw, ca lcs mouth,
and 8ll of Saginav Bay out to I{ts Interface wich open lake Huovon At an
icaginary idome dravo between Av Sabhle FPaing and Poine Aux EBargques. Areas
cutside these phvsical boundaries, but within che Spginaw Bay Jralnage
btesin, are dncluded in the BAP i1 thev are known or suspected sauvzes of
centazinants to the Saginav River andfor Saginaw Bow.

The filah consumptien adviecrdes currently En effecr Loy several
speciea in the Zsginaw Biver/Bey ADC are restricted o horgooo feading
Fish and fish with relativelv high levels of lLedy far. FPeople are
advised oot te eat any carp eof catfish fraz gicher ehe Saginaw Biver or
Sagicaw Bav becauvse FCD concentratiecns in some lish tissue saxples exceed
the Michigan Departmect cf Fublic Health (TMEH) criteria for levels aof
puklic kealth concern. Additdemally, for Saginow Bav, it 13 suggested
that pecple restrict their censumptien of lake trour, rainkow trout, and
krowm trout to no more tham ore meal per week, There are no adviegaries
for walleye or vellow perch, the prineipal spore fish in Zaginaw Bay.

Carp semples collected In the meuth of the Saginsw Biver dn 1986 had
FCE concentretions for five Individwal fish analvses that ranged from 5.0
=g /kg to 21.3 cgfkg for ekin-off fillers; cxceeding the MDPE trigger
leved af 2.0 =p/kg. %ellevers rollected in the same area of the Sagieaw
Fiver haed PCE concentrations ronging Teom 0.36 mpfxg to O.60 meikg far
akin-an fillets {rom three <ndfvidunl figh; wall helow the trigger lewel.
Ten walleves collected in Saginaw Bay mear Caszeville In L9B6 had PLE
concentrations in skin-on fillets thae wonged from 0,56 egikg to O.58
wp'kg. Ten skin-cff fillets from charmel cacfirh elec collecied BE
Caseville showed PCE concentrations ranging from 0.73 —pfkg to 2.& mpfkg
with sawples from three individual fish ewceeding the 2.0 agkg trigeer
lewel.

Fecent studies suggest that fomxie materials eey be Imparting the
teproduct ive success of some [ish-mating bird pepulatdons In Saginaw Bay.
Freliminary dets From o L9EF Aurwey of casplan terns indicete that the
oceurrence rete ol developmental defects in egge of a population nesting
on the Sagingw Bev confined disposal facilicy 18 nearly twice as high as
witfed For arher areac of Laxe Huren., 1t 15 not presently knowm if toxic
caterlal hody burdens of other epecles In the Sagicaw Xiver/Bzry 407, such
as fisgh o benchic mactoinvertebrates, are defrimental to thelr life
hiscorias,

Exemsnive phogphorue inpute to Saginaw Hav have Impacced blolopical
communicies by cresting eutrophic condic{ons char favor nuisence species
and ithibit more desirable specics., Exgensive blue-green algese bloome
created tapte and odor prohlems In defnkiag warer supplles drewn JTom the
hav as recently ea the late 14970s5. However, since chen, bay waber
quality haa improved and euttophic concicfons have Dheen subscantially
reduced due to the 1377 state han on the wse of phasphace decergents,
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inmslementation of Pest Managewment Practices (BMPe) by area agriculcurel
producers, and reducticns in phospheorus discharges froc fnduscrial and
munlcipal westewater treatment plants becausc of facilicy wpgrades and
Eetter operaticn., This hea created favorabie shifecs in che phycaplankeon
community witk the almost complete disappearance of the nuisance
blue=gteen zlgaes, Aphanizomencn and Anacvatis. Howover, the most recenc
shvtoplankton servey ildectified several blue-green algase populogions
alotig the easternm shorve of Saglnaw 3av. Aleo. phesphorus concencracions
in Saginaw Bay water remaim higher than anvwhere #lse in Lake Huran and,
when last surveyed, the berthic macroiovertebrate corm—wnity was compoded
pricerily of pollution tolerant fotwms swch as the aguatic worns
Limnodrilue and midges Chironomus,

There are & varietr of sources that contiove to contelbygte
cantazinants to the Saginew River and Faginaw Bav ioglading irdustrial
and cunicipal discherges, rogbined gower overflows, coortaminated
gedizents dn the river end bay bottom, urksn sed ageiculgural ponpoint
rupeff, waste disposal edeces, end the atmoephere. The majority of
industrinl diacharges origioete in one of the four major urben <énfers 1w
the Sagiosw 2iver basin of Bawv City, Seginew, Fiint or Midland. & large
arount of land in the Saginaw Bav dreinege beein is in agriculrural
productiop and an early 1980a atudy dndicated that roughly 558 of bay
phosphotys loads came from fertilizer runmoff from cropland,

Public participatiop Activitiea on the Saginaw RiverfHay EAP atarrced
Feptember 16, 1986 vhen the MDWE held a public meetdng in day Cicw.  Ar
thig meeting, MONH Araf? deacribed the Sagipnaw River/Bay BAP process, the
major isswes rhat wowld ke addressed in the RAF, #nd invited the publie
to express rheiv opinfone about what water guality ifques were of most
conéern Ca chem in rhe Saginaw River/fay system, Fany commenta recedwved
ar thiy meeging have been addresced in the BAP ond & written response to
gath guesciaon 15 presenced Inm Appendix 1.

fn Septecher 15, 986, Great Lakes United held o public kearieg in
Auburn ta galfsic publie coreants with respect to the U.5,-Canada Great
Lakes wafer Qualicy Agrescent and sgsin the public responded with
comecerns ohoul wacer gquality In the faginaw River/Hay Aystem, All
related puhlic goncerns ewpressed at thic meeting were alxo congidered in
the preparacian of cha RAF.

in January und Fehruary 1987, ECMPIR &nd ¥KF conducted a series of
five public zeetings throughout the Seginew Gey besin (Hay Licy, An Gres,
Ceseville, Uarn apd ¥idland) ce infore the public sbout the RAY process
and selicit public go=ents oo vhat chey perceived to be the water
quality problems ol the Sapinaw Eiver/Bay ayeter.

On Marech 5, 1987, a Sagiasw Yay workshop wea held st Teita Coltege.
Though this workshep dealt with maey dszzues beyond the ecope of the EaAF,
such as commeree apd fourisw, Sseinaw Jay water quelity was a zajar focus
of this activity and perticect comnents were conaldered din preparing the
RAF,

In Merck end April [987, ECMPBLR conducted s series of "Ker Group'
ceakinge with local officiels wmd che public to again aclicit dnput to
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tha RAF procepe. & eepecate mestldng «war held with esch of the foilowing
groups: infustry, agriculture, cozmecce, consecvationSeducation ond
cunicipalfiocal government.

From ¥ay through July i987, ECHPDR coordinated the formetion of a
reglonel public group cwlled the Seaginaw Basin Wetural Resources Steering
Cosmittew CSBERRSCY. An eMecutdve tove group of &7 people 1% pade up af
representatives from acong the 22 counties In the Saginaw Bey besin and
severda. public interest organdzations. The steerdng cosmitter is Open Lo
anypoae 1dving or werking 1o the Saginaw Hay watershed whe wishes to
participate through o vork—group struerture, The activities of the
stecting committee imelwde providing ceordipeted public dnput te tho BAP
orecess; pleviding public review amd comment dutdang the RAF's
developmental stages and subsequent updates, and implementiny cervtaim
remedial seétions. The steering commdties had a waler rele in develepinog
the Femedial Actedns sectien of this document.

A Technical Work Group was also [ormed to review the TAF [eor
correctness and completeness of data presentatiens and the techmical
approprisateness ol remedial actions. This growp 13 compoged of
appreximately 30 representatidves, with expertise ip vavipus subject
areas, from lecal, state and tederal agenciles ineludipg XOMFLR, BWF,
MONE, 1JC, U.5, Epvireemental Frotectlieo Agendy, U.5. Fislh and kildlife
Service, Nutienal Ucesnogrophic and Attespheric Admindateatien, C.5.
Cecloglcal Zervey, V.%¥, Soll Consvvvation Spywiee, U.5. Army Corpa of
taglneers, Mickigan Depabrtment of Public Health, Michigan Department of
Agrienlcure, Univeraity of Michizan, and aeveral envirocnmental consulting
Fitmg. 7The Te:hmizal Work Geous reviewed coaly portlcona cof the
Environmentul Fetting, Froblem Desevlpblon, and Seureces and loads
sections of the %arP, durine chelr developmental stages, and 8 Julw 19338
deale of the Remedial Acticons section, Accordingly, subatantial cooment
15 still pecded [rom thizs commitree following diatriewtion of the RAF to
Work LGroup members [(or review in Sepremker, 1953,

The tirst draft of the Zagipnow Hiver/Bay Hemedial Actien Flan was
distributed for review on September 1, 1947, Ir comalated primarily of
data compilations, which formed the basls for beglznlag che proceas of
developing epeclfic remedial actiops to address the ewtrophicacion and
toxic materigl prablems ip the Zaginaw Rlwver and Saginaw Bar. The MDRE
provided & complete ¢opy of che RAT to each memker of the Sagicaw Besin
Xatural Fescvrces Steetiog Commictae ard tequedted that the Steering
Committee provide substantial Input o desigolag and pricritizicg
renedlial actions. Input was aleo requested from fhe genceral public and
wac colicited through & pubhlic meeting acd genctal public parcicipacion
in gtearing committes work groups. Complete coples of the HAM were sent
Ca the county commicefon office of each of the 27 counties In the Suginuew
Fay basin and were aveilesble for public review., The Executive Summary
and Remedfial Actiome portions of the RAIP were malled to people who bad
attended previows public meetings andfor expressed Interest In the RaP
PLOCEEE.

Several pgenera’ized recedis? Bctfons were proposed inm the [igst

drafr of the BEAP. These ectiome were propossd on the basfis of public
fnput to date end review of the technlcal data. They fermed & hasis for

wnxiy



discussicrs 1n the tevlew procesas, during which aome activities were
cipagded, otkers modified, and many additiermal acticos added.

[7 September 987, the Michigan Water Resourcea Commission (WRLD
a2llocaced ane Tull day [(971E) of cheir moothly meetirg to the Zaginmaw
Fivgr /Bav RAF. The day began with & morcicg boat tour of the Zagicow
Kiver hy the ¥EC, local legizlestore, locel press, MONE stafl, and izwiced
public. Tn the sftervcon, MDYEE otaff mede a prescntotion to the WEC on
the RAP and the WRE passed & resolution supporting the Xaginaw Riwver/SBay
KAP procesa (Appendix 2. The ceeting wac then opencd for public commenc
on the BEAP far the rezeinder of the sftcecnoon.

A gecond draft of the Remedisl actions section was prepared based on
&1l commenta received, amd diatributed for public review in July L2BR.
Both oral and written comments ware solicited through dfrecr eaflings and
d% August 3, 1933, public meeting in Bey City. Cozvments received were
ircetporated dato this moat recent wersion of the BaF.

Adilfelanal afferts have beer made te infora the geoeral public in
the Sapimaw Bay basiw aneut the FAP process and dovite publie caoeczuent and
pircleipaeion cheowgh a variety of methoda dncluding newspaper articlea,
tadla broadeasks, television Intervriews, a televwisicn talk show sesaian
e the RAP, WDKE newe veleases, MDNE pewsletters, the ECHPDE newaletter -
wvhich 1% zece fo &8ll enlts of lecal gowveroment within the lad-eounty
FCMPDR planming area - and several ECHPDR standing committees,

%fagirmaw bay 1z & velusble resource om which te lvcus additicnal
water cuslity {cprovements bacguse of 1ts importance to aArea resldents,
the stafe of Miehigen, Indigenous wildlife, and the water guality of open
[.gke Hurgn. It g fnranded thet this Kermedial Acclan Flan be used 2y all
agencies (federal, srare, local), organizaticons @nd individuals concerned
with, affected hy, ar i=paccing weter quslity in the Saginaw River or
Saginaw Hav, Exrtenaive efforts heve been made, and continue to be made,
to include all Jinterested andfor effected partics ln the development,
review and !eplezentation of this plan so thet it fully addreszes the
izsues (vom 2 varisty of perapectiver and Is bragdly suppoveed. A5 the
RAF project progresses, Tmore groups are expressing interést In being
invelved in the process and mechaniexzs are general'y izplemenred ot
modified fo accowmodate thie dnterest. Though this dacuzenc 22 not
legally binding wn aey agency or individusl, it does purline the approach
Michigan intends to take in applying expanded efferts, beyood existing
programs and ¢ocivicles, to further address the twe watetr quallty dasuwes
of cultwral eutraphication and toxic materials in the fagizaw River/Eay
srea of Conceorn. The RaP process Is viewed as &n lterative, long-term
gffort and 1t 15 ancticipaced that the RAF will be periedically updated
and revised as mare fara Iz escovired, remedizl measuees gre Loplemented,
gnd envirgon=ental condicions fmprove.

NN



SECTION T - IKTRODTLTION

The Grear Lakes are & wnigue nutwral resowree contalning 07 of the
world's surface fresh warer. These waters #lso Torm & portion of the
Internagienal boundety between the Vnited Ftates and Canada and Hoth
countrles have Jurlsdlcclon over theit vee, T atder to protect this
VRSE vesaurce and fosperarively address: problems ewlong thelr common
bardar, ehe L.5. and Canada Intereet throwgh wn agency known x5 the
Incernarionel Jaine Cax=isriaon (1003,

The Intermational Joing Comnisslon wer established by che 19,5, and
cangdes Bs 8 Tesult of che Boammdegry Wakeps Treary of 1909, wilch ser farch
e tights and obligacions af hath countpics regatding comman houndary
waters., In [97Z, che flrse Grear Lakes %Wgter Quallcy Agroement was
gigned, which eecablished abjesrlves and ¢rlcerla for the Festoration and
erhancement of water quality in Ehe Grear Lakes sysrem. Sinece 1973, Ehe
IJC RWaretr Quality Board nas ingluded in its azpual and plaoexcd] tepacts,
descripblons and evalvaclons of problem ateas in the Creat lakes basin
that have serious wacer pallaciaqn preblems, 3wch as bhathorz, bars and
tiver mouths. These locatlons arve tafereed o aa “Areas of Congern”
{ADCsY and are defimed ax areps where eoviroomental quality 1a degraded
and designated uges of the water are impaitved. These npearshore aveas
have Been deslgrabed as A0C8 by atare or prewvinclal juriadicticns bosed
on Ao defermicatior of whether or aokb TJOC Water Qualigy Agreemenrt
eblectives, of fJublsdicrional guldelines, cplreria or standards far
envitoemental qualicy, are belng exceeded, The Saginaw River/Saginaw Bay
ares was filvat liated aa an Area of Concetrn 1 1973 and remalps one
today.

Precently, there ate 42 Arear of Concern throughout the Grest lakes
bacsin (Figure -1} &nd L&, Including Tapinaw Ziver/Saginaw Bay, are In
Michigan's juricdictionel weters (Table I=1]. Over the past two decades,
there hee been conslidersble improvement inm the envirommental quality of
Hichipan's Areas of Conecern, pacticularly sith respect to prohlems
aspocieted with conventilonal pollutants (ewch as phosphorus, swspended
aolida, and cdl and grease) end to sore extent for heavy metels such 43
mercury. Although conditiona heve ioproved, the probleme bave not been
eolved and Tuch remeins to be done. Two complex fesues that higve
received incresped sttentilon In rercent vesars &re nonpolnt Ecukce
pollution and tcxic materiaia.

Yozt of the dwprovementa in Michigen weters and eleevhere hava
resulted froo generssl regulatory prograce that have been applied on a
atatefprovincdal-wide hasis. MNow that these state-wide programs are in
place, the zcet effective way of obtalning edditionsl water qualicew
ioprovementa dn the Aresa of Concern 25 to design poliutien abatemant
efforte that are site-speciiic to each AQC. Consequentlw. ia 1985, each
U.%. stete and Camadian province with |urisdiction owar a portion of the
Crest Lakes sgreed to pravide the International Joint Cocoisslan witkh a
Feneddgl Acticon Plan (RAFY for each site within Lles jurlsdiccfon, i enyv,
that hed been designated as an Area of Concern. 7his document 1% che
Femaedial Action Flan for the Saginew River/Seginax Bavy Area of Conters.
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Teble I-L.
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Jurisdictions Besponeible Ffor Develeplng Rapadial
acrlon Flana fatr the 42 Areas ofF Cooncern in Ehe

Great Lakes Bamin {I.M, 1987).

a.

AP
HEF. W d LAKE GRS W SRGERS OF CCHCELY JIRISOICT AN
Laks Superior
1 Fawinsula arbour ntaris
2 | Jackfish Bay ~ DAtario
3 . Hiplgen Bay oDntarig
4 Thimder Hay Untaria
5 o o5t, Leuls ¥Mver Hinnesota -
L Tipréh Likr M chican
7 Deer Lake-Carp Lrevk-Carp Riwer Richigan
Lake Hichigar
B MnlsTgque Fiver H1c!'|1gar|
] Menonines River I Michigan/Wisconsin
14 Fax Kiver/Sauthern Green Bay Wiscpnsin
" " Sebsygan I wiscansth
12 Ml Twairkpie T ogdry i Wicconsin
13 . Waukegan Harbar | Mlingig
i Gramd Zalumer Aiverd[rdianag warkor Canal Tnfiana
15 valamarome Elver | Micnigan
16 Muskeqam Lake Fichiaan
17 Wite Lake ' Woniganm
I Lake Hyra ;
14 wqinan FiversSaginae My | Michigar
LI Lol inguoed Adarbouow Ontario
il Penptang Bay 4o Sturgesn Bay ntario
21 Cpamich Rivey Mouth | m*ario
itke Erie ‘
22 fTinten Aiwver 9ighican
23 Aouge River Michigan
| Oaizin Riwer Yichigan
et Myumas R'wer e
26 Plack Eiver | Uheo
» Cuyannga Jiver Mig
7E Lk byl a Riyer | *im
24 meatlay Harhour nktarin
Liee OnLaria I
1] Buffale Hiver - Mew York
1 Eiomtepn Mile Zreek | hew YoOrk
32 daches tpr Dmbayment i Mew Yark
i3 Jrmegl River | Lew York
4 by 2Ff uinte 'omtaric
LE Part Haac . Dntario
g Toran ™o wyterfrise I Imtaria
i damil tor Harkowr T o ntaric
sbonecting Chamels
k13 B Hzrys Fiver Treapcostlch gar
EL SE. Clair River IrrzarosHichigan
a0 etroit Pluer MrarinMichigan
11 Hiagara Siver woarinfHew Thrk
13 4. Lawrence Qiver

[ -

“ee Flgure -1,

Dntarighlew Torh




Gagloaw May 1s 4 southwestern extension of Eake Huron located in the
gasc centrel portion of Michigan's lower peninsuls (Figure 1-31). ‘he
phy=icel boundardea of the Sapinsw Biver/day A% are defined as extending
(romx the head of the Saginew Hiver, at the confluence of the Shiawassce
and Titeabawasges vivers uvpstream eof Saglnaw, to its mouth, and all of
Sagloaw Bav cut te ity Interface with open Lake Hurom at an imeginaty
e drawn Between Aw Sable Foint and Peint Aux Barques. Areas outside
theae phyvaical beoundaries, hut within the Saginaw Bay drainage hasin, are
condldered do the BAP AF they are koewsr or suspected sources of
contaminant materlals deliveced to the Saginaw Riwer andfeor Saglaaw Jayw,
These areas comprise the Source Ares of Coccers.

The Saginaw River /Bay Aol 45 4 large area, The bav {5 83 kiloneters
(52 miles) long, varifes In widch between 7] apd 42 kilomegers (13 and 26
wiles), ard has a surface area of 2,360 aquare kilometers (1,143 square
miles}. The Saginaw Bay dralscace basie of 22,592 aquate kilemeters
8,707 square mlles) contaies approximately 105 of Hi¢higan'5 roral lAnd
aren,  Twenty-cighe #ivers, creeks of ageicultursl dralns [low dipecgly
{aco Sagilnmaw Bay, bur abowe T5Y of che cributary hydrawlic input comes
From the Saginaw Kiver., The Saginaw Hiver watershed covers LB, 260 aquare
kilemecera (6,278 square miles) and 15 the largest fa Michigan, Tee
Ruglicaw Alver {rself 13 omly 15 xilomekers {212 milea)] long and most of
1ts flow erigistates From the four major tefbutaries that empty into 1t -
the Cass, Flint, Shiawaszsee and Tigcahawassee rivers. Aonrchropogenie
inputs Ca the Zaglrnaw Bay basin ate dominaged by agriculryre in the rTural
arees and Indapzerisl and munlolpal wasztewarer dischavrges From [our major
urban areas - Fling, Saginaw, Bay City and #Midlaed.

The purposc of rthe FAF progess 19 to ideafify and implement
poelluticn 4xatement measurés 4apecific te the Saginaw River/Bay ALC which
will rescove Jeslgnaced water uses that are preseantly imgaired because of
degraded water qualiry condipions. Dealgnated vaes are those usea for
which & specifiic water body {5 protecred aad ineclude such items as
industriol, agricalestal acd pullic waker supply; bedy centact
tecredstion; navigation; fixh; and other dndigenscus aquatic life and
wildlife, Designaced wvaes fot Michigan watera are defined by the General
Bules of Michigan Fublic act 245 of 192% {Warer Hesources Commission Act)
as amended, and are desceibed more [ully ie Z2ecclon [IL. Two dealgnated
uses @Fe pregently cansidered fepaitved In che Sagipaw River/Bay A40C; the
hucun cangumptian af fish, wnd, che sultability of che aquatic
environment to Ind [genaus plent and animal populatiane,

Fubific health [iszh camsumpt lon advizories are corrently In effect
for cartsin epecies in the Sagloaw Kiver/Bay A0l hecause of eglevated
lewvels of tosle materlals in [ish rissue. Howewery, chesg apdvisorier are
restricted to bottom f[eeding fish and fish wich rvelacively high levels of
body fAt. Pecple are advised mot fo caf any carp or carlish from edther
the Saginaw River or Saginaw Bay. Additionalliy, for Saginaw 2av, it ie
suggested that peocple restrict their coosSucpcianm of lake creaut, rainbow
trout and hrewn trout to nc mere than ope meal per week. There are oo
advisorics for vallow petvch or walleve, the priocipal aport fish in
Saginaw Bav. One geal (ov this ADG 15 the climipation of all Flah
consumpticon adviscrices.



Vardous hiota populations in the Saginaw Biver/Zay AOC have heen
aegatively inmpacted by degraded watey guality copditdens. Ihese izpacts
have resulted Tyvem excessive phesghotus levels that have created
euttophic ¢ondicions which [(avor nulsance spetles tolarant of polluced
enviregments, The second goal [er the ADC is fe reduce ewcraphicartion in
Saginav Fgv to @ level <here the bey i)l support a belanced —esotrophic
binlogical coomunley.

1t 41w mot prescotly koown 40 toxic materiale (from boerh water and
contamigated sedimeats) bloconcentrated in the foed chain aré adverselw
affecting life hiscories. Howewver, che chird gaal for ehis ADC jz2 ta
reduce toxic material levele im water cao chage defined by Michigan's
wvater Auality etandards in order to procect both homan healch and
indigenous plaont and anieal coomunizies.

Sugdicauw Baw ix An Important tesource on which to focws additionsl
water gualicy improvezent efforis. Nar only Is 1c &4 waluable resource ta
Michigan, but water from Sagilnavw Fay eventually finds 1kx wav intc open
Lake Huron and can, tharefore, potentisily Igpact aress in other seaces
nr Canada, Sagloow 2ay 1% important to people as & sgurce of drioking
water, recreatlonal activitdes —— loecludiog pleasure boeating, awimming,
fishitg, hunting sod wildlife wviewing == coz=ercial navigatien,
commercia)l {ishing, general nostheties., and the ecopemic value of tourise
activicies ir swppores. The bay 1z alac valuakle to wildlife as a mafer
fizgh spawnlegz and nursery avea, and providea shelter and food for
wiaterfowl on & major migrabowry flyway,

It 18 intended that this Remedial Action Plan be used by all
agentteEfgrmupsfindiuiduals coneerned wieh, affected By, or lmopacting,
water gquality In the Saginaw Kiver oF Saginaw Bay. The report has been
prepared with eeveral abjeccives In mind, tncluding rhe following:

-to define the geograpikic extent of the ated of Concern

=t ldentiiy dacignated water uses that are Iocpaired

=t deccribe hietoric and precent environmentel copdicions

=ca idaneifv the ceterfale ceusing degraced water qualicy

=ca idemtifv the pourcee of contaminant muterfals

=tp recopmend and describe rexedial ceasures that should he
icplermented ko restors the Impoired designated uses

-to recocxend and describe conitoring ond/ar research prograes
needed to Bcguidre Inforcetion netessary G0 (&) recox=end amd
deglgn specific remedigl actions end (b} evalugte che
effectiveneas 0f daplemented remedial ectlame.

dccordingly, thie docucent eerves af the technicgl, pltanming and
projece fmplementacfon focwve for addreseing weter puelity fazues In the
Saginew BRiver/Bay ADC. Extensive afforte have been made to Include all
interested endfor affected perties o the development, revwlew and
implementation of this plen (Section Vi) eo that it fullv addrewswses the
lacves fror a varfekry of parepectives and Iz broadly supported. This RAP
i much more cao=mprehenaive than previoue plenning docuzents in chag ic
exgeines water gueldey from an ecosvwsten perspective rather than focuaing
o only a 8lugle pollutant scurce or 1sAuUe.



The BAP 13 not the etart of this proceee -- waker pollution
reduction programs have been ongodng fer over 2 years —- nor i6 1t the
end. The FAF 15 wiewed as a leng—terr project and it £ anticipated chac
it will ke periodically updated apd revised 2% core dags is acquired,
remedisal messuvres are implemented, and environmental conditicns imprave.
The RAF process Itzelf for this AOC will eventually end when it has heen
documenced Eo the IJC that both the idectiFied deaignated uses, wvhich are
presently icpaired, are fullv restored; or, it is shownm that they conoot
be rescored ko eny further extent. However, pelluticn comtrel cffores
will continue &nd It i probeble that the FaF will also contipwe, thowgh
perhepe in & ZefP formal form.



SECTIOR TT - FEXVIRONMENTAT SETTING

Ao LOCATION axn 5tk

The Saginav River/Hav Atvca of Copcern [5 locared in che eask-central
pertion of Michigan's lower penimsola (Flgure IT-13. Saginaw Bay dtpelt
15 o large acd velatively ahallow scuthwestern exteneion of Take Huron.
The bay 1g 42,1 km {26,2 niles) wide at 1tz zouth along & linme drevm
Yerwgen Ag Fahle Folet and Podot Auw Barguea at the interface with open
Lake Ruren., From the wmideelat of thils transect to the =mouth of the
fagiraw River che hay 1a 83,3 km (51.8 milee) in Iength (Bmith, et al.,
(473}, The Say's gupiace avea of 2960 km® (1,143 aguare wmilee) 1s
roughely 5% ol Lake Huyron'=z kotal surface area (Sreat Lekea Beein
Commission, %7500,

The %aginw Bay shoteline of 240 km (145 =ilea)] conatricte the bay to
a widrhk of 20,2 bkm (12,6 fmllea] between fodnt lookout and 5and Foink,
zpproximately midway along che bay's length. This comstricticn. alomg
with & btoad skeal aresa betwveen Charity Island and Zand #elint, divides
tae bay [#ea fAner and suter halves with equal surface areag (Tahle
II-1%. The izmper way 18 much shallewver than the cuter bav. having & mean
depth ot only 4.6 m (15,4 fe} and a maximum depth of 14.00m (45,5 fe],
versus mean and maximom Jdepths of 14,6 m (47.% feet) and 40,5 m (132.%
fr), reppectively, for che ouweer bavy, Consequerntly, the cuter hay
conteins gbout 68.5T of the toral Bay velume. The total bay velume of
2.6 k=? (6.8 cubdc oiles) L2 abowe 0BT of Lake Huron's total weolume
(Great Lakes Epsin Lom=fasion, L9735},

The Saginaw Bay watershed of 22,537 km® (8,70% cquere miles)
includes portloms of 22 af Michigan®e 83 counties and 57 of Mickizan's
total lapd avea, Four wajor urbanm ereas are focated wichin the basgin -
Flint, Segimaw, day City and Mddland - along with 90 additdonal cley or
village municipalities (Figere IT-2). The 1980 census indicated that
1,452,339 people live in ¢itiea, willagea, and townships totally or
partially witkin the Fagirow Bay waterahed {Appenddx 3). The basin
tncluedes portione of foue Michigan reglenal planning agencies {(Figure II=-
3, eix .5, congreselonal disrricrs {Flgere ITI=4), 10 state sendfe
diatricte (Figure T1-5), and 2% scate representative districrty {Figure
I11=A).

Twenty=gight rivers, creeks ar drains flow directly Into Seginaw Bay
from three drelnege basins - the FEagr Coastal basin, West Coastal hisin,
and Saginaw Biver basin (¥igure TI-7). The Saginaw River basin is cthe
largeat of the three, covering 16,260 m® or 72% of the tota! Sagtnaw Bay
waterashed (Tablae 11-2). The Saginaw River fcself {m relstively shorr,
with a length of calv 35.9 km (22,7 mides), and most of ire flow
origirates from four majer tributaries = the Caaa, Flink, Shiawassee and
Tittakavassee rivers {Figure 11-71. Fifreen rivera or creeks drain che
West Coastal basipm ~ the Tawas, East Brasnch Au Grea (diwverted via the
Whiteev Drain)l, Au Gres, Hig Creek, Rifle, Pine, Sageaning, Whita Fearther,
Pinconning, Johnsons, Tebe, Thume, Gregory, Railroad and Kawkawlin -
which covers 3,783 km? or 182 of the Saginaw Bavy watershed. ‘weive
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Table II-1. MorTphometrle Data for Saglnaw Baya.

seglnaw Egy

MEEFUTERETE Inner Bay  Outer Pay Toeal
2 b b %

furtace area Tkm } L L, 480 2.060
- 5

sverage Depth {m} h.ﬁb 14, 6" 9.6
. b b kb

Maximum Depth {m} LI 4i1,. 9 40,5
Yolume (%} 6.8 E.6 78,4
o€

Flushing Time !iﬂd -—- 52
Surface Area/Volueme 214 A 104
Shoreline Length {km) _—- -— a0
Dralnage Baslp Avea {ij} 22.55?E
3 C

Meqay Teihuobary Input (m™ 3 1537

Arhare darue for Lake Hurom L L75.8 m {5/6.% fect). Aa of June 1933,
Lake Huronm weber levels were LTH. 5 m (G788 fest),

hﬂeetnﬁ. et al, 1QAT.
c aa
Exmith, et al, 1977.

dunlan, 1975. Flushing time deterrinetions based on assumed Yolube of
25,31 cuble wiles feor teotal bay and .03 cubic ciltes Tar fnmer bay.
Flughing timesa for volumes presented above weuld he 58 davs for the
Whale DBay and 93 dave foar the loner baw.

*Frem Tabla II-2.
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Talhle 11-3. Eiver Dralnage Zasin Arcos In the Saginsw Hay wWatershed

(Rick Popp, MUK, porsonal

corumleationd.

Lrainage Lpit

2
Drainage Lniv Aarea (k=)

fagiloaw Hawv Dralnage Bagin

aagt Sagipaw EBay Ceoastal
~Pionnebcg I,
~Flzecn R,
=theheonr Cr.
—Mud Cr_/Gettel Dr.
-Sebewalnz R.
=41len TOr.
~Wiccozgin Dr.
=Quanicaszes R. ]
—tlirect dratnage ©o faginew Bay
lncluding Bird, Taff abed Serthwest
drains

Wedr Saglnaw Bay Coastal
—Kawkawlin R, i
-Finconning k.,
—Saganing vc.”
-Fioe X,
-®ifle R,
LY FLER o P p
-E. Br. suGres E.
-Tawas . g,
—dicedt dralnege to Sagingw Bay
{ngluding Fallroad, Gregory, Thume,
Teba, Johnsan's and Whice Feather
droins and Big Cragk

Saginaw ¥iver Vallew
—Raginaw R.
~Lass k.
-Flinc E,
-bhlawvaeses K.
-Tittahawasse F.

i
irh
T4
'
235
65
111
2035
390

80
13

1
294
1,002
12
ipl
414

494

b¥l
2,40
3,454
3,008
g, 7B

2,314

1,983

L&, 260

IDirect drainage from the East Ceoastal Hasin obtained from LS., 5.

fundated].

2 2 .
Saganing Cr. basir area equals 72 km upstream from State Bead bridge.
Four additicnal square kilometers added after map check.

i

Fine R. Besin eree equals #46 km upstream From State Hoad hridge.
Eight additicnal square kilcometers added alfer map check,

Ii'E. branch AuGres B. basin area &0 km2

upatream ftom Co. Bd. 107,
Twa additioral square kilometers added after map check,

5Dire::t drainage from the West Coastal basio is based on #mall scale

mazs check.
1&



rivers, creeks ar dAratns flow direccly inco Saglpaw Bay frem the Zast
Copsecal basin - che Bird, Tafr, Pinmebop, Plgeon, Mud, Ehebeon, Gettel,
Sebewaing, Wiacogegin, Allen, Xorthwest end Quanlcassee - which covers
2,114 km® or the remaining L0 of che Eaginaw Bey watershed,

. e
-1
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BE. HYDROLDGY
. Citrculacion

The watera af Saginaw Bay gemerglly circulate In & counter—clockwise
fashiaon, wich Lake Huron weter entering slong the western shote and Say
water exiting along the eastern. Varistions oocur Sreduently withiIn the
iomer portion of the bav, however, because itc shellow waters regspend
quickly to changing winda. Stable but entirely Sifferent circulstory
patterns can be eateblished within edight hours of & wingd shift In Che
inner bay {Allender, 1973). 7%n the outer bhay, greater <Zeprhs and
southward trerding currenta aleng lake Huron's west shore reswle in mare
scable civewlatory patterna,

Winds vary consliderably over 2aginaw Bavy, but are mest cemmen Troo
the souchwest quadrant (Flgure II-3%, Current speed and kase flow in
Saginaw Bay keve been found to Increase slgnificantly as scuthwest wind
velociclee rice (Limnmo=Tech, 1977, PFersistent winds patallel teo the
axlsz of the bay result In falrly predictable circwlatory patferns,
Hicninm cke Lnmer bay, che shallow water slong shore ot over shoals moves
vich the wind, while the deeper water In the middle ¢fipeulaces 1 the
oppoeite direcelon (Danek and Saylor, 1975, The ourer bay reacts
sozewhat differentlv. Under pereletent winds from che gocchwesc, the
prevalling southwerd currente In adjacent porticoms of lake Huron set up a
clockwige gyre within the outer bay [(Figure 11-%}, whereas, winds from
cehe northeast drive lake currents fwrther fmte che bay and reswlt Im a
counterclockwlae pattern (Figure LI-i{; Danek and Saylor, 1975).

Leas predictable circulatory pagterns accampany vsriable winde or
perasistent winds Frow the netthwesr ar southeasc. These cooponents are
aaaumed to primarlly nffact miving and disperzion (Limno-~Tech, 19771,

The shallow dmner bay is known To he easdiy and quickly edxed during che
ice-free geaaon (Licono-Tach, 19761, A pacel efreulacfan eodel for 1974
i1z pressnted in Figure II-~]11. The flushing time¢ for the entire bay using
1674 water ewchange data and an assumed Yaluee af 25.3 cubidec kilozeters
1z 52 dave durdngz the ilce-free season [Lodan, L9731, Flushing tires
widng the same exchange data but different estimaces af tatal bay voluce
(23.7 ro 30.0 cwvele kilometers) range Erox 49 ke B2 daya.

During che winter, aignificant current vwelaciry reducttons occur In
Saginaw Bay and adjscent portioms of Lake Hurom as dce cover reduces the
avea of open water upon wWhilch wind stresd can ace (Saylar and Hiller,
1976, During rhie period, the Flow of the Zaginaw REiver beneath the ice
besomes an Important compoment of kav circulatien (Celap, 19751,

z. Widfer Levals

wWater 1lewels on Lake Huronm heve dropped from a pecard high In
Deteher 1938 of I77.3 & (58L.6 faset) neprly L.5 m (5 feerd) above Lake
Huron ehatk dstum level of 173.8 = (576.0 feer) to 17A.4 = (5788 feer)
in Jues 1938, Significant short terr fluctuatfons ahave and below Lake
Huron levels are commor on Saginaw Bav., Strong and persistent winde
a2lony the axis of the bay are capable of generating waves up to 2.4

L5
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Figure [!-9, Ciccuiation pottete 13 Sapinaw Bay for 3 southwest <ing.



Figure [T-1Q, Circulation patters in Sagivaw 2y [or & nertheast wisd,
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wetera 1o hedght (Garcda and Jensen, .963) and leeshore water lewvel
dsc1llaticns of as much as two meters (S=ieth, ec a?,., [9777.  When
combined with high water levels, such oscillagions or seiches can be &
threat to ceastal Tescurces. They can alse cause discharge race
teductiens ad even flow teversals on the —any Jow gradient rivers that
empty into the Hay., The 3aginaw Biver, with a gradiesc of 1.538 ce/le

Pl doshdmile) ot less {Chester Zpgioeers, 1978%, has fregquently exhibiZesd
flow peversals as Cap uprbresm a3 viver kilemeter 35.4 (20,536 milag),
althgugh the <ontinuity of these reversals bhelow & coe meter depth In the
watek ¢alymn {5 unknown.

3. Flow

saginaw Bay recefves an average total tvikutary inpuet of 133.7 cublc
secers per second (Smich, et &l., 1977, OFf thias, 114.5 cms {74.47%) is
contributed by the cocal Aadjusted avergge discharge of toe fowr majer
tributaries at thelr confluenee o Form the Eaginaw River (river
kilopeeor 35.9%. Averapge discharge, as determined st esch tributary’s
downstredc govpe, 15 adjusced viing a corrvelation between Tunoff —er
square =ile wnd the drainege area known ta exist below that gauge.
Aijvsted overege Jdischarges for rhe Four tributaries are then toctalled to
repressnt the headwvster flow of che Saginaw Alver {Limno=Tech, 1977).
Discharge meaFwrewents at the mouck of the Saginaw River are generally
comoidered unrelisble due to the Influence of aelcheinduced £low
ceversale. However, the UV.¥, Geological Survey does have 2 mathematical
codel to predicet {low at the Saginaw River mouch. Wkater discharge
recorde for many of the Saginaw Bay rritwraries are presented in Table
TT.3. 't phouid be nored thag rivers fovy which relisble long teem
diecharge messurenents wore nof available have not been included. Thisg,
end the mecessity of pla¢ing gauges upscrase from the mouthe af some
rivers to avoid the effecrc of flow reverzale, accountes for the
diacrepancy between the 133.7 cra figure cited previouslv and the tatal
average diacharge of 131.9 cms for rhe Saginaw Bay tributeries licsted in
Takle IT-3,

Rivare witnin the Sagipaw Bav draikage basin can genarally be
deserited azs Tow slape aAnd ¢vent reaponaive. HBoth characteristics
reflect the temp tere Inundakion of the area by post-glaclal lakes, which
daposited thick Tavers of velarively impermeable lacustrine sedizents
before retresating. EBetauvse the sails that developed from these materials
are ganerally very fergile, agricultural development succeeded the
logging era ol che wid co lete I19th cencury and, eccompanied by che
congtruction of drains, dicches and field eile cystems, encroschked wpan
many of the wetlands that border the bay. Eesides Lhe knowm water
quality implications, such ghanges increace the epeed with which water 15
delivered dovmstreom and The poreatial for downatrea= flopding. Sicilar
consequences Bre asseciated with the targe eress of imperreable surfaces
and the extensively chanaelized river cocurges found in urban areas. In
additien, large volumes of water are added to the dreinege natwork by
townships armd menicipalities that "impore"” drinking water fror lake
Huron, Seginaw Bav, or growndwster auppliea. The City of Flint, for
example, adds an average of 1.2 cmg (4d efa) to che flow of the Flint
%iver by the discharge of water orfginally raken from Lake Huronm (Chester

L4



Tabhle IF-3. e Diﬂnhﬂrgcs Records for Hivers in the Eaginuw Hay
Drainage Hasin.

ULGE
Avernge#ﬁnximumf Gaeglng
Nralnage U'nit Dratnagy Peelod of Minimue Discharge Skakdns
and Lacacinan Ares (kn ‘) Reeaed {eme} 1q
=Pigean E. L37 [952-K2 n.g r2on.g 585
near “wendele
=5tate Dr. 16} LOe0=54 1.0 XA, 0.a 1575
near Sebewalng
=Columbia Dr. ek | L9050 0.6 n.4, 0.a 15EQ
near Sebewaing
=l. Br. hawkswlin E. 262 [95l-E2 ([ 45, 0 1.1 1405
near Kawvkauwlin
=Rifle R®. 0% 1a50-El 4.0 IE.2 1,5 1405
at Selkirk
-Eirle B, AZ9 I936-FRA kB L5, 2 2.1 1420
near Sterling
-Aulres E. KL (R ETITR: H 2.7 77.0 0.2 1385
rear Hapilanal Cilew
=¥, Br, Aulres H. 214 Pa50-77 1.B 3701 0.3 1ZEQ
at MeTwnr +
-Fagiaaw K, 15,895 '9L2-Kh 4.5 L,925.4 WA L5700
ar Haglnaw
-%, hr, Cass H, ala 1343-a0 3.5 18r.2 0.4 1500
at Casg Clty
-Cass K, 930 947 -Ah Lt I54.0% 0.0 1505
at Casg Clty
—fasg B, 1,671 1558-34 LZ.6& 5E3.3% 0.4 13058
at wWahjiamegs
-Lass K, 2,178 1583%-484 14.2 GBSO, 0" HA L35
at Framnbkermueth
-5, Be, Fline k. 5T2 19EC-8E 5.4 ar.s 1.4 1560
at Lolumbiaville
-Fline k. 1,273 195286 3.9 174.1 0.l 1475
near O Lawille
-¥earsioy {¢. 256 L¥A5—Bh 2.0 42.5 0.l 1421
near Davison
-Swartz {r. 2958 L270-R3 z.z £9.5 0.0 1483
ar FrLint
~Flint R. 2,70 L932-Rn L¥ .11 421 .49 0% Ta4RS
nesr Flint
-¥iint E. A,077 L939-Hb 2L.0 53E.0 0.8 L4%0
NEAT FOERECS
-fhiawassce K. 210 L9a7-REA L.7 L3.5 0,0 143%
at [inden
-3hiawassee E. 953 E9LT-R3 vl log.9 09,5 1440
at Byreon



Takle IT-~3. Continued

(2]
Average Maximum/ Gauging

Neeingge Lnit Blrelnng Fetrimd of Hinimum Dilacharge Statien

and Location Arem (ko Recard foms] &
~Shiavaseec R. L,3493 L9zl =Bf 2.5 17,7 Q.0 T44%
atr ihipsso

-3hiawessce E. 1,650 L939-74 LL.B Zl2.a 0.8 14350
near Ferguy

-%alt H, 57y 1934=67 (S 232,12 .4 15355
near Kerth Bradley

—Chippewa K, 1,097 1932=34 B.B raa.9* 0.3 L5340
near Mt. Fleasant

=Chippewa =. 1,546 1647-72 i2.0 241.0= 0.0 L54%
near Midland

=Fime ®. 146 1930=81 6.1 143, 8% 0.0 15350
at Alma

=Fire H. 1,418 1%4E5-85 3.5 265.0% K oa, 15535
near Midland

=TirtabewasEee K. £.2LA 1036=E#H 4k, F 1,18, 3% 1.1 1560

&t YMidlend

Source: MMlllar, et 21.

Warer Besources Deta — MIichigan, Water Year
13485 fand other=].

l.5.6.5., June, LOGR,

+Auerage Saginaw Biwer discharge based on the correlacion:

05 = 1.82 O8h + 1.17 OF + 1.03 0C + 1.09 4T

WRETE ! o=
b
QF
LB
v

d il 1 H

(Liena-Tech. Inc., ~ulw,

"a777

Zaginaw Eiver upAtress flow

shiawassee Biver Flow at guege ¥1&50
Flint Kiver Flew atb guage #1430

Cags Fiver flow At guage #1513
Ticrghawasses River Flow at guage 41560

#
Freliminary September 1986 Fiond Taca courtsey of Johm Hiller,

USG5, Lensing.
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Engineers, 1978}, Thkis represents 48% of the drowght flew of the Fliat
RBiver at its mouwth, The Sagliraw-MIdland Water Supply Corporation
delivers an average of 2.2 ems (50 mgd} to 21 murnicipelities and
townshipe In Arnec, Bay, Midland, Saginmaw and Tuscola Couwnties (Gary
Peters, personsl tommunicstion, L%E7Y, although the propection of this
volume diecherged Into the varfous bay tcibutaries i mot known.

Some &tess of the Tagingw Bay drainage basin Rave mace permecable
sallr than those in the agricuitwural areas ond thelr solls lopeet & less
kvdralogically reeponsive character to loce! drainage svstems,  The RIfle
kiver 1% perhaps the hest exacple, along with seme af che vpstream
portions of the Tittabhswvassae Kiver and other northern or western rivers,
A comparieon of floogd and low flow data for sicilarly sized poreioms af
the Figeon and Rifle rdver waicrsheds provides a good indicarilon of
Etreaw response to the renge of scdl twvpes found dn the hasin (Chester
Enginerrs, 1978). The Pigeon Rdwer 43 located in the heavy-claw,
gericultural sells of Huten County and has & one-day, fwe—Year Tecurrebce
interval flood volume of 1#.3 cms (F4&7.2 cfa). This 15 almest 50 percent
Larger than the 11.9 cma ¢&20.3 cfa) diacharged by the Rifle, 8
comparatively high gradient riwver that drains forested sand and
gravel-textured sells in Aremas 2md Ngemaw Covanties. Seven condecutive
dav, ten vear TécutrTence interval low Plow data, om the other haed,
indicates almest ne flow [0.% cfs} dn the Pigeen; while the Xifle
maiptains a discharge volume of 1.8& cms ¢55.2 cfs}t. Labd uxe axd slope
account for some of the differendes, but the relative capacitics of aolles
to abaarb, stcre, and release water are the demipant Eacters,

4. Precipltation

Frecipitation within the basin averages adgur 76 om anmually, 13 cm
of which falls ag snew and 1 potentlally avallable for velease en masse
during epring meltoff. Conslderable warlatien exiscs among 18 weather
reporting etations within the Zaginaw Bay drainage basin {Table TI=4].
For exanple, Cleadwin sversges 15 cm more precipitaticn amtuwally than Bay
City, although they sre only &4 km apare,

The [locds of September 985 (Flint Biver] and Septenber 1936
{Saginaw, Tittabawesesee gnd Tass vivers)] 1lluatrate the oagiitude of
varlation possible from the normes estublisked gver 3 slogle cenbury of
climatic record keeping. The Scptember 198BS Flapd cegulred From a
ralnfall of up €0 3] ce over 36 houwks In same greas, Tollowed 1Ly anocher
£ e 18 om during the remsining 19 days of che month. Xuinfall cetals
offtelally exceedss 45 cm during a8 three—week period In cany areqs of Ehe
Saginaw Bay drainsge baein [Fred Nurpherger, perponel ¢aemuniepcian,
LEEY. Esctmated zaxicum point rainfall L5 exerapolated for the ¥idland
arga in Table LIT1=5.

Armwal snowfall everages 16 cm owver the Saginew Bay dralpage basin,

wich the largeat erount felling 2n IZts northern angd earcern portien
(Michigan Weather Service, 1%71).
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Tabkle II«4., Average Monthly and Antuel Frecipitatico Amounta (inches) at Reporting Stations within the Saginaw
Kay Mrainage Basin.

—

Statien Jan Feb Mar Apr Haw Jun aul AUE Sep Ok B o Dar Annuel
Almal 1.47 1.20 1.06 2.93 Z.79 2.9H ?.62 .66 3.04 QL7 2.5l L.55 29.560
Bad Ase .74 L.56& 2.20 2.66 2.5H 2.EB 2.93 3.4l 2.067 249 g, 38 2.18 249,35
Baw Tity .48 1.22 2.16 Z2.59 2.66 Z.EH 2.53 3.00 2.7E 2.52 2.2E 1.7E ZV.97
Caro N Y 1.11 2.10 2.51 2.55 j.o9 2.92 2.596 2. 98 2,340 2.27 1.EE 2E.Z1
East Tawas“ 1.8l L.28 2,06 .61 2.85 3.2t .94 3.05 2.9E 2.3 iy | 2.22 29.52
Flint 1.59 1.46 2.113 3.03 2.74 3.23 .81 3.38 2.35 I 2.9 2.00 9.2
Cladwin™,, i.79 1.53 .01 I.93 3.04 3.55 3.5Y 3.30 .14 Z.61 .56 2.41 Az, A
Harrisgn™ b.od 1.37 1.91 i.B4 2.82  3.t7 0 AT 3N 299 Z.63 0 F.041 0 1,95 10,44
Lapeer 1 i.0d 1.24 .84 .92 $.9% 0 3.38 0 2.en 30340 20340 E02% 0 &1 1,83 ERL50
Yidland . 1.6% 1.5] .14 .83 Z2.6% .10 2. 67 .07 2.E2 2. 4T 2. 27 2. 21 29 28
¥illingtan™ 1 1.40 1.26 1.05 2.52 Z2.89 3. n 2.7 3.n7 Z2.B5 2. 25 .22 1.E4 2E_Lb
He. Fl?aaant !.37 .12 P.om 3. L9 2.BL .20 J.oz22 3.57 .95 IGO0 Z.33 .26 30024
theosiso I, 464 t.al 2, M 2. B3 2.5 .32 2.V 3L 2,680 2.0F 2,7 .06 REVTE
Saginaw L.&7 P2 L.an 2.7h PR | I T - S B S N A T 3 O 1 T A . .98  5.495
Et. Charlgs L - .3 2,13 243 2,61 3.9 .83 3.29 TR r.7a 217 1.41 25,30
Eeh:kaing‘ LAY (L 1.7z 2,72 24T 2.71 <54 7.7 2Rl Y 2,07 1.54 i5.02
Standish™ L.30 I.1l5 [.E5 2,560 Z2.6% L 2,92 J. B I 49 2,031 X 1,73 21zl
Wesc Hranch LL4n 1.32 L .BE 2.44 2.TE 0 2LROOO3LIR 0 R I00 30150 RoAR 204G 1,80 2R84
Bagln Averapgas L.53 L.30 .02 2.7l 272 311 .80 .1y X8 2,14 2,30 1.94 28,493

g ent Ly o
WUTEE S ered ¥urnbecger, Climatology Divielon, Michigan Dept. of agriculture. Averages cempiled from dats

eollesred aver 25-30 wear peried cepresentfog wmid 1%40%s pr early 1950%@ oo mid 1970%s or earlw
19840 5,

3
“Hational Climatic Cexmter, NO44A, Climate Mormals {or the U.%,, 198Y-80. Gale Beseurch, Detrnir, 149873,



Tahle II-5. Esrimared Maxiwum FPolnt Ralnfall Extvapcolated for the
Mdidlend Area.

Eeinfall [iprckes}
Recucrence Tntecval [vears)

Duratian 1 2 5 14 25 =1L 1 Qa2
0 adnutes n.a e .2 L. L.B L.B 2.0
1 hour 1.0 1.2 1.6 [.7 7. T2 2.5
¢ hours 1.1 1.4 1.7 2.0 7.2 1.5 2.7
1 hours 1.2 1.5 1.4 2.1 2.5 2.7 3.0
& houva 1.5 1.7 2.1 2.5 2.% 3.0 3.5
12 hours 1.8 4.0 2.5 3.G 3.3 3.3 &.0
24 hoyrs z.0 2.3 2.8 3.5 i.¢ 0.1 b5

Somatraa U.5. Weather Bureau, Rainfall Fregquency atlas of the U.S.
For Durations From 10 Minutes to 2?4 Hours and Beturn
Feriode from | to 100 Years, Technical FPaper a4l (1061),
U'.5. Dept. ot Commerce, %ashington DLC,
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C. TOPOIEAPHY AND SOILS

The topographic character of the Sagivaw 3ay drainage basin is 2
product of glacdal and poat-glacial proceasea. The track of rhe lagest
glacial incursiom into eaat central Michigan 15 evident in the shape of
Zoginaw Yav and 1in the nearly contipous band of glaclal moralne dennsited
at the margins and terminus of the dce. Moraines acceunt for the mosat
dromatic wverticle telief ipm the kasln and repreaent the headland of manw
tribetacries to faginaw Bav, Maximem local relief ranges from
aprtoximately F0-30 meters along the esatern and scuthwesternm Ericge of
the basin to over 100 meters In Opemaw County {Flgute II-1Z}.

&% the lce shect stalled and then retreated, meltwater rivers
trdansparted lerge volumes of debris from the ice to depositional zones
dowazlope, Xince the distance over which wvariocusly aized particles could
be rransported depended on the speed and volume of Elow, the sedimect
comnpozlcian of these deposits teflect seasonal hvdrelogle ceveles. I the
Zaginaw Bayvy drsingge basin, eend and gravel outwash deposits exkibiting
some degree of sertdeg and crossbedding ceocur 1n narrow bands aleng the
hay side of merginal and terminal moraices. Areas of mixed sand, grawvel,
and cobble cutwash occcupy large portions of Boscommeon, Ogemaw and Icsco
countlcs,

The eroslonzl depression created bv the glacial loke that ccoccupiled
cnst central Michigan filled wich meltwater as it withdrew. The height
and extent of lake levels during that period ore docuoented in the
lacustrine plain exterding well inland from the esatern, southern and
western skotes ol the modern bay. Coarae sediment lake plains,
indicative of beach or nearshore envirvonments, necupy Substantial areas
neat the moraine deposits ftom which thelr materials werve derived. In
contrast, clay-rich lacustrine deposirs, which wara origloally formed
well effshere, mew cocupy large pertiens of the basin immediately
adjacent tae the bay and in Gladwin, X¥idland, lasgbella, frotioct and
Saginaw countles further dnland.

The varied solls of the Saginaw Ray drainage basin largely reflect
the 1nfluences that glacdal and post-glacisl processes have exerted on
the parent materials, dralrage amd tepography (Figure IT-13; Tabla i1-91.
The seils that formed oo lake plains tidch in clay ere relativaelw
impetmearle and, In chelir natucal atate, poorly dyaloed acd erodihle.
These s0ils occur over large abcas to the east, scuth and Scuthwest of
ceginaw Gev &nd have been extensivelv drafned to permit agriculture.
foll associations with more thaa |3 peréent ¢lar content 1m thelr surface
layver ate mapped in Figure II-14.

Loile derived from outwash depoeits, or (fom the wave-gorbed cand of
whet weTe onte NesTPhore ot beach envitoenments, also orcupy & lerge
portion of the bapin. Ulesuaily fist ar gently sloping, these cCORTISEC
colls are often well dreined and droughty; howevet, poctly dreined
varlsente are concon In some sresE ¢ue to high water tebles of underclying
clay pans.

The soile that deveiloped on the varied parent raterizte and slopes
of the merginal &nd terminal corelines are therselwes Quite vwaried. TLoamy

3l
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Teble II-G.

Characterdstics Affecting Surface Water Hynoll,

Sotll Azsoclatiuns af the Saginaw Bay Drainage dasin and

in Surface

A
K. ¥alure

Surface Laver

—rmr

Eydrelogic
Groupdop

Map© ¥ AEEaciatlan by Serdes hy Zeries hy Zeries
1. ‘mionagcn-Budyard-Tickierd Af=g 541 B ,37-.17 -0-3

17. Koscom-on-Aufres-Tawas gmg LJ17=,15=0 Aalb-k-a4/D

L4, ¥wbicon 3 el d A

5. FKalkasgks-EBlue Lake 2-4=5 o E A=A

-9,  FKogrammon-Tawas-Rubican d-pa-% . BT AlD=AMD=4

20, Tawas-Carbondale-Greenwoad [y (e REN i AlDeA/D=ATT

2%, ¥aikcaska-Ruhdcom -5 LT A-A

J4, Grawvecaly-Yentealm 417 J15=,17 A-4

v3. Fester-Fawkawlin-5iczs 1d--18=26 LAd-.32-.32 C-C=0

PP, Nepter-Menocinee-Nontcelm 16-7=7 2R 17017 C=drd

cf.  Emmet-Leelanau i3-F W20l 17 B=f

{9, Grawling-Fubicon -5 P e L A=A

5i. Iosco-Allendale-Brevort T-E=3 T I-3-Eip

ji. HMancelone—Gladwin i-4 Ld7-0117 A=A

33. Iosco=Kawkawlin-Sims 7r1B=26 H= T L - 6 BrCeD

3%. Splnks—Cehremo-Gover S-10=7 i LT n-2-B

35, Tedrow-Cranby G5 EE g-a/l

39, Erady—wascpl-Ciliord g-10-12 W20-L20-,00 LR

40, Oakville-Plainfield-Hpinks h-g=5 WS- 17-00T7 A—d—il

&.. Msrlecte-Capac 2-11 L32-0 02 k-2

4%, Capsc-Parkihill P24 -32-.28 E-3/0

3. Houghton—FPelrs=5Sloan 15-15%-30 p-p-.137 AIn-ASD-300

46, Bover=Cehtemo=Houton T-1U-15 AT 2500 A-7-A/T

46, Bover=Wasep?i T-10 L IT-L20 -7

B, Lenawee-Toledo-Del Bev 35-445-25 P2B-.28-,47 A‘c-o-rC

&0, Tedrow=Tedrow, Loamy S-B-5 A= 17000 2-3-C
Substratum=-Seliridge

M. Perrinton-Ithice 10-18 i L 1 c-G

5i. Pipestone=Kingawville- 3-5-4-3 LT=03T-0 15000 A-C-ASD-H
Saugatuch-kizo=

54. EBover=Fox-Sebewa 7-7-ia e L 3-2-E/m

59. Belleville-Selfridge=letea ELELY: AT= 1528 B/D~C-4

f). Hovtville-Meppanee J%-3 SIB-,43 C-n

bl. Kibble-Coiwopd 11-15 I B -r/D

63. Cekville-Tedrew—tranby G-4-5 AL EI R E A=BE-AS0

6%, Metamera-Blount-Fewamo-— 13-15-34-5 S T B T B R i T
Selfridge

65, Crattan : A5 A

67, Gpinks—Ferrinten-Ithaca =I0-18 L17-,33-.32 -

64, Teppan—Leonde 21-14 L28-.32 Lin-c
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Table ii-6. Continued.

a
E Yalue® ufq Hydrelegle

1 7 Clay in Surfoce Surface Lavaer GTOUp:ng
Map™ = Asseclation Paver oy Zerics by Serles hv Seriles
0, Tappun—Lgndg—?g&&Yvillg =14=-% el R B #ip-C-0C
T, Tappar—Belleville-Fssexville 2=-7-112 - R e P BiO=3iD-nS0
1E, Lupccr—ﬂj]1$dﬂ]r E—4 I F R B-PB
5. Bapllac—HBasi l3-17% L B-B'D
Ve, Eheheon-¥ilmanaugh Pl L B R r-C

LHap # from Soll Agzoctarions Map of Mickigan

EThe coll erodibiliev Ffactor (K} Ic a relative measure of a solle surceptibility
ta eraglan by water, [o s nat an Endtearton of edge—of-fleld daliver: rates,
1Iig'h ¥ ualues ore beitﬂeﬂ ra highl} srod{ble ‘?.-l'tl{'l‘?., law & walues Fa seahla
solle., X valvers range from 0.0 - .64,

3H}drnlﬂgic groupings are co-posed of solls with 51—’1nr run-nff proaducing
tcalts; Including, Infiltretion rates when foee of vegetati{on, the depch and
composition of any relatively impersaeahle lavers. sn<for che deprh of cha wacer
tabia. Soils In group & have a very low run-aff potencial, chage In group D

& very high run-off potential. %hen @ snfl fu a‘SiEﬂﬁd e hydealogic groups
leg. ASD), che Firet refers to 1ts behaviar when areificially dreained, che
pacond ta its behavior under natural conditions,

I:"Surit'.@u:E lavar depth wardes by series.

Source: U.5.0.A., Soll Coneervatilon Service. Soll Survewy of Midlaod Councw
fend crhare). Narionel Cooperative Soils Survey, Aprfl 1979,
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%041 aesociation= contalsing wore than 17 percenc clay
in their aurfpee laver [(ECHPDR, 198%%,
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safls gre goozan among Ghe less exceeme slopes Inoche eascern and
gouthern hills; whereas sandy, well-drained soille on relativelw extreme
slopes are generalliy liclted to the norcrern pert of the hasin. Organic
Rafls oecur in Qladwin, Aarenac and parcs of Losco Councy. In pome 3CeE&E,
chase solls have been drained and faroed éecsplbte che sueceptibilicy of
arganic sells o <ind ernsign.

Vhe available watey capacicy of a so0fl hazs water guesiicy ez well ae
hydrologde ipplicacions. Characteriscics sffeccing the productlon of
runaff are quantified in Table 11=-& for each =oil serdes. [ow wBter
capaclty solle, such 8a these common in the eastern part of the kasin,
reach zaturaticnon gquickly and therefore generate runofl Faster awd in
greater vclumes tham cocarse sells, Surface water tunot! problems are
gererally greatest in the spring, vhen the lack of vegetative cowver acnd
an lacreasirg likelihood of heavr rainfall are likely te cause the
eroslor and delivery of clav particles and adsor>ed agriceltural
choenteala Bo aArea warerways, Sieece low avallable water capacity sedlls
cantribure very liccle growndwacer to the base flow ol the civers tFat
dialn eram, draught condiclons will often aubkstantlally redece thelr
flaws,
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0. taAnk USE

L. ApTricuifure

Azrdculture 14 the moat excensive siogle ceategory of land uvae 1o the
Saginaw Bay dralmage basin (Filgure Il1=-13%1 accounting for ocwvetr 56 percent
af the Zand area in the East Central Michigan Planming atl Development
Feglon alone (cCMTDE, 1978). The moar concentrated aveas of agriculturat
gctivity ooccur ln Jake plain sella along the easateron akd fouchketrn shore
of Sagdoaw Bay, 1ncluddng all of weatern Huron County, nctthweatern
Tuscola County, moat of Zav Countw, and northern S2aginaw County, 0Other
heavily agricultural aresa enccnmpasa central and acutheasgcern Isa%wella
County, most of Cratlet Couwcy, &nd much of the Shilawassee Rlver wvalleyw
in southern Saglnew, northern and eaacern Shilawaasee, and scuthwestern
Csenessee counties.

Crop abd Livesteeh production atve both well vepresssted 1o basin
agricuitural practicee. In terze of total cropland acreage, S5anilac,
Hurcn, Tuscola, 2aginaw and Gratiot cocunties are ameng the top six 1o the
stare (Bureeu of the Cenaue, 1944). Crop preferencea vary from veer ta
vear and gplece to place, but corm 45 gemerallvy e popular crap acroxs bthe
baszin (Table 1I=7). Localized preferences exist tor sovbeans in the
central and scuthwestern pertion of the basin, and for sugar beets and
dry edibie beaps (primardly oavy] within che Zake plain counties.

Agricultural management practices 1n the basin are undergeling
changas Jdesigned co reduce the Joae of topeoil and the polivtien ol water
resources by sedimenta, fertilizers and other agricultural chemicals,
Congervation tillege methoda of all kinds accounted for up to 4] percent
cf the acreape planted in row crops, small grailos, aad Farage <cops in
fome areas of the Ssginaw Bay basin 1o 193& {Table II-'],

Buroe:, Sgpflae, Lameer and ITsabella countles are ameng the top fen
scacewlde for Soth beef catelefcslves and willk cow populatieons (Takle
11-83, Poclery farms ere also comuon in the basie, with Huren, Tuscola
acd Grakfot cownglec vanking very high., Hegs, sheep and horses, on the
otherhand!, are generally nor as numeroue within zasin counties.

x, Fphan lpduserial

Im L9B0, che Saginmaw Bav Jrefnage basin supported a popuZation of
[ 458,339 people, 35.7 percenc (521,325 of whom lived fn the 33 riries,
villages amd census designated places (CTF) cantaipdng 2,300 or mere
residonets (Tabhle 20-9). TIn zeres of Jand area, thoee cundcipalities
gecpuneed for 53006 km? - gbout 2.4 percent of the 22,537 km® that drain
inte Stginaw Bawv. Projections far the vear 2000 dndicete a three pezrent
Seriine ' hasin urban popuiazieons, with subrrantial lcocsses in the
largesr citfaes. lo cantraat, the besin’e population as a whole is
expected to ibcrease by 13 percent to 1,6483,03& Juring that 20-wveart
period CAppendix 37,
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Tavle II-7. Crop Acteage Totals for Countiea in the Saginav Hay Drainege RAasin.

head Toaf
K & hey Vegels, County

Toral ) Ferd Edthic Sugar Sweet forn In
County Cropland Tapl. corn Rhear ats Sovheans Bwans Reets Melone  Brsie
ACERAC B, 155 24 D344 &, 0] 3,305 b, 978 L. BE5 L LYa L. 693 10
Bary 163,141 19 4%, 97k 6,757 2,160 'R BT 45, 369 L, L3 14T 100
Clare 0,215 24 6,820 i, 28R 1,655 55 - - 4% a4
Encsee 134,134 i6 45,652 &, AEd L, 350 3,532 L.2LA - HlE 100
Cladwin 32,004 L5 1,461 LA R 1,578 1,650 e 3:4 141 100
Fratiot LaE, 54 11 R I L 16,972 8,163 AS, 916 48, LR 4,905 K ) &3
Huron jas, 598 28 Lil,da7 23,145 T4, 421 4, B0l 1405, bf El, 449 16 63
losco 35,082 L 6, oTt L, 24s o 434 EL3 - n &0
Isakelia 15%,7r4 24 44,941 19,568 5, 7EG L5,255 17,054 - 152 100
Tapeer iTH,B53 &l e T, 065 11,221 G, 108 L - 1,807 i
1dvingsten JMH,752 3k 3,519 o, TES 4,758 4,351 2 b5 - - 43
¥MeroBta b3, 022 35 LT, 943 & 463 3352 184 2,928 - 124 24
¥idland T2, 604 ¥ 32, REE 1,259 L6276 17, 1&4 14,110 254 175 160
Tomtceln VB3, 555 A R Y 3,374 LI £, 240 20,41°F - tyatd 13

Jaklend 50,530 15 15,791 2.062 1,831 97 - - 637 LH
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Table Y1-7. Conotirued.
Seed ?of
T L Dty Vegets. Lounky
Taras L Fead rdikle Sugat Sweet Cern  in

Counry Cropland Topi Cacn Wheat Date Forheans Leans Peets Yeloos  Hasin
TEETUY 6,9 R 5,268 L,360 3,555 - - - 11 T
Dacecla Jh, 297 20 h,{RL L, 506 3,700 - - - - 5
Fogea=mon 391 4 - - 3 - - - - 11
Sagioaw 282,924 a0 Bl R7d 17, 7R, R BSS iLr, TR 39,716 L3, 435 2,031 00
Sanilac 301,182 i3 93,081 14, 604 41,785 17,74 LRG0 10,871 6l 52
Shilawvazaes 203,154 31 L, 3473 13,526 15,32 EE ., 3O0 2,553 Las a3 57
Suscala L 42 L9 Q9h,427 LN L2, 400 . le2 TALRES 23 4490 1,598 100
IET Tep-. 13 thy percentage of weeal row crop, small graln, il Faorapge orop acreaze placted yaiong conservation

tillege methods in 1986,
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Table 1I-&.

Eivestock Populstione and Acrepge Totals for Hay and Pascure wicthkin che Saglaaw

Baw Trainage Bawin (Burepu ol the Census, [9E3),

—r

H4lk ka, PAsture 3
Caunty Cottiile Cows Hogs sheep Norses Chlcrens Acteage Acreaze County
fATenac 9,109 3,160 3,769 L 54 ZLo G 347 LG, 094 1,791 100
Bay 4, 7k { a3l 3.831 55 a9z 4,634 1,774 6 100
Clare e, 205 3,02 b, B2 L, 796 502 15 15,9%5 12,151 54
frnessea LB, %7H 4,404 LZ2,139 1,313 1,324 12,821 15, %1E 4,981 10
Cladwin lO, S6E 1,805 1.543 1.410 irg 1,774 11,476 qa,2%4 i
Grecioc 2B, D06 E.774 17, EED 1,004 043 1£2, 570 4,046 &, a4z B3
Huran T7.2TE 17,514 34,07E %2 280 1,406,243 ja, 144 in,ol2 63
loeco LY,i47 1,515 2,131 518 ch TOE 10,950 .00 G
lesballs 35,440 11,077 15,125 H38 AOE - jz2, 720 10,034 tan
Lapeet 36,040 10, 7kE 13,132 3,354 2,104 11,604 x5, lE4 12,7:3 Tl
Livisgston 23, %81 7.2 &, 115 1,274 1,894 a,197 24, 0] B, 169 |
Hecosta 451 5. 16l 4,338 1,154 R0 1,754 K I L2 st i4
Midland Lo £ 50 L,d04 225 w97 92 3,039 1,503 1an
Yontcalm 557 10, 36] 0, 16 L2300 Fal La, 270 3,32 7. ThE I3
Dakland L 1,111 2ela6 1,14: 2oaid 3,130 ¢2,4A: B,056 1]



Takle T1-E&, teoptipued,

Milk Hay FPaature £y
Couanby Cattle Cows Hops Shaep Horseas Chizkans Acrsage dereage County
[ e man 14, 4%8 4,248 1,026 G5k 222 L.3LL LB. 976 %, 608 T
O=eenla 22,918 d, 09y 2,974 L,3%0 SEL - 36,500 L&, Fob 5
Rz e omin 21 ! S0 - Las EBET L. 0.3 - 11
Sogloaw 15, 543 4,629 E, L9z L,:E? E56 IR, 410 10,725 1,214 100
Zasdlae YR, 140 0,841 1,04 L. 0&2 EBA 20,942 FlaBasd 17,434 Y
Ehilawassee 24,461 8,325 13,07% 1,841 1,01% 35,E01] 23,317 T E06 5T

Tuscnla 23,8348 L EE .8, 587 |, LE6 B3 YT, TEG ZL.T5R2 4, ra3 100




Table II-9. Population, Area, TDenslty and Drairage Rasin locatica of
Selacted Cities and ¥illages within the Sagicaw Bay
Drafinege Gasin [Fucesw of the Censws, 963

Areg Densic Dreinage
ity Fopu.ation (ke="1  (per k="1 Rasin

Alma G, 602 4,2 nld Caginaw Hiver
Nad Axe 1,184 4.5 65457 East Coascal
Ley Clcy 41 ,5%13 as.n 1,487 Saginaw River
Beecher COF” 17,194 15,5 1,17 Saginaw River
Burteon G TR LG 493 Saginaw Biver
Caro 4,317 nodh TG Serzimaw Eilver
Cheasaning 2,650 2.3 166 Saglpaw Biver
Ciace o 30 5.2 E3Y Saginaw Alver
Clia ?,hRY 2 h 1,031 faginaw Bilver
Corunna J.2MnA TR N Saginaw River
Cavizom L b_7 1,306 Saginaw Blver
Turand G, 20] 4 4 B3 Saglinaw Eiver
Tast Tawas 2,584 B.2 416 Lest tpagtel
Eaaexville &,3718 3.4 L, 300 tEginaw River
Fenton A.00d [g.1 nh faginaw Riwver
Flint 195,411 E3.9 L.502 Faglnaw River
Flushing 8.624 1.4 B32 Saginuw Hiver
Frackecmuth 3,753 L Ear Baginaw Hiver
lfracd tlanc 6,845 1G.4 A6 faginaw River
Heolly 4,874 1.0 637 Saginaw Biver
Howell G876 ) 792 Saginaw Biver
Ithaca >,ah%0 10,4 245 S5agipaw BRiver
Leke Fenton NP 1,154 7.8 &0 Saginaw Bivar
Lapeer £ 138 11.7 51z Saglnaw Eiwver
Midland TFL2E0 07 52 Fagicaw Eiwver
Mount Xorrie 3,246 1.4 365 Sagimaw ®iver
Mounk Plegsant 23 . T4B 17 .6 1,148 Saginaw Hiver
CwDnEsE0 LB, 055 1.7 1,297 Saginaw Hiver
Saginew =Ll 45,1 1,720 sagimawr River
Sk. Louis b, 07 L5 434 Laglnaw Eiver
SwarTtz Creek 2,.4113 o9 4GBl saginaw Hiver
Vaagaar DLTET B.7 405 Seginaw River
Lurcaefth AcE COF 2,16k 122 Lk Wecr Copstal
Bazdn Total P I 5306 GH3

ACoP - Cersus Cesigrated Flace
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All three of the bagin's s¢andard metropailtan sratistical areas -
Bay Ciey, Fling wmd Saglnaw — and 27 of Ehe pemainiang 30 ueban places
fdenciifad In Ta%le II-9 epe In che Saglnaw River watershed. Thelr
combined L9ED papulacion of 510,371 was spread over a toral ares of
507.3 ke® (3. percent) of che Sapinaw River warershed.

ndusery Is quice diversilied In che Saginaw Bey basin due to a wide
range of nacural resourcer, a well developed cransporcacion necwarw, and
the enrlvy escablishment of aucomoblile menufacturing and relaced primary
Induseries. The transportacion eguipoent dnduscrvy, desplce racent and
projected planc closures, remaitns che largesc ecployver In che basin and
iz Ipcated eleast entirely wichdn the Saginaw River watershed in
Cenessee, caginaw, Bav and Shilawasasee councies (Appendiw 4). Other lecge
fndustries dnclude fabricated and pricary =eesd=2, nonelectrle machinery,
chemicala, electronic equip=enc, and food processing. 'wWirh the exceptlon
of metal fabricaticn facidlities 1n Huren, Iosco and Dgemaw countdes, \All
of the Zargeat emplovers, and the vast mejordcy of smalier emplovers, in
gach ecategory are lecated 1k the Saglnaw Eiver basin.

There sre o totsal of 78 industrvilal dlacharpevsa te tribkutarles aof
Saginaw Baw, 13 of which are ecenaldered —ajor dn rvegsrd te the size
apdfor texigity of the waate stream and the potentlal threat to the
cpvirpcsent op human health (MONA, 14987). The Saginaw River baosin
gecpunts foy &0 of theae diachargerz, 1ncluding 811 but one of the maler
sources, The West Coanzbal Baesils and FPast Craatal Pasie econtaln LY aed &
Industrinl dischatgera reapectively, with the only major discharger
locared 1n Sehewalng.

Thete are |33 digekatrges from menlcipal sources such A5 cewsge
treafment plants ot lageors, water Elltraticn plants, mokile home patrws,
regl areds, and rural hotels or motels LE of wilch treat more thanm ome
milllan pallons per day and are considered majoer dischargers (MOXE,
L9873, The Saginaw River basfn receives murnicipal waste from 97 zovroes
includlng a1i tR of che major digchargers. The remaining 36 are splic
evenly hefween the Easc Coagral and West Ceastal drainage basins,
Informat[on on the fokal geographle area aerved by sewer svstems 1o The
basin [& nae pPeadily avallable; however, basin populations scrved by
municipil WasCeturer Creabmert ayscems in the early 19605 totalled over
TGO, 000,

A, Frgracrk {ve

Fxgrective land uges *n che Sapinaw Bay bacin prizerilv involwe
noneetal iy cinerals, bring wells, aggregares, and oll or natural gos
wells (Figura -1-16)., ¥idlond Coubcy vields the grestest wineral
production walue ¥n the bagin, prizarily g2 & reault of the intenzlvc
utitization 91 naturac brine far fcs conscicuenc cherice! products
(Tables cf-10, ZT-111. Sractac councy Elso produces natural salines, as
wei. a% a sulfurpy Bywproduct of the oil refining in that process. on
general, o1l and natural gas production represents the maost drnporcant
compenent of mineral walue for counties in the narthwestern aod
sautheastern pertieons of the hasin. Central and cosstel countles receive
the bulk of thelr wiseral revenuee fror dndustrial send, agEregates,.
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Table I1-10. Coonty ¥ineral Facdlirdcs ond Valuacion in 1577 (MMNR, 1078 anmd [RBZ2}.

Total Hinerazl

Fand Product [an

ans Tnd, Fatural Clay & Crude  MNap. Values (in
County frompe  tiravel  Samd  Sale Peat  Falines  idme  Gwpsmom Shale  Cerent N1 faw  thavsands)
AreTiic L: A5 2 3,7
Fay LY (] 21 13,780
Clare® 42 15 22 4,029
Getnedaee &3 3k kM
Gladwin 7a 1% 2,943
Gratiot™ 33 & % ] 28 10,343
Huroco* 10 6l 1 1,957
lnsco* ;2 2 g,
Ispballa® 22 Ja 3,59
Lapeet 20 2 5 ) 15 4,083
Livicgaton® 7 | I G 4,110
Hecospa® g 11 f X2 5 G0l
“idland 5 3 7 31,218
Masacealm : 8 1, EBOE
ngland¥* 1 4 40 14 20,714%]
(gemanw* 45 i 20 7,052
Oscenla® s i1 27 2,531
Kaze amman+® Lh L& 4, LEE
Sagiraw 17 ¥ 5 K1 2,054
Gantlac® if 1 7 3,.5E
Chiawassea® AT 3 k| bk 2.3Eu
Tuscalas Lz o 1 2 J.21a4

[
Count ies oanly pasclally within Saginaw Bay dealnapge basim,



Tah'e 2:-11,

Lii and Gas Preduction during L9EZ 1n che Saginaw Bay

hasin (MO%K, 1978&: 19327,

i ] fas
County (Jarrele! [MCEY
AFenae 168,754 -
Tav 2ar, a1 -—-
Clare® 231,351 LhR,AT7)
G S e 19,924 53,423
Gladwin 149,95 ama
Gratioktk b, Gh7 -
Huran® 1,882 -——=
TaneoM - n—=
tnabella 262,112 o
Lapeayr® 11] ks 1,885, 6kl
Livingsean® 1,177 TES L4680
Merascak 17,387 5,010
Hidland 178,410 -
Momccalo® oL LTS —_—
Uakland® 17T 541 [, 5Th, 628
(et 85b,021 LR EAD
UmeiEolak BE %Y 4,318
B Cred (e gy 416, £R4 400, [¥0
sagloaw 4,76l -
SaniZack -— ==
Shiawagzes 6,109 ———
Tuaco.a ql, 534 -

#*
Counties only partdally wichin Zaginaw Bey drainage basin



Timezrome, peiat oF gYpsum,  Teo of che chree gypsus mices [n Tosco County
are among the larvgesat In the naclen (MONE, 15%75).

4, Waste Digpasal

Saltd waste dsposal sites are comwon throughaour che Sazinaw Bay
naalen. Bowewer, relacively Tew vemaln b sancrlosed opecaplon ander Che
guldelinmes of Ace b4l, che arate's leglslarive response o grawlne
concetkn over [he safecy of such sices. 00 che 13 dpown landillls or
dumpe Iin thne basin [(Figure II-15), 47 have neenm Identifified = contaminant
sopnrees to Eurface waters, proundwebters or solls uwnder the Michipan Ack
307 progrez [(MDWE, LPBG). Eeocavse Ehis sssezszmeant process 1s 0 vesponse
ro Tesource Ifmpaireencs rathav cham o prevencacive acrion, fr 15 expecced
chat more dispaszal sirces will %e linked to envivonmeantal prablems acs time
anc additfional rezowrce development goes ok, As of March L9EE, fi1fteen
landfille h&d been Identified a= mowrces of concamfnents= ro surface
waretrs Lo the Saginaw Bay wacershed.

5. WiId 1ife Hal:dear and Recreartonal Lands

Langs suitable for wildlife habitat or recrceatlomal use occur over
=uch of the northern and ceastal portlons of ehe fRaginaw Bev bhasin, and
wspe areaa have heen placed into publifc awnership under a verfiety of
management agendas Flgure IJ-1B). The Shiewassee BationeZ Wildiifc
Zefuge 1n Saginaw County and numerous stete wildiifr areas within rhe
coantal wetlanda herdering Sagfnaw Bay provide refuge along the {fovwny
routes of mapy waterfowl species, as welil as hableet for other water
dependent birds and anlmala. Untdl recently, cceatal wetland teaources
Tiad heen continually reduced by draimage projects tilad to agricuitural
expanaion and by lakeshore developments. OFf the estimated 467 km®
115,000 arres) that fringed the ioner bay pricr teo settlement, enly
ahgut 162 kop® (40,000 seres) remaimed as of the early 1970s {ireat Lakes
Bazin Co=mizssdian, 1973).

ODther admigdsteative wolicled govern the management of the temalning
public land im the basin. Stare gawme areas are scattered owver the
orherwlse heawily apricuwltural central portion of the Hasin, providing
wilddlife hacicat arnd hunting osportunitiea. Multiple use policies are
practiced within the latge Etracts of atate foreat along the Tittabawaseee
and Chigrewa vivers, as well as dn the relativelw hilly portions of the
Surpn batloeal Forest extendlng iptc Ogemaw and Iesce countles. Water-—
orlveted rerreatlonal epportunlities are prowided at the five state patks
located on the shores of Sagixaw Bay and ar the 31fle Rdver recreaticn
ArCi.
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E. WATER w5F&

L. Fien and wWilalife Tahitat

Fildlife Habicat The cost outstanding Ythitar feagure of rhe Saglraw
Figv shorelldne Is the cxpansive ¢oastal werlands, concentraced 1in bthe
immer hav. Iesplte the reduceton In wecland acreages over the past
sederal decades, A ftand has heen converced co agricwlteral end otber
waes, the arensn is still consddered vEral ro che supporc of Worth American
vaterfowl populacdon=s, a2 well a= the populecions of other water
dependent species. Turing epring and fall migrations, "cefte"” containing
&8 many a8 250,CC0 ducks have been counted Zuring aeriel sucveye ol open
water arcas Jike WildFowl B .5, ¥rsh and Wildiife Servidce, 1970).
Aggrepatipas of Blue Geese and Canada Geese nuebering up to 30,4960 have
alang hewn recorded. Wakerlewl breeding cecurs de both the coastal
weblands ¢cd S isclated pockers of ieland habitat near the bavw ashore,
witk mallards, teal and Capads gecse beiog the sost ippertant apecles.

Ty all, ewer 30 species of warerfeal uze Saginaw Baw hiabitats durinmg the
breedipng and rigratlon Scafon,

Muck of the remaining werlanda swrreurding fagicaw 2ay are now in
prblirc ownership under ehe authoricy of the Michigan Depavtment of
Matural Resouries [(MDNRY.  Theve arve six deslpgrnated Ftate Came AFeas ot
wildlife Areas a2long che Saginaw Bav Lthorelinme: Fish FPoine Wild11fe Area
(Tuscole County), MNavanguing Pofne Wildlife Ares (Boy dountyd,
hianicaesce =i d¥{fe Avea (Bay and Tuecole counties), Tobloo Maesh Scare
Came Atea (Bay Louney?, WIigwae Bay Wildlife Ares (Arenac Countwl, and
Wildtow] Raw Wild!ife Area (Horon County).

Kildlife habitot within the Saginaw River becin is charackerSsed by
extreme diversitv. Aleng the Saginaw River femelf, cuch of the {meediate
watershed 1s urbarnisuburhon or agriculeural, but a eubstantiul porclon is
comorised of the remnants of putensive weclende that dozinsted the hasis
in recent history, aAs 1% the ecase with Sapginaw Bev, much aof the
remaining wetlands 1o the wiedndey of che Zapinew Fiver arc in pablic
pvnership apd are of greoat itpertance co a wide variecy of wetIland
dapendent wildlife, particularly waterfowl.

The Zhiawasser Fatieoal Wildlife Befuge, opereted by the L.5,
Department of the Tofecior's Fish and Wildldife Service, contains severa!
thousand acres of wetland habitacs manazed for waterfowl. The refuge 1w
importent Eor baoth brood prodectleon aed as a3 resting area feor wigtating
ducks gnd zeese on seversl major flyways derdieg spring amd £all
migrations.

The Crow Lciemg State fame Ares, opetated by MORR, 1 located aleoeg
rthe Sepingw River between Sagindw amd Bay Cicy. Aporoximately 000 actes
in size, this ares ts also eanaged primarily for watertowl.

Fiah Habhitat ~“he shailow, produccive werers of Saginaw Bey provide
outstanding hahitat (or & wide variety of fish species. fGver 30 fiszh
apecles have been recorded in Saginaw Bay (Freedman, 19743, The bay 1&
attractive to a broad range of spocies because of the great civersity of
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aonat [& bableaers found there, which provide spawning and nurserv areacs
and plenciful food ecurces for larval and adule {ish.,  However,
popuiaticns of Aeveral important apecles have declimed, and the fish
ca==unity frn cthe bay 1% substgnrially Jifferent froc chat which existed
af the turn af che century.

ake herrdng, coce an lmportant poart of the gowmeteclal fishery 1o
Saginaw Bawv, has all but wanished. Histerlcally, the waters of the hayw
sgerved as heth apewnlng and nuraery Breas, but the moat recent documented
spavning oF lake hetrriog occurred 4dn 19536 (Socdvear, et al., 19827. The
cause of the ceollapse of lake herring atoecks in Saglnaw Bavy haa never
beer deterwmined,

i.ake trouf were alap akundant in uuter Sapinaw Bav atr one time,
This specles previoualy spavned throughout the bay, {rocm Tawaa Point cn
the wvestern shore to Port Austin in the east, over reefs of honevecombed
rtoeck at depths ranging from & to 120 feet (Great lakes Flahetry
Cexmisaiorn, 19791, Populaticos of lake trout are oow maigotained through
stocking of hatechery reared filah. Some apawning activity has keen
teccrded i recert weara 1o several areas around the kay, iecluding Tawas
T'cint, Folet Au Gres, Charlty Ialands awd Sand Pelrt, but without success
wGoodrear et al., 19E2:.

alteracier of ssawnisg ha®icats and ever Filshloaz hawve beern
Implicated as the cauges of the hilatovical decldee sf walleve stocka 1in
Saginaw Pay [Schnelder and Leach, 1%771. Doce the sremler commercilal
specles i che veglon, wallewye populaticnas are oow malntaiced through
plantivge of artifdcially propagated fish acd, as a tesult, a thriving
sport Fishery has developed ower the past Five wveays. Some evidence of
natural teproducilon of walleye 1= che Hay and 1tz trikutatries haa Seen
vecernt]y documentéed, Howewer, the mapeoitude of this has web to be
determined {Mrocins=il, persoenal communicaticeal. Historically, iooer
“aginaw Bav and ity tributaries were coosideved the primacy wallews
spawning area 1o Lake Huren, particularly ot the mouth of the Sagloaw
¥iver, along Cortven Reef, amd in the vwicialty of the Charicy Talaada, in
shallow waters over a varlety of swhstrates (Goodyear, ef al,, 19810
Ilncreased turbidity, siltatien and the impoucd=ent of maby cribuebary
streams are among the Vdactors that contributed to the derlice.

Despiee the bBabjicar alkerapion problems enxperienced in vecent vearas,
faginaw Bay cemuins & productive hableat Fotr & varlery of gpecles.
Yellow pevch populations im the bay ave extremely high, although the
growth of Individual fiegk Seems to by suoppeessed, Moar af rhe documented
spawning grounds of emellmouth bass [n the Y.8, watets of Lakg Horon are
in Saginew Gay, &5 are all af the known egpewning areas of the largempuzh
bees (Goodyesr, et al., (982). rarp and channi? cotfish popularians fn
the wav pupport an f{oportant cozmmercfal fishery, and the praduccion of
forage tishes remeains high. While the fIt cocmunity of Saginaw Haw has
been eubstantisliv elteresd. the shallow warervs of the hay are sTill aanng
the post productive (L{sh habitats in the Great Lakes (Keiler et al.,
IYBT)., However, 2 potential emerping problec exduts naw that white perch
have becoTe estanhlished in Saginaw Bavy (Mroxinskl, peraonal
communicatidonl. 1F thely oumhers fnerease in the fouture, white pereh rcay
compete with more dasitable sport Elsh species (or [orage otpaclams,
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The 3azinaw #lver und 1ts tributarles provide hacltat For wardeus
game and non—geme Elsh specdes,  Ia the Sogipow BEiver dtsell, recent
surveys Indlcare che presence of a varlety of apecles and a community
compaglelon chac changes senamnally. Thivev-nlae apecies were collected
Iln L8954 {Mrorinskl, persoaal commeedcacioe),  The viver suppotrts slzeakle
populagions of carp, cacfisn, qulillback acd drom, acd amaller populatlons
af larpemour’ bass, yvellow perch, %Black and whilce crapzla, and cther
specles,  In addigfon, eoderote to Reavy spawniog tuns ol wnlleve, white
BWass, suckers and ocher apecies pags throegh che Sagicsw Aiver oo thelr
way up co cie warlous trihwucaries, and Geodwventr ef al. (1%32) report chat
che lower Saginaw River contatns excoellent spawnlng haklrot for northern
plke. Emerald skhlrers and sporcall shinervs arvre also poumerous: and
glzrrard snad, an excelleant forage specles, ocewr In tremendoes nembers
[Mrozinskl, mpersomal commonlcacien?.,

2, Water Supply

Saginaw Bay 15 a4 cajor source of water for a wvarlery of uses,
Including zunlelpal drinkiag wacer, irrigacion, cocling for
therzoo ect ¥l pover generablon, amd taduserial process suppliecs.

There s furrenely anly one elaccries power gerevacien Eacilitw
withdrawing <ater Tros Saginaw Bay - che Bay Clty Flectric Light and
Power plant. This tacility wecs & wel-rowetr digcharge avatem and
withdraws an average of only 0.00 M50, A Consuvmers Power Corporation
¥arn-Weadack power plane complex, elso located near Bay Ciev, withdrows
water {ror the couth of the Saginaw Eiver. Four of che six generating
unicts 2t Farn-Weadovk ngklsfze o imee-cheough coollng proceses. The
onee-thrgugh svstes, while requiring the withdrawsal of relativelsy loarge
quantiedes nf water, acrually consumes lece then one percent of the waber
withdrawn. The First of the two remadning unlecs emplovs & wet-tower
discharge ceooling systex, whieh eensu=es approximately 13 percent ol the
total witkdrawr, The final ovedtr enelovs 8 A1y cooling process that
requires oo water., Together, the Bawy Cicw Flecerfc LZght and Power
facility and the Earn—Weadnck comples withdraw spprosimately 323 MOO (Van
Til and Fcote, L2BEE), Daga Are oot avallable for calculeddng actual
wvater consurptlon by che thermoelectric power induatry do the Jaginaw Hay
hasin, but {t 1% Lelieved chat comsumptive uae 1a lesa than five percent
af the cacral wichdrawm. OFf che s5ix other thermoelectric power generabinm
facilicies In che Saginaw River basin, nene draw water freom the Saginaw
Fiver ar any ather inland surface weters {Van T1l snd Scotr, 1%8R].

sccording to Wendell (U862}, mose memlcipal water supplies
originating from Saginaw Hav come From one of cwo sowrces; Ehe
Sapinaw-Midland Water Supply Svscem, Jdrawing water from off Whitestone
Point, angd the Baw Cicy Warer Supply Svsrem, dcawing weter fror a point
on tne bev just wert of the cmouth ol che Saginaw River. The
Saginev-¥idland svstew serves A4 Lofac o 227,792 people and withdraws an
average of 5496 Y40 chroughoue che yeer. The Bay CIlty EYStem ERLYLE
BO,315 preople, withdrawing an average of 1i.BY MGD. There sre three
other ounircipal supplics drawn from che bay, each serving less than 5,000
pecople. Egst Tawas. serving appraxleacely 4,600 people, withdraws an
avergage of k.06 Mk, Fincaonning draws an averege of 0.3 HGD, serves
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ie=2s than 2,000 people and intends o close fcs intake sice within che
nexlt wear anc purchase water from the fey Clty systec. The Pore Austin
Evkben serves less than [LA00, and draws an average of Q.00 HGD. In
addition, the Yiliage of Caseviiie is developing a plan for fts own water
intakec far cunicipal purpoeges. Tetaile of this plan sce unavailable ac
this ticg.

N prozent, there are no active runlcipel s»ilthdrawels from the
Saginaw River, however, the City of Ssginaw doer have an ermergency intake
locaged In che river. Munlcipaiitics within the Saginaw River hasin
scguliee chetly watel suppltes {rom revergl sources including Saginaw bay,
praunduazer or g water supply svstem outside the basin (eg. the Detralt
Mumicipal Warer Supplv Sysfesl. The {5ty of Alea caincains a water
intake en the #*ilpc Kiver upstream of 5t,. Lovls. The Qenessae County
Kater Supply Svster malniaine an emergency withdrawal syctem on the FRIne
River ot Tlint, o he uvaed only in the event of a2 failuece of current
scurces, and this svstem s ondy cperated periodically to test rhe
egquilpment.

Summary infermatien feor dndustrial water wlthdra=ais dn the Saginaw
Bev basin Ix not¢ readily avaiigble. The Creat Lakes Basin Corsissian
(1975) ropeorted that ~eost dndustrial users drew water {rom sources cther
than Sagingw Bay, but provided no specific informarioo on scurces. Tt 1s
kncwn that water is withdrawn leom the Saginaw River [of iadosdcyinl uvae
kv the 3ay Clty Geperal ¥eoteors Auto Plant and by sugar heet processing
planty located im Bav Clity and Carvellton,

Water amounts withdrown from Saglnaw Bav and the Sagipaw Biver foy
irrigatien use cacmet be reliably estirmated hecause datn are oot veporced
in a way thut allows the identificatien of specific soureces.  However,
irrigation water wie by agriculrurs has been locreasing in the Saginaw
Ray baxic,

}. CUemmeércial Fishing

Eistecrically. Zaginaw Bay has previded a preductive commercial
{ishery, but stocks hawve fenerally hees degliciex since che early part of
the twentieth century (Flguee 11-19), Eile and Boerkner (L9585 lndicated
thar the peuk vear for ¢onmerclol Tilsh harvwvesr was 1302, wicth a tatel
catch of 4.4 million pounds, The lowest catekh oft record [or the pericd
of 13E5-198% was approximatelr |.% millien pouvnds, cecorded in both 1973
and 1974 [(Hendrix and Yodwm, 19841, The deastic declice in commercial
harrest was accompaled by o shilg lo specics demieacing cthe commercial
fishery. lare trout onee contributed Reawily fo che catch, wich a peak
hervest ol 125,000 pounds In L9301, buet were tedoced to [nsigniflicanc
lTevels by the late i%40%, and are encirely absear from che coopberelal
karvest at present fScller, et al., 197}, Walleve, ooce rthe scaple of
the fishery, {s also no longer harvested commuércially . Ogly &8/,A00
poutds of vellow percin were hapvesred le 1586, well “elow rhe loog term
averape comeerLial catch of 465,000 pounds, Carp, which <Ld nor earer
the commeccisl hacvest until L9168, and <hannel catsish, wilch Totmerly
cade up only & small. peccentage of the commerciegl cacel, now domizmace
ather species taker commercially from Saginaw Fay SFigure II-FQ),
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While fr Iz not possible to attribute the decline in commepcial
Fiching In Saginas Fav to speciific causes, varlous tveéswvacchers have
irplicated & verfety of factors Incledicg destruction of esznencial
spawning habicate [Schneider, 19773, the Introdecticon of non—native flsh
species (HiZe and Buaremer, L9563, eutrophication (Francis, =t al..
19797, nver exploicacion of fish zrocks [(Schnelder and Teach, (9790, and
coxic contamination cf the ecoavster (Hendrix and Yocoum, 1983470,

beapdce the decline Zo the comzercial fisnery in Saglnaw Bav,
commeteial Fishirg remains an idmpertant elegcent cof rhe reginnnl economv.
In 1426, 27 licensed commercial Flshing cperatioms harvested
approximately twe million pounds of [ish from Saginaw Baw. Tocluded in
this catch were carp [850,000 pourds), channel catfish ¢&30,000 pocunds),
vellow perch (50,000 pounds}, swckers {55,000 poucds), and freshwater
drwn (37,840 pousds) (BEcllee er al., 1987). Ports with the greatest
amount of fiehing activity are ¥ebewaing, Pay Yorr, Flaconelng, Au Gres
and Stancieh.

The {uture of comrercial {iehing In Faginaw Bay 1a wheertain.
fullivan et al. [L9BLl} have svgzested that furcher reducrions in
rhosphorus Ioading to the bavy conld resulg In & 24 percent decline io
commercial harvest by 1990 bv refuciag the produckivier ol the bay,
Yowever, Hendris and Yocuo (964} paint oug char chis conclusion was
reached without coneideration of the patencial effeccs ol peossible
reatoration of spavning habitats or cthe scocking of artiliciellx
prapagated fish mav have on Saginaw bpy fish sroeks. Limited kpowledge
of the effects of towle checleals in equaric systeme does not allow
prediction of the future dopacts of raxic marerials wpon commercial
fighing dr Saginaw Bay. Past and current T#sh consueprion advisorive and
fishing bane teatify to the potential far ronic carerlsls Lo edversely
affect the commercial fishing industry in che bay. TFinelly, continued
eonflicts between aport end commercial fishers over perch stocks have led
[0+ & Srogram, adepted by the ¥ichigan Ratural Besourcea (ommission im
July 1957, where commercial licenses may he hought cut by the state on o
willieg buver/willing seller basis.

) ehoggh the Saginaw River and its triburaries obce supported a
ehplvizg commerelal filshery, commarcial fishicz has rot been succassful
in the Saginaw Eiver system simce (908 (Schoelder, 1%707].

b, Sparr Fieshing

Sport fishing opportunicies in Bagingw Ray are avallable chroughout
the wear for a variety of opecies, including wellow perch, wailave,
large=outh basa, e=elimouth bass, brown rrouwr, lake croue, coho salmom,
chimaak aaleon, end ateelhead. The recreatiomnel fisherv fc of Cremencous
veogowic lmmertance in the bay teglom. ¥eller er al. (1987) eptimete
that there were approximately 2.2 flilign angier houre epent on Sagimew
Bav 1n the sever moanth peried of Maw through Bavewker of 1986, an
eqrimated ROT of the total spert Cishiop effort spent on lake Hurom
deving that period. The ecoremiec wilue of thia fishery 1s in the
millians of dallars anmually.



The walleve Zishery 15 growing as Sagipaw 2ay walleve populaticos
continwe Eo increace. Searly one milliecn walleve tiogerlirps are
teleased In the bay annually, which may account for the bulk of walleves
found in ke bay. Harural reprodecclon has beer documented Sut the
ragnitude 1z unknown. Walleve spawning runs attract thousand of asglers
and fea fishing for walleye {5 slso becoming extremelr popuwlar. The
escfeated spore harvest of walleve In the bay from Moy to Xovember of
‘NP6 was 39,000 fish (Keller et sl., [YET), The growth rate of Saginaw
Bay walleye exceeds thet of any other population in the Midwesc.

Seginav Bev aleo supporte 8n &ctive trout and salmon fishery,
particularly in the outer bay. Spavning rune of these {fsh fuke place In
many kay tributaries, dncluding ¥hitney Drain and ehe R1{le River in
Atenac County, and the Figeon Fiver im Huron county. Spring runs cf
suckers an® smelt alse dArow thewsaods of anglers ta sires along the bawv
sheteline.

The sport {ishery for vellow perch remaions atuog the most popular
recreational activities ip the region, although perch are presently
exhiriting some growth prodlems (i.e. dense populaticns of awall perch
noct seitacle for the sport fiskery), Early 1967 surveys eIe encouragioR,
however, im that they ipdicate thap perch alze has dwproved serewhat
{Mrozinski, persomal communicaticon}. Keller et al. (1987) report o sport
harvest of 1.& million perch trem Fagipaw Bay froe Xay to bovember of
14984,

The shallow waters of Sagimaw Bay provide excellant Elshing For many
atkher cpeclec of game {ish, particwlatly 1e che inmer bavy, Faonbish,
largemouth beee, emallpowtd bess, and “otchern plke ate concentrated im
nesTchore &resf such as Wildfowl amd Wlgwam wavs, Other specles, such as
carp, chetmel rcatffeh, and bullheads are locally common and provide
additdonel opportunities for the spoct angler [(Yendrix and Yooum, 964
T™Ta, 19407,

Despite warious water guality problems, cthe Sagfiraw FEiver has always
provided a diverae and populer eport fighery. Wwich che continuved
expansina of & resurgent walleve populetion, #ngler use of the river and
{ts trikutaries 1@ on the inrrease. CGood {{gheries now occwr In boe
Saginaw and Tittabawassee Bivers ltom Sepietber chrough Mar (Keller ot
al., 19871, with daily angletr counts as high as 2,000 during ¢the winter
of 19836-87. Filshing for sewveral other popular spore fish has elao
fmproved Lp racent wears, lncluding ¥ellow perch, largewmcuth baaa,
smal Imourh Bass, northern plke, crapple and hluegill, Additicmallwy, the
Sagingw River system supporte spawnlng rums of salmonids, white bass,
gurkers and acher rpeciec that contribute o the expanding sport flshery.
te #5 oxpecred that cecrestional fishimg wlll continue Eo ga&ln In
popularizy §o the forempeesble future.

5. Contact BRecreatiom
Sagipnw Hay 18 used estensively for cany types of contact recreatlom

tncluding swimming, water skiing. and pleagure hoating. Public eccess
tor boatets 1% provided at sixteen sites along the Saginaw Bay shoreline
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Inclucing one site In Tosco County, wWo it Acecac Coccty, three in Pay
County, four In Tuscola County, fmel 1% 1n Hurvet: county {Flgore I1-211).
in edéition, there ace L7 state, caunty acd local patres ot campgrounds
along the shoreline providing opportunitles fobr confdcc recredrclon
activitiesz: thrae in Losco County, twa In Arenac Coascy, two io Bay
county, ome :nm Tuscola County, and nine In Huroa Councy (Figure TI=El%,
Acrdviries at these sites include swisming, sunhaching, cemping and
varlcous okher dav—use aciivicies.

The Saginmw Hiver recefves liofced use for contact recceatlion
activities exclusive of E1shivg, bur ics cributaries ere used for
swimming, pleasure beaticg, #=od water skiing. There are mo public
Yeaches on the Sogieaw Biver aod the dezand for switming ie low due to
poob water qualicy,

Recreationmal boating ix the prlmory concact use oo the Sagipaw
Kivepr, There ppe #ix peklde best launches along the Seginaw Biver
(Flgnre L11-211, Wickes Park, opevated by the clty of Sagivaw, has two
levnch sites, one of which receives periodiecallw heavy uwae. VYeterans
Memcrial Tark, o Faglnaw Coungy facility near the Bay County line, hax &
single camp thar alao recelves heavy use at times. There is also a
Veterans Memoriel lark 1o Bav Citv with boat access to the riwver,
Tmmedistely wvpstream [(Fom che moutk of the Saginaw Biver are twe sites
popular with boateks Sourd for Sagiraw Baw, Smith Pare im FEscexwille on
the east side of thw Fiver, and a1 state maintalced access =ife on Ehe
west Bide closer Lo £he »fver mouch. 1n additicn te thege public
facilitias, thers are Ll commercial marinas ard severd] privibte access
cdtea in Saginaw and Hiav councles.

b. koncontact Epcrealion

Fecilities for nonconisct recreation sctivieciss, such as camping,
bicycling, walking and hikisg, picnicking, neture study, amd wchers, are
readily awvailable aleng the shereline of Saginaw Bev. [evel af use
flgurea are available tor the four ¥ichipgan =cate parkes (Yigure IT-ZLl2;
Tawas FPolet, Dav City, Albert M. Sleeper and PFort Crescent [FLNR, 19872,
The 175 acre Tawas Folof Stxte Park dn Ioace County ceccived 200,312
visiror=days of uge in the srage [lacsl vesr 1386 (Dcteber |, 19410
thtoua® Septamber 30, [986), Jdivided berween camping (72, 2431 anpd day use
(172,270). GBay @ity Seace Fark, 200 acres im cize, was the mose heawvily
uzed of 811 state parks om Saginsw Bay, rerelvimg 582,416 wislror-days
t75,89E camping, 596,320 day usel. Slecper Stete Fark, & L 000 acre
faeiliey, totalled 292,776 wisitor days of wae (B?,007 cemping, LI3,T87
davy use). Port Crescent Stage Park covers 503 ecres and received 171,973
vigitor-davs of use (88,3060 cocpineg, 33,007 of doy use). The total
rumbher of visiter-days tecorded st the four Stete Fark facilirdes was
1,317,627 (331,%5% complag, 885,674 day use) over a 1Z-vonth period
indicated.

T addition ta scAre parksa, tkhere are 10 sites ideotilled as county,
towmehip, or menicipal parks ard/er campgrovnds, with froontage on Saginaw
Bav (Figure TT-71}. %o use data Are svailable for these sires, Dot thedr
tocation suggests that warer-relared noncontact recreaties acrivicles
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take mlace. In additlcn, noncontact uses are ldkely ta be present at the
puzrlic access sites and state game and wildlife areas a.ong the haw
sporeline {Flgere 11-18), There are alse numerous private beaches,
campgzrounda and other recreatlen facilieles, particularly in Iescn,
arenac ard Buron countles, For which reliable data was wpavailahle,

The 3aglnaw River has a large amcunt of public frontage a.oog its
length that le ueed for a warlety of noncentact recreatienal activities,
including plepleking, walking, 2lcycling and ethers, Wiches Park,
Njitaway Island, and several smaller patks 1o the city of Zaginaw are
belng Jolned oy a tiverfront Sicyclingfwalking trafl to lerm oo almnst
continuows park development from the confluence of the Tittabawassee aod
Sxiavaseee civers to downtown %aginav {Flgure 11-22), Facilieles at
Zilwaukee anc at the Bay fownty/faglnaw County line, while p¥imarily Eecat
Lavnching facilities, alse provide for some nencootact activicles,  Baw
iy has o well dcvclgpcd FEI.!'..E. system o Bhe vlwer, leclodies Plgelew
Park, Vererans Memarial Park, and kWerprabh Fack, which combloe o previde
tacilirier for tear sports, plonicking, skarinz and other acpivigies,
fmith Park In Fesexville, alse primarily a bear lavpching facilicy, hax
limicas oppoctunities Ior noncontact activities,

. Conearcial MNavigpation

ihe 1.5, Army Corpe of Enmgineerr maintairs sceveral pavigallos
projecte in Saginew Bey. Lorcercial navigation, exclusive of Zaglnaw
Kiver traffic, 1a primarilv comumercial fiching that Lls scatcered anoong
veveral porta, and the ghfpment of bulk gvpsuwm products from che U5,
Gvpaum Company terminal near Alahester.

There are six fedaral mavigaticn projecks In Saginaw Bay. other than
the Saginaw Riwvar channel, which receive perimiic oaintenance dredging;
Tawas Zav, Polnt Lockout, Scbewaing, Caxewdlle, HBov Part and Port Ausein.
These prolects recelve eonly perledic malntensnce dredging, ond three of
these, Towas Bawv, Bav Fort and Fort Awstin have pot heen dredged aince
=tint o 1970, Point Lockout has heen dredged twe times: origloally dn
1947%-1974, and meintenance dredging 1o 1983-1984, Zebhewsdong has been
dredged three times: im 1977, 1980, and 1981, Caseville was dredged in
1971 and L%EQ. HMuech of this dredging 1s coonducrted bto previde vefuge for
challow craft veesele and to accommodate rectreatleral boat traffic as
well as limiced commercial Inteccsts in chese harbors.

The Corpe of Fngineecre maintzing a navigation ckannel From several
ofles heyond che =outh of the Saginaw River to the Sixth Streer cornlcg
hastn In Saginaw. The chennel vacies in depth feom IT Eger ar che river
caurh to 20 feet &t the 5ixch Street turning basin, and Lln widech Zrom 350
feer ©n ZLC feer ar cthe sece pointe, respectivelv. The dorps bdengIfles
forty-four terminal facilitiea along the channel, althgugh neot all of
these are currentlwv active. 1o additdon to the twrning basin ac 5ixth
Street, two additicnal turning basioe arc cointoined, wneg ac Essexville
fproject depeh 23 feet) and onme neer Clements Hunicipel Alrpact between
Haw City and Sapginaw (project depth @2 feet). The navigation chammel
fresm Sisth Street to CGreen Feodnt (project dapth 1605 feec) has wac been
maintained For several vears. .ts current depths arc wdequate for
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preaent trafldc wse. The ice-free navigagbon seasen In che SagEnaw River
usually runs from March e o Decesber 1.

In the 1923} aavigaclon seasen, the =ocsc recent yeer fer which
statistics ave available, cobmereclal freighe €rafffc In the Spginaw River
toralled I7,%85%,71% tona. 0Of thila total, 382,400 toma were foreldgn in
vtrigin er destication, and the rermaiping 2,003,279 were dormestdc. In
petrms of Forvelen evaflie, &0,114 tona were exported and 327,32% tons were
Impotced.  The primary exporc ccoomeditles were wheat (I29,3%] tensl, sand,
gravel, aad rock {12,%50 teks) and animal feeds (4,592 tonal. Igported
commodities were primarily potassic chemical fertilizers (107,732 tonsd,
itren ore acd conpcewcratea £101,2315% tena)l, and realdual fuel odl (31,7380
tonz). Canala was the mest active forelgn trading pattoer, with 94,4

percent of all Forelar chipping traffle belng Canadlam in erigic or
descinaciorn.

Doreseic frefipghr tvaffic inm the Sagicaw Biver duricg the [483
navigation Seasan wes prinaeily intoond, with receipts smounting to
1,982,498 tons, ar 991 percent of Ehe rotal. Outbound domestic
shipzents tacaliled 21,476 coms. The moat crevalent domestle commoditles
rursived ar Sapinaw River termingle were limestome (1,060,476 tonsh, <ol
and digmirte (433,322 tons), nom-eetszllic minerals (54,560 tonsd, and
huliding ceeent (33,089 tome). Omly tow domestic commodities were
shipped {ro= ter=insls in the Saginew River: <ictillate fuvel ofl (12,27
toms) and gaseline {9,197 tonz). Locel commerclAl shipping treffic in
1983 was nepligihle.

8.,  Waste N{sposal

Exelucive af the waste load Erom the Saginaw Eiver, Zapicaw Bav 1s
Tieele wsed for dispesal of municipal and industrial wastesa. Of the [11
acrtive Induserial and municieal dischargers in the whole of the Saglpaw
Bay drainage =asin, only 54 nre found cutslde of the Saginaw fiver
warerchad, The Ezot Coectel dralinage basis bas 11 diachargers, &
indugr»ial and tE municipal. The West Copstal dealrags kasin has 10
Induserial and !B munlcipe!l dicschargers. Of these %4 discherpges, only
nmé, an Lndustrial discherge lorated In 5chewslng. 14 lisred &F 8 mejor
cischarger (HDMR, 1987).

BEorause che Saginaw River besin iF heavily industrialleed and
tetarively densely popusated, the weters of the basin are cailed vpan £a
assimi’ote waste 2oads from & large nuzber of cunicipal wasteowarey
treatoent plants aod dnduseris: cooplexes. Tanere are G0 Induscrial
dischavgers on the Saginaw Biver and tributaries, fncluding '3 cajor
dischargers, which are concentrated fn the Industrial venters ac Flinc,
¥idland, Saginaw and Jav City. The basin also contains 97 municipal
wastewater treatment facdliedea, 1# of «which are considered —ajor
dischargers {(MOEX, 1%27).
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SFLTION TIT —— FPROBLEY DREZCRIFTIOH
A, WATER QUALITY STa¥NDARDL
L. ¥$wriace Water
. Michigac:

Trhe legialacion thar prefects exlsting ond future wses of Michigao
surface warers 15 the Michigar Water Rescubtces Commission Act [FA 145 of
1429, ar amended In November L3ER, The acc prowides geceral rnles chac
$1} estaklish wacer guality requlteménts applicable fo che Great Lakes,
thelr conrecribg waketwaws, ard all other sorface waters of tihe state.
(2% protect public health and welfare, (1) enhapee aced malecale the
quallty of water, (4} protect tie state's matural tesoutees, amd {5%)
5eTve the porposes of Fre Michigan katet Reseutee Commisslon [WROP act,
tne Sederal Clean Warcer Acec, amd che T.5 . -Canada Crent Lades Water
Qualicy Agpreement.

The rales desfgnate speaiitle wees for which all Michipan garface
wibtets musrc be procecced ar 4 mitdmum.  These uies loelude agriculrural,
irduserial, and public wacer supply; uie by warmeater Jisk, ochet
indigenous aquacie Life, and wildlife: mavigaricoe! avd parclal odwe
concacr recreacion. Addifgional pracection Is effovded to warer= that are
ptobtected for use by eoldwater flsh; this includes the Great Takes, thelr
connecting warers [excepr for the Xeweenaw YWaterway), and all waters
designated by che Michigan Department of Fatural Resources [HOER} acs
Ctour scraams ofF trouk lakes. A1l waters of the ctakte are deslgnated
for, and shall be procecrad for, totgl body contast recreation Zrom May |
v Ceorober 3Y.  The rules also spectfy chat gll watere be protected for
the most restrlcerive of all applicarle designated uses,

In additlon &0 degeribing designated uees, cthe rulas alzo define
paraceters gnd criceris lavels necesseETy to procecc a wetesbody for its
desigaaced uses. Part 4 uf che roles describes Michigan's specific water
quajity srandards, s«hich sei farch cinfrum and caxifene lavalszs far certain
water qualicy paramecers (Tahle TRI-ED.

Trxaly sybhsrancer are contralled by the rwles under the general
sramdard that chev ghall mct be preaent in Michipen waters at
concentracions that sre, or =ey bacome, injuricus ¢o the public health,
gafety or welfarey plent and animal life; er the desigrated uses of those
warers. The coxfc subscances covered Bre the 236 chemicela and classes
of chexdeals listed on the 1984 Michdgan critdea) marerdala register (che
—p%t recent versdonl: the pripriey pollutants end hazardouws chemicals in
the Code of Federal Begulazrloms Cappendix T, 198715 aad aoy opther toxie
substances determioed by the WED tu he af conceyn az a specifie sice.
Criterts based oo podpoints such as carclnogenesis arve chtaloned from the
MOKE gmd the ®lehigan Depargzeat af Public Healkh (*MPHY. These critarls
are cocpared to chronie erieerids fovy aquarcde ldfe protection and the mosk
reasrricegive value 1f recormended aa the chromde criterion for efflusnt
concentration caloulations. The MDNE has developed water qualicw=haged
guideline levels for sevecral toxic substances umder Bole 27021 (Table
TII-2).



Tible L=, Suemary of Michigao Surface Wacer Qualicy Scacdards {from

Fare & af P.n,

A5 gf 192%, as amercled 1 19ER],

Farametor 1.imir

Turhidiey Warers of ple spare 3mall aoer have any of
Caolor Ehese nrmacrural physical properkles In

D31 e guancirfes which are or may become injurious

Soldds (floatiog,
suspended or
sptrleanlel

Foams

Ceposits

Tetal disselved
splids {TDS)

Chlorides

Hydragen wan

Loncentration [pH)

Taate and Cuor

Toxle Suhctances

Readioactive Fubstances

Fhosphorus

rag any desipgnated uoe.

The addizdan of anye ddzao0lved ao’ids

shall mee exceesd concencraciang which are o7
ray Become injurious to anv deslgnated use.
In ne dinatance ahel: they exceed 300 ngfl
vonthly averapge or 750 mg/l maximum For any
vaters of the state.

A mavimem of 125 mgs/l monthly everage s
allewed for watera of the atate designeted as
ruklle water supply scurces, except (or the
Great Lokes and thedr conoecting waters where
chlarides shall mpot exceed a 50 mg!Sl =enthly
AVETARE .

f.5-9.0 In all waters of the stele,

Arny arklficfally indeced veristion In natwral
pH shall rerafn within thic range and ehball
nae exceed 0.5 units of pH.

katers of the =zrate shall conmtsin mo
raste-producing or odor=-producing substances
ian concencrations which icpalr or =avy icpaly
theilr use far a public, induetrial or
aprieultural water aupply scurce nor whirh
impair the palatability of fiah.

Aubstance apecific as determined by Rule 37
guldelines {gee Table TIT=1).

Seandards sreseribed hy the U.5. Luclest
Regulatory Commlsalon and the 0.5,
Ervivyanmencal Protectlon Apency.

1.0 egf]l ac & maximem mconthly average fer
effluent discherges.
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Tabkle III-1, Contloued.

Parameter

Limit

Xauttrlencs

fecpl Cplifom

Fizeolved JIxvgen (TWH)

Temperature

In additien to the maximum phoaphotus
discharge levels allowed, nutriernts shall be
limited to the extent necessary toc prevent
stipulatics of growths of aquatic rtooted,
sttached, suspended and floating plants,
fungl or Tacteria, vhich are or may become
Injuriows to the designated uses of the
wabtars of the state,

411 waters of the state shall fontaln act
core then 200 fecal coliform por [0
prillilicecs, Thiz corcenceation may he
evceeded LY puch Coancenteation 1z due Co
vncantrel lakle nonpolne zomeces.  The WRC
cay suspend iz limie from Xevember ]
through April 3 opos: decéermining Fhat
designated vwecs will be proteceed,

T mpfidin al? Great Lakes and commescing
watarways and ocyipgnated coldwarer Zakes and
streATmE. 1IN A-] other wpters a pinfewe o 5
cgfl shali he =afneained.

%0 hest Zpad <hich would war~ recaiving
waters at the edge of che =ixing zome =ore
than 3 degrees Fahrenhedir above exicsting
matural water tecperarure for the Grest Lekes
and their connpcting warers; 2 Jefraan
Fahrenheit Tor coldwarer strea=a; end 3
degreea Fahrtenheit for warcuwarer SCyedms.
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Tale 1I1-2. Ambrlent Waker Criterla (ugfl) for Selected Toxic Crgamic

Enharamces.

Michigam

Hule 5777

Guldelire LEZFA

Levels Amblent 1aC

{1FEE} LWater uoA

Cuality of 1973

Hardness (mg/1) Criteria Oblectives
Paraciecer 200 250 300 330 00 [1783) (1373
THORGANICS 4
Arsenic 150.0 190.0 50.0
Cadeiur .64 0,77 ., 90 1.02 1.14 0.2
Chromdue B2,k Ltr.5 L29.7 147 .4 164.7 = 50,0

vl &.0" 11,07 —us
II1 —_— !lﬂ.ﬁg -

Lopper xq.7 4B SE‘la L7701 7E L 13,2 5.0
tyantde 5.0 - -——
ran - —_— b Iﬂﬂ.ﬂc
[oad .4 L2203 LB.B ﬂEl.D 25,7 .76 L0
eroury a. 00416 ﬂ.ﬂé? o,
Sicke] 147 .6 18:1.2 EII!-.Ea 24 7. Z2r9.3 HJE-.E-E 25,0
Seleniufm t3. 0 a 15.10 p 10
Silver 0.3 5.U§ -
Zinc 176.5 213046 269,72 2EB4 . 1 IlLE.2 [ L&.4° 1.0
NEGANICS
Aldeiefoieldrie -am -—- I THE
Chlprdage —_ a == 0. 0R
noT 0.coo13 - _—
+ metatolites -— 5 - 0,003
PLB D.DEDE! o .1
Prernol 230,00 £ - 1.0
2,37, B-TCID L. 10 ugdl "re aafe Jevel™ -—-

a., .
Value is the same ar 21 hardrness levels,

hFhur day average concenfraffan nat £o be exceeded more chan once every
three vears an the average; caleclared at hardness equal to 114 mz/ 1
Calad hased an 1936 Saginaw River wacer sample, didland 3t. (MDEER,
urnpubtishad dacal.

L.
vake Huron.

Ij]JEEF‘ﬂ.. 19B0 criteria; 26 hour everage mobt o he exrceeqced at any ticro,

calculated at hardness of 116 =g/L Cac03 beeed on 980 LSaginaw River
tater sa=rle, Hidland S¢. (¥DNE, unpublished <ake).

EH51P51 1980 erviterias; & dav average nof to be exceeded at any tice.

fumwa 1987,
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FPortions of waterbodiec can e deslignmated as mirxing zones within
whichk water quallity standards do rot apply. The mixiog rene 1s defiaed
g5 the area where & polnt source discharge 1s diluted oy the receiviog
witer. This rule speclfies that [or a stream, the size of the mixing
zome shall be oinipized, and the final acute value shall not e excqeded
amvwhere within the pixing zone wvnless it is demenstrated to the WAC thar
& higher level iF arzeptable, FExposures in mixing =onef shall not cacme
deleterioue efifects to populations of aguatle 1ife o wlldllfe, and the
zising zone shaly naor Prevent the P L of Tlah o FLalr Toad orpanisms
In g mynner which wopuld resale o oadverse [mpacrs an rhely immedlate oar
Miture populations,

The water qualbty standards Ao nar apply where dradging suthorized
hy the U, 5. Aray Carps af Engineers (USACOEY or che MDXE cokee place. Im
some cases, A0 the WBL detercines rhar Seedging will kave wnacceprceble
adverse izpacts an designaced uses, water gualicy standarde may he
applicd. The water guality stondards do apply o nonconfined wacers that
are used to diapose of dredge spoils.

The water quality standards are minimatly asccepiable warer gquelicy
conditions. Arbient water guulity should he cqual fa or better chan tha
water quality stardatds 95I ef rhe time. Antidegradacilon require-entc
exist [or waters that have heiter warer yualicy than the escabuaighed
water quality standards. This {ocludea all! Nichigan waters of the fireat
Lakes, except as these woters may he affected by diacherges to the
connecting wvaters amd tributaries, These watere cannot be iewered in
qualitr unless it is determined by the WAC thac degradation of thesc
waterc will not impalc deslgrated uses. Sxceptions to the
antidegradation rule will bc allpwed 11: (17 an applicanc dewonstrates to
tre WAC that a lowering Ik water gquality will net be unreascnable, {1 ir
1z ir the pullic irterest i wiew of existiog conditicns, (3) 1t 1s
necessary to accommodate Important zoclal ot econemle developmant, aad
{41 tkecre are no prudent and feasihle alcerrnatives to lowering the water
qualicy.

The rulee 8leo declare that Michixan wacters witleh do not meet the
water quelity standards shal?! be [oproved co meer those stardards., Wherte
che warer qualiety of certain watercs Joes nat meesl Che watar gqualilty
atandarda as a tesult of natural causes ar condleions, fevther reduction
of water qualilty 1s preohibiced.

b. [.5. Envitcomental FProtecklon Agomney

Pursuant to sectlon 04 of the federa? Cleao Wager Acc, the U8,
pvivonmental Frotectlon Agency C(SFA) has developed water qualitw
cerleerla guldelines to assist states in the devrlopmect of thelt cwm
criteria For toxic pollutants {Table 111-21. The EPA guidelires
summarlze the relevant sclentlfic Titecnture and develop a criterion for
each Eoxle cubsteance, Critecla have been estabilighed fer all 63 pricrity
coxle pollutante (45 Fed. Reg. T93lR, Bovember 28, 1920, and 30 Fed. Reg.
SO7ES, Julw 29, LYESh. Cencrcally, Bule 5742) geldelinez developed by
“DXR are more stringent than L. 5. EPA orlterlon and are enforceable by
Michigan lew. Therefore, anly Kule 5702} guidellnes are dlscucssed 1m



chis report, with reapect to the water quality astetus of Saginaw Bavw
basin waters,

¢. Grear Lakes Water Qualicy Agreement of 1774

Ac part of the Y78 1. 5. ~-Canada Great lakes Water Quality Agrecment
(WA, s axended in (Y87, to restorce armd mailrtalm the chemical, physical
and blological Integeity of the Creat Lakes cocosvstem, the TUmited States
and Lan&ais agreed to speclfic objectives to serve aF minlmum levels of
water quality deelred In the boundary waters {Tuple 1T71-2], Tiwe
ohjectivee are Intended to protect the most sensicive wse 1o all Great
lakes waters based on ovallable Infermation on caesefeffecr telationahipa
between poiliutants and ceceptors. LThese ahjectives apply only co che
Great Lakes ang thelc comnecting cranmels; chey do not apply fo %aale
tributeries.

2. Drinking Water

Primary maximum contaminent levele [(MLLe) were cetablished by che
'.5. EPA under the federal Sofe Nrinking =afer Act and adopred hy
reference in Michdgan Fublic Ack 399 of 1076 (Michigan'z Safe Drinking
Vater Act; Teble 177-3). The pricarv MULs arc onforceable in Michigen
for all puklic water aupplies.

1. Lroundwater

The Michigan Water Reacurces Commissilon Ack alue praescts
grocvndwaters of the state., Fropesed discharges ra groundwatelr are
reviewesd by MDSR ctaff to determine 1f the discharge will cauae
groundwarer degredaticon., The determinatinon of degradacion dovolves &
suhsrance-speciiic review of the amount of change thar would cake place
in groundwacer guelitr kased on knowledge of krearment technologies,
enginearing, geclogy and kydrology. BLimits arve ectahlished thet will
pracect humpan heslth, grovundwater usesx, and allew aot-degradaticn of ¢he
aguifer. The groundweter rules are currently belng tevixed.



Tebie ITT=3. Haxtruz Contaminant Levels for Sirinwing Water ¥upplics
in ¥ichigan (froz F.A. 399, [97R;.

Parametar Maxizym Coptaczinant Lewve! [cgsl0
TEORGAN TS
drsenic 0050
Barium 1.0
CidmT am o.0I10
Chromium L)
Fluoride 2.4
Tead G50
Mercury ool
Selenivm 0,010
filver K T
ORGANTICS
Endrin Q002
rindane 0, oG
“ethoxychlaor n,l
Toxaphene 0L 000 %
2,4=Dichlorephenoxvacetic Acid (2,4-D0 0.1
2,4, 5«Trichleraphanosy

-proprionic Acid {(2,4,5-TF) 0.4l
Trihalomethanes a.l
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B. THFAIRED U'SES

Twe desigrated uses, as defined by Michigan's water guelity
standards, are presently coensldered to be dopeired An the Saginaw
Ziver/Bay Area of Concern: the huzan consumpetion cof tish; and, the
suitability of the aguatic envitonzent for use hy ipdigenous wildlife
ropulations,

Public Zealth fisk consumpticn adviscries 1ssued by the PIFE are
cutrrent]y 1 effecr Zor 2everal specles hecause of elevated levels of
'|'.--:_:-'|.1r'-£‘.h'|.-:_:|:‘[1'|.i|.h_'-e§ 'I:-L;:-I!w:n':.']u "PiEsy i Tish £lasuge, Howowver, Eheop
advisaries are restricted to Sottom Meedipg Miwh and (dsh with relarively
Blgh lewels of body fac, Teople are advized oot fo est any catyp ot
ratfish {roc cither the Saginaw ¥iver ot 3aginaw RBay, Additionally, fny
Seginaw Fay, it 15 suggeeted that pecple Testrict thelr consumptior cf
iake trout, ralnbow trout, and Srowm tTout to oo moere thanm ene weal per
week. There are no advisories for vellow perch or walleve, the priociple
eport ilsh of Saginaw Baw,

Various btiote populatioms have been megatively impacted by eutruphic
water quality conditions in the 2agicaw River/Bay Ares of Cohcern.
Futrophic conditions directly Impalr some |Izdigencwd popularlens and
cregte environmentzl charsctoristics faveorable for many oolidacce speclesa,

cuch &5 blue=gresn glgae, that compete (or fFood and wabitat witk che more
dacirghle species.

Ta
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<. PHYSICAL WATER QUALITY

1. Temperatuie
&. GEEinaw Eay

Adverape aTmuUEl waretr bemperatures in Saglzaw Bay are pffecped by
cltcvlation patterns &nd ATe warmest in the lnshore waters of Wildiowl
Bay (%mith <t &l., L%77). The lowsct mean tempetatuses ave found along
tiwe nocthweet ehore where lake Huron waters enter the hay. aArea welphbed
mean teoperatures for Saginaw Bey were 6.7°¢ In the spring of L%B4 and
mare Lhan 20.3°0 In the summer of L85 (Wellson et &l., LPBGY. These
temperakures were the highest of any stations sampled Inm Lake Heren
during these periode Mellson et al., 196 ],

Consistent thermal structures are apparent only In the deeper water
of the puter bay, where & thermocline 15 predenc fvom May Eo Octoher
[(Emich et al., LU77). Erief parifodce of therwmal arraclficarion gccur 1n
the inner hay during epring cales, bet wind and weave actlion generally
canse complete mixing In &ll areas except Lhese Chat are protected or
drep {3chelsxe snd Roth, L972; Smith et al., t477}. Thermel {aversions
have coocubred In the past wt the mouth of the Saginew Eiver ceuped b
chloride concentrations In the river sufficient to overcome normal
temperatureséencity relationendpe (Smith =t al., 1977).

Tee forms In phailow, protected Aareas of Baglnaw Rav BF rarly as
late ¥ovenber &nd may persfst untdl late April {Fipure IILI=Ll}. Tce
thirknese amd the degree to which it has foreclidated gemerglly cecrouses
from inmer to outer poctions of the hay.

Average Tomthly weter tsmperatures at the couth of the Sepinavw Kiver
for the period 1974-1937 warded between U.7°C in January to 22,770 In
July (Figure IT1=2). Temperaturse Increitced noet rapldiy betwoon Aprell
and May with a rise of over B°C. Aversge summer Cecpereturer during the
monche of June, July and August were Z2:°C or hipgher. Tearlw peak
renperatures in the Seginaw River between [974 gnd 14Y47 of%en reached
2670 or higher (Figure TT1-3).

2. Digsaolved ocxvgen
a. Saginaw Blver and Tributardea

Disaolved ocxvgen concentraticna in the Saginaw Eiver were measured
zonthly at the Midland Street Hrildge, approximately five miles upstream
cf Saginaw Pay, and the Center 5Street Bridege, approximately 20 wiles
upetrear of Saginaw day by MOWE from 1977 fo 1947. Tdasolved cxygen
concentraticns at the ¥idland Street Pridge drapped below Michigan's
water quality atandard of 5.0 megsl eleven ti-ea duridng thie seriad. but
only cwo of these occurrences were between 1941 and 1937 (Flgure 131-3).
Diageaved oxvgen concentreticns at the Center Street Pridge dropped beleow
E.0 mg!l three times from 1977 to 1%37 and all three oCouITences WRIE
between 1983 and 1947 {(Figure T,.I-5).

==l
=d



lce Thickness {cm)

Wigwam Bay
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2 SeASON average
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During this l-year period, che average monthly dissolved axrgen
concentrat long wera highest In Jaceamber for both Cencer SErear
(LZ.3 mg/l) and Millend Street [L2.0 mgsly. The lowest monchly average
fror Center Street ca=plec was 7.9 mg/l 1o Septemher while Julv samplas
ware lowest &t Midlend Streer and averaged H.2 mgfl.

Honthly dicealved oxvgen concencrabtlons: wete alao medsured
periodically In the fowr major tribuceriles to the Saginaw River from (9EQ
through Y66, Sapples were takan from the Caccs River gc M<1l3, cna Fline
kEiver at Flos Kgad, the Shiawaccee River st Fergue Road, ang the
Ticcabitwtgzes BTver at Gardonville Foad (Tesble IIN-4; Fipuce IT=7), All
dissolved oxygen concentrations were abowe 5.0 mg/l.

b. saginaw Bay Tributarias

Nigsolvead oxygen levelr were &lso monicored In IO Saginew Hay
caastal tributaries between LYBD and L9898 {ncluding Zelewaling Rives at
the CEO rallroad bridege, Figeon River at Kinde Road, Pinmeboz River at
H-&5, Tafr Drain ac H=253, Tewas River et U.5. 23, Adu Gres River ar 1.5.
23, RBifle River at State Road, Pine RHivar at Scate Boad, Pincorming Hiver
at the mouth, snc ¥Xawkewlin River at the mouth (Teble TEBL=h; Iigure
II-7y. AIL tributarles had dissolved oxygen concentratione above 5.7
TSl except for the Pigeon River in fupucst L9ES (4.8 mgfl) and the
Fawkewiin River in Septexber 1985 (3.3 mefl} end Fehcuary L9HG (& R
mes1.

c. Saginaw davy

Nissofved gxygen generadly recains near saturaffan levels throughouc
che bay and varfarion io the concencration Ls primarily due to
cemperature gradienca (Smith et a&l., 1977).

3. Biache=ical fwvgen Demand

Hipchemical gxvgeon derapd (ARD) was decermined 1o water samsles
collecred menthly by the MOWE fro= the Hidland Street and Centevr Street
bridge altea onr the faginaw Bilver from 1974 to 198, The annueal average
BOD ranged from a high of 5.80 mg/l at Cencer Strest in 1982 to a low of
1,11 eg/l ar Midlaad Street fo 198% (Figure TII-&). Anbual average BOD
values have been below 4.0 wmgi/l alnce 1983,

Zamples were alsa periledically ecllected Tor 00 analysis fronm the
tour mafot Saglnaw BEiver trihotaries. The apnuwal awverage 300 i the
tributaries ranged fvow & high of 9.93 wmgs/l in the Fliar Ziver 1im 1973 to
a law ol 2,C7 mg/l la the Shiawaggee River 1a 1974 (Figure 111-7].
Biclogleal oxveen demand Jo the Fliot aed Tittabawaszee rivers has heer
helow 4.0 mg/l gigce 1932, Amopg west coastal bBasip treibutaries to
faginaw Bay, che annesl average BOD ranged from a high of 6.05 mfgl in
the Rawkowlia Biver in 1963 1o 0,93 mgtf] fa the Rifle River 1n 1334
(Flgure 111-8)., The highest apooal average BOD regorted for east cocastas
basin tribetaries was 14, 3% mg/] ic the Sebewaing Biwver in L9431 while the
lToweat was 1.7 mgll ie the Pigeom Biver in 1984 (Figure 111-%:.

23



Tahle 111-4. Fater Sampling Sites on 3aginzy dav Basin Trihutaries.

Tributary

—

Ercation

Nescripticn

Saginaw BEiver
Saginaw Eiver
Saginaw Elver

Tittabawassee BEilwver

Shiswaases River
Flint Biver

Lass Riwer

Tawas River
Yhitnex Crailn

Ay LDres Biver
Bitle Hiver

Ping Rivet
Mneanming Bivey
Eawkawltn Riwer
Sebewaing Hiver
Pigeon Hivey
Finmebog Rlver
Taft Drain

Hguth
Midlond Scrept
Center Siveef

Gerdoawi]le Bd.

FPergua Rread
Tlwms Seead
Diswig Highway
.5, 23

F.5, 23

L.5, 23

Stata Fopad
State Hoad
'."ful..lt I

Huulh

C&0 RR Rridge
Kinde Hoad
H-25

q-45

Nowmsgrean of Haw Clgy

Spprax. KX 3.0 [n Hav fiey

Apprax. BM 20,0 upst reoc
ul Saginow

Dpwnseren= ol ¥idiand

wear Mouoth

Fownstream of Flinc

NEAT Moush

Sear Maurh

Wear aulh

HNear Moueh

Weat Mouth

Hiear Mouth

Maurh

Wauch

Hedr sloueh

Near Mourh
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G, Taste and Oder
a. Nefinition

Tamces and odor In monlelpal water suppllies drawn from Sazinaw Bav
have Eeer one of the principal water quallty dssuves Lor 3aglnaw GBay
{Dolan et al., 1786}, Odor ls generally cauvsed by blue-green slzae,
actinomycetes [Aguatic fungl), and blue=-green slgoe decomposition
[Bratzel et al., [%¥T7). Water creatment plant operators monitor CeELE
gnd odor gqualitscively by pericdically tasting and cmelling water somples
and deserlbing che odor as musecy, grassy, fishy or In other simllar
teres. This adar analvsis is subjective, depending on the opinfon and
percepcian af the aperator working a particular shift, &nd 1a not
considered py he a pargicularly reliable means of amsessing odor probleme
(Feters, peys, comm., 19870 . A eore guancicarive methad for monicoring
odor ia te detereine the amount aof Zilucion necessary ao that ceate and
oder are juAg detectable (Bogslski, pers. comem., 1987; Dolan et wl.,
T9865%, The water 1% theny ragked on a reale fra~ one Eo 10 based on the
Amount of d1lutien oegegssary with three being the U.5. Public Health
Servics f'SPHS) standard threahold value.

b. Saginaw-Midland Water Intake

Though 1t i galy gne of three public drinking water intakes cn
saginaw Bav, the Saglosw-Midland water intake at Whiteateone Polnt
accounts For 851 of rhe warer drawn from Saginaw Bav for human use. The
intake is located ! miles cut from shore din 530 feet of water {Fetars,
pers, comm., 1%87; Figure 111-101, Water drave from this site had taste
and ecdor preoblems, and exceeded che USPHS atandard threahold oder walue
of 3, for o totul of 56 davs ip 1974, and for shorter periods in 1975,
1976, 1978 and 1979 {Figuve II1-11}. The threshold cdor did net exdesd
the DSPHE standabd walwe 1w 1977 or 1920. Odor wvalues for the
faglnaw-Yidland afte did rot go above 2 during [SES (DPU, L[95Z}.

The decrease {n taste ard cdar prehlems frem 1974 te 1980 correspond
with blomass reductions of blue-green Algae communities in segment 2
(Flgure ILI-12} of Saginaw Buy (Takle 1II-5}. The apparent decrease
and/or alimingtion of Aphenizomendn Flag-idude, a hHlve-gresn algas
spaciapg, in the cuter Saginew Bay Pegfon by L9E0 may he the rajor factor
contributing to reduced taste and adar days For the Saginaw-Midland wocer
intaks (Dolen, personai toommicacfon). Blue=gresn algal dry welght
hfamazz im the IZnnmer bey zey be A good Indlcacar of rasea and odor
conditione in the municipal water ewpply [(Bferman ac al.. L5EG4),

c. Bay City Water Intake

The Bay City intake extends three and ohe half miles out into
Saginaw Bay near the mouth of rhe Saginaw River (Figore IT1-10). D[Cadly
analyais of intake water iy copdocted, including taste and eoder
evaluaticn {(De Kam, pers. comm., 19871, Esw water sawples have
historically had severe taste and odor probleémz, and aven thowgh raw
water quality has Improved over the last wxeversl wvears and taste and oder
prohlems have diminished, afone {g xr1ll used to treat the watar.

EG
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Tabie I21-4. Seasonal Phytoplankton Concentretiona (egrsl dry weighe) in
Spglpnaw Bav Segment 2, and Bumber of Annual ddor Darys and

glue, 19/4-1976 and 1999 (Molan ot al., L9R&}.

Hexicoun Odor W

YeAr

1974 1975 1376 1934
Farameletr Spricg Fall Sprinmg ¥all Spring Fall Spriog Fall
Feak Tortal Algnl g.0 sL.aAF 0 g.8d G.a%  19.5 1,33 eI i.38
Feak Diateowm T B 0,93 9.584 J.es 9.1 1.9F7 0,54l 1.3
Feak Total .21y 1,24 Q.337 DLBEL 0,086 0,59 0,041 G027
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(¢ ko=, pers. cox=., 1987). <LCurrent teace and odor dete are not resdily
availahle,

d. Plonecooning Water Intake

The Ploconning water treatment plent dreawa water fro= the westerm
shore of Saglnaw Bay half way between the Bey L1ty and *hiteatone Foint
gites {Figure ITI=10). Carbon treatment is used end 15 increascd only
when strong taste and odar problems persidst for several davs (Gics, pers.
comm. , 19%7). Trend data are nct readdly scceseible since no annual or
manthly reports are complled From the dailv sawpling data.

%y Saglraw Bay Turbidicy

From 1974 to 19EC, water clarilty was conslstently poor in loner
Caginaw Bay during the spricg and fall as indiceted by secchl disk
measutremencs. Secchl depkh was lowest {pocrest clarity) during this
period in the aprinmg of 1976 and the fall of 1977, rteaching only 0. 78 m
fTakle III=6}. Water clarity Improved between 1978-1980, as sedchil depth
valueas lncreased to 1.1% w for both the spring and Fall of 1980, Clarity
ir the Inper Zay Ie probably affected by wave-resuspension of sedimeats
in skhallow weter {Smitk et al., 1%77; Rlermam et wl., 19811,

There has been great vacilation In weter clarity In cwter Sagleaw
Bay, probably due to the mixing of clear Lake Hutom wotér and furbid bay
wager. Maan eecchi depthe In outer bay segments 4 and 5 {Flguwe I1I-12)
fa 1974 and 1975, were considerably greater than mean depbhs for the
inner bay sepgeenca [Table TII=TH.

f. Suspendad Salfda

Annual average suspenmded solids concentrations at the Saginaw Fiver
Midtond Styeer zration during the perilod EYT74 to MOAB ramged from a high
aof GE.6 =gf]l dn 1985 to a low of 23,8 cgf! in 1981 (Figure TTI-13).
CopcesTrarions st the Saginaw Biver Center Street statiom ranged fro= a
46 .4 maSf]l high 4w 1975 Eo a 73.3 ma/] low in 1486 (Figure TIT-]3). The
Feur maiot tribotariea to the Saginaw Biver were alse sampled meothly for
suspended salidy periodieally from 1372 to 1986. The highest anneal
averpge sodapended solids concentraticn repoerted for all tribytarjes was
5% .4 mgfl Tvom che Flink Aiver im 1977 and the lowest concemtration was
[3.6 mg/l tn che Tirtabawessee River in 1386 (Figure IIT-147.

Monthly suspended zalids sarples were collected frcm nmine Saginew
Fay tribotarics perladieally from 1963 to 19853, The highest annual
gverage buspended salld concencration reporked for a weet coepstal hesin
tritutary was 64,3 mpfl for rche Rifle River In L1965 and the lowest
conceneracion was B3 epfl for the Tewas River in 969 (Figure TI[-i3}.
The highest conceneracion reporced for an east coastal besin tributarcy
waE 95.6 mgSfl in the Sehewstng River in 1967 and the lowest vaiue waE
9.9 g/l in the Pigeon Efver in 1934 [(Figure III-IG).

g1



Table 113-8. Secchd Depth (m) by Seasan for [nner Saginaw Boy, L[974-1430
(Bierman gt al,., 19830,

Spagon
YEAE Spring Fell
1974 1.04 Q.95
1975 1.30 1.12
1674 .78 2.Hb
177 1.31% .78
1918 0.4 n.93
19714 1.0% 0.95
1940 1,16 1.16&

Table ITI=7. HMean Secchi Disc Depth (m) Yy Segment inm Sagicew Bay,
1574 and L9755 {Zmith et al., 1977],

Teay
Sagment 1974 14975
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7. Total Solide

Tocal s0lide (filtersble suspended solids plus non~filterable
dizsolved eolids) were collected sonthly ducing 1974 Eo LYE6 from the
Saginaw Biwer at Midland Sekreet and Center Street. The nighest annual
evarage totel sollde concentratione In the Saginaw River wes 552 mg/l at
Center Street in 1973 while the Iowest concnetration was S8 mg/l at
Midland Street [Figure T1E=]7). Totsl solide decreaped at both sites
from 1932 to 198&. The highest totsl eo0lide concentration among the four
wa]or Sagivav River tributaries was 5348 mgsl In the Tittoabewassce River
in 1932 and the lowast concentration was JBB cgrsl In the Tittubowassee
Biver inm 1986 (Figure 111-18). Total eolids concentrations decredsed
during 1982 tec 1936 in the Tittsbeveesee River and from L9799 to L1966 In
the Flint Biwver.

The higheat annual average total solids concentrations cespured for
Saginaw Bay ccaatal tributaries fro= 1967 ko 19B5 were 622 mg/i and
611 mz/l in the Pincenning Biver during 1972 and [974, ceppectivelv. The
lowest ancwal average of abeout 200 pgfl occurred coneistently in the
Tawas River (Figures III=1% and ITI=20).

L 6]



141

.

L

o ————

Figure TIT=LT.

P R
— i ] . I N
N RN I P
v
hid
-
-\.
LS

P I.-‘_-\-.. ! - :_- :'-\._: - —_ :_—. I._I —|— . Il.—\.,_l! |‘"'.\_.

b = .
. &
e ~, o
o -
HI\'-
T

Anoual average tntal sellde cencencratlons im Saglinaw
River water camples,

14741966,




Qi

e

[E——

[.:En,-.'nd:

[+ O

=CasE F.
mwFlint E.
mShilawaages A,
=Tigtabawasaee K.

. =

Figure T11-18,

Anmual average tocal sollds coocentrations
Blrer Erdhutauries, [977-1986

in Sagimaw

- - I - - Lk - . it Y [ 1
. ' ' - v H " - '
b ' 4 . e T II%. J |
i -1 ' — - ! [ H
2 ez T T T . LI e
] i - gl Tt o
-
-II "
. "
v .
! .
] v
r
. 1
1 .
. -
*
~
.\'-
-
"
4— —_ - " .
T A .
-
-
.
"
- m——p —_ — ——— - -
- -_ ' - ot o -t H
o "_" ! Ej .- _" —_



£al

:.:a,-

) P ' . e -
. 3 R . H - v
: it ! : . .
! L SECE VL R S R
.- . 5
, e - . A
A N P et
L%
wr
. ;
e
! - o= -
. I.
)
3
. .
A
b
— .
£ "
a :
- L_
N
B .'\.
LI [y
. —
" - -
. -
=2 a2
.
. o
-
T .
-
Teal e T
- -
.- LA |
.
- P .
]
L
. e meme—— —_—
R - -
i e ' N B . .

Fipure [01-149,

' ' - o T o
' '-\.: ' [ 1 | rF Ill-\.
H R | |‘\. .
. E R ™ " . B
Pema— =
= Laarr =

[0 =Tawas .
+ =4y Gres L.
) «Rifle H.
A =Pine R.
X
v

-7+

=Fintonning X.
=Kywkawlin E,

r—————— - ——

U T~ AL o e =

Anmual Average total solide concentratlons in Saginew

Hav west roastal basip cributearies, 1dGF-l10UR4,



R

i e _ . = L " ' v omo T Y
H . Lt . 1 - 1 1 - oyt :h\
1 . h - . I | " . 1 R Y ™
— e - . . - FL T
- - N TS P -
07 TrhvanTA D BHan ., e oo e
-
5 R . —_— —_ . e ————
C o _
e )
O
.
:
il 1 "
win = ,fﬁ
.
.
T . .~
R "1
.
.
. L}
3 = - .
-\'I. 1] 1] l"-.
. .
: g
. - = T .
—_ i -
. .
- =M -
". ' -4
|.;
2. - - -
r.. " .
\
1
. Y '
= .l
aa
.
o
.
-
.
ul '
1
L — . - e - . ———
. _— - - a -, . ' - - - - - = -
- - '\- - LY :_' s ol Sl
Y
ot . . - . .. i |
- Higeon & u Sy AL

Figure II[-20.

Annuwal wvergge Cotos solilds concentrations In Saginaw
Aay cast coastal hasio rribumtaries, 1967=196%.



D. <CHEMICAL WATER QUALITY

t. Data Introductktion

lLigtle water gualiry Infarmatien = avalilable for Seginaw Bay prier
to 1974. Seversl cooparating egencliec conducted o comprehensive survew
of the checdical, phveical snd blologlicel perametere In feaginaw Day during
I1P7L=1975% to estebliah baselins water guellity detz. Lecss Intencive
conitering continued from 39706 to L9799, and enother eeries of Intensive
studies wae conducted in 1981,

For many of the majer ronltcring studies of Saginaw Bav, the bay has
been divided into tive spatisl aegments based on observed gradients in
water quality (Fipure I1I=12). The following discussions of Saginaw Bay
tefer to this commen segmentatlon. Segmente one through thres correspond
to the inner bav: segments four and five make up the outer bav.

The chemical water gquality dara for rivers diacuszeed in thia aecefion
15 From moathly samples collected st each atation (Table 1IT=4) by the
MDPYE. The time period owver which sawmples weres collected varied w«ith each
station depeondeat wpor data needs and the budget for monitering
Adtivities,

!, Fhosphorus
&. Zaglnmaw Bay

Futrophicatfon fs presently o water quality problem in 3aginow Hay.
Engraphfc warers are kigh in organic or rutrient matter that promete
biological grovch and reduce ficeolved oxvgen in the hypelimnlen {l.4kens,
b072: Blevran ec ai., 19E4). Accelarated eutrophication can lead to
turbidicy, rasee and ador problems, growth of nelsance oluve-green algae,
fileer clagging In warer Intehee, pecthetic impairments, and fizh killsa,
Nutrients may accuzulares in Ehe Inner bavy water colunn due to wind driven
turrent paceerns charc pay fohibic the mixing of Inner and coter bay witer
(Manck & Savler, 19751, The cwa nukrfente that pave a major rale in
gutrophicarfon are phosphovus and nitropen. Since phosphorws 1s wsudlly
the liziring nucrisnr for algel growth in lakes and rivers, it 15 the
nutrient of greateat concern for the control of eutrophicac[on,

Phosphorus analvels usually includes & detarmination ot both total
phospherus (7] and orchaphosphate concencratfonz. Total phosphorvs s A
maasure of both the crgande and inorganic phosphorus. Octhophosphate Es
conaildarad tha wmest important Toro of inorganis phoephorws and 18 &
measura of the phosphata available for ure hy phocoeynthetic cicro anc
macre crganitms in A awstem (Wegzel, 1933).

Seascnal average values of total phoaphorua cancentraticna messured
in the inmer kay during fall and apring perioda becween 1974=1980 reached
the kighest levels for each Feason 1n 1976 and 19478 (Table ITI-&). Toral
phopphorus concentraticons reached thelr cwerall higheat lewvel of 47.3
ugfl during the cpring of 978, Concentrations ie the ilnner bay declinec
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Talle III-A. Average Total Phogphorus Concentrations (ug/fl) In Water
far Inmer Serimaw Bev, during Spring snd Fall 1974=L%G0
(BEfarman ec al., L9E&4Y.

Seasaomn

Year cpring fall
1974 k.5 1.3
1975 JE.4 27.3
1976 41.12 Go.9
1977 _ _

1978 471,13 34.8
1979 ir.1i 23.7
1380 16,8 24.8

L6



from 1976 levels to #6.8 vg'l and 54,8 ug'!l in the spring amd fall nof
LBE], reeppectivelry.

The most recent messutements of totsl phosphoruws conpsenteaticons In
Saginaw Bey were taken by Environment Caneda In [985 as part of thelr
snmuel survelllsnce progreo for LTeke Nuton. Semples were collected at
geven siations in Saginav Fay during two cruises, one In spricg o
colncide «ith pesk runoff (Mav), &nd & Second during the stratificd
period (Aupguat). The sree velghted mesn TP concentration for Faglnaw Baw
w3 17.5 ug/l in the spring of 1965 (MNeileon et al., 1988}, This wvelue
vas the highest retoarded far any ared spmpled in Lake Burg: durisg the
spring sample period. Saginaw Aay aleo kad the highest sommec 965
concentrations of TP, with iittle redustion inm TP velutive o the sprieg
gatpling (Wellson et al., 199n).

Soth the 1Y&0 gpring end fell TF toncentrastions for the Inmer bay
(26,8 ug/l and 24.8 uwg/1, respectivelv) fell within the evtrophic cumge
when uaing either Cerleon (1977 or 1SEPA [L9Bl) trophic status criceria
(Table II7I=%). The spring 1983 TF concentration of [7.5 ug/l Tar Ele
entire kav fell idntec the zesotrophic range veing «ither the farlszan
{19777 ogr the USEFA (1921) critaria.

Fo orthephespherus dete were available for Saginaw Bay.
k. Bivers

Annuwal average tcotal phosphorus conecentrations ar the =ourth of
Saginaw River have generally declimed from 1977 legvels mear O30 =p/l Eo
0.12 mgfl in 1984 (Figure IIl-21). Orthophosphorus wvalues declined ta an
even greater exteat from an arnweal average ol ahpur D15 =g/1 dn 1977 ko
less than 0.04 mgfl in 1986 (Figure 111-227, There waas little differenca
in copcanptratiorns of total phosphorus or orthopheospherus hetween the
upstream and Jdownscream statisons,

Both cotal phoephorue and orthophespherus cencentrations were
vubsrancially higher In the Flint Eiver dering the [970s tham in any
other eriburaries co che Saginew River that were sampled at that Time
(Figure III«23 and TIT=24)., Totgl phosphorus lewvels in the Flint Elver
declived from an annual everage of over (.04 mgfl in 1977 ro lexs chanm
0,15 e/ 4w 930 and remeined at that general level throvpek 1965,
srthophosphorua concentrationa also dropped in the Flint Kiver from over
0,72 mp/l 4in 1977 to levels around 0.50 mg/St trom 960 through 1984,
Thic decrease in Flint River phosphorue concentrations was reflected In
the Sagimnsw Biwver, which also ahowed corresponding subetantial declines
g ‘usgt discussed.

amomg Sapinaw Bay eceaatal tributardes, the highest total phosphorus
cotcenkrariond were measured in the Finconning River with wvalues of
2,84 mgsl and 1.3& mg/l in 1973 and 1974, respectiwvely. Correspending
orthopheaphorus measurements were 1.32 mgll and 1.09 mgil. These
meAfutements were aporoximately am order of magnitude higher than walues
repotted for any other Saginaw Day tributary (Figures 111-25, 111-24,
[EI-27 and III-28)}. WHowever, Firconaning River pheosphorus ¢oncentrations

o7



Table LII=9. Trophic Condition Classification CUriteria for Total
Phosphorus fT.TI, L%HZX},

Totdl Phosphorgs Concencrarion (ug/L}

Trophic Condiedon Carlzgan {EBTT) USEFA {l%EL)
Evtrophic =i ~Zo
Hesorrophic 12 - 24 I0 - 20
cligetrophic =112 =10
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wete aubatartially lesa in 1975, dropping to 0.37 g/t of phosphorus and
0,20 mg/l of orthephesphorus.

The pext highest phospheorus concentratdens [or o Saginow Bay
tributary were in the Plne River where total phesphorus cancentraciane
were 0.39 mg/l In 1971 but had fallen te 0,00 mg/f! in 1981 (Figures
II1I=25 apd III=27). Phespheotus values dn the other tribugaries varZed
throughout the cample perlod but appeared to have decreased somewhac
alnce the early 1%70s,

3. Nitrogen
a. Saginew Bav

Kirrogen can also presote eutrophicaticn im the Geoat lakes wheo
phoephorue 16 not liciving, although to o lesser extenc chan phoaphorus
vhen nitrogen ia limiedng (Likens, L972; Wet=zel, 19E3}, The
niryace-nitrite (KO #NO 1 concentration In Faginaw May scgment 7 (Flgure
$11-127 had a seasanel %Harfh-hpril} pesk of L.l mgsl In 1974 {dara avre
not &weileble for the reazaining segeents; Figure IIL1-290. A pean KBO_+3X0
seagonel walue of lege then 0.300 cgfl wns ceached [n 1980 during Ma¥ and
Jurne. Hoth nitrogen=fixing and other biue-green algae weve almost
entirely abaent from Seginew Raw in L1950 (Dolam er al., L9B6). This
contributed te the bay becoming sewersly, bur not entirely, depleted of
HDJ+HDE in the 1930 wymmer/Tall perfod [(Fipure ILI=-Z9).

Environment Canady measured ki *#80_ concenceaklons for the Lay
durirg their 19841985 cruises. The area welighced mean for nitcates
{80_% 1in faginaw Bar during spriog 198& was 4b.3 g/l (Neileon st al.,
193%}. The mesn 80, conceatraticn for spring 1985 wes 62.4 mg/l, with
concencratiens at sfme stations exceeding A0 0 egfl. These WO
comeentratlonc were gmong the highest (puod At anw stations satpled i1in
Lake Huron during these crulecs.

The ratlso of evaileble nitrogen te phosphotus (N:F) in segmernt 2 of
Saglnaw BEay Increseed between 1974 and 1980 (Figure IITI=303. The E:F
ratio iocreased from M1.Z:: In 1974 ra ZB.2:1 Inm LOVE Eo 280301 In |980
(Dalan et al., 1986; Limkno-Teen, 1983). aAlchough nicrogern levels
decreaged from 1975 to 1964, the deocrease [n phasphoros levels was much
greater and resulted im an increase In the X:T rvario (Dolan et al.,
193%1. Wher the K:¥ rtatdo goes shove 29:31, condicions are no Ionger
faverable for blue=green algee (Sndth, 19837, The H:P racie of 2E.2:1 In
1980 for Saginaw 3av mav acccunt {or the decreases in hlue-green algae
which sccutrted between 1974% and 1960 {Tolan et 2., 19087 . ™ore recent
X'P partoa arve oot avallakle.

L Tivers

Anmual average nicrate=nltrite conceatratiens im the Sagicaw Rlver
during L374-1966 ranged from & low of 0.95 mgd) in 1%76 (o a8 high of
L.97 mgdl in 1960 (Figure ITI-3L}. Theugh conceateations fluccuzated
throughaue che pertod, the highest velues ecourted Iz che [5380a.  There
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was lictle Jifference 1o ¢concencrationa between the upatream and
doumsEreat sampling staclons,

Nicrace=nitrite concentrations were highest in the Flint BEiver for
Saginew River tcibutaries and increased from a low of 0,55 mgs/) in 197E
up to 2.27 mgSi in YBS (Figuece III-37}. Copceptraticons bad decreased to
1.42 zg/s In 1986 byt recalned bigher thae doring the late 1970a.

Limdited dete fa evellable for nitrate-nitrite comcentrations Io
cogetel tributaries to Paginaw Fay during 9721469 and ao breeds could
be digcermed. Howvevar, the Scbevaing and Pigeon rivers appeared to have
the higheet conrcentrations, reaching lewels of 7,22 mgfl and 5,22 mg/l,
respectively (Tables 13133 snd 1T11-34). 'These levels were substantially
higher than those ressured inm the Seginaw River or ity troibutorfes,

b, S414ca

£1ldica concentraticna can alsc be used aF an Indicatay of che
trophic state of Saginaw Bay. Ddatocs, which wse silics as a nuerient,
could mot compete with blue-green algme dubing mueh of 1974 when
blue-green algae were numercus, and conseguently <id pof vie mueh of the
available silica {Dclan et al, 1984). I[n response fa rvedvecions I
rhesphorua leadirg to the bav, the blue-gresn population decreased
substantially i 1980, and fall diatoas increased and <epleted che
st ive $ilica concentraticna in Sapioev Fey (Figure [[[-33).

G, Chloride

The chlaride fom, which ie highly soloble, i3 commonly present im
mgst axgural waters. It Is5 Involved In very [ow sarural remewval
regctions and 1a thue comaldered to ke a conservative iop. Chloride
soureesd include minersl solutions, agricalatutal pobncff, grovndwater. and
industrial and =unicipa? £iccharges. Althowgh ¢kloride levela as low as
100 =g Sy oy give water a salecy beste, the uwewal taste threshold 1s 400
zgfi.

Anmus]l average chlerdde concentrations In the Saginaw Kiver hawve
desveaged from 229.7 =g/1 4o 1963 o 53.f mgsl In 1966 (Figure LII-26}.
;hloride cencentrations in Saginaw River triburarics were greacesc In the
Tittabawasgee River but decreased freom lal.! mgdl in 1962 1o 66.F og/l In
1986 {Figure IIL-37). Chlordde concentretions in ceastal basin
celiywcarles appear te ke somewhat leas than in the past ~ith 19846 wvalues
ranging Serwesn 63,6 ngSl and 17.3 mgfl (Figures IIT-3d and 111-397.

f. HMetals
B. Intradueg Lan
The foltlowing discussion an metal concentrations in vivers 1e based

on reletivelv few sacpleg, In many cages, metals were only sampled conce
PeI wear.
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Mcetal congectratlions were compared to Michigan's weter gquality
standards for metals, which are defined by Bule 37(2) guldelinec lewvels
fmplemenred in January 1985, These levels are applicable under state law
onky ot the ¢nd of & polnt source mixing zeone; heowever, given that nao
gobient water ceiterda have beer defined for metals by Michigan, Fule
5702} guideline levels have heen designated as ambient water critecia lor
cho pueposes of this Remedial Action Flan. In many cases, the Bule 57020
guldeline levels for mekels wary with water hardness and wte nft the same
for gach eiver [Tanmlae III-10}.

Cenarally, Rule 5T7(2) puldeline lewvels are mere stringent thanm U_E.
EEA critarion (Tabla III=#Y. Interpaticnal Joipt Commiseion ohlectives
are nat appliceble to Crest Lekes tributarics, oxoopt (ot the conmecting
chanmels, and cherefore are not diecuseed with tespect o river
comeenEracians.

b. Saginaw BHaw

Few studies have bees conducted on metale In the Bapinaw Hey wdber
column, Data on the metal concentratione In Saginaw Hoy hefgre L9710 ave
limited but iodicsate that cadmium, copper, lead and zinc were present I
the bay 1n mesaurable quantities (Bretzel et al., E977).

Bwgwelakl et al., (1934) found that froo L1976 to 1979 cancentrations
of d, Tu, Ph aed Z2n (both diaeclwved and totel) decreased fry= che lnnatr
to the cuter bay, A relatienship wes noted between the size af suspendad
porticles i Saginsw Bay snd the coocentration of che Cu, Fb &and Zn on
particles {Table I1I-11). 1In 1978, particies dinm the M-74 ue zize range
contnimed the maioeley of the metal maas in the water. wich mean
concentrat [ons of 410 wzfl, 240 ugfl aed 3%) ugfl [or Cu, Ph and En,
cespectively,

c. Tributarics
1. Arsenis

Concentratieons of arsenic [AT) were 2t or below 0.0 ug/] Bb all
tributary sites saopled during 1976=t965 and 2id not excedd che Michigan
Fule 37(?) guidelinec level for areenic concentrations in wacer of
150.0 ugsl.

Arseric concentrations lo the Saginaw River zamged from 2.0 uwgfl ca
&0 ug!l., Titrabawassee Eiver Ar sswplea ranged from not deteccable up
to 5.0 wgll, Onply one Aample was collected 1im the Cous sed Shiswassee
rivers with 47 valwes of not detectable ¢1971)1 and .0 ugfl (19787,
ragpectively. The Fiinr Fiver had che highesat Ar concenttaticns of all
rivers sumpled with values between 3.0 ug/l sod 10.0 ugdl,

Comcencrations of Ar were #lso measured In the &w Gres, Rifle, Fine,

kawkewiin, Plgeon and Pimmabag rivers. Valuwes varied {pem por Jdetectsble
up to 3.0 ugfi.
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Tahle III-10. %Wacer Hardness Valves and Aesoclated Michigan Rule 2T(}
etel Guideline Levels for Sclected Smginow Bay Tribucarles.

Meralsz

Tributary Hardness Cadrius Chrocmin= LCapper Lead hickel Efne

faginavw Biwvar Tag [, 77 L | td.7 2.4 1804 212.7
{ass Riwvar q14 0.9% 134, 0 ail. 2 17.6 222.2 237.6
Flint Biwver 200 (.64 9.6 9.7 a.a 1a1.1 VP65
Shiawassee Biver 215 .34 121.48 54,1 sh,7 1993 I33.6
Tittabawassee River 250 .77 111,35 aa. % 12.5 147.4 213.4
Tawas River 152 0,5l 71,8 ao.4 .9 11407 139.4
Au Gres Biver 412 1.1% 16513 a5 25.9 280.5 J19.&
Rifle River 14 N &k Ak, 0 42,1 a.g 157.1 127,02
Pine Riwver iEE Q.20 L4, 4 S04 12,1 184.6  215.2
Finconning River 341 1,00 144,12 65,4 a1 24101 277.%
Fawkawlin Biver 114 0o, 105.5% 46,0 11.2 1ML 5 201.7
Sekewalng Siver 15 0.ee 136 .6 h2,5 18.7 230.7 2&&.7
Plgecn Biver 115 L. 143, 5% G5, L 0.0 23%.& 2MB.E
Firnenogz Tiver 1T 1.03 154.7 0.5 22.9 20,6 2485
Taft Drive 3L2 | 6% 148.1 TG 1.1 F4E.3 135,58
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Table III=11. Concentraticons f[ug'/l) of Merals oc Euspended Farticulate

£ize Fractions, Spgioaw Bav, 1978 (Rygwelski, et al., 1984).

Parricwularce Size [umd
Haoral -4 =210 2 181=1008
Copper
R 95 L2 a7
Yean 10 T a5
Yedian ace 22 31
YMipdmum 3.7 L 3.5
Yax lmum 1300 RID 43N
~ead
i 140 101 B
Mean 0 LT 100
Median L0 az o
Minimum 3.4 0.0 4.6
Meximum 3300 1 Lan
Zime
® 94 11 12
¥eam 390 L7 220
¥eddiam 330 1347 I B0
¥ipi=um 0.1 a5 ra |
Maxirmur aro 430 A4l
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1i. Gadmivm

Gudmiun (Cd) concentritions dfd mor exceed Rule 2¥02) guideline
levels e any Saginaw Bay basin river sappled deriag 19EL-L9EE excepr i
the Kifle and Pine rivers. The KIfle River @d concencracions exeeeded
the Hule 57(2) guldeline of 0,68 wg/l In L1983 {0,730 agfl), L9BS
(1,20 ugsly, and L9E& (G.9% wgf¥). The Finme River Rule 57(2) level for
Cd 13 0.7% w2/l aad was excesded o 1988 0,95 wgfl).

Cadmivm was nat dececeed In the Saginagw, Flinc or Ticrabawasase
tivere ducing LP4i«~[9B3 at detection limits of 1.0 ugsl and 2.0 ug/I.
crom 1WE4 ko L9HG, cedmdum concentratione in chese rivere reanged from
non=detect gt 0.20 ugil to D.L0 wg/l Iin boch the Saginew and Tlint
rivere, and C.AC ug/l in the Tittabawasseee River. Mo samplea were
collectad from the Ceza or Shiawesees rivers during this period.

Cadeium was alse detected in rhe remaining three rivere gampled
durdnp 193-19834, which included the Aw Cres, Nawkawlin and Pigeon
rivers. Cobhcectraties ranges for cademiu= were 0.20-0.70 ug/l io both the
Kawkawlin and Pigecn rivers, aod 0,30-0.60 wgfl £m the Au Ores River.

152, MMreodus

Cheomfive concepCeaticos 1o 811 Saginaw Bay basin rivera rampied during
'976-1988 wers substantidelly below Rule 3702) puideline levels. The
highest chromium level was 32.0 ugfl in the Flint Biver dn 197%&. This
lewvel declined to 16.0 uwp/l 1in 1977, 11.0h uptl 1in 1978, to acn—detectahle
legvels 4o 1984, 1985 and 1984. Saglinaw Biver chromdum ¢eoncanttatlons
showed 2 stmilar decrease fallinmg fram 13.0 wgtl at ¥21dland Streat in
1970 to veo—deteccakle levels in 1934, Chromdum concentratioms ie other
hastn rivers vanged from 12.0 uwz/l to non=detectable levels, with a
gencrally decreaslng trend from 1974 te 1934,

iv. {opper

Copper concentraticons im all Zaginaw Ray basin vivers sampled durlng
1976=1938 were wall baeleow Bule 57(2) guideline lewels, The higheat
coppet level was 28.0 ugll in the Fliot Zdwver io 1974, This level
declioed to 1%.0 ugsl 1o 1977, 16,% upil In 19473 and contirued to drop to
1.6 ug!l in 19%8A. Copper concenteacions iee a1l rivers sampled im 1386
ranged {rom 2.2 wgll to 4,3 g, These levels were lowet or similar to
concentrations measured in these vivers in previpus vears.

W Irton

There is no Fule 57{7) gwideline levels for irem inm water. Annual
mean iron corcentraticns in the Saginaw Xiver averaged about 1,100 ug/fl
and Fluctuated betweem 300 uwg/f/l and 7,640 wgfl duripg 1974-1986, with no
apparent trend. Only cpe iron sample each was collected ftem che Cass
and Shiawassee rivers wlth values &f T0O ygz/l {1971) and |, 600 g/l
{1978), respectively. N Erends were appatent io elther che Flint or
Tittabawassce., &nnual average Iron <ondéntrations In the Fline River
ranged Erom Z70 wg/l to 5,700 we/l and averzged |,530 ugfl,
Tittavawassee Bilver concentrations fluctuated Between 247 ugd] and
1,400 wg!l und averaged 14 wgll,
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Mvgrage funcentratfons of Iran In Saglnaw Bay coascel Exibecariles
ducing L9B3I~L9EE6 were az follows: Tawes 313 ug/l, &u Gres &11 wgll,
Eifle 602 ug/fl, Pine 346 wg/l, Pinconning 370 wug/l, Kewkawlin 454 ug!l,
Sebewaing 795 wg/l, Pigean 331l ug/l, Pinmebog 335 ug/l, end Taft
340 uwgll. Again, oo trends were appacent chowgh there were often latge
fluctuationz in annual eaverage concentratione irom year ko veBr.

wi. Lead

lead concentrations did not exceed Rule 57(2) guidelinme levels tor
any Saginaw Bevy basin river sanpled during 1Y81-1YE6 except the Fliot
Biwer. The Rule 37{J) guideline level feor lead in the Flint Biver s
2.9 ug/l. This value was exceeded iom 1960 (13,0 wgsl), 1982 (20,0 wgsld
and 1%&& (12.0 ugl!l}. Llead coocentraticns im the Fliot Biver wvere below
guidelipe levels in 1985 ¢&.2 ugl!l) and 19486 (6.0 ugfi]. Lead
ccocentrations inm all other rivers zampled ranged between non-detectable
levels apd 11.0 ugfl, all kelow guldeline lewvela.

Conmepntbrarlions oFf lead 1 kasie viwvers dering 1976-1980 were oftern
Righetr than larer wvalues ard fwle 57¢2) guldelines were exceeded 1m
zeveral rivera inclading the Sagivaw, Flint, &0 Gres, Rifle and
Fawkawlin. The highest corcentretion was reached im the Flinmt Eiwver
where & concentration of 110.0 wg/l was measured in 199, ZFaginaw Riwver
voloes reached o bBigh of 290 wefl in 1977. The Au Gres, Rifle and
Vawrawlin rivers alse reached chelr period highs In 1977 of 7.0 ugll,
LA, 0 wgfl and E9.0 wg/l, respeceively.

wil, Mercuyy

The Eule 57(2) guideline 2evels for mercury In water s O.000R wpfl.
Tots [s helow che leval of deteckion veed Lo analyze ambient water
gacples n ghe Sagfnaw Bay bagin. Mercury wes not detected from any
crihucarfos sempled durdng 197E=1986 with 2sboretory detection liciks
ranging fro= 0.2 wgfl to 1.0 upfl during 197B=1580, and & detection timlg
af 0.% upsl berwean 981 and 19B6. Mercury wae detected occasionaily in
soverat rivers from 1973 co 1977, at levels ranging froo 0.2 ugsSl ko
B.7 ugri, ineluding the Saginew, Flink, Aw Gres, Rifle, Fine, Finconning,
Favkawlin, Sebevaiog atd Tnnebog rivers. However, these obeervatione
mwy be argifaccs of older Zaboratory technigues and not actual ceccuky
ropcentrationg glver thelr closeneas to detectlon limics.

wiil, wWickel

Bicke] ccncentratiora 1in all Saginaw Bay besin rivers sampled during
1976-198% wore far kelow Bule 37(2) guideline lewvela. Io 1988, nickel
wad detected in enly three rivers = the Seginaw (5.0 ug/l), Au LTeES
(5.0 wgs1y and Bifle 7.0 ugsfl). Hickel was not detected {at 4.05 ug/l)
in [98& in the Ylint, Ticchawassee, Floe, Eawkawlin or Flgeon rivers.

lead concenttations were subatantially higher from 1378 to 1979 fer
several srreams, The highest niczel concentration was agaim in the Flict
¥iver where o level of B6,0 wvz/l was reached in 197&. The largest value
méasured 1 the Saginaw River was 36.0 ug/l 1in 1977. ALl other tivers
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had high coacentratiens of less thas .0 ugfl. Kickel values have
remaloed near or below detection limlts aince L1980 in all rivers sampled.

1, Zeleonium

Lalerlum was detected orly three timea in Saginaw Bav basin rivers
dering 13761986 at levels of 2.0 ¢1973] 1in the Saginaw Biwer, 1.0 {1934)
in tie Pigeon River, and 2.0 {1978] iz the Flonebog %iver. These
concentrations are cloce to the analvtical level of detectieon used at the
time and sre below the LYBS=L5E8 level of detectlon of 2.5 egl/l.
Therefore, tpey may be artifacte of older laboratory techmiques and not
accual concencratlonz of eelenium. In eny case, theee concentraticns arc
all below the Fule 57(2) guldeline level for celeniuvm In water of
L3.0 wgfl.

. Sflver

The BEnle 57021 guldeiinme level for eflver 4a 0.I5 ugfl, which iE
beiow the 0% wgsl lewvel of Aetecrdon uzed ko &nelyze ambient water
samplez 1n the Saginaw Bey baszin in (PES~{5B6. Eilver was not deotockbed
in any Saginaw Bav baain rivers during 196L=L%H6 at levels of deotection
ranging frem 0.2 up!l to 2.0 ugfl. Silver wee detected in several! rivers
beewesny 1978 and 1980 inecluding the Saginew, Iidnk, Ehlawassea, M LGres,
Rifle, ™geon #nd Plonghop. Howewver, these walues ranged from 2.0 ug/l
to 10,0 ugsl when the level of detectdion waa 2.0 ug/E, o again these
values may be artifacts of older lakcratery technlquea rather than actunl
s1lver ¢encenttations, Thiz meema particularly 1ikely pgiwven that no
silver was depecged 1n aay of these rvivera durdng 1476 amd 1977 when a
1.0 uglfl lewvel of detecticon was used.

xl. #ing

inc concencraclons did pot exceed Zule 57731 guldeline lewvels for
any river sa—pled In rhe Saginaw Bay kasin durdng 1971=1%88 except the
Flint Kiver in L9768, The L%7& Flint River value of 20,0 wzfl exceeded
the Fiipe River pinc guideline lavel of 176.5 ugf/l., Flint Rlwver 7irpc
values decreased co 13000 wefl In 1977, 99.5 ugll in 1978, and 45.0 ugsl
in F979, 1In che L9R{0s chey Tlucevaked hetween 14.0 ug/fl and 42.0 ug/fl.

Anmual average #inc cancencratlons st the Saglinaw River mowth
(Midlond Screet scaclon) vanged fvom 21.0 wesSl to 104.0 we!l during
1973-1096A, Tizgabawassee River zinc velues Sluctuated between 5.0 ugfl
and 29.0 ugfl, Single sample abservarions In the Caes (1%71) and
Shiawagses (19787) rivers were 10.0 ugfl end 21.0 ugsl, respectively.

Zinc concencraticoms tn Saginaw Bay coarcal basin cributeries renged
from 6.0 g/l vo 92,5 wgs? during 1976-19868 wich oo apparent trende.
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1. Organic Contaminants
a, Sagzinew Tay

Most of the studies Involving écganle coatamlecants in Saginaw Bawy
have focused on contamingng ¢oncenttratiora in blota and sediments. Few
atpdiecs here exgamined leviels im che watetr eolumn. Dleldrin was detected
In a Lo%4 geudy By the Michizan Water Resourcea Commission (WEC! at a
concentration af O.& ngfl (Table III-12}. 21 [Z=-etnylhexyl)} phthalate
(DEHPY was derecred ar levels ranging freom 1,000 to 2,250 ngfl (Table
ILI-12).

Polvchlozrinated biphenyis were Tirse reporced In Ehe Great Lekes
hagin at the moueh of the Saginaw River In 1571 &t concentretions af
1250 ngf] (~DKR, 1973), giving the Saginaw Esy sres the Sistinction af
belng the vely place In the Greac Lekes where PCEs had been <etected Im
the water at that time, The BRule 57(2) guildeline Tevel for ¥ B In w=atec
Is 0.0 ngtl. Tetal #Cd éomceantrations £n Saginew Bay veried with
location dn 1979, declining [vom 43,1 ngfY din Section 1 (dinmer bavl to
16.2 ng/l 4dn Section 5 {outer bay)l (Figure I111-40; Table ITI-137.
Ddssolved and parti¢ulate M3 coocentrationa were also lower in the cuter
Ear than the iomer bay (Figure I1I-403; Tahle I11=13). The A~1242 mixture
of PCE was dominant im the elwer {732}, while the concentraticons of
A=1242 and A-L2BD were almost idestical in the bay Figure 111-40; 1IT,
1961; Richardson et al,., 1983},

b. Tributaries
i. PFPhenols

Phenal rconcentratioms s a1t Sapinew Bey besin tribwtarics sanpled
during 147'-1486 were fur helow the Rule 57(Z) guideline level far
phenols in water of 230 wgsi. The highest annuel sverage phenal
concentration azomg 41t rivers was 1Z2.0 ug/l in the Flint Kiver in 1977,
The highest value messured in 1986 for all rivers was 3.4 ugt/l 1o the
Saginaw. All Saginaw RFav goastal redbutardes hed annual phenol
concentratiens of 1.0 wgfl or leas in 1986. FPhencl values for sost
rivers were highest durdng 1976=197% and declined thereafter,

11, Polychlerinated Bipheryls

Femedial dredging was condecred in 1932 im tie Fouth Branch of the
Shiawgccea River to recove sediments cosstaminated with PCE3s discharged
from the Cast Forge Company of Hawell, Dats were collected at the sautce
af the contamination (Cast Forge) and ar zracions downstresm of the Cast
Forge cite. Data Indicate chat che average PCE levels 1n tne water
coluvon renged from 4T to 1,100 ng/l hefore dradging, &% to 4,67) ng/ll
furing deedging and 37 ta L, 010 ngfl one year after the dredging in L9263
(Table III-l4)., The tampasition of rhe PCE wac predominantlvy Aroacloc
l26? in the sarples collected ap che fowmscrean sites, while the Cast
Forge =ite had equal wistores of A-1262 and A=-1256 (Rice &t al., .946a).
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Table [0D-12,

Mean Concencraclons (ng/flY and Percent Resldues of Zeverol

Grganic Conteminante found In Saginaw Eay Water Somples,

19A7=1979 (Krels snd Rice, LOBG),
YamT

Category 19&7 1984 1474 1076 LRty ) 1977 R
Soutrece 1 1 2 ! 4 5 &
LEeatshorse i fid h b B ® "
or River
%o, af zampler 1 1 3 118
B

Taral R 5.4 24,4

Tizal EN A 51.1

21254 13,1

21242 44 4] SELF
mt

THET-E Wi H1L =750

Ip,p DD N 1L 33.3

Tp.p DOE kD WD 33.7

Tp.p ODT 17 i 33.3
Ddeldrin T [ I.G
Aldrin ] i
Chlordene el =1
Lin<ane {0 X7
Alpha BHC 7.0 MND
"Apparent”

Toxpphene T un
TEHE 1300 2250 L0
[ar .con

T = Trace
KD = Kot hetectbed

L7



Filgute I1I=30,
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DISSOLVED PCB
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aversge of cocal PCR coneencrations by pazcleulate armd
disgalved ‘eaccions, fapinaw River and 3 segmonta of
Spglnaw Say, 977 [(Rlchacdsom, et al., PEE A
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Tahle wib-03, Mean Coacentracions of PCE (ug/l} &nd Suspended Zolilds
(mg/ /1) in Saginaw Bav, 197Y (Richardeon et at., (953},

- Segzment
Farameter 1 2 K| 4
Total PCB
Total 41,1 2584 25h.6 11 10,2
Dis=solved eT.4 14,8 15.7 14,1 1.7
Farticulate 16.F 11.& q,%] .48 7,57
A—L 2472
Taral 2x.0 11.4 1i.7 7. 6B h.d7
Nizzalwed 15, &7 E. o9 i.13 5,495 583
Parciculatea TG 5.11 4.5 1.1 1.04
A-L2a{
Taksl M.l L3 Al 12.8 10 .4 &, 15
Dizsolved Li.5 LY F.Aa5% a.11 ;.83
Particulace E.70 Lt LA AN PR 1.53
Syspended Snlidg 5.2 R EY. 1.2 1,03 2RG
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Tahte SEi-t&, Tagal PCE (ng/fl) Measured In Water Before, During and
Oone Year After Dredging In tie South Branch of the
Shiawarzee River, 19B2-1983 (Rirce et al., L9784},

River
Statien Mlle Pre=Dradge Turing Credging Fogt-Tredge
Cast Forge .o LT 2 4 94 15 37 L 13
Roven Road 1.0 1,100 = 3720 4,70 = 3,700 110 = L3
Marc Hoad 1.5 £ &0 2,830 -
Chase Lake Fomd .5 f%0 & 200 1,000 £ 2a0 422 & 45

140



Polvchlorinated biphenyls have alse beeon detected o Saginaw River
vater. Copcentratiens of FOBs at the Saginaw Biver couth appear to have
decreased conslderably over the past ten vears, declindog fror an average
of 1,250 ng/ll ip 1971 OMDSR, 19037 te 110 mgl) im 1979 (Scich et al,
1982y, to 25 ogfl in 1981 {177, 4831, The 197% Saginaw Elwver data
indiceate that the FCE concentration (uvllows an loverse relatilonehip to
Elow (LTI, 1983y, Thereiore, low tiver flows are apparently asscclated
with higher PCD concenttaticns, and vice vervsa, leading to higher FCB
concentretione In the late ssmmer and Fall {1.T1, 1%53}. This also
sugeeets that the pediment eeledse of POR 1n Independent of wmovement of
the sediment Into the water columm [LTL, THE3},

11i. Poivhrominated Eiphenyls

Folvbrozinated biphenvl (PEE) vopgemination from the TE. Louls
Regervoir to the —aueh af rhe Pine River was dizgcovered ny the MDAER 1o
1974 fhesse, 19757, In ehe 5r. Lowis Beservolr, PBEE concentratlions
declined from an gversge of 00 ng/l Im 1974 ro 1 agSfl in 1%E0 (LTI,
L94&) . The rconcentrations of FER were higher In che reservolr than
dowvnetresm during the periods of —ajar loading in 1974, whereae Coe
Jownatream concentration levels wereé higher chen wichin the reservoir in
1980 (LTI, 1984)1. Soze #2H was degecged En rainwarcer collected BE 5C,
Louda durdng 1941 at a concentratiom of 5.0 ngfl (LTI, L9HI).
Approxdmately 257 of the FHE im the wacey column was speEocisted with
gusvended marticles (171, J984%, S criceria for PBE comcencrations Im
drinking water or for the preotectivn 4f agwaric argenficms have been
established in ¥ichigan. Howewer, there are structural almilaritiss
between PGB and PCUR, and FBRE: are oftes creaced gimilarly.
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E. SEDIMENT QUALTTY

1. Contamlnant Levels 1o Aiver Sedimenta
a. Snlawassee Kiver
1. ESowth Eranct

The Shiawascee River was contaminated by PCR and heavy metals la the
late Ivbt)s and esrly L¥70e slong at least twe river stretches, One
etcetch, the south branch near Howell, wos contamimated by PCRB, primarily
Aroclor [242. & L5974 MDWE sucvey fownd & PUR concemtration of 230 mglhg
in surface eediments 8t Bowen Boad (Table TIT-I13}, just downggream of the
Cest Forge Loopany, which <as the known discharger [(Flgore III-4l},
Concentraticns of PCP were eleo guice highk vp ta 0.5 piver olles
dovnatreemw: 97 cgr/kg st ¥arr Road, 59 megfig at Chase luke Foad, and
1% mg kg at Dak Crove BReoad.

The MDNE surveved the aurface sedizente of the scuth branch aof the
Shiawvasasee BEiwer twice in 1977. In Angust, total PCA concentrietLandg
ranpged from 0.3 mg kg at the upstream contrel station ag X-59 (CF-CON} co
85.1 mg/kag at dowen Boad (5-TR-2-5; Tabie [1:-1A; Figure T1Z-42).
Cabcentratiens greater than 60 mg kg were detected at chrec other
stations, and every statlor except the control had cencentraticns in
excesd of L9 mglkg.

It Qegober 1977, MDNR fownd & concemtratien of 43.7 mglkg tocal PCH
tn surface sedimence ar Marr Road §staticon 1; Tuhle 111-137: Flgure
111-42). Taral PLE weez aleo Righ £00.7 mgfkg! at Chase Lake Road
fztarfon 23. Two other etetionc had concentracions exceeding 2.3 mg/ra:
Oak Grave Boad (etetifom 3) st 4.1 mglkg, und Byeen Road (scatlen 5} at

2.6 mgikg.

& comperfison of 1974 and iY77 data shows a decrease In cocal POB
concentrationa in 1977 for che ficst L6 miles downsecveam from Cacst Forge
co L31lie Boad (Figure TIT=43). TDownsteeac af L1ilig Repad (scaciom &4}
toral PCH levela in 1977 were sbout 9.9 cpskg far a dfsranca of 23 plles
to Corunna (Flgurtes TIT-43 and 112-4a), The dereccion of PCE beyond
Curand Fead {atatden 6) dn 197/ is !dikelw due o sedizent transpoct
dowiiaEveam.

The following FCB concentraticns in surface sedicente of che =auch
branch of the Shiaweases Eiver wvere detectad In & L9381 MLHNR survey:
averdges of 533 mg/hy for UM O (the Caat Forge outfsli] ro BEX 0,13
M omytg for BM 0025 to 1.0 (Bowen foad); and 21 cglkg from Bowen Boad to
appeosimately 2000 Feet devmstream (Bdce et al., 1984). Additionsallw,
PR concentrations exceeding 500 mg/kg were found in a Elged plaia just
upgkkrenm of Bagan Hoad gs well, The average concentration At thia
location was 240 mgfkg. This FCE depoxit was obowve the water level of
Ene tiver during most Slow concitions 1Rilce &t al., 198247,

The MUME's L9748 survey alse fownd elevated concentrations of heawy
aetals, phrhalares and o1l in the surface sediments of the south braceh
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Table III-16. Organic Contaminant Cencentratiens (melkg dry weight) found
in Sediments of the Feuth Brorch Shiawassee River helow
Howell, fwgust, [97F (MDER, [%79],

Parametetr
dtacion® PLE 242 PCE L2554 PCE 150 nEEpP DLE Toatal PCH
1a i3.0 5.0 gL 4 2.0 <2.0 19.5
3=TR-1-5 200 I, 4 oo 1) <24 wZ.0 Ir.k
5-TB-1-2 3.8 4.6 wh =2.0 <z.0 19.2
i=TR=1=3 45,2 ka.3 <5 =24 <20 f3.5
E-TR-2=3 f{Howen Popad) 64.8 20.3 5.1 «2.q <20 5.1
SmTR=2=t 1&. 7 9.k <6 gl 2.4 2.0 J1.4
5-TR=2-1 23.4 .k <51 2.4 2.0 2.3
5-200 331.% 12.4 <5, 1 <2 0 <2 .1 HEL 0
E=400 LEA i3.7 ca. =<2.0 2.0 -
(00 400,10 a.A o ~z. 0 <zl LY
Eait0g . Lhoh .0 w20 7.1 a0
5-1000 L1.0 a1 <h, 0 2.4 2.0 51,1
CF-CON (M-5% Control 0.5 A 11,9 L | <. {1 0, &
fraclank
CF-DIs-1 2E.0 a7 5.0 S | ol Bl
CF-DIE=: 15,1 L <50 <2.0 2.4 2.0
CF-DI&-7 1.0 1.4 £h 1l <z.{ o2 iR 5

*Etacinﬁ LA corracponds to Willsen and Fowers 1974 Eurvay; Statdon 5~TR-1 & ¥
ara core samplec; 5-TR-200 & 1000 ave #ludge bed samples.

CF-LOW L= the control station Irmediately above M-5%.

CF-DIS - L, 2, 3 caoplee were taken 20, 100, and 130 wards dewvmatream froz-
Casy Farge old dlechecge chamnmel.
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Table IIT-17. FPFLE Coscentracions (dey welghe) In Sediments of the Routi
Hranch Shilawaeeee Biwver froz Howell €0 Corunma, fctober 15327
(FDRE, 1977).

PLE {cg/kg)

drocleor

Gtitkion Sracion

Sumber Locat Lon 124¢ 1254 1260 Total
! Harr Road 35,00 g, <0, %0 a3 o
2 Chaze Lake Raad L7.00 L <0, 580 an.:0
1 Oak Srowve Boaed L. L0 <4154 (1, 5] 4,10
4 [.111ie Road 0.96 ~d] .50 0,50 0,96
5 Bvrco BEoad 2.00 <50 .50 2060
A Curand Ecad .34 .50 <C.50 Q.54
? Cole Zoad .50 iy ok =0.50 0.57]
£ Shiatawm Res., D& <G50 <G50 C.66
g Corunra Imp. 0,50 <0, 50 <0, 50 0.30C
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nf the 2hiawassee River. Cencentrations of As ranged from P o

125 mgfeg, Cd from less thaa 1 to & mglkg, total Or from 17 to

AE00 mgfeg, Tu from 14 te 180 mgfeg, Hg (Mrox Yess than O o 0.2 =p/kg,
%1 from L& to 54 mgfkg,. PR Erem 24 te 580 mglkg, #n from INQ 1e

La0D =g/ kg, and C% from less than 0.2 to 4.8 mgfky (Yahle 111-181. The
“igher concentratlons of &=, Cr, Cu, %1, Pb and &m exdceded the HPA
criterfa for heavily polluted Great T.akes hather sedimerts {Tablg
I1i=1%9). The Yorton Roed etatlon [BRFA-3; Figure 111-4[] exhibiced che
highest concentrations of Lu, Od, Sr, ¥ M% aed CH. The Grand River
Bead statdon (5R5-4) showed the second highest concencraclons of metals.

FPhthalate concentrations ranged from less chan 0.1 mgikg at ERS=?
and ¥R%5-% teo 0 mgikg At SKS-3 In the L97L WDRR survey [(Table IIL=-L153g
the highest concentratden lound was 2 cpfkp ac Yarean Raad [ERE-I).
Nther high cencentratient oeécurred at Gramd Rfver Road (SRE-4&; Ll ogfkgh
and at Marr Road {3R3-6; !4 mgikgl. 4. was =casured In comeencracions
from less than 500 mglkg at Cchectoh #oad (HRE-9) co 20,000 epflhg at
Bowen Rcad ¢5A5=5). The aecend highest concentration &f ol was found at
Korton Boad (E5R5=13 7300 meglkgl.

4 source of cortaminants te the sowth hraonch af ehe Shiawaszee River
1a the Mariecn and Gerca Drailn {¥igure 211-41)1, A 1974 MDWR eurvey Jound
a PCB Arocler 1254 concemtration of 1.5 mgfkg and a PCBE Arcelor 1242
concentration of less tham 1.8 mglkg in surface sedimenta at the drain’s
moueh [M&G-5; Table ITI-15}., The sume sCation had 8 phthalate
concentration of 33 mgikg., 011 way derected at 9900 mglkp below the
Howall WaTT' (MEG=3%, and at &000 mglikg abewve the WWTE (M&G-I7 and at the
mewenr of brne Marion and Genca Drailn.

The fnllowing metal concentrations were medduted in the Marlen and
Genoa Drain sediments In L974r  fAs, 0 te 43 mging; Cd, less than 1 to
8 mgikg; coeal Cr, i1 eo &00 mgskg: Cw. 32 o 230 mpihg; He, 0.7 to
0.3 mpfhpy %1, 36 to 532 mg/ke: Pb, 21 o 720 megfrg: Zn, 1340 to
PA00 mpihg: snd CH, 0.2 to 2.7 mgprkg (Table TII-18}. Concentrations of
A, Cr, Cu, WL, Pb &nd 7n were all migh enough fo be clasaifled as
heavily polluted according to Creat lekes bBarbor sediment guldelines
‘Table 11I=1%). Except for A5 and CX, all of the kigheat copcentraticos
were fowed at the mouth of the drein (station MEG-5), Coneencratisons
were alac high upatreax and dosmetream of Che Bowell WRTF.

The two wajer seurces of contozinanes In chis area of the Saglnaw
Biver watershed are the fowgll We-F and che Casc Forge Company. Cast
Forge mamufactures aluminum cast produces far the auramoblle incustcow,
and uses lubricants during the molding process. Uncil L9376, these
lubricants contaiped bhigh levels of PCEg which, uneil (973, were
discharged directly to the river in the wastewster effluent. After 1973,
WASF&WACET was disckharped to a lageon on company property and to land
edjpcent to the lagoon. From 975 to che present, FCE=contaminated waste
hag airher been hauled to another dispesal Tocarion or taken Eo an
appraoved land dileposel site (MIEK, L9Thal .

Flevaced PCH concentretions were discovered In surface sedimente
upatrteaz of the Ceet Forge property by MOXNE 1n 1977 and were linked to



el

Table TII=1&, Metal and Butrilent Concentraticns fme kg dry welght) found 1n Sedi=ments from Mariom and
Cencs Drain and Zeouth Bramch Shiawassee Biwer, 1974 (HDEE 1979al.

Tatal

Total ¥ Voletile ¥jeld.
Statlen lecaticon A5 Lu Eg Cd Cr Zn Wi Pt CH Solide W PﬂhrP
Marion and Cenca Dradn
MLG=-] Fisk Road Contreol ) iz .3 <] | L L] 2l n.z L9 E, 200 EQ
MEC-T Above Howell WWTF 11 150 0.2 5 1,200 1,200 A1 600 L E2 B, 600 £h
BEG=1 Selow Howall KWTE 29 160 n.2 5 1,800 1,300 &0 720 2.2 4.2 B, 400 170
MLC=5 Mauth 20 230 0.3 | 6,000 1,600 52 720 .2 L5 E. 1400 340
South BHranch Shiawasaee Biver
SF5=1 Sextor Fpad, Control 23 24 LA 1 .7 1£0 53 4B 0.7 12 La,0nn 170
SR5=d Above Marion & Cenos Drain K] an =.1 <I 36 200 T4 46 0.5 1.0 12,000 160
SE5=3 Horton Boad 20 380 =0, ] b 4,200 L. &00 4B 520 4.6 1z &L &00 400
SES~4 Grand Elvwer Road 21 160 0.1 ] 3,800 L, 200 Sy 4 B0 .0 LE o, 3040 oo
SRS=3 Bowen Eoed N B =0, 1 ! 1,600 it Ld] 240 1.4 13 L a0 450
SES=6 Merr Road iH ] .1 3 1,700 T4 1E 2 L. b 5,700 220
SE5=7 Chage Lake Boed id Gl 0.2 3 1,300 a2 W2 170 1.1 17 7,50 280
SES=H dek Crave Eoad i 4 0.2 1 420 240 z5 100 0.3 f.09 A 2000
SES-Y cohocteh Foad 2 la .l 1 134 104 L& 24 <, 4.5 3, 2 Gl




Teble L[1L[-19.

L5ErA Pollurion Cricerla {mp/kg drv wt.} far Great Lakes

Harbar Sadimencs (modlified from Rossmann et al., 19&3).
Classification
Hoderately Heavily
Patrameter Son-FPolluted Fal luted Folluted
Volatdle Scolids (X) <3 5—4d * B
e <40, Q00 Alry OHE-80, GO0 280, WD
Th cl, 0G0 1,000-2,000 =2, 00
2Ll & Grease [Hexane
solubles 1,000 L DD0= 2000 =, GLO
Ammonia <15 75=200 200
in “0.10 C.10-0.25 .25
Fb =40 Al=R0 >kl
Zn Barldl qo =200 =200
r <21 420650 2p 50
Fe 7,000 17.,000=25,006 FE5,000
wd =20 H-50 »50
M =300 300=-3340 »500Q
A i -1 *E
Cd - - =L
L 3 <15 23-75 »73
Ee = X0 20=E0 b
Cu 2% 25510 LT
Hg - - 3]
FCBs (Total) - 1=14 =10 ChF
(determined on =50 BEwE)
cace=by=caoed
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the City of Howell WWTF discharge. The FCE concentratieons found above
H-50 were termed “typlcal®™ of those found helow municipul wastewatpr
tceatment plants In Mickigam {MOXR, [%77). The oppurcent soutce of ghese
FCB compounde was Industries that discharge effluent For treatwment to the
Nowall WWTE.

11, Corurma/Owosen Acea

The second stestcoh af the Shiawesses Biver whete cobbamlnated
sedfteent s lave beon derectid [5 In Ebwe Cotunta/Oweiso srven. 1o 19773,
¥IINE [ogund [h copgenerutiens ta he phove noemal backzvowond levals (less
than 40 mpllkg) at eww lucaklons ar seaglon & (Flgure ITI-653: L3060 mgfkg
rg ¥iddled aod 378 eptkp (& South: Tabhle IIT-20%. Stacion & was the only
cther locatlion where elevated concentrations of Phowere Tound,

The MDXR sutveved the Shiswassee River iom L977 In the wvicinfity of
Glebe CUnion, Tnc.. s monouiacturer of autocotice bakterles.  Slalae Unlan
disckarges to the Seward Mo. 2 County Drain. Some PCRE were detocted In
drain sediments in the range of 0.5 to 17 rcegikg; several metals were glso
detected {Table III-Z1}. Concentrations of some =otals were clovaraed ar
thiswessee River staticn 2, which 15 50 feet helow ehee Sesard Ha, 2
County Irain.

A third MDER surver in 1980 feund esdtre=els high eomcencracions of
Cu and PB {590 mg kg and 14,000 wmg/kg, respectively) o a sedirment za=ple
scraped from the imside of the county drain guefall pipe at station
B=003=4 {Table III~iZ; Flgure TI1l-48]., Iraln srdisgnEs were concapineted
with FCBs and heavwy metals, »ut appeared oot te be ecentributing
cubstantially to the river. Copcontrations of FCHa and heavy metala
dowmetresm of the drain generally decreased with dispaece {MDNE, 197%a).

h. Cacs River

¥o cedirent dete wec tound for the Cass Biwver basic, The Cass [lows
through rurel egricultural areae and seversl small cowns ard 18 leas
likelv to be degreded bv organic and metol contamiogonts than the more
vurbanized rivers in the Saginaw Rivetr basipn., Aoy sedimert cootaminatice
would be expected €0 te & result of elther agricultural pracrices or
cmall Industrier or local WWIFR dischargzing to the tiver., It 1a thought
thet no pubptantiel Feciment contamingticn problem; extixt in the Cass
Fiver.

c. Fline Biver

Surficdal sedirent escples were rcollected lrom the Flint Kiver [
197% by the FIWE. Sedixents were heavily contaminated =ith lead
(7B mg/kg). nickel (92 =g /kg). chrociuc (200 cgfkg) ond copper
(Lol mgikg: Table ITZ=23). The higheet concentratione were gencrally
found et Zlms Foad dosoetresm of Flint (Figuce TT1T1-%7) and were
attributed to discherges froo industrial sources in Fline as well as che
Flint WETP (MDER, 1977). Sedirente conktipued to show high levels of
contaminants further downetrese &t Morrie Boad. The samples taken fram
both East Zart Boad and ¥=13 hed reduced concacinant levois. The highese
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Table III-20. Metal Comcentraticns {mgskg) in Shiswvasses River
Sediments Collected mear twosse, 1972 (MDMR, 1979a).

agion
4 4 4
Metal Z 3 ¥octh Middle Souch F 2 7
Pt 36 27 LA 136 17E 26 lin 410
Zn 25 15 25 id Zh L7 R 13
Cu 7.2 4.5 5.4 1.4 4.8 2.6 B.6 B3
Cr 12 13 7.2 o, J.h Y. ) | Lo
od 2.2 2.8 L. 1.0 1.0 1.0 2.4 1.8
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Takle 1I1-21. Fhoaphorua, Witrogen, sietal and PCE Concentratlons
fmz/ kg dry welght) in Sedizent Samples taken in che

Vielnltey of Globe Unilon, Cwosso,

1976 OMER, 1979%),

ataticon
L 2 3
thiamasses Shiswagssce
Eiver Eiver
N fr. ahove 50 Et. above
Parameter Train In Dratn Drain
Tetal Hieldshl nitrogen 12,400 25,000 LG, 000
Total phespheorus 1,600 &, 800 2,700
Metals
Cedmium Na 2k |
Copper M i el
Chtamium [ 20 A1l
Iean [ 3, B0 L by
Mickel 9.6 ag 21
Lead 4] 14,000 3, B0
fine 95 BE [F
ATsenic OLal 0.33 1.7
Aotimooy ]| kE <24 <11
Tin <2h <h] <
Chleyinated hydrocarbone
1242 PC3 <{,7 17.4 Soll I
1254 FCR ol | 3.0 L
1760 FCR <2 0.3 L
041 320 Ao MG 2,000
=
= not Eampled
%

= lees them
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Table 111-22, Metal Corcentrations {mg/kg} found im Shiswassee Biver Sediments, Mwosse, 1980 (MODWE, 19807.
Metal

Site Zadmium -hroemium Copper Kickel Lead Zinc
Shiawassee River at Lvtle Rd., AR 12.0 &0 6.0 0.0 500
fhiawassee Co,, Michizan
Shiawaszee River at Divisionm 5t., < .0 210 1.0 in.0 28.0 oo
Clty of Owossa
ibh:lawazses River at Aliam St., 20.0 170 15,000,0 i, 500.0 100,000, 0 ran, i
Cigy of Owosso -~ pareicualate
matcer scraped from inside of
Conmey Braln ouwcfall plpe
Shigwazzes River ak Alkanm St., v r.0 <1000 1.0 2.0 an, o 0.0
appreximigely 10.0 m dewnmstream
Erem Cownty Draln owtfall
Shigwaggers ¥iver ab Alkaw St., < 2.0 10,0 2.0 F a0 3.0
approximagely 20,0 m docvmstream
From County Draln owtEall
shliavassee River af alkan Sc.. 2.0 10,0 FEY 7.0 SO in.o
approximately 30,0 o dewnatream
From Sounty Drafin outfall
Shiiawasses River at Harmonm - .0 10,0 2.0 5.0 G0, 0 0.0

Partridge Parck, TIitvy of Qwosso
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Tahla III=22, JConventlomal, Metal and Organic Yarameter Concentrations
[mg/kg dry welight} 1n Flint Biver Sedimenrns, 1974 (ADRE,

L4775,

Statien

F—% F-8 r-11 Tol13

Flms KE. ¥orria fTaat Burt Hich.

Haad Boad Road 13
Arsenic .4 14,0 1.7 &, G
Copper Ladd, {0 110,90 20,9 8.4
Hercury 0.4 0,3 n,2 0.2
Cadmdum 6.4 4.1 1.0 1.0
Chremium o4, o BE.D 1E.D 11.0
Zinec 1500, 0 LLad . A L2, 4 54.0
Fickel 2.0 | LE.D 10.0
ELead IRC.N 620,41 0.0 0.0
Tetal Solids (E) 2%.4 29,10 T6.0 FlL.o
Yolatile Scldds (7 .7 5.3 0.4 0. %
Tetal Eieldahl-Xitrogen 62000 T4 A 7ra,a 230.0
Total Pheoaphorus 5300 alg. L20.0 140.0
Dleldrie < 0.001 20,001 < 0.001 £, 001
Chlordane < NN 0,001 ~o.001 I
ki) v %0 I £0.00%
INE KD W) %D <0001
a,p = DDT KD L1 LA E <0003
p.p - DDT %0 KD KT < 0.3
Taral IDT + Anelegs KD LK %D L0.3a
FCE 12412 b LD KD 3L
FCE 1254 fadn t.4520 .39 C0.ons
FLE L2260 < 0.003 003 0. 003 L .I03
Tocal PCH 04800 SnL 521 3.0%2 L. OE
DEHE VB0 1E &30 0,840 2500
DHP o L 00 1,000 <1000 < ].000
Lil-Hexane (ag I .20 L.200 0,650 1,100
BEP b, 08 & T00 0. 340 G. 550

KD = Kot determined due to prescnce af Inferfering chemicals,

L B4
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PCE concenbratlon measuted at any statlon waa leza than 3.523 mg/lkg,.
mepdured ar bach Elms and Mc, Morrvia voada.

4., Tircakawazsee Hlver

The Tivrahawisses Kiver fu ple lavrgeat trvibotary to the Bapinaw
Biver, contributing approximacely 307 of the flew and draining &73E
vguare kilanecers [Rosscann ec al., 1%E3) . The Tittabawassee ard 1ts
=sujar crthuraries have been, and contipnwe to he, heavilwy used by Industry
and =unfelpa?friss. Induecclal fnputs Include wastes From chemical,
plastics and can manufsccurers, and photegraphlic Iedustries {Rossmann et
al_, 9837, The Tittabawascsese was campled in LYWF4 by MANE for
contaninanta fn sedlmentz. Tire UREPA conducted river cediment serveys In
1978, 194! and 1985 (USFEPA, :DHE). The University of Michigam Great
iakes Besparch Divigiom (GLRD) also conducrad a8 viver cediment cwrver in
1281 for heavwy wetals and erace organies [Rosemannm ec &l., LBETY .

wn 1973, the Michlgon Division of Dow Chemical Company In Midland
infermed the H2INE apd the Michigan Deparvcoene of Public Healtin [MDLEFH}
that ralinbav rrout expased co ouefall efflvent pad accumulated wup Eo
a0 opfkp 2,3,7,8-tetrachlordibenzo=-p=dioxin (2,3,7,.85-TCOD) .
Convipgquenedy, n 1973, USEPA-Ragion V' enelyzed grab sediment samples from
the Tittabawssses Hiver ypstreass of che Dow Da= and downstcsar to Ray
Cigy on rhe Saginaw River (Fdgure ILL-GB). TDioxine were not found im the
Tittobowassee or Sagiosw Bdver seddments at decection limits of generally
less than 50 ng/kg (USEPA, 19860).

1e 1981, USEPA econducted a aediment aurvey of the Tittabawassoe
Alver Evom 0,5 miles upatream of H=20 Jdownetresm to Smith's (rossing Road
{Flgure IIT-48). Low levels of subptituted benzenes and thelr
derivatives were reported (USIFA, 19360. More than 907 of the campaunds
dekectod were devtistream of Dow Chemlcal Flant discharges.
Conceptrations were gererally detected in the low parts per milltan
{mg/z) range. 0One compound, di-pecctylphlete was identified upstreas of
che Bow Dam (CSEPA, 1986].

The 198l GLED mediment servey of the Tittabawaasee river 1s the mest
compeenensive £o cdare (Hossmapw et al., 19831, A compardson of U3EPA
Great Lokes Harhar sediment pollurlon puldelines [Table III-1%3 with the
findfngs <of Rossrann ec al. {(LBWE3}, supgest that the rivar is
concarinared wich the following metsls: Fe, Pk, Ce, Mn, N1, Az, Ba acd Cr
(Table TIT-243. The incidence of parameters in the moderate to hearily
pellured raocge 3a highest for stations 0 and 7. whick ere located
dowostrens~ ai Amea DOrain and the Tittebewaesee Township WWTP (Figure
111-493. The region of the 7ittabawaseee Rivar heving the highest
gonracinatien was Jucated hetween river mfles (RM) L3 end L%.B, except
for ¥a, which was elevared along the entfre rampled Zength of the rivers,
and PAaHs. The highest cooceotration of Be was B0 eg/kg et B 15.

Bossmace: ot al. (1%23) compared their 1981 fiondioge with a 1974
survey by rthe %NUNA, The 1974 samples were collected durdng a period of
low flow compared to chw 1%8] gsanples. Araendlc was generally lower din
1981 than im L1974, cxcept for stotion & where concentraticna were [lve
times greater than In 1974 (Tablesx 111-34 acd IIT-2%). The nearest
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Far

Tabkle ITII=24,

Fetal and Phospherua Concentrations fmgskgl In Tictabawarsee River Sedibents, L36L

(Ropas=ann et al., 1933).

Mecal
Fiver Tatal
Statiomn Mile AE Cu HE Cd Cr Zn b | Pk F
1 25 0.614 1.549 .lDﬁE LO3I7H G.65 L4, 4.10 3.9?2 158
2 23.5 C.733 5.82 - 186 _O555 L3.5 20. 5.76 1o.a 235
| 20.9 1.8] 326 -ﬂlﬂgz L0202 E_5%9 1o, 3. .56 0,3y 163
4 18.49 2.4l q.04 RS A2 14 L3.4 2l.68 f.596 E.HEE L
5 17 4,15 5,79 et L0320 20,5 16,8 IL.6 10,8 257
6 14,3 3V .4 .52 2R SBY 1170 5.6 15.4 a0 8 Sl
7 i b.49 la.a .0515? LAy il.6 43, 15.2 1%, 5% %1
: 2.4 3.12 §.79 0200 0191 6.4 Lz, §.93 6.71 148
g 6.6 d.672 T.22 .ﬂ[ﬁﬁE 2L .94 aL.o 1,58 &.fﬂz 108
L4 L 1.7H 7.4 250 k-1 4,91 L D 5.84 ﬁ.ﬂﬁz il4
Mean 5.0 6,0 09l L0058 26 30 7.8 11 217
Standard [,2 4.6 JOGT Nl 33 1z 4. 5% 1l 4%

deviation

lEylveEteI (1974,

*

“the or more semples froe care below limft of defection.
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Table TLL[-25,

S R R R T T T e T TR T T T T T T P T T R

Meral and Phosphorus Concentrations {mz/kg} i Tittabawassee Aiver Sediments, 1974

Tw T T TR T R R R A T T A

(Rosemgnn &t al,, [983},
Eiver Total
Scatian Hila AB {u Hg Cd Cr Zn X1 b 3
T1 ZR_S 2.3 A .t | 2. B 9.4 5.8 2 45
Ta 18.49 9.7 i7.0 N | .1 12 14l 13 R4 4E
% fh.d .k 14.0 | .1 9.6 z19 11 £l &k
T10 11,4 .G 1.0 0. L. 1 u_2 [E1 Tad ¥ 150
T11 B.& Gk 22 el n.1 I L 94 I 1 T4
T11 2.9 L 10 el n,l 13 S0 pal i LB
Mean 5.2 13 L0 n.1 9.4 130 "o k] T
Ytandard 1.8 6.7 L0 o0 1.6 L] 5.9 a2 1K

Deviacicon




possible source of 45 to the Tittakawassee Bivar upstream of stracion &
wias the Ames Drailn.

Copper concentrations were lower in Tittabawassee Bilver scdicents in
I9EL than In LP74 (Tables TII=2S apd 1II-25), The highest Cu
concentzation {n 1961 was LB.6 mgikg at #M 11,4 which 15 located
downetresn Srox the Tittabawasses WWI1,

The mean concentration of Zn In Tittahawassce Hiver gedimernts do
TOH! was coneiderably lowver than that of 1974, 2ing concencrarions
ranged {rom 14.% to 4A.8 mglkeg with a2 meon of 30 mpfig in 19E] compared
to a range of 9.6 to 210 =grfkg with o mean of L3 mzflg in 1974,

The mean Pb cenceptration was also lower In L9AL chan In LB74. This
was due primarily to a high concencration of Pk (R4 mg/kgy ac Ry 15,9 Ao
1474, To 1%8], the maxizvs Fb concentration of 40,0 mp/kg oceursed
[urther deotmetresm than in 1974, a1 RM 1L B.

The concentraticn of Kl 1in sedirents wore veory Si=itar Tor 1974 and
1381, #ickel ceoncenttations tanged from 3.8 to 24,0 sgfkg wieh a nean of
11 mgfeg inm 1974 compated te a tange of 4.1 zo 15.2 egfkg and & eean of
7.8 maglkg e 1981,

Mercury concentratiops 1o Tittakbawassec Hiver sedizents were
comsistently at or below 0.1 mglkg, except at statioms L, 2, 3 and 6 in
19El1. The meximum mercury concentraticn fuwed iw 1981 sa=pling wae
.28 mg/rg at station & [(Rossmupn ot al., 19335

Cadmium wec not detected in (974 with a deteccion limlt of
0.l mg/ke. In [9B[, roncentrations of Od were greater than 0.1 mgfkg at
geatfons 6 end 7; these stations ore locarted dowsscream from the Ames and
Relph Jdrains (Figure III-4%).

The emean £r concentration for (98] ways bhizher ckan rthar far 1974,
Elevared concentratione ceanging From J&.4 to L17 mg/ky were foord ac
scacfans 5, 6, 7 &nd B; ell of thece steticone are lacated dowsacream Erom
che Ames and Ralph Zreins.

Tortal phosphorue was coneiferably hizgher Iin 1961 cthan Inm 15974,
ranging from 119 to 310 ag/kg In i96] compaced o L& fo 190 meg/kg in
19746,

The 1931 gedirent aarples collected by CLED were anslyzed faor the
followldng organic conteninante: FPHEs, PLCEs, monochloroabiplhenyl,
chlorephencla, hemachlorobenzene, 2.%,5-Trichliorophenoxy acid herbicide,
LDT familly compounda, dieldrin, chiordane, endein, ecthylbenzens, xylens
and other ma‘er pellutants identiliahle hy GL/ME erganic acenms (Roscmann
et al., 1%83).

The highest conpcentratiens of chlorinated hydrocarbona cbeerved were
for the chlorobenzene group of compeupds with an average cencentretlon of
5.B mg/hg average for & core (Rossmann et al., 19337, This grouep had an
avetage concentration of 0.2=0.5 mg/kg for the total of the six

1&7



chlprohenzernes measured. Highest concentrstions were found &t AMs 14,8
ard 137,

Concentrations of the Aroclers (PLE compounds) ranged from 9.0 ta
0.3 mg/kz. Concentrations of PCR arcciors 1243 and 2534 were (.27 ogl/kg
and 0.05] mg/kg, recpectively at BM 11.4,

Mpsk of the phencls detected were at trace Jevels (decection kizies
of 0.00 to 0,95 mgfkg!, bvt 4—chlore-3 methvlphegnal and
2ei b-trichlocophencl were fowpd to ke obouwt 0,02 ngfhg (detectlon iimite
of 0.1 mglkg) In the gediment semples from arabiea 1 and atation 4,
respectively (Rossmann et al., L983),

Folvarometic hvdecocerbone (Fa¥e) were fourd Inm the sedimencs from
gtetdiome I, 7, & end L0. <Concentratiorms ¢f FPAHs ranged feom 0,007 to
C.0:5 mg/kg in these samples [(Roesmann et al., (963}, The long chaln
eliphatic hydrccarbone were preeent &t all statioms, segzesting monpolnt
digchnrges from cill end gas fielde (Roscmann et al., L9683}, The Dow
Chemical plant had ocperated M1 hrine producfion wéells in Ehe avea and was
required by the ¥MME tec shut down the entire brine systeq oy LBESL [USEFRA,
193&). The Trow Chemdcal hrines are sicflar {n composfeion b2 otker oll
and gas brines in Michigan and include lauw levels of benzene, Loluene,
phencl and wariecus PAHs., Tlow Chemical spenc brines oay also contsin
trace levels of PC'Ds and PUDFs (USEEA, 1986,

Plithalates were detected at concentrations as high as 0,073 egfkp
during the 1%%1 GLRP sediment survey (Rossmomm ef al., 1985). Phthalatece
ehitering the basin cculd ke the resule of sitc-gpecific manpoint sources
From several lardfills and from deep-well InjectSon of hazardoue wactee
in the river drairsge basin (Roswsmanm et al., 19837 The black ailefelay
evpe of sediments coptalned higher concentraclions af organic compounde
char rre zandy tyme cediments.

A wamber of ather oreaniec compoundes werre detectess in Ticrahawazcaes
kiver zediments in the 0.05-0.1 wgz/kg range: 3,5-Aichlaraphenals, tetal
T pestdwes, And Z,4=dizhlorophancxy acetic acld. The remsinder of the
compounds generelly averaged below D05 mgsfkg, with rerrain sices
exceed feg Ehese amounts.

A L9R4 USEPA Tireabawassee River sediment and floed plalo sedi=—ent
sukvey analyzed raeples far FCODs, PCOFs and other terxdc organic
poklucangs (USEPA, L¥EARY. Helatively few organic pellutancs were found
in anv of che zedimene or flood plainm samples cellected, Three peaticide
coppounds were found (&,4% DDT, 4,4'-TDE, and 4,4'-030) in four riwver
sedfcent sucples and each of the chree flood plein samples (Table
[11-2A), All three compounds were found &t camplimg Stations TE-1 and
TR-2 upscrear of the Dow Cherical Plant owtfall (Table LT1-26; Figure
TIT-8117.

Lata for PCCT and PCON diatcinguish the Dow Chemical FPlang as che
pricary spurce of these cozpounde to the Tittabawnssee Gystem, The
highest levels of PCDDs and PCOFE were found In the sedlment amd flood
plain Samples rear and dmwmediately downstress of the Uow Flamt (Figuaras
TT0-5] and II1-52}). Sediment contaminatico extends froe the Dow ChemZcal
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Tabkle T11-2:, {rganic Concentrations {ug/kg) in Tittabawassee River Sedicents and Flood Flain Sacples,
1934, (F3EFA, 1986,

Jtatdcn
FF=1
Flead TR-5
FP-1 Flain Lp- FF-3
TE-1 Ty-2 Tk-2 Flaed TR-4 at  strcam Flood
Mgy Eelow  Above Flain smith's White ol TE-& TE-7 PFlain TE-& TR=4
AR Ask Lingle & T, Crossing and Proem Free— Ti.  at T. Gratiot Center
Pand Foand Dratn Pord Bridge Debelr Mills land Boad  Aosad  Reoad Foad
Berzana - - - - - - - - - 5 - -
mMerhylene chloride 2a0 3z 29 E5 17 - 4E I & 57 %500 a0 94
Toluene 5.2 - - - - - - - - - - -
Ky lemes - - - - - - - - - E - -
dis(Z-echylhexyliphthalata® BT - - - - - - - - 10 - 10
Gl-n-butyl phthalate® 10 - - - - - - - - - - -
Bi-m-ocryl phehalate® - - LY &350 - 3L - - - - - -
Methyl phthalate® - - - - - - - - 10 - - 10
4, 4" -00T 14 ¥ 8.3 B 6 - - - - - Tl - -
4,4"-DDE 20 ] 4 - L2 5o - - - 43 - -
&,4"-DLD 15 ba - 7.3 - - - - 13 - -

“Het detected
#ll ether orgonic pricrity pollutants aoct detected

*
Preserce mavy »e duwe to laboratery or fleld contamiaaticen
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Plant owtiall downstream to Center Road teach (17.F eo 19.% wiles). Mo
2.3, 7«B=TCON was detected In any of the rilver sedixent and fleoed plain
samples at & detection level of 0,0001 go [OG0ID mgflg (USEZMA, 19863,

Comparisons of metels detected In sedIments collecced upstream and
downstresar of the Dow Chemical Flant deo mot dadicage any alagrificant
contcibution of metals te the river from the plant [CSEPA, 1946).

e. PFPioe River

The Fine Biver In Oratiat gnd Midland cowuntles was contamlicated by
the fire rotardont polybrominaced hiprenyl {FEE] and other hazardous
compounds in the late 19605 ond early L9705, In 1974, MDXNR Eouwnd ERat
the ceoncentracion of PEH In river sedipents lomediately downstream from
the %t. loudys BHesereplr fFiEuTu IT2-5%) was 6.2 mgfkg fTEblE III—E}}.
The PF3X concentrations downsErest from che rerarvolr renged from & high
of 1.6 mgikg twe miles helow ghe recsyvofy to lece than 0.1 mg/ke
nineteer miles bglow the reservoir (Flgure III-53). The concentration af
FEE 1ir sediments immediztely below che Velsicol Chemical Corporation
{Formerly Michigan Chenleal) outfsall sbove the dem wacs 4,8 mglkg.
Concemtrations of FBE abewve Velaicol were lece thao C.l mgrkg.

Michigan Chemi¢al was the atste's only commercial ranufscturer of
FEE. The firm dischavged PBA-tainted wastewater to the Fine Hiver from
1971 to 19727 (LTI, l%84}., Chrende probleTs refating to discharges farcad
the revecatien of the Facility's XFDEE permit, snd the company cessed
aperacions and discharges on September 30, 19783 (Bice et al., 1930,

Some FEBE conmcentrations as blgh as F2.0 mg/kg were detected in
neer=chore purfere sediments juse helew che Velsicol cutfall In 1275
{Rice et al., 1930)., HDNE's second sediment survey in 1976 foumdl s FER
concentretion of 1.2 mgfkg Temediacely dovmstream of the S, louis
Keagervoir (Table TIT-27). Dlpwnsiream concentritlions ronged froc
0.2 mg/kg twe miles from the da= to lass then 0.1 mg/kg at &ll ather
gampling podnts (Figure TT1-531. The concentretion immediately Lelow che
Telsicel cutfall was 1.1 mpikg, while both up stresm stetione rogisgered
leas than 0.1 mg/ %2,

The Y2%R's third sediment Zwrwvey in 1977 found 8 FEB concentration
af 0.5 mg/kg immediately downstream of the St. Loula Reaervedr (Tahle
TII=27%. FPBR comcentrations furcher desmatream of the reservelr tanged
from 0.4 og/kg two miles “clow the dam te less than 0.1 mg/kg ninctcen
miles below the Zam (Figure TIM7-53), The concentration immediately below
the VYeleicol outfell In P97V =as 7.1 mgikg, while the station one-quarter
ctle upscreem of Velsirol registered 0,350 ogike.

Turing 19H0=19Bi sampling, tle bighest medsared PEE concentration
vaz 2.06 wg/kg in 8 prab sample froc the 5S¢, Lawis Reservolr &b station
11 (Figure 1IT=5&%; Teble 17-28)1. %urf<cial sedieencs from =tatiome
through 16 dn the lower portlon of the upper reservoir all had PEE
eohcentrationa in excess of 1.1 mgfkg. Sediment core sexpling of the
regetvolr 1n 19#0 amd 1981 found THE mpst heavily concentreted In the
uppet 45 cm of sediment at statlem 14 (Figure TIT-55) in the lower
portior of the veservolr, above the dam (Yigure 11I-543. The higheet
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Table 1iT~27. FBR Concentrations (ugfkg 4ry weight} in Pize River
L9877 [(Rice et al,, Ll980Y,

Sedimenrs, 1976, M9T7E and

Tear
Statlion a7a 19%6 [ 433
Drvmatteam from Alma reservedr < 100 £ 000 -
M-46 1S4 mile upstream Erom
Michigan Chemlcal Corporatlon = 100 200 150
4t, lLowis peservolr immedlately
dewnzscrear from Yelcslcol Chemical
Copporagion LA00D 1100 7loo
Tr=ediarely downscreas from Bt. Lowls
regarvedr £200 1200 S04
Witow heiow S5¢. Loufs Dem - 2 Laig 10 S
- & 4E0 100 (Erace)l 260
- 9 z70 <100 1an
- 19 < L0 160 €100
- 5 L) < L] 150

L?5



Fioure T[1-5i. 3t, Louis Reservelr sedigent sampling locatie=s,
L2E0-10BY (0wvlR, 1381y,



Table III-}&, PREY Concerntratlons (ug/kg drv weight) in Sedizent
Grab Samples, 2t. Louls Reservodr, Pdne Riwver., 1940
ard 1951 {Rice et al., 19&2).

ScatLan FLL

i

14
a0
0%
17
L73
A06
1,550
B,
4. 5ER
1,10
1,350
1,108

___._.d
Shoun s i — ol ma Ln B dn B R e
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Figuce 1TI-55. Yarr leal FER ddserihuednr in St. Lonis Feserwvelr
wedimenls Tram Station L Inwer rveservedr ool Bracion 1V
ipmedlatele hedew the da- $771, TUHLY,




concentration uf P38 ar sratden I wes 5.45 mefkg drv welpht Zownd at the
7 em slice cf the gere [(Tahle TLL-207.

The PFRR lavels 1w the surface sediments of the —fiddle reservolrc of
statleas &4, 5, and 7, adjascent to the plant site but vpstream of the
mater discharge peints, vanged Trom O,0R6 ea O0.4%96 mg/kpg. The highest
PER concentration In g sodimest core taken ar scatdonm 6 In the middle
rescrvolr was 0,07 mgfegr 1o the upper &4.2 ce.

Below the dam, peak PBE coacentrations in aurficlal sedimenta ranged
ot 0,000, 20 =x/keg In che Flvst 12 wiles and were leas than 0.10 ngikg
Tram M 32 pa che Pine River's confluence with the Chippewa Biver (Figure
[EE-5A: LTi, P984 . A medfiment sfore teaken At Statlon 17, below the dam,
had PHE concencracions of 3004 cgfig at 5 cm ard 1,12 meikg at & om
(Tabhle TIT-297.

Surface sediment covncencratlons of PER below the 5t. Lowis Jam and
five miles dowmstrea= alf Sc, Lonks declined hetwean [975 and [980=-51
[(Figure :11-377, The decline was probably Jue to zediment Lrensport
(urther downseresars (ZFVL, i9846). The absence of & sipllar cecline In
sedixest PRI eoncentraticne in the lower porkiom of the S, Touis
Beservolr mav by an arcifsct of differenc secpling points, the
variability {a FEB diatributicn, and the limirted nuzber of samptes
eollected in 1974 €31, 1976 (11, and 977 (1} (LTT, MOK4D.

In additior to FEB, Michigan Chemical produced several other
halogenated hydvrecarbonsa including 00T, chlocdane, ond anatier bhrorine
—based flre recardant, TREIS. The DOT and chlordanc <erc deteceed in SE.
Lowls Impovndment sedlments in 1580=81 (LTI, 1964). TNT concentratiams
ranged from O.039 mgfeg {Takle 11I-30) at atation 1 (Filgure -1:-54) ra
B.935 mglkg at starien 12, The diatribucdonm of ORT in river sedizencs
was similar to the discribwblen of PBI in the Fine Biver at 3t. lauis.
Both D31 and PRB wetre fpund te BEe concentcreted at ievels cxceeding
1.1 mg/kg at Stations W, [1, 12, 15 and 1G&. <The DCT concentratiens
axceeded 1.1 mg/hg at statlong LA and 19 aa well. The highest
concentration of PEE (R.0R: mg/hgr waa at statien 11, while the highest
concentration of 0T (E.93% mefkg) was at atatien 1). The 0O7
concantrations In surface sediments dowmstresam of the dam were mere thab
an order of cagnitudy bigher chan PER concenttratiens, bub 207 was
cessurad only 0.7 oiles belaw che dam {Rice et al., 1396%).

The highest T¢ concentrations In Fine River sediment cores in
1980=3l were below a deopth ol Ll ¢s, and concentrations generally ik
creaged with depth up to AC cz (Table LII-31, Figure III=-56). Trne
geratificaticn of FBA in the upper &5 em, and DOT from LD Eo 80 cm
reflecta the perinds <hen these comprionds were In prodaction at Michizan
ChemlealWelsicel: DOT was =anufactured in St. LowZe untdl it ban In
1471, at which time PBB productilon cormenced.

Chlerdace has becn detccted Ic the deepest sections of core samples
at statiens & apd 10 (Table TIT-31). The higheat concentretdon of
2.813 mg/kg was [ound at o depth of &8 em at statden 10, The propotticos
of ele~ and trans—chlordane gt stutlens 8 and 10 were umequal, 1ndicating
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Tatble 111-29. PREE Concentratiors 1r Sediment Ceres Collected Fros the
Fine River, 19EQ=19%1 {Zice et al., 19847,

Elice Depth FEE
Scag iom [ew) (ug/ kg dry wt.)
Upper St. Louis Beservodr
a3 (0.0 ILE
0.0 a3
an. o 308
L7 0 5.4
Mid &t. lowls Reservolr
e, L. i
14,13 L
9.3 5.0
43,3 21,0
7 [0, 0 12%
Lo 411
59,5 12
R, 5 ?
e, 5 2
L5 z
TR 1.0
Lower 2t. louls Beaervadlr
410 5.0 4.0
15.0 233
3z.0 77
3.0 Sk
hA.D 0
il 1.0 5,452
dh.5 24265
45,5 46
BZ.0 wELD
TE.5 5.0

150



Table LII-2%. Continwed,

crarciom

Zlice Depth

fem)

PR
tug/kg dry wr.)

Below De=/5t. Loute Reservolr
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Takle TTI-34.

Pk, DOT and Chlordome Recidue Concentrations In Pine River Sedipewc Grab famples,

L9E0-L1%6Ll, (Kice at al., L982).

Papcent Camposieion

Tetal

Tarsl 70T nf OOT Residue Chlocdane
PHE {onc. Residue fcisttrans]
Scacian (ug/kgl (ug/kg) % DLE T ool T DDT {ug kgl
] 23 39 26.6% 71,69 .65 3.2
& 263 69 &0, 54 0. 13 10,37 5,6
5 i73 L5 4,94 EZ BB lz2.1% .6
7 &96 179 L&, a8 TR, 9l z.2 o0 L4
9 1,350 5,412 2.35 19.9] 7754 <03
L1 B.OESL 1,33 i T4 55 I5.61 <, 7
12 &, 384 B,Y35 A3 N ZB.31 Ay
15 T 3, 7RG 4,63 Bi 93 LD, G <0
16 1,103 5,451 .50 93,61 4,55 A6
14 &1 1,103 L.24 B3i,43 15.30 <0.1
19 106 3,193 .63 6, W) 24T a.4




Sel

Takle TII=-31. fEE, ODT and Chlordane Residue Concentracione In Pine River Core Semplec, L9BD-19B1,
(Bice et al., 13427,

Fercent Composition Total
Corae FER Torel TTT of IDT Residue Chlordane
Depth Canec. Eeeidue __ [cis+ecanc}
Station {co) {ugikg) fug kgl 7 DIDE Z IDD I IDT (ug/ kgl
3 20.00 353 126 Y. EBi DY .25 1.6
3 ICon 357 Jla 9. 08 36.64 3L, 2% 11.8
i ar Qo .0 LEY. 2705 ], R 1,4l 2,z
B L. oA LAk 339 L0732 24 BY 56,30 o
G Al.A L3 337 34,73 41,15 i3.07 0
# .50 b K] 58,47 25,06 15,87 Iz
3 S6.50 by B43 &5.39 11, 36 O 35 (s
B 0.30 2 3L 73.70 12,98 13,34 P
g 70.50 2 Bt #0.51 .65 £3. 84 <0.8
E 78.00 .l £0%9,316 1.E% T re 4, B4 1,513.2
L1 15.00 233 4,608 15.42 0,04 42.5% 0.0
Lo Jz.00 277 £9,005 &, 5% izx. 7o ZE.T1 2,757 .8
L0 30.400 30 99,119 5.8 0, 50 B84.21 I,948.0
R 4£.00 56 3,579,108 0,37 0,15 99, M 2,813.0
L4 23.50 2,205 & 695 11.57 21.78 .67 120,12
L4 45,50 Bh 7, 543 94 43,98 15.05 S I




LTATIE 1
129
I59.316
.,:.'
=
=
= 3
E 1l
= . e g 881
g '?-E e oyyr R ]
5 e
[
]
B I
=) L
o x i 3 di 5 3 In B3 w8
TRIVEST CE=TR |G
STATIEN 1
e
1,570,107
107
= .
j— L Aan 1
= o5 B ,205 4% 119
=
= i
L 1
L T
- 5]
— i
3 197
3
=1
=4 -
1w'|
0 m 1 1’ L o
LEN|MEHT DEFTH {EA)

Flgure 1IT1-52. Yertical DOT distribucion, plocted on & log g$eale, in
Bt. Louis Bescrvolr sedicents affshore of che Michlgen

Chemlcal Corporation (ELCMPDER, 19833,

144



that the source was Y:hely rhe Hichigan Chemlcal plant (Rice et al.,
L9E2) .

f. Saginnw Biver

Saginaw Biver sedimencs have been contacinated by PLEs Sram
induatrial and ounicipal dischartges. The MDRK firse sampled the Saginaw
Eiver for PC3s in 1971 end found concentrations ranging fro=m 0.65 a
5,36 mp/kg in settleable aclids from a station 1.3 ciles upsirear af the
river mouth {21ice et al., 14920}, Sediment somples were npd taken at that
time,

Ao Auwgust 1976 MONR survey of Saginaw Biver surlicial sedineata
found FCI concentrations in samples frem abewve the Saogloaw WWTF at BE
15,7 {Figure I1I=5%} and delow the General Morers Chewreler facllity at
Bay City at RM 2.E (Figure 1II-60} of 1.:8 megikg and 23 mglkg,
respectivelr, Additional sampling o sedimeats ftom Fie Sagivaw River
nevigation chanmel In October [97% was conducted by rhe U5, Army Corroa
of Engineers (USACOE). Sediments frem 48 statians (37 river, |1 hay}
located in the Saginaw River foderal navigatlon channel were analyzed,
Four samples exceeded the USEPA stendard far open warer Zlsposzal of
polluted sediments of M mgfkg POE Jey welght By LLE to 12.% mglfig {Rice
et al., 1YBUY. Three of these heavily concaminaced sices were locabad
near the City of Sagfinaw between FMe L[5 and U6 and ehe Fourte was located
near Jay Lity Juet below FM 3, The highest PCE concentracion peasured
during che Gctober 1976 pedizent sazpling was 72,9 ng/kg ac R 5.5
between the Eilwaukee Aridge ane the Haginaw WWEF.

B concasinacion fe not limited to the tederal! navigarcian channel.
A atudy kv Zdmands Iogloeeting iom 1973 of fwa scaciens at B 5.3 produced
data indicating a greater rconcentration af racal PCE adjecent to Che
navigatics channel thar within 1t; the concengragion of ICBe in
sedimenta from areas adjacent to the navigation ghanmel reached 5.9 mp/kg
while the concentraticn in the navigation chamnel was 1.4 =pfkg (Tigure
ITI-&l; Bice et al., 1980,

4 MDMR survey later in 197% examined samples {ram four tranzeccs at
M 2.5, 4.5 {Flgure III=60), 15,5, and L8.0 (Figuye I17-391. Ac BEM
15,0, upatream of tre Cereral Motors plants at %agipow, all samples fell
“wlew rhe deterscion limit of 0.2 mgifzp. At BX 15,5, downstrean of che
Zazinaw WWTF, two statlons had total PCR concentraficss abt or Iin excess
af 1.0 mgfke, with the cighest at 6.1 mglkg {Figure 111-61), Ac BM 4.3,
wpifretn af the Cenmeral Fotors plant at Bay City, two &Carilons itAd total
PCE econcentracions greacer then 1.0 ma'kg, with the bighesr ar 2,7 bx/hz.
ap KM 2.5, all five ctations had total PCRE concentruatians ac oF eXceeding
2.5 egfke, and ewo zcatione had high levels of 4.4 and P31 mzlke.

Tm a L97R LUSAUDE survey of zedimancs in the Seginaw River, Che chraae
highest surface sedi=ant PLE concentrations were found at scacfons SR-G,
%R-9, and SKR-7 (Table TII-32). Setations SR-% and SR-0 were just upstreas
nf the IME's sracion 2 and 5B=7 wee just downstream of scatlon 2 (Figure
T21-831., The only other ataticn to have 3 concantratden in exeess of
10 mgihyx tetal POB wan ESR-26 at 11.9 mglkg which was located Just
downstteam of the MDNR's Statien 4.
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Tabla TIL-3Z2.

PLE, DIbenzoluren and Pibenzodionir Conceccrations in Saginaw

River Sedfments, L9768, 1980 apd 1933 (USFWS, LG9E3),
1983
FCB

147E L %50 1016, 1221 1953 1987

Total Toral 12322 1242 s 2,1,

TCE OB 12485 1254 7,8-TCDF T.A-TLOF
Ttation img kg dmglhgr 1260; (mgfka) {ngikal (ng kgl

L G
SR-1 0.4 <L 015 K as K
SR- 1.2 - sh . -
R-1 2.2 1.15 2.0 [12ad) - -
SA-1A 2.2 2.8 5 pin - -
SA=4 22,4 011 D.4f  (124d) - -
SE=3 12.8 G, Fé5 2.1 [12&2) a3 0!
SR~ 5.5 - 7.6 L1242 - -
1.7 [(125G)

SR=7 12.2 4,365 6.9 [L2eB) - -
SR=7A 1.8 <N,.02 .55 [(EZGE) - -
SR-8 1.5 - L.t [LZaB) - -
SR=1 4,5 .13 J.12  [L24E) - -
SR~10 1.0 LI L [LZ4E) - -
SR-11 1.3 - 0,47 [LZ4E} - -
SR-12 ., ] Tak2 0,63 {L24E) - -
SR=13 .2 0,.60% Q.94  {L24E) - -
SR-l4 il L2 0,03 {Lia8) - -
CR-14A - 0,46 - - -
SR-L5 2.4 a1 XD IR0 54,
SR-[B L.3 - : Q.27 {LEaEd - -
SR-LEM - L.2& - - -
GR-L7 1.9 L.9 0.22 {1245} - -
SR-LA & B S| 0,62 (LlZ45Y - -
GR-19 7.h 7,78 1.2 {l24E) - -
&R-20 5,7 T Pl il24E) - -
SR-21 7.0 9.9 S0l {1248} - -
SR=22 &0 - b1 {LlraE} - -
GR-27 b1 - 4,00 {13148) %3 (e
SR-24 il 0,47 4,9  ©1248) - -
ER-Z5 3.5 &3 rz {1248 - -
L5-2% Ll.8 2.0 27 {1243 15 NA
Gh-17% 6.5 1,115 0,84 ©1248) - -
SR-25 1,2 5.8 1% 1248 - -
£p-149 1.5 0,44 1.5 (1243 - -
SR-10 2.0 0 1.1 £1344) - -
82-11 1.2 - 0,531 {1242) - -
SR=12 5.4 - 1.2 (1248 - -
SR-31 1,3 - 12 {1245 20 |
g2-14 6 2.1 - 2.5 (124d) - -
Sice |&) - - - A000 (19819 EGOO (193l
1 1.% - 0.6 (1242)
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The CZ2ACDE condugted a sedizent survey of 23 scaglons In che
ravlzation chawnel 1n 193G. The aurface sedieenc sample from SE=2., juat
vpatream of MDEE Statdocn 4, had the highest concentratcion of total PCG at
%.0% mg kg ¢Table III~32]1. The PC3 concentraetione at SR=&, SE=3, and SE-7,
the locatleona of the highesat concentrations in 1978, decreased at lessc
ar otdet of magnltude by 1980,

A 1980 Aediment scrvey by MDWE found che wost heawily PCHE
contaminsted aurface aedimerta from Bfa 5.0 to J.C in the Bay City area
tFlgure ITI-62}. Individwal samples at BXa 3.0 and 1.0 aurpasaed the
VSEPA stapdard of 10 mg/kg For cpen water disposel of polluted sediments.
Sediments cutside the pavigatien channel hetween B¥s 1-3 were found to be
lghly contaminated in the shallow areas cloaer to the ahoreldne. The
highest measured surface copcentraticn of PCE was 13 mg’kg at B¥ 3.2
[ECMPRR, 19653). 3Surface sediment PCR ceoncentraticns in the ravigatico
cirannel &t Dav ity changed little from 1976 to 1940<31 {Figures ITT=43
and III~f4). YHowever, o subsatantial decrease ceocurred pear the Clty of
Saginaw [(R+s 16-147, which may be ar least in part due to maintenance
dredging by USACCE (ECMPDR, LTE1).

Im & L%BY USACOE survey of surface sedIments, =zeveral statlons were
frequently among thoze witih the highest copcentratlons of conventicnal,
metal and arganic pollutencs. EBtaktlion SA=3, loceted nesr the Chevrolet
Modular Cascings Flent (Figure III-65), kad high levels of Falls, As, Tu,
Cr and Pb (Tables LLT-33 and III-34). Elte 53-7, dowmstresm of the
Sagilnaw wWkiIF, had che highest concencraclons of PAHs, total P oend &s, as
wexl as elevared concencracione of Tuw, Cr, P2, N1 ang Zn. Location
AE-26&, downstreas of the Ceneral Motors Cheveolet facilitv and the WwilF
ir. Bav City (Figure 11I-AG), exhifbited rthe highest concentroations of O,
Cr, Fe, Pt and Ni. Station SE=-26 wee aleo the site of che biighesc racal
PCB concentraticn, 27 mgfkg (Table 1IT-32). Other bBigh POE concencraclans
were found at 5R=75, S5B~28, Bnd SRE-33.

High levels of cootaminants were found In eediment cores collected
in the Sagioew Biwver [(Figure ITI=6T7) in JYB0 - [961 by Kice et ol, [19E3}
st two ataticns near and below the BHay Citv WWIF outfall. The PLRE
coettaminaticn exceeded 100 =g/ /kg between the 17 and i5 cr depthe at
etation 312 acd between 10 and 30 cm at atetion 33 (Figure 111-£8). The
PCE contamination was found as deep as 40 cz and pany ceores did not reach
uncpatafoigated sediments deapite efforts to obtain deep cores (ECHPDR,
198371, Conceotrationa of PCE exceeding 300 mgfkg were Jdetected between
25 ard I0 cw at ataticn 32. Sedicents st Statdion 32 were also heavily
polluted, based on the USEPA Creat Lakes harbor sediment rcliaseification
for gpen water diaposal of dredge apoila with A=, C4d, Cr, Cu, rFe, Fb, ¥n,
Zn and @#AHa (ECHPDR, 19E83). Copcentration profilea in other cores from
the Baw Citwy aren show aiwllar depth patterne, but have lowar maxiwa,
racging from 5 to 114 mglfkg PCY (ILCMPTE, 19B3).

Ar the Clcy of Saglnaw, core analvaea show algnidficantly lower PLE
concebttations fmanima leaa tham 2 mglkg) aod lesa vertical change
fmarnima Betweer 20 and 35 ewm), with oo conelatent comtamination pattern
presopt (Fizure 11I-6%). At statieo 70, below the City of Sagioaw,
sediments were alio modevately te heawlly contaminated with A3, Cr, Cu,
Fe, Fby Mg, 2 and TAHs (ECKFDR, 19E3). In chammel border areas at both

1%
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Teble III-33%, Saginaw River Kavigatien Chaonel Scdiment Cenéentrations
(mg kg af Selected Metal Favameters, 19383, (USACRE, 19331).

Sration AE T4 r Zu Fe Hg My 2 Pk Zn
: P | N 23 39 G900 - 2x00 1z 21 106
2 3.4 1.9 L3 |2 &, 1N - R} ) 10 £
a 14 2.2 a0 74 24, 004 0.2 Al 36 b =

1A q <0.14 24 o 23,000 - 1,000 z 5 &4
L G5.1 1.2 x4 3a i, 000 0.2 g L4 Fh 221
p) a.49 0.4 12 a5 ty, 00 a.2 Byl Ly [ L1
& 12 2,2 9t a: 2,000 0.1 Gz 36 25 z6d
v My 27 110 L TH 21,00 a2 Eyall K1 7 4

h 8.1 1.2 a4 17 1,000 - el 1] 22 45 3La
2 |2 1.5 33 al 19,000  4O.1 bill 27 41 2R
9 5.7 L.a iz 16 11,000 n.2 io i 2k o0

1i 0 1.8 L 7 21,000 c.3 LU 32 34 330
LL L 1.2 b4 2 a, 600 - 1o 15 20 1506

LF Lz 2.0 EE) &0 221,000 n.1 a0 a3 fid kel

L3 e.1 L.7 56 4% 15,000 - 150 2 i3 270G

14 T - 4l Xy [ 3,000 o1 110 23 21 140

L5 Lo - | B I [ 6,000 - 420 12 11 Tan
L& S.4 - L5 15 a.10a - 180 14 11 110

LY 44 - i A 7,100 - 150 z 1 130

LE 5.0 - L& - 9.0 - 210 14 18 110

i £.3 - 11l - L4, 000 - s 15 AL a0

2C 5. - 37 - &, &30 oz 200 18 il 120

21 L) - zq Ld 9,900 - 00 2z 25 180

22 T.3 - Lo 9 LZ.000 o 114 18 5 14

23 d.4 - 15 ZR L4, 00) - 3la Zh i3 S0

24 .C - gL LY 20,000 - 4710 35 i kR0

25 .2 - 1o va 20,0400 a.2 4bd] 22 fil 10

26 aF 3.5 180 1l L ITH ] a,2 :1.11) By o6 300

27 9.7 - n g 16,0040 - JEC 20 3% 250

24 9.k 1.7 75 LT 12,000 - .o <l fuly ZR0)

25 14 2 G 31 17,000 - SL0 L5 T2 550

a0 14 1.2 ! 0% 20,000 - 300 3 5B 401

21 14 1.2 &0 an 24,000 u TE0 =0 B >6d

az m 1.3 7 71 21,000 4.3 490 32 13 330

33 L 1.2 24 22 ML - Lon 5 20 L350

34 12 2.0 a6 210 22,000 0.1 350 33 G sl

35 9.1 L.7 FL: a5 15,000 - EklH 25 33 2k

34 Ty - 41 52 13.000 0.1 KM 23 29 140
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Tuble IT1-34, Zaginaw River Kavigatlon Channel Sediment Concentrecioncs
(g fkp) of Seleered Canventbonal and Orgenic Parameters, 1983
CC5ACOE, 298317 .

Statiom Tatal P TEX hAL Fhenol =
H U L. 50 £90 -
2 l1ac [ Jalili] 444 [ I
1 G40 L, 900 3,210 n.zl
3A 330 2,440 3N -
& 5S40 WE 3, LI -
b 71 Z2,E00 2,300 -
G 790 970 2,700 -
7 L 2,600 bZ,a00 -
TA 8o L, 200 aLd -
& a0 L. tao 2, 8041 -
g Jab L2411 & Q5 -
0 aI0 b, GO0 3,300 -
- Lal I . 4100 1,60 -
E2 a0k a2, 600 2,540 -
3 il &, H0Q 2,004 -
14 L I 3y 0l [, 500 1
15 QL &, Gond - -
) 2an LA L - -
7 220 3, 24 - -
13 2A0 3 ) - -
1% 0 &, 5040 - -
o Jag L, 200 - -
e | 350 760 - -
22 330 b, R - -
23 NI B2 - -
24 L,acc 2,20 - -
a5 b, Al IR - -
25 Tart L, & - -
7 BiG 3,304 - -
g qal &, 70 - -
29 Q50 S B0 - -
a0 b, 20 & RN - -
K G 4, b - -
2 hEO Ly a0n 3,304 -
31 460 1, 0040 1, 600 -
34 apn S 800 &, 60 -
35 o 4,19 2,004 -
3n a0 3,500 L, 500 L
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the Cilty of Saginaw and Pav {itw, the grcatest PLE concentrations were
2elow a degth of 10 cm and were thercfore not in the active sediment
laver, which sheould render them imrohile TRice ot al,, 12600, However,
navigatienal dredgzieg in the chaonel and scouring effeces by che river
lt=zell in the Zorder areas couwld potentlally re-expose these contam{nefed
cedIlments,

High levels of PCH are present neart the cutfalls of twe Jadustrial
facilities that discharged cortemimated wagtes to the rviver: the feaneral
Mators Central Fupdey In Saginaw, amd che General Moters-CPC plant in Bay
Ciey (Filgure III-70%, Ir addicfon co discharglog directly to the river,
chese espahlishaemes a2lxa senr coaramindabted wastewater Eo thelr
vespective WhTPs. Like mosc WWTPs, the Clty of Sagieaw and Dav City
Tacilicfes were not designed co crear halegerated hydrocarbons or high
concencractons of neavy metals, &n¢ contaminated wastes were subsequently
discharged to the river from chese sowurces as well., Although the highest
concentratlong af PLCE were near rhe disckavge ouwtialls, mixing across the
charmoe]l and wpagress of che auelfalls also oecurrad.

2, Bagioow Hay Sedicents
A, Repesitiun Rater

Puring the peried 1975 te 1978, sedloenc cores and grab caoples were
chtalped {rrm geer 100 sites 1o Amnery Sagimaw Bay whears fine-prained
gediment depeoalts oeccur (Filpgure 1711-72Y. Sedicents were not collecocd
from the cuter hav hecsuse guter hay sedicencs conalet primerily ol
coarser materlalsy such as sand, thac temd oo not adeorbh contacinant
materials (Hobbims. 1986],

There is an extensive mud deposit, coverismg approxizacely 00 ke®,
in the inper bay. 7The depeslt s ip the deeper waters followlng
batbvmetric contours, and 1s skewnd coward the western elde cf the bay in
challower waters. Mud depositicn cedocides wleh bay current patterns,
which are Influenced »y the (aginaw Biver apd wind dirvecticn (Robbine,
19E6%. Towsrd the center of this depesit, the clay ceoatent exceeds 307
{Figure ITI-7i}, with the mean grain sire ipcressdng toward the margine
of the deposit (Figurce TIT-T11,

Vertical digtritutions of radiemuclides reveal o zore of constant
pixing activity that extends Erom che Sﬁdimhﬂt-waE35 interface toc depths
ranging from 1O to 75 cm. Maximum depoxition of Cs orecyrted dn
LYbi-64 and, due to Its short cesidence cime 1 the water colume of
approximatel~ one vear [Farry, LY7); Fdgington and Kebbics, 1975], should
be obcerveble as a distinct peak In cores “hfﬁﬁ sedimeecaclon vaces are
moderate to nigh [(Robkine, L98I). Vertical C& activicy profllea in
Eacinaw Bay cores were uniformly hiigh In che top Few centlmetetrs and then
cerreaped o near detoction lewvels {Hohbing, 19601, a4 paccern closely
related to macrozoobenthas vercicel cdlsceibmeions {Flgure 1II=-74}. Lhen
the values for the depeh co Which 0% of che macrozoobkenthos occurred
I;EEl henfg?sj were regressed against the veloes Tar che depeh co whilek 907
af Ehe £a accurred (2. 051, deiined uas the mixed layer by REobhhins
(19821, there was a nearly 2inear relatifonship (Figure ITI-753. This
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telaticnship 1ed HhiEE?Et al. (unpublished) rtao conclude that the vertical
distribution of the [x peak could be ascribed almost entirely to
bigturkation processes. Hobbins et al., f]ﬂﬁ&g,and Krezoeki et al. [ L9E34)
kave demorstrated similar redistributionm of '~ 'Ca layvere in Isaboratory

nd ey e et m

Matd wf White ¢t al. {unpublished} show thet tubhificide are & prime
agent in wixing the surficial lavers of rmuddy deposies. Meny of the
heavy metal vertical pfniiiﬁs (wr Jaginaw Bay (Robbine, 198900 iollowed
the same pattern asx the Cy proliles, stromgly suggesting & cocman
facter of Meturbation (BEebbips ot al,, 19757, w%®hile Tine-grained
Aedimenta of tke iooec bar (ynetion oz a2 sink for contaminants,
bictutbaticn processes of tubdficids and agher cacrozeohenthos cay
relesse chce-depcalted nateyials hack ineko the overlving =aters.

Lead-210 dating sugpests sedizentation rates in Saginaw Bay ranging
from about 0.0V te 0. 2X4 gi:miﬁyr (Esbbins, 19867, This egfi—agpe af
sedimentaticn rates was based oo the assy=peleon chat no diffusive mlxing
ceeuts below the mixed zooe. Highest rotes aseur covard the southeestorn
end of the deposit and decrease wigh distapes froc Lhe couth of fhe
Jaginaw Aiwer [Figure III-747. The residence cies of a parcfcle wighin
the mlxed laver of Aediment 13 approxicated by che ragio of che elxed
depth {gftmi] te the sedi=entapion race (gfcmzfyr; Robbiing, LWE&}), This
varies within the mud deposits of the inner bay and rvacges feem | [-E0
vears,; vith o Seop value [or the cores cxoclpned of 30 weprs {Hobbins,
19867,

k. PCQHEs

Apprndizately 3.7 retric roms of PCH weeatn fn rhe acefve sedinent
in iooger Saginaw Bay (Efchardgsom er al, 19827, The Sagginaw Fiver and
aimagpheric depositilon contribure ahout D4 kgfday af PCB fn Saginaw Bay
(BEiclhardaon et al., 1983). The highese PCE concencractonzs [(0_H25 ro
0.%08 mz/kg) were foupd in the seurhuesiern end af che frmer hay eod
deposit (Figure 111-771,  The USACDIE pmalyvaeed sediment sabples from che
nadigatien charnel] 1n Saginow Bay off the couth of the Saginaw Blver In
1974, 1980 and 1983 and found saxicun FUE foncentbations decrénsing Trom
S, mgplkg io 1998 te 2.9 agfkg in 1980 to LLf mpskg In JUED (Figuce
111-¥8), The L'HACUE sedirment sarples were compogite sacples collected to
a depth ol approximately 10 cm. Eoth the USEES and USADAOE data suggest
there has hoen 2 deécrcase in loads of PCE o Saginaw Bav.

c. etals

Surlace concentrations of metals were icund Eo be consisbently LOver
in Saginaw #ay rud deposits thao in open Lake Wuron deposits (Robbing,
19807, This 15 due beth te the reonstant dosm=ard rewvorking of eurfare
materials by zechbenthos, and te dilution by inert cateriale. Relative to
undetrlving sadiments, the contaminant metals are highly enriched in
sutface materisls and far exceed the excess elecent accuculation in
deposits of open lake ZEuronm.

Calmg U5EFA criteria For polluted Great Lekes harbor sedicents
tTekle II1=-191, sedimemts 1o the 1amer bav with Bverage concentrations of

10
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Ar af 16 mpflhg and Ba of 422 mgfkg (Tohle L¥1-337 would he categoriced ac
bzavily palluted, Sedimernts with average concentrations of Cr of

63 mgfkg, Cu of 25 mgig, N1 of 32 epfkg, Ph oof 45 opikg, and In of

96 mg/ kg would Be classified a3 mederately polluted. Cadmiuc (2.6 cplfkgd
and Ha {0,0% mg/xxy wowld be comgideced tn he at non-poidluted ilevels.

The spacinl discribetion of Od, Cr, Cu, ¥i, Pb and Zo in ifoner
Sagpinaw Bay are presented in Flgures 111-79 through 1:1-34, The arcas of
Inner Saginaw Biay thar hawve che highest copcentrvativns of setas ore
aszociaced wicth sedimencs chat hawve the highest coentent ol clov-size
perticles. Chromlium and Pk oare the two moat abundant =zetals in Sagfnaw
Bay [(Table III=35), followed by M1, Cu and Zn (Robbins, 19867,

21



Tabla 1I1~35. JAwverage Uoncentratioms (ogfig) of Marals In Surface
Sediments of Inner Sagivnaw Bay end Southern Leke
Furps, 920 fHobhins, 198a8).

Locatlon

Hetal Zaglnaw By Lake Hurcn
hE ) I

Ga 417 432

l:d Z.G &, oy
Cr K BB

Cu 25 37
M 0, 050 0.235
Ki 1.9 504
b 43,1 736
Zn #6. 3 116.2
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F. BICEALGTLAL TOMMUSITLIRS
t. Phycoplankeon end Chlaropivll a
&. Phytoplankoon

Sovchern Take Horon cancafns a wlde varfety of phytoplankton
aecezblages, ranging Irax chase argociaied Wwith oligotrophlo weters Lo
thaose cherecterietic of highly sutraphie wacers [(Scoereer and Erels,
L3930}, The ofishore warers of Lake Huran are generally elessified as
aligotrophic, while the fncerfece waters of Saginaw Ear have been
clagsifics as eutcophic (Krele et al., L9ES:,

Flity percent teducklons Inm fluvial phoaphorua Inputs fo Saginaw Bay
between 1975 and ]978 produced qualicacive chanpes I che phvcoplankeon
{.ora of the bav (Stoer=er and Thertfar, L¥E3; MeXauwghe er al,, 19837, By
LYBl, reduction In fluvial Inputs resulted 13 & 24% decredse In avallagle
orthophosphete for phycoplankcon groweh {Melaughe et al, . 1983, Tre
mast nobtlceable conceguence of trheae reductleoss was o dJecelioe o the
apurdance apd range of dispriburion of many Apecies of polsance
blue-grasan algse In 19B0, when compared o populacfops fram LS74-|9TE
During the esrly 1970z, thece popularfons were assocfaged wich caspe pod
odor problems at weter ffleretion faclliclies rhat drew rhelr supplies
from Daglnaw Eay [(Brateral &t al., L1977},

Certaln entrophlic-roleranr diatom populaclons rhag had bean §
dominent element of phyroplackcon hiobags In the %y Tros [374-1976 were
alao wirrtually elimfnated as & resule of reduced phagsphotus
roncentracions in 1990 [Stoermer and Theweior, [9EY)Y . For evarple |
Actinpeyclus mormanmi fo. swhaaleas wiaz found at a4 limired numhar of
statrfona and elwaya at low ebundance in L9EQ, vet 1r kad bean o
subdominant spectes from 1974-76 (Groepmetr dod Therior, LPE3Y. Thrs
epecias has high papularfaon lewels 13 avens af che Grear Lakes rlue ape
very eutrophic, end ic fx rhoughe Ea he an Endleatay of sugrophfcacton Ln
the Sreat Lakee evater [Nolhn, 19697 . Sieilay spactes redocrions were
noted In the ebundence amd diseribuctfan af otker diagon species char also
opcur undey gIroesly polluced comdicloms, sueh ar Skeletomesa spp.,
ITkglacsiosira spp.,. Staphanodigeus hinderanus, and 5, cenois.

From L976={970 chere was 2n bondapee of many Lappe—sived, nopmally
benthic, Liator apecies fn the plankcan of tke lhay (Scqaersmer ond Therior,
POE3Y. This group of diacome included ceveral specles of Surivetls,
Cycetopleura, end large benthic apecfes af LWfrzsehia. The levels of
nuerient gnricheent En Saginaw Bay from (974-1976 allowed these 2iatox
paopularions, which atve vsually resceloted £a L mutrlent-rleh
environpent of the sedimenr-warcer tnfeeface, ta fhelve in plonkecan
gsnemblages [(Scaermar and Theriarc, LOR3).  These distom papulagioms
cateributed substamzZally ta che rotgl celb wolvme of plankton
communlcles in Saginaw Hay from 1974-197A even chough they were not
present In prear nuomericeel abundance [(Stoerper ard Therior, 20A3). The
Invasion of plankeon assenmblages by benthi¢ diatem populastlons under
condipionsg af high nutelent loading seems to be wrique to the Great Lokes
[Stowetmet &f al., 1%74; Bolland apd Slaflin, L%¥5; Stoecmer and
Spevenson, E9801. These large populations were a very oinor cosponent of
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the phytoplankton scsemtlages sampled dn 193C (Stoermer and Therine,
1957},

qot all pharvtoplankton populaticns have decreased 1o abundance in
Sagluow HBuy., The greatest relative change in sbundance was found in =aze
! the gmaller species of Cyrclotella, which typlically are companents of
the Aammer Tlorl of wodisterbed regleons of the Creat hekes (Stoer=sr,
1975}, lo 1980, thesc specles became more widely distributed and
lecrensed in abendance in Faginaw Bay (Stoermer end Therdiot, 1943).
Withiz chid group, C. comepsis 14 numerdcailiy wost dmportemt.  This
specles has enly recently become a major conmstituent of the phytoplanktan
flara 1o rhe Geedr Lokes (Steermer and Therdot, 1983). BSefore 19790 it
wasd pecaslenally found in samples from offshore statioma in the upper
lakes, but seldom in signdficant abundance {Stoermer end Therdot, 1033 ).
Eince them 1f has become dominant 1in the offahore flora of Lake Huron
threls et al,, [%E5), In lake Hurten, it 15 particularly efficient at
gillica wvgtake and 15 foupd mest often at stations having relatively high
nibrabe concentrations {Stoetrmer and Ereda, 19&0). Although 1t was
previously exdluded Ltem ZFaglnaw Rav, 1t was an important element in 1930
aasemnblages [(Seowrmer and Therlot, 19830,

This shift te an Lncreased akbundance of armall=celled specles aof
diatoms fndfoates & toernd toward cells of smaller wolume dominating the
flova of cthe Suy {S5coermer and Thetdet, 19830, Ewven a szell reduction in
principle dimensian: results in a large reductien din biovelume. The
reduckios 1w blovelume of phytoplonkton communitdies dn the kay in 1980
decreased more drawmatleally thog did phyteplonkten nevohers (Eteoermer and
Thetriot, 1%E3). Thiz marked change to smaller sperdes probabiy indicates
a fgelcker eyeling of nettlent pocls in the hay by large numbers ot
plec—planktornie orgaptsims (3toermer and Therdet, [983)., Parts of the
Great Lakes ave vich 1 prokarveric sod evhavverle phetesvothetic
otrganisms which are Tess than | micrer 4o size. Although this component
of che bilora bas et beer well studiled dn the Great Lakes, lirdited
ehagrwirlons Suggést that they are most abundant during transitienal
reblods Setween one nettient cveling regime and another.

The abcence of & spring dlatom bloo= wae noted dn 1980 zacplee and
wus & Pejor departure frem 1974=1%7% condicdona {Stcermer and Theriok,
19583, Dwring stedles from 1974-1978, there was & 18rge spring bloom
dominaged by lierge spesies of 3tephancdiscus and populatione of
Fragilaria capucing (&reermer and Theriok, 1983). The bionaes
conteibarion 5y the large specles of Stephanodiscue was lecking during
1940 since the spring diatom bleom did oot develop (Stoermer ang Theriot,
19831, All mater phevteplanxten groups, including distoma, continued to
Incredde te a seasonal maximum reletivaly late fn the vear, and then
declined during the late fall (5tcermer and Theriot, 2983). There was no
gppartent explanation fer this drastic change in aucces2ional pattero 1o
1930 (Ztoermer and Theriot, 1933).

tazdng pressure io the early sprdmg could have depresaed population
Tevels of those diatom species eariy Zn the epring end consequently,
tecycled nutrients were sequestered by the leae efficilently grazed prean
and blue-green speclas aa the aeaaan progrerged (Stoer=er and Theriloc,
19831, Alternatively, late-seaacn diatom paopulatioms could have been
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suppocted by nutrients relesgsed by che zediments Juring the seummer
[(Stuerzer angd Theriot, LYE3). Boch of these mMechanlsms could have heen
aperacing ftn L9230 and it Iz pocssible that therve will ke o loag perded of
tnstahllity befare the ecosvstem of the 5ay adjuscs to Its new noutrient
Taad regice (Stoermer and Therloc, L983),

The tesults of Stoecmer armd TReviet (19583: 1%B%) iadicate that the
2irect cilects of phosphorus induced phytoplacskten eecrproducticon in
Saginiaw Bay on the rest of the Lake Hures ecosystem has beer considerably
reduced,  Uawes stil] exist wheve populacions geonerated in Saginow Baw
are cransferped out of the ey proper, bur 1t appears that the extensive
eranspart of eutrophicetion tolerasc populaticas, which eccurred 4in 1974
and L9TE (Hehelske et al., 19745 Yreels ec. al, 198%), docs met oocer
caday [(Sgaermer and Therlot, 1983, 1585),

Certaln eepects of che flova of Wildfewl Bay and ak Felrt {statdons
34oamd &4 regpectively, Flgure III«B5) were highly ypusual kecpuse these
sparfoné sSupported lecge 2looms of the srekaryote Yelenena sp, (Steoermer
and Toerlot, 983, This organlsm 13 achlerotic and =ase of its
relarives abe found ipm highly orgaeically enriched aad gevpen depleted
envlrortments {Stcermer and Trerilet, 19831, The wplgue Elora of this
efstern reglon ol the Sagipaw Bav coast led Scgermer aod Therior (P23
o coclelude that the combiration of reatricted eirculation, leads
cransperted from the southern part of the bav, and local scurces of both
aebrient and orgamle loadings sevevely affected this region,

Degpite the fact tfat the results of Stoermer and Theriot (1933;
1285} show that there has been aukatantial water qualiLy improvement n
Faginaw Ray, gome major proilema remain. The phytoplankroon flors af the
Lay s01ll contains large populations of diatoms, green and blue=~gresn
alzae rhat indicate evtrophic or disturbed conditilona (Stoermer and
Therict, %83}, The seascnal cyecle af phytaplankean abusdance (Figure
TT7-8&) apd majer group dominance (Figure TPT-A7) during L9890 re—zined
more typlecal »f a hwpeareutroaphic ayste= than af oma char wasz halanced and
¢f firdantly productive {Stoer=mer and Therloc, L9E3).

b. Chlorophyll a

Chlercphyll a hae tradicfanally been vsed ag an [ndicator of
phvtop.ankton production in netural wacers. Hawever, exaoinncian of 1924
field data from Saginew Sav indicaced chac chlaraphyll i Eaneent et ong
wara Inconsigtent with phytoplankcan ecell voalunes (Dalan et al., L4THR),
The chlerophyll a to blorpass racio for Sagisaw Biy was pat canstant
throughout the vear in 1974, but rather wag analogous to the specles
succeaaicn in Tany euwcraphic wacers, Tirgt diatoms dominate, then
blue-greens predominate, fineglly JAlaroms ecfarn (Dolan er al,, [9TRF,
Therefore, chlorophyll a and phrecoplankron cell woleme concenteations
(bioresz] canmot be consffered egulvalent egtimetors of phytoplankton
abundance in the bay (Dalan ec a)., L9778,

Thlorophyll a concencracions 1o Saginaw Bav have historically been
nine ti=as higher chan levels fn Lake Huton [(Schelske and Rork, L9735}, a
relacfonehip that sEill exfaged In 1984 {de¢llson et al., [%5&),
Chlocophyll 8 concencyatlons measutred 1 Sagizaw bav in the spring and
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Tall of 19%4 gheough 15E0 decreased algnlficantly in hoth the inner end
aureyr porcions (Blermer et al., 1%E4}. Decreases in spring and fall
chlaraphyll a concentrarions over this pericd were 334 and 1% fer the
inmer bay, and 28X and 07 for che outer kay, respectively {Blerman et
al_, 984},

fhlorophyl! a concencreclone were generally higher and more variable
in the inner bav than in the oucer. Ipring and fall chlorephyll z
concentrations in the inner hay hetween (974 and [980 were Lighest o
1875 ac 20.¢6 and 29.) ugsl, respectively (Table I101-30}, The lowesr
chlorophyll 8 Jevel measured 1o the fnner bay, &.! wefl, accurred during
the spring of 1479. The wmost recent dete svailable for chlarophyll o
concentrations are from 1Y&% feor Saginav Bay, and 1983 far the Seginaw
Zay-lake Huren dntetrface (Nedlaeon et al., I19B6). The area weipghtod ceen
chlorophyll a8 concentratien for the bawy was 10,1 ugsfl in the spring of
17384 {¥edlscn et al., 1986). 3Jased on 1Y84 ppring measurecents,
concentrations of chlorophyll B dramaticelly increased {rvo= the mouth «of
the =av southward teoward the Saginaw River (Filgure T17-837. Sur—er [9E5
chlorophyll a data are availakle enly for the Saginaw Bay-lake Hurom
interface, where levels reached 2.0 ugfl (Nedlson et al., 1938,

¢. Trophlie Ltatus

Chlorophyll & concentratlons have been used an 1ndicator ol trophic
sratua and criterla For evaluating trophic stetus based oo chlorophyll
have heen developed {Ta%le III=-37). The 1980 chlotophyl! & comceatration
For Tuner Saglpaw Bay of 12,7 wg/l {Blerman et al., 19847 fgll within the
eutrophie pange of all clessiifcation schemes. The spring L9834 area
welghred mean chlorophyll 8 concentratien of 1001 ug!l [or che entire bay
(Meilsor e al., L9WEG} fFell wichin tne evtrophic ringe of three of the
Five sefs of criceria [(XASSYAE, 1972; Dobsen et al., 19743 aad Carlsen,
LaFTh: and WiLhin cenatrasphle range for twe sets of criteria {Sazamoto,
966 USEPA, L9E1D.

2. Zoaplankecon
A, Harffery

Kotifer apeciea in Saginaw Gey have been analyzed wvsing ¢ luster
analysila to identify stations with sizilar aseemblages; statioms wigr
rixllary azsemblagea wera then grouped into iowr major sub-reglions whicn
define sajor water =asaeeg (Stemberger &nd Canmeon, F977; Canmon, F96L.
BEofifer specles assemblages aesoclated with eukrophic environzentes <ere
Mfouand predoxzimantly 2o groupa T and T1 (Saginaw Biver drainage basin and
the shorves ol Saginaw Ray: Flgure T72=39) in !9%% (Jeble IT17-36). The
specles conposition in group ITT (offehore ftnmer regfons ol Saginas Bay)
vpflecred Fackera asaociated with the mixing and dilucionm of inshorc
watera with Lake Hurcn ¢Stenberger and (aomon, 1977). Growp BV (hevand
Alabaater off the eastern shore of the bay and baevond FPE. Aux Zargues
extending inte the deep open watera of Leke Huron off the westarn share
of the baw) was compoaed of acme coldwater stenotherms and was rellccrive
of cemrunltiea in the oligetrophic areas of the lake (Stesherger and
Gaeneso, 1%717],

2%



Tahle 1171=3A.

Seasomal Average Chiorophyll 8 Compentretions (wgfl) for
loner Saginav Baw, 1974-1030 (Biercan et al.. 1983},

beason

Yent fpring Fall
1%74 0. 4.1
1975 11%.5 19.49
1974 1&%. 4 26.4
a7 - _

1a78 L4 .0 14,1
19719 .1 12.4
L9EQ 1z, z 12.2

Tahrle IT1I-37.

Chlaropkyll a Trophic Status Criterda (LTI, 19631,

Chloropivl] & Concentegtion (ugfl)

Trophic Cakuzatno MG FNAE Jobaan Carlaon CSEPA
Tomdizian [.906) r1as2y [LB7a) (L7 [19BL>
Eutrophin La=-Lar =in E.8 mh.R bl
Mepotrophic 1=13 =10 &, 3-fi_E Z.6-h.d 7-.1
Cligntrophic ".3=2.5 0n-4 Mm-d.3 2.4 o7




rigure TII-EG. Tntegratec (J=20 =) chlovoptyll a levels [ugfl) in
Saginaw Day, Hay,. {784 (Neilson er al., L3EBRY.
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Tohte [11-3E. Abundance (mean number of individwals/liter} of Zelected
Rotifers and Mean Surface Volaes of Selecced FPhyslochemlcal
Varlabler in droups of Scactaons Ddentliled by Cluster
Analysia, :97% (Gannan, L9261},

Grgups

Taplc 1 | 3 ill Ir

Gpeciec
Erachionue spp.® 140 o 0] <l
heratalla cochlesrfs I. tecta™ 170 13 1 <l
Conochiipfides dossuarius 150 4 o n
Filindle longlieatan 14 213 I 12
Poopholyx sulcaka® LL 12& 14 7
folvarera wulgeris 20y %25 13z 51
Keratelle cochlearis 143 L34 102 =l
Conochilus unicornis <7l 19 17 27
Kelliccttie lenglspina a 2 Ll 25
Motholea epp.m® 0 L <L z
Te:eal reotifers L.lan L.972 G2b il7

Phyalenchemical Varlacles

Seachl dise [m) . L.z 4.1 E.1
Temparatere {°Ch 23,1 23.3 20,7 19.4]
Chlovophyll 8 fugfl} 7.1 iBLE 2.4 q.h
Cpacific concuctance {umhaogsiomd GAG. 0 227.0 228.0 2110
Oissolved phosphorus [ugl/l) TR.5 [ ! 5.7 L.
Armonia-nitcogen (ug/l) 121.0 53,0 41.0 100
Chlovide (ug/l) 119.0 34.4 11.9 6.3
ko. Scacionaforoup &4 17 0 27

S
Futrophic indicacor apeciles
*ik
Czld water stepother=ic species
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Gifferencea in rocifer species composiclon and abumdapces withino cach
EToup were reflected In differences In Lne measurements of the
phrelochemical environmene (Table LII-38). Growp I [(Sagimaw Siwver
drainage basin) had the lowese seccil disk fepth (0.4 wm), che highest
temperature (23.5 C), the highesc concentration of chlorophyll a
[(537.1 ugsl), the highest cpeacific conductarce (£36.0 umhosfeom], Eke
higheat dizeclved phosphorus concencracion (58,5 wgll), che highest
arzonla-nicrogen concencrablon (L2000 wgfll, and the higheste chleride
concentration (119.0 uwgfl) af all groups neasured for chese
phvelochemical veriables inm L9974, These bedsurements reflecc the
eutrophic condicions thac were present In the bay In 1974, Groep I also
had the highest deneitiee (no. Individval rotlfersSl: for three of the
five rotifers lieted &5 eucrophic Indicater specles. HMeasurements of
group LI (shores of Seginaw Bay) physiochemlcal parameters alsc veflected
eutrophic condicione in L9744, Groun II kad the highest reotlfer densitiea
for two of the five rorifers lisced as encrophic ladlecaror apecles,
wothowcEe 9pp., & coldwarer stenathermie roacicer, was only [ouwnd e greuaps
ITY and 1V where msasuresancs of phvaiochemleal wavianles 1o L9734
Indicated =ore clipotrophte condipfons.

Statlon cluscers char resulged Trom che wse of phvsfochesical
variables (Figure TIT-90), revealed sraclon groups beaelng scrong
sieilardties {o ooes pbeatned from roctfep dace (Figees LLT-E9) . Results
tay have vevenled a righe coupling of rocifers o chelr phystackemtcal
enviraon=ent and indicated the ieparcance of crese organlams o5 Indleators
of water quality (Setemberger and Sanmon, [977).

Data collected io 1974 revealed Sdariner diffarencos In tha
comepcaltien and abundance of rocifers between Seginaw Bay and southern
—dke Hurcn ataticne (Ste=hergey and Qaonom, 1977: Ste=mnerpger et al.,
193491, Theae differences were qualiracivelv rvelaced o differences In
trophic conditicns, augeesting a strong velationship hecwean ratlifer
communlty compesitien and the environment (Stechergey et al., LF79).

I 1%74, based e rorifer docs alone, che grearssec Inpace of Saglnaw
Bay waters on Lake Hureh cecurred aloog che wesravn shove af soucheen
Take Huton immediatelwy Eelow the mourch af che hay (Srethavear ar al..,
1979y, Several specles, such 88 Anuraeopsis fissa, Brashionus app..
Concrchlloldes dessuarius, and Eerstella Eﬂghlearié f. cecra,. thar
veeerted only at statlona e or near Sagimaw River, are pofencially
valuable eutreophic ipdicaters (Stewberger et al., L9790, Alsa, cercaln
celdwater atersthermal apeedes, such a3 MNatholeoa laurenciae and Svachaecs
asvmmettica, are useful as eligotrephic Indicators, bug noly duriag
perlods of thepmal seraciflcation (Stemherger e al., 19797,

Eetilecan reoplackton responded dromntically ro putrilent diversion
in che bay wicth substancial decreoses in Lotal) rotdfers ond predatory
regifers between 1973 and 15930 (Mékought et »al., 19831, Total numhers af
robtlfers decreased 3-feld betweer: 1935 and 19280 (Figure 111-%13 XcMaughe
et al., 1983). Predatrry rotifers alsg decreased spbscaopially, which
ledicared char o lower predatery orgonism had responded as predicred to
cuttieat limitacion (Moboauwght et al., 19831, Predotory rogifers provided
subsrasntinl evidence that Saginaw Bav 1s ropidly respeooding to decroosed
netrient Tevoels {MeNaught et al., [983),
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Eotifera of the genus Brachionus (8 epp. In Saginaw Haw, alang
with the rare genus Anurasopsis, which was ahsent during 198027, have been
used as eutrophic imndicaters {Mckaught et al., 19331, Thease eucraphic
indicaring rotifers were expected to be mere comzon durdng 1974 than
duting 1940, wet oo algnificact differences were ewvident, within fone
atandard error, batweam 1974 and 1920 populations ol putrophic rotifers
ir segmemnts 2 and 5. The ewtrophic dndicater Eruchlinous (Anuraecpgis 414
cobt appear ic 1980) did pot respond to cither the reduced oorrient levels
that occurred during this pericd, or to changes 1o phytoplacdcon
sopuletions (McXauwghe et =l., I963}. Thos, Brachiobws did oot respend to
whar was cleerly reduced eutrophy, probably becpunsxe 1rs food resourcer
[Including detritus) had not decreased substantially in che bav {McXaught
et gl., L9EI).

b. Cruatacesn Zooplankton

Eutrophic wetere 8re charecterized by tomcunliies of cruacacesan
zaoplanktcn asgoclated wikh <erm watere, ans related assemblages of algae
ard groups of predatory fighes (Mchaught ct al., 19807, Certain apeciec
ef cvelepodd copepoda and cladocetane are typleally considered eutraphic
indicatera and were found in abumdance in the inshore waters of Lake
Huron and particularly 1o the mouth of Saginaw Bay in 1974 (MeRaught et
al., 19307, Calancid copepods are thought to he eore ocligetrocphic
crpanisma thar the cyclopeid copepods (Kohaught et al,, 1930). All
calapoids were found offshore and the mest cligetroegphic calancid,
Dlaptomes sicilis, was mest abuzdant 1o the widlake regiom in 1974
iModgugse et gl., 19803, The calancid Dia;tﬂ@EE airilds ard calanmoid
copepads have generglly Peen weed o vligotrophic lndieator specles, ret
Diapromus siciloides hae Seen Identilied 44 am euttrephic indicateor
species 8ng has been fownd {n the hay {McWaught et al., 1980}, This
evidence suggeats that, whenever possitle, the use of zZooplankton as
bia=anitoring tools ehould be cercied out on a Speclea—specific basis.

Fro= 1974 to 1980, Cruatecesn zooplankton wete maderately reduced ik
abundance, and fell from & vearly cean of L35,708/m® ia 1974 ro 96,460/m?
in 1980 (Figure TII-92; ¥cHeught et &l., !963). The perecencage
coeposicdon of the eutrophic indicator Roscina lampiroscris re=eined
goxpwhat conatant, cozprieing 381 of total crustaceans in 1974 and 33.5%
af racal cruateceana in 1940. However, the mignicude of che apring blooz
ta evidence of decreased cutrophicatign. There were alac acme
indications that populaticns of the aligorraphic indicaror Diaptozus
sicilia were increasing in 1940,

Flanktoale ratica {calancids/ecyelepodds and cladecerans] and
indicator specles were the water quality indicators uwsed to dielioeate
glght wanagement segmenta of southern Lake Euron {Mclaught et al, 1%307.
Inshpte Aegments (4, 5, 7, 8} and segment ¢ offsherc of faginaw Bay
demppattaced consiatently lower water guallty than scgment 10 {(aorthern
ppen Wwaters; Flgure ITI-%3}, Silzavle increascs in pollutico-indicating
ctustaceans were nob spparent ameng samples collecged vy the Capadian
Ceccet for Ierland Waters [(CCIWY In 1971, and McBawght et al., 1r 1274,
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The ratio of calarclds ro gycippelds fadults and
copepads) pius cladecetans far April through Oecaber
1974 in scutherd Lake Eorom (MeNavght ec al., L[2A2).

Figure I2I=%3,



¢, PBotiferan ard Crustacean Zecplankten Cempariscos

Aalthough phespherus loputs te the bay were reduced by 505 hetwern
1975% and 1974, the resulting 7.% ug'!l change in phespherus coadentration
in the water led to orly small changes 1n crustacean zcoplankton
populations {Flgure III=%}, There were, howewver, signifilcant degreases
i total rotifers {Figure III-%1} and tetal predatery retifecs during
tkis period; the total density of cotiters Ln the bay decreased from
1,114,500 = In 1974 teo 352,000/m? in 1980 [ “McRaught et al., L%&1},

Crustacean zooplankton and cotifere were five and 40 cimes,
respactivel v, more abundant near the mouth of the Saglnaw River chan
gleewhere In the bay in October of L8Y4, corresponding fo high phosphoros
levels Jucing L97& (Caonom, b98L). FRotfifer and croustacvean =oaplankioe
analvses revealed major water rasses Lntecacting with Seginagw River
vater, icpilongiong prioarily on the cortern shorc of the hay and Lake BHeron
water entering the outer western shore (Yigure [[0-%9% and Figure TLI-95).

Rotifer and crustecesn zeocoplankion in each group weore asseclated
with specidfic trophidec cenditiens {Table (T{-3FR and Table L11-397,
Orachicoua spp., a8 retifer asscclated with cuttophic cenditioas, was
found in 197% only dn greups I and IT (Flgure -“11-9&; Tahle 111-337.
teretella cochlearis E. tecta, anether vetiler foupnd ik eutrophic
envircoments, had a higher percent ceoaopeeltion in growps T oand 11 (8.7
and 5.1%, respectively} thar ir any of the eother groups sampled 1a 1974
fTable T1I-14%}. Crowps I and IT had the highest lewvels nf all three
Timeological varlables and were tow mest suttophic of all greuns sampled
iTakle ITI=-3&), BRosmina lenglrestris, o crustacess rouplanbton
associated with euvtrophic conditierns, had o higher percent ceoposielon dn
group I &.:2Z} than in any of the other groups sampled (Takle T1I-3%;
Figure 1II-%5). Crouvp I hud the highest levels of all three limnclogical
varlasbles messured and was the most eutrophie of oll groups sampled
{Teble III=39%,

Generally, rotifer date provided hetter rtescolution of crophiic
ccpditions thanm crustacean zooplanktor data {Cannon, L961). Furrophile,
wesaftaphls and osligorrophic accemblages of rotiters In the d1ffcrent
toups of statlons were more distinet than For ctustaceans (Lakle 111-28
and Table III=39). GSince rotifere have higher population Cutnover races
chan erucstacean zooplankton, they can respond more capldly ce
enviconmentel changee [(Cammon, L9Gly. As a result, thegse dara Indicare
char rorifars may often be more sensitive Indicatores of waterc qualicy
chen crurtacasn zooplankton (Gemomon, LO9BLY.

d. Macroroobeochos
a. Saginaw Biver

Benthir macroinvertchrate Samplies were collected from the Saginaw
River in July 1933. Environmental RKesearch Oroup, Ine. (ERGY conducted
the sampling feor the C.5. Amny Ceorps of Eogincecrs (USACDE, 19847,
Samplen were collected frew a total of 37 Saglnaw Biver stations 1o the
navigation channel frow Carrcllten to the wouth (Figures 111-65 and
ITI-£5).
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Table I1I=39, Abundance (percent campasielon) of Selecced Cruscacean

Flankters and Mean Surface Values af Selecced Liomo-
logical Variahles En Graups af Saginaw Bay Scacilons

ldentificd hy Lluscer Analysis, JOctober O-H, L574

(hannon, 198:7.

Teplc ol 7 IIT Ly v
Taxorn
fcantheoys lops wetrnalis b7 G ? .5 l.3 2.1
Dacyglaps Bleugspldatus chomasl 0.4 .2 0.4 0.1 d.4
Hogsfng lonplroseris o3 2.2 0.8 4.1 L
Euborbina caregani jz.s 53.1 63,1 L TR |
Daponia cobrocucyn 2 2.7 Tl 2.4 g0
Torvtepora affinls Nn.5 1.5 0.9 2.4 0.3
Piaptomid copepodids 1.2 0.5 1.1 1.% 11
Liznological Variables
Chlorophyll & [ugSEd 360t L3 13.0 1b.E 8.8
Spec. cond. [ughosfcm) R 270 273 225 206
Total phoapheorus {ug/fl) s 4 la 30 12
kKo. StatdensfGroup 2 9 L 5 6

s



Collecclora 1n the Saginaw Biver ylelded eilght apecdea of
tublflclds, two cpecies of naldids, apd five genera of chironecmids (Table
III=403, OQther taxa found In 148} in Saginaw Biver samples include
nececodes, the cladoceran l.eptodor kindtl, the colecpteran Dubiraphia
Sp., & 5ingle lcopod specimen fAsellus ap.), and a alngle pelecypod

specimen (Sphaeriduvm sp.).

4ll raxa collecred ficom the Saglmaw Elver are classifled as
pollution tolecant (Table III=41%, Tublficlds, including Limpedrilus
noffeeisterl, L. cervix, and L, meumeensis, were prescot at all statioos,
Mature tubliicids comtecibuted LOO% of the total at statiom SE-34 and 133
to 68X ol the total macrozoobenthos at the remalnlng statlons In Che
river. Immature Tubificidase with and without halr chaetae comprised
batween 23X and BUT of the totsls at each station. Chircoomide were
precent &t BiX of the ctatione and compcileed Petween LE and 20F of the
tatels 8t those stetiomE.

b. fapimew Hay
i. HMawvigatdon Chanmel

Bernkliie =acroiovertebrats samples were collecked from the navigation
channel to che Saginew River In Saginaw Bay In July L5983 by ERC for the
U.5. Ar=y Corps of Engineer=s. EBaeples were collecked Zroe Ll staticoné In
the Saginaw Bay navigacion channel.

¥ive cubificidd species and six chironomid geners were fnunc in
sapples from the channel (Teble III=AZ). Other taxa present Included
netaroedes, the cladoceran Leptodora kindel, the coleopteran Dobirapkia
ap., andl a alngle pelecypod speci=en (Fieidium sp. ).

Copllecrions in the chaawnel wielded only rexe classiffied es pollution
tolerant, primarily chironomide and etubificide (Table TII-&43).
Chironowmidas were present at all statione and comprised betwecen LOX and
847 of the totala. Immature Tubificidae with and without helir chaetre
comprised between 4% and 3937 of the total macrozoobenthos at coach scarion
in the channel. Litmodrilus hoffeedsterd and L. cervix were the dorinane
identifdiakle tubificida, contrikutding 17 ko 7% and 3% to 227% of the
totals at each statdon, respectiwvely.

i1i. Sagipaw Bav Proper

The wEfishore macrozockenthic commenity dn Saginaw dav has been
atudiled perlodically sdnce the mid-1930a (Surber, 1957; BEriokhurse,
196 F; Bebqpeider ef al. 19592 Eckelske sand Both, 19737 Shriwvaatawvas, 1974%;
and Weire or al,, orpublished}. Mete recently, Cole et al. $1933]) hawve
dezeribed che l1iEtoral macrozesbenthic populatidons of Sebewaing Harkor
[easr Sagleaw Bey) and rhelr relationahip to particle size and organic
miEEer In sedimencs.

Saginaw Bay 1z a shallow regZon that once supported & rich riverine
invertebhrate barpom fagneg, hue 1 wnderwent drastis chenges ln sesponee
to increased inpueks af pallutencs (Schelske and Rotk, 1%73F. High
sedicent oxygen demandes ¢llicingced mary species of Invercexrstes, and
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Table ITT-40. Henthic ¥acrodnvertebrate Taxa Collected from the Saginaw
BEiver, July 1983 {USACIE, 1984y,

Taxon Family Specien
Zematoda
Dligocheeta Tubificidae Aulodrilus plguetd

Tlyodrilug templentond
Limnedrdlus cervix
Limnodrdlus hefimedsterd
Lvimncdrilus maumeensls
Limnodrdlua udekemlanua
Onlstadrilus multisetosus
Solrosperma ferox

Xpidige Arcteonals lomondl
Derc digitata

Niptera Chironomidee Chiromomues sp.
Cricotopus =sp.
Cryptochironomus sp.
Glvptotendlpes sp.
Procladies Ap.

Lheaoboridas Chaotarue 5p.
Ceratopoponidas
Cladacera Leptodoridae Leptodor kindti
Colenptera Elmidae Dubicaphia sp.
Tacpoda Asellidae Aaselius Ep.
Pelacypoda Sphaeriidae Sphaericum ap.
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Tabkle 111-4],

ollurlon Toletance Classifiestion (LUSACOE. 19843,

Hepchic Mactolovervtebrates Collected 2o the Saginaw Biver and chelr

Co et Pollution
Lpation Taxe K ame Count Tolerance
BR-1 Fraocladius sp. midae y telerant
EEEE diEI:nLa WoTm 2 tolerant
Ltmnﬁdrilqﬁ nofimalsterl WoTm & telertant
Liomadrilus cervix WOTT G telerant
Licmodeilus mavmeensis WoEm 4 telerant
Limpodrilus udekexntanus WD 1 tolerant
tcmat. Tubtfteldae wio cap. chaetae WOTm aaq tolarant
Temar. Tubtffefidae w cap. chaekze woro 3 talerant
LE-2 Frocladlus sp. micdee L talerant
Dava dipfrata WaTm £ tolerant
Qui?:adrilua =ultirecosus worm 1 telerant
Nimaoadrilus cay=eensie WOTH -] tolerant
Licnodrsius haff=aistart WOTm i) tolerant
LE-nnodrilus caruyw WAET 16 tolerant
[fwndrilys cerpletond WOLm L tolecant
temre. Tubificddae wio cap. cheetae SOEC L¥ talerane
Ix=~ac. Tubificidee W cap. cheetae YOI 1 calerant
LH-JA Lippodrilus hoffmeiaters wOIE 3 crulerane
Lionodrilus cervis wOIm ! calesane
IR-3 Froeladiug sp. zidge 1 tolerant
Celcobopus Sp. ~idge 1 tolerant
Chacborns 41 phentoz midge | tolerant
Limpodriles Loffmciscery wWors 12 tolerant
Limnodriles miumcensls HOT™ 9 tolarant
Immat. Tobificidae w/e cap. chaetae WiITh 7 tolerant
CR-4 cimpodriles hoffYmeisterd LT i) telerant
Limuﬂdrilug cervix worm 5 telerant
Limpodriles maumeensis WO 10 tolecact
Imear, Tubifiecldae wio cap. chaetsae WoTm 24 tolerant
lenmgeg , Twsificidae w cap. chaecae WoTm 1 toleract
IR-5 Celogtopus &1 midza 1 tolerant
Limnodeilus hoffeeister] Wakm N toleramt
Limnodrilue ceevix wakm b tolerant
Limnodrilus maumeensis Wakm 5 tolerant
Tlvodriiug templetan| WAt 3 tolerant
Tecat. Tuhificidae wfo cap, choaserae WOoTm 21 tolecant
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Takle IIT=41. Contlinued,

— - J—

Cosmeon Pallucion
Sration Taxa haoe Coubc Toleranca
EA=6 Clvptotendipes Ep. midge L celerant
Limnodrilus hof{melsterd WO z coleranc
Timnodrilus cervix WErm 5 tolerant
Limnodrilus maumeensis WOItm 1 txlerant

Irmat. Tubificidae wio cap. chuctae Wt 8 toclerant

Tomat. Tubdiicidae « cap. chaztac werm 1 coleract

SR-T4 Licnodrilus hofizeisteri Wi e 3 tolerant
Limnmodrilus cerviw WAER ! tolerant
Lirnodrilus cAUmERTELS W Em L2 tnlerant

Llvodriiuse tecpletoni Wl I 2 ealevant

Icoet. Tubificidae wfo cap. chactac woke 37 olerant

SR=7 Cheoborue Bp. phantar cidge Z talerant
Frocladdus sp. cidga L tolerant
Quistadrilus multisctosus ware L colarant
Ltilmnodrdilus hoFfmedsterd warr 4 ralarane
~lonodrilus cervix Wars 1 tolarant
Limpodrilus maumcensis Ware 2 tolerant

Ilycdriles templetoni wore L Colerant

Immat. Tubificidae wic cap. chartac L = I3 tolerant

ER=5 Derc digitata wores ] tolerant
Limnodrilus hoEfmeisteri uatrm i tolerant
limncdrilus cervix Uil ] toclerant
limeodrilus maumeensis untrm 2 tolerant

Immat. Tukificidae wie cap. chaetae Lot £ tolerant

SE-T Limnnedrilus holimeisterdi wWoTm L tolerant
Aulodrilus pigueti WOTH 1 tc:]l erant

Immet. Tubificideae w/o cap. cheetae worm LS tolerant

GE-1t Frocladine ep. midge I talerant
Limnoadrilue hoffmeisterl worm 7 ralerace
Lienodriiue cervix WOTIT, 2 tarlerant
Lienadrilue reureancic HOTm z calara=e

L[iyadrilus cemplecani OTm L taleraat

lemae ., Tubificidae wio cap. chaetae WOTm L talepant

LK-1% PFracladiua =p. midge 3 colerant
Chirana®ue ep. midge L calerant
Limnmodri_us hoffceisterd warm L colerant
Limnodrilus cervix WOLD 2 raleranc
Limnodrilus meu=eensie WarIo ] Caterdnt

‘e=ar,. Tubifictdee wio cap. cheebae WOTD Lg Lalerant
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Takle

ILL-4), Caane Enued,

Comman Polluticn
Station Taxa Xeame Count Talerance
SH-12 rroclading ap. elidge 1 talerant
Li—nodrilus hoffmeisteri wWOIT b taleruant
Limacdrilua cerwvix WOTTh K] talerant
Limaodrileas maumeenala WOIm ] tolerant

llxﬁdrilua templetond woIm ] talarant

Tomat. Temificidae w/p cap. chaetas YOI 15 tolerant

Lh-13 leptodera kindEl water {lea 1 tolarent
Caratopogonidae biting midge 1 tolerant

Procladiva ap. midgea 2 tolicrant
Limnguiellus haffgelgrerd WoIm 3 telerant
LImnﬂdrE}us carvwix worm 4 tolporant

Iemat. Tubificidae w/o cap. chaetac woTm an tolerant

SR-l4 Frocladius sp. midge 4 toletvant
Limnadrilus hoflpelctarl WoTm G tolerant
Limnmedrilus cacvix woTm 2 tolerant
Limmadrilus maumeancics wWoTT 1 tolerant

Tlvadrilus canplatont worm I Ecxletant

[cat . Tubrflcidae w/o cap. chaecae wWOTm 2 tolerant

S5K-L3 Sphaerfur =p. pill clam L tolerant
Eeprodara kindtf wakar 1lea L toalerant
{eratopoponidae bitving ~idgc L Ealerane

Fraocladius ap. midee L ralerant
Llmepdrilus hoffmelsterd WOIH Lt ralerenc
Iimrpdtilas corwis woIm Lv tuleranc

Hypdrilus templefon WOTHm 1 talerant

Ttmat . Tubificidae w/p cap. chaetae Lt o= 3% Caleranc

SR-1% leptodora wioded water flea 1 tolecrant
Froclad{us ap. midge : tolerant
lLimnpdellus hoffmelsterd WoIm P tolerant
Limnodrilus corvix Watm 9 tolerdaxnt
Limnodrilue maumecnsis WO 2 tolerant

Immat. Tubificidaec wia ¢ap. chackae WO A tolerant

SE=L7T Adpellus Ep. sow bug L talerant
Frocladlus sp- mifpa i talcrant

Nerg <lgitota WoTE 7 tolerant
Licnodrilus hollxeiscert WOLE i tolerint
Liznodrilus cervix WOTE 3 tolepant
Licnodrilus mauceensis Wa I 4 tolecant

Llvodrilus templetoni LU 4 3 EoLerant

Immat. Tubiligidap wip cap., chaetae WOIC 29 tolergnt

Imret. Tubilicidoe = dap. chaegrae WOTT 2 tolecant
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Tabkle I1I~4],. Continwed.

COommon follutiom
Seation Taxa Bame Count Tzlerance
GR-l2 {eratopogonidac blting nidge 1 telerant
Progiadius sp.- midpa 1 toleraat
Cricotapusi Ap. micge L telecant
liopedrilus heffmelsterd WOED L tolerant
Liznodeilus cerviw WoTm Li tolerant
Limnodr i lus maumeensis wore 6 tolerant
EAmpedtd lus udekemdanua WOoIr ; tolerant

Tlvodrilus tenplétond WOIL - tolecant

Tmmat, Tublfileldae wie cap. chaecae wOTe o0& Folerant

Tmmat, Tebiticidoe w/ cap, chaggae WOLS ! tolerant

5R=-1% hsallus sp. aow kEug 2 tolerant
Frocladivs sp. midge 1 to.grant
Limn¢dr11u% hﬁffmeiﬂtgzi WOT 2 talerane
Limnedrllus cepvix WoOTT 17 telerant
Limnedrllus maymeenzis woIrm 7 tolevant
Limnodrilus wderemlonus WOrm 1 teletant

Ilyocrilus templetoni WOt g tolerant

Imczt. Tubifficldae w/o cap. chaetae WO g1 telotant

Iemat. Tubificidae wf cap. choetae WoIm 1 tolerant

SR=20 Frocliadius sp. midge o teleront
Dero dJigltata warm 2 tolerant
Limnodpllus heffrefsrerd Worm 5 trolevant
Licnodrilus cervix WoIm & tolerant

Iocat. Tubificidae wia cap. chaecae WOrm L) tolecant

Icoat. Tubifiefdoc wf cap. chaccee woTm L telerant

SR-21 Limnodrilus cervidx Warm 5 tolerant
im=at. Tubificidae wfo cap. chacrac WY LD tolerant

tomat. Tubificddag wf cap. chaetae WOTE L talerunt

ZR-21 Leptodora kipdtd warey IIeas 1 talerant
Procladius sp. midga : tolerant
limnocdrilus hoffmedsteri WO & tolerant
limncdrilus cervix Uorm L3 tolerant
Limncdrilus maumecnsis wormT ] tplerant

Immet . Tublficidae wic cap. chaetae vprH 2] tolerant

Immat. Tukificidae wi cap. chactac WM 1 telerant

ER-23 Yemetods ruoktidwerm 1 tolarant
Frocladine sp. mldge 3 telerant
Limnodrilus Maoffoelscerd warm ] toleraot
Limnodeilug cervix worm 13 tolerant




Table IT1I-4]1. Caontinued.

Commen el lukdam
Statier Taxa i ame Counk Talerance
FRE-¢31 Limocdrilus maumeenais WOrm 13 talerant
Cont, 1lyodrilus cemplefonl woTm 1 tolarant
lomac, Tubificfidar wio cap., chaetac woTm 43 telarant

Immat. Tubdificidne w! cap. chaetae worm 4 Tolerant

FR-24 Derc digitata WOT 1 tolerant
Limnodrilus hoffmelsteri WoIm 3 terlarant
Limnodrilus cervix wOTm 1% tolerant
Limnoderiive maumeensis woTm 5 toleract

Tlvcdrlilus templetbonl wWoIrm 2 tolerant

Immat. Tukificidae wfs cap. chaetae Worm 10 tolerant

Immat. Tubificidae wS cap. cheetas WOIT 1 tolerant

LR=25 Ceratopogonidae Eiting midze 1 tolerant
Frocladius csp. midre 4 tolerant

Derc digicata wWorm 1 tolerant
Quistadrilus multisetosus wWorm 1 tolerant
Limnodrilus hofimelisterl woTrm 9 talerant
Limnogrilus cecvix wiarm L tolergnt
Limpodecilue maumeensis wWOTH r tolerant

IXvodrilus templetonl wOCm | talezent

Immat. Tubificidee w/o cap., chaetae WoTm 13 tolerant

Immet . TubiZicidae w/ cap. rhaetae wWarm L talecant

SR-2h Bemakoda Toundwore L talecant
Frocladiue =p. midge L tolersnt
Limnodrilus hoff=eisteri YOTE 4 tolerent
Limnnodeflus cervix Wotrm 7 tolarent
Lienodrilus maumpensis WO 3 talavant

le=tat. Tubdficidae w/a cap. cheetas WOTm 2l tolersnh

Irrat, Tubificidae %/ cap. chastae WO rm 1 tolerenkt

GR-27 Procladius ap. midge v tolerant
Limtadye[las haffueigrard WO P E Lt tolacant
Limpadeiius cervie Wware Lz tolerane

IZvadyllus templetand Waro 1 toleranc

Temar. Tuhificidar w'o cap, chagrae Worm kil coleranc

gt Tubificidae wicap. chagtae woTe g toigrant

GH-28 aseilus sp. aow hug L coleranc
Dera Jipitata Worm 1 toievant
Limnodrilus hoeffmeistert WO 10 tolerant
Li=nadrflus rerwvix WOrm 4% talerant
Licnodrilus mauseepnsis WO ] telerant

Ulyodrd]us fempletend WO 3 Eolerant

ieemar, Tyhificildae w/a cap. chaetae WO 249 calerant

Iemat. Tubificfdae w! cap. chactae WaIm ! tolerant
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Table 111-41. Cobbileoed.

. r—

Cacmimcacy Fallutdco
Seskclom Texe Hmae Cemak Tolerance
SR-3i Leptodora kindti water Tlea L tolevant
Cergtopogonidac biplag midea 2 toleract

Procladius &p. midge z tolerant

Chirpnozus Ep. midge L tolerant
Spirtosperma feros Wy i colerant
liwnedrilus hottmeisteri WOTE 9 colertoant
Limrodrilua cervix wOIT E colerant
Limncdrd lus maumeensiy wiirs 2 talarant

Ilvodrdlus templetond WO ! colerant

Immat. Tubifiecddse wio cap. chaetae YOIT 27 Ealeranc

§4-13 leptodora kindti water [1ed 3 colerant
Froeladivs ap. =idge a taleranc

Atereandla Lomondl woTm 1 toelerant

Dero digleaca waIm 1 toierant
Timnode!lue hoffmefsterd woTm 11 texlerant
Limmgdie] lus carviy woIm 17 txlerant

[ tmnodrdlus wdekemianus AT 2 tolerant

[Tvafrilus cemplaconi wOTm 1 trlevant

[=tiar. Tubificidae wfo cep. chaetse worm - tolerant

letear . Tubifictdae w/ cep. chaetas woTm 2 tolerant
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Takle ITI-42. Berthlc Macrelovertebrate Taxa Coliccted ftom the Saginaw
Bay Kavigatien Appreoach Channel te the Saginaw Biver,
July 1983 JUSACDE, 19847,

Taxon Famlily Gpenles
wematoda
dilgorhaeta Tublffecidae 1lvedrilus templentonl

lagehacer ldea Ereyl
Limnodrilus cervix
Limnodrilus Rottmelsteri
Lincadrlilus mavmeen=is

Liptara Chironocidac Chirpnomos 2p.
cryptachiconogus sp.
Pnraﬁ1udqp¢]mﬂ 5P.
Proclacius sp.
PiecEPaCanypus RP.

ToanyEavsSUsE Sp.

Cerstopogonidae
Cladocera Laptodoridae Leprodora hinded
Coleoptera Llmidae Lubiraphia ap.
Felecypods Sphaeriidae Fisidium ag.
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Tanle III-43,

Henthic Moceolgwercebratea Collected dn the SFaginaw Pay Wavizatlon

fpproact: Channel and Thelr Follutiocr Tolerance Classification (LTSALDE,

oG4y,

Common Falluticen
Stacion Taxa Hpme Counc Tolerarce
3B-1 TanvEEIEUE Ef. cidge : colerant
Frocladdiue ap. ridge B tolerant

Chirosomus Sp. nidge K toleranc
Ceratppogonidae biting =idge i colerantc
Limpodrilus heffmwelaterd =OIT | calarant
Limtodrilus eerwvis WOIN 20 fulerant
Llimnedrdlua maumeenais woOIm ? toleranc

Ilyepellon Eemplebend [ES o 3 eolerantc

Immar. TubilEilcidae w/o cap. chaetae WOTT A4 tolerant

Lh-2 Chirononus sp. aidge 7 tolerant
Limwodrilus RofFmeisterl wo3IT 4 tolerant
Limn¢drfT:§ catwlx woIm q talerant

Tmmat. Tubificidae wio cap. chaetse wWoIm 14 tolerant

Irmat, Tubificfdae wf cap. chaetae wgrm 4 telerant

EL-3 Frocladias sp. midgze E tolerant
Chironomus sp. midze |2 tolerant
Limnodrilus haffmeiscari WOTT 7 tolerant

Irmodrilus carvix wOTL 2 colarent

thnﬂdgi;ué Ehu:eensia WO rm 1 tolerant

“rmat. Tubificidae w/o cap. cheetas wBre 11 tolerant

51=4 Lleptodora kindtd vater {laa 1 rolerant
Chitendmug Sp. cidge In Ec_eTRTE

Frocladivg 4p. cidge 1t tolarane
Limnodtilus udekemianns WO 1 Exlerant
Limnodrilas: holfmeliqkerl waIMm 10 colerant
Limnudrilui carvin q__ woTm 2 toletrant
Limnodrilus Tﬂpﬂg&ﬂnis wWoIm 2 toletrant

Immat. Tukificidfae wfa cap. cheetee waTm q telerant

SE=5 Kematadn [oUnEawaTm L Ealevant
Tubiraphle rififle baetle : tolavant
Chironocus sp. ridge T rolerant
Prorc.adius sp. midge 2 Eo-erATE
Liznodrilus holl=egisterd warm Z talerane
Tiomodrilus cervis W= 7 Exierant
Lirnedrilus moumcensls WO I 1 taierant

Tomat. Tubificidae w/e cap. chaetae WOITI 4 relervant
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Tabhle 111-&3, Condinued.

Common Pollutdonm
Ztatico Taxa lame Count Telerance
SE-& Hematoda rcundweTm 2 talerant
Leptodors kiadtd water [lea 2 telerant
Tavacladepelma ap. midye 2 toletant
Cryptochironomes ap, midge | telerant

Chivonomus s, widge 4 tolatant

Procladivss ap. midge 1 tolerant

Tanytaraus sp. midge 1 tolerant
Limnodrilus heffmelsterd WM 4 telerapt
lacchaetides frewvd o waTm 1 telerant
Limpodriles cecwix WoTm ; tolerant
Edtinodrd lus udekemianus worm 1 tolaerant
Tlvodrdlus Eemplerond woTm L tolerant

Im=at. Tubificidae wio cap. chaetae worm 42 tolerant

Sh=7 Chirancmua . midge 31 telotant
lAmoodrilua heffmelaterd WO 4 Lulerant
Limncdrilus maumeensia WO 1% telerant
Limncdrilus cervix W 1% Tolarant

Tmmat. Tuolficldie wio car, chaetae W G coletrant

Temat. Tubifieldas w! cap. ehaetas WO H Lolerant

sB-3 Chiroonsmus i, cidge a5 tolorant
Froctadivs sp. nidge 1 telerant
Limoedrd lus helimeidterd woTm kS tolerant
Limondrd lus maumeensals wprm 5 telarant
Limnodrilus caprwis viorm & telerant

Ixmat. Tubificidae w'o cap. chaeiue vorm a5 tolerant

(emac. Tubhificidae wf cop. chaetae worm 1 teleraeT

H5E-% Hematadn Toundworm z telerant
Leptocdora kindrd witer [lea | telerast

Chironcmus sp. midge (PR tolecant
Limnadrilus hgf{melaterd WM ? telerant
Lirmadrdlus cerviy worm 7 tolatant
[donodrilus maumeensis WoOTT 7 tolerant

clvodyilus templetond wWoIrm 2 tolerant

vamat. Tubificidwe w!c cap. chastae wWoTm @8 tolerant

immat. Tubdiicidae w! cap. chaetae WoTH 1a tolerant

5E-10 Hematocda roundwerm 1 toleTant
Fisidiun sp, pill clam & tolecant

Chiranenus sgp. midge LO& tolecant
Limpodrilus hoffmedscerd worm i tolerace
lA-medrilus catviy worm 10 telecant
idmoodrilus maumeensis Worm o telarant

Temat. Tubificidae win cap. chaetae WOIm 141 toletant

Tcoat. Tubificidee w/ cep. chaetae WCI aa teicrankt
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Taklie [1[-43, taneinued,

Comman Folluticn

Lrakinm Taxa Name Countk Talerance
LH-1| SNemaroda roundwo e 3 talerant
[eptodora kinqii waker flea H tolerant
Chirgpomus sp. cidge 69 rolarant
iopedrilus heffmelsterd wWiiT= K| rolerant
Limrcdrdlua cervixe WO T i~ tolerant
Limnodrilues maumeenala WoIT 7 tolerant
Ilymdrilua templetonl WiIIm 1 tolerant
lwmac. Tuklfieidae w/o cap. chaetae WoIT 5E talerant
Inmat, Tublfiecldae w/ cap. chaetae VI £l talerant
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these were replaced by polluticn-telerant forms such a4 aquatic worms
Limnodrilus spp. and lakellies oF midges Chiconemus sop, (Schelske aod
Both, 14973}, Tight species of ageatic werms lo the family Soididoe were
found im 1458, Iincleding Paranals literalis, a species ordicarily
restricted to galt or brackish-water {Brinkhyrst, 97}, The presence of
Faranals litoralis at three oflsnore statiens deep Iin the bay was dee be
the exceptionally high salinitv of the Sagimaw River; water amalvses ot
that tice occaslonally cevealed concentrations of chlaoride greagter har
S0 megfl (RBrinkeurst, (967}, Fighteen specics of aquatic worms o che
Family Tubiiicidae, the dominant being the pellution ralervant Limoodrilus
hofineclseerl, weore aless found In che Loy I L35G (Brivkhorse, LRETE.
Wihlice ¢ al. (unpubIifshed) found similar aqguatic worm specles (L3
Tubificidae, L2 Naididae), and specles of midges (5 Chironomidae) Lin
La7E.

Teta- depsities of macresonhenchas tn L9TR were an order of
nagnicude nfgher chan thase reporced foy L9506 or L9970 collecrions, and
gepsonas patterns shoved the gresgest demafgfes fn April (Whire et el.,
unpubtighedd . The aguaglc wore Ue]dﬂuskfgklg in:eruqéig. norc preaviously
teported from Saglnow Bay gr bake Huoeon, was the doxdeant naldid reaching
deneities greater tham 10,000 /a® 1n sarly spring bug declining to less
than 50/ 4in late swemer indicee!ng a anme year life cycle (White et ai.,
unpublished). Heotween 1936 and 19783, che spectler coszpositfen changed
froz 8 mesotrophdc to a sutrophic assechlege, and cany less colerant caxa
dicappeared deconstrating probable arganic enricheenc (White et al.,
unpuhlishedl,

Burrowing mayily nymphs (mostly fasily Ephemeridee, genus
Hexagendal, ocnce common mefwbers of che Saginaw Bay fauna, decressed in
the cpen bay From &%fm* 4n 1955, co 9/%® fa 1956, to i/2* in 1963
{Schoedder et al., 198%), to DA™ in L9700 (Sehelehke and Rath, 1973).
HMavfly nvophs are commen in $1lt hottexs of larger streacs and lakes and
have been typically ddentifdad os clean wacer, poliution-intolerant
apecies. Thelr decrease te 1/m* 4o 1965 aad disappearance in 1970
indicate a severe reductiecn dn water quality in the bay between 1953 and
1970, Degraded envirenmental donditlens 1p Saginaw Bay were further
reflected dn the bottom fauna at all three ipoet hawv statlens in 1970,
When crustacesns were totally ahsent amd the Fawna conslsced entirely of
prlluticn tolerant speclas of aguatie worms (80-947 oligeochaetes] and
midge {chironomid] larvae {Fchelske and Eoth, 1973],

Hear macrozookenthos densitics in igner Zonginaw Bay in 1973 ranged
Srem 19,354/m% at sratiom 31 ro 35,675 /m° at sctarioe 47 (Figure III-96).
Oligochaetes compriced between Y455 and 987 of the totals {White et al.,
unpublishaedy. These densitiers were distinctly bBigher rhan previoutly
reported for Saginaw Bay:r 1,.756/m¥ In 1956 [Hrinkhoese, 1967F, and
1,500/m% Iin L97L (Shrivastava, 1974}, puggesting Incressed polluciom and
decreased water guality In the bey (White et al., unpublished)., Some of
the density differences hetween the Spginew BEav sewdies may have bean
due, In pert, to the screen sesh sizres uged In sorcing foabenthos frocm
the gediments (.56% mz fin Briokhucet, L96Y; Q.50 mm fn Shrivescave,
Lu7h; and, 9.350 mn dn white et al., unpublighed),
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The polluticn-telerant Limoedeilus hoffoeisterd, L. claparededaoua,
and Chirenomus spp. were the mest abundant zecbenthile taxa collected In
144 samples from Sebewaleg Harber, derviog fall 1976, with mean demsitiles
ef L, ME.3/m®, S08,.0/m?, amd 29E,.1/m® veapectively {Cele apd Weigwmann,
[483) ., PRigcasz and mean Lndividoal welght of zoobenthos were
elgniiicantly higher In the Tine sedimenes, comalsting of orgamically
cich silets and ¢lays, chan fn coarse sadiments, consisting of orgemically
poat sands (Lole and Welgeann, LREL}.

Tn addicion to densicy fncreasas, chere werse macrozoobenthoe specles
composicion changes becween U956 end L97E (Table TII~&4), OF the L&
cubificdd texs recorded for 2956 (Brinkbucet, L9607}, seven were nof faond
in L%78, i? were common to both collectione, and one towon wits anly Loaed
in 1978 (White et al., unpublished). Three of the cight nalidid specfes
callected dn 1956 were oot found In 1978, four species were found In hark
L1957 and 1978, and edght were new inm !97B [(White ec¢ al., unpubhliished),
Sehmeider et al. (19691 lizted the amphipod Capmarus and mavflics,
including Hexagenia, as beiag presenc in the open bay, and Schalske and
Both (19731 collecced both amphipods and pizidiids in the ofisheore waters
ot the outer bay {White &t al., unpublighed). WHone of these texa were
fround in the 1978 gamples of White et al. {uopublished). The
disappearanee of amphipeds, mavflies and pileidium clams rellects
environmeneal degradation and reduced water quaidty in the bay from 1956
teo 1978, These chapges 1 the kenthic community heve limited
productivity of valuybale Elsh apecles such as wellow perch 4 TOET
personal commucicationl,

T xummary, tke density of macrozookentheos 1n the mud deposits of
irmer ®aginaw Bay lreveased dramatically between 1956 and L87H {kbhite et
al., unpublisbed}, HMose of these Iincresses were related to fnoreaszed
densities of tubiflelds assoclated with euttephic conditloes acd te high
dengities of the natdid Veldovskyella intermedia, which kad mot bech
previously repocted for Sagleow Bay or Lake Huronm (White et al.,
unpublichad). Several mesorrophic rubificid specles found in the bay in
the oid-1950s were not callecred apaln In 1978 {White et al.,
urpublished). High sedizene oxypen demands eliminated many specles ol
frvectebrates, fncluding moyflies (esp, Hexagenle spp.]. that were
replaced by pollution-tolerant fores such as Limpodrilus and Chironomus
[Schelske and Raeh, 197733, These deca point to decreasing water and
gedimant quality In inmer Saginaw Bay.

2. Changes in vrophic Sgagus

Both cligochaetes and chironemids have heen used 83 inddcatcrs cof
water and sediment quality im the freot Lakes (Kalepa and Thomaa, 1976;
Lauriteen et al. 1%935; Wiomell and Whive, 19837, Kbhile uncertainties
remain in assigning toebificid species to = particular trophic atatus
[oligntrophic, mesotrophlic of sutpophic], trophle indices based on
tubificdids have proven wilwable in docomencing water and sediment quelity
changes In any one sren over Cime (Winpell awd White, 19853}, EBased on
the Iindex ranges Irn Winnell gnd Whice {1%E%:, the cediments ol Inner
faginaw Bay wowld be clazsified as mesotrophic In 1956, becoming steongly
entrophic by 1971, &nd oven mare 50 by 1978 (White et al., unpublished).
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Table 1:I1-44. FBenthic Macroinvertebraie Taxa Callecved Troc Sagtnaw Bav
in 19%8 (Brinkhurse, 19670 and V978 (kTiife et al., unpublishedl,

Nrder Yeay
Family
specles 1956 149714

Nligachaeta
Tubificidne

faledrilos amerlsanas
Aulodtilus lionobios
Aulodrilus pigueti
Mulodeilus pluriseca
Ilvadrilug feomplencont
Teocheetides Erevi
Lionedeiluvs sngustipenis
Limnodrilus cervix
Limnedrilus claparedelanus
Limnodrilue Rofireisterd
Lionodrilus meumeensics
Limnodrilus uwdekecianus
Foterothris bedoti
Fotemothridx moldaviensiz
Potatothrix veidovskl
fuistadrilus multisetosvs loangidencus
fuistadrilus multisetosus cultiserasus
Spitoeperma ferox
Ehyacodrilus montacas
Tubifex tubifex

.o

]

T

EE L S

El -

o L

ml

Faididae
dophichaeta leydigl
arctecnals lomeodd X
Cheatogaster dilaphanus
Cheatogaster setosus
Derc digitata X
wals communils
tzis elinsuis X
Hals simplex
Ophidongle eercpentinag %
Taranaie litorelis X
Tiguetiells cighiganencis
Cpecaria joszinae X
Ltylaris lacustrics &
Uncinaics uncinats X
Tejsovekyella intermedia

R e

o

w

o

Dipters
Chironomidae
Chironamue snthracinue
Chironomaua plumosua sem-ireductus
Cryptachironomue fulvwua
Pratiadivg ap.
Pzactracanypue =p.

PR S
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d. Yercical Discribution of Bentchic Macioinvertebrates

Besulets fram the vertical distribucifans of macrazaobenchas in
Saginaw Bay cares were similar to resules from srudies of cacrazacohenchos
in southeastern Lake Hurem (Krezoskt e al., E2YRE) and Lake Hichigan
(Malepa and BRebertson, 1981%. The upper 2 ¢z of each core concalned only
nalddds and chironowida, boch naidids end cubificids were present inm the
2-1 c= laver, &and onlv tubificids occurced below 3 ce deep (White et Bl.,
unpubliahed). The preaence of only tubificids below 3 cx auggests 8n
unaultable environzent even for pollution tolerant naidide end
chironomida, and suggeats high sedi=zent-oxygen dezands and contecdnation
of Burface sediments in the bav a8 well ee conteminacionm in bev sedlwents
below 3 cm.

The depth to which 0% of the =acrorzoobenthos occurred (7=16 c=) waEe
tuch deeper than reported for previaus sguddes af the open Great Lakes
(E.g., -G cm 10 acuthern Lake Huren; krezoaki et al., 1978; and i=3 cm
in Lake Michigan; Coolew, 1987) byt was similar ro depcha liated far
parts of Grecn Bay, up to %5 ¢m, and Drapd Traverse Bav, up to 3 cx
(Conley, L9875 White of 4l,, onpublished). The accurrence of
o relnverrehraeres 2elaw b em In Saglnaw Jav sedi=ents suggests a greater
Blelogienl teworkieg of gedimerts than in cther arease doncreasing the
amount of gediment breowghe Eo bhe surflelal interface with everlying
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G. EINTA CONTaMINaTLON ARD IMPACTS

L. Contaminant Tevels In Elota
¢, Plytoplanktan

Algoe ate primary producere and provide the foundaclonm of the
auatic animal trophic eyetem. &lgae are grazed by zooplankecon ard ocher
Inveetebrates which In turn ere coneumed by Eish and bizds. Thus, algae
ehag have picked uwp motal or organic contaminants may Incroduce
cancpminants to organiers higher In the food chalin and mevy cerve as
ervivonzental indicators of the conditions and quality of the water
calyuen,

Infortunately, few Zate are evallable for concaminane levels In
Suginaw RiverSfRay net plankton and filamentous algae (Erels and Rlce,
Lo, However, Mchaveght et al. ML5E4Y conducted Inm =ity experiments on
rie Inbibitory cffects of PCEe on the growth of natural Saginaw Bay
rhrtoplankton communitise, and culture zéudlies pave revealad varfows
effects of speciiic contaminante onm phyteplankeon growth Inm Saginmaw Bay
(Lederman and Rhee, LYBla, LYBlb; Gotkam and Xhee, L9EZ). Organic
contaminegnt eflfecte are compound ant cpecles=speaclific, and can cerve to
stimulate or Inhi%ic alpal growth [(Xrels and Rdce, LHES].

Im LWv4 gnd [979, PLEo sware derscted in Lake Huronm ner plankEonm and
ranged from .0 o 6.4 mgfg (Table IIT=45). The hlghest concentratlons
were found In the poutherm basin of the lake Im 1974, winile the mexc
Lighest concentrations werea found In Ceorgian Fay (Xrels and Rice, L9ES),
Shern considerinmg the distribution and cources of PCRe into thie region,
¥rele ang Rice (19B5} found these concentratlons perpleximg. WHigh
concentratione of grester tham 6.0 mg/fg were fourd In couthernm Lase Huron
plankton In 1974 but not inm Sapinew Bay or Harber Beach planeton, where
known discharges of PCEe ware occwrcing or where PCE ambienc
concentrations were high. The reesults of Krels ard Rlce (1985} may
indicate naw or adéiciongl sources of PCEs,

Trace amounts of dialdrin wevase daracted Im all 1%74 plapikton
pacmplep (Teble III-G53. Trace lavels of p,p'=DDE were feund in 1374 but
vere recacded ag lees tham 0.005 mpgfg tm Lo79 (Kreils and Rice, 1%ES).

B. Hacrozoobenthoco
I. Fima Eivar

Plankean, periphvean and banehis Iinverrebrares wers collacped in che
Er. Louis Ragervalr and ar rwa locarions downgcream {0 che Ping Efver In
L19EDQ and L9EL [ECHPDRE, L9E2). The PEE levels In plapktan, peripbycon and
benthic Invartebhrates were dersralned From a single maan of all zcaclom
megsutremants added cogarher since samples feom individual scarionsg were
Eo T £ make wallid ecopparisons. The daca saowed char PEE levels 1n
planktan [detrfrus, filarencous algae and zooplankoond . peripbhycon
[decefcus, dlators and [flamencous algae) and henchic faverrebhrares
loligochaeces and chironezids) were compacable ta cach ather, sveraglng
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Table 11i-45, Mesam copcentrations (ugfkg dry weighe) aof Organic
Coeptaminantr Detected in lake Hurom Wet Planktom, (974
and 1979 {Kreis and Rice, 19E5).

FCO
p.p' Diel-

Year/locatlon n Locatlon  Total 21254 Rl DDE dripm Scurce
l976 SLH I 0 B, 306 T T

L1974 BB 1 il 1,040 I T ]
LV NLH 4 ) L, 04 T T l
LBvs GH 5 iRy 3,340 T T 1
R | b L840 NI T 1
a9 HE b ™ 1,65 7.3 6.7 5.1 ¥

Source Legend:

i Glooschenka et al. (1976,
2, Avdergon et al. (19320,

Few:

LY =  gouthetrn lake Huton
=B = Saglnaw Bay

KKLH = mnorchern Lake BEuron
GE = Georglian Bay

b = Harkth Cranmal

HE = Harbor Beach, Michlgan
b = nearshare

0 = affghare

Plink = mno daca

0! = not detecced



0.3 mgfkg (Figure 171i-497). This cay have been becavse hoch plankecan
gnd periphyton semples contained decritus particle and filamentous algae,
which eay have oasked any diffcrences.

fin a4 wet weight basis, PES leveles in plankton, perdphycon and
benthic invercehrates wera spprowicetely helf the average concentratlon
in fizsh (ECMPUIR, 19831, The PBE concentrations In plankecon and
periphvfon were on the order of 1M13=[04 times greater than water
cohcentratigns fmaxioum water concentratlions at all eites were M ngfl or
lesg). Benelilc invertebrate PBE levels were approxicetely five climes
greates than associlated pediment concentratlone with the highese FREB
gedinent conceagratfon chserved baing 8.06 megfkg (ECHFDR, 19E3).

The PEE levegls dn plankton and benthos were highese fzmedfacely
downetres= gl the 5c. Louls Roservoir [(Figure TII=-9B). The -ighest FBB
Tevela, of greater than 0,600 nglfkg, were found Ierediatelv downstcesn of
the Sc. Lauis Beuyervolr.

if. BHaginaw River

The average PCE concentretion In plenkton, periphvron end benkhic
Invertehrates collected from tne upper, middle and lower Caginaw River Ik
1RE0—-E0E] averaged 10.264 mglkg doy weilght (ECHMPDE, L983). On a wet
welght basls, roncentretione were on the order of five times lower tham
avarage fieh concentretions. & conparisom of sversge PCB concentratlons
at all locations {or difficrent t¥pes of orgzanlsms showed that PCE
concantrations in dnvertsabrates were lower thanm plamkton and pigher than
peciphyton (Flgure III-9%). Tiere wac large varlatiom of PCE Inm planktom
socples that vas related to conrentrations of particulate matter,
Sugpended particulates inseparable From the plankion may have heen
rapponeible for the high PCE concentratione, eince PCE compounds adsord
tightly to fine-grained particles.

The PLE concentratlione in both pleankton and pariphyton warse on the
order of 10%=[0* timec graster than watar concentratfionc. Limitad
rnumbare 0f water samplacs rtaken undar moderate Slow conmditione In LPEL Ded
gn average PCE concentration of 1Y ngfl i vpstream ard minmor tributaries
(LTI, [YH3Y. Concentration factors for benthkea were hard to determine
but appeired to be on the order of Lwo bLimes areater than sediment
concentrations as sediment concentrations ranged From O.01 mzikz to
31.0 maSkg (ECMPOR, L9B5).

The PCE concentrations In plankton, peciphyton and benthic
invertebrates were MO concenktrated In tine lower Saginaw River near Bay
City (mouth of the river to 5ix niles upstreany, paralleling more
cancentrated PUE levels In eedicente and water there (ECHPDE, LYB3),
I'petreac PLH Levele, both st the Cley of Saginaw ana st the uppermost
portion of the S5gglnaw River (head of civer to abput L& miles wpetcesm of
the movuth), were conparable and less concentrated than lLeveia found at
Bay CTity (Figure LTT-[0NY.
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¢. Macrophytes

Wellag et al. {1980) cohducted A& study of macrophytes dn the Saginaw
Blver and Sagltaw Bav 1o which a total of 71 plant eollectdons,
representing 22 apecles of macrophytes, were aralyzed For heavy metal
conpcentratlona. The highesat concentrations of metala tended to occeour dn
plantsd collecped near the wmouch of the Saginaw Eilver. Zilnc
conpcentrations 1n IO samples frem Saglnaw Bay averaged akcut 45 ug/fg.
The highest level of 438 ug/g wes fourd In & pondweed (Potamogetcon
pectinatus) sample, and the mext higheat level of 158 ugfz waa from a
samnple of crack-willow [(Salix Fragiliad leaves. Both submersed and
emergent specles, a green alga (Cladephora app.) and parrow=leaved
cattall (Typhe angucstiiolls), respecclvely, were noteworthy In thelr high
heavy mecal congencractons. Differect ovgans of che same specles, or of
the zame plang, varted widely In concencratloma of the sawe elepent.
additteonally, plancs such as common bulewst: {(Scilrpus acubus) growlng 1e
Saginaw Bay concained lower lewvels of cercaln elements {Ba, Cr, BbY than
2id the sa=e spectes callecped Trom small lakes in a4 wilderness area ino
Michigan'a upper pentnsula.

d. Fish

f.  tonsuopoion Advisarigs

The Hichigan leparteent of Fublic Healeh's [MDPH) Center Eor
Fnvironcental Healeh Sgfences [LEHS) has esrahliched eriterlsa Eor iesuing
public health Fish consucption adviseories foar certain sport 7ish caught
in Michigan waters. Advigaries are ilssued when concaminanc levels In
fich exceed stare or federal heslel gutdelines or "erigger levels' (Table
TT1I-46].

The %F*H 1ssued 2 1o consuspefon, orf '"da npor eac', advieocry in LOBE
for any Iish species for which 303 or core of the specimens in a
particular size class execeeded one or more trigger levels, or for which
tha mean condentraticn excesded che rrigger level for any contaminant
detected. & "pestrict consumprion advisary,' which suggeets limiring
consumption to noe more Thap ong rmesl per week, was Izsued for any gpeciee
for which 10-49% of the somples exceeded one or porg of che crigper
levels, but ior which the mean éongentracion did nor excesed a crigger
level. The purpose of the advisories is ro prevent hu=an exposure to
significant quantities ol chemical]l agencs patencially harmful to humen
haalth.

The MOFE, in cenjunction with rhe Michigan Department of Agriculture
(¥DA) and the Michigan Department of Natural Bassurces (MOER], i 1983
isswed Eisk consumption adviscrics for o variety of [ish apecies 1n the
faginaw Bay basin (Table 11I-47],

ii. Shiawzscee Eiver

The MIFE 195E Fish consuonption advisoriex warnm agalpst eating apy
Eishk teken Erom the Shiswassee Fiver between M-5%9 and Byrop Bogd, aocd
cArp caught between Byron Road and Cwosso (Table 111-473,

Mean PCH concentrations for cerp semples taken at Yyron Foad in [%R5
excegded the MOPH crigper level of 2.0 mgfkg (Table III-LEY. The mean
ZbE



Tahle LII-4K.

Conteminent Trigeer Loveiy (mg kgl Currently uaed 1n

Fetgbliehment of Puhlic Health Fleh Consumpiion Advisories

(¥rels and Kice, 1985:; Humphrey Heaae, 1934).

Chemical FhA YIFPH Lac
Chlordane 0.3 0.3
DT 5.0 5.4 !
LOT metaboliites (DMREE, THIT) 5.1 5.1
Tdeldrin 3.3 d.3 .l
THoxin ko formal 4.40000!

(2.3,7,8=TCDG] talerance
Endrin 0.3 d.35
Heptachlor .3 .3
Merourt v 1.0 1.5 .1
Mirex 0,3 0.2
ECR 2.0 2.0 .1
Toxaphene 5.0 5.0
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Table ITI-42.

Fiah econaumpticn Aadviacries for 198E
wWaterahed {¥DsE, 193d4; “DPH 1988],

in the Saginaw Bav

:iﬂx}ﬂﬁrv
Contaminankt
Location Restrict™ Dz Hot Eatr 2! Cencern
Caginaw Ray Lake Trout Carp or PCH
Rainbow Trout lattish
Grown Toout
Fine River A4ll cpecies ¥ER, DOT
Townetceam of
Sr. Loul=
thiawageee Rivaer
M~5% fo Hwron Bd. 411 species PL1
Byron Bd to Owosgso CRCP
Titerabawassee River CAatp or MHoxin
Dowascream af Y£dland CactEicsh
Saginaw River CHCp of PR
Catfipgh
[(3xs Bluer Carp Catfish FLE

Downstrensm of

Hr idgeport

*
The MUPH advises restrloritg consunpticn to no more than cne meal

PRE WoER,
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PE gongeneragion In four carp samples of Z2.32 mg/kg taken &t New Lothcop
Hoad &lsg ewcesded the MDPH Levels. The PCE concentrationes in rock bacse,
smallmouch base, crappie and sucker were below the trigger level at Eycon
gr ELochrop roads. Mean concentrationa of other orgenic or metal
paraceters in iadividua® saaples of carp, rock baes, crappie, emalloouth
bass aod sucker saxples gaken at Byron or Lothrop roede in 985 werm
below MDPH trigger levels (Table ITI=48).

111, Caosg Biver

The MDFE 19#% fish adviscry feor the Cass River suggests that people
not eat catfiah and restrict censumpticn of carp caught devnstreaz of
Bridgeport [(Table III=47). The mean A-125% PCE concactraticn for carp of
1.25 meg/ke ic 1935 (Table ITI=47) did oot exceed the WPDE level, but the
advigory ic In place because of the petential movement of contaminated
carp Erom the Saginaw Biver Into the Cass Bdwver,

iv. Titrabawasses River

The MDPE D88 fieh advisories warn egainst earing carp or catfish
ceught Jdownestream of Midlend on the Titctabawaseer River because of dioxin
contasination (Teble II1-47). Latfish collected from funr slpes
dosmetream of the Vow cogplex In 1970 bed TODD levelz ranging from 7O to
250 ngfkg (Forney, 1983); the current BOPI cpigger level far dioxin Iis
{0 ngfkg (Table I17=467. Varleus epeciecs collected gt *mith's Crossing
chowed levels renging froo non-detectsble to |79 nglkg (Formey. L8B3,
Single sample levels of 1) ngfkg Muling, 19647 and 92 ngskg (fehringer,
19837 hawe also been reported. doalvsls of three saoples for Jdiowine
gther than 2,3,7,#~TCOD suggested that the ~ittebawpssre saopips wore
dominated by Penta (Fenta CCT} and Octechleorodibenzo-p—dioxdn
respectivaly (Neta COD; Dewvault, 19347,

The mean concentration of 2.3, 7,3~TCED dn 14 wallewve samples
collected from the Tittabawassee in 1985 was 4.0 ngfkg {Tabhle TIT-30).
Mean concentrations for other species tested rTanged teom 3.% nglkg for
crapple Eo 9.5 meg/ke For motrthers plke. The 1%353 means for white bass of
E.2 ng/kp and for morthern pike oi 9.5 ng/kg were below the MDFE trigger
leval: howevar, one plike had a TCDOD concentration of 15.0 nmg'kg. & whole
cgTp eample caken below Dow on the Tittabawassee contadned 17 mg/kg
2.3,7,B=TCO7 and 290 ng/kg of PCDF [(DeVault, 19247,

The mean PCE concentration of 2,65 mg/kg 1o carp collected from the
Titcabawaesea Blver In i964 exceeded the MDPE trizzer level of 2.0 mglkg.
Mean concencratfone of PCE In crapple, northern pike, smallmouth bass,
WAl lgye and whire bass sseples taken in 1985 did not exceed the MOFH
telggay level. Analysis of fich semples for dieldrin, DDT and toxephene
vieldfad mean concentrations balow MDFN trigzer levels (Table ILI-543).

v. Chippewa Eiver

The Chippewa Biver wes reroved froe the MNDPH fish edvieory list in
t986.  The cean POE concencrecion In &ll fish caeplee collected In . 965
were ipwer tham che XIPH crigger level of 2.0 mg/kg (reble LII-5t). DDT
Zean cancencracions in crappie of 0.296 mg/ke and eucker of 1.534 cp/kE
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Table ITI=%9. Contaminant Concencracions {og/kg) In Fish Famples from toc Coss Kiver, [9B4-1925

(MK, uynpublished data}.

Farameter
FLCH 0D, DDE

Sparies Year 4-1234 A=1261 Dieldrin Taxaphéene DT Hg
Cerp [9A&

n g a9 e

value P23 1.40408 0,192
Smallmcuth Bass 1384

n 17 Ly L7

value 275 A.6001 0,023
Bullhead 1484

n A g L 2

wvalue 1.0% . 00 0,050 .01 n.-
Channel Catfiah 1485

n & 4 [ &y

value n.72 G Dri0h 0,050 n.z
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Table 11I-3¢. Contamlvent Concentratfons fn Fieh Sarples from the Tittabawassae River at Emith's Crossing,
1985-1935 (MOEE, unpublished date].

2.3,7,8- 2,3,7,B=

TCDD TEDD PCE Totsl Do, DOF
(e ke meSkg) L] 250 lieldrin Chlordane loxaphenc oeT

Species Year (Dow) (FDd (mg ke (me kg icg kel fmpfap) fmgfkgh
Carp 1934

mn q ] ] %

walue Z.66 0.1 Q.01 2 ER
kWalleye [aag

n o o 9 9

walue a.av Nn.0L1F 0. L0 Q. 0%T
Crappie Ta9gS a & a a a 2

n 3 1 3 3 L 3 L

walue 3.9 5.4 Q.13 .07 O.01h 0L axs 0,084
Harthern Pike 1935 a 3 a a a 2 a

n 3 | 3 3 [ 3 L

value 5.5 L&.5 0.38E 0.a03% 0,055 Q.68 0. 586
Smalleauth Baee [DES

n 3 1 3 3 1 3 3

value .00 H.r0 0.04% .4001 Q.10 Q.08 QL0485
Walleve 1985

n ] 4 14, 14 4 14 14

value i I 2.7 0683 000z 0041 0.1ul Q.16
bhire J3asw 1943

0 IL'|:- 8 #h ﬂb [® ih Jh

value E.2 LT 1,330 0.0l4 Q.074 n_0gs 0,324
a'I kl

0" ds the nuzber of composit eemples of Ehree {ich each,

Three compositer of three fish each and ane coepasice af faur Tigk.



Tab]le 1T1-5%1,

Contamloant GCoacentratiens (mg/kg) 1o Fish Sumples {rom the Chippewa River, 1985=]085
{MDNE, wnpublished datal.

Farameter
Lfpecies FCE . Toxy— DOL, DY
Year A=125% A=]1240  Ddeldvin  phene T Hg s 7o Pt Ri Cu Cr Cd
Crapnlie
1934
o 3 5 9
walue 0. 0G4 0. 00 0.29g6
Sucker
ﬁ 1984
oo E B B
walue 0. 090 . Chr2 £, 334
Carp
1955
n B B 3 & & & 5 4 & a a a
walue {120 4.002 1.43340 Q.2c4 0.3 0.5 i 1.1 1.B 1.2 1.0 0.4




collected in 1984, and io carp of G.240 mg/kg collected in 1985 ddd not
excead the MOFY trigger level. Cdeldridn, CBOT and Toxaphene
concenttations were below MDPE levela dn 1384 and 13E5.

vi, DFine Elver

Michigon Jecportocent of Public Health 1%EE fish advisory warns
agilnse consuming any fish caken from dowmstream of 5t. lowils on the Tine
Elver, The cean concencration In L0 carp saoples taken Erem the Pige
Fiver 1n 1985 vielded a mean ODT concertracion of 10.03 mgfkz, exccediong
the YDPH exigger Ievel of 2.9 wg/kg (Takle TII-52). Cencenttetlona in all
individual cacp ea=plee also exceeded the MDFH trigger lewel o L5985,

vii. Saginaw Biver

The Michigsn Depareeent of Public Heslth's 1588 figh advisory warns
against the consuxption of carp or cabtfieh caught In the Seginaw Kivir
(Tabhle 1TI-47). WMo recent date on dioxin concenteations in fish from Ehe
faginaw River are available. The mesn concentration in five skin-off
filleted gamples of carp collected from the Seginew BEiver in 1980 was
12,47 mg/bg, & value above the HDPH trigger level (Teble [[1-53). The
rean copceptration of PCR in skin=on filleted semples of three wailcye
collected from the Sagipaw Biver in 1986 wap 0[.5E og/kg, below the MDEFH
trigger level.

In & 1%E0-19E]l study, ECHPDE {19¥3) found oo signdficant differences
1nn PCE levels, averaging 1.51 mg/kg, azong bottom feeders, mid-level
feaders, planktivores or plscivores. Uomparisons zay he complicated by
ene proximiry of lower concentratieons dn Saginev Bavy ond lake Hurom, as
well as by fich mobiliry (ECHMPDE, 1383). Arocclor 1243 comprised oply &!f3
af rie roral PCE found despite its predominance in sedirents snd river
varay [ECMPDR, LGE3IN.

Concencracions of DDT, dieldrin and toxaphene im 1954 samples of
carp and walleve were all below che MDFH triggzer levels tor those
cafEriany,

widd. Saginaw Bay

The HEFH 1988 fash censu=pidon advieorv for Saginew Bay restrices
consucption ol lake freut, rainbow trout end brown trout, and adviees
agalnst cating carp ot carfigh. Edible portiens of catfleh coliected
from Saginew Hay in 1978 contaised 16 ngfug TCOD (USEPA, 19B!). A TCOT
level of 4 pg'/kg wis found do skinless f1lleta of two auckera (LUSERA,
19481), Ko TCOR lewvely adbove detection lizits of 10 to 16 ng/ke were
found in the edible porticns of wyellow pereh, Powfin, walleve, whitefiah
and buetfele ¢ollected in che bav Between 1973 and 1941 (Table ITI=547.
Devawle (1984} conclouded chat grid 1509 near Bay Port was the area of
Saginaw EBoy mogr seriauialy contaminated with TCDD where concentrations in
BOT of cotfisk and BOL of carp analyzed exceeded 10 ng/kg TCDD.

Concentrations af TOND were derecred In edible Elllet portions of
rerp ang ratideh coilected In POV9-1%61, bur war In pereh, sucker,
wairleye, whitefish or bullhead (Takle [TI-35%). Edible portions of carp

| ]
=l
=
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Table III=5Z. Contamlnant Concentratiowna {mz/kg} im Fish Samples lrtom the Pine Riwver, 1985-1035%5
{MDKE, unpublished datal.
Tarametar
Species coo, LTE
Year Ddeldrin oo T HE NE on b AL Lu cr {4
Tmellmouth Rasc
1354
n 2 2
value 0,00z 4,391
Suclkar
1934
n 5 4
value B.oDl 2.22%
Carp
1985
5 10 16 10 10 i La L 1a La (21
ralue 0,004 16.233 0.2 .5 12.4 <01 L. ..B 0.1 “{0.4
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Tahle 111-%3. Coptarinant Coocentrationa (mg/kg) io Fiah Sazples froo the Saginaw River,

(MOhE, unpublished data).

L BhR

Peracetear
rCa Tona- [ME DD

Species A-125%4 THeldrin  phene DDT Hg Fb Ni Cu Cr Cd
Latp

n 2 2 2 2 1 by 2 *

valoe 15,2 . 4 1.4 1.5 Y1 .11~ Mok l.5* WDk 0.0

n 5 b a 5 a 3 5 5 ] & p)

walue 12,74 d.10 L3737 ) a0 R L1y 0. 36m. LHEL Q.040;7
Lal leye

nt 2 2 2 iy 2 a 2 a by a F B 2 5 2 a

relue 4, 0% n,04 0.0%3 a.6a05 LD b e wh 0.6 KO

n 3 3 K| K o 3 3 3 3 5

value 0.48” 0. 004 0,12 0,077 a.z ap? o’ .78 ot at
&

compeslted whole sanples of five fieh
drk

skin off Filler
% composited whele samples of thrae fiash

b srin on F1llet



Table LIL=54,

Concentratlons (ng/kgy of 2,3,7 . 8=Tetrachlorcdibenzo=-p=dicxin 1o Fish Samples frowm che Saginaw Bay

Watershed {Devault, L2684},
# Samples/
Sample & Fish per 2,3,7,8 Tpeal Tatal
lecation Hpecles Tvpe Sample TCOD TCOD FCLD Source
faginaw Zlver
Saglnaw WWTF Carp E 1/L 19 Na NA M&AL [37%
Wickes Park Carp E 1.1 62 A HA LEEFA LDTE
TYellow Perch E 1,2 <11 HA nA LSEPA LOVE
Kickes FPartk LCarp E 1,0 s MA kA HEU [@¥9
Mocks Marina Channel CatEish E 111 t0a HA M USCEA [97H
Chaommel Catfish E 10 52 na B LSEFA 197H
R Lary E BSi 24 ot LA COEPRA LBTH
W MYputh Chanmel CatEdsh L 1.1 a0 HA W 1'SEFA 197E
Larp E 1] 153 NA WA YSERA LDVH
Yallcy PFarch -3 1/2 . | Ha Wi LSEFA LOVE
Mouth Catp E 1.0 284 Bh i MSL 1970
Lonsucers Power Carp E LS 301 N uA Map 1974
Flant carp E LS L29 A na MET LOTe
ABelow Saginaw Vhite Sucker E AN B XA wA HMEU 1975
LTI Larp = 11U 126 By Aa MED Lb7g
Carp E 150 125 WA Ty dEL LBYD
Chippev~e Biver
i0 mlles upstrcam Carp E LA L36 XA Xa MEU 1979
of Dow
Fing Biver
Eciuow 5t. Louls varp E Ls! 32z M L MEU L1979
“hite Sucker E Lr 3] nh A ML L1979
adma Larp E 1o i xh Na CEFDA LB
Lass River
Frankentwth Eedhorse Sucker F. S <& A A HMEY L9TFR
CaTp E 1/ LA XA dA MEL 1979
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Takle IIL1-54. dCoaneleaad.

¢ Samples/

Xample F Fish per 2.3, 74B- Tocal Trical
Tagat [an Species Typr Sample TCoD JANHE *CDD SouUrce
FLint River
Below Flinc Carp E 147 < 1000 W WA el 1979
Larp E 1/E <10 HA Bt USFRA 1983
fdalloway Resceevalr Whipe Suckar E s w24 K&, A MEC 197%
Shiawassee River
Cheasaning CETp E 148 <10 Ma WA L'SFDA 1582
Ticeahawasse River
5 Miles Lpsacircitm hige Sucker Lo N3 287 MA M MED 1979
al Dow CaEp E 140 a0 K KA HAC 1979
Walite Sucker E [fo R LE! wh o R e
Tittzbawasesee Rd. Tarp F LIl 52 BA XA CEXeA 1918
Tellow Perch L Lr1 *0 Ka KA UEERA 1978
CELp E 1rl Bl NAa KA Ia¥pa 1978
Freelend Rd. CeEp F LSl 2 NA nA NEFPa 19718
Tellow Perpch E 171 10 kA KA I'sEPa 1973
Corp i) 10 a6 NA MA Mol 1974
Fmicth's Croeeing ¥d <Chanmel Caciish E Li L 23 kA KA CZFPA 1973
CaTp % 1r1 6o NA WA UsEFA 1978
Channel Cetfish E 1/1 4% Bl K CSEPA 1978
CEIP X Lfl 49 Wil B USEFA 1978
Focker F 1f1 £ L A TSERA 1978
Sucker F /1 | Wh M L3EFA 1974
State Streek Tellow Ferch . Lrt M B LS IT2EPA 1978
Tgrp E 151 o KA A CamPn 1478
Above Dow Dam Lhannel Carfish T 111 42 B HA CSERAL 1973
Catp E 1/1 <3 WA B TTSEFA 14978
CRTP E 11 <y M HA CSEPA 1478
Channel Catfish = 171 28 Wi HA LSEFA 1978
Tellow Fereh F 111 w4 WA W USEPA 1978



Table III=-56.

Continued.

¥ Samples/S
Semple & Fish Fer 23,7, 8- Tetal Total

Location Lpecies Tvpe Zample TCBR TR L o source
Dublin ERd CeTp E 1/1 <4 MA HA 'SEPA LYTH
Eelow Tiow Carp L 1/4=2 o1 Al 213 USFWS (974
Carp E 170 7 A WA Hs0 §979
Carp E 1/ ag KA HA Hsu 1979
Carp E 170 B3 .1 kA ¥su 1979
Carp E 140 54 KA HA Malm 1979

Eaginaw Eay

%2 GSebewaing Yellow Perch 3 1/1 w16 A HA M5 LYFD
=  Au Gres Yellow Ferch E 141 w15 kA BA H5U 979
sangd Foint Carp E 1/ <14 NA HA 5L 1979
Cerp E 1/8 <10 A A WELA 1983
Near Saginaw River  Capp z 1/C 43 HaA WA 3l 19TR
Medt Saginaw Eiver  Capp E /e 173 ka sA L CT 5
Bear Saglnsw Kiver Carp E 14U 28 NA NA M5 L97R
Egar Sagilmaw River Larp E 170 < a0 W A MEL L9749
Buy Clry Carp W 141 Y1 L 485 YhaFRS L9EL
Grid 109 Yallow Tepch E 1724 <10 f HA VREDA LRVE
Geid 1507 Yellow Tapch E 1734 < a0 NA NA UREDL [ATE
Bowiin E 111 <10 KA WA UsSFOa L9Ta
Falleye E 111 <10 WA RE| USFOS [98
Gedd 150% Yellow Pereh E 1724 < L4 A Ha UEFDL |9TE
Grdel 150% ¥Yellow ierch E tfa <[4 WE] Hh USFDL LT
¥hitefiah E 1re i NA uh NSFDA L9575
Hpffale E A L 1] N A rsFDa LBTR
Gedd 15086 Sucker E 1112 «if WA NA USFDA L97E
Grid 1506 Sucker E 1413 < WA aa UEFDs [RTE
Celd L1506 Catfish E 157 <10 wa h USFDA L9TE
Crdd 1306 Catfiah E [rla LefIs ®h A CSFDs L9TE
Grid 150& Carp E tr <Llo A Hh C5FDA 1560
rrid 150& Carp E Li2 <L Ha oA U'SFDs LRED
Geid 1507 Rucker E 1/t0 L TN WA A U2FDas L9VE
Grid 1507 Larp E LF7 <10 L bA LSFDA 1978
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Table TIL-534&. Continued.
® Sepmplec/
tample 4 Fish FPer 2,3.7, 8- Toetal Tepal

Locetion cpecles Type fample Tann Toh DD Spurce
Grid L1507 Carp E 152 1624 i Birt Uarpa 1978
crid 1507 Catfish E 1A A5 Ja5 .31 -1 LEFRA 1974
Crig 1507 Catrp E 1M1 17/4% WA L PE2Fa 1974
Crid 15407 Carp E LSl <10 K A LarLa 1974
Grid 1507 Sucker E 1r2 <10 WA NA UaFma 1974
arid 1507 Crapple E L1 <10 bA kA LS¥TEA 1979
Grid L5407 Rackhaes E /1 <10 KA K4 L'EFua 1974
arid 1507 Bullliead E 171 <10 Ha HA LEFDa 1974
Grlad 1507 Bullhead E 1r1 <10 A oL TSFDA 1979
Gyid 1509 Sucker E 1712 <10 HA WA THIDA 1978
Grid L5309 Catrp E 141 <10 HA KA L3FRay 1978
Crid 1509 Cacp W 1/1=5 WA 27 111 TSFCA 1979
crid 159% Cetish L 141 29712 KA WA USEDA 1970
Grid 1509 Cetfish E /1 28/34 Hh Wh TSFDA 1979
Grid 1509 CetEich E 1/3 <10 MA 1 UsFoDA 1979
Grig 159% Carp E 113 10 A Nh UsSFDA 1979
Grid 1500 Sucker E 1/2 <10 Hn WA USFDa 1979
Grid L5495 Zullhead E 1/1 <10 Ha h LSFDa 159789
Grid 1309 Fullhend F 1/1 <lo bA |11 LSFDA 1979
Grid L5499 Cetfish E 1710 L3/12 WA KA USFC4 1980
Crid 150% Catfiah E /10 13704 RA NA LEFNa 13E0
Grid 1500 Carp E 1/3 BESEZ hA A USEDA 198

e} Kot Anslvyzed

Hh Not Dected

r Coknown

r Cdible Portien

Whele Fish



Table IIT-%5. Concentraticns {nxfkyg! of TCDD in Cormmetedal Fizh Samples
froom Zaginaw Bay, 197%-1932 (Firectore and bKleman, [J%EE],

H“TI'I'!'-"‘:'I" I:J‘f ErSp?iﬁ_
Year Species Samples TCuD
(o714 Spcker 9 b
Farch . Ao
Bullhesd 2 ¥0
Mhirelish 1 ®D
Carp L] NT
Carp 1 F
Carp 1 57
Catfizh al HD
Cacfieh 1 L1
Catfi=h L L9
Catfiagh 1 52
Catfizh i 63
Cetfish 1 34
15980 CaTp I b
Carp 1 15
Catfiah H 12
Catfiah 1 14
1941 Perch i kD
Carp 1 KD
Carp 1 23
Carp 1 17
Catfish 1 28
Catfish 1 44
Cacfish 1 50
Catfish 1 57
1%E1 Surker 1 ED
Walleye L Aan
Whicefigh 1 L4
Wlited {gh i 20
Carp 3 ND
Carp L 13
Carp 1 le
Cacp | 1B
Carp L 210
Carp | 30
Cacfish 4 D
Carfish 1 )
Catcfiah L L3

3D = Xat quantified or confireed; 4Ff 2,3,7,3-TCOD 18 present, it
iz present ac a level below 10 ng/hkg.

Values are corrected fer reagent blank (ca 3 ogfkg and
recaveryl .

-



apd catfich semples contained up to %9 ngfkg 7,5,7,8-TCID. Levels leeEe
than o equel to M nglkg were found in carp, catfish, whitefieh, walleve
and sucker camples in 1962, The decline in TCDD concentrations in carp
and catflieh cay have been related Eo the stop In produckion of
2,3, 7, B=TCID gt Dow (Tirectoms et el., 19B#),

Mean FCA concentratlons in cogeon carp in Saglnav Bay were
relatively high in cthe early 19706, then increased betwoen 1977 and 1980
(Figure T1I-10H). This trepd was alsc apparent for chanoel eagfish.
Conceneragions of PLB in gayp socples collected in 1934 {frem grida 1607
and 1R08 of 6,78 ogfkg and 4,03 =g /kpg, respectively (Tabhle III-Ga),
gxceeded the MUPH trigger levael of 2.0 mglkg.

The mean FCB concantratien For ten skin-on wallcye Eillecs ohtain
from Sagimaw 2ay at Caseville 1in 1980 was D.67 nglkg., a level well below
the ¥DPE ttigger level of 1.0 mglkg {Table T77-58),

¥ean COT concentrations feor chanmel catfisk Fillets show o downward
trend [rom 1974 to 1977, and & slight incedase from (277 fo LHA0 [(Figure
111-1002) ., Mesoe LDDT coovceatraticont 1n whale yellew peteh zappled Bppear
t have declimed From L96T7T-19TF (Figure III-L03).

e, MMrds
1. ZEerping Gulls

Herring gulle have boeon monitored #xtensively in the Grear lakes
since 975 g5 part af the gurveillance and momitorcing occiviciesn
conducted in responss ta che U5 —Canads Great lakes Water Quelicy
Agteement. Hereving gulls were gelecred &5 the swbject of che monmikoring
rrograe because (L) wnlike poge piscivarous birds in the Gresrc Lakes,
zulls gre year-rvound restdencs afrer eeaching breeding age, and (2] a=s
eop predarovs chag feed primacily on Zigh, pulls readily bilosccuruiace
organochlarines [(Seruger ar al., 1965). Im addirion, herrimg gulla ere
cesily monivored: their ground nestes can be ghserved, and cgps ond
chicks can be easilv collacted (Cilgan et al., i977). The herring gu-t
1e widely distributed in the Creat Lakes, making it a good specles for
tomparetive studlan.

Two gull tolomnies 1o Saglnaw Gavy heve been oonltored periodically
since L97A: one on ChanmelsShelter :slang (a confined disposal facilicy
ior dredge spoils fror the Saginawv Rlver/Saginaw Bay) and one on Littie
Cherity Island (Figure iI1-104). Seversl orgenic compounds have bean
getected in the eggs of herring gulls st ChanmelsShelter island,
including MOT and its metabolites (O0DE sod TOD)Y, dieldrin, wmirex, ¥CB and
2,3,7,8-TCOM. ¥epan concentrations of ODF in herring gull eggs fluctuated
froo 1980 to 1962; the oean concentration ot ODE was B.% mgfkg in 19380,
7.1 cgfkg 1o 192!, and B.] mg/kg in 1982 (Table III-57). The mean
concentration of mirex was (.23 mgr/kg din 1992 and the mean ¢oncentratlom
of dieldrin was 0.37 mg/kg in that vear; levels of both these compounds
increased significantly frowm 1981 to 1982, The mesn concentration of PCR
in eggs was 72 mEg/kg in 1932 (Struger et al., 1%33). Concentrations of
FLEs, BME and some chlorobenzenes in herting gull eggs from
{hannel/Sheltar Island in Saginaw Bay persisted and did neot decline
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Table III-56. <Countacinant Concentationa (Bg/kg) in Carp, UCag{ish and
Welleve Semples from Segivaw Hay, 1932-1936 (®OA apd
FIra, unpubliahed data)l.

Paramveter
cpecies Tesr Locatdon® FCB oot Dieldrin  Chlardaye
Coep R Unkoowm
m 29 24 24 24
walue 2.52 0.74 0.0 o,17
1306
m !
value 1.25
1507
n 1
wvalue L. 1R
1509
o 1
v lue W
1607
0 |
value h.TE
1abkd
o 7
valope a.,
ida5 1509
n 9 g g
vElue 1,52 0.1 .01
1607
n Hb Y
walue 1.24 0.24
Bavport
C
o i
wvalue 1.5k
carp 1986 1506
n o " & &
value n,22 .10 uh 0. 0&
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Tamlg 111-%. Continued.

Paraceler
Apecies Year Locacion® FCH anT Nigldrtn Chlordane
Cokoown
n 3
value 2,17
Catfiah 1987F Lavport
L .
value 1,84
19EL L7
m & 4
value .42 i
[509
i) [y l
value 3.40 0 e
160A
n 1
walue 2.0
Cnknown
n & A A F
value | .B% n_J& 0.0% QLo
19ES L 508
T 4
valus [
1500
n 9b
value L.92
Cat{izh 1985 1807
t g 9 ]
value 1.70 D28 .03
Cvle oy
k ke
value i
Bayportk
n
ralue L.ws



Takle IFl-36. <Loneinued.

Tarareter
Jperircs Year Location® FLiE T Tieldrin Chlerdane
1935 1504
] ] & & ]
value 1,32 .te 0n.0q 0%
L40Y
m . | L
value 1.0 1.99 4.03
l'g bk nown
o f
walue 2,74
Casewille
1 10 G RN 10
value 1,81 [».28 o,o2 0,03
Wallieve 19384 Cazeville
0 10 1 1o 10
walue C.67 n.l1 C.ol G.G2
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Table T1I-37., DOrgancchlorine Residue 'evels (mgikg) 1o Berring Gull
Pggs ., Ghacoel ffheleer laland, 1980-1%82, and Lirtle
Charity Talund, [950, Saginaw Fay (3truger et al., 19357

Chaanel fEBhelcer Litele Chariew
Island Islard
Compowrnd 19Eq 10E] 1552 L3END
r
2.3, 1L, E-TCDO a 5, a
egr Eb o 141 43
Eﬁ.ﬂa
mucoele EQ.Q
FUE 0 65 T2 419"
B9 f ah, 17"
IIDF, B.5_ 3 .l f.4°
.9 T 18
onpb 0,22 0,0
ooT a.4a5 0,04
Jleldrie D.]Ed 0.2
a.17
Mlresx 0.30, 0.06 0,23 .08
o,.ta (1Y
P d
Phoromi rex 0,0k
Ch)otdane 0,144
Oxvychlordane ﬂ.lEd .24
0.12
Alpha-Chlocdane 0,16 aJ.az
Gama-LhioTdanse Q.05 o4
*
{ngikg}
Torstrom et &l., [DBZ.
bStalling et al., 1985,
“Yrefs snd Rice, L5ES,
b

Ellentonm &t 2l., 19EB5.
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significantly between 1980 and 1982 (Scruger ot al., 1983). TCioxin

(2,3, 7,8-Tenon} geached 181 ngfkg $o herring goll eggs in 1982, Mean
concentratiens uf DT, DBOD and alpha=-chlordene decremsed significentlwy Iin
herving gull egpe hetween 1931 and 1932 (Struger et al., 1983).

Cauticn is warrtanted in interpreting these daca hecause
Chappel/Zhelter Island iz 2 ceafined digpoaal facility (CDF) for
contaticaced dredge spoils frow the Saginaw Biver and highly contaminated
fisk bave “een (cucd livier wichic the CDF (ECMPDE, 1%4%7. Thus, 1t is
poasikle thar 1f these gulla are eating fiah frem withio the CDF, thew
are being exposed to higher levels of contaminaticn than exist in the
cper Wwatetra of the bay,

I:: contraat o Channel /Skelter Island, little Charity Island is a
adtural ialard lerated at the Pouwndary between the loner amd cuter
seghests of Saginaw Bay (Figure IIT=104%. Detectakble levels of PCB, J2OT,
2,%3,7,8-TCIN and mirex kave been found in herricg gull eggs from this
1aland (Takle III-57y. The concentratiom of PCE at Little Charity Teland
in 19EQ was 41.9 mes ke. The mean concentrations for JDE, 2,3,7,.2-TCDD,
and mivex were 6.4 mg/kg, 43.0 ng'ke, and 0.08 me kg, respectivelry. Fuen
thouwer Little Chericy fsland, located spproximetely 35 miles from Lhe
mouch of the Saginaw River, iF & natursl islend and not a confined
dicposel facflity for contacinated sediments, levels of contaminante [n
nerring gull egga collected from the feland are elevated.

The Jevels of PCE in the eggs from both Little Cherity Icsland and
Chanonel/Shelter Tsland colondes werae found to be 2-4 times higher thaen
the levels for all but ore of nine Lake Huron colonies from «hich cgas
were collected 1p 1380 (Krela and Rice, 1985). Xoreover, analvses of
egga frow the Channel/Shelter Isiand colony show sooe af the highesr
levels of dibenzo=p=dioxins, at 141 ngfkg for a It cgeg ho=ogenate, of any
Great lakes colony.

1i. Commwon Terns

Te 1534, the USFWE collected common tern egas Erom three subcclonles
neacing in the CDF at Chanrel/Shelter Izland im Saginaw Ray., ™More than
50% of the samples had recidues above the lower level of detection [or
DDE, dieldrin, PCBs, mercury aod selenium {Table 1T1-5&}, Conceotraflons
of dieldeir renged from am aversge of .08 mgfkg to 0,15 nglkg.
Concentrations of PCR {aroclor 1260% were found ranging From an averagc
of 9.5 mgfke to 19.% mgfeg. Aversge DNE concentrations teaged f[rom
1.7 mgfeg to #.1 mg/kg. Mercury had mean concentrations ranging from
0.30 mg/kg ca 2.40 cgpfkg.

tii. Double=cresced Cormorents

In 986, & mew colomy of double=crected corcorante, coneieting of
nine nescs, was discovered on Lltcle Charity Island In Seginaw GBay
(Ludwig &nd Ludwig, 1986}, &1L nine of the nests were abendoned cacfy In
the Geason for unknown IeaFonf, 50 no data exist on centaminant lewvels in
thege birds or their eggs.
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Table ITT-58. Ceomstric Means, Fanges and Wuzbers of Eggs with Juancifiable Kesfdwes af Ovgacfe and
Tnorganic Conca=inanta (=g kg) in Com=on Tern Epge Collected Erom Three Subrolonies
mesting ion Saginaw Bay, 1984 (USFWS, unpubliched, P5E3).

8-1 (% m 13D 5B-2 (% = 15)0 £B-3 (N = 13)
Compeound = TANge n = range n = Tange 0
p.p"-[DDE .0 . - 3.3 [ L.7 D.F - 3.4 LS 1.7 1.1 - 3.8 12
p.p"-0ED nq ng - 4.14 L ng ng - 9.17 4 AT g ~ 0.73 :
pep " -OOT ng ney o na ni4 ] n4g ng H
Cigldrin L1 .0- 4,29 L2 qd, 14 nq - 0,38 14 0.o8 ng = 0.1% i
Heptachlor cpoxlde ng ng 0 Rg g - .11 1 tg B o
Oxvchilordane ng ng - 4.1 3 ng ng - .17 & oy aq - 2,15 2
ris—Chlordane ny ng 0 (T g — 0,117 2 ne tg — O_15 3
trans-kKonachlor ny ng - .01 L e ng - 1,17 2 g ng - 0,35 z
cis-Sonachlar ng 14 a %] wg — 0,11 2 g ng - O0.11 2z
Endrin ny ng 0 LT 1] 8] ELay LT 1]
Toxaphene (esticated) Q.04 nqg — 4.2 h 0,08 re — 0,25 ] g by - O.&d &
PCE2 (estlmareds 260D 9.8 .0 -4, 2 L2 10,4 5.4 =210 15 LU 4.8 -23.3 12
Merocub'y 1, 40 0.25- 0,066 L2 n.in Q.14— 0. 47 14 o.312 0.12- 1.87 12
Selenium 0.7z 0,46- 0.8 L2 D.&5 n,r- 1.87 13 n.o11 B.40— 0,93 12

—r ——m =_r

Toeal of 18 sgoples analvzed f{or mercury

ng = oot quantiflable



iv. Black-crowned Fight Heron

Two coloples of blacr-crowned nilght hereas were found in Saglnaw
Bay on Chanpel/Shelter Islapd apd 1it&le Charigy Island. Two-hundred
elghevy=five nects were obsceved gt Chanael/Zhelcer lslapd ard 76 mests at
Little Charity TIcland In 198E. XNo dote on contaminant levels ir these
nerons were collected (Ludwiz oand Tedwlg, L9EL),

¥. Ducks

Although no stuwdies have been conducted on the body burdens of btoxic
materials carricd by migratary ar avar-wintering ducke in the Raginaw Buy
baein, a study of ecrganechlorine congaeinane levels In Zdving ducks
over-wintering oo the letroit Biver suggescs that Jiving ducks can
accumulate suhstantial loads of organic meterial (Seith et al., 19330,
The PCE levels in lesser scaup, greator ScAup, &afd common goldenewe from
the Detroit Ziver rapged From 2.7 mg/kg te 20 =g kg (3mith et al., I983).
Ducks Feeding in the Zaginaw Bay warershed would be exposed to levels of
contaminants less thanm those in ehe Decreldt Biver. Benthie doavertebrates
foligochaetes and chironomids} im some pares of the Saginaw River
vatershed kave PCR levels abour ome-half as high as those in the Detrelt
Fiver {Detroit HEiver oligockaetes 0.54 mz/kg; Ssginaw Biver oligochactes
and chironomide appPoximately 0.2 mgflhel .

carcasees of ducks celeased on the Chamnel/Skeltar lsland COF were
analvzed by the USRS for orgenochlorine contamicents. The raccasscs
showrd —casurahle residuss of JDF and FCBc gfter 1O to E4H daye exporute
on the COF, Congeptragions of PCEs 2n mallard carcascecs efter Len cars
of cxposure ranged Trex 0,07 epgfkg co 00446 og/kg (mean = O, 54 mg kgl
after 44 avs exposure, PCH concentretions vanged itom 2.5 mg/kz to
4.7 mglkp (zean = 3.3 mgihpg; Table I1I-59). <Concentrations of J0FE were
detected In Jow guantities in concrol ducks with no expoeure on the TDF
frange: G.01 mgikg oo 0,02 mgihg; mean = 0.01 egfkgy. After U days
gxposure, DOE comcentrations in Mallerd cerceeser reEnged trom D0 cpihg
to (.07 rplkg (mean = 0.02 mgfkgl; efter 4¢ devs exposure, MRE
concentrations ranged [rom G101 me/kg toe 0.19 cgikg (meen = 0,15 mglkgl.

. Centamdmant Inpacts oo Biuta
a. Fhytoplankten

Levels o FCls occurring in Saglpaw Bay were found to iehibit
vansnoplankton productivity [Mc¥soght ot al., 1%84). Certain FCBs have
dlso oeen skown to e more toxic to diarcoms and green algzae than to
blue—zreen algec {Hevawghe er 21, 1984}, Further, hexachlorobipbenyl
{PCG metebolite} inhivited alguel phorosynchesis itom as much &5 &5 o
237, However, these contaminents were also ahown te stimulste slpsl
productivity yndee some ciroumscances [(HModaught et al., 19E4Y .

Pichlorobhiphenyl has been shown to be selectively more toxic Lo
nannoplanktan than netplanktan,. and dichlorobipheny] cetabolites aIe core
toxic to phytoplankvon than the parenc Pgomer (HeXaughe er al., [9B4),
Though PLBE zmust be held below 5 ngfi to aveld adverse iepacts on Seginaw
Say algse, after ptormms, when PLE-rich gedipents were resuapended,
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Table IXI-39.

Tarel PR and DIE Cancentractfans (Egfke) in Hallard
fLarcasses afcer OO,

10, 25, 44, B¢ and BB Nays of Expasure
oo the Chammel/ Sheleey Tsland Canfined Dizposal Tactlicy,
Saginaw Baw (USFRE, uopublished, 19377.

—

Dar= af Expogure

- T

Parameter Control 10 25 L 4 B
1 3 4 3 4 k| 4
BLCH 141 a.17 L. & 2.6 2.0 I
uD .35 1.1 b2 1.7 .11
wD .34 a.75 2.5 L.&2 1.%
KD 0.&4 - 3.9 - 3.31
AN - 0. 34 1.08 3.1 1.44 3.23
DDE 0.01 0.02 1.0F 0.1 .18 .27
0.2 0.3 0.10 0.1%9 .14 0. &0
0,01 c.ul 1.04 0.13 .05 0.14
0,01 0.0 - .16 - 0,14
mean 0.a1 0.0z 0.0E .15 0.11 0.35

fContirmed by GC/Maes Spectromebty

th = Fome Detected
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wacerbarne POBs reach levels up ko 318 ngfl and coneequently inhikited
produccivicy by more than 307 (McHeught et al., 1984%,

b. Zooplaokean

Since the cooples food weba of leke Huron Involve hundreds of
phytoplankton taxe and tene of zooplankton tawxa, Mchpught ot al, [(L9E4)
used and develeoped two ecesvstenm tunctional Indices to egasure
contaminant iehibdtdon [rom 1976-1979. ime of these was a measure of
zeoplankten grazing. Crazing in westerno Lake Erde was ceomparcd to that
in Sagipaw Ray (McKaught et al., 19340, frazing as a cootrol op algal
populations in lake Erie was alnest as effective as ip oligorraphic Lake
Hurcn; grazipg, however, was greatlv depresscd in Saginaw 8oy (MeHaughe
et al., 1984, This ipfocrmation suggests that the lake Tric copsvstes 15
ic better condition {less eutrophic) than Sagimav Hay (Mckaught cr al.,
1984, TFunctionel ecoevstem Inhibition by FO3s 15 2 sericus problem, and
resuelts indicate that PCE levels must be held belew 5 pgsl (Mekaught et
al., 19E4}. The lack of zooplacxtern grazing in an ecosvseex like Saginow
Bay may be related teo unknown ichibitory compounds wich o mode of actich
either similar or identical to PCEs (Mc¥aught ot al,., 19847,

The lack of zooplankton grazing ie Saginaw Pay could alsge Be due, in
pact, to a grester abundance of large, wrpelatable filamentous blue-green
end green elgae in the bay than in cuter lake Buroo asd weatero Lade
Frie. Yhen grezing <ladocera and copepods were increased experimentally
arong natural phytoplankfon pepulations . 3mall alpae such BS
crvptozonods, ceFiatin diatoms, and ocher nacooplackeoon decreased, whereas
gelacinous green algae such as Sphaerocwatis increaszed, and the
hlug-green Anasbiagna recained unchanged (Forter, 1%73). Additicnally, the
ingestlon, asyixilacdon. survivership, and reproduction rates of Daphria
that were fed hluc-green algae were lover than theose fed greem algae
(Aarpeldd, 19707, Thus, che lack of zooplankten grezimg in Saglnaw Bay
during che fate 1970% cav be dug noc £ vhknown Inhibicory compownds with
8 code of artlon similar ar 1dentital ca PCRs, har go fgn abundance of
large, unpalatable algal species.

c. rilah

Toxiec materlals, cenventienal polluzanmes and silzation dnfluence che
viabhilitv of (ish populations direcsiy by aZcering physioTogy and
behavior, acd ioditectly by modilviog hahirat. Alchough —echanisms are
not well voderateod, a number of explamations fotr the reduction of
populations of desired specles 1o the Saginaw Bar [(ishery have heen
offered,

Toxle sebctances mar limit reproductive success by increasiong the
mortality of Sry and eggs (Hendrix and Yooum, 1984}, Lake trout [rv
exvaced Sor 6 monthe to LU0 ngfl PCR [A-L254)} and 1.0 ngll. DO in wilter,
and 1.0 wefz PCT and O0.1 vgfg DDE Iin food, experienced a cuvmulative
mortality negrly twice thet of conteol fry (WillfZord et al. L9261},
Contegminated cediments glso reduce eurvivel of Sty [Hessclbery, L9532, &
change In preferred temperature by lake toout expased ta POE aneé DDE waa
moted by Mac (196l) and was hypothesized to b possibly Zetrimencal o
groweh and survivel by ceusing the eelection of inferior Hebitst.
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Thanges In water guality may alfect ioraging tehavior of some
specles hecause nucelent loads ¢an alter xooplankton and phytoplankton
avallabilicty and benthic comunities car be digstutbed (Hendrix acd Yocowm,
L9847y,

The arceleration In production of plankton and benthlc algae due to
mutrient loading, followed v their eettling cut and decompesiticn in
Incerstltial waters of spawning grounds, may limie prodection of lake
crouc by prohtbicing egg develupment, This mechanism may be limicing
repreducefon af lake crour In Saginow Bay [(Grext lazes Fishery
Laboratnry, 19827, Hedicentation cey make the substrate of spowning beds
uueuteable for spawaing, or seogher egzs (HendrIx and Yocum, [9E4]).

d. BEirds
i. Herring CGulls

Chick-esdewa svndrome, egg—shell thlnning, teratogenic ¢ffects, and
porphyrincgenic effeces are ejused In birds by che pupes of arganic
realdues found dn gull egges from the Saginaw Bay colonies (Gilhearcson,
232L; Gdlbertacn et al., 197&). There have baen vo srudies documenciog
these effecta cn gulls in Sagimnaw Bav. Reproducrcion levela 4o Bapfinaw
dav herring gullas, however, were norv=al in che early 19B0s (MIneao eg
al., 193a5].,

Seme gull embryos from the colepdes fn the hay have shown
algnifiecantly higher lewvela af the sgzyme aryl hydrocarbon hiydroxylase
(AEE} 1im their livers thao egga from gthey lesq contacinaced calapfas
fCLllenton &t al., 1985}, Those elewvated levels were correlaced wich
2,3,7,8=TCOD levels measured in pooled homogenated egg sa=zples (Ellenton
et al., 138%). Many rchemircala, auch ag chlorinated dibenzo-p-dicwine,
pelvchlevivated dibenzofurans, ard polvarstatie hvdroecarkons, enhaoce the
activity of AHMH, and elevated lewvels of AHH mev serve za an monitor of
Elotie exposure to envitvermentsal contemiosnts (Ellewnton et al., 19857

Avother effecr of ¢ontaminaticoe ca heyring gulls may he thyroid
dysfuticeion. Mocoda eb al, (19850 rested zulls ot seven colonles in the
Grear lakes ate Eound rthe bhighest tncidence of epitheldal hryperplasia, a
digease of the Ehverdd, at che Chacsrel/Shelpey I1slapnd enlony., The
surhors suggzest thar cherve 18 a coryelatien hetWeen the prevaience of
enithelial hyperplasia acd elevated eovirvepxental levels of PCO3x and
noplvhalepenared aremsatie hwdrocarkons (Eilenton and ®c™herwon, 1983;
Mioneow et al., 1984).

1i. Cowmboory Teras

Common terns ate Eish-cating birds and as such they tend to
secutelate organic coatamipants.  Terns ore quite sensitive to
environmental contaminamta. They have coogealtal acocoalies more often
than any octher Eish=-eating bidrd studied (Gilbertacocn et al., 1974; Havs
and Blasebrouzgk, 1922 Gochfeld, 12751, Ko studies that address the
effects of environmentsl contamlnaticon on corrob terna 1o Soglosw Baw
have been published, but the USFWE has been cooductiog sgudles of commoo
tere colonles e the Great Lakes, loacludipg coleades in Sagloaw Bav., The
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USFWE examined 474 live tern chicks in the Grear Laokes 40 1984, 0F
these, two, both collected from 2 colony on Chopowl/Sheleer 1sland,
sppeared to heve axial skeletel abpormplipies (USFLE, unpublizhed, 19345.
In eddivion, thres erbryos witk ¢pogsed %1118 were Fourd among ten egpa.

sreificdal incubatlon studles conducted oo feotn cggs Erom Five Great
Lakes vnlonics in 1985 showed hiEh ek ferriliky For all colomies.
Hatching success vericd among colonies, bowewver, with a low of 247 for
CEFRE :F:r'-e:n a 51|'|'.-|.'.u]1;|1_'|:,' an {f'hu:nna_"l_:"thll:i.:l' Isl.’lnd [:.'EFWS. unpub115hed.
LAR%Y,

1i1. Caspian Terns

A 1986 sgudy of gaspiao rern produeceiviey ar colonies in norchern
Laoke ¥ichigan and western Lake Huren found na evidence of conpenital
deformitics at the colony on ChannelfSheigeyr Tsland (Lodwig oand Ludwig,
19841, Hpwewer, Ludwipg awnd Lodwipg (19E4) found char second=-atCempt necks
at Chapnel/Shelter Ialand had the lowesc hacch race end lowese fladpe
tace of all colenies monitored. They suggeec chac che falilure of the
later nests mav ke asacciated with sccumulaced Eoxic oeterlsles, but no
evidence supparting thila hypothesde 1 presented in the study.

1w, Touble=created Carmorante

In 193¢, a new eolony of double=created corcorente, consisting of
nine nests, was diacovered on Littcle Charicy Teland in Ssginaw Bav
(luwdwig and Ludwilp, 1986). All mdne of the nesta were abendoned early in
the seasen For unknown ressonsa (ludwlg and Ludwig, 19367, ao no data
exlat o reproductive probklems related to towic aubatences for comuoranis
1n che bay.

Coemotdnts fest [ng In bhe Great Lakes have a high rete of cangenical
deformitiea (Wesloh et &l., 1985; Zudwilg and Ludwig, 1986).
Double=crested corrorents &re also well koown to be highly sensitive to
Ekell thinning, an effect assoclated with DDT contaminetidon in some
apecles [Mineaa et al., 19E4}. Cormorants are liated as a threatenad
apecies In Michigsn since thelr nuobers plummeted 1o the 134605 {Weslech
and Skeenle, L9EB3}, bub cormorant nunbers have been incresasing alnce 1977
(Wenlob ot nl., L9853,

v, Bliack-Ceowned NSighe Beronx

Tn fleld work donpe Iin L%R6, two—bundted eighty—{lve black—crowned
night heron nests were abserved ot Channel /Skelter Islacd and 76 nests at
littte Chericy Ieland, 3No evidence of gross deformit{ies was found
(ledwip and Ludwig, [38R],

o, Mamcails

& reductdon af the range af rame mammals, Including mink and
river arter, hag accurred in the Sagimaw Bay watershed [(Burt, [957). The
range of wink in ¥ichigoan in 957 fncluded the entire lower peninsula;
the ronge of the river octer In ¥c¢higan In 1957 excended dawm che lower
peninsula to Just scuth of the cowth of the Saginaws Biver (Burg, 1957).
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But, 1982-1933 trapping data for river occter (MDRR, L9E3) ghow that no
otter were trapped 1nm the countdes thet berder the Znmer baw (arenac,
Bay, Tusccla and Hurom).

Habitat logs due toc urbandzsetion af the watersahed may account forc
this absence of otter dn the Saginaw River waterahed, but it 1a poegible
that toxic contamipatiecr of the watershed's rivera, streams and bays cey
have contributed to these declipea. Twoe atudies indicate that
crzgancchlorine contaminatlon of river ctters may tesult 1n populaidon
declines {Henny et al., 19%1; Maser et al., 198R). %o studles to assess
the impact of contamliprants o vtiver octter iln the Saginaw Bav area have
beenr published,

Mink ere mencitive to the elfects of PCEBs with Fetotoxicicy
occuccing at dietary concentrations below 5 mg/kg and reproductive
fallure at Z meg/kg [(Aulerich and REinger, 1%477). Mink have shown even
greater toxic effects from FCEs derived from Great lLakes Fish tham Erewm
technicol-grade PCEs fed to mink (Hormshew et al,, 1951, Im additiom,
mick can accwmwlate bigh cesidwes of PCBy frowm feeding on contamipated
fish In the wild; six of nine «wild mink from along the lower tolumbia
Eivelr In OFcgon skowed PUR residee In thelr livers Ip copsentrations thar
webe ag blgh 25 those vhich cowsed teprodostive fualluce In mink Im
feeding stwdies (Hennv et al., L96Ll}. The lagrescale sucker 1k the
Columbis Kiver contalined PLEs In the cange of 90,24-2.8 mglkg and »
écolleauch bass had 0.6 pglkg (Henny et ol., 1981}, Suckets ip the Flag
Eiver had o meoan PCE concentration of 1.2 mgl/kg vith o tange of
1.500 mgfkg to 3.B8¢ =g/kg and emullmouth bass had a meosrn concentration
of 4.3Y with a ronge of 2.350 og/kg to 6.437 mglkg (Fectlenm III).
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H. HuMalk HEALTH CONCERNG

i« Exposure to Toslcanis
A Cheodecals of Cancern

Concern for human health is ome of che motdvating facktors In
initiating the Hemedial Accion PMlan proceas. One of the serlgus human
health cencerns 1s the presence of toxde chemicels io che eovironment.
The IJC has identified aearly 1,000 chemicale in the Great Lakes eguetilc
environment (1.0, 1981}, In its Ioventery of Cheoical Substancee
ldeptified 1= rhe Great Lakea ILeosystem, the TIC identified &% chemicals
thet may Impuct hwmas health in the event of high lecul coctaminaticn
(Table ITI-6Q}, Monvy of chesae contaminants, dncluding aldrin, dieldrino,
2,3,1,6-1L00, goxaphene, ard L, 1,2=Trichlorecthane ate present in the
Sapingw By ecosyscem.

Soce of che chemicele of primary conceen fot baman health reasons,
vhich have been found in the bay, Intlude ehe Ecllowing:

¥15H WATER
Chlordane Endrin
LBOT and 1ts metabolites Lindanea
Dieldrin (aldrdin) “Yecharwehlar
Dipwdn (2,3,7, 8, =TCOD) Taxaphene
Mete Ly y Trihalomethanes
Mirex
PCE
Toxaphene

h. fish Conaumpkion

The major route of human exposure fao the organcchlorine contaminants
nf greatest comcevh in che AOC {e through the comsumptlot of contaminated
fish. 7The State of ¥ichigan Sport Caught Fish {onsumption Advisorles:
PhiZosophy, Procedurea, end Process Draft Frocederal Starement {Herphrey
end Messe, '996) 1% the document reprepenting the officinl palley of Ehe
¥Michigan Tepartments of Public Heslth, agriculture, ond Hatwreal Fesources
on the problem of human exposure to environcental contacinance in
Michigan threugh the coneumpticn of fish. The foliowing paragraph
describes the ptoblem of human exposure te contaminants frowm conguxing
fish a# summatized in that Jocumernt.

Yome persfstent contaminants have such 8 long balf-1ife in kaumanas
thar cicl guccesding axposure results e 2 met {oeted:e 1o catal body
surden [Humphtey, 1976, ¥relis et al., [96i}. Tt i5 known thar many of
the rontaminante found In fish have Acute ot chronlc toxicological
propereies &5 shown by studfes of anicels exposed ta Blgh levels In
laburarary rescs (TJC, 193F). %e do mot know, howewer, wherher there ic
a critical level above which toxde effects arc triggered ar whecher
consumption of sport caught fish over & lifetime would cawse such a level
te be reached, Epildemiclogical studies have shown that Tac scluble
coptamignets appear 1o breast wilk end cross the placental harrier in
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Takle 111-A0,

Chemicals found in the Great Eakes which eay have
Adverse lopacts opn Human Health in the Zwent of

High lecal Contamieatino® (IJC, 1923].

Exerecely roxic chemicals iLD5ﬂ 0 mygrrgh

Aldrin
Carbafuran
Ddaidrin

2,3,7,8=Tetrachlorcdibenzodioxdn (2,3,7,8-TLDD

Endeaulfan
Endrin
Zthiom

Mechyl mercury {chleride)

Dxyehlordane

Taxaphans

1,1,2=Tricklare— 1,7,2-criflatraechane

Yery toxic chemicals (LD

aniline

500 =508 me oral kel

Bramochaiporoethane
Carbom disulphilde

Chicrdene

I=Chloroaniline
tdaChlorzarniline

O=Cresal
DDT
visazinom

l,2=Dibromoethane

L, 2-Dichlarabutadlens

2, 4=Dicklorophenasyaceric aolid {2, 4=d)
L, 3=Dicklocopropene

2y 3=Dichloroprpoene

Diphenylazine

W=Ethvlaniline

Furfurel

a—Hexachlorocyclochexzne
v-Hexachlorocyelooyelohexane (Lindaned
Hexrehlorocbutadiane

HMirern

rfentachlarophencl

Fhenol
Fhotomirex

L

Tertachlovaethana
Lyt,2,3=Tetrachloropropene

2ot 5=Trichlorophenoxyacetic aeld {2,4,5-T)
Vinvl Bromide

Vinyl Chlozide

Jaz



TBEbie TIT=060. <Tonmtinued.

Elecents which forc tﬂxiE+cnzpnund5 (LA 500 mg orelf/kel

Arsenirc (erioxide™ ) 30
Cadziuc (chlaridel,,

Cobalt {cobaltgus” O

l.ead (elkyl™

¥eroury (glecent 1 3

hickel fogerare, }

Siluer (nicracge

Vanadiut (erfaxfide” }

*
Based on acutc aral esposure in cate,. Principal data base;

NIOSH Regiscry of Toxic Effects of themicel Svbstances, 1979, URENZ,

A3
Unspecifled ispzer(s)
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women (Humphrey, 19&%3; Ewster et al., i1933; Kizhrough, 1930, Hawever,
the eignificance of such exposure Lo che feruz and Infang hag bat been
fully evaluated.

The effects of long—term chreonic exposure to epvirommeontal foxins
are ot well koown. There is, however, Gome evidence from studlea
conducted im Michigen that chrenilc preésatal expesure to low levels of
PCBE mev result in lowered birth woeighe and smoiler head circoxferences
tFein et al., ip preds). In addition, dcme aubtle behavioral deficies may
he corteloted with incravterioe FCR exposure (Jaccheaon et al., 1944).
Thete 15 alsc one sfudy that suggests that PCR and 1te congeners have a
majer lopact on pedueplon of Spetrm productien and metility io males
(Powghercy et al, . 19E3).

The FCB compound 1& commonly found in the hlood eery= of Azericace,
twt It {6 present In swbstentially higher levels in perspns who consume
creat lakes [ish (Hompheey, 19821, & 1974 study of scme Wichigan
residents showed fhat perzong consuming preater than 10,91 kg of Fish
from the tireat Lakes per veir bad higher FPCR Elood serum levels than
people Mrom the same communigles who rarely are such figh (Aumphrey,
[&&%), Thia seudy Found thar contamicated Great Lakes fish are 4 source
afl exposgre wyleld conevibures ro elevated hwoman PCE levels thet are
glgniflcancly greater chan Hgcekground PLOB levels [(Humparey, 1983%

Given the {ish contaxination daca presenced fo thig docueent,
people cating large arounts of fish fro= che Saginaw Bay ares cay be
bedng expnsed o high levels of grgemochlorine contaminents. While the
gxfetenee of fish copsuepriop healech advizartes e Intended to provide
anglerr with adegquate daca an which to base well-informed decislone
regarding fish copgumption, resesrch has shown that health advisprles In
Michigan have had little dnfluence om apare angler behavior (U2d end
Fridgen, 19857,

¢. Dripking kacey

Eittle mepltering of driaking water fov prierity pollutanta haa been
copducted i the watershed. Endyin, lindane, methoxvychler, toxaphens,
2.48-0 amd 2,4,5%-TF apre vegulated guder the Safe Drinking HWarer Act,

These pubgrinces magt he mondrored aproually in wurieipal swprplies ard
there have been no reports of standards belng exceeded In the reglom,

In 1985, o agudy of publie drinking water aupplies Erem the Saginaw
Hiver amd Saginew Bay wes conducked gs part of a serles of multi-media
studfies of diaxin and other pollutants gaseglated with the Dow Chemical
Flant at Midland (US5EPA, L985:. Four communicles vse Seginaw Bay for
thelr raw water supplles: Eaginaw/Midland, Bay Ciry, and Finconning.
kaztar semples were tgken at each of the Intakzes zlong with samples from
the Saginaw River standby inteke for che Cley of Saglaaw and Erom Midleod
city {inlghed water. Chlarofarm, mechyl chloelide, bromoaf{dehlaromechana,
benzale acid, and di-n-butyl plichalace were dactecred at very low levele.
The study found dioxin vas nat present In Jeteccable levels In any af the
samples [L4FEPA, P985, The USEPA repotrcs cthar primary dvinking wacer
sfandards were nof exceeded fop che raw warer suppliee and che Midlend
Cley rap warel also met primary and secondary drinking wacer tegulations,
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d. Contaminated Waterfowl

Wiitle phere are currently npo scoandarvds fer the consumptlcon of
waterfowl, and 1Ligcle wask has peen dope To quaatify coatamlodnt levels
in waterfowl In Saginaw Bay, It L& posslble that copgumpticn of waterfawl
auy Egsult In expoagure fa goptamiaants,

-

7. Bprcrerial foncaminpacfon
2. Spginaw Eiver

The highese fecal colifgrs valve measuvred In the Sagieaw River by
che USGS during water years L1983 ro L9B5 accurved In L9E3 at 970 cols/ 100
=1 (Table LTI-&L). The annual maxfmaue facal eoliform cownt decreased
from 920 o 470 calsf/id0 ml £2n 1984, The maximum ther Increased to
a0 ecls 100 ml in 198%, a valus grearey chan the raximvm st either Lhe
figeon or Rifle riverr faor chac za=ple vear. Tkics L9E5 maxiowm: wes 3.8
cimes greacer chan che Michigen surface warer quality cstandard of
A00 goladI00 w?,

Fecal strveptecoced coung focressed in che Saginaw River between [FE3
and 1985 te a high of 580 colefiCD ml £in LBES. Overzll, maxiouo fecel
streptocecel values Eor the Saginaw River were subscancially lower than
maxitym fecal stréprococel values fur ghe Pigeon and Rifle viwvers between
1983 and 1985,

b. Yigeon Eiver

The higheat fecal collform level mesaured in the Figeon Bfiwver
ketween 1983 apd 1985 ceecurved 1n 19845 at 4300 cole/100 wl (Table
III-61y. Trkis walue was the higheat fecal coliform level measured dn Ehe
Saginaw Eay watershed between 1933 and 19%5. The minlmum fecal coliform
leval af 440 cols)f100 ml measured in 1954 is 2.2 times higher than the
Michigon auefiece warer qualipy atardard of 200 colaf100 ml,

Maximuw fecal seceptococsl measured e the Flgecn Rlver deving 1923
ta 1085 degsresased fram 9408 cols 100 ]l i 1933 £ 1B00 colaf100 ml in
L3R4, Minfcym fecrl sereprocacel far che Plgeon Biver In 1985 waz
greacer cthan the 1965 maxima for elchet the faginaw or Fifle tivera.

G, ERIfle River

The highest fecal colifomm value for the Rifle Kiver befween 1983
and 1935 was reporced in 1964 o TR0 LalsSLO00 ol (Table 1II-6L 3, This
armual caximue Teca? coali{fars wvalue degreared ea 690 cals 100 ml Ia LREG,
A datue thar 95 sefl? 2.4 rfces greacer chan che Michigan surface wakar
quality standard for fecal colifores.

Hasieum fecal atreptococci levels in the Rifle Biver fluccuated

widely hetween 1983 and 1985, dropping from 9500 cols/Ld0 ot dn (983 Co
370 ¢ols/ /100 &) dn 1984, then risdng te 1600 colsSLG0 mi In 1985,
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Table TIT=&1. TFecal Coelifers and Fecal Strecptococed Values in Surface
Waters of the 3aginow Bay Wacerghed Heasured by USSE

in 1283, 1984 and 1%85 (USG5 1983, 19RL and 198BS,

Waretr Year

Kiver 1983 1334 1985
Saginawa
fecal ralifore min 410 114 20
[ G240 470 TR0
fegai streptucoced min ezl 1E0 HLQ
EAY T2d 570 5E0)
Jigeon
tfecal colifnrm min 200 5064 FLOw
Eax 2200 L5400 -
fecu] streptococci min Z0n 320 4500k
B gLon 2600 -
Rifle"
fecal eepiiferm rin LG - 23
max - L 690
Fecal streptocose] olon TED Lac L
max qic0 e 1600

OpM 0.3 [Rust Ave.)

hRM 2.0 {Kinde Rd.}

kM 20.0 {0ld M-TO

k
nat All Tgur samples reapresentead
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d. Zagzlnaw Bav

Fach of the Flve countles that berder Saginaw Bay (Lasecec, Arenac,
Huarat, Bay and Tuscola couptles] was ceptacted durdng 1937 and asked
uhoat chelr procedures for mopltering cownty beaches for coliforms.
atenas, Bay and Wurom countles hove four, two and 17 public beaches,
rezpactively, bordering Sagiraw Bay, Onlvy Hurcn and 2ay counties periorm
socewhat regular beach monitocing aod compdle thelr data inte annual
reporte (Bendee, pers. comm., 19R7; Mathews, pers. comm., 1987 ]. losco
and Aremat counties Yoth have bheack access within thelr boundaties thar
are condtored {or bacterinl concaminacion randomly and wpon request
(Hasty, pers. comm., 19087; Yocue, pers. comm., LYE7). There ore fo beach
areas for sultabie for swirsing En Tuscale County, therefore the counby
does no reguler eondtoring for bosterial contaminecion (Kimmell, pers.
coTm., 13E7).

The HDHE contacta all lecal heaith deparceencs In Michigen
bilepnially teo summarize cificial closings of public swimming areas. Nao
public beaches on Saginaw Bav were cloged durdng water veors 1936-1947,
the mest tecent ceportiapg mericd JHDHE, 1988).
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AZCTION IV —— PRELUTICON SOUECES

A. POINT SCURCES

1. Mupicipal and Indusatrisl Cdachargers
d. Cistricuticon

There are 1!7 wastewater treatment facllitides and B7 Andustrisa that
discharge divecely te surtace waters in the Seginaw Eay watershed
[(Table 1V-1; Appendix 5). These are divided dntec ma'cr end ednor
dizchorgers, Major oumlclpal systewa are generally defined as plance
char credt one milliop zallons of wastewster per dav or more. ¥ejor
induseetal systems ace those that scere &0 proints or more in EPA'e
Eactilicy toting system, which comslders such factors as the potentlal feor
the pollucankr Eo ke roxils,. the size and type of the waste stream,
pobenttol public health Impacts, and whether the efFluent limits are
water 4uplity or technology based.

There are 12 maler Ifndustrial dischargers ie the Saginaw Bay
waterashed {Table TV-2]; Eiwve of these ate lecated oo the Saginaw Biver
(Takle IV-1}, The L2 major indestrial dischargers are distributed anong
the Eollowling cabegotry evpesd!  primary metals industries (20, elacktrenic
manuEacturing (L}, cransportation &quipment =anufactutiog 1), chemical
manuiaceutring (1), power weilicy {11, bhattery canufacturdong (1),
pecrolevs refifning (L), and sogac beéef procoussing (41, Industrias
categories of che 73 winor dischargers to the Saginaw Hay watershed
Inelude eranspoarcation equipmant manvfacturing, primary metels
manuigcrueing, fabelcared metalg products; machipery manufacturing,
tubber and plaseles mampfaccuriog, chemicals manufacturing, <ement
matufacturing, food and kindred products, petroleus and coal preoducts,
gypsum extraceclom, and photograpghls ¢quipment and supplies.

There are LE major menlcipal WWIPs 1in the Sagilnaw Bav watershed
fTable IV-23., 0f these, five major Eacllities and five minor facilities
discharge direstly o the 3aginaw Biver {Table IV-3). The 18 maler
munlelpal WWiFg In the Zaginsw Bay watershed discharged am average of
15%,% millien gallong per day of treated effluent 1o 1986 (Table TW=4).

b. Cischarge Foomits

Fermits regulating direct industrial and municipasl diacharges to
Michigan surfade woaters are dssued under the Matilonel Foilutant Tdacharge
tlimiccacrion System (IPOFE] by the MDSE {Section ¥T). As of Harch, 19843,
there was & backloy of axpired XFDES permita for diachargera in the
Sagicaw Bay witershed, However, ne ma‘er industrial diachargers cr
muclcipal wascéwater trocatment plants were opereting under an expired
KFBES permit, Sixty of the 109 miner mundcipal wastewater treatment
plants and 17 of the 73 mimor industrial dischargers had expired permits.
Because currveat acatfing levels prohiblt proceseing of all permits
schedyled fer o given year. new permits and relasuances of pereite for
major discharges receive the highest priority.
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Table IV-1, Mumbketr of Dlrecc Induatrisl and Municipal [dachargera to
the Saginraw Bavy kWatershed by Dralnage RBasin.

Facllicy Type

Mrainagze Basin Maior Mipcr Total
Au Gres Rivaer Industrial 0 7 )
Municipsal 0 4 4
Fiile River Irdustrial J Z iy
Hunicipal 0 % 4
kewkawlin River Industrisl 0 3 3
Muntcipal 0 R 5
Sagfnavw River Indusceial 11 a7 BE
Hyntcipal LE Ta ne
®iscoggin Draln Tndustyrial 0 : 1
Municipal | 5 5
Figeon River fndusktrial 1 3 h
Municipal | L4 L&
Saginaw EBay Tndusfrial 12 75 a7
¥unicipal 18 104 £27
TOTAL Ao 184 AR
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Takle IV-2. Maior Tnduatrial and Mundcipal Diechergers to Sucfatce
Water 1n the Saginaw Hay Watershed by Receiving kater.

Recelving Water

Facildty

Chippewa River

Fine Eiver (Cratfor Co.)

Caaa Riwver

Flint River

Bhiawpepes EKiver

Tittabawasser River

Saginaw Eiver

Mt. Fleasant Wastewater Trcatment
Flant

Total Fetroleum Tne., [Almal
Alme Wastewater Treatoect Plack
Hitachi Magnetics Cotp. (Edmore]

Michigan Sugar Cempany {YCako]

Frinkenmuch Wasrewaeer Treacwent Plant

Eridgeport Townabip Wasrewarer Treacment
Flane

General Motoes Corp. Fisher Guilde (Flint}

City of FEine Wagtetsater Treaccene Plant

Lupeer wastewarer Treacxenc Plane

Geoegee Councy Ragomme Wastewater Treacment
Blang

Flushing wastewater Treateenr [lanc

Johpsoo Ugnerals Tne,

{Hepsxe HMid-Shiawasses Couney Wazcewakar
Trearoent Flaoc

ecedee Councy wWastewater Treatment Flant
¥o. 3

Powell kHastewater Treastment Plant

Dow Chemigal Cempany (Midlaod)

Midland Westewater Treutment Tlant

Fagimav Township Wastewator Troatment
Flant

cenergl Motors Torp. Cheverolet-Fontiac-
Conada tiroup {Ray CLigyd

Monitor Sugar Company [Bay Cicw)

Ceneral Motors Corp. Centeol Faundey
(Saginuw)

¥ichigen Fugsc Tompany (Larcollton?

Bav ity Wastewaber Treatment FPlane

Saginav wWastewarer Trearment Flant
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Table IV-2., Coptlaverd.

Hecelwing Warer Facilditwy

Spginaw Kiver (Conrc.) Tllwavmee—Carre] 1 ton-Baglnaw WaArewater
Tregroent Ilant
Weut Hay Cownty Reglonal Yectewater
Trearmenc T'lonk
Fuena Vizpg Township Wesrewater
Treatment Flime

Saginaw Earw Consucers Powee Cg. (Karn and
¥eadock Flanmes)’ 5
¥ichigan Sugay 4. (Sebewaingl

lln rhe Saplnaw River dralmage basin.

Etn the Figeoan Biver drainage basin.
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Tahle 1¥V-3, Majotr and Minor lnduscrial and Municipal Point Source
Dischargers to the Sagilnax Biver, [987.

¥POFLS Permle Noo.

Facility Kame
Lxplraticn Tate)

INDLSTRIAL
k  B95

fl 38

21312

w 1091

* 1134

L

MIRICIFAL

2291H

RIZ2R4

mi 2530

L]

®22497

M25577

VTR

BON-MURTCT AL

2337

24230

ILEIR

Dow Chemical, Ray City Flants

f1051790]

Leke (Intarfia Cement-Aetna Cement Covporation
CLASLA90s

PVE Chec~Bay Chemical Company
(2528900

Unien 01l Company of {alifaernia
[IE/50785)

CHE Chevralet-Pontiac-Canada Grauop
(3531900

Presto-ite Motor of Kltea
(37317900

Honitor Sugar Tao. Bawy Civy Planc
[HF314917

feneral Motcrs {orp. - Cencrsal Foundry
(10001090

Vichigan Sugar Company Carrollton Flant
r3A34EN

EsEexville Wastewater Treatment Flant

V10150

Bav ity Wasrewnter Treatment FPlant
(5d 31 F8G)

Wegk Fay Gounty Reglomal WWIF
CLOS L9y

Zilvaukee-Cerrollton-Saginaw WHTF
(3531790)

Buena Vicsta Townenip WeTF
e300

Sazginaw Wastewater lrestcent Flanc
(Br31589)

Carroliton Twp. Storc Water (wverflow
tas30 6]

Bay City Countty Ulub
(3731

Tri-City Adrport
£12/31778)

Qiverview Eatates

0 30T

*Ha jor discherger

113



Tabla I¥=%. Average Tatal Flow &f Teeared Wastewsater to the Saginaw
Fiver and frs Tributaries from HMa*or Municipal Dischargers,

t A6,

Facdlity

dvarage Dellw Flow
{MGET)

Alma

Bary Cicy
Bridgepore

Ivens VISCo

Flint

Flushing
Frankenmagh
Gieneses Co. Ragnonme
denesee Ca. No.o 3
Howell

Lapoer

Midland

Mount Fleasapg
C=DE5D

Sngloyw

fogpinaw Twp.

West Bay Co. Reg.

2ilwaubec-Carralleon-Eaginaw Tup.

TaTaL

L
a a a = =

L

b b= PSP ey = — WA s e e D RS

, ..
W n Ry B oo e B I oo hn g L —r d g B

hri

155.5

uuuring digehargs,
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The MDER s Iin the process of converting SFPNES dats storage from the
Water Informetion 3ystem for Eaforcement, Revised {WISER) computer system
to the USEFS Fermit Cmmpliance Exystem [(PCE). Data entry of BPCES permlt
Information to WISER wae discontipwed 1o May, 1986, and the tranedtionm ko
the PLE avster Ip taking longer then crlginally planned. However, all
cajor diechargere have been entered fnto che avatem as of Detober 1,
10B7, end are updatsd monthiy as peteles Ere relsswed, All dischargets
to the Saginew River or ite tributeries ave coded 1n the FCF oas
discharging to the Saginavw River; PCS Joes mor list the specific
recelving strearw Tor each discharger,

Surface vater discharge peroit helders are regquired to submit
monthly Discharge ¥enitoring Heporis (formerlv called Monmthly Operating
Reports or ¥OBRs) to MRNE, Sumnardized Diecharge Xonditoring Report (12
information for %87 ate svailable an the PCS. The cost recent WISKER DMK
symmaries are For L98&, The PO5 datshage can provide an fnwventory of the
parameters belng menitored by dischargers and 1a sultable for loacing
celculations, MDEE alika iaputs 28 veporting deformatien to the ERA
ETOKET computer syster, Daca vegarding apeclal effluent monltoving
curveys for hesvy metals and orgasics ave atored dn the files of the
Great lakee ond Environmencral assessment Sectian, Surface Water Quodity
Nivisgiaon, MIXE,

In additfion to MDNE recards, infermatien en dischargers ig the
Saginaw Fey watershad can he abrained from the USEFA Indestrial File
Index Sysge= (1F18}). The LFIE licts the receiving water iand Standard
Todustrisl Code (SIC) for Sfcschargerc with WPDES percits. The 1FIS list
nf dischargers i% not as current &s che PCE Liet.

. Thespghorus and Suspended Solide

The following conventional parameters are generally regulated in
each of the 13 majer municipal and 12 cajor industrial dischargers' HNPDES
petwiea: binchemical oxygen demand (BOD), suspended sotlds (55), and roral
phoaphorus (TP}. Total phosphorus and suspended solids laads from thess
majer Focilities co che Saginaw River end dts tributaries were esticared
by summing the ptodacta of Ehe average wonthly flow and the average
montk]ly mens concerfrations. The load estimates are rough approxi=afioms
af zettling and degradation rates were not coneldered dn the calewlazdions
anc loads feroo miagt Jdizchargers were ot dnclwded.

Municipal phasphorus loads to surface water in the Faginaw har
waterghed were ¢3f (bgfed ra be 159,27 metrle toms In 1366 {Tazle 1V-5}.
Phospnorus loeds to surface warer In the Sagiraw Pay watershed {rvem majfer
punfcipal wastewatcor treatoent plancs have Jecreased substantially eince
tO%4 (Fahle EV-A). Lr f= escinmaced that more than hHalf of the total
decrease in phosplinrus loads co Saginaw EBay between L1974 and %79 was due
te phosphorus rercoval effarcs hy WWTPz In the Saginew River basin and tao
the 1977 phosphate detergent ban in Xichigen (1JC, 1963}, The slighr
increase in zunicipal phosphorue locads froz 1979 ko 1YHQ oav be due en
differences in the nuober of facllities that repcrted an increase in the
tetal Elew treated, and peer petlopraance by one or zore of the municipal
Facilities {IJC, L4831, 1pn 1982, 83.2% by wolume cf all cwnilcipal peint
soutce effluent was treated (oo phosphorus vemewval (LTI, 1933).
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7ablm 1¥-%3, TFhesphorus and Suspended Sollds Leads to the Saglnaw Diwver
and dts Tributardes from Major Mumicipal TDischargers, 1986,

Toeal Tokal
Fasilipsw Phoaphorus Suepended Eolids
(EEfvr) (mtfvr)

Alma 2.1 2t
Bay Clev £.6 266
Brldgepart 2.7 34
Buane Visce 1.5 50
Fline 45.0 el
Flughing 1.0 29
trankencurh 1.2 La
Geneses Co. Ragnone 20,4 284
leneses Lo, MNa, 3 1.9 105
Hams12 1.0 X
Lapear | 1]
HAid7and .5 T
ek Bleagant L 16
Cwosac L.7 T
Sapginaw 2.7 iRl
Sapioaw Twp. 4H.6 410
West Dawy Co, Beg. Z.6 6y
2 lwaukpe-Carrollton~-

Sapicaw Tup. [.9 g7
TOTAL 1682 2, 0418
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Takle 1v-6&, FPhoaphorus Loads fror Municipel Waetewater Tregtment Plants
to Surface Watera in the Caglnaw Fay Watcrshed, L1974,
1975=1941 {T:2C, 1983), and 1983-1936,

Yaar lead {metric tomafwyr]
1974 A0

1970 211

1 BEO 210

BT 211

L3953 1417

LOBL |25;

rORS 114

;OHA L6G"

Data not availsbla for Saginaw Twp. WATP or ¥t, Bleagame WWIR.

I:'Iru.':lu':hzs phospherus load From Xt, Fleasane WWIP (3 acd; date not
avallable [orv Saginow Twp. WWTP.

“Includes phespheorus loads (rfom My, Pleasenc WalF (3 mrc) and Zaginew Twp.
WWTF (49 mil.
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The poral discharge of phosphorus te surloce watera of the Saginaw
Bay watershed In 19&6, vom the slx maior dndustrial dischargers with
petmit requirements for phosphoras, was approxinatelyr &3 metric tens
(Table I¥~7). Lm (9RF, discharge ‘rom fhe Dow Cremleal Company plant in
¥$dfland was Lhe lergest point sovrce of phesphorus te the Taginaw Ray
drainage besin (EPA, !19BA). The L9REl amtwal discharge was estimated to
be éi metric tons. The total anmuat discharge of phosphorus in [%B5,
hased oan daca from che [HRe, wes approximately [F metvic tons. The
reduccion in phosphorus Ioed £s5 attributed £a a decrease In discharge
flows and to the copstruction of 3 sand {ilerarion treatzent eystem at
Dow (E2A, 1736). Twprovements in treat=enf capabiliries at the
Plpconnlng WWTP, a minetr munlcipal laciliey, have reduced the average
total phosphorus concentratien io this diacharge from 5.07 =gfl in V2R3
te 0,30 mgfl in 19386,

Maak of the mator WWIPs and industrial dizehargera in the Saginaw
River basin are meeting the |.0 mgsl Michigan water quality atandard [or
phocphorus In wactewater, although flve of the plants exceaded the
ctandard for &t least ane month in 1536, Theose plants were Bridyeporr,
Euena Vigta, Wowell, Lapeer, and Saginew Township., Filve of the 12 ma'or
induetrisl dischacgers In che Sagipaw Bay watershed have monitoring
requirecents or [imfes far phasphoyus Im thelr NPUEE permits. Only
Hitachi Yagnetics, incorparared has a mumerfcal limit for phospharus of
1.0 eg/I, which was act consistently In L9836, Dow Chemical Company bis
reduced thelr aversge =crusl tocsl phospharus concentration feom L 7 mpg/l
in 1982 to 0,84 mgfl in 1986 (EFA, 17862,

d. Metals and Orgacics

The discharge of roxle mererials from point scurces To surface warer
iz regulated under chwe KPDES program. In the 5Saginaw fay woTershed
guring 1987, four af che L2 melor Industrial dischargers had KPLES permic
requirements Tar merals and six had permit requirements for Cosie organdc
gubstances. MNine af che L& major munlcipal WWTPs have XFDES permlt
requireszents for cete's av arganles. Table IV=8 summarizes the number of
induatrial end zunlcipal facitities Jdischarping celected pacemelcrs Lo
the river besins In the Saginaw Bay wacershed.

The WPDL3 perwit requirecents Tor Eegals and orgenics cey be
specific numerdcal limits regulating the coucencration andfor oass of
material & Facility may discharge, or thev may include wondtoring
requirements for certaln patamecers. Facilitlea with perzit liclies
arndfor long-term monitorimg vequitements wuat aubmit scothly reports of
wastewater discharge monitoring daka tw the MENE. The results of these
monthly Dischacge Monitoring Mepores {DMEs} are suzmarized by MR
district office staff and compared ro che requirements contsined dm the
facilicy'E permit to dotermine compliance.

Armual loads of cetols and roxic arganle substances Ko suriace
watars in the Saginaw Bay hasin were escimated veing L9687 data from che
LHE pucmeries. Total annuas loads based on che DME sunmeries were
calculated by suzming tho producks of che cwelve avevape conthly Llows
and the eversge monthly concencrations of esch peraceter for each surface
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sabla IV=Y. Total Poorphores Loads to the Saglnaw Adver and 1ta
Tribtutariee from Hajor Indestrlial Dlschargers with BEFNES
Permit Kegquirements Eor FPhosphorus, 1986,

Total
Faciliew Fraoaphotus

fmt /yr}
Dow Lhecical 1548 13,

5.4
litachi ¥agnetics Corp. 0,5
¥ichigan Sugar - Laro S8
¥ichigan Sugar - Carrollcon 4.5
H¥ichdgan Sugar - Sebevaing 17.9
¥ondtor Sugar - Bav Clew 0.4

TOTAL BA.L

aHDnitaring datas {ey Crecber end Hovembher, 1986 ouly.



Table TU-H. nuaber of Industrial and Hunicipal Faciligies in che
Saginaw Hay Wacershed Eequested for Selecred Pavemerers
by BHzadn, 1933.

——

PARAMETER RIVER BASTH

Sagingw Figecn kWiacaog. Au Grea BEifie Fawkawlin

Total &5 112 15 5 ] g 1

Total F 13 5 3 G

Taotal CK

Total Cd

Total Crx

Total Co

Total Cu

Total Fe

Total Fb

Tetal flg

Total hi

Tetal he

Total ¥n

Carkon—
tetrachlarlde

Chloroform

Total Recoverable
Plhienalics

Benzene

Acevlonlerile

£,3,7,8-TCDD

Total Phensl

Folvchlorinated
Biphenyl:s

Total toxic organice

CEvCena
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cutiall. These 818 £rosp loadings and Iinclude the parkground levels of
these parameters in Intake wBALarE.

i. Cacmium

A total of three facilities heve permits regulating the Jischarpe of
cadmivn (Gd) to the Saglnaw Bpy wiatershed, Among these, fwo are major
wasTewater treafment plands, the Ciew of Alga and the Cicy of Flint., The
tacal discharge of Cd froc these twa {acilicies to the Pineg Klver, in
Gragiot County, and the ¥lint Kiver, based on dota {rom thefr DMEs was
168 kg im 987 (Table 1W-97. Acbient water concentyatfions af Od did por
encead the ¥Michdgan Bule 57020 guidelipe level in [9ER for any warers Inm
the basin where facilicies reporc discharging €4 (Seccion ILID.

ii. Chromiur

Seven facllities 1w the Saginmaw Hay waterahed have WFPDES per=it
requitements for chremium (Cr). Two major induserial facilitvies and ome
eator muadeipal WWTH are dn the Saginaw River Bagin. I addicion, twa
minor faecilirdea in the Sagdnaw Biver bastn and fwo =fngr facilirdies in
Ehe Ac Gres River bazic have BFPLEL pepmip ld=its for Cr. Data from the
DMEs (o these facllitices Jadicate that the Saginaw WRTF had the greatest
contribution of chyemium te the sorface waters. The total load of Cr
dischayged by the Sogleae WWTT dn 1987 was 1,273 kg (Tahle IV-9).

Amblent svrface water cemcentraticons of Ot 4in the Sagibaw Haw
watetrshed did aet execoed the Bule 57021 guddeldne leval in 1984
fBecrlon TTIN.

111, Coppep

Foutteen [asilitles in the Sagieaw Ray waretrahed hawve NPDES petrmits
with requirements Fot coppet (Table IV-8}. Thivtesk of these are in the
Zaginagw RAiver watershed, incleding Tive major indwscrlal dizchargers and
five major ounlcipol diechavgers, The remafeler Facllity discharges o
the Av tres Blver, Based an ehe DMME summatries For the major facillitiles,
appraximately LU, 600 kg of copper wags discharged Eo surface waters of the
faginaw River watershed Ln L9567 (Table TV-9]).

Mope of che rlvers examined 1in fhis verpocrt had eopper concentrationa
excerding ¥ichigan Bule 57020 gufdelipe lavela lo 1966 (Seccion III).

fr. Lexd

Four facilities In the Saginaw Bay witershed buve XPDES permics
regulating the discharge of lead (Table TV-B), Intluoding twa majar
Industrcial ciecharpgers (Jalmsan Conerals, Ine, and GMU-{antral Faundev)
and two pajor cunfcipal wascewetey Crocatment plancs (Bay Cicy WWIP and
Lapeer WKTF), all of <hich are in the Saginaw REver hasin. HBased um ehe
[9B8} THR pum=aries, the major dischacge of lead was Iroz che GML-Cencral
Foundry (7,300 kg, However., cthis escleite was baged om anly fwo sarples
and may not bhe representat[ve af accuel loading. Amblent waber
concentrations af lead did not excesd Rpte 3702 guideline levels in 966
for anyv river assesved for this repore (Section TOID,

W1



Table I¥=5, Estimated 1%ET7T Loads {kegl of Selected Metala te Suvflace Wagers
in the Y¥aginaw Bay Watershed Srow Malor FPolpt Source Dlachargera
withy NPDES Permit Fequitments for those Parameters {data Erem FDER
IME Summuries},B

SAPTIES Metal

Pernic

Ruchar Facilicy g Cd Cr  Cu Eg ui Fa In

INDUSTRIAL

LR . . ey -
wnetal Maotaors 200 T 203000
vencral Faundey

251%4 Gerneral Mopors 1.?E Q.QE ],EE
Fisber Gulde

ZVE1? Eicechi Magnetics a8 0,3 5.3 14,2
Larp.

WEA Jebnsan Tontrols 0.4
Tar,

MIBICIFAL

0265 <iey of Alma 19,8 II.5
wWHTFP

Tr284  Rey Cirty WWTP ik 4BT

22926 CiEv ol Flint 155 141 48B4 17,1
WhRIF

73655 Mr. Pleasanc 7.4°
LLTF

ZRAT7T Cley of Saginaw 1273 726 181G 2631
WHTFE

23961 Ll lwaukee-— “ d d
carrolloon=
Caginaw Twp WWIP c

2291E Essexwille WWTPE ao.7

aHhEﬁ loads wers espimaced, a dars polng af less chan a leve] af Adecectrlon wasg
facrored inka che loadlng acuacion as aone-half rhe lavel af dercecctfan,

b?hese loadings are hasaed aon anly two daca poinga.  GM-Centppl Faundry hagaen
tiepling for khece paramecers In Xovember, L987. These scrimntacs may not e
representative of sctual etmual loadings.

Crheca loadings are baszed on anly aix dara palngs.
dkﬂnitnring had naot hegun uncil LYEE.

®Thece logdings reprasenc dischacge fra= Januwavy cheough Juqe, 387, Subsecuwent
dicscherger were roured o che municlipal WalF,



. Yercury

The discharge of mercury (HE) f=2 repulaced [n the percits of five
fariZitles In the Saginaw Gay watershed. Three are major dischargers
Higcachi Magnetlcs Corporacion (Fime River), Jfohnson Controls (thiawassee
REiver), and the Flint WWIF (Flint Bfverd. The total load of g to
surface waters in the Saginew Bey wararshed from these three major
Tactlicfes fn 987 wap eetimated to be 2E.1 kg (Table IV-9%,

Mercury was mnot detected by the MDNR amklent wonitoring pregram in
any warers of the Saginav Bay basim in 1956 {Sectioon ILI),

vi. Nickel

Pive focllities In the Sagiraw Bay watershed have HiDES permics
regulacing che discharge of nickel {¥1), The total estimared fond of K1
dizcharged o surface waters ol the 3aginaw Bay hasin in 1987 by three
mujor dischargere was 1,825 kg (Tacle IV-9). The Saginaw WWTT ailone was
cgtimated to discaarge 1 ,.ElO xi inte the Sagipaw River during 1947,

The measured concentraticns of Fi dn the waters of Saginaw #av hasin
rivers did per exceed RAule 57¢!] guldelinme lewvela in 19848 (Sectilonm 111).

wvil. Fllver

Tke XFPDPEZ permits of filve munlcidpal facdlicies in che Saginaw Bay
watershed contaln regulaticns for ailver. The coral esciz=aced loand of
silver {Ag) from the Clty of Flint WWTF fn I9B7 was JBI kg baszed om Jaca
Erem chelr OMH (Tanle T¥-%]1, iipwavar, the MDWE ambient monltoring
program did mot detect aillwver 1o any waters of the Saginew Bay baszin in
1986 (Hection IIID.

wlil. Zine

Fourteen Facilitiea in the S5aginew Hey watershed have WPTNES perpigs
vhich contailo regulatione for zine (2Zn). The GMC~Lencral Foundry wag
estimated te have the greatest centributlon of zinc (203,000 kgl im 1947,
Howewver, this estiwmate was based eon coiy two sa=plesz and mav nag
represent actual annwal leadings.

Apblent water concantratiens of zinec in the Saginaw Bay beszin did
vet exceed Michigan Bule 57(2) guideline levels in I19E6 (Secefiom ILXD.

1x. firgariey

%1% of the 12 major industrial dischargers ino the Saginaw Bay
vatershed and feour of the 12 major wastewster treatzent plancs have
parmit regquiremants foer certain organic chemicala. ©fF theae arzanic
chemicals, onlvy PLR and TCCOT have been found to impair deaignated uszes in
the Saginaw Bav watershed. Tow Chemical Company ac Yidlasd has the cose
cTganlc chewmlcal discharge requirementa with monicoring required for 23
crganlc patameters.
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Twe majer iedusrrlal digchargera and four mejor cunicipal
dlschargers have permic vequirements for cvandde (CK). The total
cuaflmaced load of Free C ipto surface watera of the Seginaw Eaw
warershed 1n 1987 was 2,376 kg 4Table IV=10). The ma*or centributors of
syanide co che Saginaw Bay watershed wetre GMC-Ceptral Foundry, Flint
WaTl’, and Saginaw WWIPF. The C¥ morlcoricg data for Mitachl Magnetdes way
congiscencly lers than the level of detectilon.

Toral phenolics are vepulered In the permits of three major
industrial fecilitiee 8nd one major wastewater treatment planc, The 1537
toctal estimeted leoad of phenolice to sucface waters of rhe Saginaw Pay
waterahed wes 14,640 kg exciuding Total Petroleum Ine,., for which EME
diacharge data were not avalleble.

PLHz are liated in the peroits of three tacilitics In the SagInaw
River basin of which two are major industrial dischargers, the (MO
Chevrolet=Pontiac=Canada Croup (CPCY plant in Bay Clty and (M¥{-{entral
Foundry plapt im Sagicaw, and one 15 8 wejor cuniclpal wistewater
crescment plaot, the City of Flint. The ¢ctal Ioad cf FCEs to che
Sngipaw River watershed from these three plents in 1967 was esctirarced fo
be 4.4 kg [Tekle IV=10],

e. Eppipaw Bilver Dischargers

Seven municipal, three nop=mwnicipal sed nine iodustrial facdlitie=s
bave EPDES permitred discharges to the Sagicaw Biver (Table 1¥-31. Ten
of rhese facilities, are considered to be relatively lpsigaiflcant
dizcharpgers. For example, Prestolite Flectric, Ipcorporaced, a minor
induzeripl factlicy, discharpges only ron—<contact cooling warer ioro the
river, The chree non=municipel fecilities, whick dizcharge from
MESCEWALET EewWage 1AELONE, were coneldered {n 1977 ro be insignilicant
sewrees of pallucenes (The Chester Engineers, %77y, %o onew lnformaticm
vartants changiog that acceecmenc. Iotermittent diptcarges Erom che
Caryellton Tovoehip Overflow Treastcent Fecilicty {fopr davs discharge in
198947 awnd tke UnoCal storxs weter discharge (no reporfed Ldincharpe in
19857 ave alsg dpgdgeificant pollutent sources. OF che remalnicg minetr
fasilities, Aetna Cement Corporation diecherged only tooling warer
Betveer April and kBovermber 1986 at average {lows af less ckhan 0.2 HGD,
and Bay Chewmilcal discharged an average of legs chan © MOD cooling water
in 1934, Dow Chewlcal, Bey City had no reporced discharge of process
waates tco the Saginaw fdver dn 1986 according eo DMR suewariee. The
remaining ten facilities arte eeasidered to be core significent
dischargers.

i. Pav Clty WWTF

Trhe Bay Clty WWTF discharped am estimated 10,141 kg of phosphorus
ard 168 metrie tome {mty of TS to the Zagipaw ERiver in 1987 sccording to
the Digebarpe Monmiroring Reports (Table IV-[1). Eeowewer, derieg tkis
petlod, pRosphorus concentrations inm the plant’s elflueent dever exceeded
che 30=day sversge limit of 1.0 mgrll.

[pn L9EB7, che Eay Cicv WwIF exceeded {ts maximom daily Co limic of
4,215 mgSLl in June, October, &nd Xovember, and im 1956 this limic waz

12&



Tahle T¥-103, “neimated Facat 1937 Laads (wg) ol Seleccad Orgenics
to byrface Warers In che Saginaw Bay Watershed froc Major
PFoint Source Cischargers wich WEDES Permic Requirmenrcs
fer those Farameters.

—

ArFDEE Total
Xumber Facility CH* Fheoolics PCEE
IHDLETRTAL
LLel Genaral MMorcors
L-P-L Group 2.4
Tiag Garneral Morars
Lentral Foundey ALt 13657 2.r
L HEvaeh? Magnectices Coep. L
16k Total Fetroleus inc-

MUNILLSAE

20265 City of Alma WRTH ol
2968 City of Flipt KRTH Q34 Iy
255TT Clty of Saginaw WKTP 1R D53
L
Amenakle

*x

Monitoring date copsistently less than derectioe.
*rw
Too few date points to estimate loadimg-
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Table IV-I1. Eatitated Total I9B7 Losds (kg) of Phosphorus and Total
Suspended Solids (TE5) to tde Saginew River from Selecred
Folot Source Wischargers.

Paracecar
SPDEs v Fagil 'j_t_1_,r F]'|1:|5'|:|'|111!|:'1:|Ft _'TES [=c .Ir}"l:'}l
INDCETRIAL
L1X1 General Motors - i
| L I::I;'pup
[ 134 Gueneral Marors - 154
Centtal Foundey )
2224 Michigan Suvgor- a4t G
Cacralleton Plant b I
F00L Moniter Sugar- 3114 25
Bey City Plant
AUWLLTPAL
2214 Bay ity WHTP 1014 263
224YiH Essexville WHTP 104 2
crad? Fuena Vista wnlT L19z iz
25377 City aof Saginaw WelP 20 LES 17&
G251 krst Bay County 2¥50 4%
Keglonal WRTF
Rl flluaukee~Carrolltan= L762 ¥o

Faginaw Twp. WhIF

a
hrerage for clght mooths discharge.

thtal for five months discharge.
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excoeded In Janumry and May, The plant dId notr exceed cletker {ts dally
Tazximu= ar Jl-day average permit Fimles for b 1.0 mgsfl and 0.34 mgll,
respectivelyy durdng 1987 or 1986,

11, Essexville kwTE

The Eszexwille WWIP 13 o mjoor muslcipal facility dischargiog just
under 1.0 MOD af creafed wasiewarer €o che Saginaw River. The planc
gconcributed reiacively minar leads of phospharews and T5% o che Saginaw
Efver dnm ]987 (Tablie I¥-11). Thirty-day average concencracians af
phosphorue 4o the planc®s effluent d1d not exceed cheiy WENES permik
=it of 1.0 #gfl dim 1987

Exsexrille WWTP has ne mendterdng reoulrements or permic -icics for
nrganfcs, Howewver, thls facillcy does have a long-terc wWater Quallcoy
Haged Zfflueat Liodlt (WOHEE) for —ergury in thelyr cwrreot HNPRES peroff.
There 13 ene categorical discharger serviced hy ghe Essexville WWIF and
the munilcipaldty is in the process of developing an Indwstrial
Fretveatment Frogram (I1PF; Hrouwlllew, personal tomcuntcatlion, 19870

i1, West Jay County Reglomal WRETF

The West HEgy Covpty Begional ¥WPP discharged an escicared 2,750 kg
ol phosphoruys and 4% ot of 155 vo the Saginaw River in 1937 (Table
IW=-117., The plant did set exteed ita J0-day average phaogphorua limit of
1.0 mg/l dn 1987 ov 1886, West Bay Ceounty Begional WWIP had cocaalenal
diffiealty mentiag the 1.0 ®wg/] liwmit in beth 1924 and 1925 when the
1imit was excpeded ooece, and fa [983 when the 2imic wae excesded thres
times. Epwever, lmprovemeotrs in the precreatcent of diacharge from
YMonitoy Jugar epabled the West Bay County ¥aTP co operate without upeet
aad within its BEPDES permit li=mits dn 1986 and 19B7Y.

Wesk Bay Qepnty ezional WWTF has not identifded any categorical
dischargzers o frg facility, However, thils faeildey currently has a
long—tetrw waker gualify Based effluent limif for mercury in thedr WPDES
peimit,

iv, EFEevepa Vista Townmship

Bypena Vigea Toawnsghiip WWIF dizcharge ac escimaged [, 3592 kg of
phesphorus and 32 mf of TS5 to Ehe Saginaw Eiwver in 1937 {Table TV=11].
The plant exceeded the 30-day average phesphorus limdc of 1.0 mgfl
contained in thelt KPOFS zermit on $£ix occasicons 1o 1985 bur only once i
[985 . Bowever, Che phasphopgs limic waa nat exceeded during LPETV.

Tuena Vieta Towmnship hes no peemit lImits {of octels oF arganic
subktances . The Cownshlp has an [HP. hur currently na catcogarical or
significant non—categorical factliclea discharge o ckhe plane [(Herm,
pecsanel communicacfon, LBEF) .

v Saginaw WwTFP

Latge lpades cof totral phosphorus and TS5 have heen discharged by che
Sagingw ¥wlF to the Suginaw Eiver relative to other dischergecs. Saglnaw
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WP discharged an estimated 20,184 kg ol total phospherus and I7H ot of
T35 ta the river In 1987, FGowever, the Saginaw wRIFP did nor exceed its
a0-day sverage limit of 1.0 mgll phesphovus In 1937,

The Saginaw WWTF has biweekly meaitering requivrementa for Cr, Fe,
€4, rotal phenolice, Zn, Cuw and Ki. 7The plont’sa estimated lcads of Cr,
Cu, ¥i, and EZo In 987 were [,275 kglfvr, 24 kgfvr, 1,810 kg'lvr, acd
2,632 kglvr, reepectively. HNowever, permilt Timits lor chese parametera
were not exceeded ducing L5987,

Saginaw WHWIF receives wastevater from [ive caregorical ipdustrial
diachargera, including Gemeral Motors' Cenereal Foundrvy and Steering Cear
Flant, and twe signilicont non-caregoaricel Zicschargers, The City of
Seginaw has an 1FY progtom (or the regulacion of Industrizl discharges to
the WLTZ.

vl, Eflwaukee-farvellton—Saginaw =wTP

The 21 lwaukee—Carrallton=Saginaw WeTe (Z-0-51 Alscharged an
eskimated 1,7%7 kg of total phospherus aed 79 er of TSS to the Seginaw
Filver in 198}, The plant d4d oot exceed 2t 30=dayv aversge maxisnus
prosphores Limit of [0 mgll 1a 1942

The ZI-{-% plant cutpently has quarterly monitoring requitesencs for
Ag, In and Cu, &5 well a5 methylene chlerdde. EBowewver, there were noL
adequate dats to estinate lowds of these parameters. As of March 1987,
one categorical distharger and pwe aigrifiecant nom=-categorical
digchargers to the plant had been Lldentifled and the wastewater freafment
plant is developing an [PP.

vil. General M¥orors Corparatfion Chevrolet=Fortiac-
Caneda Croup, Ray City (GHC-CFC

The $MC=CPC plant in Havy Clev dischacged an eetipated 56 ot of TZS
to che Saginaw River in i987. ‘the pltane hes no permit requirements ot
phoaphorua.

The plant diacharged an estimated .4 kg of PCI o the Saginaw Kiver
i 1987, MMoat of this PCR ¢ap be areribured to a=bient concentratians In
the plant'a water intake. Howseeer, ic has not been deternined where the
PCE in the water intake 1% priginating. Water samples coliected fn che
Sagivwaw River upstream of GMC-CC by MUNE in 1987 414 oot detectk PLB at
an analveleal detection limit of 10 agsfl. bo ofher =ecalia or organice
are dizcharged Inm sufficient quaptities te require monltoring.

vi{{, Ganeral Morors Corporation — Centtal Foewdry, Jaglnaw
The GMC-Cenceal Foundey plant In Saginaw disckarged ar estimated
"G4 mt of TEZ ko the Baginaw Eiver In 98T {Table IV-L1}:. Tke plant has

rie permit requirements for phosphorus.

The plant diacharged an estlrated 3,693 kg of phenolicz to the
Lagloaw River 1in 19387. In additdon, the Central Foundry plant wee
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responsible for 457 of the total load of PCH, discharging an estloared
2.0 ke In 19E7.

A mew pereir for GMC-Central Fourndry rtequiring discharge limics for
in, Pb, Cu and some organlc materials, which were previcusly pet Jizited,
was issued in Augusc LPE7. This permit also centalms lopg—teérm water
quality baged effluent licite for PCBs and mercory., Menitorleg lor these
parasefers was inltiated in Wovember, L4967,

ix. Yondtor Suger = Bew Citw Flant

The Monitor Sugar Flant in Pay City is an Incermiccent souwrce of
gollutants to the Saginaw River. 1In 937, the plapc reporced dischargzing
cottdensor cooling water in January, February, Qctaber, November and
secember. D[uring those periods the plant discharged an escimaced total
anteal load of 25 mt of T35 to the Saginew River. Honitor Sugar
discharged an estimated 334 kg cof phosphorus to the Saginaw River during
1987, However, permit limite for these paramaters were nof exceeded
duping L3ET.

X. Michipan Sugar - Carrollion

The Michigan Sugar Flant In Carrelltom dischapged treated proceas
vastewarcer and cooling water to the Sagimaw River dp Jasusary through May
and Seprember chrough December, (Y87, In those perlodsz, the plant
discharged an esclimated of 334 kg of total phosphates and &4 ot of TS te
che Sapinew Biwver. However, permit limits Tac these parameters were not
excerded during 19HT.

2, Irtermittent Folnt Scurces
. Sewer Ovartlews and Urban Steormw=ater NEscharges

Imcarmittent point scurces {combined sewver averflows and peparate
storm gewers) have histerically centributed a gubstanctal percentzge of
pollurancs to che Sagimaw Rlver /2ay system durdng high {law condicions
{Chesgrer Eaglpears, 1978), The majerity of these gourcee are within the
Lighly wvrbanizad areac of Bay City. Saginew, Hidland and Flint, buc
FOUTEEs aocul Ehbtoughout the watershed (Table T¥-]127, Ko dats were
avellable op ehe Evpes or amounts of pellutants enterisg the Saginew
RlverfBay sysrem from combined sever overflaows {C203).

[n Fllnt, there are separAte cewers for samitary and scots Clewa,
and Lagooms capeure overflow ctormwater prior fo chloricarlon and
discharge. Thia prevents the discharge of wntreated &f Eluwent to the
Fline Biver by che Ciley of Flint (Hicks, personal commueicacion).

The City af Flughing periodically discharges unfreared zewape to the
Flint River duridng acme perdods cf wet weather. Flushing had uncil Jume
1988 to upgrade 1ts wastewater treafcent planc In geder co maek effluent
standarda. A representatiwve From the Cley of Davison stated that Ite
lene manitary sewer overflow had been elicinaced [(Hicks, persanel
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Table IV-1Z.

Sucmary 0f Municipalicles Suspected of Cenerating
Intercittent Podnt Soveces (The Chester Fngincers, (9763,

HDRE Reasan for puspercting the exislence
Facility of interritrant point spureces

Number Munlelpality ¢I1/1: dnfiltratiecn and inllew)

FOOOL4 Alma Storm sewer and 1/1 problens

OF0N2R Aubuen Fuspected 177 problems

A2z Au Cres fuspected 1/1 preoblems

3INCEA Bad Axe Tucpected T/1 problemu

paoc29 Bay Citw Predominantly combined sewers

20005 Breckenridge Storm mewers

730032 Bridgeport Twp. Suspectes /1 prablems; RLorm Sewers
Jal02d HBrown Citw Posslble [FI prol:lecs

73029 Buena Viata Iwp. Suspected [T problaes; atorm gewarcs
790006 Caro Suspected IfI prahlems; Storm BeWeIE
Janoac Carrolltor Twp. Combined sewer rvetrllow

Jenno? Cass Citvy suspected 141 problems; stocrm sewars
Jnn1G Chesaning Possible 11 problemsa; storm sewers
1agans Clave Fossible T/T problems; storm sewers
TROO Croswe]] Combimed sy¥stem

TEOOT 4 Dacrerville SEOTM EOWETEH

1580074 Enst lawas Sucpected T/T problems; combiced system
3200609 Elkean Foccible T/ problems; storm cewers
aaa0 50 Eazewville Suspected ISI problems; cozbined system
TIMT Frankenmuth SLOrm Bewet:s

260007 Gladwin Possible /I problems; percially com®ined
Juqpe? Fuleon Twp. SEOrn sewers

JAaM Harhar Heach Fossible :/ 2 prohle==s

290k Ithaca Suspected 171 prohle=zsa; cocbined avetec
TA0CRA Kinpaton StoTo HeweT

760030 lexiongton Posaible T/]1 prehlema; storm s8€wers
760021 Maclette Suspected I/7 problems; combined system
ool Mavwl] Te Combined system

T3015% Morrill S5toTm SEWETS

a0 MId 1 e Fossible I/T problems; combined sewera
002z MILlingtan Suspected IS problems, wvross conmectlons
FTO0LL Maunt Pleasant Suspected T/T proklems; RCorm Sewers
T0BT Fort Auscin Copbined swsien

T200HE Rascooman Poscible I/L problems;: CumbLlned sewers
ITUNS2 REose [ity FPosszible I/1 problers

730026 Saginaw Corbined syptem

7300286 Sagilmavw Twp. Parctally coebined sewers

7I0003 St. Charley Suapected I/1 problems; storm Scwers
290014 St. Louls Possible T/1 problems; partially coxbined
ELIH R Sandusky Fagedble I/T problems; puttially combined
aFoolc Shepherd Combined syatem

CEQDLE Standish Poaaible 1/ prebklems; storm severs
Js0o2s Tawas Lity Suapected IFI preblems
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Teble 2. Contlnwed.

KR Beason for swspectlng the ewdstence
Facility cf dntermittent polot socurcea

“umbar Municipality £I/1; infiltration and 1nflow)

Ji0L3a MLy Combined sy&Lem

1900149 Vazgar Poesikle 171 problems; SCorm Eewers
650003 Wese Branch Pogsihle LSl proklems; partially combimed
73003] Tilwavhes Possible ISl problems; combined system
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communication), Ko decd on {lows or concentrations were gvallable far
chese sikes,

Five C50g exfise on che Tittabpwassee River, a1l af ghew §n che Ciey
af Midland, The locagfoms are ot Sgerce, S5, %fchalas, Hybbard, {(rordan
amd Bensen Screets (Youmg. persona! ceetwmicetien). A regent (umdaced)
rapare by che Cfpy of M2dland indicaced che following: (L) CS50 contral ar
Midland would ngr vesule in any significant change Iin suspended salide in
the Ticcabawassee River; [(2) {opleoencacian af anv of che L83 cantral
elternarives propoged in the study should subsrantiaiily reduce the fecal
coliforrn concentracdon downmetresz of Midlend; end, (33 the diasplved
axyeen level dewnetress: of Midland 15 eerioualv effected by combined
geweT Ovarfiows during lerge atores when the river flow is wery low.

Severgl combined aewer awerfleowe elso ewist glong the Seginaw Rivar.,
Bay City utildzes five retencion beszins to control atarmwater, bue agill
has cverflow during large stor™ eventa (Yuasaf, personal communicatianl.
In Egaexville, & combined sewer mixea with the main atore flew. Saginaw
Towuship has & CARD fecdldty at Center Boad that ds regulated threuzh an
WPOES per=dt, Carrcllton Tewsaszhip alas has an BPDEE permlt rvegulating
the fischarge of cembined Aewer overflow. ko Jdata arvre avallakle ce any
of theae locatilons (Yusaf, peracnal cecrrunication).

The worst stormwater-related proklema ceeur ine the Clty of Saglimaw,
A Taln event cn 7 Julw 1940, which produced 0.8 dnches of preclpltatiern,
cauded the obhsetved lnsttveam diasolved sxvzen te decrease from 6.0 mgfl
te 1.6 meSl and the kacterial levels to lacrease from 200 cewntsS100 ml
to in excesas of 60,000 counta/l00 ml LTI, 19417. Coablned sewer
pverflows are a maiot contributot to thie reductiom in water quality, but
factors zuch a2 comtlnoows solet Acurce discharges and upatream nempoint

soutceed mAY play A subatantial teole as well (LTI, 193217.

The Welsgs Streel ored (Welss SEreet Fomp Scation ard the Welss
3treet gravicy overflow from Zagimaw Towaship) 1a the primary overflew in
the system (Figare IV-11, wirth 23X of the arneal discharge [(EDFP, 1981},

A maier hottleneck to [low ofcuts ab the ipgercepror river crossing,
causing the West ¥ide interceptor 0 back ap, Ao eXcensive study

condc luded Ehat Peising the wetlr belght Inka che wer well, Ehereby
1axereasing clie flow across che river to the Erestoent plant, would be an
impectant, coft—elfeccive sgep co tvelleve rhe syerem of overflow &t the
Welss Street locarion {EDF, 1%E1).

¢, Xecptember 966 Flood
1. thupisipal Wascewater Treatoent Plang Qverflowe

theger LG Ipehes of rain fell #n didland and LA inches 5o Saginaw
duting September, 1966, PBapween Seprember 9 and Ll sore chan a faot of
risdm Fell 1o many places wigtIn a 22-%0 hour period. The depch of the
Ticrahawasses River increased {rae B feet ta aver 33 feet and flow wes
greatet chan che LOd-year tecard flaw., Dizs¢harge date end overflow
events wrere monitored by the MINK and are sur—erized In seweral memoranda
written between Septerber 10, (966 and Septepbeyr 24, 1988,
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Idachargea of unireated aewage From combined sewer cverflows,
erergency bypaas pumping, and plents whirch <ere out of service, flowed
inte 3aginsw Fay tributayry rdvers including the Fizrabawgssee River helow
¥idland, the Zhiawvasser Blvar below Chesaning, the Caar Biver below
Vassar, and the entire lenxth of the Jaginaw Biwver. Impacts of the
storms tamged frem total plant site Fleeding and Jess of rreatment
capablility to floodimg of pumplng (aciliciles and the hypasaing of raw
FAWAEE .

A number of municipal WWIPs were affected by the fleedipg. The
majer public health comcern was hacterlal contaminaticn of dewnatream
waters., There was algo covcern For mator planta discharging metals
and/or orxinlc compoundsz, Howevér, laforgaricesa corcevalpng the lopact of
the storms; the amount af time plants witke oot In setvice, gnd the
materials and quantities discharged was limited or uonavaila%le For many
of thoee plants.

Information wes not evallable for WWIFs Iim the ¢itfes af Flinre,
Yowell, an< ME. Pleasant. The Citv of Alma WWTF was (looded and dld nar
operate for an uwnspeciffed period af eime. The planc wagz back In cervice
by ;00 p.om,., feprtember lh, (986,

Although the Ray Lity WWTF remefned apersatianal during che flaod
period, raw cewesge Lo EEOIM sSewers wH& hypasscd at some lacacianz on
September Il, IPE6R. It 1F mot clear how long this ocourred.

The Saginaw WWTF mever went out of operation Zuring the tead period
and sll corbined sewer overflows were rFurning: however, fuwa puop stations
were fliooded out for an unapeciiled periog of time. 1the {—pacrs due o
the flcoding were mot sveileble.

Although the Zilwavkee-Cerrcliton-Saginaw Tdp. plant «as noc
flecoded, high flewa inte the plant required protess oodificacdon to
prevent bacterial washout. On Septecber £4, 1966, the current statua of
the plant wea reported as cperatlongl and meeting WFIES Mlcits.

Eemaining mator WWTFs within the Saginaw Bay watershed were Impacted
hy the September flooding, however, discharge of metals ardior orvgarics
were not quantified. The Eridgepert WWTP had dncreased flows through che
plant, but effluent permit liwmits were never excecded, Although Ehe
Yrankenmuth and Buena Vista WWT#s were both operaticno] threougheok the
[lood pericd, twe mump atatloma were flooded and some bypassing cocoutrted
at the Frapnkenmuth plant., Theve were two bv-pass polnts dering the [laod
ar the Buena ¥ista plant., The West Hay UCounty WWIF bDypassed raw Aewage
Ed SLOTH Sewers At two locatlons on September 11, 1984, It Is pet <lear
Feot che reporr how lonmg this occurred,

The Midland wastewater treatment plant brpassed raw sewage Lo sbobm
sewWets at uwp to elght different locations on September 11, 1986, Five
CE08 were discharging flows of & MGD through the plant and 9 MOD thcaugh
the retention basin {primsry treatment}. Wostewater did nat undergo
chlorination ar phosphorus removal Sor & Z4=hour period on September 2
ad 13, L9EE.

34



The Saginaw Township WWTPF went out of service cn September )13, P9fn,
at 3:3Q am., &t this time, the plant wos cpompid¢telr Flepded wich river
water and sewsge., Thomas Township, which discharges to the Eaginaw
Towmship WWIF, bvpacsed raw sewage from Septembar 13 te Septewmber 18,
l9E6. As of Seprember 24, the Sagipmaw Township plant was sgill calw
partially operational with Elows recelving scttling and chlerinatien.

Infornacion was noc avalilable for the remalcing majer WWIT: within
the Seginaw Eay watershed.

ti. Induptriml Point Source (hrepllows

¥ajor dnduseriel ddechergers fn the $uglipew Bay warershed were also
impacted to varviog degrees during the Septetber flooding. Inforpeation
waea availeble for Tow Chewmical Cozpany, Total Pecroleum, che GHO-CPC
plent in 2ay City, Consumers Pover, and Monltor Sugar Jompany.  Both
(MC-CPC and ¥onitor Sugar were nof aifested by che stayms since floodimg
d1id not cocur at edther plent. Although Anformation is Pizfred, sabe
fleedding cecurred at Total Petroleum. The company, «hich repares
diacharging wetala and orgenice, was {crced bto conduct an eXergency
discharge from a holding pend and thedr APT separator and lagoons were
not operaticnal Eor ar unknown perded of time. Mondter Fugsy had to
draln Elondwaters 1ntce Columbda Drain.

Ar ghe Dow Chemlcal Company in Midland approxicately 220 =11Idan
gallons of runoif resulted within a 2} dar perded vhes eighe inchee of
rafn fell on 1900 scres of the LS00 acte cooplex, The rain entered the
sfare sewar co’lectfon cvstem snd flowved to the wastewater freatment
plane. Flowa in exceas of what the WWIP could trest were pumped to the
diverzian be=sin (''shot pond") tor etorage acd evertwal treatment. Flant
pumping cepecities were aventually exefeded ard the plant {looded. As o
resule, approxieately 100 million gallons of escentially wntreated
wastewaters were discharged to the liteabawasres River over & period of
ewo and one helf davs. Tn additten, rhres apen Inflwent eewers that
eranaport menufacturing waste to Dow's wasfewarer traatment plent filled
with vainwater and overflowed into the surroundIing area. Tne reainwater
and untreated waatewater accumulated and guventually overfilowed the dikes
saparating the plant and the river. The sewers are located fn €he area
of the plant where marufacturing and productiso cccur, which ia on the
porth alde of the Tittakawassee RBiver. Stormuater also fliowed into the
brine pond and resulted in erosionm of the dike berweeo the pond and the
Eiver,

Duping Seprerkber 12 and 13, 1388, discharges from Dow ¢oobadced
comcentrarlions of prenol, pentachlorophencl, amd ?.4.6-trichlorophennl
chat exceedes daily maximurm loads by up to 219, &% and 9% percent,
raspacelvaly, at come btice during the *—dar petiod, The discharge of
2,3,7,8-TCID from Dow wes diluted by the floodwaters resulcing In an
tnzcreas concentrscion of one-thizrd of normal condicfons,

The lotg=rer= impacts of the flopdwaters have not heen fully
asseesed.  However, MDhE evalvatfone concluded that Chere wore nat any
significant public health or environeental heazerds created hy the flaad.
The fiopd was af short duracfon sod di€ not result In any seuee roxicley



to &quatic 1ife or hurmane. The long-tere effects op ¢ontacioant
concentraticna 1n din=place aedirence needs to be degermined.
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B, FKOEFOLET SOURCES

1. Agriculture
a, 4Soils

fedIments deposited In tivers and the bay can cowver Tish eggs,
degtrade the spawning goounds ot Elsh, 111 in shipplog chaonoels, Incrgase
the frequency and magritvde of floeding, snd leoad to ipereased treatzene
costs Eot drinking water. Solla plav a malar role in the tranaport aof
t:trienks And rcoxis moreriala Eo waterwavas.  Contamlnanta can bhe adsorbed
oned 83Lll paveleles, parelewlarly cnte the [dper silts and clovs, and
careled ro rivers and lakes {Baker, 19858 Yocus et al., 1987, Thae
exranr ta which Alfferant autrlents and texicancs are tvansported by
salls varles, but can be substantial, For exaople, most agriculgurally
derived phosphovus redenhleg Lake Zvile Is adsgrbhed uvoro sefl parcicles
[Baker, LOEDD,

Fstimates «f total sediment Teads to Zaginaw Bay and 1%s eriburarvies
ate Timiped, From 933 en 1975, anpuwal fuecended solid loada to ioner
fuginaw Bay were appresimately 415,000 metrie tens (Canale et al., 1976},
m 1980, the suspended solid leads co Che lacer bay were approximately
287,000 metcis tond, witiv agelfelreral nenpelnt seurces contributing
approxioately 88% of che load (LTI, 1981). The portion of the baw
recelving loads fLrom the fagipaw Kiver had the greatesat agricwltural
nonpoint suspended solfd lead i Saginaw Bav in 1920 (124.% metric tens)
while the northern potrtfion of che oucet bay had the smallest lead with
(9.6 metric tons; Figure [V-2;, Sedimeet leoads by tributary in the
Saginav Bay dreinage basin have nat been calculated.

Wind &nd water rroslon of agricclcural laed 13 the major sowrce of
cadiment In the Saginaw RKives and Sagingew Bay {LTI. L%B2). Eroslion rates
are influenced by a warietrv of factars such as soll type, lend wvse,
zanegement techniques, and climate., Ageleuleural lands genersally have
higher aror2om rates than pasture a7 farest landa and subzgequently
deliver a grestar scount of eroded raterdal to Saginas Bay.

Yere than 8,700,000 metric founs of zafl! are eroded snnually from
agricultyral lands 1 the Sagivnow Haw drainage basin, eccording Lo county
Clgures 1 the 1532 Kotlonal Rescurces Toventory (NRL; Teble IV-L13}.
Water—indyced sheer and r1l] eresion account for &n eptimatced 3,204,000
mettlc tong (3771 of the anowal erosion, while more thanm 5,400,000 metric
tons (HIIY of etoded 301l are the vesult of wind ercaion. Wind ercaiom
causes more thar 0% ol the total evosion im Arenac, Gracioct, Huron,
Isakella, Midland and Zagimaw countics.

Becent cfforts harvre been made fo identify aress sSusceptible to
erosion in the Zaginaw Bay basin, Yricority raokings were based onft the
percentage of the basin arca covered by crepland eo high clay, lew
Infileration rute, sglls [(Yocwem e al, 19877, A substaptlol awcurt of
thkis type of cropland exists withio che Zaginaw Bay drailnage kasin
[Figuce IV-3}.
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Taale Iv-13, Average Evesion Hates (metriec tons/acre) and Estimated
Annual Sheet, A1ll and Wipd Frosion fmetric tons/vear)
on Croplard for Selected Countldes 1n the faginaw Havw
Dralnage Baain In 1987 (U5DA-3CE et al., 1%27)

sverage Race Wind Skheet & RI1] Tetal

Caunty nf Erazian Erosion Erosion Fresion
Avende 4.3 230,0400 L8, Tod 344,500
Bay 3.4 437,304 M5, 700 Gd b 000
Clare 3.7 &6, 70 85,8400 I 25, 500
NEnpSEE 2.0 LOE,80q 20,504 138,300
[ladwin .4 60, 300 56, 00 125,400
Lratiet a1 573,500 236, a0 &00, 9007
fluran 1.0 Q944,900 3. 2,600 0,257,500
Tuabella .6 537,300 Loa, 200 AL, 508
lagrer 3.1 194 &0 16,900 3 LI
Livingston 2.6 51,00 231,100 302, Mo
Mid and .9 179,000 B, A0 e T
Saginaw L5 1,003,990 &3y, 100 L,adal, a0
%andlac 1.6 415,700 237,300 B573, 040
Snlawasscce 1.5 27 800 291,200 369,600
Tuzcola 4.6 322,300 333,40n AR, 200
Total for Zaginaw Bay

Nreinage EBasin 54593, 600 3,325,500 By7l9, 100
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A varlety of soi] managezeat cechnigques can be used co reduce soll
eteflen From croplanda. One of these, conservecion tillege, involves
leaving & large pertica of the crop residue on the fieid surface than Is
the ¢ase with ceaventionn! myldhoard plewing, which coxzplecely curns over
the soll. Edge-of-fleld sedinment losses were studled by Sold and Toudon
{198&; at kwn slde-by-aide pleta with different zoil Efllage practicaes In
Tpsewly Courkw from 1981 pe 1983.  So0il lgmges were greater frorm the
comventional pilled plot chanm Frem ceonfervacdon tillage, with the
convearional cillage Field lesalwp ar average of “23=1003 kg suspended
golldsfea while the conservation tillage field leoat ar average of 360
hgiha.

Subsurface dealnage ciles are cvred extensively Ip some areas of
Saginaw Bav drainage basin with heawy seolls. Generally, water discharged
Tro= a subsurface dralnage tile carcies less suspended sedIiments than
surface wacer runaff [Baker and Johnsom, 1977, 1Im the side~by-side
ploca atudied 4n Tuzecola County, suspended solide were greoter In the
overlond flow ehan do che cile Arafnage Elow, with mear concentrations of
43 zgfl wersus B9 mgsf? an che canventional fiald, and 176 mgfl versus
63 g/l on the fleld with congervacton elllage,

h. kutrients
i. Sourece AYEAN

There are many different nonpeint scurces cof phospharus in the
fagienw Bav watershed including fertilizeres, anica? wastes, and sepcie
ks, Toral phosphotrus leada to Sagionaw Bav averaged 1700 mervic
eonA/vear Erem 1%73 through 1975, with nonpoint securce acccunting for
neaely €05 of che total phosphorus lead {Carale ¢t al., 197¢; Blerman and
Nalam, L9E80Y. Agricuwltural nonpolnt scurces contrtibuted an estixaced 393
of the 598 mecric eons of toral phoaphorus leads to the donert Saptoaw Bay
{n L8O (1LTL, L9E3). Other menpolet sourcas accounted fer 185, poione
govurces contclbured 207, and armospherie depoaiticn generated 3T, The
portion of the bay receiving water from the Saginaw Biver and 1tz
tritutaries bhad che grearease nonpolnt phoaphorus lead 4o 1980 tetaling
TIA .4 merric cons of whleh 432,01 metrie tons came Prow agricultural
goupces.  Apgelculgural inpurs of phocphorus were greatest I the fouthern
and cagtern porcion of rhe bay [(Flgure IV-4].

The Great Lakes Phosphorue Tacsk Force estimated the nonpeint soutce
contributfon of phasphorus Eo Saginaw Bay hy major tribwtarics bBasecd on
982 dets. The Saginagw River, «hich sceouncs for approximately 75 to 657
of the toeal eritutary flow to che bay comcrtbuced only half the toral
neopoint phosphorus load to the hay, or 162.2 mekric tonefvear [Ureat
Lakes Fhoephorus Task Forge, 1968a%. This escimate of che Saginaw River
percent contributidon to the toral nonpoine phaspharus load was —uch
amaller then previcus data had indigaced. The remainder of the nonpoint
phospherus load to 3agiosw Hay waa contributed by the Bifie-Muiirce rivers
area (72.% metric tons), Kowkawlin Eiver area (26.% metric tomer, and the
thumt aren complex (26.2 metric fons).

411 Tiver “sing i thke faginaw Bay watershed have been evaluated
for desigraticn as owtrient critical areaa (Yocum et al., 1937). An area
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Figurs TV-4,

dource distvikwcion of snmuel] total phoaphoras loads
(mettdc torss CLu inner Saglnow Bay in 1980 (LTI, [963%).



must meet onc of the followlng criterin for selecticon as a critical
Bazin: cropland wich more Ehan 13T clav 4o the sorface laver; cveplaand
with low Infiltvatlion rates) oF Inclualor i che viver bagin of founbles
ranked among che cap 50 e Micklges for animal welghro, wisewered
resldences or fercilizer sales per Bcte [(Yoaoum ef al., 198Tr.  The entive
Saginaw Bay dratnage basin guelifics a5 & putiient eritfcal area,

i1. Ferrilizers

FPhosphorue and nicrogen ferrillzers have been uzed oo increass
overall soll ferelflievy and produccivicy over the past pavaral decadee,
end have beco=e an Integral part of sgriculeure. Fertflirer eales In
Michigan increassed from over %5131 pillion im 1974 o 5242 eillion by 1982
(Buresu of Census, 19¥2). Yot 811 of the ferkilirar applied {g utilized
bv the crops. Many agricultural soile have high recsidual phospRorus test
values end Are reaching saturation peints, Iindicating that thiz incressed
application mev not be necersayy (MOMR, [BE5: Yacum et wl., i9B7). The
average of wedisn phosphorue sofl cezr levels for che counriles In tha
Saginaw Bay drodnage baaln steadily increased from 25.8 kgfbr (23 lke
Ffacre] de 1962 to 114.3 kgfha €102 1bs Pfacea) In [986 and fecreaced ta
[0] kg/he (93 lbs Ffacyre) in 1985 and [986 (Takla IV-14].

The Michigan Tepartment of Agriculture (MDAY has eotipeted that the
average phoepharous applicatian 1n the Saginaw Bay watercshad iz more than
ewice whar ix meaded for cryps, with epplicactfons of 21,015 matrie tones
23,116 tons) veraus crap phaosphorus meeds of 9,214 metric tome [L4,:35
tcna). Excess fertilirzer 1a aublect to surface weter runoff or ran
peycalace Inta groundwater. Uleimarely, the fartilizer can be
*ranaported to the Saginew River andf/or Seginaw Bey, and conkribute to
eucrophifcation prohlema.

Fertilizer outrient priericy river basins have been ddentified 1m
the esastal oad Caga Biver watersheda of the Seginaw Bav drainage basin
(¥oeeum =t al,, 1%87). The prieority basine are deflned s thoee that are
parrially or tntally included in a county ranked smong the top five
Michigso ceunties for fercilizer sales per craplend acre, and contein
crapland an either low infileratden rare or 9igh clay =ofle (Tocum et
aY., 1987%. Haw, Huron, Saginaw and Tuacola counties are consldered
prioricy management countles and will receive greater consldecation in
the develop=ent of acceleraved fertildzer and resildue mwanagement pragra=s
(=nxe, 19857 .

ronpoint phosphorus Joads to Saginsw Hay are dofluenced by Sany of
the socp factors that affect sediment delfvery rates sioce wuch of the
phosphorus aopwved eff-3ite 1y bound to sodl particles.  Sowe of the
Jactors that affect scll transport are sodl twpe, water infiltratien
rotes, wegetatdve cower, aod management techaigues such as conservation
tlliage and subsurtace dralnege tiles. Mscharge from Subsurface
dreainage tiles geperally cocntalps Jower congeatrations of toral and
spluble phosphotus than surface water runoff (Lgudon et al., 1934).
Conservation tillage has becn found to reduce edge-of-field lesses of
total phosphorus, but has oot preved as eflfective for reducipng lessea of
splghle phoaphores. & study depe 1o Tuscola Cowgry compated phosphorwa
losees frus side-hy-side cunscrvation avd convenslomal tilled fields.



Table 1V-14, ¥edlan Pheaphorus Sodl Teat Levels (pounds per acre) for
Couptles in the Saginaw Bay dreidnoge basin, 1972-1966
MDER, 1985; Warpcke, 198770,

Year

L476—  1979-  198%-

Counky 1062 Lua? Lovs 1e7? | L& 1583 15984 19h" 1934
ATrenac 1% | L] ) 130 102 11% 108 a0
dary A 4] T4 RE | 24) 145% L54 laz 22

Clare -— — -— At (o) TG 5h Gl G
Ganesee 17 ; 33 1] Lav 48 %R &0 G2
Fledwin 17 18 L7 4] 48 &l 4n &7 &r
Gratict 19 il 52 A o3 Laz Lid L3l 120
Hurcn 2H 25 Z23 L7 LR 1104 o5 LG G0
Tnarco - J1 27 it:! i a; A 57 ik
Taakells 1% 3z LY A 126 L +er L0 94 o
lapeet 2 1% 35 3 AL A2 A BE Iz
Livingaton L4 3 3% i, a8 a5 ng L 16 &0
Midlagd 26 aQ 45 51 111 1748 255 e il
il - X 27 45 31+ ] oG LYy G0
Chigwasses 1& 25 KL 41 a2 97 a0 100 A3
Tuseala 1E 2 18 5& A a3 112 ; 117
At rag e 23 12 15 X! L Q% 107 & g
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Bedesrions In both the rtoral and solvekle phosphéres edge-of-ficld losses
wete feen o the conservaclon tillage Flelds (Geld and Lowdem, 19867.

111, Animal Yastes

Animal wasces are 2 signifleant Rowtee of phosphorus re Sagisaw Bay
{MOMT, L9455, More then 1.7 million metrie tons of animal waste Is
produced annpuwally In the S5aginaw Bay Basin with almost a willior metric
tors potentlally avallshle te area waters (MDRR, 1925}, In 1984 there
were over J7h, 400 animale = including milk avd beef cows, sheep ard lamb,
hogs and plgs - within the watershed [Cooperatlive Extersion Service,
19E4+) . Waete penerated from livesrock feedimg and loafing delivers the
highest percentage ro wabtercoutses followed by manute spreadipg and
manure ctorage [(Table IV=15%%. Abowt 61 meerie Eons: of phosaphavuoe From
apimal waste 1a delivered to LSaginaw Bay (MOMR, 1985}, Seweral cof the
eastarn coastal watersheds of Saginaw Bay are ameng the pristvity animal
waste rutrient river hesims {Yocwom et al., 19387).

e. Organies,/Pesticidas

Pescilelde 15 a4 general cerm uszed for a vardety of chemleal products,
lreluding herkblecldes, inseckleddesa and funpieddes. The current
sederatlon of pesricldes heg shoro peralatence and 1ittle tendeney for
bivaceumuwlacine velaklve to phe chlerinated hydrocarbons of the past,
many of which bgve been greatly restricted or banned (Baker, 19#3).
Howgwet, $ome of Che less persigtent chemicals develeped to teplace the
chlapimated hydeoearbhons ¢an he nore sewotbely texle (Yocuwm et al., 1967).
Zoafe drinking water atandard=z have neot been et for many of the currently
used pesticides and che level of healeh tisk asseclated wich long-term
exposvce fo these compounds bas not been assessaed,

lLimiced manicaring of pesticlide copceattatlons i done In the
Seginaw Bay basin, Endtin, lindane, methoxycklor, toxaphena, Z,4=I0 and
Jp, 5-TF are regulared ender fhe Safe Jripkieg Water Act and must e
manitored anpually In munlelpal water suppliea. There have been no
reports af any pestleide standapds beleg exceeded i the Zaginaw Bay
ceglon. 'The peebticides regulated coder the %afe Drinking Water Act make
up a smRall proportion of che current pescic{de wiage, however, amd
conventfunal vager Creacment réemaves only a amall portion of the soluble
pasticides from water (Haker, !9E5).

Egrimaccs of pesticide lapds o che Saginaw River or Saginaw By &re
ot avallable. No edge-of-field stulies ar madeling of pescicides has
ween dome tn the region. The petencfal magnitade of pesticide loade Lo
Saginaw Bav coan woely be addressed indfrececly, based on the aoount of
pesticides wsed in the watershed and delivery vates to waterwava atudied
in ather oreas.

The #Federal! Tnsecticide, Fungicide, and Fodentéctde ace (FIFRA)
classifics pesticides as restricted-use peosticide ar geocrai-une
pesticides. Festlcides that cowld cause environ=eotal daoage, even when
uped o5 directed, are classified a2 restricted-use pesticides.

Michigan's Peaticide Comttel Act {P.A. 171 of 1976) requires liconses for
users of the restricted-use pesticides, and provides informatiom on the

Lah
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Table IV=15. Admount of snizal wWaste Predicced co he Delivered co the
the Saginew EBayv Watershed (HUXR, .9483),

Neldivery Adni=al Waste

Ampunt of Percent to Delfvered En

Tas ke Larter Course ‘Water Course

Source (fmetrie {oas) (=ecric Lome)
Feodingflaefing 33,115 407 13,32k

Spreading

winter 350, 740 Jsr 125,924
Su=er 239 BL5 10% 21,485
Manure StorEge 11,525 157 11,630
ToTAL RGfk, 275 26T 174 8E5
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pales of reostriceed-use pescleldes In the reglon,  About 400,000 pounds
of resgricged-uge peeticldes (manuifacturer’s fimished product) were seold
in the counciles o the Saginew Bay dJdrainage Yasin Inm 1956 (MBA, 15877,

Gnly 1% to 2% of applfed herbicldes move oif the flelde In surtaue
rvaeff ypder gvpliesal condigiene. Under catastrophic conditions, where
pesticide ppplications are closely followed by heavy reine, o much s
107 of the herbieides can be lose [Baker, 19B5). The V'ELPA reported 1r
1584 that warious studdes hawve shownm chat iess than 5% of the rotal
apeutt of peaticides applied Ze lost through transport In surfpte tuoofE
Yorwm et al., 19E7].

2, Yrhkan BunnfE

Myny pollutancs can enter aquatic systems wia urben tunoff dincluding
rutbPlenct, metals, ovganle comounds and road delcing materials. No odatn
on pollutint loads fronm urbac roeoff apeeific to the Saginaw River/Hav
witbebihed wetde avallanle,

G, Lpediffe Land Slees
B. Hezardaus wasbe STCes

[.and waste disposal gires are regulated under the lederal Zesource
Congcrvatlon and Recavery ser of L9776 (RCRAY and the state Maeatdeuas
¥apte ¥anagemen: Aet (BA BG of 19793, The Michizen Fovivonmeatal
Rasponse Act (MERA), Public act 307, provides guidelines for the
identification, rick sssessrent and ranking of contaminoced sices in the
atate.

Two prierdty listy of contaminarion eites were compiled by ehe MDXE
under Act M7 For 1938 to he used as a beeis for recormendutions co the
Michigan legislature for fonding site evaluetdon, interic respohse and
final respomue activieies (MDHKE, 1943). B5Sites in Priority Lise Ona are
renked in order of relative risk to hucan health and thre environzenc and
reguire evalwvatfion gard Tarcerin response activitiles. Evaluation eav
Inciude hydrogealegic seudies, dricking water sazpling. ot air
~onitoring. [nterim response ofren lncludes control of leaking or
exposed wastes, re—ovai ar fencing of hazardous material. or provisicn of
alrernate drinking warer supplfes. LISt One sites are alse hrokea down
into two graups. Sroup One =itefA heve been ecored om 4 Foale of 0-I000
kv the Michigan 4ite Assexsment Sverem and have received a score of mine
0T more. 4roup Twn sites have been screened huc have Dot beon scared by
the detailed —odel., The screening process provides A& score fram ame o
fifteen and sites scoring nloe or higher Bre subjected to the full risk
aagessment modeling precess. Friovity List Two ddentifies and ranks
s1taes where the sface wil]l uedertake reaponee activities, which are tha
fimal temcdics cheses £ address the alte problecs.

There sre current [I1& Fejewriky List One sites 1n the Faginaw Haoy

watershed [MONR [988), FElewvern Geoep One altea and 3% Croup Twe Rites
which affect puriace weters, and of [hese, ailx Group Ome and fourttecn

JhT



Group Two sitee also affect groundwater in the watershed {appendix &),

In addition, & Croup Tme angd 91 Growp Twe $ites o the watershed affect
groundweter suality [Appendix 7). Alge, chere ate 14 Act 307 Group Dne
sitee and B2 Croup Two sites In the watershed that offedt ocher resources
guch &8 6oll or air (appendix B). Filve Prioricty 1dst Two gitea are found
within the Saginevw Bav watershed (Appendix 9r. Thies oF che sires ave
dumpa in Taklend Tcuntv snd the other two wre londfillz ie Lapesr and Baw
countdes.

There are 13} federsl Superiund sites within che Saginaw Bay
watershed {(Appenddis i0). Elght of che sires acve Act 307 Priority List
fme, Croup 1 sites, three are Friorfcy LIisc Two sires and the other twe
are net on the act 307 lEfst. Superfund slices are chosen walng a
numerical scordog svstem to determine which sfces chroupnouc the country
poae the greatest enviroomental or pubiic bealeh chveor, Slces chat
score higher tham a given rcindmum score wre pleced an che sarional
Frierities List and bkecome cligible far Tederal funding co pay Cor cite
investigaticn and cleanup.

The Sagimaw Ziver and Saginaw Bay are listed a3 a Group One =ilce on
the Act 207 Prierity List Une. & Tew of che acher sices aizo affect, or
potentially affect, the Saginaw EiverSHay A0IC and are diegcuased In
Lectlon V.

E. lendfills

Solid wacte {5 regulated under the state Solldd Waate Management Act,
che ccote Liguid Industrial Wastes Act, and the federal Bescurce Egcovery
Ack. ¥o coeprehenzive list of lacdfilla haa been cowpdled for the
Saginew Bey waterehed. Informaticm oo risks to gurface water systems
from exipting Iendfille has alga not been compiled. Howewver, landfltls
are fdentified me the point of releave for 10 af the 65 Ace 307 Croup !
sices and 32 of the 209 GCrowp F sites in the Saginaw Baw watershed
(Appendicezs B=B). Alpo, two oif five fer 307 List Tuo sdtes are lendfills
fq‘tp‘FEﬂd'ﬁH a7,

The Jocariane of eany lendfille, on Yoth public awd private land,
have never been recorded. ©County solid waste management plens list
Ticended landfille end 8 licdted nucher af unlicensed lendfills.
Couttiesa liat deficiencdes ol cxisting lema2f{lls, incloding lack of
hydrogealogic studies (monitering we-l1s), burning and fallure ol dpan
Sunp Inventory standards (ECHEDE, 19627,

c. Underground Storage Tanke

Cndergronnd srorage tanks sre regulated umder the Federal Bespurce
Conservat fos prd Recovery Act of 1976, the Michigan Watar Eesputoes
Cammission Ack 245, and the state Flre Matrshal fet 207, LUodergroood
tanks are rhae poalnt of ralegce for 11 of the &5 Growp 1 haxardous waate
sites It the warershed and 38 of the 20% Group 2 sitee [Appendices 6-3).
The MIXKE (s currencly In the procecss of tezlstering koown undergtoutd
tanks, but Enfureacion an nu=bers &nd conditions of tanks 1s mot yet
avalizhle., Comprehensive informarion on risks to Fsginaw Yoy 15 also oot
guailabie.



The 1.5, EP2 has esticated that 235 of the underzround gascline
scorage tanke in the Uniced Staces are leakieg. Underground tanks can
lead to contesinacion of seolls and groundwacer by meavs of leaks, plplog
Tatlures, and poar Tillinmg praceices (MDXE, [981}, Coatamipaticon of
surface water 15 passille 17 an wneonfined aquirer discharvges te streams
pr lakes (MCHE, 19RI), Addicives to petroleum fwels ik onderground tonks
=ay inclyde anci-knock compounds (tetraethyllead), dyes, antiexidants
(W, K"Msalicylidene-! .2, -Daninopropopane), metal deactivators {alkyl and
azine phosphater), antiruest agents (glycols), detergents, dlesel fuel
Zgnition ecceleracors (organic peroxides), and bioscocs hioc{des
(henzene, toluenc; MDNRE, 19ELD,

d. Tplectton Wells

Federal regulagzory control for wndecgeound inje<tion, ofF dJeep well
injection, is provided in che Sofe Dyinking Water Aot amd KURA,
Adddtdonal contral £z provided under che seace Minmecal Wells Acor.,
Current infarcacfon on weil sites, statuvs and potential risks to ground
and surface water Systers Is not avallueble.

Claas 1 underground welis ave nged ro Inject bBararddes waseen From
Toduserial or euntlelipal sources, A& narioowide scudy of harardoos wasce
deep well injecedon welis was conducred 1o L9EY (ErFa, 1983y, The study
Idencfifjed fourceen scelve Slass T harawdoos waste wells do Michigan.
Tua af the foureeen Ciass I wells ir Michizar ave opetrated 1w Gratiok
Councy (MK, L9Bab) . Tocal Peceolewn Compay inlected 23.6 milldon
gallems of wagee in 1933 and 27.F millice gallona dnm 1984, Velsicol
injected 3.5 ciilion gallene of wazce ic 1933 apd 1.8 million gallona in
1934 (MmE, 1936k), Dees were unavallakle fer additdonal veara.

Claes T wells are wsed far afl gnd brice disposal and 1t has keen
suggested that oil brines may contein low levels of henzene, toluene,
phenal and polynuclear aromacic hydracarbons {EFA, 1%E0). PBased on a
muzerical ranking of che parencial for groundwater contaminetion Erom
Class 1i wells by the Department of Gealogy ar Western Mickigam
University, eeveral areag subject to relacively bizk rizks are located
within ehe Saginaw Bay wacershed (Wescern Michigan Universicy, 1981,

Dow Cheoical's brine svetem accupics poctions of Midlazd, Saglhaaw,
end Bav County. The svstec Inciudes 70 brine prodoccion wells, 25 Lrine
injection weils, seven solution =ining wells and approximarely 150 miles
of 23 to 30 wear old pilpaline (EFN, |96RY. [n addicion o che low levels
of berzena, teluene, phenol and polvnuclear aromeric hydracarbons chac
Tay be presont in Now's brloe, the plant’s spent brine wmoy olso concain
trace levels ot FCOTs and FLFs, & consent order with MDNE requires Dow
to begin a phase shutdown of the lbow brinc svstem on Dececher 31, 1966
(EFA, 14887, and this shutdown has been conpleted.

2, Hpllls
Spills of haezatvdous materials and cenventional wastcs are A
potential source of pelluranty to surface waters in the Saginow Baw

walershed . The FIXE madetains o Pollution Emcrpency Alerting Swysees
[FPFAS} to fecelvs repotts of spilla, accidental discharges, dumplogs and
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related problems.  The *Ras, established In 1974, recefves reports foom
privace ciclzens, aod Erom governheontsal sgeacies whe respond teo reéported
apllls ard other envivonmental ircidents.

The MOXE reviewed all PZAY reperts from Janvary 1984 te Oetober 1984
fer the Saginow Bay watershed to identifv spllls thot teached surface
woters. The PEAY records show that the highest oumber of docidents (0L}
in the watershed cocwrred im the Flict Piver dralnage basin. Chewy
Marafacentipg of Flier kad che mose repoveed discharges with 20
1ngidences of o1l ond ather sebstances beolng releosed inte the Fliot
Biver, Puafek Moper Division, Geneses Wastewatet Treatmeonk Plang, aod
Flinc Bulek-0ldzmoblle-Cadillae eackh had elght apilla reported te PEAS,
Genetrial Mators-CPC bad six reporbed o] discharges leto the Fling Ziver
end Flsber Goide bod faur teported ell discharges. The Artheny BEagone
Wastewater Treatment Vlent, wilch sevves Flint, bhad twe teported sewage
valeases o gne Fling River ucd four g grént Bum Creehk,

Guerall, &35 of che reported 5pllls and discharges te the Saginow
Rivar and fts tributaries weve oll and fuel oil diacharvge=. A =ini=sum of
1'% m? of parvoleun werae Jdiachavged. Twenty percent of the reporta
paertalned ro zewage dischavees, and seven percent related to chemicals,
including erhylensa glyeol, apdium pheaphate, and calciuom oxdde. The
remalining 01 of repotrcas were fotr a warlety of other aukstances or fich
mills,

Tee PEAS records indicare char Sagicaw Bay and 1ta coastal
tritutarics Rad pelluticn-telated eémévgéncies esm A vardety of acurces
Including Industrics, municipalicices aod ladividusls. Twentv-three
separare Tacldents of diszcharges co Sagiraw 2av were reported.
Thirty—-seven percent of che Inmcldents reported ieveolved fuwel oll or cther
petroleove produsca,  MNone of Ehese spllls had reported volumes above
A.ne?, Afchough sp1lls of macerlals likely teo increase blochemical
axygen decand (e, g, dlacharges of sugar or dalry by=products] were
reported dlmost uas frequently (30X}, chese apills were & ewall scurce of
pallucant looads o che bay, lsolated iecldents, however, have had
negative fcpacts —- pearcicularly fi1gh kille —- and cumulative effecte are
2ifffruit to estimete. Hepoarted Cishk wills accounted for sewvesn of the 27
reports [25%) recefved by PRAY far Sagipaw Bay soad 1rs lessor
tribtutaries.

t. In-piace Pollukants

fediments in the Seginaw River/Ray watershed have heen contacinaged
by cundcdpei end industrlal discharges and »v runaff Trom nonpoint
sources. LContaninant® often adhere to or mfx with sediment parcicles,
cipecially Tine-grained gilecs and clays, components char are vary coIman
in the Sagina~ swstew. Folvchlorinated hiphenwls for examplc are
hvdrophobic <ieh wery low water solubility and tond to wdsorh ontao
suspended particulates wpon entry 1pto the aquaedic eovironmene.  The
extent of asseciation depends in Yarge ceasure on the magure and
composition of the particulate, potably the size aod organic content
(Bice, et al., 19807,
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Dpce despatted, costamipants ave uvaually oot statichary, buof =ove
with the sediments. Therve are several mechaniaz=a by which disturbance of
sedlments ogcurs: wave actlen cauaed by wind, river flow, disturbance by
gnimals or propellera and dredging activitlea. A fraction of serhed PLBe
may be desorbed and vreleased leto water where they are maintained do a
dynamle aqullibriem syatenm [(Blee, ¢t al_ o, 19800

The Saginaw River/Bay area 1= one of the many navigaticnal channels
s5nd harbore in the Great lLakes that are rocutinely dredged ir crder ta
maintaln adegquate deptins for ship traffic. The U.b5. Army Corpa of
Engineers [(ACOEY performed the eperatlion until 1984, vhen a Congresesilonal
candate opened the work to private contractors. [Csing currant metheds,
lacge a=punte of sadiment=s are recuspended in the water column during
both dredging end dispoeal of dredged material £Seelwe et al., 1332].

The Lorpe ronducted & Dredged Meterial Research Frogram and cencluded din
eoat caged the water gquelicy concerns related to ahoert=term release ai
contecinants to dispoeal sice waters ave umfounded {IJC, 134207, Tredging
activities, however, freguently take place in harkbors and river rcouths
char are Important rearing grownds for Eish. Sinece sediments in thesa
areas are ofren concaminated with taxie sewbstances, persistent chemicala
zan be accumulared by Flch directly from resespendad sediments (Seelva,
er al., 19EZ).

The Baginaw mavigarion chanmel ranked Eourth of %7 Great lakes
lacactans for cotal guancities of zediment dredged From 1975-[979, Ower
ang =11lion cubie meters place material {CHMPM} (L.e., Lin place In tike
charnel) weras rexogved during chis [lve-wvear period as a result of sovwen
sepnrate projeces.  This figure was Eive times migher than the next
Liargese gquaneiey fn the Lake Huron basin {Coderich, fmtariel, and was
ewo—eldrds of che cocal amounc dredged for the £ive-vear pericd froo the
fake Huran hasgim. The largeck guantity was dredged Iin L9768, whken owver
AGO, DD CMPY were removed., Durding LWEU=i9E6, approximately 3.6 milliaom
C¥PH were recaved (Table IV-363.

The tvpe of vessel uaed o mafncafn che Baginew nevigation channel
fros 1949-1979 wae an ACOE hopper dredpga. The weceel’s creiling arm
drags along the bed of the area co be dreedged and vacuvms the material
into hoppers logafed inm oehe Twll. Puaping nmormally concinmuee until o
subsrantlal load has heen accu=ulated In che hoppecrr. E#cess water,
which contains a propoereion af the finer conscicuvencs, I= returned to the
watertbody (1.0, 19821, Hopper dredges have & csingle Siecharge point by
vhick to expal the 1iquid and suspended cattar that sce not slated for
disposal. This methed teturos suspended macter co the wBter colusm lesE
consplcuously tham the methoed wied duriop 1984-1966, in which water and
susperded mwateriels spill owver the side of the bosr. Thevre are nc
stuedies that compare the eares of sedisent reauspenasion resulting From
the vee of veriouves dredging methods for the Sapinsw aresa. Sirce much of
the deedgins accivicy 1n che Saginaw cavigation channel occurs In areas
of moderate Eo klgh sediment contamipatlion, sediment tesuepensicn 1§ 3
wabelr gualley concern.

Opedge spofls froe che Saginaw navigatlon channel were disposed of

in open Lake woters In LFF% (LJC, 19823, No data prior to 1975 were
acquircd, but some spofls Juring chabk perlod were disposed of at

=



Table IV-16. Quantity of Material lNredged fram the Saginaw havigetion

Chanmel, 149749-195% (USACHE, 19877.

Fiscal Cubie Dispogal Contractor or
YeaT Tards A raA Covernment
1474 237,464 Eay L£OF Covt fMarkbam
19:% 102,392 Bav LDTF Giovk /Hotns
147% 41,351 Middleground Gove Hplng
1%7% 12,5318 ¥iddleground Gowt Lyman
1280 58 350 Bav CDF CovtiMarkhar
19E0] (9,895 ¥iddleground Covk S Lvman
L&D 13,391 Baw CDF Covt/Hains
L9Rd 159,730 Middlexround Gowt 'Hains
12E 425,410 Hay CDF Govt Markha=
[9Ei 21,555 Bay CDF Covt/lyman
1981 57,432 Mtddlerround Covtflyman
1981 19,393 Bay CNF Govt /Hof fman
1981 6,01 Hiddlepround Govt /Ecfiman
LM 66, 5454 Bay CDF Govt /Eainsg
1981 L@, 229 ¥iddleground Covet fHzins
1532 5hA,828 Bayw CTHF covteSMarkhan
1532 &0, &35 Hiddleground Cont/Steudtke
19&2 16,181 Bav CDF Gove/Markham
Lak £5 4%) ¥iddleground Gervt 'Halos
BB Eii BlD Bay CDF Cove ™atkhum
FQR4 ThE,2TT hay COF Cont/batco
Ladg P35, AT Middleground Cont/Katce
1985 IRS, 274 Kay {DF Cont fEatce
1946 346, D00 Brv CDF Cont fHetco
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Middleground Island in the Saginew River at Bay Tity. =n 0977, the
Zaginaw Bay Confined Dlaposal Facility (CTF) became avalilable to recelve
spolls from the moat certaminated reaches of the river (Zosmstresc af che
Detrolt and Mackinae Rallway Bridge at BRiwver Yile 3. Spoils disposed of
in the Saginaw Bay CDF exceeded O.5%. EFA clossification for highly
palluced sedilnencs of Great lake Harbora for a number of parameteors,
lpcluding metals ard coaventlenal pollutants (Section E13),

Ey¥ 1966, the Saginaw Gay CDF tad 2een [1l1led fo almost half of itas
capacity (I.C, L9B6). The jacllity 1s fcheduled to be filled to capacity
In 1590 and there {F 4t present A plic concernlng futwure dispoaal of
credge epoils.

The only other locatfon In the Saglraw Bay drainage %asin bhat has
been dredged recently by the Corps Is the hatber at Sebewalng, which was
dredged in [977. The project Included <redging 0,58 2m of che viver near
ite routh at the bay and using the spolls far Seach nourishwent. Several
=etala [Ae, Cu, Mi, Pb) were found to he at moderctely palluted
cohcentratlonz (TLIC, [OHZY.

Bredping has been performed as 8 reaedial attion an sceecches of
thyee rivera in the Saginaw Bey weterahed. In [97I, Michigan Chemical
Pprpetation dredged about 70,000 cubic vards of matcrial! from che Sc.
lpuls wegervoelr on the Plne Biwer {Rice, st al., 19207. The dredging wac
dome o remove maghesium oxlde deposits that were filiing up the
resetvgly, The apalla were placed in a lageon oo the plant sire.
alehough dredging was conducted vpstream of the —major areaa of PHB
comcaminaclion, the meterial remowed sti!] cosmcained aubstantlal azounte
of PEE (LTI, L984). Leaching from the dispesal lagoom was a source of
PEE an<d passibhly arher contaminants to the reservedr (Rice, et al.,
'9B0Y . [Credging aleo occurred when the state Highway Department reboiie
the M11: Seveet bridge over tne rescrvelr o 1978, probably cavalng some
spdizane diaturbance In the process.

The USACOE reguler ceintenance <dredging af cine Saginaw navigatiom
channel 45 noc designed to remove contaminated sedimencs. However, one
aperation conducted between 1976 and LORE, was dome specificelly Eo
vemave PCH-contamineted sediments in the navigacian channei. The Empact
vas aald to be small, as the cperatiom wag limdced and d1d not recove
highlv—ecntamirated sadiments maear Haw ity (Réice ec al., 1930).

The seoutk branch of the Shiawvasses Eiver from the Caat Forge
properry nocfall to 800 meters downstream ob Hewen Rogad was dredged by
A-1 Blaposal of Flainwell, Michigan ie 1983, Vaguum dredping was used
for mase of che dispmcal, but there was some backhoelng aq well. The
dreﬁging operal Lon removed approximately 1,130 kg of FUEs contaiosd in
L3680 m° of eivee sadiment and 3,500 m? oF liquid woste that was
genarated froe che vecvueming (Rice et al., I4%E4).

& owater ond caged clam biocaccurulatfion stedy, wnilch was conducced
for saoe wvear following the terrination of the Shinwasses River Jredging
operation, shawed that the PCEE relessed cld not cove Wery tar downskbream
and produced oply local dincreeses In concentration (Rice ot al., L9R&}.
There was, however, a ootfceable fncresse In aveilability of Pifs ag all

153



-

downatream locatdinna and dn the area of the dredging during and
asproximetely s1x months after the operation. At Bowen Rosd, for
example, the PCD lewvel in fdsh dincreased from 64.5 mgikg dry weight ta
37.95 mg/kp dry welght after dredging (Table IV-17). The FCH
copcentrations in clams at site 4/B 4Cast Farge to Bowen Bradl increased
from 131.82 wa/kg drv weldght te 18.30 =g/kg dry welght after dredging and
there was a substantial dncrease in PCEF in the water durdng dredging at
all staticna dowmtrilwver of the Cast Forge atatiom.

There are two wnlque features of thila particular dredging cperatiom.
First, the soutn dranch of the Shiawassce River af tha Cast Forge
propétty 15 apptroximately 2 meters wide, moking dredging operations
substantially easler to conduct than co a largZar waterbody., Second, the
contamination was not well integrated into the river sediment and much of
the PCE existed a5 olly deposits lavered inte warieus—sized lénxes 1o the
sandy bottom of the river. Organic silt cften pocurred aleng with che
concentrated PCE depralts and the sediwents were generally low dn claw
content, Thisa tepded to wake the PCBa more available than would be thre
case In the sand=51lt-clay type of sediment typlcally found dn most
rilverz {kice et &1, , 1984%. MNewartheless, this atudy ahewad that
dredging of ovganie compounds can bave a direct eifect on 2lcota and water
qualicy for acme disrance dowmnscream of che cperatien.

5. Atmasphere
k. Organies

Avaitable dorg sugpent Ehar atmespheric deposition mary be sizoble,
gnd perkape the asjor source of Inavganis ard otganie polluetents to Lhe
Great Lakecs (Fipenreich £t nl., 19G6L). 'The lang hydrawlis Tetenedon
tioes of the Creat Lakes, coupled wicth thelv large surface ereas,
increaae the izpact of at=ospheric pollugant inpute and prolongs recovery
periods.

Atmospheric depositico of trace arganics inco Lake Huron aver the
paat 10=13 wvears have heen averaged inco a single rare for esch compounc
+Takle I¥=13}. Values fer 1ake Huren are sgcond only to lake Superior
for all the organlcs reperted. The Wighest loading vates of organice
into Lake Huren cccerred for alpha-BAC (11,6 tonafvear), totel PAH
(114 toral/vear}, CDP {12 tensSvear) and TEHE (12 topsfyear). Atmaspheric
leading rates of organlcs to lake Huron are ot léast twe times greacer
than vates for lLakes Erie acd Ontardie (Edsenteich ot al., 149811, High
atwospheric loadings Into Lake Huron may be indicative of high
atwedpherie loadirga inte Sagipnaw Bay.

k. PCEn

Fstimateg of bulk atmospheric losding of PCRs to Take Neron vary
from 2325 kofvr (Muvphy ef ml., L9EZ) te 7200 :gfyr (Eisenreich et al,,
19811, The avarage acmospheric depocsition rate of FCRe ta Faginaw Bay
hag been excimated at LE g/kn®fvr (Marehy et al., L9E1}. The estimaced
average fmmual toral atmospheric load of PCHs to the bey beeed an Ics
aurface area of 2959 km®, {E chen 53.26 kz/yr.

[
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Table IV-17. Total PCA Mgasured in Water, Chaess and Fish defore,
Muriog and Six Months afecer Dredging che South Branch
wf the Shiswassee River (Rice et al., 19B4).

Riwip
Myl Slte cre—-Dredpe Durdug Credgling Fost-Tiredge

woater [wg!l)

I | Cast Farge 0047 (3] Q.02% {5} R.037 &3

L.0 Bowen Raa:dt 1,10 {6} G.BF {9} 1.11 (5]

3.5 Marr Road Q.RR T .83 {1} -

L. Crage lake Road 0,85 (%] 1.3 (5] G.522 (3]
Clame (ugig dry wt.)}

2.0 Ceet Forge a8 {1 1,183 (5} 1.36 4]

0.75  Stre ME 13,82 {2} 59,08 (4) 1#.30, {3

L. Bawen Road 40,92 (1) 69,34 (4} g.49 (1]

1.5 Marr Goad da pd o {l] d3.54 (4] -

6.5 Chase Lake Xoad 13,21 {1] 12,55 {3} 15.28 (2]
Fish (ug/l dry t.}

0.0 Cast Forge L.TR {5} - 1.6 (2]

L.0 Howen Koad B&._54  [3) - Br. 05 (3}

h.A [hase Lake Road A2.00 0 (3 - Bl 14 (2

Thase cages were silted over, cherafnre this recult is vnuswally low,
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Tabhle TV-1E. Toral Deposition of Alrborne Trace Organlcs to Lake Euron
in Metric Tone per Year (Yisenrelch et al., L9R1},
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Atmespheric depesitien of FC3s into Saginaw Bay has heen ceasvesd ik
terms of wot preciplitation, dry deposicion and hulk deposiclon (Huephy et
al, 1941 Krels & Bice, 19810, Lpading of FCEs chrough wec precipicacior
for all sample sices rasged from 0-63 gfks?fvr becwean [977-1978 (Tahle
1¥-1%:, Tincomeing had the highest loading rate af 39.0 g/k=%Svr and
canged Epom 26-68 g#hmjfyr, Egading at Tawas Poing ingreared froo
14,50 g!kmzﬁyr in 1933-19718 P 16 80 g!kuijyr in 1979 But then decresEeo
by half te 8,40 g!kmiﬁyr in 19ED,

Fieconning also bad the highese dry depesitdon leading rate of PCHe
batween [977-1%EQ af 27.0 g#kmzfyr for 1977=1973 fZable IV=1971. Tha
logding value Eor Plnconning in arcther estimate was orly &.6 gl/km*/frr
for char sama cime perlod. Tha 1579 dvry depositicn rate of 16.2 gllm®jvr
fFor Pineonning was elmosec double a 1378 Ploconnicg estimate of
B.lé po/im®fye. The lowast FCE deposition rate cccurved at Whitestone
Poatne tn L3977 where anly 3, 24 gfkmzfyr were repotrted. Dry deposaltlcre at
Sebawatng incraased elfghtly from 5,76 p/km?/vr in 1978 to £.00 plem®/vr
In 1979,

Bullk areaspheric 2osading of PCOBs dwring 1977=-1%78 was highest at
Pincanning where 21 gfkm®fvr ware veported. The lowest bulx depositien
vate for 1977-197H was B pfkm/vr Bt Tewac Point {Table IV-19). Hareu
roporced for che Individual vears from L977=1980 Eluctwated for each
seoeple gite, Bulk depasticion decreased ar Plpconning from 29,464 km“ v
in FUT7 ko 19,92 gikedfye 1 F97F chen inereased es 30,24 g/km?fyr by
1979, Tawas Paint shiowed a stmilar trend, with a rate of 3.60 gikm®fyr
tor 1978 and 1980, bue & ouch Yigher value of 10.20 g/kmZfye in L9705,

loner Saginaw Bavy is wsually frozen for B=I12 weeks 1o the winter
during ~hich time the ice cover accueulates precipitacion, dry
deposition, #cd vapor along wich the caterisls they contain. Mpecerlals
suchk as FU¥s ave thee deposited into the leke In the epring as the Ice
melts [Murphvy ard Zchingky, 19831, Megaguremencsz of the nat gtmorpheric
deposition of PCBs weve made uzing dce cores collected from the surface
of Sagisaw Baw during the winter of 1978 end LY7Y (Flgure TV-5). The net
depesiticon included wet, dry and vapor deposition, leee &ny evaporation.
The FCR depeositicon rate ic the ice core semples decreased from
A amikm®ime (36 gm/Re®fve) da Janvary 1978 o L.B gonike®/eo
[ gmfhmifyr] i February 1978 {Table 1¥-207. The Februery 1979
deposition tate of 1.7 geikm/me {29 gpn/ke?/vy) waz anly slighely lower
thar the rate for February 1%78, The volume weidghted net flux of FCBe to
the soow und 1ce subface weas abouor 2.0 g=nfbm?fme (24 gmikm®fvyr). At this
rate the total inpwt o ipner Sagioaw 3ay (1550 ko?) was & kg of PC3s in
1978 [83 rotal days of lce cower] acd 6.% kg in 1%79 (64 total daya of
ice cover) when the {¢o melted (Morpky & Sehiodgky 1953).

sverage FCB concentrations measured i precipltacion 1o the City aof
Saginaw and Bay City during [977-1982 was 21l qgfl (Murphy, 19719, LTI,
1DELY,

. Hukrcients

stmocpheric deposition accounted for anm cetimated 3% af che Eokal
phosphoree losd to Iinner Saginow Bay 1w L2BO {171, L9832 3, The relative
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Table V-1%.,  Wel Frecipicatrlom, Dry Neposicion and Bulk Atcospheric
Leadiong of PCHs fgzjk:ifyrj, Heasured ag Selecred
Sample Sites aloog the 3aginaw Bay Shareline (Hoprphy ec
al., 1931; Murphy et al., §9827.

Mo —— e — —

het Ory
Year! Precipltation Tepo- Bulk
Ztation AVR Rarnge sirion Loading
1977-1278
kkelkestote FE. 1] Sb C-24 b
Fincontleg 9.0 2a-6d ET.DE 21
6.4
Tawas FPolek 14,5 Gf-24 ]E-Dh o
ﬁ,ﬁ:
Sebewalng Eﬂ,ﬂa 11
6.2
faginaw Baw 12
197"
Wiltestone Fr. 3.24
Fleconsing 29,64
1978"
Fincanning g.16 19.%2
Tawas Point 10,2 1.6
Feheowalng 5.76 3.4
1979"
Fimcanning 14.2 30,24
Tawss Point Lf.6 1020
Fabewalng .0 L2.Ga
1980"
Tawae Point L 3.60

aHurphy et al.,

bHurphy et 8l.,

1%8]
1922

358



Flgy=e IV-3. Locacion of fep core collectlicon sites on Sagfnow Jay,

I07E-1079 (Murphv and EBchinsky, L9841,



Tak e 1%-20. FCE Acqumulacion oo the Frozen Surface of Saginaw Haw,

L1318-1%72 {Horphy and Sehdosky,

19837

Collection Times

Jpn Yy February Fehruary
Category 1478 1978 1679
Mueber of Hites k) g b
Sumber of Cores 14 18 24
Tatal PLE= (n0g) 114 a1 ala
Tocal Ares of Cores (23 a.nrl 0 k] .13z
Days of Ice Cover Belore Sampling 19 61 &
Nepustefon Rare ro Ice T30 7 1.820 4 1.7+1.13

Fpen ke ® fmar
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centrtibutiens of atoespheric depositdon o the total phoapherus leade of
dilferent secticas withip the bayv in 1930 ranged freom 3.6 tens in tha
center of the laner buy to 6.5 tony de the nertheastern peortien (Flgure
1v-d},

Data eon atwespheric depoaitieon oF total phoapharus and eother
puttiénts were collected ftom 1952 to 1983 at #ay City, Fert Austion and
Tawas Folnt as part of the Creat Lakes Atmespheric Deposition {CLATH
gampling netwotk, Total phosphorus atmespheric depesitien Tates were
highest or Tawas Point [n L9B? {19.9 kgfkmzl and 18931 {20.6 kgfkm*} ard
at Porr Austie In 1BR4 (13.0 kgfkm®; Table 1¥-21). Average apnual
dcmospheric tordal phosphotor loads decreased from 37 tons Ie 1932 £o 26
font Ipn L9R4,

Niteate levels were hlghest at VPort Austin in 1982 {34] kg/km®), ot
Tawas Point £n [963 (5501 kgs/km®?, and at Port Awstin agein in 984
(4BE kglxm?; Table LV-"l%. The average anceal atmospheric miftate load
o Ghie bav Indteased from 925 tons in 1981 te LLXD tons in 1984,

Highest TEY concenttstlons were reported a4t Fort Awstin 1o L9832
1599 ke/kod), ar Tawss Faint im 1963 {408 %x/%m®}, and af Porr Awstio in
|94 £577 hgskm?; Tavle IV-213, The average onpnwal atmospherle leadicg
of TkY decreaced from 133& tons 1952 to Y82 tons in 1983, butf then
increaced to L3387 roae In 1984,

Tke highest nitrate, TEY and total phesphorus loads 1o 1983 all
occurced at Tawas Point. Thece three putrients wete all highest ar Fort
Austin im 1984 {Table IV-21). Atmespheric loadsy of nitrate and TER were
highest o 1984, while robkal phoaphorea loadas were greateat iom 1932,

4. Chlaride

Data callecred Trec che GLAD pecwork durieg 1782-1%84 showed that
armadplerle Jdeposician af ehlaride 1nco Saglraw Bay was kipghest at Bay
Cley tn L9BZ (327 kg/km?y, In L9ED (2015 kefkm®) and In 1984 (284 kglkm?;
Table TV-Z[). Awverage ammuoal actmospberic leoadieg of chloride icka
saginaw Aay decreased from & high of EdD cons per year In 1542 to 555
Lans per wear in 1983, By 1984, the loadiag had Increased to 621 tons,

e. Merals

srmogpheric deposician of heavy cacple Inko Saginaw Bay during
19820034 was alsg snaiyzed chrough the SLAD se=pling network. The
highest mereury deposition race of 146 Emfkmifyr wag reparted at Hay Cfitw
In L9R3 (Table IV-223), Average avmual loadiag of Hp ro che bay Increpced
frox 0.2 tons En [982 vo & Digh of 040 rons In L9E3, followed by 2
desrease tao 1,20 tons in 19E4,

Cepositint of cadmlue was highest ar Tawas Podpt where & rate of
1427 gmike®fyr wag reparged 1n 1952 (Table IV-22), Average anmual
lcaddng of Od decreased fre= a high of S.20 coms io Y982 to a low of .36
toms 1n 1484,
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Table TV=21. Atmoapheric Depoattion Ratee (kg /ka?Sfvr} of Nurrlienca
and Chloriddes at Bay Cicv, Parc Auscln and Tawas FPolnt

Sappie Scacdans, I9EE-§9ES (daca Trom GLAD sakpling

network detabase).

Parametar

Year/ Taral
Statiern Witrate TEX Phaozpharus Chlarfde
19382

Bay Clty 322 %02 G 9 X2y
Fort Auatin e 590 3.0 2ED
Tawas Felint 275 450 1a.9 262
Sagiraw Bay Total 925 %G av.n EGf
(metrie tonafyr]w
17E3

Bay Cilcy 285 260 2.8 215
Port Austin 111 B 7.0 LBa
Tawas Peint 1E1 Lk 20.6 160
Snginaw Eay Total 954 oE?Y JE.Q 555
fmebele Eonslyrh*
LwE4

Bav Cirv 354 55h 3.5 2RL
Fort ausein 494 aT? P3.0 LT?
Tawas FPoinc 340 473 7.8 .ng
Saginaw Bay Total 1170 I3R7 25,0 G

(marelic tomsfyrca®

*
LZeaplan vwalwes summed, averaged, and multiplied by bay surface area
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Table 1¥-22. Atmeapheriec Deposition rates fam/bkn®fyr) of Heavy “etals at Aay Cdry, Porg Austin and Tawas
Foint Sawmple Statilens, J982-1%34 (data from GLAC sampling aetuanrk database]).

Mcetal

Tyar/S
Statior Ha Cd Cu Fh LF | Ay Ce A
1982

By CIicy L2 2GR 1204 al4l L2 59241 132749
Fort Awstin 4363 4 240 191 5158 10634
Tawas Foint 1422 1280 BO%TE 251 qang 1119%
Saginaw Bey Total 0.2 4,2 1.7 L 18,3 0.6 0.6 34 B3
‘metric tonms/yveari*

L9837

Bay Cicy 146 104 an 347 248 59732
Potr Ausrcln 242 185 1172 1351 44k 224 a0aG a2k
Tawaz Poink 119 14Z 29ET 1413 a4 oz 711 L]
Saginaw Bey Total 0,4 0,42 L .5 d,2 k.3 16,1 17.&
‘metric cons/yveari¥

1484

Bay City 134 182 2450 559 211 168 43 12742
Pork Austin E 150 104 1234 b 219 Znasl
Tawas Bolne 7l 112 3430 233% GG 116 711 ralin
taginaw Bay Total 0. .4 4.4 2,4 1.% a,r 2.0 50.6

{metris bansfyeari®

*

Stetion valucs summed, averaged and multlplied by

bay surface area,



Concencracions of copper were highest at Port Austin in [98¢
(4262 gafkedfyr) Bod In 1964 (3647 pmikm*fvei Teble 1v-22),  The
corresponding averege annual loads for fu were 19,71 fons 1o LBEZ and
q.3& fone in 1984,

Cooncettraticna of lead decressed froc the higheet value of
34,290 gmikm*fyr et Porc Austin dn 1982, to & L9584 wvalue of
1286 gw/b=2®/vyr, alaog at Fort Auatin (Table IV-23). dAwverage anmual Pb
loading decreased from £3.B6 tone in 1982 ko B.JT tone in o984,

Atmospherdc deposition of ndckel was highest at Haw Cicy £n L3E:
(6241 gr/kn?/vyr). Average sonual loading of ¥i decreesed froxz che
highest value of 13.15 tons in 1932 to 1.9!0 ekons by 1984,

The highest atsenic depesition tate of 316 gmikm®/yr was reporced in
1984 at Tawas Point {Takle IV-:i2). The average sonual lead of As
decreased Froem 0.77 tons dn 19323 to U701 tons din 1934,

The rare of chromfum depraition decreased substantially betwees 1982
and LGR4 [Tatle 1V-223. The higheat rate of 9809 gnfke”/vr was reported
at Tawas Polnt In [GE? while 4 much lower walue of 711 gmik=™fyr was
reported for cher scacfon im 1984, The average aonual Cr load decreased
dramatically from 20,60 pomsg inm 1981 te 2.0 teops in 1984,

The highest zine deposicion take was 20,351 gm’km®fyr acd ceceurred
in JUB4 ar bore dustipn [(Table IV-22Y. The total ennuel load o Ze
Jdecrezped iror 34,67 caps im 19E2 Eo '7.00 toms In 19RY and chen
increased to the highest valuve of 30.55 tons in 983,

Yout of the =etal lsads were lower, eome subetantially, In [9E4
compared to 1982, Atpospheric loading of Zn into Soglnaw Bav, however,
was almest ome acd ohe half timea Ierger in [98L,  The greatest
atmospheric deposicrion of Hg, Pb and Wi 4n 1984 accuryed ac Bay <Circy.
Deposition of Cd, Cu and Zn in 19284 ware highest at PFert Austin, and the
grectest deposition of A2 and Cr in 1984 wap reported st Tawas FPoine.

£, heids

feid precipieacion has Pesn knosm to nill fish egpy . salamander
egzs, {rog cgpgs, aquarle vegatariom, and other aguatic 1ife [CSZPA,
Lukdy, & pH welue helow 5 for & glven waterhody Incredses 1o=
pemeltivity ta addigional actdiec input (DeGuoire, [986%} and 4 pH walue
balow 5.6 ic considered actdie (DeGuire, 17HHal.

Seginev Bay 15 among the waterbodfas in the United Eretes that
recedve the greatest amounts af actdd rain egnod ares precipication kas Soze
cf the lowept pF wolues (LSEPA, 1930). However, the subcstantia:z
buffering capacity of Saginaw Hav =irigates the effects of scld rain
(TeCuire, 1%36h1. The lowest pH waluea for precipitetion between
1931=1945 occcurred ot Tawas roint for each ga=ple vear except 1964, when
a pE of 3.1 was teperted ot Fort Austin (Table IV=23). This wvaluc was
the lowest pH recerded cowverall for the five vear sample gericd. High and
lew pH values at each site [luctuwsted durilag the sample pericd. Low pH
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Tahte IV-23. Mean and Bange of pH Yaluee In Precipliration Samples at DBay City, Port dwstin and Tawas Polnt,
LRE1-19E5 (Degulre, L98&a}.

Bay CLEY PorE Ausrcling Tawns Polrt Summaty
Nean Maan Min Max Mean Min Mo Mean Hirp Fax Fean Hin Maw
Lank P L) L.4 4.4 1.0 ot 4.1 1.7 4.7 4.3 1.7 &.7
Laqz 4, & 4.1 5.0 4.5 4.0 5.5 4.2 3.7 .4 4.4 3.7 L
Lag3 4o 4.0 5.0 4.2 3.7 5.7 4.1 .7 4.5 .2 3.7 E.7
L3E: 4.5 4.0 4. B 4.1 3.1 4.8 4.0 3.5 B0 4.1 .1 IR
5
N T ) &, 5 4.1 7.4 4,2 IR 1.6 .9 1.5 4 _h 4.1 1,5 N
Ay 4, 4.3 4.1 4.2




values at Port Awatliec and Tawas Polot dn 1985 were 0.1 and 0.2 undta
lower thar thedr vespective lewesat 1331 waluea.,

Thyr Jowese average pH valoe {calewlabed as average-log |H+]) of 3.9
was reporred 1n 1985 ar Tawaa Polnk [Takle 1¥-213}. A higher averagze of
4.5 wag alao veported In 1%E85 at Baw Clty. Average pA valuesa at each
sempling site Fluetwared between 19El and 1985, Tort Austin
precipirarion samples shawed rhe greatesr vange of average pH values
[4.l=4.5). Velues ac Port Austim ard Tawas Folnt were bPoth 0.2 crits
lopwer Iin L1985 then In 19H1, while the valuwe at Day Clty was 0.3 units
higher In 1%85. The vearly average pH walue ilncreaasd freom 4.1 in 1961
to 4.4 Ir 1987 and decreased teo 4.1 1o 1935,
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SRCTIOW V., HISTORICAL ACTIORE

A ATROINCT IR

The dmpetus {or the rultlievude ol past remedial actions taren Lln the
Saginav Hav basin to dcprove wacer quallty came Ltom tie enactment of a
series ol lederal aond state statutes (Figuce V-L1). The Juetification to
implemept ond modntain the water quallity progroms avthociced ¥ these
stabutes was provided by nuoerous water quality and biological surveys.
The zurveys documented ateas of severe water guality degradacion In thoe
19603 apd 19105, Sewvera) cooprechensive studiecs conducted In the ¢arly o
middle 19705 focused cn Saginsw Bay and che Saginaw River warershed,
leeeludiag 1bs gribgtardes — the Cass, Shiscasses, Tictabswassee and Fling
civers, latee stuedics or these sace arcas documented water gquality
foprovements Erom impleménted state and federal poograms and completed
reoedfal actions,
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1947
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10%8
1973
107
19 ==
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19001 ==
1987 ==
1908 —-

190 -1

10a4
1008
100m
1907

Flgure ¥=1,

State Municical Granl Frogram erackes aager AL 25 of Pubiic Acis af 1566,

FCB Speprce Contrel Program was institubeg by the Slale sl ~icmigan

Federal Clezn 'waler Acl passed: imclsdad %ETEZ Derowbing oragrarn and Soasosy Tranle
Frogram

Fichigan s Act 245 waler Cug ity Slancarss ~arL d Euies warg Sracuigales

Federy: Heggerge Conservalion gned mecivery ACL [BECEA

Skate ban on uge of phozphate Jelergenls.
Feserdi Clean wlater Acl Amendments eracted requrng E9a fo develzs —alic-wele -2 el
Freirzaimen® Program.

Greal Does walsr Guacty Agraemenlzigten

MOMR Seqins carplete cnemsmical merilsrirg gregra™ 2n the

-
1

Llabaw3asses River walertheao.

Malional ‘'wWaler Quahlv Criiersa for Toxie Sallubasty sushicher 33 CUiSerce under SéCian
J0ala) of tre Clean water Ac! (11-23-200

Feder:al Mumg pas wiastewater Tregimenl Corslraclcn Goant amencmrens of TS

Michigan's Emmviranmenlai Response AcL (1582 B AL 307) enacied.

MONK accepled deleqaled respaasiilily Tar the federal ndusir b Preireatmanl S ogeam
EP 4 revised Lhe water Coaliby Standards reguiitions.
Greal Lakes Fhospherys base ferce crealed Bvrgugh Salienal Program CFce €04

Frecerdl Hazardayd and Salid waste Amengmenls (HEWA D eracted. |

Michigan develaps FPhodpbtres Reduclian Strateqy far Eke Michigan parian of Lace Erig and
Saginaw Bay.

Ayle S7(2) promulgated which sl forth an ewpllcit process Tar limiling teaid aubstances in

MAQES permits.
Faderal Super fund Amendmania and Resulharst alion Acl enaclied,

Federal 'walsr Quality act of 1987 (Cwd regyLhariz ot mmd

Enactment timelin: of selected state acd fedepal
envitonmental protection acts and programs, [SRA-19ET,
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B. HKHISTORICAL WATER CQUALLTY

l. tagiraw Bary

In the esrly 1%70s Sagilnaw Davy was impacted by high cencentrations
af dieealved solids and nutrients., Fulsamce growths of blue-graen algac
populations were extensive, contribeting te taste and oder proble=s in
municipal drinking water supplies drawn from the har. The once comen
Gavfly population had disappeared and the existing bexthic faunn
Indicaced seregsed and pallution conteminated ¢onditicns, Comercial
Tishing had declined as lake traut, walleye, whiteflsh and lake herring
hegace scarce. There wiu growing concern over thermal enrdchment [rom
powey plants, zundcipat and tuduserlal dischargers, AL the time, linmited
infuroaeion was available co docopenr waber qualicy trends or ldeantify
all sources of warer quality fmpalirment. Initial cemedial sccategles
verg desipgned to redoce pucrienc loadsz, owvzen consumlng schatances and
celifers hacterio., As poxic carertal regulatiorns were srrengthered and
preblems with conventlonac poroeeters Improved, ceganls asd heavy metal
discharges were Increasingly addressed,

2. Spginew Rlver

Saginav River has been [dentifled as che najar concacinant source to
Saginav Bav. Tha five suniclpalitice that discharged co che viver did
nct begin to dostitute secondary freatoent wich phosphorus removal untbil
1972, Low dissoived axvgen Jevels and Righ BOD loads were major
contributora to the Raginav River's exceprionally poor water quality.
Chloride lewvels were alsc found to bée guite bigh and awtrient
concentraticns were elevated yeay round, High cotal fecal coliform
concentrations were measured throughout maszr o rthe viver and sccurred
throughout the year, even during times ¥hen ¢ontaminanr weatewaters were
chlerinated. Farly surveys {ound high [CE levels 1w Saginmaw River
water, fish and sediments. Bicleglcal co—unicies veflecred these
degraded conditicns and were composed of pollution taleérsant species, oany
at nulaance populaticn levels.

3. Zhiawasgee Riliver

Ir 1974, the entire lower half of the *hiavassee Riwver cuflered froe=
excessive nutrient concentratiens., 51x reaches wvere identified In che
lower tiver teo fave substandard water gquality, three of which were [ro=
ipadequately treated sewage. Other preblems included disselved oxvgen
2envegzions, high coliform dercsities, and high cencentratiens of total
disggnlwed zonllids. High corcentratiorns of PCREa in sedimants dewnstrasm
from the Casc Forge Company on the Zouth Branch of the Thiswassee Eiver
ware dipcovered In 1974. Subsequent svrvevs disclosed that the FOBs
Found Im the eedimentc were mobfile and appeared te have ceatamineted
cedimente at a dictance of 27 kilometers downsCrheam.
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., Titvabhwasses Riveyr

The Tittabawassee River hisgorfcally was degreded from Midland
dowmsiredm for 464 mouth. A eajor proble=m was high concentrations of
dissolved dnlids, especinlly chlorides. The Tittabawaseee was described
0% the major chleride seurce to the Saginaw River and Caginew Bav. Three
teaches of the tiver were copslderod sobstandard by the Michipgen Werer
Eegoubeest Conmlaslen dn 1971, The cauge was inedequate cunicipel sewage
ttearment that created high colifors and outrient levels, and depresscd
dizsolved oxyger. a 1%72 WDER study fouund that weate diacharges to Che
Titgabawassee Aiver From the Dow Chemical Compeny and the City of Midland
had increaced periphvton algae teo nulsance lewvels, sericusly altered the
mactatinvercehrare communley For more thae 26 kilometers and wirtuallw
elimingred downscreeam apork Fish populaticons for approxiwately 35
kilomerers, & scan far POBEs indicated a aource of FC2 contamilnatden do
the MiZland area.

c. Goss River

The culn problems {dencified In the Cass Hiver were higkh notrient
concentrations, and high coral and fecal coliforms, 1o the lower pertico
of the river. Vissolved oxygpen levels were depressed snd TOD levels were
elevated downstires= of the larper papulation centers. The primary
mutrient Jood cgntribuceors during low Flow periods were mumicipal
vaEtevoter trocatoent plaves in Lass Ciey, Caro, Vassar and Bridgeport.
Puring the high [lguw peried berween November snd Mey, the lacgest Iapurs
of putricots were attributed to nonpoint coucces. Other confimindanceg
fourd 1o 1974 dineluded elevated levels of diethylhexyl phebalare (DEHF
and arsanic in water, and increaged mercurv levels in {iehk tissuc.

L Flint #iver

The Flimt Biver makes up 257 of the Saginaw Biwver {lcow, hut
accounted for over 407 of the anhual phosphorus Iced in 1974, The warsc
vater quelity noted inm the Zaginaw BEiver basin in 1974 by the L.E5. EFA
wae helow the Flint WWIF, The muenicipa] trest=ent plant contributed to
elevegted levels af E)D, phenals, ammondla=nitrogen and phosphorus. The
Tepult wap depreszed dissolved orxygen concentrations, and escesslve
prowths ol algae and dquatle weads,
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., PHEY SIRCES

. Muniicipal Facility Planniog, Design and fonstructlan
e Frogram Cescripeign and Cores

The constryccian grants progiam was Intecfaced with che promulgation
of the federal Warer Pollubfon Concrel Acec af 1972 (Public Law 92-300%.
The act reguired thet communities appaving for federsl funds Iollow &
gserdes of Btepa designed to fnaure chat Lthe best poesible project
reguleed frop che time, effort and =oney expended. After meering
appaicant elipibility reguirementa, an appllicanc was funded through a
series cf three atepa to finald completdon of the project, Srep 1 funding
was provided far che develapment of & Facl]licy plan where & consulcang
could be hired oo evaluace che exEsCing Sewer &55Cek, study alcermacive
creat=enc works, prepare an envirovmencal assessmenc, and deacermine che
cost cost effective wasie troak=ent Eanageoent systen chat wonld meer
water quality standards., Srep & {vnding was <Llsbursed o cover che coses
of preparing the voglneevdop desipos and speciffeacions far che
alrernative chosen. Step 3 {funding wa=x for ecomstruckbion coste.  In Boma
cases, Scep ? and Seep 3 funds were co=bined fn one ailocetion to Ehe
grant spplicounc and labeled Step 4 funding. Generslly, federsl funding
was aughcrized for up to V5% f the project coet at each step level.

State lunding for muodgdpal grapta was aughorized under Pubklic Ack
339 ol %895, LUp te 17 of the protect coat wag aunthorized for state
Funding at ¢ech step level,

The stete teviewed the elipihiliey of each applicant and pricritized
the fundiog allecatlons for gach [igcal year. A acorimg avatem waa used
to priaritlze how federal apd seace fusds would be diztributed. Sewveral
municipalltles hawe applied for. bhut ant recelved funding for wardous
step projects becduge Chey scoved too low relative ta the ather
applicants {Table v-11,

Tetal project casts In the Sagioow Bay hasdo for all aetep levels
implemented durimg |1972-1988 amounted fo pweer 3500 millicon, State ard
federal grants covered almost %400 mlllion of teral project ¢oses
fTable V-1, V-3 apd V-43),

There are 1% EFDES permitted menicipal wastewiatet Erecatment plants
(WWTFs) and 36 NPDES permitted municipal wastewater seWige lagoons
{WWELsY Iim the Seginew Ley Dacin. OF the 3 WWIF, I8 teceived
construct Lon funding (Tehle V=33, Only six of the 36 meoniclpel WeSLs
obtsinad public fundes for legoon consteouction. Twenty granmts were
awarced to municipelicies reo imstell pew sewers, amd 19 grancs aswarded
covered cewer loprovement and rehablillcarion <asts.  Finally, eighe
grantc were digbureed towskds new lntetceptor intallecion €airs.  Grent
funding for conetruction wae etaggered over a l5-year periqd borween L[972
angd 1987 (Figurs V=23, Ower BOF of the projects Tunded were locred in
tne Seginaw River basin (Table V-3).



able V-1, Munteipal »WIF Project Asslstance Funding thart has heen
Tigferred In the Saginaw fax Basin, L96S.

Project Srep
Humtedpality County Lercripelon Huntyer
A Gres Aranac Callecring seweys and ]

iagoom aXpanaion

Jeaverton ladwin Land applicacian )
Chesaning Saginaw whl P expansion ]
Haves Tovmship Clare Collecting sevey, sSevape 3

Creacment plant

Ciare Clare Wi P pxpansion, sewer rehah 3
Clifferd Lapoey e
Cur=ings Townshigp O e i
Goedrich leneseg d
Fentoen Geoeser Callesring sewers, Incerceprars &
Flushing Townshlp enesee Sewers 3
Cenesee County Metro Cenesee Swartz Creek = seg. D1 1

forcenmain (enllectdon) seg. O
Flushing - zegp. 03

Otisvdlle Cenesee Treatment sewvers 1
Fwartz Creex fenesoe 3
Cenoa Township Livipgston Cellecting sewers, land 4

applicaticn facility

Genos Township Livimgston Land applicatien faciliey 5
Gladwin Gladwin Sewver refRabilitation "
A111 Towmship Dgemaw ad
L1y Huromn WWTF 1
Einde Huror: 3
lchaca Gratliok WWIFP expanslon 4

ivd



Table ¥-1,

Contlnwed.

*roject Sgep
Municipalityw Countwy NMeseriptien kuzhey
Hidland Midland WWTF K|
¥idland Towunship MidLand E neghontx ]
¥t. Pleasant Tsabella 1
Helly tlakland Cludge disposal &
Maklay maginaw Trentosnt Stwe¥s 3
Finceonning Bay Tnterception/Tnfiltcution 1
collercting sewers
Plainfleld Tewonship Teaco VWEFP ewpenslion, sewers 3
Buena Viste Saginaw 3
Z1lwaukee Saginaw K
Merrill Faginaw 3
Saginaw Baginaw Combined fewer owretrflows 3
miscellaneous Regments 1
Lhepherd Ieabella Tagoon expansicon 3
Tawaz City Loeco Fast Tawas Scxment 1
Tawae Uity Zegrnent 1
bheeler Towmship {ratiot 3
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Tabfe V-2, Step | Waptewater Treat=ent Fecility Planning Costs
for Munlcipaiftiee in the fapinaw Bay besin,
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Takle ¥-3, Jtep 2 wastewarér Tremtcent Fellity Design Costs
for Municipalitiee in the Saginaw basin, 15711988,
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Tabhle v-4.

Step § and & WasTewarer Tresteent Facilicy

Tonsttuction Coeta for Muenicipalicies in che

Saglnaw Bey baemin,
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Preject Furpsas Kay:

INT= New Incerceptars
N[~ Mo Informelion
NEW -5 New Collecting Sewers

WEW -WWSL- New Wagtewater Sewage Lagoont

5-IMP- Sewer improvements
S-HEHAB- Spwwr Rehab]|i(ation

WAL -EXP- Waglewaler Sewage Lagoon Expansion
W TP-1MP- Wastswalar Treatment Plast

\ NEW-WWTE- New Wagtewater Treatment Plent Improvements
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1978 -
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1079
19a0 -
jodn-
1190612k
1008 -

1264+

1049
1§41li:5]
-

Flgure ¥-%,

MFDES perm:ting program becias

FlhinL

Say Tty Chesanng, Dwesss, Dwassa & Caledsnia Twp.

Giggw iz Merrall

Al Bay Cly, Chesamng, Durand, Healiy

AkronsFairprove, Aima. Bay Qo -Westsede, Essexv-lle, Flint, Hampton
Twp., Hawell, Lennan, ML Ptegsant. Fort sustin, Lrion Twp.

Cass Cily, Saqinaw

Eay Ty, Elba Twe, Ferlan, Lageer, Laoesr Twhk , Fdyhed Twp , Chiswlle,
S| Lows, Starzien, Unromaile, Wes? Branch, Soech mun, Tiksapdwasses Twp

argenling Twr . Gagelown, Gwenda'e, Gaines Two , Hampton TwWE.

Argonline Twe.. Brwgeoors Two , Carp

Canesee wa.-Fagnane, vassar

fenecee Co-Hagnone, Saginaw Twp,

Framkenmyth, Geneser Ca., Rlehland Twp., Flushing, Marlette, Tawas Cily

Municipal graprs timeline of WhTP canatruction atarts in
the Sagipav Bgy baain, 1972-1387,



Tabie V-5 qundcipal
Lrants by

wascewarer Treatment Facllity Constructieorn

Eiver Baein in the Caglnaw Bar Wataccohed,

1972-19388.
Basip/Munlcipalicy County
Fhmeon
Port Awstin Huron
Gagebown Tuacola
Chwendale Huzcon
Kiecopain
skcon/Falrgrove Tuscela
Hempton Tewnship Baw
Unionvwille Tuscala
Eaginaw
Alra Lratiok
Alma, 4ccedea & Fine River Towmships {rratiot
Avpancine Townehlp Ceneses
Bay Ciry Bay
Bay Councy Westeilde Areas 2ay
Birely Hun Saginaw
Eridgepare Townsiip Saginaw
Cara Tuscola
Cass City Tuscola
Chesaning faginaw
Turand thiawscsos
Elba Touwmahip lLaprér
Easenville Bay
Fenton Geneceg
Flint GCeneree
Flushing Cenecee
Frackeomuth Zeginaw
falces Ganeoas
Feneses Countly GETEREE
Cenesce Lounty-Eagneoce WRTF GeEOeRER
Cladwin 1adwin
Folly Cakland
Howell Livingston
Lepeer Lapeer
Lepecr Township iapeer
Tennan Cereses
Mayiield Township Lapeer
Maclette Sanilac
Merr[ll Soginaw
M. Fleasant JTaghella
oripville Carasae
Crara s 50 Lhiswassee
theosso and faledonia Township thiawascee
kFichland Township Saginaw

18



Tabhle VY-5. Contlnoued.

BaginMunielipaiicy Couney
Saginaw [continued)
Fapinaw Saginaw
faginaw Township, Zaginaw Metre Saginaw
%t. Louls cratiot
Tittabawgesers lTowmship Saginaw
Union Townesip Isahella
Yassar Tuscola
Knwkawlin
None
Rifle
Lrandish ATEMAC
westT Dranch Dgemaw
Ly Cred
Tawas ity Lozco
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b, ComnsrrmcCion Grast Mroject Descriprions
1. Coppletad Actlons

Anron Fairgrove - Spec[fi¢ fnfarmacton on consceuctfan ouclays were
nar avalleble,

Alma = The conetrucclon grent was recelved bo Inptell intercepting
and collection canltary sewer axtenslons In Alme anc tihe Eownehips ol
arcads 8nd Fine River. Other grent funding was usec to rehebilictate
establiehed =sewers In Alma.

Arpentine Township (Cenesee Councy) = Argentine Township used &
parcfon of eunfefpal grant eaney ta acquire the land for deas land
tregtment Iaciliry. The rest af cthe grent wacs used ko conatruct the
feclliry &nd put In & pressure-zawar colleccion eyatem, gravity and
farcerzin incerceprar and pu=p statfans.

Hay City - Comaryuctiom doallars were wsed for dmprovesenta and
madifications to the Hay Ciey seweyr avate=. Three retenticm treatment
grrucfures wWere Itstallad st ehe Bay City WWIP for treetment and
diginfecrfon. Additional procegses sdded co the trickling filter WWTE
Included eludpe fdawstering and Incinerstion equipment.

Eirel Bop - Coamsecructdpn pgrant funda were uaed to deeldgn and build
twa b-aerve Iapaons, vew collecrcion eewers, a foarcemedn and e pump
SEACIiem.

Bridgepore - The imprave—enc project was divided imto twe parts: 11
consErugLion af am 18-inch reliel sewWer to a pu=ping statdon amd a
16-inch forcemainm Ehat runa to the treatment plent; and ) comstructlon
of twve eridatdien diiches to extend aeraticr during the activated sluedge
process. A 3.7 millior gallon pelishing pend was also eilt to provide
déchlorinatioes and tertilary effluent paliehing prier to discharge to the
Casy Biver, 1p additiew, ca-site sludge atorage facildties Camounting to
150 days) were added and improwvements te 8,000 square feet of sludge
drying beds were made,

Carp — Conmstrestion loclyded rehabllitarisag the exlating seware
collection system adding 3lx sewage 11t aracicns, abouwt & Kilometere of
forcemain aed owver 3 kilometers ol sewer. lo addition, the WWTF was
expanded and upgraded to a 1.2 ™MD facilicy,

Chesaning = The Chesaning WWTF war upgraded and expanded fncluding
the addition of & four Ftage blo-dire secondatby treatment proacess.  Grang
money was alsa wvsed ta [nscall new santcary am! sTormo Sewers.

Dutand ~ The Michigen Water Wesouroes Commisstian Lssued a final
order to the Clity af Durand guelining che sceps co abace pollution of the
ficlly Draln and che Shiawassce Kiver by &ugusc L, t973. The plant hae
been upgraded Lo a scoondary ereatoent facibley uaing a 2-stage trickling
filter eyetem. The sewer Swebtem Includes both scporated and coeblned
sewer BvEreme. In sdditdon, the three LEft statlons cao he bypassed to
Taree Mile Drain.
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Feseuville - The plans and speciifcatigns were developed far
construction of panitnry sewers, comversion of exiscing coebined sewere
tg BEOIF sewels, o sewage pumping station, fgrcecading and [Rprovecengs co
the cxisting WeiF,

Flint - Improverents to the Fline facilley dnclude a 10 =illion
giiloun retentdion facilicy, a 40 MGL pucp stacion, and zodificatione to
the exdiscing WolP iofluent how, Existiog pumping etations chroughout the
collacrion avatey were modified and & new 26 MODH peak fiow pumping
stafion was constructed.  Kew erunk sanicary sewars praviding 10 MG af
in-line stevage und sanitary reliel sewers were alan canstructed.

fagetuwn — In 1947, ehe ¥ichigan Warer Resources Commiseion inforced
the Yillage that row ot semi-freated sewage was bedng discharged to
sufrface waters, 1o 1981 work began to comecyYuce & new aanitary sewer
callection ayatew within the vwillage and rwa JI=hectare waate
stabilizartipn Jagooag and orher appurtenances.

Fenases Countv-Bagnome WWTF — Thix facility wes requived to upgrade
and cxpand its operatiens to meet KYDES permit fiaal limitaticnas,
including o stable nlttifled plant effluent and a dailly marioum reaidual
chlorine limit. The fipal project was divided inte twe phases to expand
the existing il MiD activated sludge treateent plant. The first phase
included Hrert #un pump staties lmprovements that dnereased capacity from
G0 MG to 125 D, o addition, si¥ new primary qettlieg tanmks,
chlerinaticn cquipment apd & 1.2 metetr hypass from the primary settling
tanks to the Flint River were added,

The secomd phage added an aeration basin for bleological treatment
and pltrification. Two oew ciltrcular Fipal clarifiers were ipstalled lor
final sedimentation and vemoval of phesphate from sewage. In addition,
twe equalization bising, wich 4 combined capacity of 1.6 MGD, and wet
weather treatment tanks Tar chlovinaclonm of all the primary treatced
sewape, were constructed. Several ocher mlszcellanecus appurlenznces,
such ac pumping ‘acilfties and Inserumencatian monitoring equipment wete
sdded making this on advaneed zecondary treatment facility.

The Fagnone WwlF paproriences high WWTP flows (35 HGD) during wet
wegther, which preoviously resulred in sanicary gewege bypaseee at the
Hrent Hunm pusping statdan up to 155 of the tice in the spring. The
addition of the wver weather treatment tanka (that cen handle flows froc
Al to 95 MCR) has clisivmated the use of the Brenc Eun bypass.

Cladwin - The city's pricary wWeTF was upgraded and expanded to a
gecondary treatment facility that included aerated stabhilizatien lagoons,
phosphorua removal and sludge digestion, and labhgratotry imorovrements.

Helly = The ¥ichigan Water Rescurces Uommisslon ordered the Villege
of Holly to upprade thele existing level of waatewater treatment
gccording to a scheduwle of compliance, AfEer tecelving grant funding the
exlating secgndary trcatment plemt wasr epgraded fo a4 rervclary plant {with
a design average daily flow of L, 16 MGD and maxtmem flow of 4.0 MGD}
sroviding amenis dnd phosphorus removal, ucllizing the Blo-dlsc process,
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Honey was elac used teo rehabilitate the V1llage sewers aad complete
interceptor and cocllector sewerT projectis.

Bowell = The mumicipal gramts pregram funded construction For
expansion and modification of the exizeing WP ko oa 1,52 MGD activated
sludge WWTF with effluent preesvre sand Eiltracion acd che capacity For
nlteification. Additional meney wies wmsed to conseruce 2 new Intercepting
cewer, pump station, forcemein and collecrciog sewer, and co rebabilitate
some exlicting cewers.

Lapeer — To meet the NFDRES permit requirements, Lapeer abandoned 1CE
fakdele Tenter WwlF [a pecandabry pregpument foeiliey) and bullt a 4.4 HED
teglonal ectivated sludge w0 with cerciary creatmene, Including sand
fileration. Solleccing sewers were Insralled in the cowrenips of
¥ayfield, Elba and Lapeer and che DeMille incercepror, pucp =station end
forcezsin were constructed bto Eranspact Che wisbewarey o che new

fTaciliey.
Lennon ~ Informatiom om construction detalls was mot available.

HMerrill - Stsbildzetion ponds ¢overing six hecrares were conatructed
gn a 14 hectare site and deeigned to provide the equivaleat of primary
and secondery treat=ent. Wew sandtery sewers were also funded with a
sunitcipal grant.

Pt. Fleasagt — The City demoliahed 1ta old WWTE apd replaced it with
4 new teyriary treatment facility dncorporating #n aerated zrit chamber,
five primary claviflers 3 existing vnlts, and 2 agw unlts], rotating
diges for bilolegical contact, twe mew fFinal clarvifiers, twe chloerine
conptact tanks, reseration equipment, am wpgroced aeaerobis digestor plus
A secondary digeator and & sludge centelfuge ro dewatar the cludge. The
censtvnction grant glso covered construction of the facilicy's
admipistration bullding, service building and digestor buillding, sewer
rebkab1liearfan, and purp station coditicaticon.

geizville — In L9E0 & municipel fecility conscruetiom granc wae
gwarded to che Villepe of Ordcviile to construct o stahilizarion Lagoon
pray frrigarion wante traatment svsbem and sanitary collection dewer
Evstec Lo seyve Otieville sng an sdjacent poretiem ol Ferest Township.

theendale - {wendele'a municipal grant money funded the design and
constructicon of 8 aandtary aewer coliectieon svetem with one pump ataticn
and treatrent 2T twe & hectare waste stadilizatien ponds.

Meosae famdl rhe Towmships of (wocso 6 Caledonial - (Wosad
constructed 4 méw WWTF with an sevated grit chamber, two coagulation and
zadimentation “asisd, high rete flltratliom, ceroon sdsorption and
chlorinatlon—techlarinatfion {for nitrogen removnl) pragesses. Granc
conctruction money Was also woed for & new Intercepting fewer and Sewer
ceparstion.

A& gecond constructian grant award wag used to budld intercepting
gewerE, Tolisction sewers, cwo mecering etetlons, elght pumpilong stations
end appurtensnces o service the townshipe of Owpssc and Caledenla.
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Bort AuAatin - Cowstruction grant funding was used for a sewage
treatwent worka. Fo Further infermation was available.

fapinaw - Informatior on coastructicse detalls was aot readily
avallabkle.

Loplnay Township = The constrectlion grant for the wactewster
treatmert plent expansion included afte work, mechanmlesal plant work,
bulldings, vard piping snd owtlet sewers., A 4.8 MCD extended zeration
oxldstion ditch was added to the primary trestment plant. Sludge
handling procecses ware also Incleded In the grant awarcd,

Stapdish - The constructlon project consisted of the constrwction of
stabllizetlon ponds, and pumplng station snd forcemaln, &nd sewer EYEEom
rehabllitation.

EF. Lowle = The city uvpgraded and expandad the primary WWIF to &
O.B3 HGD WWTP with grir removel, primevy clarification, phocsphorue
remaval, bfalopgical treparesnc fncloding nirrificerion emploving a
socacing bilological Jizc process. Digesrors end sludge drying bede
Randla the zolide praduced in the wastewabter treatmpent procece.

Gramr dallars altszoe funded separvetion of the Sb. Louis combined sewer
gyafec . Srare sewers were canscyucted and rhe axisting combined sewers
wepe then vszed s senicsry sewere. AdZitionsl funding provided for the
conseruckion of en Interceptor and collecting sewers to scrve Bethany and
Fine River Toawnships.

Tittahawagsee Tuwnship = Municipal prent funding rovercd the design
and eanstructlon of four edditional waecste stabilization Iagoons, sanfrayy
collecrion sewers, an interceptor ecroee the Titkaba=assee Eiver
consisting of a pump atatlon &nd & forcecain, and a hydropgealagie
investigatdon of the lagoon site.

Union Townahip = Specific dnformatlon on construction aublays were
noc available.

Lonioswille = Specific dnfermation cn constructicn oetlays werte oot
avallahle,

Yassar — The Yassar prolect consisted of the design aad construction
of 2 .4 G0 rotating biolegical contracter WWIF, one pump staticn, about
[.% kilpmeters of forcemaln, and 8 sewer rehabilitation program includlog
& mew river crossiag,

West Bav County Feglonal WWTP = This is a new secomdery treatment
plant wich phodphorus remowal. Furding alao covered conmstruction of the
vestslde sewer system ineloding colleccor and interceptor sewers, lIft
stariond and farcemalins.,

West Branch — Wesl Branch originally Evesced wastewster in ite
primacy wastewater Crestment facilicy. To meer XPDES permit requirenente
the City Socided to ahandan fes exlzeing cvearment facility and construct
B tertimry treatment tacilicy with fnfercoptor sewer constructlon from
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the exiaring aite to the new site. The plant war designed to sarve the
City of YWeat Franch and the three succounding towmships: Weet Branch,
Ogemaw and Xlacking. Conetructlion grant money received was used to hulid
che planrc, Inrerceptor eewer, pu=plng station, and rollectcr sandtary
gewerd far hest Branch Townahip and Ogemaw Townehip. Specidlic processes
for the tertiery kreatrant plant {nclude & grit chazber, primary settling
tank, ? sludge digestdon tenka, L,30 o? of eludge drydng beds, four
hip-disce, two 1dnal clarifilers, three terticsry sand filters, and a
rhiarine comtact chacher.

ii. Actlons Qurrentlvy m Progress (begun in 19800

Flushing = The proiect conaists of deedgn and censtructien of
Wwastewater treatment plact imgprovements and sewer tehabilitation.

Frankenmuth = Fimal Drtder eEfluent limits requited tertiacy
ETeBtrent processed be dnstdtuted at the cdty's WETP.,  Improvements were
=made to Frankenmuth's WWTP conalating of raw sewege screenlngs primary
tank revialcrns, addition cf a mew equalization basin, 2 new Tigal
clarifier, return apd waste sludge pumplng, UV disinfection, =ladge
thickening, and digested sludge storage with land Jdisposel. Funde atsa
went towards site improvementa and vard plpiog and laboratetry and
building revisiens. The project also included désign and conscpocglorn of
tertiary filtration, however, grant funding for this process has been
defettad.

Miglarre = Ideneified se & ctete priocity an Harek 29, L9RY. tche
Mar]u??E_FFEFect consiated of modifications to the existing plant and
replacement of the existing rtrickling filrers with sequencing batch
teactors., Other processcs added Ineluded wlcravioler diegfnfection and
methane ges resovery. Urane funding gloso covered sewer rehabilitation,
pemp station modifications, and mew gravicy collecting gewers.

Richland Towmehip - & new 20 Becrcares wascewaber stabilization lagoon
wac added to the two-rell lagoon crepcment systec.

Tawas City - A new secondary waskewnter Lreatment plant was
construcked st Tewese Citv including £8 hectares of aersted lagoons,
followed by phosphorus recoval, feur final settling tauka, twe sludge
ponde, & thlorination chachey, Hunileipal grant funding alse covered 0
new forcemain, the revamping ol two pusbing ststiochs and other
GPPUTEENATICER .

2, Indugkrial Pretreatment Program

The KPDES permit svstem has becn effcetive ia pedycing and
contrelling the pollutant concentraticns discharged ta surface warers of
the atate. However, before 1977, Industrial disz¢harges to municipal
wastewater treatment plants were not regelateld. Frodlemr aroce wnen
induattial diacharszers released toxle materials o municlpal westewsber
freatment fewer systems, ot only could these materizls pass chrough the
mutiielpa] sysren gpntreated, bt come toxlc materiale artuelly incerfered
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with the plant cporaticny, teduged the vrestment efficlency, ov
contaminated residual sludge meterials, cresting dlapesal problema.

Tee Clean Water Aot amendmegnts of 1977 addressed these problems by
requiring the V.%. FEPA o begin development of 8 natlonwlde lndustrial
Pretceatment Frogram ([P}, The responsilbllity to implement the program
was delegated to the MINR hy ehe EPA 1o 19E3. Two years later, in 1985,
the Michigan Water Resmurces Com=ziszsion promwlgated rule revisione
eddressing pretrealtnent concekbns.

Twentw-sowen munigipal wastewarer treatment facidlicdes fn the
Saginaw Bay hasin are required by these rules to develop pretreatoent
programs f(iwhle V-6 that will identify end conerol the discharge of
toxdc pellutants Itom nendomestic aources to Basure that pellutunts (rom
these sources do aot ipterlere with the treat=ment system or pass through
the swstem and entér watera of the atate at unacceptakle levals. There
are tour Eypes of pollucaets regulated ucder the Industrial Fretreatmeont
Frogram:

=~  FPollutants limited b the Tederal categorical stapdards in the
digcharger ‘rom caregorienl aoureces, These are defined ip federal
regulations promulgaced by che T.5. EFA.

—-  Pallutanes for which Frera are discharge limitatloos in che NFOED
peemit for ghe wascewarey treptment facility. These are escabliched
br ection of the Michizan Warer Recowrces Comciseion.

~-  Pollutants Tor which conceptreatlon limites @re established in Ehe
Program Tor Effecrive Besidualse Menagement (PREX) In nrder ca allaw
gaafe sludge dlspopal. The PEEM is proposed by the wastewater
treatment facilitw and approved by the MNIHE,

—=  Pallutants which must be contraolled io arder toe avedd operacional
provlems in the wastewater tteatsent facilicy or dts sewer systes,
Thic includes federal probibiced discharge criterda and wther
requitements establisted by rhe wastewater treatment facility.

3. Oeher Point Source Taclility Ieprovements

Extenelve wastewiler Creatnent Improvecents have been made ar ocher
eunicipal end industriai facilities It che Saginew Bay basin in revent
years. “any of these Inprovecents have heen made under the facilivies
inirfative. Others have been =ade as a resule of stricter effivent
discharge require=ents under the KPNES permic program. And still others
were pade after enforcezent actions were caken against facdidtdes mot
corplving with %PUES permit liclts. The follawing discuseion 15 based
primarily on recent facility improvexencs rade in the MONE Sagdnaw
Mlatrict area and is meant to be representertive af the type of actions
faken - not an exhaustive list.

There are several differcat types of enforcement actlems agalost

NFDES permit holders that cam be taker hy the MDRER.  In order of
ipeveasing loportance these are: L} KFotloe of Foncompliapce, lssued by
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Table V-4.

Frogiems.

Municipel WWiPs and WREls in the Saginew Bey Basin
Feguiced ta have approved lodestrial Préetreabment

Municipal Facilicy

WTFDES FPermit Xumber

Al=a WLTH

Au Grea WAL

Eridgeport Townghip WkTE

Cass City WWTE

Clare LWLTH

East Tawae WLTF

Tesemvyille WETF

Flint LWTF

Frankenzuth WWITF

Seneaee County-Wo. 3 WRTE
Genegee County-Beagnone WWTE
Gledwin WLWTIF

Holly ®RTF

Howell Townahilp WIWSL

Howell WWTE

Lapeer WWIF

Midland WKTP

Mt. Pleaczant WWT?

Mrogae Mid=Shiawasaee Co. WRTS
Mnconning WVWTH

Saginsw Towonahip WWTM

Saplpaw WLTF

ftandiah WWTF

Tawaa City WWTF

Vaszat WWITT

Wegr Bay Coauwty Regloral WHTP
2l lwavsee—Carralltan Towmehip WWTE

MINOELFaS
MTOOQF2233
HIAQ224 44
M504
MIQQ2QLTa
MIQOZLI09]
MIQQz+al8
MIQQZ2IOMG
MIQQZEa04
MIONZ2003%
MINAT 20Ty
BLLON 23001
HIQOZOLAL
MIQNGEL903
MIQQZLELY
MrOn2414a0
HIORIZI9A2
MIOQO238a5
MIOO2A752
b LR TR

MTOR23979
MIpo2sony?
MIDE26139
MIOGI&210
Mlorrazhd
MIOng 7439
MIG0D 448 |
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the kb District Superviaor; 7)) Wetice of Viclation, issued hy the
Surface Water Quality Pivialor Chief and signed by the Michigan Attorney
Goperal: 33 Order and Stipslation 1ssued by the MDER Direcrer; 41 Flaal
Order, fssued by the Michipan Water Resources LComolssicn; and §) Ceunrt
Orders,

tay Ciry WWIP = The Bay Clity WWTP was Issved o Nopfce of
¥onceopiiance In Awgusc LPEG, for fallure to Implement fes Iaduatrial
Precreacment Progras.

Village of Cagevilie = A Finmal Order was Isswed In (9B7 co Ehe
Village of Casevilie by conzent, to plan, design and build & collecting
gewer and treatoent eystem. The Viliage had ddenciiied probleme by
conducting sandtary survewvs and way £ssued the Final Grder aoc a nigher
funding pricrity could be achieved through the =unicipal granta procese.

Cast Forge Uompany, Eowell - The Uast Forge Company haa cperated a
plant for the marufacture of aluminum cast products sloace 1969 ocn the
Souch Branch of the Z2hilawassee Bilver at Hewcll, Lmedl 1973, waatewater
contaminated by PCE-containing hydraeldc Flulds was diacharged to thae
tiver. From L9735 to Y77, process wastewater was diacharged to a 00, CC0
gallon lagmon on the plant property. 11legal dischargea from this
lagoon, as well acs periodic overflows of the lagoon, led to the
cantaminatfan of nearby wetlande ond sebzeduestly the Shlawassee Biver.

Resules of mampiing by MUNE In loace L9TE showed high levels of TCE
In s0fls around the Bite. Soce POR was alze faond in monitoring wells on
the zfce inm June L979. High levels of POE bave been fownd In Ehiawassce
Eivey zedirent below the plant proporEy.

The Scate of Michigen 1iled sult agatnsc Cpet Forge on Novecher R,
1977, For PCRS coocamination of the eovirconcens. The case wae sattled
through @ Comgent judgwent oo June 19, 1961, Tursuwant to that
settlement, the company removed its wastewater Iagoon, cleaned up
PCE~contaminated Soils and sedimenta from its preperey and provided
750,000 tor the restoration of the Shiawassee BElver. Approximately
1,380 m?* of PCE contaminated sediment was dredged from the viver in 19