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FORWARD

Thisc:loaunent provides a 'summary of the environmental conditions in the Jackfish Bay Area of Concern in
LakeSuperior~Ontario. Canada; and identifiesspeclfic environmental problems. The report contains a
teclmica1summary for uSe in the public consultation process which was initiated in 1988. Thisrq>ort

,represents the Stage IsubniisSion of the Jackfish .Bay Remedial 'Action'Plan. in accordance with the Canada~
US. Great Lakes WaterQua)ity Agreement and the Canada..QntarioAgreement respecting G~eatLakes

,Water Quality.

,Several irnp3irments .0 beneficial uses are i~entifiedanddescribedinTablesE and S.l of this document
based on water. sediment and biota surveys,whicliwere carried-out primarily between 1969 and 1988. In '
October of 1989. the Kimberly-Oark Canada Inc. pulp' mill. whiCh is' the only point source discharger to the'
Jackfish Bay Area of Concem..·added ~ secondary effluent treatment syStem. "This resulted in significant
reductions hi BOOSt phenolics. and resin and fatty acids. Althougbsome ambierit\\'ater and biota data as, '
wen as effluent data for the period folloWing start-up of secondary treatment are discuSsed in ttiis Stage 1
document. potentialimpro~ents intlte ambient environmental qUality since 1988 have not been fully
assessed. . .'

In order. to further assess and update Jackfish Bay environment8J. quality. the following acti~tiesare
scheduled for 1990/91: ' '

·imassessmentof rehabilitation options for the Blackbird Creek system;

fishcOntaminant,~urvey in JackfishBay, .

.' . fish reproduction 'and mixed-functioIioxidaseactivity study;

• sediment ~pling and anal)'Sis; and .

• water q~ty study.

· .' ,.....".

The resUlts.of these investigations will be reported in an' update to Stage I, which will be included upon
submission ofthe Stage 2 document. . '

It is expected that by Apml992 a description of remedial options-for Jackfish Bay will be complete.. '
Selection of preferred options will have been.completed by July 1992, after extensive review by the' public

. , ~ough operthouseS. mailouts. etc.. A.draftStage Two document should be awiIable bySeptember'1992..
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EXECUTIVE SUMMARY

1 INTRODUCTION

Jackfisb Bay wasJdentified in 1985 by the International Joint Commission(UC) as one of 42Areas of
Concern (AOC) in the Great Lakes Basin. There are currently43 AOC. Areas,ofConceril·were identified .
.based·on knowniJnpairmentsof beneficial uses. ·Jackfish Bay wasoriginallyllsted as an AOC based on .
problems· related to conventional pollutants, beavY metals, toxic organics, contammated sediments,·fish .
consumption advisories andimpaeted .bioul due to indUstrial point sOurces .(pulp mill) andin-place p>llutants
(contaminated sediments). . ..

. . .

JacldisIlBayisoneof four Areas of Concern on the Canadian shore of Lake S~perior. The othet three
AOCs·are. PeDinsuIaHarbour, Nipigon Bay and Thunder Bay and have been grouped .togetheras the "North
Shore of Lake Superior Remedial·Action Plans" even though each is being developed separately. .

The first step in the Remedial Action Plan (RAP) process was·the formation of a RAP team, comprised of
l:epresentativesfrom the Ontario Ministry of the Environment, Environment Canada, Ontario Ministry of
Natural Resources and the Department of Ftsheriesand Oceans. The RAP team bas been chargedwi~ the
development of a Remedial.Action.Plan for JackfishBay Which is a: staged process. This document is the

..first of three stages. Stage 1 is being prepared in order to defiD.ethe problem, addtessing the following

. reqUirementS: ... ..

• detail existing environmental·conditions in order that
environmental problems in JackfisbBay may be defined and
described; . .. . .

identify beneficial uses that are impaired,· tbedegree ofimpainnent
.and the geographical extent of impairmentwitbinthe Area of
Concern; and . .

define the causes of impairmen~providing an assessment of all
known sources ofpollutants and a deScription of other pOtential
sources.

In addition to the. techniCal document to addtess the abOve, an extensive public participation program bas . .
been developed in order to iIlform the·public, imProve the plan bfgainiilg iJiformation aIidadvice from the·
public, gain sUppOrt for plan imple~entatiort, and. provide a mechanism for accountability to the public.

A number of initiatives Vler~ undertaken to raise the profile of· theW proc:eU amongthegerieral public
through.outreach 'activities; A public consul~tion program resulted in the formation of a Public AdvisorY
C9tnmittee (pAC) consisting of 13 members. Representation from the communityinc1udes the Township of.
Terrace Bay, Kimberly-Qark Canada Inc., community~ environmental groups, labOur and the general
public. 'nte purpOse of the PAC is as follows:· . .

. .' .
: : - ."..

actas a foCal pOint for public consultation and allow effective dissemination of··
information on the RAP process and environmental concerns;.. .

provide an additional level of review for RAP documents· and remedial options;

provide an efficient and effective means of ensUring stakebolder input as the RAP is
being deVeloped; and



• provide a basis for broad community suppOrt for RAP implementation.

The·ultima~goal 'of the public consultation program is to ensure that.each RAP addresses local
.environmental concerns and retlectsfuture .water ,use goals for tile community..' ~ .
2 ,THE RAP PROCESS

The mecbaniSrnsfor the development of the RelI1edialAction Plan for Jackfisb Bay have been established
thrOugh thedevetopment oJ the (1r~t Lakes Water Quality :Weement(GLW9A).. Thi;s agreelI1ent, first
Signed byCailadiari and U.S. governments in 1972, was revised in 1978 and subsequently amended in 1987.
The ~ending protocol in 1987 included an annex which reqwred Canadian and U.S. governments to develop
and iDlplement reinedial action plans for each ofthe Great Lakes Areas of' Concern. AsO\ltlined in· the 1987
GLWQA,an Area of Concern is defined as "a geographic area that fails to meet the General or Specific

.. ObjectivesQf the Agreement ;weresllch failure has caused or is likely to c;ause impairment of beneticial\ise
'·or the~ea·sability to support aquatic life". Fourteen use,inj.pairJilentsare s~ed in the GLWQA: .

i.
ii.
m.
iv.

,v;
vi.
vii.
viii.
lx.'

x.'
xi.
xii. '

. , xiii.

xiv.

, Restrictiorls pnflSh and wildlife consumption; '.
Tainting of fish and ~dlife flavour; ,

. Degradation of fish arid wildlife populations;
FISh tumours or other defortnitles; ,. ,
Birdor animal defortnities or reproductive problems;
Degradation of beQthos; , .
Restrictions on dredging activities; ,
Eutrophication or.und~able algae;
Restrictions on drinicing watet.consumption. or ,tasie.and
odour problems; ,
,Beach closings;,
Degradation of aesthetics;
Added cost to8grlculture·or industry;
Degradation of phytoplankton and zooplankton. ,
populations; and '
Loss of fish and wildlife habitat. .'

The impairment of anyone of theSe beneficial uses, could be sufficierttto list an area as an Area of Concern.
,Using this list as a basis. the DC has solicited input in the development and ,l'efinementofListinglPetisting
,Criteria foryreat Lakes AOC.Insome caSes. even with specific criteria outlined. it isdifficult to definitively·
. establish ;Wether a beneficial use is impaired.·'· AS· a consequence. the RAP Team has been required to
. exercise prudence and extensive ~l1Sultationwithboth technical experts within and outside the RAP Team.
, as, well as with the PAC. 'The Jaclcfish Bay Remedial Action pian has Used availableenv.iroDinental quality

". data to compare withtb.e DCListing Criteria,' in order. to deterrtJinethe impairment status of beneficial uses,
in Bla~d Creek, Moberly Bay. Jaclcfish Bay~Tunnel Bay. In addition. violations of existing water
quality criteria or effluent requirements have ~en highlighted even though a direct relationship With an ' ,
impairment'of beneficial uses may not be demonstrated. The'public (both individuals and org~tions) and,
various levels and types of government'agenaes were included· throughout the Stage 1 RAP develoPment
p~ in an attempt to,reach consensus on the problems in JaclcfishBay. ,

Annex 2 ofthe 1987 protoC.oI amending the GLWQA specijiesthatthe RAP should be submitted to the DC
for review and cominetit at 3 stages. This document represents a compl¢ted Stage 1 outlining the definition
and,description of environmental'problems. causes ,of these ~·impairments. a description of·all moWn
sources of pollutants. involved. and an eValuation of other posSible sources. '

. '-1i
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, Stage 2 will define the'specific goals for the Area of .Concernand will describe the remedial and regulatory
measures. Selectedto restore beneficial water uses. The Stage 2 RAP Win include:

1. , an evaluation of,remedial measUres in place; ,

2. an evaluation of alternative 'additional measures to restore
berieficial uses md associated costs;

3. selection of additional remedial ~eas~es required to reStore
beneficial uses and a Sche4ule for their implementation; and '

" 4. an identification oftlle persons, agencies, or organiZations ,
'responsible for implementation of the' seleCted remedial measures.

. .. - . .

Stage3 of the JackfisbBay RAP willbe submitted when monitoring indicates that identified beneficial uses
are restored. This stage of th~ RAP will fuciude:

1. a process for evaluating the remedial measUres implementation
and eff~veness; aiu:t .

. " ..

2. . adescriptionof surveillance and monitoring progr~ designed to
track Ute effectiveness of remedial measures; and the ~ventual

confirmation of the restoration of the uses. '

3 DESCRIPTION OF THE-STUDY AREA

The Jacldish Bay AOCis'located on Ute north shore of Lake Superior, approximately 2sokmnortheastof
Thunder Bay. The AOC consistS of the reach ofBlackbird Creek between the Ki,mberlY"'0ark CanadaIn~.

pulp·mill and JacldishBayincluding Lake 'A' and MoberlyLake as well as Jackfish Bay (Figure 1). The
Town ofTerrace Bay is the closest community to the Jacldish Bay AOC. It has a popUlation 01.
approximately 2,700 and lies to the West of JaCkflsh Bay outside of the AOC... - .', . "

Blackbird Creek eaIrles the wastewater 'diScharge from KimberlY"'Oark Canada Inc. The Blackbird C~eek
watershed drains an area of 62 km2• The creek rises near the town of Terrace Bay lind flows in a S()uth­
easterly direction for 14 km into the northern tip ofMobedy Bay. Historically, Blackbird C,:eek passed
through two shallow lakes referred to as Lake 'A' and Moberly Lake. Lake A originally covered a surface
area of 19 ha with depths up to 6.11Il..Moberly Lake is 28 haiil$e with a maximum depth of 6.4 m. Lake
A was bypassed in the, early 19805 because wood fibre had substantially filled it in. Moberly Lake was 0.8· IIi,
deep (as of 1982) and~ also experienced signifi~t in-filling. '

"

, Jacldish Bay contains~ inner arms, Moberly Bay on the west, into which Blackbird Creekdrains, and
TUIJIlel Bay on the east (Figure 1); 'A man-made tunnel connects Jacldisb Lake with Tunnel Bay. Jacldish
Lake ret:ejvesrunoff from a small drainage l>asin which eXtends to the north of the lake. The total surface
area of Jacldish Bay is 6A km2• The largest islands are Cody Island, which is,located in the extreme
southWest of Moberly Bay; Bennett Island, loeated in, southeastern Moberly Bay; and St.Patrick Island, ,

. which is located near the' eastern shore of Jacldish Bay. '

Mean daily temperatures in the region are -13.3·C·iIi January and 15·C inJulY.M~3n 'daily maxima and
minima are -7.8·C and -18.9·C in January and 21.1 ·C and 10.0·C in· July. Recorded mean annual rainfall
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is 7tr1.4 mm with a mean annual snowfall of 243.8 an. Precipitation is relativelyiow in winter and hi~ in
,summer.

. .' . ~

The area lieS within the Abitibi Upland Unit of the James Physiographic Region. This \lnit is described as
having a broad -rolling surface, and consisting of ¢ryStalline Archean,- rocks of the' Canadian Shield. The.
bedrock geology of the northern and western shores of Jackfish· Bay is dominated by Inassi:ve Cl)'Stalline
igneoUs rocks consisting·of granodiorite to granite. The southeastern shore of Jackfish Bay consists'of mafic ,
to_intermediate metavolcanic rOcks. Minor metas~entaryrocks (metamorphosed 'sediri1entary strata) alsO '..
occur ·within this complex. Glacial deposits consist mostly of,a -shallow sandy till ground moraine which ,
overlies the lower portions of bedrock outei"Qps. Localized deposits of sandy glacial outwaSh and
glaciolacustrine deltaic sediri1ents also ~.. .

The Jackfish Bay AOC lies within the Superior Forest Section of the Boreal Forest Region. Forests ofwhite
spruce (Picea ~auca),balsam fir (Abies balsamea), white birch (Betula. JXlpyripa).and tremblirig aspen
(Popdus tremulOides) are found in the valle)'S.. The same- species. but with birch more prominent and sOme
black spruce (Picea mariana), i$ found on the thin till slopes and tops of low~. Jack pine (Pinus ..
banksiana), white birch and pOor quality black spruce,arecharacteristic' of higher· rocky elevations and
coarser valley soils. LoWland areas support high qu8lity stands ofblack spruce' along with tamarack' (Larix
laricina) and eastern white cedar (Thuja oCddentalis).

. . .

Wtldlife found in'the area oiJackfish Bay are species'well adapted to the haish climatic conditions' found
there. Common species include: moose, deer, timber·wolf, fox. lynx. black bear,mink, fisher, martin.
muskrat. beaver, Porcupine, skunk. snowshoe hare and red squirrel. Sbrew, Inice and vole populations are
also found in theDistriet. as Well as a variety of upland gamebird$and songbirds. . .

4· lAND USE
. '. , "".' '. . ,",. . '. f .

There are no industrial~commercial,residentialor agricultural land uses within the watershed of the Jackfish
Bay AOC. Cottages have been conStruetedalong the east shore of Jackfish Bay at the former town.of _'
Jackfish. The Kimberly-aark C~ada Inc. pulp mill lies to the. northweSt of the Town of Terrace Baywmch
is located west of Jackfish aay.There are no industrial or municipal landfillS within the AOC The only'
landfill is' a small site operated by the Ontario Ministry of Natural Resources located near 'the Cottage
eommunity of Jackfish; It receives only domestic refuse and is not considered a poteri.tial hazard to the
AOC.

5 WATER RESOURCE USE
. ., .' .

Process water for the-pulp Inill and domestic water for the Town,of Terrace-Bay is obtained ,from a common
intake lOcated in open Lake Sugc;rior, approXimately 10km west of JackfishBay. The combined ~take , .
cw:rentlyapproaches 143,850 m /day. Hays Lake, located northwest of'the Town of Terrace Bay, provides
an alternate water supply. '

. . .

, Process Water from the Kimberly-aarkCanadaInc. pulp Inillis discharged into Blackbird Creek Which flows
over a distance of 14 kmtoMoberlyBaym·Jackfish Bay._ DU{ing 1990 the average effluent flow from the
~i1lwas94,OOOm3/day. This represents the only.point sOurce discharge within the JaCktish'Bay AOC.

Municipal wastes frOm the Township of Terrace Bay are treated in part by a small exteIicied aeration facility .
and polished through an ~trationlagoon, and in part bypassing through two septic tanks folloWed by an
exfiltrationlagoon. Both lagoons lie adjacent to Lake sUperior, immediately south of the townsite and '
removed flom JackfiSh Bay. Their is no direct discharge from the lagoons.' '
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Water depth in iackfishBay generally in<;reases abruptly' frQm the rugged shorelines to depths of 10 to 50 Ill.
Littoral areas are limited in extent; forming extremely narrow bands along~e shoreline and, as a result"
wetlands ar~ not present in Jackfish Bay. Ne8rshore fish spawning and nursery habitat is restrietedto '
isolated pockets, primarily located in Tunnel Bay and around Cody andB~ett IsJ:ands. Jackfish'!,.ake is
connected to the northern tip of Tunnel Bay by a channel app[oximately15 m in length. The .lake provides
spawning and nursery habitatfora number of resident warmwaterspecies in addition to migrants from '
Jackfish Bay. JackfishBay specieS which spaWn in Jackfish Lake or its tributaries.include walleye
(Stizostedionviueum), northemplke (Esoxlucius),rainbOwtrout(oncoi#ynchus m)kiss), pink salm,on (0.
pbuscha) and suckers (Cilto$tomus sp.).Mapr lake trout (Salveli1Uis nanIa)Cush) spawning grounds were
historicaI1ylocated in Moberly Bay and along the shore of Lalte' Superior adjacent toJaCkflshBay. Lake

'. Whitefish (Core~1Uis clupiaj:Jrmis) spawDmg grounds occur along Lake SuperioT's shore immediately east
and west of Jackfish Bay.. Blackbird Creek was noted asa brook trout (Salve/inus tmlinalis) str~ prior to

",the start~up of the mill in 1948.
. . '. -

Commercial fishermen first settled in Jackfish Bay during the 18705 and the commercial fishery itldustry was
well established by the mid 1880s. Jackfish Bay wasiioted as an excellentpo~ but;.fishing was never .
extensive'intbe area as the adjacent shoreline was rugged and sto11l)S,could be severe. The fishery was .. ' .
characterized as a rowboat fishery with an annual catch of approximately 14,5001cg of lake trout and 6,000 kg .
of whitefish between 1895 and 1898. Commercial fishing activity peaked during the early 1900s,vmen

.' approximately 40 families were permanent residents of1he former Town of Jackfish (Figure!)., However.
since the early 19SOs, water pollution, sea.lamprey predation,.~d lleavy expioitation depleted fish~riesstocks '

. in Lake Superior. Although there is no commercial fishery located within JackfishBay, twO licensed
commercial fishing operations utilize offshore areasm Lake.Superior beyond the Slate Islands. The total'
Commercial~t iji1985 amounted toS,082 kg which was valued at $5;727. Lake trout; lake. whitefish, ,
chub (Core~F sp.) and lake heiTing (Core~nusartedil} ,are thefo1ll' prime <:01l1Il1ercial species.

,'. ,

" SpOrt fishing ~ Jackfish Bay declined dramaticallY during th.e 19SOs and:has remained depresseduitder
current conditions. Lake .trout spawniIig shoals appear to, have been adversely affected by organic material in

,the discharge from the Kimberly-OarkCanada Inc. mill. Electrofishing surveys' found few species and low '
numbers of fish in Moberly Bay as well asincreasmg numbers and species diversity with increasing distance
,from the mill outfall. '

, ' '

'TheJackfish Bay AOC is an ,attractive location for recreational,use; However,Lake Superior's i,nherentcold
water conditions, poor aesthetics related to, the effluerit from BI~ckbird Creek, and limited access restrict
tradjtional wa~er activities. Water based recreational activities are restricted to scuba diving by local
residents. The. wreck of the Rappahannock, a 94mbulk freighter which sank in 1911 in TUnnel Bay, is a
popular local dive site. ' ,

6 'ENVIRONMENTAL CONDITIONS

.6.1 ." Water Quality

Water quality surve~ ~erWc.en during 1970, 1981 and 1987/88 indicated a plume ofcontamination jn
·Jackfish Bay resUttingfrom the disCharge of effluent from the Kimberly-Oark pulp mill via Blackbird Creek.
Surface waters, situated above the hYPolininion layer, are most affected int~rms .of higher concentrations and

, .more frequent exceedences 'of PWQOS and GLWQA Specific Objectives than bottom waters.. Although the
extent arid impact of the plume varies d~pending on wind and current direction, the most heavily impacted
zone includeS Blackbird Creek, all of Moberly Bay and, the northern aDd western portions fJf Jackfish Bay.
Nearshore waters of Lake Superior to the west ()f Jackfish Bay are also affected by the plume as shown by .
stations located offshore of cape Vietoriaand by bacterial.surve)'S..EleVated densities·of several bacterial '
speclesoccurred in derisities exceedingPWQOs or UC reco1l1ll1ended levels as far west as Pumphouse Bay



souUt ofUte Town of Terrace Bay. AlUtough Tunnel Bay is mostly outside the plume, gtddeline eliCeedences
(Particularly metals and bacteria) occur occaSionally due to individual'Wind 'events moving Ute surface plume'
.to the northeast . . . .

. '.

Table A provides a summaiy of ambient water data for the Jackfish Bay AOC. Data ranges are for open
water stationS in Moberly, Jackfish and Tunnel Bays only. Datafor Blackbird Creek are provided separately
inSectio~3:4. Table A also indicates where exceedences 'of objectives have occurted based on the moSt
recent water quality surveys which were undertakend~ July and August 1987 and July 1988.

'These surveys identified concentrations of contaminants resulting in exceedences of'PWQOsand/or .
,GLWQA Spedfic ObjectiveS iD: Moberly,Jackfish or Tunnel Bays for turbidity (seccbidiSc), dissolved.
oxygen, pH,tot8l phosphorus, total coliform bacteria, fecal coliform bacteria, alWninum, beryllium, cadmium,
chromium" copper,· ifon;, mercury, nickel, lead, ziIicand deh)'droabietic acid. The dissolved ,oxygen objectiVe
was also,violated durli1g 1990 studies. The UCrecommended guideline for PSeudomoNlS aerugnosa was also

· exceeded in Moberly and JackfishBa:ys.Totalphenolic:s and pentachlorophenol were exceeded during Ute
1981 surveys in Moberly Bay: Most exceedences occur in the upper half of Moberly Bay, however,
exceedences,occur regularly for some metals and bacteria in much of Jackfish Bay and occasion3lly in Tunnel '
Bay. " .

The"environmental condition of BlackbirdCreekllas been severdy'degraded.. During low flow conditions, up
to 90 percent of the flow in the creek represents effluent from the Kimberly-Oark Canada Inc. pulp mill.
Ambient objectives were also exceeded in Blackbird Creek for many of the same parameters as noted for

, Moberly and Jackfish Bays (Table A) asweil as 2,3,4,s-tetrachlorophenol, 2,4,6-trichlorophenol, .
, pentaChlorophenol, rch1ordane, endrin, endosulphan I; endosulphan lI,heptachlor, o,p-DDT,p,p-DDD;p,p-.

ODE, p,p-DDT,and Escherichia cQli. . '

6.2 B()ttom Sediment Quality .'
" . '.

The results ofgeoph;ysic31 investigations of ~ediments from theJackfishAO(: during, 1987 and 1988 identified '
· the presence of three depositional basins in whichfine"grained (mud) sediments dominated. These basins '
correspond to Moberly, Jackfish and Tunnel Bays. The sediments' of Moberly Bay have the higllest
percentage Of organic material and conseqpentlythe most reducing.conditions., The presence of the organic
material is attributed primarily to the'mill effluent which en,ters via Blackbird Creek. The sediments of Ute
three basins are variouSly contaniinated due to 'a variation in sources and to' processes which affect their ' .

· accumjJlation and availability. .

Table B provides ii'Summary of the most commonly detected,Con~ts insurficlal.sediments collected at
stations in Moberly, Jackfishand Tunnel Bays. The locations where station.means exceeded guidelines are
alSO indicated. Contaminants which exceeded either the Open Water Dredged Milterial Disposal Guidelines

. and/or the Lowest Effect Level of the Provincial Sediment QualityOuidelines, 'based on surveys undertaken
during 1987 and 1988 include: oil and grease, total organic carbon, tOtal phosphorus, arsenic, cadmi~
chromium, copper,. iron, lead,mimganese, mercury, nickel, zinc, hexacblorobenzene and total PCBs. TKN
measured in i981 ,also exceeded guidelines. In addition, high' conCentrations of certain phenoliC? compounds,
resin and fatty acids, and dioxins andfurans, for which no guidelines are available, contaminate sediments
within the AOC. "

Contaminants which are attributed to Ute Kimberly-Oarkeffluent based on their temporal or Spatial
. distribution patterns,either curr~tlyor historicany, include total orgariic carbon, TKN, mercury, Zinc, total .

PCBs,.h~chlorobenzene,.phenolic compounds, resin. and fatty acids and tetracblorodibenzofurans. The .
most likely sourceS for the higher 'chlorinated'dibenzo-p-dioxins and furans, and certain metals (cadmium and
copper) are diffuse and point sow,"Ces remote from the AOC and contributed via atmospheric dePosition.. .. "



r,

Table A . Contaminant inventory summary in' ambient water from the Jackfish Bay Area: of Concern 0987J88)
with comparisons to the Provincial Water QuaHtyObjectives (PWQO) ilndthe Oreat Lakes Water
Quality Agree~ent: (GLWQA) objectives (Shermap 1991) •

.Parameter

PW~. GLWQA
DetecttD1..~ Limit RAP Data* Location

.' ". . of
# >DL, . Range of. Values* ExceedenceII. SaIilp1es" . . . .

(mg/L):

MB

HB '

Ma J~ BC

MBJBBC

MB
MB JB

,Mlf .
iotB JB TB
',.MB BC

, M8 J8TB
MBJB' .

elevated·
in MB

MB
HBJB BC

<4 - 4,600,000
<3 .. 1100

0.20~ 460.0

5.40 - 8~00

4.0 -220.0

, 1 - 770

<0~003-2.10

, <0.001 - 0.018
<0.001 - 0.05

" '

<0~0002' - 0.040
<0.001 ..;. 0.13
<0.001 ':'0.41
<0.001 - 2.60
,<0.003 ..;, 0~22

<0.01 - 0.07
<0.001 ..;. 0.59

<0.00 - 0.1
<0.00 - 0.38

, 432/454

195/297
28/314
1/309

21/309
120/309
111/309 .
174/309

'38/309 '
94/319

264/309

452/452

'452/4~2

" 4521452

2

<0 .003 ~. <0.1
<0.001

<0.0005 -<0.05
<0.0002 -.<0.015
<0.005 -<0.10

<0.00,05 ;.. <0.10
<0.001 - <0.10
'<0.005 - <0.15

0.01
<0.0005·~ <0.01

. <0.001"'<0.10
<0.0005- <0.10

50

23*

0.025
0.030'

0.0002.
0.050
0.005

it

0.300
0.020
0.2

0.'025
0.030

20'

. ·0~075
0.1.
0.010
0..0002
O.UJ"
0.005 '
0.300
0~020

0.2

<10% secchi ,~
depth decrease

6~5 -8.5
25% change

Geometric Me~n:

iooo

1 Alkalinity
L), ' ,

Phy iea1Para..eters: .
Tub dity(FTU)

Nickel .
Zinc
'Bacteria (cnt/100 iDL)

Total' Coli form
Escherichia coli

Nutrients and Metals
Tot41)Phosphorus
(/Jg/L. .

,Aluminum
Arsenic
Beryllium
Cadmium
Chromium·
Copper
Iron
Lead
Mercu.ry (/Jg/L)
Manganese

xx
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Table A (Cont~d)'

Parameter Ob;ective/Guideline, Detection Limit RAP Data* Location
" PWQO GLWQA (DL) I> l>L Range tif Values*- , of

" II Samp1es t Exceedence
! , '

Polychlorinated Pbenols (ng/L): -
2,3,4,5- ' 1,000 - <1000 - <50000 0116~ ND BC'
tetrachloropheno1 . :<..

2,4, 6,..t ri ch1oro,pheno1 lS,OOO - <1000 -<50000 .. 24/161 ND-75~000 BC
PEmt,ach1orooheno1 500 - <1000 - <50000 ' 0/160 ND BC
Resin and Fatty ACids (p,gIL): I "- I

.. I ' I ' JDehydroabietic Acid 1 ('12.0 I) 10 1/36 10 -30 MB
, oH=7.5

Pesticides '(ng/L) t "
.. , ,

"

'--Chlordane 60.0 - <2.0 -<20.0 2/265 ND~100.0 BC
Endrin 2.0 - ,<4.0 -<40.0 '6/265 ND-io.o' BC
Endosu1phanU 3.0 ' " - <4.0 - <40.0, 2/265 ' ND-30.0 BC
Heptachlor' 1.0 - <1.0 - <10.0 1/265 NDc-15.0 BC
OP~DDT 3.0 " - <5.0 .,. <50.0, 2/265' 'ND;.':SO.O BC "
PP-DDD 1.0, ' ,- <5.0- <50.0 . 10/265, ND-SO.O BC

',- <Lo,- <10.0 6/265PP-DDE 1.0 - Np-14.0 BC
PP-DDT 1.0 - <5.0 - <50.0 '4/265 ND-55.0 BC..

MRA ~

MB
JB
,TB
BC

III

t

*

Minimal Recordable Amount (Detection Limit)
Mober!yBay ,
JackflShBay
Tunnel Bay
Blackbird Creek

Data Set Range- Ranges ,provided for open water stations in JB/MB/TB. Blackbird Creek data
reported separate1y1n Section 3.4. . '..' '
Number of samples are above the', maximum det,ection limit.

,IJC,Recommended Guideline '
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Table B Contaminant inventory sunimary for: surficial sediment· in the . Jackfish Bay Are.8 of Concern
(1987188) with comparison to the open water dredged ,material dhposalguidelines' (OWDG) and .the

. Provincial sediment quality guidelines ' (P$QG). . '

MB JB TB
TB '

MB JB :fB
MB J'B. TB
"B .)B TB:

T8
MB JB.TB

TB
MB,

MB

, Location of
Exceedences·

0.01-9.1
4,300-18,000
'0.2-2.1 '

0.55-14.0
2.0-81.0
4.3-68

,7,900-31,000

29-260
1.0-:31.0
2.9-50 •.Q '
.. 29-260

96/102
102/102
,102/102
·102/102
102/102
102/102
1021102

,'1021102
1021102

, ·,102/102 '
102/102

TBP
TBP
2.0
TBP

0.01
TBP
0.1
TBP
LO
1.0

1.0

,2

10
33

110
110

40',000
4%

, 1,100
75

250
820

, '0.2

0.6
6

26
16

20,000
. 2%

460'
16
31­

120

25
50

100

0·.30

1.0
8

25
25

10,000

OWDG, I PSQG (pg/g) I'.D.et.ectAo~
(pg/g) ' .. , Ui'T. . 1~1i'T_ . ,tA~}:,d~~)Parameter

Manganese
Nickel' .,
Lead

inc

Metals.: '
Mercury
Aluminum
Cadmium .
Arsenic
Chromium
Copper
Iron

MB JB TB

MB JB TB

MB
MB

MB
MB JBt TB .·ML

, • ND-:-0.28
ND-0.040'

300-1 580 '
,200':"-7 ooot,

ND-0.30
21-58,300

5.000~25.000

(~Q), iackfish'Bay {JB) and T~nnel

16/93
97/97

102/102
TBP ':

TBP

'TBP,
TBP

0.02
.001

,0.01-0.05
rBP

4;800550

-,

1,000
2~000

1,500,

,Resin and Fatty Acids:
Dehvdroabietic Acid

Nutrien'ts and .Organics:
Total Phosphorus
T9 talKjeldahl
Nltrogen

'Phenol,. ,
Solvent Extract{lbles
tOll and ,Grease) , '
TOC'

I C~lorinated Organics:
, Total :PCBs
Hexachlorobenzene

t

*

ote Where values were recorded as being "lesS than
value was uS,ed for calculation of the mean. '
Exceedences ba~ed on mean concentrations a,t stations i,n Moberly Bay

, Bay (TB) and, idividual samples (TKN only) for "oberty Lake (MLh .,'
1.981 Data.' ,

:I: ,l>ependant on TOC concentration of sediment.
TPB To Be Provided. ,

'i
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Cadmium and copper concentrations may alsO reflC;ct local geochemical conditions along with chromium,
irOn, nickel and manganese. The distribuuon patterns of total phosphorus, arsenic and lead do not clearly
identify likely sources. '

'The presence of PCBs in sediment within Moberly Bay DUly be due to their former use in electrical
equipment at the Kimberley-aark mill. Deteetableconcentrations of organ~orinepeSticides were found
omy in Moberly Bay sedimenu. PAHs were distributed throughout the stUdy.area Which likely indicates
atmospheric soureesto the'AoC.

, AlthoUgh the data are not sufficient to identify statisucallysignificant trends over time, a comparison of data
collected in 1981 with data collected in 1987/88 and the histOrical record identified in sediment cores from
Moberly Bay sUggest certain trends. 'Generally, concentrations of oil and grease, total phosphorus, and.
manganese appear to be fairly COD$tant over time. Total organic carbon,'cadmium. copper and zinc appear
to be inereasing in cOncentration whereas mercury and total ,PCBs 'are decreasing.

6.3 Biota Quality

The biota within the Jackfish Bay AOC, including benthic macroinvertebrates and sport fish, have been
impacted as a result of the mill effluent discharged through Blackbird Creek. Densities of benthic /

., macroinvertebrates tend to be lowest along the Western portion of Moberly and Jackfish Bays due to the
influence ,of the effluent plume from Blackbird Creek. Between 1969 and 1987, maximum densitieS of
pollutiontol~rant organisms (tubificids) increased by more than six times while densities of pollution ,
intolerant organisms (Pontop:Jreiiz ho)l)decreased dramatically. During this period the extenfof tubificids

,also increased iD concert with a decrease in the extent of P. ho}i. Whereas in 19690my the central portion,
of Moberly Bay and the northwestern portions of Jackfish Bay were affected, by1987 the density of P. ho}i

, had decreased in Tumiel aay as well as the eastern and central portions'of JackfishSay. ' '
, '

The extent of benthic communities ident;ifiedas impaired also increased between 1969 and 1975. Between
1975 and 1987 the extent increased further and an additional impaired community was iden~ed. Impaired

. communities were fo~ ,to occUr in sedimenu which hadtIie highest mean concentrations of cadmium, ,
copper,lead, zinc and TKN as well 'as high levels offibre(losson-ignition).Theimpact to benthic '
macroinvertebratesin the Jackfish Bay AOC have been attributed to the Kimberly-aark mill effluent:.

Changes to the structure of the fish coIiununity have been mostly related to causes such,as harvesting, the
,sea lamprey and the introduction of exotic species. However, recent studies of lake whitefish, longnose
sucker arid white sucker from Jackfish Bay have revealed several effecu which researchers have 'attrlbutedto
the mili effluent. These. include slower growth, smaller gonads, lower fectmdity"With age,absence of
secondarY sex characteristiCs in mmes, failure of females to show increase in eggsize,with age, decreased ,
,estradiol and testosterone .levels and increased mixed oxidase function activities in c:otnParlson to " "
noncontaminated reference fish. The, increased MFO activity can be attributed to the presence o( organic
contaminantS and has been assOciated with dioxins, furans and resin acids present in the~ effluent nie
addition of secon4ary treatment in October 1989 reduced the toxicity of the effluent, but, ,bas not ,resulted in
II reduction of MFO activity in 'white suckers from Jackfish Bay.

TableC summarizes the contaniinant data for fish and other biota in the Jackfish aay AOC based on
,collections from 1987 to 1989. The body burdens of native benthos (M)lfiS relicta), introduced tDUSS~
(Elltpiocom/i@ilta) and white suckers fromJackfish Bay indicate a pattern of dioxin and foran
bi9accumulation whichsuggesu the mill effluent as the majJrsource: This includes ,the bioaccumulationof'
tetrachlorodibenzo-p-dioxins (iitcludiilg the highly toxic 2,3,7,8~TCDD congerier)and ' ' '

, tetrach1orodibenzofurans, contributed mostly by the emuent, in greater concentrations than the higher
, ch1orinateddioxins, contributed by effluent arid atmospheric deposition. The higherdilorinatedcompounds
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Table C Frequericyof .detection. and concentrations (I-'g/g) of contaminants in lake trout, white suckers,
introduced mussels (Elllptio complanata), opossum shrimp '(Hysis relicta), and'youn~-of-t'he-year
.spottail shiners collected in 1987 to 1988'fromJackfish Bay. . '

Parameter G~eatLakesWater National aealth
'Quality Agreement '& Welfare"
SpecificObjectiV'e Regulato~Limit

Detection
:I,imH(DL') ,

I > DL
1# Samples

~nge

Lake:.. Trout (1989)*

Mercury'

Total' PCBs

Mirex

Hexachlorobenzene

'pp-DDE
aBHC

y-BHC'

a-chlordane

y-chlordane

pp-DDD

Toxaphene

2',3', 7 ,8-TODD

.1,2,3,7 ,8-speDD'

1~2i3,4;7~8-6HCDn·

1,2,3,6,7,8-6HCDD

1,2,3,7,8,9~6HCDD

.1 ,2,3,4,6,7, 8-7HCDD

O.st
0.1*

Substantially
, absE!nt

0.5
2.0

0.1

0.1

0.000020 .

~

~xiv

0.01

0.02
. , 0.005,

o.nOl .

0.001

0~001'. . .

'0.001

0~002 '

0.002'

o.odz
'0.2

0.000002
fl

.fl

It

0.000002
fl

16/20

19/20

18/20

S/20
20/20 '

19120:

5120

18/20

5/5

S/5
015
0/5

0/5,
, 1/5 . '

0.6-0~38

0.04,:,0.44

ND

ND,:,0.004 .

ND70.117

ND--0.009

ND~o.oal

0.002-0.017

ND-0.007

ND-o.aoi

ND,:,~.47

0.0000029-0.0000113

O.0000036~0.0000055

NO
ND

ND
ND,:,O.OOOOOll

..~\



.Table C(copt·d) ...

1-. G.reat La,kes Water
. .

Parameter _. Rational Health Detection· I> DL Range
Quality.Ag~eement .& WelfaJ;'e Limit (DL) II Samples

-. Specific Objective Regulatory ·Lilqit ,

80CDD - -- ... . 5/5 0~0000016-0.0000035

2;3,7,8-TCDF
.' ... 5/5 0.000020-0.0000'58 . .- -

1,2,;3',7,8-5PCDF -' - .. SiS 0.0000023-Q.00000~0

2,3,4,7,8-5PCDF
.,. .. . 515' .0.0000015-0.0000036- - .

1,2.3,4,7,8-6HCDF - ..., ... 0/5 ND .
, . .. 0/5 ND1,2,3~6,7~8-6HCDF - -

1,2,3,1,8,9--6HCDF . - - .. 0/5 ND.. ,
2,3,4,6,1,8~6HCDF - .- .. 0/5 RD .

1,2,3,4,6,7,8-7HCDF - - .. . 1/5 ND-0.0000022

1,2,3~4,7,8,9""7HCDF - - ... '015 ND,

80CDF . - - .. 0/5 RD" ..

White Suckers (1988)-

2,3,7,8-TCDD. - 0.000020 0.000002 4/4 .0.0000027-0.0000120

2,3,7,8-TCDF - - 0.000002· 4/4 0.0000210-0.0000650

Elliptio complaiJata(1988)

2,J,7,8-TCDD - 0.000020 0.000002 1/4 ND;"0.0000Oi6

2,3,7.,8-TCDF - -' '0.000002 .4/4 0.0000095-0.0000140

Hysis relicta (1987)
,

2·, 3 ~7 ,8-TCDD - 0.000020 '0.000002 2/2 0.0000080-0.0000090

2,3,1,8-TCDF - --, - O~000002 2/2 0.0000460~0.0000490
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TableC (co,nt' d),

Parameter' Great 'Lakes Water National Health ,Detection # > DL
"

"Range
Quality Agreement &'Welfare, ' Liaiit "(DL) 1# Samples
Specific Objective Regulatory Limit • "

Spottail Shiners (1988)**
.,

.-,

Total PCBs 0.1 2.0 0.02 0/3 NO

ODT 1.Ot ' S.. O .. 0.002 0/3 . NO

Hirex SUbstantially 0.1 0.005 0/3 NO
absent "

chlordane - ;.. 0.002 • ' 0/3 NO

BHC - -, 0.001 . 0/3 ND

Hexachlorobenzene, .;. c).1 0.001 0/3 NO

'Octachloros~yrene - - ' 0.001 ' 0/3 ,NO "

NO
*
t

*
I

•
**

not ~etected. , " , . , ' '
data c.ourtesy of the OHOE/OHNR Sportfi~h Consumption Program.
Ontario guideline for protection of human consumers ,0£ fish (skinless .filet).
protection ,of bird!3 and animals which consume fish (whole fish). '
data from Sherman etal. ,(1990).· ' ,
no consumption is ,recommended if the level for mercury exceeds l~5 ppm•
data from Suns'et a1. (1'991). '

xxvi

'.~..

;".



occur in sediment at cOncentrations comparable or higher than thetetrachlorodibenzo-p-dioxQIs and the
tetracblorodibenzofurans, however, the latter appear to be preferentially accumulated by biota. . .

Although fish consumption advisories· were preyiously in effect due to mercury and pcB concentrations,
these restrictions have been removed. The remov3l is based on collectionS during 1989 Which indicated that
all contaminants were belowtheOntarloconsumption guidelines. However, collSumption of lake trout ,
greater thail SS an is tentatively recommended for restricted consumption due to the sum 'of dioxins and
mans expressed as toxic equivalents of 2,3,7,8-tetrachlorodibenzo-p-dioxin. The only guideline exceedence in
either sport fish or ~~of-the~yearspottail shiners collected in·1989 and 1988, respectively, is the' GLWQA

. Specific ObjeCtive·for the protection of'piscivorous wildlife from PCBs. This objec.tive was exceeded by up to.
four time$ by the maximum.concentration measured·in lake trout collected .during 1989 (fable·g. .

7 SOURCES

The so_ of cheri1icaIS which.bnpact on water, Sediment and biota quality withiDthe Jaekfisb Bay AO<;
include one point source .and several.nonpoint sources. The only point source is the effluent from .the
KiJn6erly-OarkCanada Inc. pulp mill located in Terrace Bay. There are no other industrial or municipal
dischargers to the AOC. . . . ',.

'Nollpoint sOurces inclUde atrnospherlc,in-place sediment contamination (from natural sources as well as
. Kimberly-Oark effluent) and. spills.. ··Other potentialilonpoint Sources such as urban and agricultural runoff, ..
~undwatercontamination from wastesiies or sliippingdo not. ocCur in the,Jackfish Bay AOC.

Table D summarizes loadings data and monthly exceedencesof cOntrol Order limits for various Years .
.. between 1973 and 1990.. Kimberly-OarkCanada Inc. is currently meeting its·COntrol Order requirements for

BODS' suspended solids"adsorbableorganic halides (AOX),totalpbosphorus and effluent toxicity.· The
addition of the secondary treatmeJitfa~tyiQ,Oetober 1989 appeared to.beparticularly'efficieilt with regard
to biological oxygen demanding substances. phenolics, and resin and fatty acids. Lower effluent
concentrations of resin8ridfatty acids has reduced the toxicity of the effluent (notaeutely lethal in 1990) and
resulted in lower concentrations of these acids in surface waters of Moberly Bay (1990 survey). The PWQO
for dehydroabietic acid was eXceeded in Moberly Bay dUrlngI987/88.HoWever,in 1990, this acid was not
ooteet~ . . .

Although significant reductions have been achieved in the lo&,tings of BODSfrom the Kimberly-Oark'
effluent, the occurrence of PWQO violations for diSsolved oxygen as recently as 1990 (section 3.1) suggests'
that further. reductions may be required. ,Alternatively,'.theremay be'ongoing contributiol)S of biologieat
oxygen demanding substances, due to bistoricill depo$ition in the Blackbird Creek System and/or Moberly
B~ .

.Most of the water, sediment and; biota qualitydata were collected prior to the secondary treatmentfacility
becoming operatiomll·and,'hence, it is not known if there bas been any improvement with regard to ambient
guideliite exceedencesother than diSsolved oxygen. Mean effluent concentrations of aluminum, copper and
mercury appear to have. declined since 1988. liowever, the mill effluent is likely the main source of moSt .
conventional parameters, bacteria, nutrients, metals,.organochlorine pesticides .and phenolic compOunds
whiCh have beenfouDd to exceed ambient guidelines.

The sOurce of bacteria, particularly &cherichia coli and Pseudo1noTUlS aerugnosa, is of conCern especi.ally as
these organisms have exceeded "recommended health guidelines in Moberly and ,Jackfish Bays (Section 3.1).
They.may originate from domestic sewage within the mill.



Table D , Average annuai effluent loadings of monitored pollutants in Kimberly-aUk Canada Inc. ,
effluent and number of montblyexceedenceS: (mbracketsfor 1986 to 1989 only)*.All "
loadings in kg/day unless otherwise noted.,

1973 1981 1986 19f)7 1988 1989 1990t

Flow (m3/d) 202,600 113;800 110,333 115,000 '117,100 109,344 94,900
'BOD-;(t/d) 30,100 30,600 29,550(0) 24~833(NA) 26,225(5) 17,633(0) i,400
Total Phosphorus NA NA 76.35(1)* 64~63(0) 62 (0) NA NA

Suspended Solids ' 6,700 , 5,400' -5,345(0) 'S,568(2) I," 4,863(0) , 3;878(0) 4,100

Toxicity(LCSO>** NA 10.0, 12.5-45.6 15.1-42.8 11.8-41.4 25.3-51.0 non-
lethal

*

t
:*..
NA

,data taken hom OMOE annual Reports on the Industrial Directriischargesin Ontario (OMOE
1987, 1988,:1989, 1991b).,'
Post-secondarytreatment" data from OMOEfiles.
exceedence corisideredan'anomaly as measurement is not consistent with typical mill'levelS.
% effluent required to kill 50% ofthe test fish. '

Not awihible

The origin of organoclllOrine pesticides in the mill effluent is not'known. These chemicillsmay be derived '
from logs which are proceSsed in the mill. Contamination of the logs may reflect atmospheric sources
including aerial spraying. ' "

Additional sourceS of certain' contaminants to the Jackfish BayAOCinclude 'atmospheric sourCes and natur31
geological'sources. Atmospheric pathways are,believed to contribute loadings of PCBs, PAlis, higher ,

, chlorinated dioxins and furans (particularly octachlorodibenzo-p-dioxinsand octach1orodibenzofurans), "
, cadmium, lead; mercury and vanadium to the AOC. Studies of atmospheric precipitation in the Great Lakes ,

" Basin sUggest that the upper lakes, such as L3ke Superior, receive the greatest proporti9n of their loadings of
,lead and PCBs from the atmosphere. This is due to their large swface areas and lack of localiilduStriaI aild, '
Urban sources. However, it is not known pteaselywhat proportion of these contaminants may be'
contributed to the Jackfish Bay AOC from local ,sources. ' Limited data for localatinospheric emissions
indicate 'that aromatic compounds; primarily l-isopropyl-4-methylbenzene are Contributed,from the Kimberly-' ,
,Oark pulp nilll. ' " ,

BottOm sediments in Lake Superior, outside the zoneQf impaetbythe KimberliOark canada' Inc. pulp 'mill '
effluent, have been'found to have concentrations of chromium, ,copper; iron'and nickel which exceed the'
LOwest Effect Level of the Provincial Sediment Quality GUidelines. Manganese concentrations exceeded the

, 'No Effect Level. 'Hence, it is ,likely thatnatlJral sediment geochemistry is responsible for a large proportion '
of the conentrationSof these parameterS in bottom secliri1ents oftl)e Jackfish,Bay AOC.

The availability 'and impact of chenlicals in'sCcuments with regard to'water and biota' in this area has not
,been thoroughly investigated. 'Sediments from Moberly Lake were,lethal to both H)rlllela (LC34)'and "
chir0nomid larvae (LC42). Body burdens of dioxin and' furan congeneis in benthic fauna (mussels aDd
~ shrltnp) of Moberly Bay suggest 'that sediment concentrations, partiCularly of tetrach1orodibenzo-p- ,
dioJlins ai1d tetrachlorodibenzofurans, 'may be impacting the benthos. In addition, the draft Provincial "



.Sediment Quality Guideline Lowest ·an.d Severe Effect LeveIs are bioloiicalJy based· and,.he~ce,· exceedences
·of these leve~ results in impairmen~to themaprity of benthic species.

There are no spilIswithin the·Jackfish Bay AOC as there are no industrial otother developme'ntswithin the
.watershed. SpilIsare Confined to the area of the Kimberly-Oark Canada IJ:lc.mill site and only impact· the ..
AOCjf they reach theeffluel)t canal which drains to Blackbird Creek. In this regard, flows inthe.acid and
alkaline seWers, on Occasion, bypass the treatment S}'Stem resulting in untreated effluent reaching Blackbird
Creek. ·As of September 8, there were 12 bypass events during 1991. These events were primarily due to
equiPment failures (O-Rings, seized valves) and poweroutajes which shut down the pumping equipment.
Because the volume of effluent which byPasses the system is not knoWn, it is not possible to petermine' the
impact of these events on the AOC. However, it is expected that these events contribute to contamination of

.JackfishBay and, hence, their occurrence should be minimized. . .

SENVIRONMENTAL CONCERNS/USE IMPAIRMENTS'

,Table Esummarizesinformation on each useimpairmentcategoryfortheJa~Bay AOC. The status of
. each use inipaument category is identified asimp~ed,not impaired orreqWrlng fiJrther assessment., . . , .

8.1 a Restrictions on Fish Consumption .

Consumption of lake trout up to 6S cmin lengthiseurrently unrestrictedwitllregardtO mercury and:PCB .
concentrations. The·consumption of whitefish, cisco and white sucker to 45 em in length is also unrestricted.
However, the guide indicates that consumption of lake'troutgreaterthan 55cmcouldbe'restricted due to ..
concentrations of dioldns andfurans expressed as toxic· equivalents of 2,3,7;8-tetr~ch1orodibenzol'-dioxin.

8.1 b .Restrictions on Wildlife Consumption

There are cwTentlynorestrictioD$ for the coriSumption ofwildlife form th~ Jackfish Bay ~OC.

8.2 Tainting Of Fish and Wildlife ,Flavour
. ,

No reports of tainted fish or wildlife by the public or the fisheries/wildlife personncl.

8~3a Dynamics of Fish populations

Blackbird Creek fiSh populations have been totiilly eliminated asa result of the pulp.mill effluent. Siniilarly, '
'fish populationsm Moberly Bay, in the vicinity of Blackbird Creek, have been'severely reduced. Prior'to'
.installation of secondary effluent treatmenfby the mill (October'1989), toxicity tests on surface waters up to
. 1.5 lail from the creek mouth resulted in 100 percent flShmortality.Reswts froDl toXicity testing since this ,
, time iJ;ldieated that mill effluent is no longer acutelylethal.' .

Degraded ,water quality, harvesung; the sea lamprey anp introduction of exotic fish species have directly
depressed fisheries production in Jackfish Bay•. Species diversity and densities in the northern portion of
Moberly Bay are among the lowest found in Lake Superior. The zone of influence, which radiates south
from the mouth of Blackbird Creek, has diminishec;t fisheries potential in the entire Jackfish Bay area,
although the degree of.impact has not been determined. .

,. t. .
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Table E Summary of impai-rments to Great Lakes Water Quali ty Agreement beneficial uses wi thin the
JackfishBay Area of Concern .. Impait"mer:tt status is defirtedas impaired (1), not impaired (Nl)
.or requit"es further assessment -(A) and is based on data collected during from 1.987 to 1990.

GLWQA impairment of Beneficial,
Use

Restrictions On Fish end "ildlife c:on8u.ption
Restrictions on Fish ConsumptiOn.

Consumption of. Wildl ife

Tainti~ ofFish and "i.l~[ife Fl8YOl.r

Status.of I Conditions InJ.ckfish Bay
Impairment

A I The 1991 "Guide to£ath'l9 Ontario Sport Fish" nOtes:that the consumption of
lake trout greater than 55 em inslze may need to be restricted due to
concentrations of dioxins and furans expressed as toxic equiVII lents t~ .2,3,7,8-

.tetrachlorodibenzo-p-dioxin. .. '.'

NIl No restrictions exist

HI I There have been rio reports of tainting by the public or by fisheries/wildlife
"sonnel . . . .

Degr~tion of·fish.~ UildlifePqpulations
DynaRlics of Fish Populations . .

. Body burdens'. of Fls.h

Dynamics of Wi ldl i.fe PopUlations .

Body'burdens of. Wildlife

. I

A.

A

Lake trout populati·ons have~cl ined since the mid 1950s for a nunber ·of
reasons including.theacci.deritalintroductiori of.seal~rey, the start-up .of
the Kinlberly-Clark mill, over~h8rvesting and· the introduction of exotic fish
species•. Blackbird Creek fish·populat.ions have been totallyel iminated as a
result of the pulp mill effluent. SimilllrlYi fish populations in Mobel:ly,Bay,
in the vicinity of Blackbird Creek, have been severely reduced. . .

White suckers have bioaccllllJlated TCDDsand TcOFs from water and 's~iment
contaminated by the mi lleffluent •. Lake trout have lOIil.coricentrations of
.mercury, hexBchlorobenzene and several chl~rinatedpesticides. TheGLWQA.·
.Specific Objective for the protection of piscivorouswildlife from PCBs was
. exceeded in lake -trout collected iii 1989.

Blackbird Creek may attract wildl ife during the ~pring m.onthsas the moderating
influence.of warm creek water tends to accelel"ategreeningof creek side
vegetation. Moqse a.ctivity in Particular appears to. beabhormally high along
.Blackbird~reek duririgthe. spring. There are no data on possible impacts to
wildlifepopullltions due to contaminant.s within the AOC.

BioaccUllJlatiO\1ofcontaminants in wildlife inay be oc::curring. in portions. of
Jackfish Bay and the .Blackbird Creek system, however, there are no data 9"'
contaminant burdens .in wildllfe. CWSplans a survey of gull populations for' .
completion in 1~3.
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Table E (Cant'd)

GLWQAImpairment of Beneficial
·.Use

Fish T...... S1d Other DefQfllitiea

Bird S1d Ani_l DefOl'llities or ReprOciJctive
Probl_ '

.Degradation of Benthos
Dynamics of BenthiC: populations

Body burdens of Benthic Organisms

Restrictions on Dredging, Activities

Eutrophication 'or lhIesirable Algae,

Status of
.Impairmen~

A

NI

c'

Conditions In Jackfish Bay

. '

Although incidences of external fish tunours or other defonnitieshavenotbeen
reported, white suckers co.llected from Jackfish,Bay in the sunner of 1988,
prior to secondary treatnient, had an abnormal incidence of liver neoplasms
(cancers). ' Also, greater than .20 percent of lake whftefish had I.Ilexplait:\8ble

'external lesions wh,ich milybe associated with pollutllnts' contrfbutedfrommil l
effluent .A. studY of tunours in wh i te suckers was conducted by OMOE in1988
and results are pending.

Incidents of bird, or animal deformities have not been reported in the AOC.
However, indications of repr~ctive dysfunction 'in white sucker; longnose
sucker and lake whitefish populations fn the JackfishBay AOC have·been
reported. CWS plans a survey of' gull populations for completion in 1993•

'The benthic fa~ have been impacted in Mobet.ly,Jackfish and Tunnel Bays ,as
shown by the presence of impaired communities which have increased in number
rind extent between 1969 and 19S7. Duril19 this period, pOllutf'on intolerant
SpeCies (Pontoporea hoyi) have decreased..ili density and extent whereas
pOllution tolerant speCies (tubificids) have increased in density and extent.
Sediments in Moberly Lake are acutely toxic to benthic fauna.

OppOSlJll shrf~ (Mysis rel icta)and intr~ed cllged Qsels (Ell iptio
conplanata), collected, in Moberly Bay had II dioxin 'and furancongener pattern
similar to that of the mill effluent. 2,3,7,S-tetrachlorodibenzofuran wtis the
dominant isomer in the shrimp with traces of other congenerS including 2,3,7,S­
tetrachlorodibenzo-p-dioxin.

'Sediments in the Jackfish Bay AOC, particularly within Moberly and Jackfish
Bays containconeentrations.ofseveral contaminants which exceeded OMOE Open ,
Water Dredged Material Disposal GUide.linel! and/or Provincial Sediment Qual ity
Guidelines as of 1987/88. These include oiLand grease, total organic carbon,
TKN (1990), total phosphorus, arsenic, 'caium, chromiUn, copper, iron, lead,
manganese,. mercury; nickel,zine, hexachlorobenzene and total PCBs.

Nonufsance algal growths have not been reported•.
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Table E (Cont'd)

GLWQA Impairment of Benefieial
Use

"Status of
Impairlllent

Conditions In'Jilckfish Bay

Restrictionlion Drinking uatereonBu.ption or
Teste Md·Ql:b.r 'Proble.
Cons~tion. Taste and Odour Problems

iIeec:h Closings

DegradBtion of Aesthetics

Added Cost to Agriculture 8nd1....try

DegradBti~Of Phytoplanltton ..i Zooplriton
PoPulations '

Loss of Fiab 8nd Uildlife Habitat

NI

NI

NI

NI

. . .. . '.. , .
Drinking water for the TOwn of Terrace Bay is Obtained, from Lake Superior wes,t
of Jackflsh,Bay. There have been no consl.ilption restrictions or reported taste
·andodour problems for treated drinking water.' ,However. cottages a~e located

". in the old cOlllll:ll"lity'of Jackfish. on Jackfish BaY,Onoccasion., the effluent
drifts in this dir~tion.making nontreated water l.n$uitablefor cons~tion.

Bacterial densities have, periodically been elevated in the vicinity of the
. Terrace Bay Beach 'as a result of the mill discharge. however. this coridition

has not led tobeaclt closings. There are no other public beaches within the
JackfishBay AOC •

.Conditions have improved since the early 1970s. I'towever.conc.rns continue to
, be expressed regarding the presence of foam and darkcolOl.lr in Blackbird Creek

and MOber ly Bay. '

There /:Ire no agricultural or, industriillactfvitil!S which utH ize water from the
Jackfish Bliy AOC. ' ',' , " '

There are.'no widespr~ad eff~ts within theAOC although community structures,
are likely altered in the inmediate area of the discharge. No detailed
information exists.

. I Major lake trout spawning 9r~s were located in Moberly Bay and along the
shore of lakeSup'erior adjacent to Jackfish. Bay ,and wereiq,aired due t,o.
phy~ical alteration <deposition of'organic·matter)and che.mical contaminatiOn
of sediments. Lakewh,itefish spawning grounds were identified along Lake. .
Superior'sshore, inmediiltelyeast ,and West of Jackf'ishBay. The qual ity and
use of these shoals has not been assessed. Blackbi rd Creek was noted as a "
brooktroutstreilm prior to the start-up of the mill in 1948~
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8.3b Body Burdens of Fish

Lake trout collected in 1989 had low concentrations of mercury, hexachJ.orobenZene, ,p,p-DDE, a-BHC,
rBHC; a-chlordalle, 'rhlordalle, p,p-DDD, toXaphene,2,3,1,8-TCDD (0.0000029-0.0000113 Jog/g) and
2,3,1,8-TCDF (0.000020-O.000058 Jog/g). White suckersc;:ollected during 1988 also had low concentrations of
2,3,7,8-TCDD and2,3;7,8-TCDF. TheGLWQA Specific Ob~tivefor the protection of piscivorQuswildlife'
was exceeded by maximum concentrations of·total PCBs (0.44 Jog/g).

,8.3c Dynamics of Wildlife Populations

Blackbird'Creek may attract wildlife during the .spring months as"the moderati:i1g influence of. warm creek
water tends to accelerate greening ,of creek side vegetation. Moose actiVity in particular, appears, to' bebigh ,
along Blackbird Creekduring the spring~ There are no data on possible impacts to wildlife populationS due
to contaminants within the AOC. ' .

8.3d Body Burdens of Wildlife

, Bioaccumulation' of contaminants in wildlife may be occurring in: poriiollSofJackfish Bay and the Blackbird
, Creek systetn, but, there' are'no data on contaminant burdens in wildlife. CWS plans a survey of gull ,

populationS for completion in 1993. ' "

8.4 Fish TumOiJrsor Other Deformities
. - -: ..

Incidents of exiernalfish ,tuMours or other'deformities have not been reported.Ho~ver, ,the, induction of
'MFO activity in whjte suckers collected'from JackfishBay in the summer of 1988, prior,to secondary'
treatment, was correlated with an "abnormal incidence ofliver neoplasms (cancers)". Also, greater than 20
percent of lake whitefish caught in Jackfish Bayduring August 1989 ,and August/September 1990 had '

,unexplainable external lesioJlS which did not appear to be related to predatory attack or infection. The
presence~of,these'lesionsin an isolated, unpopulated bay which has received ,large volumes of pulp mill
effluent, as well as the absence of repot1S ofsiQillar wounding in other lake whitefish, suggested~ the,
author that there inay be'an association between the lesiorisanq.the discharge of bleached kraft mill effluent.

Research is contiiluing on the sublethal effects of mill effluent on fish, as \Vell as the cause ofthe skin lesions
onlakewhitefish; Astudyof tumours in whi.te suckerS was undertaken in 1988 by the Water' Resources
Branch of OMOE. Results are pending. . .

8.5' Bird or.Animai Deformities o'r Reproduction Problems
. .

. Bird or milinat deformities have not,been found in the JacldislfBayAOC, nor have reproduction problems
been specifically reported. However, reproductive dysfunction in white sucker, 'longnose, sucker and lake

. Whitefish,populationS in the Jackfish BayAOC have been reported. Results from research into, the sublethal
effects of the pulp mill effluent indicated that these fish grow more slowly than referenc:;e fish, ,have smaller
gonads, lower feeunditywith age, anabsenee of secondary sex charaeteristicsinmaleS, failure offemalesto

: show an increase in egg size with age, teducedserum estradiol and testosterone'concentrations, and greater'
hepatic mixed-function oxidase (MFO) activity. '

A study to determine whether or not herring gulls in the Jackfish Bay AOC have deformities or experience
reproduetiveproblems is currently underway by the Canadian Wtldlife Servi~. Results from this study will
need to be evalua~ed when av3llable (1993). ' .
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8.6a Dynamics' of Benthic Populations
. . . . . . .' . . . . .' .' '.

Between 1969 and 1987,maximutn densiti~ ofpollution tolerant organisms (tubificids) increased by more
than six times while densities of pollution intolerant organisms (f'o1ilo]XJTda hoy,)' decreased dramatically.

,DUring this perioc;l the extent of tUbificids alsO increased in concert with aciecrease in the extent of P. ho}i.. ,
Whereas in 1969 only the central portion of Moberly Bay and,thenorthwesterri portions of Jackfish Bay were
affected, by 1987 the density of P. ho)ihad decreased in TUnnel Bay as well as the eastern and central '
portionS ofJackfish Bay. ','

The extent of communities identified as impaired also increased'between 1969 and 1975. Between'1975 and.
o 1987 the extentinereasecJ further and an additional impaired conununitywas identified. Impaired,

communities.were found' to occur in sediments which bad the highest,mean concentrations ·of cadmium,
cOppet",lead, zinc and TKNas Well as high levels of fibre (IQSS onignition). The,impact to benthic . ,
maeroinvertebrates·.in, the Jackfish Bay AOC have been 'attributed to ':the Kimberly-Oarkmill effluent;
. . .'

Although there have beenno~~thic surveys of Blackbird Creek/the toxicity of sediments in MoberlyLake
, , indicates that the sediment is acutely lethal to certain· benthic species and is likely severely, impaired~

8.6b ' Body~urdens of Benthic Organisms

The bodyburdens.ofnative ~nthos (M}/fis relicta)~d introdticedJDussels (Ellipio companata) from
Jackfish Bay indicate a pattern of dioxin and fufan bioacCUmwaiionWhich suggests. the,mill·effluent astbe.
niaprsource.This includes the bioaccutnwation oftetrachIorodibenzo-p-dioxins and
tetracb.lorodibenzofurans. Concentrations of the highly toxic 2;3;7;8-tetracb.lorodibenzo-p-dioxin congener in
M.relicta were'0.000009 '~/g. ,'Concentrations of tetracb.lorodibenzofurans rang~ from OO34סס.0 itg/gin'.
inU:oducedmusseIs to 0.000048 :~/g inM. relicta. .

8.7, Restrictions on Dredgirig '. Activities

Dredging oper~tions have ~ot been.undertaken in the Jackfish Bay AOC. However, the sediments of
Jackfish Bay, especially Moberly Bay, contain levels of oil and· grease, total organic carbon,. total phosphorus,
arsenic, Cadmium, chromium, copper, iron, lead, l'Danganese, mercury', nickel, zinc, hexacb.lorohenzenearid·
total PCBs which exceeded the OMOEOpen Water Dredged Material Disposal Guidelines and/or ~e ,"
Provincial Sedimerti Quality Guidelines Lowest Effect Levels in .1987/88.Ti<N l'Deasttred in Moberly Lake
sediments during 1990 alsO exceeded the PSQG Lowest Effect LeveL

8.8' EutrophicatiQn or' Undesir~b'e Algae

There are no records or observations ofnuisance algal growths in Jacldish Bay.

8.9 Consumption, Taste,and Odour Problems

,The Town of Terrace Bay acquires its drinking watetfrom Pumphouse Bay on the north shore of Lake
Superior. There have been no consumption restrictions, or taste and odour problems reponed with the
treated drinking water. Cottages are located in the old community of Jackfish, on Jackfish Bay. On

,'occasion, the effluent plwnedrifts in tbisdirection,'JnWng nOlltreatedwater unsuitable for consumption.
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'8.10 BeachClosinf;Js

Bacteria levels have periodicallybe~ elevated in the vicinity of the Terrace Bay beach as a result of the mill
, disCharge, but, this condition'has notresuited in beach closingS. There are no other public beaches within

the Jackfish Bay AOC. However, exceed~nces of the fecal and total coliform PWQO haVe occurred as
recently as 1987/88 and the DC recommended guideliries forPseudomimasaemgnosa and Escherichia coli

,were exceeded within M()berly and Jackfish Ba}'S. " '

8.11" ,Degradation of Aesthetics'
. . . ~ .

•'Mill, effluent flow bi:Blackbird' Creek' and:into Jackfish, Bay has deteriorated th~ aesthetic value of the ,entire
S)'Stem. Re-routing th~ ~uent away frOm the highWay duriDg the early 19708 has improved the situation but
concerns are still expressed. Although the area's ,scenic beauty.,shelterep waters and the,wreck of the " '

,Rappahanock represent an attraction fol' boaters and divers, the area receives limited recreatiOnal Use due to
, the mill disCharge and, to a lesser extent, limited 'access.

,8.12 ',Added Cost to Agriculture or Industry ,
. '. . '. .

whenaddltional costS are required,to treat water prior to use fo~agriculturalor industrial purposes, this use
, category is' coQsidered to be impaired. There are no agricultural or industrial activitieswbicll utilize water

from the Jackfish Bay AOC. '

. . . ,..'

8.13 Degradation ofPhytoplankton ~nd Zooplankton Populations

There'are no widespread effects within the AOClIlthough' commuDity structures are likely altei~ in the
imttlediate vicinity of the disCharge. No detailed information 'exists. ' '

8.t4 .·Loss Of Fish and Wildlife Habitat

, FlShhabitat in,Jackflsh Bay bas not been fully described orin~norhas the relationship of various
,habitat types, to fish prodttctionbeenevaluated. However, it is known thatjndustrial PQllq.tan~have, .
destroyed or significantly altered fisheries habitat in Portionsof Jackfish Bay.

Blackbird Creekno longer provides suitable habitat for moSt aquatic 1ife'~d~ay'affect thesurro~ ,
terrestrial habitat The mill discharge into Jackfish Bllyhas degraetec\ bottom sediments, ,fish habitat and

,potential-spawninggrounds. Organic Sludge d~posits cover most.of the natural sediments in Moberly Bay;
'There are no data regarding the possible loss of wildlife habitat, particularly along the Biaclcbird Creek '

System.
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1.0 INTRODUCTION

The International Joint Commission (IJC) was established by caruida and the United States under the
authority of the Boundary Waters Treaty of 1909. 'Responsibilities'of the UC included collecting, analyzing
and disseminating data as VJe11 as making specific,reeoinmendations to the canadian and U.S. governments
regarding water quality problems in the boundary waters... ,..

Since 1973 tb.eWater Quality Board of the International Joint ConmUssion (UC) has identified specific areas,
in the Great Lakes:Basin where serious water quality problems occurred Originally ,referred to as 'Problem·" "
Areas', they were renamed 'Areas of Concein'(AOC) in 1981. The name change r~ected a broader .

, approach based on environmental qualitY considerations of the entire aquatic ecosystem (sediment, biota and
water) rather than }1stwater quality issues. The .UC, in conjmction with the Canadian and U.S. feder~ '.
provincial'and state goverrimentS, has identified 43 Areas Of Concem' (AOCs) in the Great Lakes Basin of '

, ~ch 17 Canadian and Binational,AOCs occur in Ontario. .

An Area ofcConcern is a "geographic area that fails ~ meet the General or Specific'Objectives of the Great
Lakes Water Quality AJreem~nt between Canada and the U.S., where such failure has caused or is lik~y to
cause impairment of beneficial use or of the area's ability to support aquatic life" (Annex 2, Great LaJca'
Water Quality Agnremem of1W8, revised 1987). Fourteen UseimpairinentS are listed in theGLWQA and
'the existence of anyone is sufficient to list an area as an AOC. The, foUrteen impaired use categories are:

(i)
(li)
(iii)
(iv)
(v) ,
(vi)
(vii)
(viii)
(ix)
(x)
(xi)
(xii)
(xiii)
(xiv)

, .

restrictions on fish and ,wildlife populations;
, tainting of fish and wil4life flavour;' '
'degradation offish and wildlife pOpulations;
, fish tumours or other deformities;
,bird'or _at deformities or reproduetjve probleIllS;
degradation of benthos; ,
restrictions on dredging activities;
eutrophication or undesirable algae;
restrictions on driIiking water consumption or' taste and odourprObl~;
beaCh closings; . '
degradation of aesthetics;

'added costs to agriculture or industry;
degradation of phytoplankton and zooplanktOn populations; and
loss of fish and wildlifebabitaL '

... .

The revised Great Lakes water Quality Ag'eemem of1978 calls for the development of Remedial Action
,Plans (RAPs) for all AoCs. 'These RAPs are to take an'ecosystem approach to restoring,and protecting
beneficial uses in AOCs., Through amendments to the Canada-olumio Ag-eement Respecting Great Lakes

,Water QUlllity,effective April I, 1985, Canada and Ontario agreed to identify; assess and report AOCs to the
International Joint,Commission, and to,develop and implement RAPs for each AOC. Jaclcfish Bay was
originally listed as an AOC based oli problems 'related tp con~tionalpollutants, heavy metals, toxic . ,
organics, contaminated sedinients, fish consumption advisories and impacted biota due to industrial point
$Ources(pulp mill)~ in-place pollutants'(contaminated sediments). '

• < • • .'; '. '. •

Moberly Bay,' the western arm of JaCkfisll Bay, receives drairiage frOm' Blackbird Creek which· conveys
, wastewaterdischarg~ from the Kjmberly.:Cark Canada Inc. pulp mill located in .the Town of Terrace Bay

(Figure 1.1). ,The discharge of effluent from the mill to Blackbird Creek has occurred since the mill's
in~ption in 1948. These discharges have resulted in ctisColaured ant,! malodorous water, high bacteria levels,
fish and sediments contiuninated withtoxiceompounds, and areas not capable of suwortingaquatic life.

3



BI" oIackflsh Bay Are:a 'ofConcern

..
N

o I 2k.
, $ ,

I

Figure 1.1
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The initial belief that the creek system could provide~treatment~of"themilldnuentprioi' to its en~into
Lake Superior has proven false. Low flow rates in the creekand the accumulation of solids has prevented
waste8S$iinilation. The dflueiJ.tdischarged thro:iJgh the creeksystem has 'seVerely impacted two lakeS (Lake
~A~'aD4 Moberly Lake. Figure 1;1). as well as Blackbird Creek and Moberly'Bay. Although the quality of
the mill effluent has significandy improyed dueta enhanCed treatmentmethQds, the aquatic ecosystem ofthe
,BlackbirdCreek/Moberly Bay System continues to beiDipaeted. .

This report eomprises;Stage 1 of.tJie Remedi81 Action Plan for Jacktish Bay describing enviroilglental .
CQIlditions and probiems in the Area of Concern.. Speclfic information included within the Stag~, 1 RAP
includes (1) a definition and detailed description of the environmental problem in the AOC.including a

.definition of the beneficial useS that are impaired, the degi'eeof impailmentand the geographical extent of
the impairment; and Cti)a 'definition of the causes of the use impairment, including 'a description of all
known point and nonpointsources of pOllutants involve4'aDd an evalUation of other possible sources.

, .
Stage 2 will ddine the sPecific goals for the AOC and describe the remedial and regulatory,measures. .
selected to. meet thoSe goals. Included in Stage 2 will be an evaluation ofexisting and'altemati~ remedial

, measures; a sChedule forimpl~entation of the reCommended remedial measures; and the identificatipn of
,pe~ agenci~,or organizations resporisiblefor implementation.

Stage3is to be submitted followit1gth~ restoration of hetieficial uses and Willinclude.aptOcess for
evalU.8tingthe implementation'andeffectivm.teSs of remedial measures;' as well asa description of sutvell1ance
and ~onitoring processes tq track theeffeetiwnessof remedi81 measures and the eventualoonfin,nation'of

. the' restoration ofuSes. ' '.' . .
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2.0 DESCRIPTION OF THE STUDY AREA

2.1 LOCATION AND EXTENT
. .' -' .
The Jackfish Bay AOCis located on the north shore of Lake Superior, approximately 2SO km northeast ~

,Thunder Bay. The AOCconsists of the 14 kmreacl1 of Blackbird Creek between the Kimberly-Oark mill,
, and Jackfish Bay including Lake 'A' and Moberly Lake as well asJackfish Bay (Figure 1.1). The Town Of •.
Terrace ,Bay is the cl~tcomm~tyto the Jackfish Bay AOC. It.~ a population ,of .approximately 2,700

, and lies to the west of Jackfish Bay outside of the AOC:. .
. '.'

,Blacltbird Creek carries the wastewater discharge. from Kimberly-Oark Canada Inc. ·The Blackbird.Creek ' '
waterShed drains an area of 62 km2 of roUgh, wooded terram. swamps and. several small lakes. The creek '
rises near the town of Terrace Bay (elevation 274 m) and flows in a south-easterly direction for

..apprOximately 14 km into the northern tip of Moberly Bay (elevation 183' m). The mean natural flow of
Blackbird Creek has been estimated to be 0.7 m3/sec (24 ft:3/sec) (German.and Pugh, 1969). Historically,

.Blackbird Creekpassedctbrough tWo shallow lakes referred·to as Lake 'A' and Moberly Lake. Lake A
originally covered a surface area of 19 ha (47 acres) withdeptJ;1s ranging up to 6.1 In. Moberly Lake was 28

, ha (69 acres) in size with a maximum depth of 6.4 m.LakeAwas bypassed inthee3rJ.y 19805 because wood
fibre hadsQbStantially filled it in. Moberly Lake was O.8m deep .(as of 1982) and has also elperienced '
si~cant in-filling. . . '

~lackbird Creek was not 'visible from publiclands until 1957, when Highway 17 WaS constructed east of
Terrace B~yaD.d a portion of the creek was re-routed alongside the highway. The creek was routed away .
from the highway in 1987. .

Jackfish Baycontains two inner arms, Moberly Bay on the west into which Blackbird.Creek drains and
Tunnel Bay on the east (Figure 1.1). A man-made tunnel connects Jacldish Lake with Tunnel Bay. Jacldish .
Lake receives runoff from a ~alldrainage basin whicl1 ~ds to the north of the lake; The total sUrface
area of Jackfish Bay is 6.4 km2• It measures approximately 45 km in lenith from north to south and

'approximately 3.0 km in width from east to west. There are'several islands and shoals of varying ·siZe within
Jackfish .Bay. The largest islands are Cody Island, whicl1is located mthe extr~e southwes~of Moberly Bay;
Bennett Island, located in southeastern Moberly BaY, and si Patrick Island, whicl1is located near the eastern
shore ofJackfiSh Bay.

2.2 CLIMATIC CONDITIONS

Terrace Bay is located in the Superior Climatic Region, whiCh is the more southerly of two climatic regions
found in the Tetrace Bay District (Ontario Ministry of NawralResources, 1980). It is· cl1araCterized by a

, moderate cliinate with cooler summers and milder winters than the Height of Land.ClliDatic Region whicl1
lies to the north of the AOC. Mean daily. temperatures in the Superior Region are -13.3 "t.in January and
IS·C in July. Mean daily maxima and minima are-7.8·C anct -18.9·C in January and 21.1·Cand to.O·C
inJuly. Recorded mean annual rainfall is 787.4 mm with a mean annual snowfall of 24~.8an. Precipitation

'is relatively lo~ in winter aoo high in summer. Wmter brings cold Polar air ~esresultingindry, clear
weather mucl1 of the time. In sumIIier, VJalli1, humid air masses· from the south alternate. with cool dry air '.

.from the north. , ' ' .

. , - .

The north shore of Lake Superior, in the yic:inity of Jackfish Bay,'begitis to freeze ininid January with a ' '
median ice co\'er (based on the 1972 to 1985 period of record) of ten to siXtY percent ocCurring from Januaiy
12 to 18, from 70 to 90 percent from .January 26 through Marcl11S and becoming.ice free by April 6
(Minister of Supply and Services Canada 1986). Moberly Bay is riot completely ice-coVered in thewiIiter
due, at least in part, to the warm effluent entering via Blackbird Creek. .The exact extent of open water is
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.not mown, bUt, opeD teaches likely extend almost as far as Cody Island befor~ice formation~eS more
stable. . .

.' . -.

·2.3· PHYSIOGRAPHY, GEOMORPHOLOGY and GEOLOGY.
. ." .... .. ..

," . .

The·Jac1diSh.Bay AOC is.a bedrock doininated area ·fo1'D1in& .a··portion of tbenorth Shore of Lake Superior.
The area around JacldisIi,Bay and immediatetyto the north is charaeterizedby ruggee:t.steep hills and wide
riyer'valleys..Drainage ~ predominantly south and southeasterly with eleVations ranging from 3OS'1Jl in the
upper portions of the Blackbird Creek andtbe Jacldish Lake drainage systems to.183 m atLake Superior:.

The area lies within theAbitibi Upland Unit of the James Physiographic Region as defined by Bostock
(1972). This unit is described as'having a broad rolling surface and consisting of cryst3nine Arche~rocksof
the Canadian Shield. ' . . , ,. .. . .

Th~ Canadian Shield,was·glaciated at ieast foUr times during·.the PleistOcene Period which began more thari ..
1 million years ·before present In the study area, glaciation resulted in a glacially eroded bedrock surface

..which controls the.l~topography. Glacial deposits consist mostly of a shallow sandy till ground moraine ,
.Whichoverliestbe lower portions ofbedrock outcrops (Gartrier 1980). A small sandyglacl.al olltwash deposit
.was formed' during the final retreat stages of the WISConsin Glacier atthe head· of Tunnel Bay and around '.
the southern end of JackfishLake. The only otherdeposit in the area consists ofa large glaciolacus~e '
delta which forms the southeast shore of Jackfish Bay and strikes inland toward the northeast (Gartner
198O)~ This saild and gravel deposit was formed Where a glacial meltwater channel drab:ted into,Glacial Lake
Algonqllin which was the precursor to the present Lake Superior. Erosional shore,bluffs of the former
glacial lake occur ate1evations Well above the level of Lake Superior. These bluffs; or terrac;es. are alSo .
CQmmon to the west of Jacldish Bay in the vicinity of the Town of,Terrace Bay. . ,

. The bedrock, geo,ogy'of the northemand western shotes:ot Jaclmsh Bay is dominated by massive crystalline
.. igneous rocks consistin.gof granodiorite to granite (Ontario Geological Survey 1991). These rocks are iate to

middle Archean in age or,approximately 2.S to 3.4 billion yearsold:-They also form the substrate for mQSt
of the streams and lakes which drain into Jacldish Bay. 'The S9utheastemshore of Jac1diShBay consists of

, late· to.middle Archean mafic to intermediate metavolcanic rocks. These highly metamorphO$ed rocks·Were·
·formed from volcanic igneous·rOcks such as basalts,. tuffs and br~as. MinormetasedimeIitary racks
.(metamorphosed sedimentary strata) also occur within this complex (Ontario Geological Survey 1991).

2.4 SOILS

Soils arepredomiIlantly rockland and brumsols. .Rockland.soils occur where there is less than 10·an of till
overlying bedrock and expOsed bedrock (Ontario InStitute of Pedology 1981). hess of till thicker than .
10 all consist of Orthic EutricBrunisols iQ. middle and upper elevations and GleyectEutric BrunisolS to
Orthic Humic Gleysols on lower slopes; The till soils are sandy and are not particularly fertile due to low
nutrient·content (primarilynoncalcareous) and high stone content ' '

. .

Wet depressionS and extremely poOrly drained areas consist of organic soils including Terrie (shallo~)and

Typic ·(deeper than 120 an)H~ls or Mesisols depending ontlle degree of humification•.. Soils which
ha~ formed on the sandy outwaSh at the head of Tunnel &yarepredominantly Orthic H~c Gle~ls in,
imperfectly drained areas~ Orthic EutricBrwiisols on better drained positions. Soils developed on sand
and gravel gla~olacustrine' deposits near Terrace Bay and on southeast shore of Jackfish Bay are
predominantly EluViated EutricBrunisols. . . ,
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2.5· TERRESTRIAL VEGETATION

The Jacldish BayAOC lies Within the Superior forest Section of the Boreal Forest Region (Rowe 1972)~

Forests are variable due to seVere, climatic conditions and rugged terrain characteristic of theatea (Ontario
Ministry of NatilralResOurces 1980). They range from mixed tree species with abundant shrub undergrowth,.
to single species coDiferstands (Rowe 1972). . .

ForeSts of white spruce (Picea gauca), baISam fir (Abies balsamea), white biicli (Betula paWiJw) and
trembling aspen (Popllus tremuloides) are foutldin valleysdup-acterized by deep; medium textuted 'soilS .
(Rowe 1972). The same species, but with birch more prominent and some blackspiUce (Picea mizTiantI), is
foutld ,on the thin till slopes and tops oflow hills (Rowe 1972). Jack pine· (Pinus banksiana,), white bircb and .. ..
poor quality black spruce, are characteris.tic of higher rocky e1e~tions arid coarser valley soils (Rowe 1972).
Lowland areas support high quality stands of. black spruce along with tamarack (Larixlmicina) .. and eastern
white cedar'(1'hUja occidentlllis).. Forests in the District of Terrace Bay have been repeatedly burned,
resulting in an abundance of trembling aspen, white birch and ja'* pin~ The rough topography and variable
soils, in combination with this bUl'lling, results in srnaIlstands and a patchy appearanCe (Rowe 1972).·'

2.6 LAND USE

Land use in the vicinity of JacldishBay is limited, for the most part,. to the pulp mill and the· col1}Dluniiyof
Terrace Bay. Several minihg coMpanies ha~ operated inland witbinthe ,Jacldish Bay watershed, but likely
have had little impa~ The Empress Mine was located approximately 9.6 Ian east ofTerrace Bay and
produced gold between 1885 and 1900, and again in 1936. The Ursa Mine was located, 4.8 Ian north of the
Empress and it too prOduced gold until the early 19005 (Ontario ~try of Natural Resources 1980).

The Township ofTe~aceBay Was established in the late 19405· in response to the developing pulp"andpaper
industry. The pulp millis still the main industry atldsource .of revenue in the area. ,.

The watershtdof the AOC consists mostly of second growth forest.· The only developed areas ipc1ude the .
. Highway 17 corridor and cottages at the fonner townsite of Jacldishon the east side of Jacldish Bay (Figtite
1.1). The cottages are accessed by gravel road from the ,highway. There are no commercial or indUstrial
de~lopments along Highway 17 in this area; ,

.. There are three waste dispOSal sites iD. the general' area, however, two are outside of the AOCwatershed.
The Townof Terrace Bay shares a municipal 1311dfillwiththeTown ofScbreibei'. This landfill is located
about 7 Ian west of Terrace Bay. Kimberly-Oark Canada Inc. utilizes an industrial landfill located aboutone
Ian north of the mill. The, only landfill within theJac1dish Bay AOC is a smaIl site operated by the Ontario
Ministry of Natural Resources. It is located twokm eastof the cottage area ~t )acldish and receiVes only
domestic waste from the cottages. ThiS site does not pose any cOntamination prabl,ems for the Jacldish· Bay
AOC.· " '

2.7 RECREATION

One of the earliest commercial recreation 'centres was devel6ped in the late 1.800s atthe fonner village of.
Jacldish (Figure 1.1). A hotel was constructed and the tourist trade vias ahnost ~taIlydependenton sport
fishing. Consequently, when the lake trout populations declined in the 19405 and 1950s, tourism suffered
heavily. '

~ecreational activity in Jac1dish'Bay has generaIlybeen light due to limited access and the depressed sport .
fishery: A number of pioneer homes in the historical town site of Jac1dish ha¥e been converted into suimner
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'cottages, the only ones located in JackfishBay. Cottage owners repreSent the largest user-groupf'or "
recreational activity iIi the bay. Jackfish Bay has noteworthy aesthetic value, with its rugged shoreline and
archaeological and historic3J.sites. '

2.8 WILDLIFE ., - '.

Wtldine found: in the Ministry of Natural Reso~ces'·Terrace Bay AdministrativeDistri~includespecies well
adapted to thebarsh climatic collditions found,.there. ~n species include: moose, deer,timber wolf, .
fox. lynx, black bear, mink, .fisher~ 'martin, muskrat, beaver, porcupine, skunk; snowshoe hare and red '
squirrel. Shrew, mice and vole populations are also' found in'the Distriet, as well as a variety of upland g-ame
birdsahtfsongbirds (Ontario Ministry ofNaturalResourees 1980).' ,

. . . ." . .

Although located within the Boreal Forest Region, Sub-arCtic conditions exist in exposed locations along the .
Shoreline asa reSult of the influence of Lake SUperiOl:. Herds of woodland caribou..eJlist on the Slate. Islands,

.on Pic'Islandand inNeys Provitlcial Parlt.The Slate Islands have been designated as a natural environment,
park; and have proven popular. to tourists and naturalists due to their unique fauna.

.Several animal species living in the region are consideredrare,threatened or endangered. They include'the,
eastemcougar (many unconlirmedsightings), greatblue heron, bald eagle, peregrine falcon, golden eagle,
'osprey, as well as a variety ofsongmrds (Ontario Mi,nistry ~f Natural Resources 1980).. The eastern coUgar,
peregrinefaleon,bald ew.e and golden eagle are protected under the ontiuio EndJmgeredSpeciesACt
(Ontario Ministry of Natural Resources 1991). In addition,·theeastern cougar and peregrine falcon are .
liSted by the -Committee on the Status of Endangered Wtldllfe. in Canada as end8ngered (Burnett etal. 1989).

The Ontario Ministry of Natural ResourceS has developed wildlife'management plans with the'~road .
objective "toproVidestistained optiMum cultural, .social and economic.benefits to the .people of Ontario"
(Ontario Ministry of Natural Resources, 1980). The animals Which receive the most management attention
due to their impOrtance. to hurtting include the moose, white~tailed deer and black bear. '

2.9 AGRICULTURE'

There are currently no agricultural activities in the vicii1ity of the Jackfish Bay AOC.1bere is also,very little
,potential for agricu1turaI developmelit anywhere in the Terrace Bay AdmiIiistrative,District (Ontario Ministry·
. of Natural Resources 1980). Thin, stony soils. with low fertility,ruggec;lterrain and cool climatic conditions
are the primary limiting factors. . ,

2.10 WATER USES

2.10.1 Water'Supply

PrOcesS water for the pulp~ and &>mestic water for the Town of Terrace Bay is obtained from a common
intake locaied in open Lake Superior,. approximately to' Ian west of-JackfishBay.(Figure tt). A 90 em trunk .
inain, extending from'the pumphouse·to the pulp mill, provides a 30 an feeder line to Terrace Bay's
(fistribution system. The combined water intake increasedfroItJ, '104200 m3/ day,'before'themill'ellpansion

.(between 197.5 and 1978), to approximately 143,850 m3/day following the.ellpansion of the mill. The
pumphouse has the potential to supply 156,960 m3/dayfrom any twoof.three_pumps. Although less than 2,

.perCent of the total supply· is used, for domesticp~, all of the· water is chlorinated. Hays Lake, loCated
'northwestcifthe Town, of Terrace Bay, provides an alternate water supply. "
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2.10.2 Wastewater Discharges
. : . .' .

ProceSs water from the Kinlberly-Oark Canada Inc. pulp mill is' discharged into Blackbird Creek which floy.'S
over a distance of 14 km to Moberly Bay in JackfiSh Bay. During 1990 the average .effluent flow from the
mill was 94,000 m3/day.The effluent treatment &}'Stem and effluent quality are discussed in detail in
section 4. This rePresents the only'point soUrce dischaigewithin ·the Jackfish Bay AOC.

Municipal wastes from the Town ofTel"I'ace Bay are treatee:l by two s}'Stems.. Domestic sewage from one
subdivision' is treated by a small extended aeration facility and polished. through. an exfiltration lagoon, while
sewage from the remainder of the community is passed.through two septic tanks followed by an exfiltration .
lagoon. BOth 'lagoons lie ad,iilcent to Lake Superior, immediately south of the tOwnsite and removed from
Jackfish Bay. Their is no direct discharge from the lagoons (Ontario Ministry of the Envirorime~t 1991a).

2.10.3 Fish Habitat

Water depth in JackfishBaygenerally·increases abrupdy from the rugged shorelines to 4epthsof 10 to. SO m.
Littoral areas are limited in extent, fonriing extremely-narrow bands along the shoreline. As a.result
wetlands are riot present in JackfishBay~Nearshorefish spawning and nursery habitat is restrieted to .
isolated pOckets, primarily located in Tunnel Bay, to the west of Cody ~mid around Bennett Island.

Although the triaximum water depth in Jackfish Bay is approximately SO m, the maxim~ depth in Moberly
Bay is only 20: m' (Figure 2.1). The bed of JackfishBay slopes more steeply along its western.shore with
maximUm depths oCcurring weSt of St. Patrick Island. .

JaCkfish Lake isconneetedto the northern tip of Tunnel Bay bya channel approximately 15 m in length. '.
The lake, which is 127 ha in area and has a mean depth of 6.2 Dl; provides spawning and ~ursery habitat for
.a number of resident watnlwater species in addition to migrants from Jackfish Bay. Jackfish Bay species
which spawn inJackfish Lake or its tributaries include walleye (StizostedJon vitTeum), northern pike (Esox .
lucius), rainbow trout (Oncomynclws m)idss),'pink salmon«(}. pbuschil) arid suckers (Catostomus sp.).-..

.. . .',

Goodier (1981, 1982) documentedhi$torical spawning areas (i.e., prior t0195S) for the maprcommercial
'. specieS in the Jackfish Bay_~ea .. Mapr lake trout (Salvelinus nanta)Cush) spawning grounds were located in ­

Moberly Bay and along the shore of Lake Superior adjacent to JackfishBay (Figure 2.2). Lake Whitefish
(Coregonus dUFajJrmis) spawning grounds were identified along Lake Superior's shore immediately east

. and west of·Jackfish Bay (Figure 2.3). The q:uaIity ahd use of these. shoals has not been assessed. '.

Blackbird Creek was not~ as a brook trout. (Salvelinus pntinalis). stream prior to the start-up of the mill iD' .
.1948. As there are no natural barriers restricting movement of fish between the creek'mouth and·
Highway17 (14-km),it may be 'presumed that Lake A and Moberly.Lake formerly provided seasonal habitat
.for a number of fish species resident in Blackbird Creek. '. .

·2.10.4 Commercial Fishing

Commerci~fishermen first settled in Jackfish Bayduring the 18705 and the commerQial fishery industry was ..
well established bythemid-U~80S; Jackfish Bay was noted as'an exceI1ent port, however, fishing wasne~r .
extensive iD. .the area as the adjaceD.t" shoreline was' nigged and storms co~d be severe. The fishery was
characterized asa rowboat fishery with an annual ~teh of approximately 14,soo kg of lake troutand6~OOO kg
of whitefish between 1895 and 1898 (Goocfi.er 1982). Commercial fishing activity peaked during the early
1900s,when approximately; 40 f8milies were permanent residents of the former Town ·of JacldiSh (Figure.l.l).
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Figure 2.1

. Water depth (metres) in Jackfish Bay (based on sonar s'urvey of
. .McQuest Marine Research Ltd., conducted October 19-30, 1987)

(Sherman 1991)•.
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Spawning grounds· for lake. trout (Salvelinus namaycush) at
. JackfishBay (Goodier 19Q1). .. .
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Figure 2.3

Spawning grounds of lake whitefish (Coregonus Clupeaformis)
Mi.chipicoten Island to" Schreiber (Goodier 1982).,
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The Canadian Pacific Railway conwrted Jackfish intO a two .industry town in 1884. -Jaclcfish, due to its deep,
shdteredharbOtir, became a transhipmeilt point for PennsylVllDia coal bOundJorCPR's divisional points of .'
Chapleau and Cartier. The. town cOntinued to proSper until the late 1940s and 19505 when the CPR' ~
conwrted from coal "to diesel. Concurrently, sea lamprey predation and heaVy eJeploitation"depleted"fisheries .
stocks in Lake Superior. "

. L3:kewide estimates of totalbarwst are available for.the mapr commercial fish species dating back to the
. late 1800s (Lawrie and Rahrer 1973, Lawrie 1978). Prior to 1948, catch locations were not site specific and

the commercial industry was largely unregulated. In 1948 the establishment of mandatory commercial fish
harvest-rePorting according to ~efinedmanagement zones vastlyimprowd cOmmercial harvest statistics..
Zone quotas for lake trout were first established in 1962, followed by zone quotas for allmapr commercial
species by the mid 19705•. Individual quota management for all species was fin8Iized in 1984. QuotaSare
currently set at levels designed to maintain or restore stocks while IIUDCimizing harwstCanadian waters of
Lake Superior are divided into 34 manageri1ent ZOnes. The JackfiSh Bay AOC is in Zone 18 (Figure 2.4)
whiOO extends" offshore into Lake"Superior beyond the Slate Islands. Tv-o commercial fishing operations are'.,
Currently licensed. ." .

The tbtal COmmercial harvest in 1985 amounted to 5,082 kg (Table 2.1) whiOOwasvalued at $5,71:1. "Lake
trout, lake 'whitefish, OOub (CoregoTUlS sp.) and lake herring (CoregoTUlS Qnedii) haVe remained the foUr prime

-commercial species, although the order of dominance has varied since commercial'fishing commenced in
Zone 18. Prior to the arrival olsea lamprey in Lake SuPerior (early 19505), lake trout was the mapr
commercial species in the JackfishBay area. During the period fr~m 1951 to 1953, the average annual
commercial catch from Zone 18 was 56,000 kg, of which52,SOO kg were lake.troutIn compariso~ the lake
trout commercial catch during the period 1980 through 1985 in this zone ranged between 771·~d 2;307 kg .
(Table 2.1). . ' .

Table 2.1 . Lak~ Superior Management Zone 18 commercial catclt (round weight in kilograms)
(OMNR Data Fdes). .

~ .

Species 1980 1981 1982 1983 1984 1985 1986
: Quota

L: trout 1,021 nl 2,307 2,013 883 1,307 ' 1;350

L. Whitefish .815 2,141 . 9,149 - 5,450 540 - . 450 4,300

L. herring' 35 . 232 ". 180 . 498 59 . 1,167 185

Chubs. 9,373 . 6,486 152 "" 3,204 361 1,992 10,375

Yellow perCh. 0 0 0 0 0 0 0
.'

Menominee. 0 1 10 70 9 0 unlimited

Smelt 0 0 0 0 0 0 unlimited

Mullet 374 390 630 -371 182 161 unlimited
~

Other 200 143- 363 252 112 ' 5 155

Total
."

11,818 10,164 12,791 .11,858 '2,146 5,082 163,365

. Two commercial fishing licences:
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Exploitation and the introduction of exotics had the greatest effect on Lake Superior's commercial fisheries
prior to 1960; culturaleutrophieation was not considered a mapr faetrir in the changing fisheries

.communities in this lake (Loftus and Regier ·1972). Lake troutharwsts in the JaCktish Bay area remained
relatively stable prior to the sea lamprey iIlvasion in the early 1~508.. Howe\'er. commercial.fishingin
Jacldish Bay was termiilated in 1948 when Kin1berly-Qark began discharging wastewaterinto Moberly Bay.
Jac1dish Bay remained a fishit)g port until the early 196Os, atwhich time.commercial fishing in Zonel8.was
.greatly reduced. The. current fishery is predominantly an offshore fishery. as nearshore lake trout stocks have
not· reco\'ered to substantial levels.

The Slate Islands nati\'e lake trout stock is one of the-few stocks of 'lean' trout that has persisted in Lake
Superior. It is one of two·lake trout stocks identified in Ontario as soureesfor Lake Superior hatchery
broodstocks. In 1969 the Ontario Ministry of Natural Resoureesimposeda one mile closure to commercial
fishing surrounding the Slate Islands. These islands lie approximately 14 Ian south of Jacldish Bay. Lake
trout stocking in Zone 18 was intermittent prior to 1983. totalling 50,292 yearlingS/fingertmgsfrom 1970 to

: 1982..'Stocking rates, hOwe\'er. averaged 55.000 fish per year from 1983to.1987.Zone 18.has been assigned
. "first priority for stocking" underthealispices of the I 986 Lake Trout Rehabilitation Plan for Lake SupeJ,ior.

'. Accordingly, stocking will continue iJ,t the present rate for a minimum of five years. Lake trout, the only
specic;s stocked in Zone 18, have never been introduced direct1yinto Jackfish Bay.

2.10.5 Sport Fishing
'. .

sport fishing in Jac1dishBay declined dramaticallyd~ the 19508 andh3$ remained depr~ed under .
CUlTent conditions. Lake trout spawning shoals apPear to have been adversely affected· by organicmateriaf in
the discharge from the Kin1berly-dark.mill. Electrofishing 'SUfve}'S fo~ .few species and' low numbers.of
fish hi Moberly Bay as well as increasing nunibers and species diversity with increasing distance from the mill

..outfall. .

Most recreati~nal fishiJlg Occurs offShore around the Slate Islands.. Lake trout are the most abundant fish
c taken in the oPen lake while there is alifuited ne~re fishery for rainbow trout and brOok trout

. .

Rehabilitation measures, ~ the fonD ofhatehery introductions and sea lampr¢y control. maybave resulted in
substantial increaSes in sport fishing activities during the late 19708 and'the 19808 in many inshore areas of .

, Lake Superior. Degraded·water~ sediriient·and benthic fauna and, perhaps. low stocking rates·m areas
adjacent to Jackfish Bay have prevented a similar trend in the AOC. Reliable eStimates of sport fishharwst
are not available forJackfishBay.Prior to the 19508. angling was popular and Jackfish was the site of an
annual fishing derby.

2.10.6 Recreation'

.The JaCkflsh BayApc is an attracti\'e lOCation for recreational use. ·However. Lake Superior's inherent cold
water conditions, poor aestheticsre1ated to the effluent from Blackbird Creek, and lifuited access restrict
traditional wateractivities.' .

..Water based recreational activities are restricted to minor sport fishing' (Section 2.10.5) and ~ba diving by
local residents.. The wreck of the Rappahannock, a 94 m bulk freighter which sank in 1911. in Tunnel Bay,. is'
a popular loeal dive site. The only public beach in the area is the Terrace Bay Beach on the north shore of
~e Superior. It is loeatednear the town about 10 Ian west of Jackfish Bay.. There are no beaches within

.JackfishBayand there is no information. on the use of the bay by loealcottagers..
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There are no bOat launch sites located onJackfish Bay. 'SInaU craft can access 'Lake Superior at the
Asuasabon River west ofJacldiSh Bay and through JackflshLake. The CPR tunnel in the channel between
Jackfisb Lake and Tunnel Bay restricts the size ofwatereraft that can ti'avelbe~en the twQ water bodies.
The launch sites offer the most direct access to the Slate Islands Provincial Park and the offshore lake trout
fishery-.
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3.0 ENVIRONMENTAL CONDITIONS

3.1 WATER QUALITY '

, Various agencies have developed water quality objectives based on differ~tfactors. Examples are the
Provincial Water, Quality Objectives (pWQos) and the Great Lakes Water Quality Agreement' (GLWQA)
Specific Objectives. The PWQOswere designed for wthe protection of aquatic life and recreatio~inandon

, the wa~e~ (Ontario Ministry of the EnvirOD1I1ent 1984) ~e th~ GLWQA Specific Objecti'leSare ,~ased on
available information, on cause/effect relationships between:pollutants and receptors to protect the mOst
sensitive use in all watersw(InternationalJoint_ Commission 1987).' ,

The following water quality summary for JackfishBay is based primarily on data collected, by the Ontario
Ministry ofthe Environment in 1970 (OMOE 1972), in 1981 (Kirby 1986) and in 1987/88 (Sherman 1991). '
'The sample locations for each survey areprovided inFJ.gUl"es 3;1,3.2 and 3.3, Many of the sample locations

• are comparable for all ~ee survey$, particularly the 1981 and 1987/88 ~urvey$which utilized the same
,nuDlbering sy$tem., Generauy the density'of sampling in Jackfish Bay and Lake Superior was highest during
'the 1981 survey$ (Figure 3.2) and the density of sampling in Moberly and Tunnel Bay$ was highest in the '
1981/88 surieys (800 series locations, Figure 3.2). The 1970 survey coQSisted otone sample' collected at each '
station during the month of August. The 1981 sUrveys,included 20r3 samples collected on consecutiveday$
in each of J~e and September. The discusSion ofresults for thissutveyareconfinecI to the June samples as

-, the mill,was clpsed for maintenan~prior to the September survey$ and, hence,these survey$8re not
considered. representative (Kirby 1986). The 1987 sUrvey$consisted of between 2 and 6 consecutive day , ,
samples (most stations were sampled 3 times) dmblg July and August and the 1988 surVeyS consisted of
between 2 and 4 consecutive day samples (most sampled twice) during July. Although data from each of the '
s~y$ are provided in the text and in tables, the complete dataset for each is provided in Appendix 3.1.

, '

Data from thesesurvey$ are discussed by parameter and then,compared to d1e PWQO and GLWQA
Objectives as a means of asse5singwaterquality in the area. Changes in Water quality over the years is alsodiscussed: ' - ,"

, ,

,3.1.1' Currents and Plume Characteristics

1019.87, Gore and Storrie setup. the Rand ModeI'to mimic the warm bu()yant efflue~t discharged by
Kimberly-Oatk Canada Inc. into Jackfish Bay (Gore and Storrie 1990)., The model reprOduced the
hydrodynamic flow field from July 11 to August 28 and indicated thateutrents generally'move into Jackfish
Bay from the east and exit tb-e bay out of,its western edge. ,'The model predicted that the effluent plume
from Blackbird Creek would flow south\\'ard through Moberly Bayfollowing the western edge pf Jackfisll
Bay. These results are 'consistent with an earlier study (Beak Cons~tants 1977) which determined that-water
circulation is in a counter-clockwise pattern, with open lake Water moving noi1hwaid into Jacldish Bay along

, the ,eastern side of St. Patrick Island and the mill effluent being generally confined to the western side of the
Bay. ' , ' , ,

Results from current measurements carried out for Jackfish Bay during the summer of 1984 (Beak ,
COnsultants 1984) indicated that Wind direction during the stUdy periadwas moSt commonly in the NW
throUgh SW (315· - 22S.) and the SEthrough SW (135· - 22S.) sectors (Table 3.1). These directions
generally align With the longitudinal axis of Moberly Bay and Jackfish Bay; the highest current and wind
speed directions were observed'to also haVe these vectors (Beak Corisultants'1984). These results suggest
that wind has a great impactoD. local surface currents. Average curreiltspeed during the study period was

, only 2.0 em/sec compared to the typical Great Lakes average of 8 .. 10 em/sec. Results from drogue
tracking indicated that the surface current speed, ranged from 1.5 to about 3.0 em/sec to 'the, northwest. ,
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During ice free cOnditions. the Blackbird Creek discharge flocidsthe surface of Moberly Bay _(Sherman 1991). -.
The discharge generally travels south along the western shore of Moberly Bay to Cape Vieti>ria. a distance of ­
fi\'e Ian. Variable wind direction aDd speed can alter the shape~. extent-of the surface plume. 1 Drogue
tracking studies Conducted during July aDd September Of 1987 revealed a ptedominant southward direction in
Moberly aDdJackfisb Bays although occasional eastward and northeast tracks toward Tunnel Bay were
observed (Sherman 1991).

The strong thermal stratification or -laYering of the plume ~ver the colder waters of Moberly and Jackfish
Bays. results in poor effluent plume disPersion. The shape of the plume aDd the rateofits dilution by water ­
in Jackfish Bay on tv.o different 'days in eachOf' JUly 1987 aDd July 1988 are illuStrated in Figure 3.4; This
figure is -based on direct cOnductiVity measurements·aDd shows the rate of dilution of the plume in terms of
the rate of conductiVity decrease. The Blackbird Creek discharge is diluted to le.ss than 25:1 wittiinmostof
Moberly Bay aDd dilution to lesS than 100:1 often does not-occur-until the plume ~"beyond Cape· -
Victoria.· "

-Theeffiuent plwne results _in -a gtadientof warm, turbid. brown-coioured surface water having a much higher
.dissolved solid concentration extending from the mouth of the Creek into JackfishBay. As a result. water
quality in Jackfish IJ_ayis distinctly different than typical Lake Superior embaymeIits. .

3.1.2 Conventional Water·Quality"Parameters

Conventional Water quality parameters include water colour. turbidity. temperature. dissolved oxygen aDd
biological oxygen demand. nutrients. maj>r ions aDd bacteria. - .. -

3.t.2.1Water Colour and Aesthetics

"•Colour may be detrimental"in that it interferes.with the passage of light. thereby impeding"the.photosynthesis
of aquatic plants. .Guidelines suggest that no undue increase in -the rolour of natural waters be -allowed
through waste disposal or other actiVities (McNeely et al. 1979). Organic and inorganic materials contribute
to the colour ofwater. Apparent Hazen Colour Units (HCU) are influenced by suspended IilatteraDdby­
dissolved constituents. There ar~noProVinaal Water Quality Guidelines for colour in ambient waters..

Col~ur- (HCU) .was measured at one station in Blackbird Creek as Well as stations in Mobe~ly Bay (10 _
staticins)~ Jackfish Bay (11 stations) and Tunnel Bay (1 station) during August 1970 (OMOE 1972). The.
station: locations are Shown in-Figure 3.1. Blackbird Creek had a colour yalueof 1,375 HCU. Samples frOID

-Moberly Bay were >2.500 HCU at the outletof Blackbird Creek (Station-I) decreasing rapidly to <10 HCU·
at the northem end of Jackfish Bay (Statlonsl2. 13 and 14). StatiOilsin southeril Jackfish Bay (StationS 20.
21 and 22) and in Tunnel Bay. (Station 19) had an HCU value of<S.The median and range of colour
-values for all stations sampled in 1970 were 105 and 2 to 2.500 HCU, respectively (Kirby 1986). These latter
statio~ represent close to background conditions as they are outside the main. plwne (Figure 3.4) and,.
hence. re~ a pattern of strong colour change due to effluent from the KiInberly-Qark mill. -

. . - . '.' . .

Colour was also measured during the June and September 1981 surveys {Kirby 1986). Statiomsampled
during 1981 includedmostof stations sampled in 1970 aswel1 as additional stations. particularly outsi~e of. _

-Jackfish Bay in Lake Superior (Figure 3.2). In compadsonto th¢ same stations sampled in 1970•.the June
1981 survey indicated little or no improvement in colour..Although"the upper range of colour yalues was l~
than half that Of 1970 -921.3 as compared to 2.500 HCU in 1970 - the median Wlue was alm,ost seven times
higher - 72.2 as compared to 105 HCU (Kirby 1986). The 1981 median was found to be significantly
(p <O.OS) higher1han the 1970 median value. -
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Table3.1. JacldiSh·BaymeasUred wind speed and direction, Summer 1984 (lEe Beak, 1984).

...

. Date Time Average Wind r. Prevailing'
Speed Direction·

JUne 1 18:00-24:00 U.5 ISO"
, .

June 2 24-06 14.3
'.

'ISO"

06 -12 22.3 135"

12 -18 .. 6.0 160"

iSOO
,

18- 24 4.8
. June 3 24-06 5.5 ISO"

06 -12 7.8 ISO"

12~ 18 62 ISO"

18.; 24
' .. 9.0 ISO" - 330"

June 4 24-06 ·9.1 330.".

.. - 06-12 6.7 330" - ISO"

. ,12 - 18 6.5 160"
'.

18 - 24 5.6 . VAR

June 5' . 24"06 6.5 VAR

06 -12 13.5 VAR -140"

12 -18' 12.0 140"

18 - 24 3.5 160"

Jurie6 .. 24-06 42 VAR

06 ~ 12 8.7 VAR
I ,

12-18 4.8 VAR

18 - 24 11.7 VAR-135"
"

June 7 24-06 , , 16.5 1~"

06 -12
"

.16.3' ISO·

12., 18 11.5 180"

. 18-24 6.8 " VAR

June 8 24-06 21.5 140" ,

06-12 " 212 160- -240"

12 -18 152 24(). '- 330'"

18- 24 14.0 260"

June 9 24-06 '. 7.7 360~ ,. ISO"

.... 06,,:, 12 13.7 ISO" -040"

.12 -18 20.3 040"

18-24 282 03O~
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Table 3.1, (Cont'd)
"

Date Time Average'Wind Prevailing :

Speed Direction

June 10
"

24- 06 23.7 010° .'

June 22· 12 - 18 4.5 150°
"

18 - 24 8 135°

June 23 24- 06 7.2 150°

, 06 - 12 12.7 130°

12 - 18 12.2 135°
"

18- 24 8.2 165°
..

June 24 24,; 06 5.3 165°

06 - 12' 19.8 300°

12 - 18 26.3 ,315°

18- 24 16.2 320°

June 25 24- 06 7~2 320°
' ,

06 - 12 12.3 350°- 210<?

12 - 18 22.8 210°,

,c 18 - 24 ',10.3 " 180°

June 26 24~,06 9.5
"

120°

06 - 12 , 12:2 1300 "

,

12-18 9.2 . 170" ,

18 - 24 3.7 VAR

August 3 12 - 18, 12.0 180°
, ,

, 18 -' 24 7.7 180°

August 4
"

24 - 06 4.0 180°

06 - 12 6,3 190°. ;.

12 - 18 9.7 180°

18 - 24 3.0 ,195°

August 5 24 ~ 06 3.8
"

210°
,

06 - 12 3.8 240°
c

,12 - 18 11.0 180°

Station Dismantled August 2cJh
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Tlieresults of.the colour measurements from the 1988 suneys are shown in Ftgure3.5. The results are
comparable to that of the 1981 suneys in which th~upper range of values approacbed1,200 HCU. The
cOlour value decreased gradually to between 50 and 10 near the southern portion of Moberly Bay and to
background levels at the edge of the plume (1 HCU)· and in southeast Jackfish Bay (Figure 3.5)~

In additi~n to measurements of colour, the .1970 studies (OMOE 1972) also noted that degradation in the
aesthetic quality due to odour, floating foam and the dark brown colour of Blackbird Creek and Moberly Bay
Vias. "perhaps the most serious impairment in terms of its effect on other water uses"..-.The report also
indiCated that the offensi~ odour and-objectionable appearance due to foam and. tbeColour of Blackbird
Creek have degraded the aesthetic valtJe of.thesurroundiDg area as-Mis evident from the numerous .
complaints by passing motorists" (OMOE 1972). Subsequent to these studies, KimberlTOark.instaIled
cul~rts and landscaped the Highway #17 crosSing of Blackbird Creek 10 alleviate the aesthetic impairment

_It was the conclusion Of the OMOE _(1.972) -report, howe~r, that additional wOrk was required. .
. .

Substantial impro~ents were made in ttte Kimberly-CIark mill effluent treatment system subsequent to the
1981-suneys. -Howe~r, -degradation due to.coIourhad not impro~ as of July of 1988.

3.1.2.2 Turbidity

Turbidity is a measure of the suspended particles such as silt, clay, organic matter, plarikton and microscopic
organisms in water 'which are usually held in suspension by turbUlent flow (McNeely 1979). The Ontario .

.ProVincial Water Quality ()bjecti~ (PWOO) for ambient water turbidity requires <10 percentSeccbidepth
decrease (OMOE 1984). ... . .

Turbidity is a useful characteristic for. assessh.g water quality in areas -receiving industrial wastewaters. such as .
those from pulp mills. ReceiW1gWaterSmayha~ reduced clarity due to the presence of suspended
materials Such a:S organic matter from the effluent ·Water clarity affects the -ability of aquatic life such-as
algae to thri~ in the receiving _waters, .and may be cieterminedby taking secclJi disc readings in the field or
by labOratory measurements of optiCal interferences to the transmission of light (JTU - Jackson Turbidity
UDits or FfU ~ FotmaZinturbidity Units)...S«cbi disc values are obtained by determining at what depth
the black and white secclJi~ is rio longer visible from abo~. Although measur~ents ofJTU and FTU
are generally' similar their values can not be directly compared to seccbi disc. In general,seccbi disc depths

. should decrease.as FTU/JTU measurements increase.· - . -

The. results ofthe1970 in~tigation (OMOE 1972) buncated thatbighest turbidity occurred in Blackbird
. Creek and in Moberly Bay adjacent to tbeoutfall (Station I, Figure 3.1 and Appendix 3.1). These were
found to have turbidity values of >150 JTU. The remainder of the samples within Moberly Baywere in· the

.". rang.e of 25. to 4;9 JTU,The Tunnel Bay sample (Station 19) was 1.3 JTU which corresponded .
approximately to the values observed at stations in SouthernJackfish Bay (1.5 to 2.5 JTU).

The June 1981 median turbidity for all samples collected in Moberly, Jackfishand Tunnel Bays (Stations 701­
m,-Figure 3.2) was 0.6 FTU with" a range of 0.15 to -3.4FTU "(Kirby 1986). The data for each stationwete
not provided by Kirby (1986).

The results of the 1987 and 1988 SuMys reveated much higher turbidity values in Moberly Bay than found in . .
1970 or implied by the ranges reported for 198L Turbidity values from 1987/88 ranged from 0.20 to 460
FTu. The Moberly Bay stations recorded mean-values between 0.52.and 27.30 FTU(one high ~ean of

..
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154.00 FlU was rec:otdedat Station 811) in July and August of 1987 and between 0.63 and2S.00 FlU in
July of 1988. The highest mean values were observed at ,the stationslocated closest to the mouth of

, Blackbird Creek (Stations 701. 702. 803. andS05-810. FJgUI'e 3.3). In comparisOn. stations in TUnnel and
Jackfish Bays had mean values of between O.2Sand 1.80 dWing all three sampling periods which are
c::omp~able to the'~ues found during the 1970 survey. . .

The.l9S7/88 survey included' an investigation of water clarity as determiIied frOm secchi disc lneasurements .
(Sherman 1991).Seccbi disc readings iridicilted that water clarity was poor within both the plume and
Moberly Bay with depths rangingbe~ 0.1 and 2.s Jq. Outside the plume..in Jackfi$b Bay and Tunnel.
Bay. clarity was good with values of 3.0 to 8.0 m. Poor claritywi~ Moberly Bay was due to a combination .
of high dissolved colour (Section 3.12.1) 'aridhigh suspended solidsresultiilg from the Blackbird Creek
discllarge. Spatial trends.in suspended Solids concentrations ~re.similar.to those of colour with the highest
concentrations near 8lackbird Creek at Stations '701.803 and 806 (greater than 30 mglL) and declined to .
background levels of less than 1 mg/L(Figure3.6). .

"\ .. : ": ,"

The PWQOfor turbidity was exceeded within the plume. including all of Moberly Bay. during th~ 1987 and
1988 surveys ~use theseccbi disc depth measurements 'Nere reduced by more than 10 percent as
compared to bacqround conditionS outside the plume.. In addition. there does not appear to be any .
improvement in turbidity within areas of t)le AOC affected by the effl~ent pl~ between 1970 and-1988..

3.1.2~3 Dissolved .Oxygen, BODs and Temperature
'.' .: .

DissOlved oxygen levels are an important characteristic of water•. as they detemline the ability of fish aDd .
other oxygen-~equiringaquaticlife to survive. Low oxygen levels cari have an adverse affect.on biota which is
compounded when water temperatures are high. DiSsolved oxygen levels in receiving waters maybe reduced
due to oxygen demanding materials which 'are measured in effluent as Biological Oxygen Demand - 5 day
(BODS> and Chemical Oxygen bemand(COD). 'The PWQO require aperceiltsaturation of between 54;
and 57 percent for water temperatures normally foUnd in Lake SuPerior and its einbayments. This is also
expressed as·a concentration of 02.of greater tJian5 mg/Lfor the proteetionofcold water biota (OMOE

.1984>'. '. .

Dissolved oXygen Was measured as percent sat1,Jrationduring thel970 survey. Although the percent
saturation increased with distance from the mouth of Blackbird Creek. all stations were within the PWQO..

. The lowest value of 60 percent occurred at Station 1 (Figure 3.1) closest to themoutbof BlaCkbird .Creek,
Th;isstation atso had the highest BODs (240mg/L). The remainder of stations in MoberlyBay ranged
between 71 and 80 percent saturation whereas those in Jackfish and Tunnel Bays rariged between 75 and 96
perceilt (OMOE 1972). The BODs.concentration ranged between.l.6 and 3.9 mglL (mean 2.34 mglL) in,
Moberly Bay and between 12 and 1.8 mg/L (mean 1.39 mg/L) in Jackfish and Tunnel Bays: .

. The 1987188 water quality survey was conducted before. thesecoOOary treatment system was brought on line
, by the mill. and the .Blackbird .Creek discharge was found to be high in'oxygen demanding material. As in .

the ~. for colour aDd turbidity. the high biological oxygen demand 'of the Creek discbargeextendedthrough
much of Moberly Bay (figUre 3.7) resulting in partial depletion of dissolved oxygen inthe.$urfaee waterS.
BODS ConceDtrationsiil Moberly Bay were much higher at most stations during these surveys than found
duriJig 1970. Figure 3~7 shows the results for individual days in 1987 and 1988. The concentration of BODs
in the upper halfofMoberly Bay ranged between 4 and 100 mg/L. The concentration decreased to about .'
1. mg/L at thesouthem eJidof Moberly Bay in July 1987 and Within the central portion of Jaclcfish Bay in ..
July 1988 (Figure 3.7).'. .
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The mean value of stationmeans for Moberly Bay was 16.0 mg/L and for Jackfish/Tunnel'Bays was
0;83 mg/L. Typi~valuesfor open water in Lake Superior emhayrnerits are less than'l mg/L (OMOE '
1983). "

Figures 3.8 ai14 3.9 compatevertical profiles of temperature 8nct oxygen for Station 701 in Moberly Bay•.'
, Station 716 in Jackfish Bay and Station 713 in Tunnel Bay on selected days'iri,the summers of1987 and 1988.

Surface waters at Station 701 had much loWer dissolved oxygen concentrations than Stations 713 or 716; ,
which demonstrates the oxygen demanding nature of the mill effluent On the receiving Waters. The values,
recorded for the samples shallower than 4m at StatiOn 701 werem viOlationoftlte PWQO for watersless "
than 20"C. Waters below the thermocline (approximately 6 to. 8 m d~. Figure 3.9). which limits the depth

"of the plume in Mobedy Bay. were similar in temperature and, oxygen concentration to waters in Tunnel Bay
an4 appeared ,unaffected by the effluent. '

In'conjmetion"with a fish ,bioassay cOnducted in 1983.'dissolved oxygen concentrationS were ~en'throUghout
Jackfish Bay (Flood etal.I986). The lowestvaluesde~during the study period were from sites. located
aiongtheWestem shore of Jackfish Bay. Values progressive1yincre~edinsainplestaken on central and,

" northern transects; respectively. The PWQO was not met at 24 percent of the sample stations. '

, In a 1990 fish bioassay. coriductedto determine ~e 'effectiveness tif'the secondary treatmentplan~ conditiOD$ .
were found to be much improved (Flood 1990); Where daily dissolved, ox.:ygenvaluesranged from 42 to 52·
mg/Lat the Blackbird Creek discharge in July 1.0 .014 of 1983. 'they ranged from 6;8 to 73 mg/L mJuly 26
to 30 of 1990., The lowest dissolved, oxygen v.alue measUred in th.e 1983 study was 27 percent sa~ation.
compared to 73'percent in 1990 Cr.able 32).· " .

For a brief period in' the spring. the' Blackbird Creek discharge sinks. causing, the discharge, to pool in the
.,' dePositionareaSof Moberly Bay (Beak Consultants 1984). During this periOd. effluentwith low oxygen'

levels is itldirect contaet with the' bed of Moberly Bay and poSsibly also with Jackfish Bay proper. This
contact would temporarily depress' oxygen, levels in the, area and toxic factors in the effluent Would come in
direct contact ~th benthos. , ' .

3.1 ;2.4 ,M,ajorlpns, pH and Alkalinity .. . . . ; ..

Concentrations ofmapr ions in MoberlyandJackfishBays were also found to be affected by the effluent
plume'from,'Blackbir:d Creek during the ,1987 and 1988 surveys (Sherman 1991). 'Highestconcentrations,of
cations (calcium. magnesium. Sodium and potassium) and anions (sulphate and cbloride) along with
conductivity measurements were found in the vicinity of Blackbird Creek and values decreased with ";

.increasing distance from the discharge (Appendix 3.1). Conductivity provides a measure of the 'total ionic
composition of the water and, hence.provides,auseful,approximation of the shape and extent of the effluent,

, plunie (Figure 3.4). During 1987/88 conductivity values (at 25"C) ranged from 96.0 to 1~90.0 J,IDhos/an.. . . '..

. Normally. the largest proportion of cations inLakeSuperior is Composed .ofcalcium 'andmagnesi~'
(OMOE 1983).. However. within theeffluentpluine in Moberlyaay. sodium do~ates the cations. The'
largeSt proportion of anions is nOrinallythebicarbonate ion"(HC03-)' However. the Blackbird Creek
discharge resulted in a dominance of chloride ion. ,Both sodium salts .and chloride (in the forms of chlorine)
areildded during the kraft pulping process. ' ' , '

. ,.. . . .

pH valu~ in Moberly Bay surface waters were ~ow typical Lake Superior values as a r~tof the'efflu~nt
'discharge. l)plcal pH in Lake Superior. as'shown iiltheunaffected areas of JackfishBay. are 7.8 to 8.0.
During 1987 and 1988. the mean pH was lower at all Moberly Bay stationS; ranging between 6.1 and7.9

, (Sherman 1991). pH measurements from the entire 1987/88 data set ranged from 5.4 to 8.00. Thelower
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Vertical profiles for water temperature (C), dissolved oxygen (mglLj and
,conductivity (JJS/cm) at stations located In Jackfish Bay (716),and
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Table 3.2 Dissolved oxygen levels at the fish exposure sites in Ja<;kfisb Bay, July 10-14; 1983 and J\lty
26-30, 1990 (Flood 1990).

19~ 1990 ..

Exposur,e Site Day 1 Day 2 DayS Day 4 DayS Day Day Day Day Day
, . 1 2 S 4 S

1. Blackbird Creek 6.2 - ,,' 6.0 4.9· 4j* 6.8 6.8 7.3 - 7.2

2.0.3 Ian out centre 4.2 - 3.0t 75 . 3.7 t ' 85 10.2 85 - 9.4
• I

3. 0.75 ,Ian out westshore 6.9 2.7 t 4.6 t 8.6 8.9 8.6' 95
I

· 7.7 ·
4. 0~74 kin out centre 6.4 ' . 3;St 8.1 4.4t 8.7" 10.0" 9.6 · 95

5.0.75 Ian out riorthshore' 85 ,- 7.6 8.2 9.6 9.4 10.4 ,10.0 · 9.2
"

3.3t 7.6' 4.1 t6. 1.0km out westshore 7.1 ' - 8.0 9.0 9.5 · 9.7

7. 1.0 kMout centre, 9.6 - 8.3 8.4 4.7*' ,95 10.0 10.0· · 9.7

8. Cody,Island westshore, 6.6 - 2.8 t 9.4 4.4 t 8.0 " 8.6 9.8 · 9.8

9. Cody Island centre . 8.7 - 6.6 8.8 9.1 95 105 10.0 - 10.1

10. 2.4' Ian out wes~ore 8.9 · 9.9 8.8 95 9.3 9.7 10.6 · 10.6'

',11. Little Nick RoCk 9.5 · 9.7 9.0 9.7 9.8 10.3 10.0 · 105

12.3.5. Ian out westshore 9.6 - 10.2 9.5 lO.4 9.4 9.8 10.8 - 10;7
-

13. Mouth of Tunnel Bay - · .' '. . 9.7 105 105 · 11.9

C1 Controll Victoria Bay 10.7 - . 9.1 95 10.8 10.9 11.1 · 11.3

2C2Contro12 Tunnel Bay . 10.3 · 9.8 . ' , 9.9 9.7 10.6 105 · 11.4
,

Note
:
t

No o~~tions,were udtenOJi Day 4 1983 (July 29)" due to bad weather conditions.
diSsolved oxygen conditions which did not meet the miillmum Provincial Water QualltyObjecti:ves
for the proteCtion of cold-water biota: " ,
CUSsolvedoxygen conditions which did not meet thenlinimum Provincial Water Quality Objective for
the protection of wami orcold-water biota. ' ,

"
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limit of the PWQO'(6.5 to 8.5) was eXceeded;. In addition, mean pH values at statlons701 (6.3SpH), 803'
(6~10pH)and 806 (6.40 pH) taken during July 1987 were bdowthe lower limit set by the PWQO.

J:)uring 1987 the mean alkalinity at all static;>ns includirig ,those in,Mo~rlyBay were primarily within the
range of,43 to 45 mg/L With occasional values as low as 30.3 aitd.8s high as 57:l mg/L.During July 1988
the mean ,alkalinity'concentrations at stations ,within Moberly Bay, particularly those:closest to' the mouth 'of
BlackbitdCreek, tended to be much higher. The oVerall range 'was 46.5 to 194.0 mg/L with the highest
values at the six stations located closest to the mouth of Blackbird Creek (Appendix 3.1). Mean ,
concentrations in Jackfishand Tunnel Bays were generally Within the range 44.5 to S2.5 mg/L.Althougbit
wou1dnot appeartnat the effluent had much effect on Moberly or Jackfish Bays during 1987, it clearly' '
resulted in elevated ,con~trations during 1988., The minimum 3nd maximum recorded values during
1987/88 were 4.00 and 220.00 mg/L respectively. '"

" ,

The PWQO statesthat~tyshouldnot be decreased, bymore·than 2S percent of the ,natural
concentratio~.Altltoughit is not clear what the natural concentrations are, the data for 1987 and from
Jacldish Bay in 1988 indicate that it is likely about 45 mg/L. , Thus there does not appear to be any violation '
of the PWQO.Short term elevation of 'the alkalinitY in Moberly Bay occurs due to tJ:te effluent 'and although
this does not violate any objectives, if sustained, it could result in a change in trophic status in:the nearshore
waters of the AOC.

,3.1.2.5 Nutrients
, ,

The effluent causes an increase in plant Dutrlenfs,particularly phosphorus and ammonia, withiri Jackfish Bay.
"The P~ovincialWater Quality Guideline for average total phosphorus in lake water is 20 J,g/L.This
guideline"was eStablished to ,avoid nuisance algal growth, and aguidelirie of 10 t.g/L Was established to
~achieve a higher level of protection from nuisance algal growth. The PWQOforun"'ionized ammonia
(i.e. ;NH~ is 20 t.g/L.' , '

TheaVeraie'total phOsphorus concentration at all stations iil'MoberlyBayduring 1970 was SIS J-i/L,~ in'
exceeden~ oftllePWQ GUidelines. station 10 (Figure 3.10) was the only station'in MoberlyBaynotto' .
exceed theJower guideline based on an individW!lsample (S.Oi-g/L). The mean total phosphorus, , .
concentration of all statlonsin Jackfish Bay wasU.5tg/L,wbichalthoUgllexceeding the lower guideline was
welfbelow the upper guideline. nese concentnitions' clearly show the effect of tPe KUnberly-Oarkeffiuent,
on nutrient enrichment in the AOC. Total phosphorus was <10 t.g/L at mast stations in both Moberly and "
Jacldish Bays. However, individualexceedences occurred at Station I (33Ot.g/t) located cloSest to the outlet
of,Blackbird Creek and Sta:tions IS (60t.g/L) and 16 (~ tglL) in,Jackfish Bay (Figure 3.1). " '

, ' ,
, ,

'Mean U>tal' phosphorus concentrations measured,during the 1987 and 19aB surveys exceeded the 10 t.g/L
gUideline at all 24 stations (100%) in Moberly Bayduring JUly 1987; at 21 stations ,(87.5%) in August .1987;,
and 21.stations (87.5%) during July 1988. The 2() t.g/L guideline was ,exceeded at 21 stations (S7.5%) in July
1987;20 stations (83.3%) in August 1987; 'and at seventeen stations (70.8%) in July ,1988 in Moberly Bay
(Appendix 3.1). Those stations with the ,highestmeari'total phosphorus were located closest to the mouth of
Blackbird, Creek (7010 570 JJg/L). Figure 3.10 illustrates the pattemof total phosphorus concentrations in
the AOC for.iridividual samples collected in July 1987 anct July 19S8. ,All samples ranged. from Ito 770 '

. IIl./L. There wereJio exceedencesat the four Tunnel Bay stations (Figure 3.1) for any of the three periods.
In:.Jackfish Bay, the 'uppergUidetine was 'exceeded,by mean concentrations, at only two .stations (12.5%) and
only during the July 1987 surveys. , " ,
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, .
The PWOO forun-iotUzed amnloriia is 20 JJg/L. Vnionized ammonia constitutes only 0.22 io 0,86 percent of "
total ammonia based on temperature and pH conditiom present: This objective was not exceeded in 1987 or
1988. Total ammoniaranged'from 6,to 3SO JJg/L e:turiDg 1987 and 1988. The highest total ammoriia
concentrations occurred neat the mouth of Blackbird Creek. The mean concentration of total, ammonia
incre8sedfrom 1987 to 1988. 1987 mean values ranged from 10 to 4014/Lwith 1988 values ran&ing from

,100 to 170~/L (Appendix 3.1).. '

Even though the total, phosphorusdata indicate localized 'eutrophication is occurring within MoberlyIJay.
high tuibidity and colour (as discuSsed in previouS sections) will likely inhibit algae growth in the bay.', As '

, these ,are reduced through pollution abatement effortS, it is expected thatphosphoJiJsconcentrations in water'
(and sediment) will SUpport more algal growth than'is typical fornutrientpoar (oligotrophic) Lake Superior
waters. ' " ' " ,

Based onthe"data presented aboVe 'and in Appendix3J; it appears th8t the con~trations of totai
,phosphorus have hot itnprovedbe~en 1970 ,and'1988 8nd total ammonia COncentrations have incr~ed
between 1987 and 1988. Although these parameters are $Uitablydilutedby th~tJme the plume reaches the

, main portion of Jackfish Bay. the pritentialfor eutrophication ofth~ entire area ofMoberly Bay is extrem,ely ,
high,,' " , ' , '

3.1~2.6 Bacteria

Certain bacterial species are pathogens which'maycause communicable diseaseS when present in water
~ti1ized by humans for body cOntact (McNeely et al. 1979)., The origin of pathogens is prilnariIy from human
'and animal wastes, lind,contributed to natural waters via inadequately tre.ated municipal wastewater 'and
runoff'contaniinated by urban 'oi, agriculturaI sources such as septic systems and animal,feed ,lots. Bacteria
are also deriyedfrom industrial wastewaters"particularly vanetlesOf Klebsiellfzspp. which are common in
pulp mill effluentS (Kirby 1986). These waters generally have lower densities of ,the disease causing bacteria,'

, (Particularly Escherlchiacoli and Pseudomonas aerugnosa). Analyzing water samples for fecal' coliform
bacteria, particularly. Escherichia coli, is a useful way.Of detel"DliniDg, the pr~ence ofpbtenual human fec8l
contamination. The P",OO for the swimming and bathing Useo! water is tOO organismslloo mL of fecal
coliform and 1.000 organisms/loomL of total cOliform bacteria. Jtscherichia,colioonstitutes 97 percent of
the bacteriological flora ofhuman faeces (CCREM 1987) 'and is a more reliablein(lj!=8tor of he~th riSk
associated with gastrointestinal illness. The DC haS recoiIunended a guideline of23 organismslloo,mL for
~eseasonal geometric 'mean of this,bacteria (CCREM,l987)., ~seudomonasaerugnosa. is, the' main.,
etiological agent forearinfectioDs (CCREM 1987). The DC has recommended that, ,fortli:e proteetion:of
users of nearshore Waters against~ infections, no more tban'25percent of analyses should have densities of

, thiS bacteria greater than, 100rganismslloo mL which correSponds to, a geometric mean density of
, 1 organismlloomL (CCREM 1987). ' .

, The results of bacteriological analyses coliducted during the 1970 survey'(OMOE 1972) indicated that
geometric means at all stations were well below the PWQO for fecal coliform bacteria with all but one
statioilha\ling<40rganismsIl00 mL(Appendix 3.1). The six stations dosest to the outfall ofBlackbitd.

, Creek exceeded the total coliform objective of 1.000 orgaDismslloo mL, (range of 1,200 to 3.2PO
organismslloomL). ' ' ,

The JUne 1981 survey reported by Kirby (1986) atso mcluded a ,bacteria isolation survey mvoi.Ang Moberly. .
Jackfish and Tunnel Bays as well' as'sampJe locations in Lake Superlor immediately to the east ofJackfish ,
Bay and along a 201an stretch west Of Jackfish Bay (OMOE 1983). Bacterialsarilpling was eonductedat '
most stations during June and July 1981 as weU as selected stations (the Kunberly-Oarkpumphouse anci '
Blackbird Creek) throughout the year. There were few bacteria in the water in the winter months, whereas '
numbers ,increas~ in the spring ,and peaked in JUly and August' Results from' this survey indicated 'thai
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b~ria levels were high in Moberly Bay and dispersed slowly in Jackfish Bay; Elevated bacterial levels were
observed as far west as the pumphouse, south of the Town of TerraCe Bay. These were traced baekto the,

'effluent discharged by Kimberly-Oark Canada Inc. (OMOE, 1981); Due to thermal stratification, the effluent
"mixed poorly with the receiving waters in MoberlyandJackfishBays.

Results of the June 1981 sampling indicated densities ofPseudomonas aeru'snosa of betwee!1 ~and 19,000
organismsl100 mL at three stations in Moberly Bay and northern Jac:kfish Bay (Stations 701;704 and 710, ,
FIgUre 3.2) with the highest densities closest to the mouth of Blackbird Creek (Station 701). Densiues 'of
Escherichia coli ranged between <10,000 to <100,000 at ;Stations 701, 102, 703, 706 and 707 in Moberly Bay.
This organism was not found in the Lake Superior samples during the June surveys; Additiollal" surveys in
July 1981 found high denSities of PsetulomiJnasaerug,ncsa beto.yeen 16 and 6,700,000 organismsl100 mL in
MoberlyandJackfish Bays and between <2 to >15,000 organisms/l00 inL in Lake Superior samples to the
west of JackfishBay., Generally the density of Pseudomonas. aerug,nosa decreased from east to west(OMOE ,
,1983);, ' ' ' . ' ,

All densities of Pseudomonas aerug,nosa'and Eschetkhia coli in Moberly Bay during the June surveys ,
exceeded the recommended ~C gUidelines. The density of pseutlo1rl.Onasaerug,nos4 alSo exeeededthe UC

• recommended guideline during July 1981 at all stations in Moberly and Jackfish Bays as well as in Lake'
Superior. Although the density of this organism decreased ci>ntinuouslyastheplume passed through
Jacldi$h Bay and westerly along the shore of Lake Superior, it is,cleat that the emuen! discharge from ,
Blackbird Creek is contributing to significant bacterial contamination of the Jackfish Bay AOC and portions
of.the north shore of Lake SUl'Cii~r. '

, ,

The 1981 bacteria datawasalsQ described briefly byKrrby (1986) ~o noted high con~ntrations of
heterotrophic bacteria at stations nearest the Blackbird Creek outfall. Although there is no PWQO for

'heterotrophs, the high densities are indicative of high, concentrations of organic pollutants. He also noted
Violations ofthe f~ colifonnPWQO over all of MoberlyQayand T11DDel Bay as well as the northeinand
western portions of Jackfish Bay. Fecal colifoim levels greater than one million coloities per 100 mL were '
detected in Moberly Bay and these decreased to between 100 and 19,999 organisms/l00 mL in southwestern
JackfisbB~y and at C~ Victoria on Lake Superior (Stations 720 and 7Z3,Figure3.2).Theviolations
occurred at 21 stations (80.8% of stations); Howe~, the ~alyticaltest to detectfecal coliformsis
particularly sensitive to the presence of Klebsiella PJeU11IOniae for which there is some debate regardin&.
health risks (Kirby 1986). ' , "

Table 3.3 summarizes the resultS of bacteriological analySes conducted at selected stations during the 1987
surveys (Sherman 1991). Figure 3.n shows)he distrlbutiori of total coliform densities during one surWyin
July 1987 and one in July 1988. ThePWQO for total coliform bacteria was exceeded by geometric meanS at

,', all stations listed in Table 3.3 except Station 713 which is located TUnnel Bay. Stations 20 and 5 are located
within Blackbird Creek upstream of Lake A and downstream.ofMoberly Lake, respectively. The de~tyof
bacteria increased as theefflu~t passed through the Blaek1?ird Creek system and the,highest densities for all
bacteria occurred at the downstream Blackbird Creek station and the Moberly Bay station locatec:iclosest to
the creek mouth (Station 7m, Figure 3.3). ,This increase is likely due to bacterial reproduction.witIihlth~
relatively war.m waters of the creek. Toxic materiats in higher concentrations in the effluent at Station 20
than at Station 5 may alSo inhibit,bacterial growth at this location..The high temporal variability in total,
coliform density is shown by the resultS of theindividual,surwys illustrated in Figure 3.11. ' ,

,DenSities of Eschefichia colid~ July and August of 1987 exceeded the recommended UC guideline at '
Stations 5 aDd 20 as well as at Station. 702 in Moberly Bay. The UC recomIDended guideline for
Pseudomonasaemg,nosa was' likely also exceeded at theSe stations as well as all other stations except Station '
713 in Tunnel Bay. . '.

43



...
N·

o· >00,

Figure 3.11 .

,
Jadflsh. Bay

JUly 7,·1987·

Ja(;UlshBay

July 17, 1988

Tota/coliform densities for individL/al. surveys in 1987 and 1988·
(Sherman 1991).

.44



Table 3.3 ' Bacteriological quality atsel~ed stations ,in the Jackflsh Bay AOC during July and August ­
1987 (Sherman 1991). See Figure 3.3 for station locations.

Total'
<,

Station # Total E. Coli Pseudomonas Sulphate Heterotroptt
(samples) ,Coliform Coliform' (by,MPN) aeruginosa Reducers Bacteria

, ,(BKG) , (20 ·C)
(cntlmL)

2Q (5) 7,C'1J6. , 626,614 <4 29 ,1)82 , 1'30,918

05(6) ~,749,73O 17,458,222 55 113 '3,2S0,873 7,194,490

701 (10) 8,166,677 22,252,926 ' 206 ,208 3,618,()()() 8,497:n4
"

414,498702 (7) ,,947;389 ' 2,492,792 31 " 63 2;736,284

811 (8) 266,795 1,070,603 , 14 32 117,953 1,567,938

704 (4) 257,776 665,868 16 26 '~992 1;388,210-
, '

707 (5) -93,157 358,682 <8 19 - 147,556 1,146,976

716(2) 12,986 60,168 <3 4 3000· , 266,61:1, -

713,(4) 641 3~181 <3 1 194 .' 33,394 -

Note
•

All ~uesare geometric mean of samples in orgamsmsllOO mL Unless otherwise indicated.
single result ' "

. - .

Abundant organic matter ',deposited in the receiving waters from the mill effluent provides a hospitable '
. habitat-for microorganisms such as sulphate reducerS and-heterotrophic bacteria. Massive densities of bOth ,

indicator organisms were present at the mouth of Blackbird Creek and into Moberly Bay (Table 3..3).
, Densities in, the effluent~re low due to poor ,conditions for growth of the bacteriawitbin ~e nilll.

. " . ~ .'. . .

High total coliform densities in the effluent likely reflect high'densities of the bacterium Klebsiella spp.
However, the presence of &cherichia coli and PSeudomonasaerugnosa in densities exceeding the DC
recommeild,ed guidelines during 1981 and1987 is of, some concemas it suggests a potential health risk ,
associated with body contact recreation in Moberly and JackfishBaysas well as to the west along the shore
of Lake Superior. The presence ot&cherichia coliaIso indicates a significant mammalian faeces'component
to the wastewater which may include human sources. . . ' '

3.1.3 Metals'

-Th~ PWQOs fOf'metaJ,s were established 'to-Pf(~teet- aquatic life against the toxic effects of elevated ' ,
concentrations (OMOE 1984). Metals are known to have the potentialiobloaccumulate(Callaghan et al.
-1979)., - -

. . .' ..

" Me~ were not measured as part of the: 1970 OMOE surVey. During the 198i surveYS, metals were only"
,measured afStation 701 which ,was loCated c1osestto the mouth of Blackbird Creek (IGrby1986). -The '
results of the June and September surveys are provided in Table 3.4 along with the respective PWQOs and
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Table·3.4 Concentrations (mg/q of metals in whole water at station 701 in Jacldisb Bay, 1981 (Kirby,
1986). . .

.' .

Pb'.Cd· Cr Cu Ni Hg Zn

Promcial Water
"

.'

Quality Objecti~. 0.0002 . 0.100 0.005 0.025 ·0.00020 0.005 0.030

~LWQA Objlm~ ·0~0002 0.050 .0.6OS 0.025 .0.00020 0.010 0.030

JUlie 23' 9:00 a.m.' - - - - - - -
.. 11:00 a.m. 0.003* 0.015 O.Ol()lo 0.005 0.00330* 0.042* 0.050*

l:00p.m. .0.002* 0.020 0.009* .0.007 ,Q.0011()lo 0.039* 0.060*

3:00p.m. 0.002* . 0.011' O.Ol()lo: '0.004 0.00300* 0;048* 0.050*

JUne 24 9:00 a.m. 0.002* 0.009 0.040* - 0;00014· - .O.{)5O*

11:00 am. 0.002* 0.008 0.008* 0.00008
"

0.030- -
1:00 p.m. '0;003* 0.009 0.906* - <0.00005 - .0.04()l0

3:00 p.m. 0.003* .0.011 ·0.020* - <0.00005 - 0.04()l0

June 2S 9:00 a.m. 0.003* 0.012 - - .. - . 0.050*'

.' 11:00·a.rn. 0.003* 0.011 - - .- - 0.050*

1:00 p.m. 0.002* 0.007 - - '- - 0.050*

3:00 p.m. 0.002* . 0.009 - . - ., - 0.040*
.'

0.023.Sept 14 9:00 am. 0.007* l.()()()lo . 0.028* <0.00005' 0.004 0.046*

11:00 am. 0.002* . 0,017- l.2Q()lo .0.012 <0.00005 0.002 .0.042* .

1:00 p.m. 0.002* .0.013 2.()()()lo 0.017 0.00007 0.001 0.09()l0

3:00p.m. 0.002* 0.011 0.008* 0.015 0.00005 0.001 0.038*

~ o.oli 0.072*
'.

0.04()l0·. Sept 15 9:00 a.m. 0.002* '·0.014 <0.00005 0.001

11;OOa.m. 0.002* 0.013 '0.047* .' 0.014 <0.00005 0;001· 0.031*

1:00p.m. 0.002* 0.011 0.008* . 0.017 <0.00005 0.001 0.028

3:00 p.m. 0.002* 0.011 0.008* .0.015 ····<0.00005 0.001 0~029

Sept16 9:00 am; - 0.015 '0.003 0.016 0.00008 0;001 ;.

11:00 am. - 0.009 - 0.()16 <0.00005 0.001' -
l:00p.m. - - - - <0.00005 ;. -

.. .: '

.·3:00.p.m. - - - - <0.00005 . - -

* exceeds most stringent guideline.
not sampled.
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. GLWQA Specific Objectives.. The PWQOsaitd theGLWQA Specific Objectives for cadmium (100% of
samples). copper (93.8%). nickel (7.7%). lead (23.1%) and _ (842%) were·exceeded at Station 701
(Table 3.4). The maximum concentration of copper was 400 times the objectiveand~tof zinc was 3 times .
the objective (Kirby 1986);· Cherwinsky and Murray (1986) had estimated that effluent dilution in Moberly
&y is only 20:1 at .about6 Ian from the discharge. indicating·that elevated metals could still be expected
further out from this station.· . .

Mercury Was sampled ·at11 stations including'Moberly and.Jackfish Bay locations.. The.Objectives were
exceeded at all sample locations on June 23. These included Stations 701 (Table 3.4). 702. 704. 707. 709 to
714 and 719 (Figure 32). In all. 19.1 percent of samples exceeded the PWQOand the GLWQA Specific;
Objective. Mercury concentrations decreased as distance from the mill discharge incr~indicating that
.the mill effluent was the source of mercuiy. Kirby (1986) concluded that the mill effluentwas the most likely
source of the metal contamination although he notedthat:other Sources of zinc·and· copper may be present ..
due to high concentrations on september 14. before the effluent would have reached the.mouth. of Blackbird
Creek following start-up operations. . .

Metal concentrations were determined for all stations during the July and AuguSt 1987 and July 1988 surve)'S
(Sherman .1991).The results for each station are provided in Appendix 3.1 aDd. the sample locations are
shown in Figure 3.3. Table 35 summarizes the range in station means {or each metal and the percent
exce~ences of PWQO and GLWQASpecific Objectives by all station means. .

EJlceedences ofguidelines occurred·in Moberly Bay for alumiiluni, beryllium. iroll;mercury. cadmium.
chromi11ii4copper. nickel. lead and zinc (Table 3.5). Only copper and lead mean concentrations exceeded
guidelines in Tunnel Bay and oniyduring one survey (July 1987). Guidelines were exceeded by station
mearis in Jackfish Bay during two of the three surveys (July and AuguSt 1987)..EXceedencesoccurred for
mercury. cadmium. copper. lead and zinc. The frequency of exceedences Wried considerably by parameter
and date of survey. however. most guideline exceedences OeelIrred during the July 1987 surveys and the
fewestOCCQlTed during the 1988 surveys.EJlcept for berylllum and chromium. the ina:ximum values recorded
for metals in ·water during 1987/88 exceeded the PWQO by one to two,?rders of magriitude (Table 3.5).

"Maximum values of beryllium exceeded the' PWQO by five times and chromium was exceeded by 1.3 ~es..

..' 3.1.5 Organic Contaminants .'

3.1.5.1 .Phenolics

Phenolic ·substances are organiccompou1'lds -which may occur naturally in trace amounts as .they are released
by aquatic plants and decaying vegetation (McNeely et al. 1979).' Maprsources Of phenolic compounds are
released to the aquatic environment from the distillation of coal.and.~ oil refining; chemical produCtioll;
animal and human waste and phenolicpestiddes. The PWQOto protect against tainUngof edible fish flesh
for reactive phenolics is1 J,16/L~ .

During the 1981 sUrvey by OMOE. phenolic substances Were detected in the ·KiInberly:Oark milleffluertt
(Kirby 1986).. The PWQO was exceeded in Moberly Bay atstations up to 4 Ian from the mouth ofBlackbird
Creek in June and up to 25 Ian in september. The.maximum concentrations measured were~ J,16/L in
"June and 244 J,16/L in September at Station 701 "(Figure 32). closest· to the mouth of the Creek (Kirby 1(86).
However. due to their relative instability. concentrations declined rapidly between stations 701 and 702. .

Because the toxi~ty of specific phenolic compounds. as well as their ability to ~part taste and odour~ varies
"greatly. measurementS were also made fortrichloropbenoI. tetracbIorophenoI. pentachlQrophenol, phenol and
guaiacol. The correspondingPWQOsand concentrations of these parameters.at llstatiODs"in Moberly Bay•.
Twmel Bay: and northern Jacldish Bay are provided-in Table 3.6. Stations near.the head.of Moberly Bay
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Table 3.5 . Ranges in station means and percent exceedence by station means of PWQO andGLWQA.Specific
Objectives (for most' stringent ~bjective) for metals analyzed in Moberly Bay (MB), JackfishBay
(JB) and Tunnel Bay (TB) during 1987 and 1988 (Sherman199l). All values are in IJ.glL.

Al. As Be Fe Hg Cd Cr Cu Mn Nt lib In '

PIoQ)· 75 . , 100 10 300 , 0.• 2 . 0.2 100 5 - 25 . 5 30

GLIo«lA - 50 - 300 0.2 0.2. 50 5 - 25 10 30
,

Total . to-2,100 . to-18 to-50 to-2,600 to-70 to-40 to-130 to-410 to-590 ~100 to-220 to-380
Data Set .
. Range.

Bay' .lJLY 1987
' .

, .

MB to-1,OOO M)' N>-37 9-1,210 flr13 to-7 to-110 to-177 16-507 to-70 to-113 to-200
(23 STAl (60.9%) (17.4%) (17.4%) (13%) (8.7%) '(13%) (43.5%) (21.7%) (56.5%) (30.4%)

"

JB to-55 M) to-4 18-80 to-13 M) to-7 to-11 to-31 tI)-6 N>-1.12 3,..135
(4 STA) (25%) (50%) (75%) (75%)

.,
TB ; to-39. M) to-6 37""'62 M) M) .t1)-6 tI)-6 to-7 to-7 7-23 to-9

'(3 STA) (33.3%) (100%)

AUGUST 1987
..'

MB M>""'612 M) to-23 to-1,140 to-12 to-11 to-40 to-23 to-313 to-23 M>""'63 N>-60
(21 STA) (57.1%) (9.5%) , (19%) (4.8%) (23:8%) (71.4%) (69.6%) (9.5%)

..
JB '1~41 M) M) 28-74 M) to-O.4' to-3 M) 6-17 M) M) to-4

(4 STA) (25%) ... . "

1'8 to-16 M) ~ 11':"45 'M) M) M) M) 2-3 to-3 to-4 til
(3 STA)

."

.lJLY 1988

MB 16-508 M) ~ 10-505 to-35 Nr.4 N>-45 to-18 7~348 to-13 Mr.-20 to-:59
(22 STAl (45.5%) (9~1%) . (18.2%) (13:6%) (36.4%) . , (13~6%) (4.5%)

.

JB . t&-35 M) M) to-50 M) .. II> . to-2 M) to-20 M) M) to-1
(4 STA)

, . 13-15 . to-24 II>
I

. TB M) M) M) to-2 M) 3""'6 M) M) 1
(3 STA)
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Table 3.6 Concentrations (telL) of phenolic CODlpCRJDdsdetected in Moberly Bay (MB). Tunnel-Bay
.' (TB) and Jackfisb Bay (JB) in 1981(IQrby. 1986}. Station locations are shown in .
i<lgure 3.2). . - .

*

Station Bay Date TCP 'ncp PCP Phenol Guaiacol
.'

P1"9vinclal Wat~r QUality Objective '18.0 1.0 0.5 '"
.-701 MB June 23 130 0.60 0.54 No ·

June 24 NO 0.25 0.25 NO 235

June2S 0.23 0.13 . NO 265

702 MB june 23 NO 030 0.25 NO 119
.

Jurie 24 .NO 0.25 NO NO 77

704 MB June 2 0.08 0.08 .. 0.11 NO 48

'. Jurie 24 0.08 . 0.08 0.19 NO 24

70S MB June 23 NO NO 0.06 .. ·
June 24 NO NO NO . ·

.706 MB June 24 NO 0.07 0,05 . ·
707 MB June 23 NO 0.06 0.07 NO 18

710 June 23 NO NO NO --. ..
. Ni>

..
713 TB June 23 - . . NO

jOt. MB .Sept 14' NO . NO .. 0.40 21.1 NO
..

Sept 15 NO NO ·0.15 150.0 139.2.

Sept 16 NO NO NO 42.2 149.4

702 MB Sept 14 . NO NO NO NO NO

·704 :MB Sept 14 NO NO NO NO Nt> .<

707 MB Sept 14 NO NO. NO NO NO

709 JB Sept 14 NO NO NO NO NO

.710 JB Sept 14 NO NO NO NO NO

Sept 14
.

No NO712 JB NO NO NO

714 JB Sept 14 NO No . NO NO NO

. TCP . trichlorophenol
_TTCP tetrachlorophenol

PCP . pentachlorophenol
. NO not detected

riot sampled . . .;,
noPWQO. however .Shaman and Palenshky (1973} recommended threshold concentration for not
impairing fiSh flavour is 100 telL. "
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.(StationS 701, 702, 704 and 7(6) had the mostfiequent deteetionsof phenol ,compounds.. However, all
concentrations were below: the respective PWQO with the exception of pentachlorophenol at'Station 701
nearest the mouth of Blackbird Creek on June 23, 1981. In addition, guaiacol was detected at levels Which
taint fish flesh '(100 J.l/L)· at Stations 701 (June 23 and 2S,Sept. IS and16) and 702 (June 23, Table 3.5).
Kirby (1986) indicated that the mill~ the most likely sOurce of phenols detectecfin Jackfish Bay during the .'
June and SepteD1ber suive}'S. ' . '.. , .'.

Trace amounts'of phenolic compOun~' particularly.pentachlorophenol and 2,4.6~trichlorOpheD.ol~were·
. detected at Station 701, near the Blackbird Creek discharge, in 1987 and 1988 (Sherman 1991)~ butwere not

detected furtIl~r out in the Bay. . -

3.1 ~5.2 .Resin and Fatty Acids
,

Resin and fatty acids are components ·of pulp mill liqUoIS and effluents and are significant .and primary .
sources of toxicity in pulp mill effluents (McLeay et aI.l986)., Resin acids are derived' from resins found in
the wood ofconiferous trees, and are released in receiving watelS'as extractives during the pulping process
(TaYlor et aI. 1988). Fatty acids are formed from fats stored in the wOod to provide winter food reserves'for
the tree. These fats ate hydfol}'Sedduring pulping to forin fatty acids: .. .

During the 1981 surveys,.abietic·add and.isopimaricacid concentrations exceeded dte 96 hour LcSO·. .
cqncentratiOfi for trout (1.1. mg/L and 0.7 mg/L.respectivdy) at Station 701 near the II1outhofBlackbir~
Creek (1{irby1986). . .

.Resinand fatty acids were deteCted' only periomcally·duringthe 1987 and 1988 surve}'S in traceamol.mtsat·
station 701 near the creek ()utfall (Sherman 1991). Dehydraabietic acid exceedec::t the PWQO (12.0 J.l/L at
pH 7.5) in MoberlyBayduring 1987 and 1988. The highest values, (>300 J.l/L)Occurrect in 1988. The
distributions of dehydroabietic acid during individual surveys in '1987 and 1988 are sho~ in Figure 3.12.

'. During thesesurve~the PWQO for dehydroabietic acid~ exceededatDine statioQS in the head of .
Moberl)' Bay including 101. 702 and 803-809 (Figure 3.3).

Althotigh the concentrations .of theSe ,acids in water decrease rapidly from the .discharge'point' (Figure.3.12).
. it has been suggested (Slierman 1991) that resm acids aSsociated with foam or particles intheeffiutmtmay
..... be carried out intoth~Bayand sedimented, where iheywould break down more Slowiy than they otherwiSe

would (see Section 32.42); .

. .Preummary results from sampling duringJuly 1990. following start-up of the secondary treatment s}'Stemat- I

. the mill, indicated that dehydroabietic acid Was notdetected in Moberly Bay in daily samples collected over a
five dayperiod(K. Flood,.OMOE. pelS. com.).The oDtyresin orfattyacid measured in the effluent aDd
Moberly Bay was palmiti~ acid-but only in trace amounts (maximum 26 ,.gIL). None of th.eresin aci~were
detect~ ill Moberly or Ja~Bay(K. Flood, OMOE. pelS. ·com.). .'. . .

3.1.5.3 \f.olatile Organohalides

Chloroform,' which lsfonned in the full bleached kraft pul~tni11 process; was elevat~ for a considerable
distance into Moberly Bay and beYond. Results for individual surve}'S 'during 1987 and ·.1988 are Shown in

. Figure 3.13. There is no PWQO or'GLWQA Specific Objectiveforchtoroform. No other volatile organic .
compound was detected in the open watersamples. .
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ChloroformConcentratioris (JJg/L) for individual surveys In' 1987
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" 3~1.5.4 ,Other OrganicCh$micais

Traces of rBHC, beucll1orobenzene, total. trihalomethanes and phenoxy herbicides were detected in the
iIrimediate~cinityof themoutb of Blackbird Creek (Sherman 1991). '

. '

3.1.6 Water Quality Summary

Water quality SU1"Ye)'S undertaken during 1970; 1981 and 1987/88 indicate,t'a plume of contamination in
J~ Bay resulting from the discharge of effluent froiD the ~berly"aark Canadalnc. pulp mill ~a
Blackbird, Creek." Surface waters,·sitliated above the hypolimnion layer, are most affected in tetmsof higher
concentrations and more frequent exceedences of PWQOs and GLWQASpecific Objectives than bottom
waters.' Although the extent and·impact of the, plume vanes depending on'wind,and cuiTent direction, the
most heawy bnpaetedzone ~cludesaI1 of MoberlyBayandthenorthem and western portions of Jackflsh •
Bay. 'Nearshore waters of Lake Superior to the west of Jackfish Bay are also af'fectedbytheplume as shown
by stations located offshore of Cape Victoria. and by bacterial surveys. Elevated densities of several bacterial

, species,occurred in densities'exceeding'PWQOs or UCrecommended levels as ,far west as·Pumphouse Bay
south of the Town of Terrace Bay. Although Tunnel Bay is mostly outside the plume,ocx:asionalguideliile "
exceedences (Particularlymetals and bacteria) oCcur due to indMdual wind events moving the surface plunie
to the northeast. '

, ".

The most. recent water quality surveys for the Jackflsh BayAOC were wldertaken during J1ily and August
1987 and July 1988. These surveys identified concentrations of contaminants resulting in exceedences of
PWQOs and/orGLWQA Specific Objectives for turbidity (seccbi disc), dissolWd oxyg~ pH, 'total
phosphorus, total coliform bacteria, fecaIcoliform bacteria, aluminum, beryllium, cadmium, chromium,
copper, iron, mercury, nickel, lead, zinc and,dehydroabietic acid. The dissolved oxygen objective was also
~olated during 1990stWnes, however, dehydroabietic acid wasnot'detectedin Moberly:sayin 1990. ,The

"UC recommended guideline for PseudomoTlllS aerugnosa was also exceeded during the 1987/88 and earlier
mvestigations. Total phenolics and pentacll1orophenolwereexceeded during the 1981 surveys. Most
exceedences occur in the 'upper half of Moberly Bay, however; 'exceedences occur'regularly for some metals· ,
and bacteria in much of Jackflsh Bay and occasionally in Tumid Bay. '

3.2 SEDIMENT QUALITY
.' .. ., . .

Afundamental requirement in remedi~ting water quality problems in Areas of Coneerh is to assess sediment
contamination and the effects of the sources of contamination on the AOC.The extent of sediment, '
contamiD.ation must be,known quantitatively in order to support effective remedialactipns such as sediinent '
removal, burial or destruction., Full bleached·kraft pulpmilleffiuents have long been 8ssoclated with adverse'
'effects on sediment quality and sediment dwelling aquatic life of receiving watel'S in the Great Lakes Basin
(Dymond and Laporte 1954 "German and Pugh 1969, McLeay et al~ 1986).·' ,

Moberly Bay, Tunnel Bay and the Inain body ofJackfish Bay 'represent three depOsitiollbasiils separated by
sho~ or bedrock sills. Moberly Bay is shellered from wind and wave action by high hills and a constricted
entrance formed by shoals and islands. JaCkfish Bay is protected from the ~Pen waters of Lake Superior by
a shoal and an island.- The longest fetch is oriented nortb-nortbeast with a distance of 5 Ian. The bed of
JackfishBay consists of a wide. range of materials including bedrOck, glaciolacustrine clay; sands aDd coarse
glacial till. ' ' ,

Bottom sediments were sampled for contaminant analysis dUring sui'veys in 1981 (Kirby 1986) and 1987/88
(Sherman 1991). Sample stations forth~I981 survey are shown in Figure 3~14 and for the 1987 $Ul'Veyin

, Figure 3.15. Samplirig locatlonsfor the 1987 surVey were chosen specifically to represent the deposition
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Sampling station locations for the 1981'sediment survey in Jackfish Bay
(KirbY.1986) ,
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basins withm'Jackflsh&ay (Figure3.16)~· 'The b8$ins aretriarked by the areas of fine-grained 'mud' deposits '.,
which represent reeendy deposited .sediment and associated trace contamiriants. .

Many cOntaminants of concern have a tendency to adsorb or biQdwith fine-grained (especianyorganic) .
particles. The results of the 1981" and 1987 sediment surveys Will be'comparedto thedraftPr,?vincial '
Sediment Quality Guidelines (PSQG) and the OMOE Guidelines for OpeD. Water Disposal of Dredged .
Material Guid~es(OWDG). ..

The revised OWDG ,were established in 1978 andbave' been used extensively to determine whether dredged
materiais are suitable for open water or confined disposal.. However, the'particular contaminant .
concentrations were not based on known biological effects. BiologiCally-based guidelines (PSQG)·Jtave since
been eStablished to replace the OWDG. 'The PSQG guidelines released by the Ontario Ministry of the

'Environmentin March 1991 (perSaud et al; 1991) w~ intended to provide 'guidance duri11g decisiori'making
· in reiation to sediment isSues, ranging.from prevention'tO remedial actionw

• they are based on the need to
.protect benthic 'communities arid to prevent biomagnification from contaminated sediments. ,The guidelines"
are based on. three levels of ecotoxiceffects including: (1) the No-Effect Level (NEL)- the level at which no· .

'toxic effects bavebeen observed on aquatic organisms; (2) the LOwest-E(fectLevel(LEL) -the level of
.'contamination which can 'be tolerated by the majJrity of btmthic organisms; and (3) the Severe~~ectLevel,

(SEL):' the level at which pronounCed !Jjsturbance of the sediment dwel1ingcommunity caD be expected
(persaUd etal. 1991)•., " .

The physical 'and chemical Characteristics of the surficial sem,men~(the ~tIu:ee an) is described in:tIi~, •
following~ons. ,Where available, the quality of suspended sediment sampled from ,the mill,effluent
(effluent canal at Highway 17) and near the mouth of Blackbird Creek are also presented.

· As mentioned, trace contamiqants are generally assOclatedwith fintl: sediments such as silts and claYs thaD.
with cOarser sands; . The results of the 1981 survey indicated that elevated ,trace contaminant.levels in the
JackflshBay AOC wereassociateet with finer material (Kirby 1986). However, these observations were

, based on grab samples which were not-fully representative of the depositional basins. A better .
Unde~tanding of the impact of mill effluent on sediments. required. a Diap of sediment CharacteriStics
identifying the exact ·extent-of fine sedimentdistribution. '.,

. . .

In 1987, a sOnar survey was (:Qnductedof JackfisbBayinorder todevelap a map, of sediment characteristics
for the entire area (Sherman and McMillan 1988). Sonar' is a useful means of continuously mapping-

· sediments. The resultant·map from.this S11l"Wyis given,in.FIglue 3.16. The ~nar'surveydeterininedthat
fine~grainedsediment('mud') is accumulated inthedeepesideposition areas~' The sedimentin these areas
was found to be relatively uniform with the exception. of Moberly Bay where the organic-rich sediment . .
characteriStic of the depositionbasin (termed 'gyttja') l1as been'influenCed'bythe mill over the years. The
authors were also able to identify areas of glacial till, glaciolacUsmne clay and ice scouring. These results

'. were coDfirmed by comparisOn with grab samples taken concurrendy.' "
. . . :. " . . .

., ,

. .Sonar Mapping also ,identified the location of l~e 'sand waves' also referred to as 'megaripples', which are
.' locatecl· at the openings of Moberly andJaclcfish Bays. 'These sand waves indicate that relatively strong

currents enterorl~ve eachbay.with the potential for significant movement of sediments.

56



.00
!

Mi'nu·

SCALE
100

J

' .

LAKE ·IOTTOM fEATURES

.~: ~grT~~TS:8~1~~Nn'fS

~ :~~~~~M~~~~-J~:UIED
OIIlCTIONJ

+48'48'00' ~.
86'58'00'· LAKE. IOTTOM LITHOLOGY

ISl'IILL
.(][] G,LACio'LACUSTiINE CLAY

~SANO .

.. I!I~OSlD .II!O~~C~ ,

_MUD
'~GYTTJA

+48'4;"00'.

86'58'00'

+4"49'00'
16·51'00"

Bay

..
r.carell

Jad/ish

+48'49'00-
.8'-S9-ocr .

+48'49'00'
87"00'00"

Figure 3.16
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3.2.1 Physical Description

The particle size of sediDientsampled in 1987 was generally greater than 60 percent clay and silt (i.e., >62
micrometres in diameter). ExCeptions were higher coarse sand aI1d gravel cOntent from Stations 701 (at the'
~th qf Blackbird Creek, FIgure 3.1S) and 711 (on the edge of· a Shoal iii Jackfish Bay). When these·
stations"Were excluded, the'stations representing the three depositional areas (Figure 3.16) were fouildto be
statistically simil~ with respect to particle size (Sherman 1991). .

Eb (measured in mwltsl is apbysieat measure of <»ddizing and reducing Conditions in sediments. poSitive
. ·values are an indication of oxldizingconditionsin the interstitial waters (between the sediment particles)

whereas negative values are an indication of a complete lack ofoxygen and reducing conditions. The'
occurrenCe of reducing conditions in sediment pore· waters can be used as an indication of contamination,
particul8rly due' to the presence of organic carbonawfmetals. The most severe reducing conditions were

. fouild in Mo~rlyB.ay (Figure, 3.17).. The sediments at most stations in Moberly Bay bad astrong odour of
bydrogen sulphide(H~), a. sign·of reducing conditioqs and a lack ~f oxygen in the surficial.sediment The
odOurwas8lso noted in JackfisbBay, b\Jt ~nly at stations near the mouth of Moberly Bay (Stations 710, 831,
and 714). '. '. . . .

3.2.2 Oil and Grease.Contamination . ,

Another'indication of the. degree of sediment contamination is provided by the concentration of oll and
grease in the sediments; The mean concentrations of oU and greaSe (solvent extractables)at stations
sampled during the 1987 survey are provided in Figure 3.18. Values fluctuated widely throughout the three
deposition basins with ranges in mean copcentrationsof 4,295 to 37,450; 102 to 10,820; and 15,000 to
16,000 t-g/gin Moberly aay, iackfisb Bay, and Tunnel Bay deposition areas, respectively (Sherman 1991).
The total range ofindividuat saihples was from~l to 58,300 t-g/g(Sherman 1991). These are compara]>le to .

. the concentrationtangeS measUreddui'ln8 the 1981 surveys'whlchranged between S50 and 34,600t-g1g in
Moberly Bay and 430 and 6,150 t-g/gin Jackfish Bay (Table 3.7); The OMOE Dredge Disposal. Guideline . ,
for oU and grease of 1,500' f.f./g was exceeded in each depoSitiorialarea.during SUi'Veys in 1981 (66.7% of
samples) and. 1987' (85.7% of station means). The guideline was even exceeded iri Tunnel Bay which is
removedfrom.the direct influence of themill.effluent Although the highest Concentrations occurred in
Moberly Bay, nearest the mill outfall, .the wide variation in each basiJi suggests that there is no direct .

.'relationship between ~e mill effluent and oU andgi'ease levels in· the' sediments.

3.2.3 Nutrients
'.l '. "..,'. ' " -, .

Totaiorganic carbon provides an indication of the enri~entof the sediments with organic mattet;The
mattetcan originate·frOm natural sow-cessuch as dead algae and other aquatic Qrganisms and organic
matter.from the pulping process.··The PSQG Lowest Effect Level (LEL) is 1 percent·(10.mg/g)and the
Severe Effect Level (SEL) is 10 percent (100 mg/g) with reSpect to the potential for diSturbance of the
sediment .dwelling community. . . .

The mean total organic carbon concentrations in the secfunents saml»ied dUrlngthe 1987 surveys 'are sbown
in Figure 3,19. The ~ghestineanconcentrations were in Moberly Bay with a range of 42 to 210 mglg
(eXcluding Station 701). Mean concentrations at four stations (28.6%)".in Moberly Bay exceeded the SEL
(Stations 702, 821, 822, '825) .and ·sixstation means from ti\e' three depositional basins exceeded the LEL
(17.1%). JackDs1;t Bay ranged froin 5 toS6'mg/g and Tunnel Bay ranging from TI to 33 mg/g. The total
range of all bottom sediment samples Was 5 to 2SO mg/g (Sherman 1991). Values generally decreased from
higbconcentrationsin the ,susPended sediment of the effluent to lower concentrations in.bottom sediment
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Table 3.7 , Oil arid grease and nutrient concentrations in bottomsedirnents of Jackfish Bayin 1981 '
(Kirby 1~86). Station locations are shown in Figure' 3.14. '

Station Number, TotillKjeldahl TotSl OU aild Grease
Nitrogen Phosphorous;

701 200 SOO 550

702 ,,700 ' 1;100 34,600

70~ 4,300 1,000

704 4,300' , ,1,100 11,400

705 300 400 ';"

706 300 SOO

707 900 900 4,050

7C>a 800 400

709 600 600

710 2,000 1,000 2,SOO

711 sao 1;100 430
,,731 1,200 1~000

712 1,500 ,1,300

713 '1,700. 1,200

732 300 600
714 . ,1,400 1,000 ' 2,100

733 300 ,,1,700 .

734 900 900

715 300 600 -,
'716 . 2,300 1,000 .6,150

718 1,700. 1,000 5,200

719 200 800 900

721 300 .700 4,soo'

722 380 1,000 530

,PSQG L~ 550 600

SEL 4,800 2,000
OWDG ' 2,000- 1,000 1,soo

OWDG'

Note

'PSQG

, All concentrations mg/kg = ppm
not available ,
Provincial Sediment Quality Guidelines (persaudetal.l991).

LEL - Lowest Effect Level.. '
SEL -Severe Effect Level.,
'OMOE Open Water Dredged Material Disposal Guidelines. '
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with increasing distance fromthemouth of Blackbird CreeIt(Figure 3.19). This indicates a strong iDfluence
, of the mill effluent on,sediment organic carbon. .

Other nutrients which exceeded OWDGor PSQGinc1Uded total phosphorus and TKN. Total. phosphoflJS
exceeded the OWDG (1,000 lJi./g) at 45.8 percent of stations and the PSQG-LEL (600 IJi.lg) at 292per~t .
of stations during.I981 (Table 3.7). The SEL Was not exceeded.' The range in sample conCentfationsduring
1981 was 4()0 to 1,700 lJi./g with high concentrations ~,OOQ lJi./g occurring in all three bays (Table 3.7).. '
During the 1987 surveys the total range of phosphorus in all samples was 300 to 1,580 J,C/g (Sherman 1991)~

,The OWDG forTKNis 2,000 J,C/gandthe PSQG LEL/S~ are 5SO/4.800J,C/g. The range in sample .
concentrations during the 1981 surveys was 200 to 1,700 lJi./g with the three highest concentrations .
(>4,000 lJi./g) occurring in the bottom sediments ofMoberly Bay (Table 3.7). Of a totalof 24 stations from
the three,bays, 4.1 perCent e=ededthePSQG-SEL.20.8 percent excee4ed the OWDG,and 58.3 percent
exceeded the P'So<rLEL~ ." .,' , . . ,.'

3.2.4. Metals
. " ..... .

The results' of the 1981 survey for heavy metals in bottom Sediments are provided in Table ,3.8. Kirby (1986)
Concluded that the sediments were highly contaminated on the basiS of the OWDG which were exceeded by

. " individual samples for cadJilium (125%), chromium (70,8%), copper (45.8%), iron (83.3%), mercUry (8.3%)
'andzinc (16.7%). The PSQG were etteeded at the NEL by these metals as welLasbynickel and .
mangan~ (Table 3.8). The SEL of ,the PSQG were :exceeded only by mariganese(42% of samples). Lead
was the only metalwhich:did not exceed guidelines. In comparing these resll1ts:to, the results from the 1970
surveYs 'at approximately coinparable stations, Kirby (1986) noted.thatconcentrations of mercury, lead llnd "
chromium tended to be lower!n the more recent survey. Based on a p~cipal components analysis of the '
1981 sediment data, he alSo observed.that there Was a high correlation of concentration with sediment type
(higheSt concentrations assOciated with fine~grained sediment) ,butno distinct trend was diSceI1iible.for the ,

.' spatial pattern of sediment concentrations'in relation to the Inilloutfall at the mouth of Blackbird Creek.

The results oftheanaiyses of 10beavymetals from,tbe·l987 surveYS are 5uDunarizedin,Tabie 3.9 on the, .
'basis of effluentarid Blackbird Creek mean concentrations (suspended solids), mean concentrations fQr each
depOsitional basin; and the, range of results for 'all three bays combiDed. The OWDG andPSQG (LEL and
SEL) are also indicated. Figures 3.20 to 329, provide indiVidual station mean concentrations for each metal.

The OWoGs were exceeded by 'the mean concentrations of arsenic,· cadmium, chromium, 'copPer, iron,
mercury, nickel, and :line. The PSQG-LEL were exceeded by the same,metals as well as by.manganeseand
'lead (Table .3.9)'. The PSQG-SEL was not exceeded by mean concentrations in any of the three'depositional
basins, however, maXimumconcentrations,'of .arsenic, mercury and nulnganese ,did exceed· the Severe' Effect
U~l (Table 3.9). In c:omparison with the reference station located in Lake Superior, (S~tion 844), ,
background concentrations ofchronllum,' copper, iron and nickel also exceeded their respective PSQG-LELs;
manganese concentrations approached the LEL. Because this station is unaffected ,by any discharges and'is
considered typical'of Lake Superior nearshore sedimentfor the area, etteedence of the PSOGS andOWDGs
are probably due to natural.elevated concentrations related to, the mineralogy of. sedimeritsirJ. the area. '

, . .

Within Moberly Bay, cadJili~ chroinium, copper, nickel, mercury aDd :zinc exceeded the' LEI..s. .Mercury,
exceeded the guideline by more than twice-the value. The same series of metals with the exception of

.mercury and zinc also exceeded the L~ in Jackflsh and Tunnel Bays.' In ,addition, arsenic, lead and
manganese exceeded the ,LEL in Tunnel Bay. The'mean concentratiOn at Station 82S' (located near the
western shore of Moberly Bay) of 4.69 IJi.lg exceeded the SEL for mercury. '



Table 3.8 Concentration of heavy metals in JackfishBay sediments, 1981. (Kirby, 1986). Station
locations are shown in Figure 3.14.

Station Cadmium Chromium .. eoban qop~ Iron Lead Manganese M~ry Nickei Zinc
. Number Cd Cr eo Cu Fe Pb Mn Hg Ni zn

701 0.3 16· 4.7- 6 8,600 3 110 0.01. 55 35

702 0.83 43 5.3 31 . 9,400' 8.7 150 0.17 19 140

703 1.3 66 82 49 21,000 IT 300 055 '23' 150

704 12 6.3 8.3 47. 22,000 18 310 Q.59 23 ·140

705 0.3 12 3.5 45 .9,500 3 86 0.01 .. .21

706 0.3 13 3~0 4.8 . 9,300 3 88 • 0.01 6 22

707 0.35 36 6.0 16 16,000 5 200 0.07· . 13 62

708 0.3 20 4.5 8 13,000 3 210 0~01 80s. 32

709 0.3 ·19 5.0 6.4 .·15,000 . 4.8 180 0.01 12 '51

710 0.65 45 '8.2 32 20,000 15 320 0.14 19· 88

711 0.3 26 S~7 9.3 14,000 45 280 . 0.01 12 . 31

731 05 48. 9.7 34 23,000 . 21 77Q 0~08·· 22 74

712 .. '0.68 48 9.8 . 39 26,000 24 1,300 0.10 24 86

713 0.•65 40 . 9.1 41 20;000 .27 ·630 .O.1i . 20 '83

732 0.3 26 5.9." 92 14,000 4 250 0.01· . 13 '. 35

714 0.7 41 8.6 33 19~000 17 420 0.15 . 21 77

733 . OE 55 5.9 10 29,000. 3.3 280 0.01 13' 31

734 0.6' 43 8.4· 29 19,000 14 330 0.06 '19 59

715 .' oj 26 5.0 9 15;000. 3 250 . 0~01 14 32

716 "1.1 50 8.8 49 21,000 24 460· 027 24 100

·718 0.98 49 7.6, 44 21,000 26 .' 470 0.19 22· 93

:719 02 21 3A 7 10,000 3 .230 '0.01 12 22

721 02 46 8.9 21 23,000 4:1 490 . Q;OI 22 46

722 0.2 37 72 16 18,000 52 320 0.01 17 42

PSQGLEL 0.6 26 J6.0 20,000 31 460 0.2 16.0 120

SEL .10.0 110 110.0 40,000 250 1,100 . 2.0 75,0 820

OWOG 1.0 25 25.0 10,000 50 0.3 ·25.0 . 100

Note All concentrationsmgtkg=ppm
not available .

·PSQG. Provincial Sediment Quality Guidelines. (persaud. et al. 1991).
LEL'-. Lowest Effect Level.·
SEL -Severe Effect Level. .

OWOG OMOE Open Water predged Material DispOsal Guidelines.
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Table 3.9 Mean values (~/g=ppm) of heavy metals in three deposition basins ir1 JackfishBay surficial
sediment, 1987 (Sherman, 1991). ...,

Atea ,As Cd Cr Cu Fe Hg Mn Ni Pb ,zn
Sample Locations

KC Effluent 2.20 6.30 315.0 485 10550 0.15 :890 64.0 165 315.0
(n=2)*

Blackbird Creek 2.50 16.50 200.0 80.0 9100 0.26 480 365 16.0 700.0
(n=2)*

Moberly Bay 3.10 1.11 56.0 40.0 18579 057 248 23.0. 17.0 127.0
(N=34)

Jackfisli Bay 5.10 ',·0.94 53.0 44.0 21972 .0.16 431 25.0 26.0 87.0
(N=37)

Twinel Bay 8.40 1.12 58.0 52.0. 27800 '0.15 755 28.0 '37.0, 97.0
(N=15)

Range f Min 0.55 0.20 2.0 4.3 7,900 .NO 100 7.0 2.9 29.0
Max 14.00 2.10 81.0 68.0" 31,000 9.10 1,400 31.0 '31.0 ,260.0 '

, PSQG LEL 6.00 0.60 . 26.0 16.0 20,000' 0.20 460 16.0 31.0 120.0

SEL . 33.00 10.00 110.0 110.0 40,000 2.00 1,100 75.0 250.0' 820.0

OWD9 8.0 ' 1,00 25.0 25.0 10,000 0.30 '25.0 ' ;50.0 ,100.0

Referen:ce

Station 844 (n=2) 3.30 0.47' 48.0 29.0' 22000. <0.01 '445. 24.0 13.0 52.0 '
0 0 00 00 0 0 0

Note An concentratic?ns mg/kg =. ppm ,
not available

* Suspended solids ,
f based on 102 samples froin the three ba}'S: '.

PSQG . PiovincialSediment Quality Guidelines (persaud et al. 1991);
LEL -Lowest Effect T-.evel.
Sa. - Severe Effect Level.

OWDO .OMOE~ WaterDredged Material DispOsal Guidelines~,
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The resUlts forindiVic:lualstations were also exan1me(lin relation to the mill effluent discharge .(Figui"es3.20· .
to 3.29). 'Generally there is little or no relationship between the mean. concentration of most metals and
distance from, or'copcentration in, the mill efflUeDt. MOst displaylittle or no relationship (cadmium, .
chromi~copper and nickel, Figures 3.21-3.23 and 3.28) or a reverse relationship. (arsenic. ir()n,.lead and
mang~ese, Figures 3.20, :3.24, 3.25 and 3.26). Only mercury and zinc (Figures 3.27 and 3.29) have
a>ncentration,patterns which suggestdirectimpaetfrom the mi11 effluent.1beJack of any tr~ likely
indicates widespread backgroUnd mineralogy whichis~ed by the absolute concentrations ¢.these five

. '. metals at the referenC¢station ,as'noted abOve. A'pattemof increasing'concentration'.at lOcations furtheSt
from the mouth of Blackbird'Creekmay reflect transport mechanisms, such as an affinityfor futer gram siZes
.which are carrtedfurther, or reflect. metal aWnabilitY. . .

The movement of metals from sediment to the~ter col1mm. and their availability'for biological uptake are
" impOrtantaspeets to consider in order to define sources and identify' remedial options. The beltaviourof

some metals such as manganese andiron in' the sediments provides some indication of the conditions for
sediment/watertransfer .and theaWnilbility of some metalsfor uptake. Oxides of manganese and·ironhave
ahighaffinit}r for other metals. Manganeseconeentrations are lower mMoberly Bay.sediments eventhougb

· elevatedtoncentrationsoccur in the sUSpended sediment in .Blackbird Creettand ,in'otherareasoftheBay ,
(Figure 3.26). The relatively severe,reducing conditions in, the Moberly Bay deposition area sediments are .
likelycontributfugto the solubilization or stripping of manganese.. Sqnilar reductions of iron were noted,., .

· The high sorption capacity of manganese and iron oxides for other metals (Forstner and Wittman 1983) may
· Well be providing a mechanism for binding and precipitation of·rnetals'itl the,Blackbird Creek discharge,

I)owever, the conditions in Moberly Bay sediments favour release of these metals back in~ the water column.

The elevated mercury concentrations in Moberly Bay, as compared with other areas (Figure 3.27), can be
related directly to the mill·effluent. Mercury has historically been.Used at Kimberly-Clark.Canada Inc. and
would be. expected to be elevated. Zinc also has,a pattemof highest concentration in Moberly Bay in .'

'relationto ,the mill effluent discharge, decreasing to lower ~ues in Jackfish and Tunnel Bays (Figure 3.29)..
However, zinc was not used in the kraft pulp mill process. The sources ofthisinetalin the effluent is not

,clelU" althoUghit maybe due to the natural. presence of zinc in ''WOOd fibre, which is, then eoocentratedduriilg
"tile pulping'process;

,- 3.2.5, Organics.,
. .

3.2.5.1 Phenolics and Aromatics

Phenolic compounds are a by-produd of tlle pulping process and woUld be expected in the effl~eilt discharge
'(McLeayetal. 1986, OMOE 1988). However, only the higher chlorinated phenolic chemicals -would be
'expected to accumulate insedime~ts. There are no guidelines for phenolic compounds.in sediment.

During the 1981 OMOE surveys, ~rg~c contaminants were analyzed at only 13stations (Kirby 1986). . .
,Contaminants included 100rgan~orine 'pesticides, PCBs, hexachlorobenzene, phenol and guaiacOl.. Phenol
and &Uaiacol were each detected at 5 of 8 stationsduriIig the 19Si surveys (Kirby 1986). The highest
concentrations wereat.stations 702 and 704 as in the case of PCBs. }>henol concentrations ranged from not '
detected to 9.98 /.gIg and gwliacolranged from not detected to 16.5 /.gIg (Kirby 1986).

, ,

OrganOclUorines, including 20 phenolic compounds, 12 chlorinated.benzen~ and 1 volatile, were measured in .
sediment Sarilples during the 1987 and 1988 surveys (Sherman 1991). DeteCtable cOnCentratioIlSwere found
for only six parameters mcluding hexachlor0benzene, pentachlorobenZene,tetrachlorobenzene,'
pehtachlorophenol, tetrachlorophenolaDd 44,6~trichlorophenoI.The reSults are summarized in Table 3.10.
There are nO'~dclines for any of these compounds With the exceptionofl1exachlorobenzene. '
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Table 3.10 Frequency Qf detection and DlaJIbnum cOr1centration of ·organocblorine compounds in
surficial sedim~nts in the three depositional areas of the Jacldish Bay AOC during 1987/88
(Sherman 199J). ' , ' ,

,

Moberly Bay 'JackfishBay Tunnel Bay
" Detection Station 16, N=41 Station 18,N=46 Station 4, N=18

limit %(Max)'. , % (Max) %

Hexacblorobutadiene 1 0 0 0

HeJQlCblorobenzene 1 ,83 (~2)' , 17(3) 0
.

Hexacbloroetbane " - 1 0 0 0
"

Pentacblorobenzene 1 12 (3) 0 " 0
,

2,3,6-tricbl()rotoluene 1 0, " 0 0

'.2,4~-tricblorotoluene 1 0 0 0

2,6,'a-tricblorotoluene 1 .. 0 0 0

1,2,3 triCblorobenZene, 2 0 0 0

1,43,4' tetracblorobenzene ' 1 2 (4) 0 0

1,2,2,3,5 'tetracblorobenzene 1 0 0
"

0 ,

2,1,2,4,5 tetracblorobenzene 1 0 " 0 0

1,3,5 tetracbloro{)enzene 2 0 0 0

Pentacblorophenol , 50 5 (880) .. 0 0

,2,3,4' tric1l1oraphenol 100 0 0 0

2,3,4,5, tetrach1orophenol
,

,2 (1~)50 0 0

2,3,5,6 tetracblorophenol 50 0 0 0

2,4,5 tricbloroph~ol" SO 0 0 0

2,4,6' tricblorophenol 50 5 (302) 2* 0
,

Note' 'All concentrations in J.g/g =ppm
.' N=2' .
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Volatiles andclllorinatedbenzenes have been assodated'With Pwpmill effIuet1ts. Hexaclllorobenzene was.. .
detected in 83 percent of the samples collected in Moberly Bay; the maximum value deteetedwas 0.032 JIl./g...
The Lowest Effect Level (PSQG) foi-this parameter is 0.01 JIl,/gand this level "9t.lSexceededbythe
niaximum value measured in Moberly Bay (Table 3.1Q). TraceS of penta- aiu:ll~,4~tetraclllorobenzene
were also noted. .. , .

, Measurable concentrations of threeclllorophenolicchemicals were.also detected in Moberly Bay..2,4,6- ..
.tricllloroplienol was also detected atone station jist outside Moberly Bay in tehe Jacldish Baydeposition area
(Table 3.10). '

·3.2.5.2 Resin and .. Fatty.Acids '

The highest concentrations and frequency of detection Of resu1. and fatty acids d~the ·1987 and 1988
surveys were in Moberly Bay (Table 3.11). 'Even'though resin acids are reported to rapidly degrade (Taylor

.. et a1.1988), bighconcentrations of several (esin and fatty acids,werefourid in sedin1ents of all thTee
depositional basins in the Jackfish Bay AOe. Diclllorodehydroabi~tic·acid, which·is one of the more
peI'SiStent·resin acids, waS found· in niore than half of the samples from Moberly Bay (maximum
concentration 3,700 ug/g). Elevated concentrations·of dehydroabieticacid·and 'oth,er resinaclds in Moberly . .
Bay, as well as in Tunnel Bay, suggest that resin acids are more widely distributed and do not break down as
quickly as expected in the aquatic ~vironment. ..

3.2.5.3 .. Dioxins and Furans

Dioxins and fufansiriclude 7S isomers ofpolychlorinated dioxins, and 13Sisolilers ofpolyclllorinated fuians.
The, most toXic forms ,are those substituted at the 2,3,7,8 positions, particularly 2,3,7,8.,tetraclllorodibenzo-p- .
dioxin.: The toxic effects of dioxins and furansincludeweight loss, thymic atJ:ophy, immunotoxicity, .
hepatotoxi~ty and porphyria, cllIoracne, hyperplasia and.cancer, teratogenicity an4 r~productive:to;dcity(Safe
1~. ' ..',. .

Dioxins and furans are by-productsJormed in combustioitreactio~,sucllas f~rest fires, aDd inclneratQrs, as
a, result ,of'the manufacture of industrial ..chemicals,.aDd from the 'cllIorlnation (bleaching) stage of bleached
laaft pulp milK .Concen~ati.ons of 2,3,7,8-substltuted dioxins and furansare'usually undeiectable in the.

, ,. ambient environment. .Background levels of other' isomers.can ,often be detected, due to aerial deposition
, from.inclustrial.sources· and!or:diffuse production in forest fires, principally of the highly chtorinat~ forms

(hePta andocta) which are very stable in sunlight and tend to persistin theenvironmet1t. ' Industrial
discharges of dioxins and furanSto the air and water result in a net loca1izedloadiilgofthese chemicals
which adsorb to organic sediments arid soils and which are ,adsorbed by aquatic or terrestrial animals from,
theirdiet, These chemicals can bioaccumulate,to toxic levels in higher organisms.

Both bleached kraft mills and mills which do not USe bleaching have been identified as Sources of many
forms of dioxins, but principally fufans (OMOE 1988a).In both cases many of the isomers detected are the
almost ubiquitous highly cllIorlnated.forms .foUndthroughout the environment However, mUls using " .
bleaching oftendiscllarge the 2,3,7,8-substituted forms. .

Because dioxins and furans are poorly water soluble, they preciPitate with suspended'solids to the' bottom
sediments of the receiving environment.' Little data exist, however, for concentrations Of dioxins and furans
in Sediments (Sherman, et al. 1990), and aguideline for these chemicals in sediment has'not been :established.

During the 1987 and 1988.surveys; secUlneilt and effluent samples from Jackfish Bay ~re.analyzedfor
polychlorinated dibenzo-p~dioxins (COOs) and dibenzofurans' (COFs). Sediments from the middle of
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Table 3.11 Frequency of detection and maximum cOncentrationS (J-C/g) of resiB and fatty acids ill
surficial sediments in the three depositionalllfeas oftbe JackfishBay AOCd~ 1987188

, (Shennanl991). .

Moberly Bay Tunnel Bay .' Jackfish Bay
Resins and .Minimum sta=8, n=33 sta=4, n=12" sta=5, n=32
Fatty Acids Value.

"- "- %(toO Ig) 'max m$X max
·s.v/g .s.v/g t41/g

capric acid . 70 36 470'· . 8 195 0

.phthalic acid 24 . 15 . 132
;

0 0

lauric acid 25 33 455·
"

2S 510 12 1020

myristic acid 7 84 2125 83 840 6S 2635·

palmitic acid 50 69 7470 41 3175 59 12810

linoleic acid 128 12 2255 16 .' S45 12 ·1705
.-

.

linolenic acid 57 84 6515 33 330 46 1515

oleic acid 10
.

81 2030 5 3690' 34 '·3600
;

stearic acid 10 45 2720 '25 910 21
..

3650

pimaric,'acid 205 21 1065 0 3 245

sandaracojmnarlc acid 445 3 700 16 660 0.,

isopimaric acid . 145 63' 3605 8 '1535 3 1245

palustricacid 80Q 3 800 0 0 ..

dehydroabietic acid 105.. 94 13110 100 10385 71 52S0.

arac:ihidic acid
"

75 .84, 4990 .100 1295 68 3605

abietic acid 51 ,', 93 4304 . 50 1195 SO· 1390
.

neoabietic acid' SO 15 1035 . 0 0 ;

dichlorostearicacid 45 27 : 680 0 3. 130

chlor~ehydroabieticacid. 95 .' 48 144() 8 95 9 1125

dichlorodehydroabietic 108 66 3700 0 9 2100
acid

",
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Moberly Bay (Station 7(4) showed moderate concentrations of tetrachlorodibenzofurans. (4CDF) and
'. octacblorodibenzo-p-dioxins (8CDD) With trace concentratioris.of other dioxin and fOran congeners
(fable 3.12).. - . .

Adifference test (MANOVAwith Student-Neumen-Kucls test),be~enlogtransformedsuspended solidS
.. and surficial sedimentvalu¢S, was carried out to determine whether the'suspected point source was

responsible for elevated contaminantlevels (Shermanet al.·l990).Results fora difference test carried out.
for 4CDF and 8CDD (Table 3:12) Were different for the two congeners. There was a progression of . '"

.. signifiCant differences from the effluent to·the sampled stations for 4CDFmean values. This suggests that
the effluent was the main ~urce.of this congener.. Itlcontrast,tllerewere no significant differences between,
the stations for 8CDD within· Jacldish :Bay, indiCating thattlie mill was not the source. SOme other source,
such as atmospheric deposition, may have be~nresponsible for elevated 8CDD levels.

. ',' . '; . '; . . '.

Table 3.12 OctacblorOdibenzo-p-dioxiris(8CDD)and tetracblorodibemorurans (4CDF) (pg/g d.w.)
found insurflcialsediment samples from JilckfishBay and susperidedsolidSfroJD. the..
effluen.t and Blackbird Creek during 1987/88 (SherIllan etal.1990). Station locations are
shoWn in ,Figure3.15)~.

.. Stations ManovaValues .

. 5 20 704 716. 713 844 845 Fvalue .Pvalue r2

...

Number of 2 2 . 4 2 '4 2 2
Samples

..

..'

I.

8CDD 2SO. i41 ·219 233 126 32 12 '13029 0;0002 0.88
(Jig/g)

4CDF 6223 2000 411 139' 31 11 2.4 21.83 0;0001 0.92
(pg/g) .

"

.. ..

(Sediment values represent geometric means, AlsO shown are results of a multivariate analysis of variarice
and student-Newman-Kellls test of between station differences. Statisticany·siJD.ilar stations are pined with a

.double line.)
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F"tgUI"e 3.30 represents the sedinient core profile tor dioxin and furan congeners 'found in Moberly Bay at
station 704..As with the surficial sediments, '4CDFand 8CDD cong~ers'were the most common at all·
depths where detectable concentrationS occurred Low coJicentratiOns of 7COD, SCDF and 7CDFcongeners

. were alsO detectable.

The congener pattern for· the higher chlorinated congeners was similar to the "combustionpattem" found by
Czuczwa and Hites (1986) in SiskiwitLake(Isle Royale, Lake Superior).. This combustion pattern.is a
typiCal backgroUnd pattern for Lake .Superior. A similarity between'Jackfish Bay and Siskiwit Lake patterns
indicates that the mill is not the source fOr these congeners; contamination is probably due to. atmospheric.
sources..Howewr,a pattern dominated by 4CDF from the Pwp mill efiluent wassupeijmposed on this

,combustion pattern,' indicating that 4CDF stems· from the 'mill efiluent.

3.2.5.4 Other Organics
. . .

The .19810MOE surveys found concentrations of organochlorine.pesticides and h~orobenzeneto be
.generally not detectable.or detected in: only trace amountS (Kirby 1986). .Total PCBcoti~trations; howewr,
ranged from not detected to 0.930 IJglg at 12 stations. neliighest concentrations occurred at stations 702
(0.930lJglg) and 704 (O.48SlJglg)inMoberlyBay. Detectable concentrations were .found ~t 8s~tions of .
which the OMOE Open Water Dredged Material Disposal Guidelines (0.05 IJglg) was'exceeded at 7 stations.
The PSQG-LEL for'total PCBs (O.07lJglg) was exceededat.6stations. .

11te results for.29 organ9clUorinesincluding pesticides, ~orostyrene and PCBs measUred during the
1987 and 1988 surveys are 'summarized in Table 3.13 according to depositional basin. Detectable
concentrations Were limited to the sediments collected, from Moberly Bay witilthee:xception of 1'-BHC,
octaclilorostyrene, DDE, pp-DDD, 2,4-dichlorophenoxybutyric acid and 2,4-propionic acid (Table 3.13)~The.

source'of thesecoinpounds intlie effluent is unknown. . . .
. '. ;' '. .

. .

PCBs were measured in samples from MOberly Bay (Table 3.13 and Figure 3.31). Themaxirilum .' .
concentration of total PCBs is 0.280 IJglg (280 ng/g) WhichexceedstheOWDGof 0.05 IJglg and the PSQG­
LEL of 0.07 IJglg.Their presence may relate to past uses of PCBs in industrial electricalequipm<mtatthenUn.' .

Polynuclear aromatic hydrocarbons (PAHs) were evenly distributed at low concentrations throughout the
studyarea. The tentative PSQG for total PAHs is 2.0 IJglg. This was notexceeded by the total of the .6
PARs·measured at any station (Table 3.14). The concentration paUCrn and 'frequency of occurrence is fairly'
unifoim thi'oughout the three depositional basins and, hence, do not.~ to be influenced by the mill .
efiluent (Table 3.14). As,in the case for the higher chlo~teddioxinCQngeners, atmospheric deposition.'
maybe the most likely source of tbePAHcompounds. They are known tb be created by low temperature
burnirig suCh as from wood stowS (Chan and Perkins 1989). . . . . .

. . ...."
. . .

3.2~6, .Historical Changes in Sediment au~ily

Through radiodating techniques (Sherman efal. 1990). ifis possible to detenDmetheageof hol"iz9ntal
'sectionS of asediment core sample. Once these dates are established ami contaminant lewis in the gectionS

are determined, contaminantlewis can be compared to mill activities, such as process changes or leaks and
spills, which maybave resulted'in'sedim~tcontamination.. Radiodating·is a useful means of understanding
the historical conteXt of environmental imp~ct related to ongoirig in4ustrial activity. . . ' .
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Table 3.13 Frequency of detection and maximum concentration (ng/g) of:organochlorine compounds.in
.~urficial sediments in the tbfee depositional areas of the Jackfisb.Bay AOC during 1987/88
(Sherman.1~I).. .

..

Moberly Bay Jackfish Bay Tunnel Bay
Compound Detectiorl sta=15,n=37 sta=18,n=45 sta= 4,n = 18

Limit '

" " max " max.
(ng/g) . max

ng/g. ng/g ng/g

Aldrin 1 0 0 0

Hexachlorocyclohexane ( a-BHq 1 11 3 0 0

Hexacb1orocyclohexane (b:-BHq 1 2Z 6 0
..

0

Hexachlorocyclohexane (1'-BHq 1 76 32 20 29 6 4

a-Chlordane. . 2 3S 15
...

00

1'-Chlordane 2 .22 '9 0 0

Dieldrin
..

2 0 0 0"..

Methoxychlor .3 0 0 0

Endrin 4 0 0 0

Endosulfan sulphate 4 0 .... 0 0

Endosulfan.I . 2 0 0 0

Endosul(an II 4 0 . 0 0

Heptachlor epoxide 1 ·0 0 0

Heptachlor 1 0 0 0

Mirex·· .'
'5 O· ... 0 0

Oxychlordane 2 0 .. 0 ,~

Oc.tachlorostyrene 1 65 18 4 2. 0

op-DDT'·· 5 11 15 0 0

Polycb1orinated biphenyls 20 '19 280 0 0

DOD 5 11 15 0 0

DDE 1 24 .18 11· 5 11 10

PP-DDD 5 68. 45 17 10 0

Dicamba 100 .. 0 0, () .

Picloram 100 .' tt ·440 0 .. 0-.

Silvex
.,

0SO 0 '0 -

24-Dichlorophehoiyacetic acid 100 -0 0 0

24-Dichlol'QPhetioxybutyri~ acid 200 -0 2 27S ·0

24,;.D Propionic ~d 100 8 155 4
..

110 0

245~Trichlorophenoxyacetic add
-

SO 0 0 0



, Table 3.14 Frequency of detection and maxim\U11concentration (1,I/g) of pOlynuclear aromatic ,
, h}'drocarbons in surficial sediments in the three depositional areas of the Jackfish Bay AOC '

during 1987/88 (Sherman i~I). '
, ,

,
,ja~kfishBay, MoberlY Bay "Tunnel Bay

Compound Detection " sta=15,n=10 sta=5,ri=10 sta=4,n=5
limit ','

(~/g) ~ , % max % max % max
'J.6J/g J,lJ/g J,lJ/g

Dibenzo (a,h) anthracene '·0.04 29 0.06' 10 0.04 0

Benzo(g,h,i) perylene 0.Q4 53 0.09 40' 0.06 SO 0.09 :

Naphthalene 0.04 0 20 0.09 SO' 0.16
"

Acenaphthylene 0.04 0 0 -0

Acenapbthetie 0.04 ' 0 0 0

Fluorene 0.04 0 0 0

Phenathrene 0.07 0 SO 0.28 67 0.16
, '

Anthracene ,0.01 35 0.01. 10 0.05 ' SO 0.03
,

Fluoranthene 0.02 100 0.18 80 0.24 100 0.24

Pyrerie 0.05 82 0.23' ,60 '0.19 83 , 0.20

Benzo (a) anthracene 0.02 71 ,0.17 60 0.11 67 0.10
" ','

Chrysene 0.02 82 024 , 60 0.20 83 0.12

Benzo (k) fluoranthene ' 0.02 6S 0.09 SO 0.08 61 0.15' ,

IJenzo (b) fluoterte 0.05 ,53 0.08 SO 0.08 67 0.15

,Beqzo,,(~)'pyrene 0.04 65 o.io SO 0.07 SO 0.10
...

Indeno (1,2,3-00) pyrene '0.04 29 0.05 10 ,0.05 SO 0.08

Total PARs 1.30 1.54 1.58
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Radiodating was used by Sheniian et aI. (1990) to date a sample taken frorinhe centre of Moberly ~ay
(Station 704, Figure 3.1S). No evidence of disturbance of the Surflcial layers was hoted' The dates
established froJl.1 the Pb-210 profiles agreed "Iery closely with appearance pfCs-137 within the (X)re. ' ,
Established 'dates were also corroborated with other fluctuations in'chemical profiles and cOre appearance
that correspond'to dates ofhistorical changes at the mill or other events significant to the cote record. ,
Dates established for the period after 1940 were considered accurate to within 2 to 3 years. Due to the '
relatively high sedimentation rate in the core sanlp1e areaca1JSed by the sUspended solids loading from

,Blackbird Creek, the resolution of section age over the periqd of mill operation (1949 to present) is
copsidered to be even finer; within 2 years. Itiserpectedthat the sedinientation rated~eased as a result
Of the 1989 installation of an aerated lagoon S)'Stem by tb.emill which reduced the amount of organic matter
dischargedhl the effluent(Chapter4).' '

The core profile of tetrachlorodibenZofuran (4CDF) concentration(FtgUre 3.32) showed relatively high values
, which.abruptly dropped to undetectable .levels .«60 pglg) .below a.depth of 10 an. ThiS drop. corresponds to
, 1973 and the abruptness of the concentration change from 1973.to 1975 is not consistent with a decay or

gradual introduction of 4CDF into thesemment Rather, the profile suggestS that a sudden process change
at the mill had resulted inprodueuonof 4CDF f9110wing 1973 and continuing to the time ofsampling (1988).. . . ".. .. . . . .

'The, abrupt appearanceof 4CDFin the sample following 1973 may correspond to the mill changing from
'cold'to 'hot'ch1orinebleaching.Warmertemperaturesusedin the second process favour the formation of
4CDF. ADother possibility is that the use'of oil-based brownstock defoamers, which have recently been
shown to contaiD dioxin '~d furan,precursors, may be the,cause. ' , .

, Concen~atlons ofoctachlorodibenzo-p-dioxins (SCDD).in the' same core (Figure 3.32),sho~ ~oderate
values similar to thoseofremote areas of Lake Superior(Czu~ and lIites 1986). No abrupt changeb1
concen.tration with depth in the core was found and measurable concentrations of SCDD were noted in core
segments that predated the start of mill operations."

Figures .3.33' and ·3.34 illustrate concentrations of mercury, lead; zinc, cadmium, mqanese,'coPPer, loss on
ignition (fibre) and total organic content ill a core sample from Station 704 in Moberly Bayeollected in 1988 '

, (sherman 1991). Concentrations of zinc,cadmiUIll; copper,loss on ignition and total organic carbon increaSe
in the more recent years. L~ and manganese show little or no .change over time. '. The high levels of zinc .. '

. , in sediments is interesting as thiS metal ~not added to any processes in the mill. However, as noted earlier,
metals'are natunilly taken up by trees and sto,red in 'v.ood,fibre. It may be that dJ,Uil1g .the pulping procesS, .
metals are released from the pulp and conc:eiltrated ~. the wastewater. Similarly, increased zinc
concentrations in recent sediments may bea result of decreaSed water usage on a pulp production' basis in
reCent years. '

The results of the 1987 and 1988 sutficialsmrtpling descn"bed earlier suggested that copper and. inanganese
and possibly cadmium concentrations reflected geochemical charactensticsofthe sediments in the region'
rather than pollution from a single source (Section 3.2.4). The increasing concentrations of cadmium and

. copper in more recent years (Figures 3.33 and 334,however, suggests that anthropogenic sources ateinore
likely than gross regional geochemical ~aeteristics. The atmO$phenc deposition.of trace metals is known

" .to contribute relatively large loadings to Great L8kes,particularly those remote froni .industrial and urban
, activity (Nriagu 1986, 1990). The results of the sediment cote c;lata which show iricreasing cOncentrations of

cadmium and copper (as well as zinc),throughout the industrial era (i.e.,sincethelate·I~)combinedwitIt:
tbe'surficial results showing ubiquitous concentrationS provides stJl)ng evidence for a Significant atmospherle .

. , ~neilt to the Occurrence of these'metals. .
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octachlorodiberizo-p-dioxins (8CDD) in a sedimentcofecolJected
'in 1988 at Station 704 in Moberly Bay' (Shermanet al 1990).'
.Station location shown in Figure 3.15.
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Between 1972 and 1978, th~ Kiniberly-Ctark mill used a niercury;mOde cblorine generation unit, which
resulted in Dlercury iosses from the gradual degeneration of theanode~ Additional mercury and lead (from.
the liiling of the reaction chamber) were likely discharged during this. period. Increased mercury aDd lead
levels in·the core section corresponding to this time period reflectS.their use by the mill (FIgUie 333).- .. .,

3.2~7 .Sediment· Quality Summary·
. .. .

The results ofgeoph~cal inVestigations of sediments from the Jackfish; Bay AOCduring 1987 and 1988
identified the presence of three depositional basins in which fine-grained (mud)sediJnents dominated. .. These
basins correspond to Moberly. Jackfish· and.Tunnel Bays. The. sediments of Moberly Bay have the highest
percentage of organic materiallmd consequently the IllOSt ,redudngconditions~ The presence of the organic
material is attributed primarily to the mill efflueIitwhich enters'via Blackbird Creek.. The sediments of the
three·basins are v8rlously contaminated· due· tria variation in sources and to·processes which ~ect .their.
accumulationandav3ilability. .

... Contaminants.which· exceed either. the Dredged Material Disposal Guidelines .andlor.the Lowest Effect Level·
of the draft Provincial Sediment Quality GuidelineS, based on sUI"Veysundertaken during 1987 and 1988. '

.include: oll and .grease, total organic (:arbQn, totai·phospho~ arsenic, cadmium, chromium, ·copper, iron,
lead, manganese, mercury, ni,*el, Zinc, hexacblorobenzeile and tQtal Pq3s. TKN measUred'in 1981 also
exceeded guidelines. In addition, high concentrations of certain phenolic compoundS, resin and' fatty acids,
and dioxins and furans, for which no guidelines' are available, contaminate sediments within the AOC.. .' ,

,CQntaminants which are attributed to the Kimberly-Clark effluent based on their temporal or spatial .
distri~tion patterns, either currently'or historiCally. include total organic carbon, TKN, mercury, me, total
PC8s,hexacblorobenzene, phenolic compounds, resin and fatty acids andtetracblorodibeIizofurans. The

.'most likely sources. for the higher cblorinated dibeIizo-p-dioxins and rurans,' PAHs, .and· certain metals
(cadmi\liIl and copper) are diffuse and pOint sourcesremote from the AO~ and cOntributed via atmospheric
deposition. Cadmium and CopPer concentrations may also reflectJocal geocl1einical.conditions along with
chromium, iron, nickel and tnanianese. The distribution patternS of total phosphorus, arsenic and lead do

. ,not clearly identify likely sources.

The presence ofP~in sedinlent within Moberly Bay may~ due to their former uSe inelectricar .
equipment at Kb:nberly-Qark. Detectable concentrati~nsof.organocl1lorine pesticides were found only in
Moberly Bay sediJnents. ' . . .

AlthoUgh the·da'ta .are not·sufficient to identifY statistic8liy significantttends over tUne, a. comparison of data
collected in 1981 with data collected in 1987188 and the historical record identified in sedinientcores from,
Moberly Bay suggest .certain· trends.. Generally. concentrations ofoll and grease; total phosphorus, and
manganese appear to be fairly constant over time. Total organic carbon, cadmium,· copper and zinc appear ,
to be increasing in concentration.whereas mercury and total PCBs are decreasing. . . .

'3.3': BIOTA

3.,3.1 Benthic Macroinvertebrates

Benthic macroinvertebrates are'useful organisms for determining envitonmental quality.,They are relatively
immobile and ubiquitous, hence,. diey integrate the effect:sof water andsedimeitt quality conditions at aily
one location and allow forcomparlsonsamong areas which are affectecidifferently by pollution. in addition, ,

.because different species have different sensitivities to contaminants, enviionmental quality in' any given area
can be determined by describing benthic communities with regard to: the presence or a~ence of certain' ,
species; the overall abundance of taxa and species;'density and distribution of taxa; diversity and ricl1nessof, ,

. .' ... .. '
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the community; and correlating the benthos with sedim~t conditions. In addition, the e.Valuation of .
temporal changes in any or all of ,these components can be used.to determine whether.environmental quality
is worsening Of improving. ' '

Beak Consultants Ltd prepared a report in 1988 (Beak Consultants 1988) surrimarizing the r~ults of
biological Surveys conducted in Moberly,TUtmeland JackflshBaysinl969,l975 and 1987..Theauthors
sUmmarized benthic species richnesS arid diStribution as Well as community structure for each of theSUiVeY
years and identifiedimportanitemporaltrendsffom 1969 to 1975 and 1975 to 1987•

., 3.3.1.1. Species Density'and Diversity,

:The Beakreport concluded tlultthe greatest species diversity,was detected in association with llquatic,
vegetation.' This observation can be explained by the fact that llquaticvegetation provides benthos with

,diverse habitat, suitable for an array of benthic species. In contrast,. limited species diversity was observed in
odorous sediIrients where much orglinic matter.bad accumulated. The authors suggested that organic·
loadings from Kimberly-aark Canada Inc. may have degraded benthic habitat andassoci~ted benthos.

, Total organism density was depressed in the extreme'west due to the effeCts of IDill effluent entering 'from
Blackbird Creek, followed by a densityris~ to the immediate east due to the effects of organic enrichment,
followed.by a gradual decline to the east. .The enriclunent of west-central areas ofMoberly Bay and Jackfish .
Bay was concluded to be consistent'wi~the observed pattern of dispersion of the effluent plume· from
Blackbird Creek (Beak Consultants 1988).

Pontoporeia. ho)i density decreased ,dramatically between .1969 and 1987, indicating that envit:onmental quality'
was dete.rioJ;ating over this period. These organisms are extremelysCrisitive to pulp II1ill effluent. In 1969,.
this organism was' essentially absent in central and western Moberly Bay and a few locations ,in the western
portion 'of inner Jackfish Bay. 'Densities were high in Tunnel Bay, although they were lower in the eastern
portions ofinner and outer Jackfish Bay. However, by 1987, there were no P.Iw)i in any of Moberly Bay or
the western portion of Jackfish Bay (Figure·33S). Densities were found to have continued to decrease in
Tunnel Bay, :md there were substantial decreaSes ineaste~ and ceI1tral portions of Jackfish Bay.' .

Conversely, tUbmcids, which arepolluuon tolerant, increased in density aDd extent of highd~ty between .
1%9 and 1987, especially in Moberly Bay and the western and central ,section of JackfishBay (Figure 3.36).

.The maximtim density in 1969 was30,OOO/m3, Wh~reasin 1987, the maximum density was,:196,OOO/m3• The
, . authors noted that these results indicate tliatJackfishBayis gradUally becoming enriched, possiblY'as a result

of the cumulative effects of organic loadings ,from the nilll.(Beak <::QnstJItants 1988). ' '

3.3.1.2aenthic Community Impairment "

, austenmalysis,usingthe quantitative benthic data identifiedfour distinct benthic communities or clusters ,as
. eJlistingduring each of the three survey years. Discriminantanatysisof these Clusters, utilizing environmental

characteristics associated with thebeDthic sampling locations, identified sediment particle =, water depth,
otgimic·mauer accumulation in,the sediments, mldthe presence of-llquatic vegetati()n as the mosfimportant
factors distinguishing among the four beI1thic clusters. In general, thec1usters which were found to be most
characteristic of degradedenvironment3i conditions were most' ofien. distinguished.by a fine-textUred'
'sediment (Beak. Consultants 19~).
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Figures 3.31 and 3.38 illustrate the distribution ofthe (our beilthic community clusters identified for 1969 and
" 1987, respectively. "

In 1969,1975 and·I987, one benthic cluster (cluster 1) consisted of two benthic subgfoups; a deepwater, ,
oligotrophic subgroup (nonimpaired community) and aSlWlllsubgroup near the mouth of Blackbird Creek
(severely inipaired Community). Both subgroups revealed low benthic densities and r~ativelylowdiversities.,

, .
. .' : . , .

The pollution ,tolerant species Tump tubip was found ,to characterize severely impaired.communities in, the
vicinity of the'mill influence (Figures 3.37 and 3.38). This zone, whiCh remained relatiVely 'constant at 02 to
0.3 km, was thought to be a result ofthe ~xicityor loss of ha1>itat resultirigfrom fibre deposition; , '

Be)t)nd the zone of severe impairmen~ (clUster I), an additional cluster (cluster 2)~ cl1araeterizedbyineCuum
diversity and dominated by oligocl1aetes, occurred during 1969 and 1975 and was' intetpre~ed as representing
slightly degraded conditions influenced by mill inputs ,(Beak Consultants.:1988). Ousters 3 and 4 identified
during these two surveys were interpreted as representing 'relatively unimpaired' to unimpaired conditions
with no obVio~ ~ects from,pulp mill dischargeS. ' ,

The 1987 survey,howe~r,revealed two clUsters (clusters 2 and 3). in addition to the:severelydegraded
communitY (cluster 1) indicative of organic enrichment and representing impaired conditions (Figure 3.38):
The authors interpreted tbisfinding .asrepresenting increased and more widespread· organic enricbinentof

, Moberly Bay and western Jackfish Bay (Beak Consultants 1988). '

Sediment chemiStry results, determined from sedi.mentssampled coiricidently With the 1975 ~thicsampling;

identified the two impaired benthic communities, as'h~Vingthe'highestmeariconcen~ationsof copper,'
cadmium, lead, zinC; lossonignitioIi andT;KN (Beak Consultants 1988). '

, , ,

& Well es a greater number of impaired -commlmilies, the overall size of the zone of impairment' alsO
increaSed between 1969 and 1987. In 1969 the"degraded zones (clusters 1 and2, figure 3.37) extended to
Cody Island in Moberly Bay, however, by 1987 it extended west of StPatrick Island and intO T~el Bay
(clusters 1 and 2, Figure 3.38). This increase was n()t thought to correspond to substantial increases in
suspended solids levels or BODs loadings but, as in the ,case of species diversity changes, likely represent the, , '
cumulative effects of mill discharges wi,th tiMe. ' '. ,

,3~3~1.3, Benthic Contaminant Body Burdens
, ' .

Because of their ubiquitous distribution and lack. of mobility, benthic inacroinve~ebratesalso serve as useful
'biomonitors of chemical conditions within areas of interest Analysis ofcontamiJlants within benthos niay be

: undertaken for resident populations in order to determine·chemical burdens Within the loCal population; ·,or
by introducing nonCQntaminated organisms for specified peqods :of time to determine the rate and mituie o~

bioaccumu1ating cheinicals. These methods have 'been used extensively to characterize and monitor chemical
contamination in several AOCs, particularly those within the connecting channels. However, there have been '
very few stud.ies ofchemi~ bOdy burdens ,in benthic fauna· of the .Jackfish Bay AOC. :" " ' '

'Opposum shrimp(M)5is reIicta) collected riff the mouth of Moberly Bay coincident with the collection of ",
~t·samples during the 1987/88,survey (Section 32.5.3) ,were also tested for ,dioxins and furans '

, (Shermanet al. 1990). The congener pattern for M.relicta Was found to beSiinnar totbat of the mill
effluent 2,3;7,8-tetrachlofodibenzofuran wasthetiominant iSomer found withtraees of other eongeners
including 2.3,7,s-tetrachlorOdibenzo-p-dioxin. Octachlorodibenzo-p-dioxins (SCDD) ,were hot detected in '
myslds from Jackfisb Bay or the control site off Lawson island. This indicated tbat,al~ough there were
mOderate 8Cl)D'levels in sediments, they were not taken 'up by the shrimp. '
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Introduced caged mussels (FJliplocom~) and white Sucker (Catostomuscommersoni) collected in "
Moberly Bay by other researChers, displayed sbnilar c:ongener patterns t() m)'Sids. Table 3.15 summarizeS the ,
information. The higher chlorinated dioxins and furanS, including the 6CDD/6CDF, 7CDD17CDF and
SCDDISCDFcongeners, were mostly not detectable in the biota. However, the4CDD/4CDF congenefS '
were conimon tom)'Si~,mussels and white suckers. According to the data in Table 3.15,themC?Sttoxic of
these (2,3,7,S-T(J)D) constituted the entire fraction ofthetetrachloIinateddi~dioxiDsirim)'Sids.Itis
not a;.~ if ~'~,also true for the mussels or suckers. ' "

Tabl~ 3.1S ,Concentrations of diOJlinsand fur~(pg/g wet wt.) found ".
in opposum shrimp (M)lds mlicta)at the mouth of .

, Moberly Bay and introduced'caged musselsllDd white
sucker ("m Moberly Bay) from the Jacldi$hBay AOe
(Shermanet aL 1990). ' ,

,

',Congener t.1ysis· MLisseis' . White Suckers t

237S -T4CDD
,

9

4CDD 9 <2 7

NO'
,

NO"scop <7
"

6CDD <20 NOt NOt

7CDD .. NO(9) NOt NO(4)
,

SCDD INT NO(7) NO(7)

4CDF" 48 34 44

SCDF 16 ,NOt <3

6CDF <4 NOt 'NOt

,7COF <4 ,'Ni>(4) ND(6)

.SCDF NOt NO(7) NO(S)
.

N 2 4 4

%li 'd '.1.20 2.23 ..", pi

.• ,data Of Sherman (1990)" '
, data of A. Hayton (OMOE, unpublished)
t data of I~ SnUth(OMOE) and M. McMaster (U. Waterloo)

, (unpublished) "

INT= level ofSCDD in spiked procedure blankWasappro~telyequal
. to, the levels found in the ~les '
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3.3.2 .Fish

.a~3.2.1 ..Fish Communities

The Jackfisb Bayfishcommunity'inc:lud~ atleast31 species (Table 3.16). and is dominated.byspecies from
the coldvl3ter 8ssemblage., Thie enmnnmhy varies ronsiderablY. from the, heavily contaJriinatednorthem .

-portion of Moberly Bay. which pfoduced the lo~t Integfated Biotic Index (mI) for northern Lake Superior
during a 1986,electrofisbiDg suney. to the relati\'dy producti~ northern portion of Tunnel,Bay{B.A.R.
EnW'onmentall987). The$OUthern portion of JacltfishBay is Sti'OiJgly influenced by Lake Superior and is
c:baracterized is oIigo~e$)'Stem, low in fish pioductivity and abundance. The fOllowing species are mQSt " ,-
common to the Aoc lake U'Qut; rainbow trout, lake whitefish,. round vmitefish, lake herring~ lake 'duib. .

"chinook~ coho salmon, pink salmon,raiDbow'smelt, common White suckers 'and 10000000,suckers..
The introduction of,elIOde fish species such as riinbow trout, chinook salmon andpiDk~ has increased
sped~ di~rsity.howe~r.,nadw species continue to domjnate the community structure.. ..,". . ,

Lake trout has persisted as thedomiDant pisci~re, in' Jaddish Bay.'although Pacific salmon populations
appear to be increasing along the north. ,shore of Lake Superi,or. Natural reproduction of chinoOk and coho

. salmon occurred 'irinwneJ'01JS northern, ri.vers c:Iuring the 1980s and'repOrted catches from sport'and
commercial fisheries·also inereased.

A mapr shift intbe forage~oc:airred with the immigration of rainbow S¢elt into Lake Superior in the ..
1930s. Smelt replaced lake herring as the primary food sOurce for lake trout, with little apparent effect on

. lake trout, as both smelt and herring appeared to be sUitable forage (AntiersonandSlDith 1971). The
abundance of forage fish in JacldiSh Bay bas not been ,inWstigated.

The sea lampreyba~ depressed. Lake Superior fishstodts siDcethe i9SOs (Anonymous 1986). Chemical
c:onU'ol waS introduced in the 'mid-196Os, arid lamprey populations ha...e remained in check since this period. "
Wounding rates estimated for commercially caught lake trout are presently consid~ moderate.WoUDdiDg
rates in Management Zone 18 spariDinga fi...e ,urperiod.(1982 to 1986) ranged from 1.2 to U.5 percent "

,The Steel Ri~r ·~theonly Lake Superior. tributarY in Zone 18 which is au.rently treated withTFM '
lampricideon a three to five year cycle. . , ' - .

3!3.2.2, ,Toxicity and Mutagenicity

In JUly 1983. SUlface waters in j8ckfish.Bay ~refound to be acutelylethal to rainbow trout, up to a distance'
of 1.5 km from the mouth of Biackbird Creek (Flood et al. 1986). In OCtober 1989. the Kimberly-Oarlunill
•brought' a serondary effluent treatment facility on line.. In addition to reduringorgame loadings in the final
effluent,~ treatment facility was expected to reduce effluent'toDcity.In JUly 1990. toxicity testing was
c:opdIlCted'in Jadcfish Bay to determine the etfecti-veness of this new facility (Flood·1990). '

, _. Resultsffom this study indi~ted, that the resultani final'effluent isncm-.ethal in 96-houf labOratory bioassays
.with raiDbowtrout. Similarly. the effluent, once diluted with the receiWlg waterS in Moberly Bay. is nOt toDe
to fathead minnow or rainbow trout.in cagiDgstudies. The LCSO using DaJimUz 1MgM in the laboratory was

,found to: be greater than 100 percent that is, a non~diluted effluent sample cOuld not kill SOpetCentof the
,test organisms. Thus" the fula1 effluent Was' found to meet its current control order With regards 'to toxicity. .'
ind thetoDcity criteria proposed under Ontario's MUnidpal.-Ind~trial Strategy for Abatem.eI)t' (MISA).
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Table 3.16 F~ species occurring wtthinthe Jackfish Bay Aoe.

Species Common name Electro- Commercial'- Netting
shocking* Catch t Surveys*

Petromyzon mannus sea lamprey ••
Adpenser jdvescens lake sturgeon '. ,

Alosa JBeudohtumg.lS - alewife •
OncOl'hyrichus pbuscha pink salmon •
O. kisuteh coho salmon •
O. tshawytscha chinook salmon • •
O. m}kiss rainbow trout • • •
Salmo 'trutta brown, trout • .-

S. jJntinalis brook trout • ,

$. nama)Cush lake trout •
CoregJnus artedii ' lake herring , • •
CoregJnus spp. Chub spp. • •
Co clupeajJrmis lake whitefish • • '.- •
Prosojiumc)iindraceum round whitefish, " -. •" -,
Ostrierus mordax rainbow smelt • •
Esoxlucius northern pike "

, ,,' • ,-

Chrosomus eos northern redbelly dace •
Cypinus carjio " carp • ,

Notro/isatherinoides emerald shiner •
N. hudsonius ,spottailshiner • •
Ciltostomus, catOstomus longnose sucker • • •
C. commersoni common white sticker • • •
Lotalota burbot • • •
Pungtius pm.gtitis ninespine 'stickl~back • --
PetCop;iS omiscoma)Cus trout perch

", •
PetCa Javescens yellow perch • .- j.

Stizostedion vitreum walleye • •"

EtheOstoma niPm plUmy darter •
Perdna caprxJes logperch •
,Cottus baiTdi mottled sculpin •
C. cognatus slirnscul . •y" pm
Couesius pumbeus lake chub " •

Species list compiled from the following:
• ,BAR. Environmental (1986).
t Lake Superior Fisheries Unit, CQrnmercial catehrecords.
* ,OMNR and OMOE netting surveys. -
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Considerable reseaicli has gone bJ.to the study ofSUbletbal effects of the mill effluent ()n fish in Jaclcfish Bay
·(McMaster et at 1991a&b, Mtmkittrick 1990, Munldttrick et aI. 1991a,b&c, Smithet aI. 1990,1991). Results ...
from studies on local White sucker collected in 1988 (Munkittricket aI. 1991c) ~catedthat these fish grew
more slowly than reference fish, had smaller gonads, lower fecuDdity with age, an absence of secondary sex·..
characteristics in mates, failure offemales to show an increase in egg Size with age, reduced serum estradiol·
and testosterone (steroids) co~itations, and greater hepatic mixed-function oxidase (MFO)activity. Tests

· with lake.whitefish and longnose sucker pro4uced the same results as for white sucker. These three fish
·species are benthic species YJlUch makes· them usefiJl for monitoring the· effects of cOntaminants insediineilts,
on aquatic life. . . .

· MFOs are enZymes located in the·liver that oxygenate natural and synthetic chemicals, pr~paring them for
excretion or other destinations (Smith et aI. 1991). Many Chenncal·contaminants such as PCBs, dioxins,
furans and PAHs,are potent inducers of the activity of these enZymes (Smith etal. 1991). Smilq et aI. . .

· (1991) also noted thatinducedMFO activities have been associated with reductions in reproduction and th~
· susceptibility of various species to develop cancers. . .

PCBs were not implicat~bySmithet aI. (1990, 1991) as the cauSe for ·the~oilof MFO activity in
· white suckers from Jackfish·Bay beCause there was.no correlation with PCB concentration and obServed

MFO activities. They note4 that dibenzo-p-dio,Qns and furans are potent inducers and cOncluded that the
MFO induction in suckers from Jackfish Bay is most lik~ydue to the presence of dioxins, furans and resin

.. acids in the disch3rge from Kimberly-Qark. Smith et aI. (1991) also correlated the induction of MFOs h1
Jackfish Bay with disruptions of the reproductive Process observed b.Y MuDldttrick etal. (1990).

After ·secondary~eaunentofthe mili effluent was brought ·on line in October 1989, liver weights in whitefish
and wmtesucker decreased (though they were still larger than reference fish). but MFOactivity was not
decreased (Munkittricketal. 1991b). However, after a tWo weekmillsbutdown, thert~ Was no MFO
iIiduction inlongnose sucker, MFO activity waS reduCed in white sucker, and the impact zone for MF()
induction in lake whitefish was reduced. From these obserVations, the authors noted ihati) secondary
treatment was not successful in remoVing MFO activating compounds;ii) induction was not related to ...
sediJ;neilt contamination with persistent compounds; and iii) MFO inducingagent(s). areI:apidlyclear~by
·fish. .It was. also fOUnd that neither secondary treaunent or a temporary shutdown returned testosterone' and
estradiollevelstO normal levels in white and iongnose SUcker (Munkittrick et aI. 1991b).

.. The ind~ctionofMFO activity in white suckers collected from Jaddish Bay in the summer of 1988, prior to·
secondaryti"eaunent, waS correlated by Smith et aI. (1991) with art "abnormaiinci(jence ofliverneoplasrns
(cancers)".·c;reaterthan 20 percent of lake Whitefish caught in .Jackfish Bay duringAugu$t 1989 and .
August/September 1990 had_ unexplainable extemallesionswhich did·not appear to be related to predatory .
attack or infecti~n.(Munkittrlcket aI. 1991a)~ The presence of these le$ions in an isOlated unpopulated bay
.which has receiveq large volumes of pulp mill effluent, as well as the absence of reports of similar Wounding
in other lake Whitefish, lead the authors to suggest an association between the lesions and the'discharge of
bleached kraft mill effluent. . . .

3.3.2.3: Sport Fish Contaminant Body Burdens.

One of the probler:nsnoted by the DC in designating:Jackfish Bay as aD Area of ConCerJ1 wasfue presence
of. conwninilDts (mercwy and PCBs) in sport fish in conqmtrations which restrictedthcir consumption by

. humans. Thel989 "Guide tOEatingOnt3rioSport Fish" listed Jac1dish Bay asunrestrietedcorisumption of
··.whitefiSh and cisco-as we1las lake trOui up to 45cm in length (OMOE/OMNR 1989). Lake trout longer,

than 45 aD. 'Were limited to long-term corisumption of no more than 0.2' kg/week due to·mercurY .
concentrations betweenO.s and 1.0 ~/g and/or PCBs greaterthan ·20 ~/g; Children under 15 and.Women
of childbearing age were not advised to eat any of these fish. However. the. 1990 and 1991 guides· identified
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c:onsUmptionof lake trout up to 6S an in lengtb.asunrestrieted with respect to mercury' and PCB
'concentrations '(OMOE/0¥NR"l990, '1991). In addition, the 1991 Guide to Eating Ontario Sport FISh
noted that consumption of Whitefish, cisco and white sucker to 45 em in length was also unrestricted.
However, the guide notes that the consumption of lake trout greater than 55 an may need to be restricted'
for Consumption due to concentrations of dioxins and futans expressed as tQxi.c',equivalents of 2;3,7,8-
tetracblorodibenzoydioxin. '

, '

, As of 1991, fish consumption restrictions were bl place forJackfish Lake due to mercury (yellow perch) and
merciuy and/orPCBs (northempike and walleye). However" this lake is cOnsidered to be outside the
iilfluence of the'miIl effluent and, hence, mercury concentrations>15 I-I/g in yellow perch between 3S and '
45 em in length is likely due to, natUral background sOurces. '

Table 3.17 lists the numbetof detectionsand,the range of concentrations of 14 cont8minantsmeasured in
lake trOUt colleetedfor the OMOE/OMNR SportfishConsumption Program as well as levels of 2;3,7/6- ,
TCDDand 2,3,7;8-TCDF in white suckers collectedduring 1988. COncentrations ofall contaminants tended

, to be lqwand tJ;1ere were no exeeedences of Ontario's fish consumptionguide1iDes for theproteetion of ,
human consumers. The GLWQA Specific Objectives for the proteetionOf pisci.vorous wildlife were 'eXceeded
bymaximum concentrations of total PCBs (0.1 ' J.«/g) in lake trout but noffor mirex (any detectable
,concentration). ' , '

,,3.3.2.3 Juvenile Fish. Contaminant Body Burdens

Spottail shiners (Ncit1Ops hudsoniils) are restricted to loCalized nearshore habitats and, as such, have been
found to be useful biomonitors (spatiallY,and temporally) ofcontaminant inputs (Suns et ale i991). As
important forage fish, these and other cyprinids,provide an important link in the transfer of contaminants to
higher trophic levels.' Juvenile (young-of-the-year) spottail shiners have been lISed for contaminant' "
moliitoriilgin all the Great Lakes and connecting channels as part of the Great Lakes International
SurVeillance Plan since the Mid 19705. "

", ,_ '.' '. • " .', _ " '. . . : ,1.- .'s.
Young-of-the-year spott3il shiners have been'collected 'at:Jackfish Bay since ,1979. Anal}'Ses ,have ~en
undertaken .for to~alPCBs, DDT, mirex, cblordane, BHC, hexacblorobenzene ,(RCB) and octaclJ1orostyrene
(OCS). The results of these anal}'Sesare presented in Table 3.18. Although low concentrations of BHCand
HCB weredeteeted during 1983 and 1986, respectively, these chemicals along with mirex, chlordane and '
QCS, 'are esse~tiallynot detectable inyoung-of-the-yearspottail shinei'sfrom Jackfish Bay (I'able 3.18).
Trace or detectable concentrations of P(:Bs and DDT Were measured during most years, ho~ver,PCBs
wer~ noidetected and DDT was detected atonly trace amounts during the most recentcolleetions(1988);
No significant correlationS (p>0.05) with time were found for total PCB, DDT and chlordane residues in
spottail shiners from Jackfish Bay (Suns etal~ 1991). , ' '

The GLWQA Specific Objectives for the prot~onof piscivorous wildlife due to PCBs, DDT and mirex
were not exceeded dUring, any of the five yeats of sampHDg (I'abl~ 3.18). "

3.3.3 ,Biota Summary

The biota within the JackfishBay AOC, including benthicmacroirivertebrates and sport fish, have been
impacted as a result of the mill effluent discharged through Bhlckbird Creek. Densities of benthic "
lilaerOinvertebratestend to be lowest along the wesiemportion of ~oberlyandJackfish Ba}'Sdue 'to the
influence of 'the effluent plume from Blackbird Creek. Between 1969 and 1987, maximum densities of
pollution tOlerant organisms (tubificids)ineteased bY more than six times while densities of pollution
iritolerant organisms (Ponto]XNeiaho)l) decreased dramatically. During this period the ~entoftubificids'

'alsO increased in concert with a deereasein the extent of P. Iu>)i., Whereas in 1969 ~ythe central portion
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. Table 3.17·· Frequency of detection andconcerttrations (p.glg) of mercury ,PCBs, dioJ(lns ,£urans, and
o.rganochlodne pesticiciesin lake trout ·collected in 1989 and of 2,3,7,8-TCDD and 2,3,7 ,8-TCDF
in white suckers collected in 1988 from Jackfish Bay. .. ,

Parameter· Ontario Fish Detection No. ,Detectedl Range
Consumpti()n . ,Limit .. No. Samples
Guidelines·

Lake Trout (19a9)1

Mercury 0.5 .. 0.01 '
..

·20/20 " 0.6-0.38..

Tot$lPCBs 2.0 0.02 ' '20/20. ' 0.04-0.44

Mirex .. 0.1 0.005 0/20 ND.
..

Hexachlorobenzene - 0.001 16/20 ND-0.004 ..
pp-DDE. . - 0~001 19/20 ND-0.117

. a-BHC 0.001
.

18/10 ND-0.009. '
.-

y-BHC· .0.001 8/20
,

ND-O~OOl
..- ..

a~chlor.dane - 0.002 ZO/20 ,.
0.OO2~0.O17

y-chlordane - 0~002 ' 19/20 ... ND-0~007

pp-DDD· - 0.002 ' . 5/20 ND-0.001

Toxaphene ,3.0 0.2 18/20 ND-:-1.47

2,3,7,8-TCDD - 0.000002· 5/5 0.0000029-0.0000113
,

1,2,3,7"S-SPCDD II· 5/5 . 0.0000036-0.0000055

.1 ,2,3,4,7 , 8~6HCDD - " 0/5 ND.. '

1,2,3·; 6, 7,8-6HC,DD - " 0/5 ND·

1,2,3,7,8,9-6HCDD - ·0.000002 0/5 NO
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Table 3.17· (cont' d)

Parameter
.

Ontario Fish Detection No. D~tectedl .Rsnge
.. Consumption· Limit .. No.Sa.mp1es

Guidelines .

1~2,3,4,6,1,8-!HeDD - " l/S ND:"O.OOOOOll " -

80CDD ~ - " sIs 0.OOOOOi6-0.000003S
.-

2,3,7,8..,TCDF' - " SIS 0.000020-0.0000S8

1,2,3,7,8-SPCDF - " S/5 0.0000023-0.0000080

2,3,4,7,8-5PCDF
.. ,

" 515 0.000001S-0.0000036-
1,2~j,4;7,8-6HCDF .., " -O/S ND..

1,2~3y6,7,8-6HCDF ,.. " 015 , ND ,

1;2,3,7,8,9..,6HCDF " 0/5 . ND,

2,3,4,6,7,8~6HCDF - " 015 ND. ,

1,2,3,4,6,7,8-7HCDF - " ·1]5 ND-0.0000022
,-

, 1,2,.3,4,1,8,9-7HCDF-, - " ,0/5 ' ND·

80CDF' - " I o/s ND .'

White Suckers (1988)2

2,3,7,8-TCDD .•. :0.,00002 0.000002 4/4 0~0000021-0.0000120 -

2,3,7,8-TCDF 0- 0.OOOO()2. 414 0.0000210-0.0000650

ND= not detected
1 data courtesy of the OMOEloMNR Sportfish Consumption Program.
2 data from Sherman et a1.(1990).
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Table 3.18 Organoc:hlorine concentradons in young-of-the-year spot tail shiners collected from Jackfish Bay from
1979 'to 1988 (Suns et a1. 1991). ,Values arE! means (standard deviations)" expressed as IJ.glg.

Year n Total Fat PCBs OOT Hirex Chlordane , BHC HCB ' OCS
Length, (%)

,

. OetectionLimit 0.02 0.002 " 0.005 , 0.002 0.001, 0.001 0.001·

GLWQA SpecificOqjective . 0.1' 1.0 detection - - .. -
197,9 1 33-4' 2.0 TR ' ,NO NO ' ND NO, NO -'

(0.4)
"

,

0.089
,

" ,NO1983 7 36-2 4.1 0.003 NO NO 0.005' , TR
, .

(0.5) (0.022) (0.001) (o.oon..

1984
I '

,31-4 0.7, TR 0.002 ' NO NO " ND7 NO NO
(0.1) ,

' '

, (0.001)

1986 3 35-4" '2.2 NO, 0 •.()02 ' NO ' ND 'NO 0.004( NO
(0.2) " (0)'" 0)

1987 3 45-'-2 4.2' NO . TR NO NO NO' " ' NO NO
(0.4),

NO = not detected
" NA = nO.t sampled

- = no objective
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of Moberly Bay and the 'northwestern portions' of Jackfish B~y were affected, by 1987 the density of 'P. ho)i
~ deCreased in Tunnel,Bay as YJcll as the eastern and central portions of Jackfish B~y.

Th~ trends were similar to those observedbytheCBstribu1ion and numberofimpaited benthic'
communities. The extent of communities identified as impaired increased between 1969 and 1975., BetWeen
i975 and 1987 the extent increased further and an additional impaired community was identified. Impaired,
communities were ,found' to occur in sediments which had ,the,Ilighest mean ,concentrations of,cadmium.
copper, 'lead, Zinc and TKN as weU~ highlevels of fibre (loss on ignition).Tbe impact to benthic '
macroinvertebrates in theJ~ BayAOC itaw beenattri~ted to th~ Kimberly:0arkmilleffluent.

Changes to the structure of the fish community'have been mostly'related to causes such asover-lw'ves~,
the sea lamprey and the introduction of exotic species. However"recent studies oflake whitefish, longnose '
suCker and whitesuckerfromJackfish Bay have revealed several effects which researchers attri1>uted to be
due to the mill effluent. These include s.lower growth, smaller,gonads, lowe,r fecundity with ag~, absence ()f
seconda1ysex characteristics in males; f~ure of females. to show increase in egg size wj,th age, decreased '
estradiol and testosterone levels and increased mixed oxidase functionactiviiiesin comparison to ,
noncontaminated reference fish. 'The increased MFO activity has been attributed to' the presence of organic
contaminants such as dioxins, furans and resin acids ,which are present 'in the inill,effluent. The addition of
secondary'treatment iitOctober1989 reduced thetoxicltrof the effluent, but has not resulted ma reduction
of MFO activity in white suckers from Jackfish Bay. "

, The body burdemof nativebtmthos (M)lfis relicta), introduced mussels (F1lipio companata) and white
suckers from,Jackfish Bay indica~e ,a pattern of dioxin and Juran bioaci:umUlation which suggestS the mill
effluent as the mapr source. '11iis includes the '!>ioaccwnulation'of tetrachlorodibenzo-p-dioxins (including ,
,the highly toxic 2,3;7;8-TCDD congener) andtetrachlorodibenzofurans, ,contributed by the effluent, in greater
concentrations than the higher chlorinated,dioxins, contributed mostly through atnlospheric,deposition. The
higher Chlorinated compounds occur in seditnent atconeentrations comparable,or higher than the TCDDs
'and TCDFs, however, the latter appear, to be preferentially accumulated by biota. '

, , '

"Although fish consUmption advisories were'previotisly iIi effect'due to mercury and PCB concei1trations,
these restrictions have been removect The removal is basedon,.collections during, t'989 whichiIidicatedthat
all ,'contaminants were below the Ontario consumption ,guidelines. However, consumption of lake, trout
greater than 5S an' maybe restricted for consumption due to the sum of dioxins and furans expressed as
tOxic equivalents of 2,3,7,8-tetrachlorodibenzo-p-dioxin. The only guideline exceeden~ ineithct spo~ fish or
young-of-d,ie-year spottail shiners collected in 1989 and 1988, respectively, is the GLWQA Specific Objective ,
for the protection' of piscivorous wildlife from PCBs. This objecti~ was exceeded by up to four times by the,
m~umCOncentration measured in lake trout collected during 1989. '

, 3~4 BLACK61RD CREEK
, . . -' . . -. . . ".' ."" " ".

The environmental condition of Blaclc.bird Creek, including Lake'A and Moberly Lake, has also ~en ..
impacted due to its role as effluent receiver for the J{imberly-Oark Canada Inc. mill. :tbeBlackbird Creek '
system has been utiliZed since 1948 with the expectation that it Would provide sOJne level of natural effluent '
treatment. As part of this natural treatmeni system, Lake A was to serve as a,settling basin for solids. and its '
capacity would be maintained by regular dredging. HoweVer,' dredging'was not sufficient to remove the large '
quantities of soli~ being deposited: and, as a result, the,lake quicklyin-filled. Lake A,has since·been

, bypassed and ,no longer provides any treatment capacity~ ,
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3.4.1 Upstream -Downstream Water~uality

During the 1987/88 water quality SUl"Ve}'S QIldertaken' by OMOE, Blackbird'Creek was ,sampled at an'
upstream location'(Station 20) cloSe to the mill effloent discharge and a downStream loCation (StationS)
neal:" its outlet to Moberly Bay. AilaIyses were undertaken for bacteria, conventional parameters, nutrients, "
metalS, and various orgamccontaminants including organocblorine pesticides, phenolics andresiil and fatty
acids (Sherman 1991). The mean,rangesandexceedeDcesof PWQO for these parameters are provided by
station and year in Tables 3;19 throUgh 3.23., For the downstream station (Station 5), the tables provide ,an
indication of whether or not mean concentrations increased, decreased or were unchanged relative to the
\JPStream effluent ,for comparable sample periods. The percent of ,samples which exceeded the PWQOat ,the
downstream station are also indicated. '

, Table 3.19asummarizesthe data for conventional, parameters, nutrients and metalS for effluent (Station 20).
Table,3.19b provides data for the same parameters for the downstream BlackbirdCieek station (Station S).
Of 26 parameters analyzed at Station 5 ill 1987, 21decreasedinconeentration in the downstreaQ} directi~ll.

, 'rwelveof these trends were statistically significant(p<O.OS). Only pH, magnesium and iron' increased from
the effluent discharge to the ootlet of Bhlckbird Creek.' The .trendS were similar during 1988 with 22 of 27 '
parameters: showing decreasing downstream treilds(10'significantly). 'Magnesium, alkalinity and pH were the
only p~ametersto increase,and none'of these trends were sigilificant' PWQos were exceeded regularly

,near the outlet of Blackbird Creek for pH (1987), total phosphorus (1987/88),aluminum(1987188), iron,
(1987/88) and. zinc (1987/88). ' '

Tables 3.20a and 3.20b summarize the effluent and Blackbird Creek data, respectively, for organochlorine
pesticides; Downstream trends for the 21 parameters measured are highly Vllriable with 14 inereasing in "
concentration during 1987 and only 8 increasing during 1988. ,The lack'of a clear treoo between upstream

, and downstream concentrationsiIidicate that the~eek does not play a' role in either reducing or enhancing '"
the loadings of these contaminants prior to entry into Moberly Bay. Also, the relatively low concentrations '
suggest the mill ,effluent is not a maj:>r source of organochlorine pesticides; including PCBs, to the AOC.
Occasional exceedences of PWQOs for several parameters were recorded; particularly for diel~
methoxychlor, endrl.n, endOSulphan I, endosuIpban II, endosulphan-S04, beptachlor, p,p-DDD, p,p-DDE and'
p,p-DDT. The sourCe of these contaminants is not, apparent

Resiti and fatty acids data are provided in Table 321. These parameters are characteristic of effluent • '
derived' from bleached kraft paper millS !lDd,Contribute to, effluent toxiCity. Eigbteen of the 20' acicis ,deCrease

, in coricentrationfromthe effluent discharge to the lower portion ofBlackbird Creek in 1988. However, .
none of the differences between upstream and downstreaD1 mean ,cOncentrations were statistically sigDificant '
(p <0:05). ' " ,

Tables 3.22a'and'b'indicate'that~y all ph~olcompounds decrease in,concentra~on,in .• the doWnstream "
direction within Blackbird Creek. Of 'particular concern are concentrations of 2,3~4.s-tetiachloropheriol" '
2,4,6-trichlorophenol and pentachlorophenols which, exceed their respective PWQOs within the creek. .

Geometric mean densities of total colifolm, Escherichi4 cOli.. Pseudomonas aerugnosa. and heterptrophic
bacteria for Stations 20 and 5 ~eprovided in Tables3.23a and.b..'Geometric means increaSed in the
downstream direction for all four bacterial parameters during 1987. Ipcreases in mean total coliform and
heterotrophic bacteria densities were significant (p <O.OS).The trends were more varlableand not '

" significant during the 1988 SutW}'S. Geometric mean total coliform exceeded the PWQO (1,000 .­
organismsl100 1nL) and Esche1ichia coli and Pseudomonas tle1Ugnosa exceeded the UC recommended

, denSities "(23 and 1 organisms/l00mL, respectively) for tbe protection of human bathers,during both 1987
and 1988. Increases in 'the downstream direction indicate that eitber additional soW'ces of baCteria occur
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Table· 3.19a . ,Concentrations of conventio~parameters, 'nutrients and metals in.Kimberly-Oark·

(Station 20) effluent samples in 1987 and 1988 (~ennan 1991). All units in.mg/Lunless
otherwise noted.

Ju1y/Aug1987· , July 1988
'Parameter N' Minimum Maximum Mean N Minimum Maximum Mean'

Con"ftlltiOBtd Parametel's (ttlg/L):
Calcium 20 39~0 69.0 45.65 17 .'. 37.80 119.0 S8~11

Magnesium 20 3.9,. 5.s 4.89 16 4.5 6.0 4.93
Sodium 20 . 190· 360

,
·260.75 17 188 340 252.71'

Potll$Sium 20 .. 6.0 20.0 9.81 17 5.1 12.0 9.0
Alkalinity 14 0.0

.,
230;0 ·75.64 17 47.7 227.9 133.19

Sulphate. 20, 38.40 112.00 ,66.32 17 0.00. 274.20 .89.39
Chloride' , 21- '160 . 492 362.86 . 17 224 435 309.35
pH

,
.20 3.2 8.9 5.38 16 6.6 7.9 7.05

Cond2S(umhp/an) 21 ' 1,171 1,970 1,611.19 18 1,203 1,980 ,1;492.72

Sus~ed Solids 20 10 120 ~ 16 14.5 113 .' 37~93
TUrbidity (FI1J) 20 29 70 38.45 16 10.3 28 19.79

Nutrients (mg/L):
Total PhoSphorus 20 0.12 0.68' . 0.42 16 0.14 0.74 Oj7
Pbospb,ate 8 0.06 0.88 0.35 14 0.03 0.19 0.07
Ammonium 5 0.10 3.20 1.60 14 0.05 0.30 0.15
.TKN 20 ().40 3.50 1.89 16 0.85 2.80 '2.02
Nitrate ,7 0.11 0.46 0.29' 11 0.05 0.30 0.19
DOC 20 8S 223 173 16 14.3 196 157'
T~ 19 SO 200 92.68 16 25 125 64.38
True· Colour 20 648 1,870 1,152.85. 16 SOO 1,5!, 1,128;94
BOD 17 80 195 .152.06 16 37 242 146.06

MetaJs(mg/L):
Aluminu,m 18 0.34 1.00 0.79 16 0.07 4.70 0.74
Arsenic 21 <0;001 0.003 0.001 16 <0.001 0.002' <0.001
Beryllium 21 " - 16 ' ,

Cadmium' 21 16
Chromium 21- 16 "'0.02 .0.41 0.08
.Copper 21 16 . <0.002 0.11 0.02
Iron 21 0.44 1.20 0:81 16 0.21 .1.10 0.55
Mercury (~/:q 20 <0;01 0.39 0.05 15 <0.01 0.40 0.06
Manganese 21 0.30 0.79 0.51 16 0.30 .0.53 0.39
Nickel . 21 - 16
Lead 21 16
Zinc 21 0.07 0.33 0.15 15" . <0.005 0.19 0.01
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Table 3.19b Concentration 'of conventional parameters, nutrients and metals, in Blackbird Creek (Stiltion 5)
. 'water samples· in 1987 and 1988 (Sherman 1991). All units in mglL unles'sotherwise noted.

Parameter
July/Aug 1987

N MinlmUlll Maximum Mean Trend*
%exceed

July 1988
.N Min~mum MaximUlll '. Mean Trend*·

%exceed
.J?WQO

Conventional Parameters (mgIL}: .
Calcium 22 4.0 55.0 40.84 ~ . 17 35.20 '. 67.40. .52.20' ...
Hagnes~uin 21 5.0 6.2 , 5.60 t 16 4.6 5.5 5.03. t
Sodium 22 .120.0 274.0 188.0 • 17 134 260 206.41 .•
Potassium 22· 4.. 5 11.3 6'.72 • 17 4~4 9.8 7.67 ....
Alkalinity 2i 8.0 . 156.0 55.09 ... 17 84.70 . .204.0 149.45 t
Sulphate 22 30.0 79.10 48.27 • 17 . 31.10 91.30 61.70 ....

Chloride 23 190.0 420.0 291.74 • 17 173.0 370.0 257.65 •
pH 22 5.0 7.1

'.

6.33 t59% 16 6.80 . 7.50 7.20 t 0% 16.5-8.5
Cond2S(umho/cm) 23 913.0 1,680.0 1,225.04 :. 17 881.0 1,490.0 1,261.12· .•
Sus pendedSolids 21 10.0 45.0 24.90 ..... 16 15.20 40.0 26.07 4
'Turbidi ty .(ftu) . 22 14.0 36.0 22.09 • 16 8.00 . 30.0 .14.81 .,.

Nutrients (mglL) :
Total Phosphorus . 21 0.13 0.71 0.40 ... 100% H 0.03 0.43 0.29 ... 93% 10.;03
Phosphate 5 . 0 •.07 0.15 ·0.11 f 15. 0.03. 0.11 . 0.06 -
Ammonium' 1 0.50 0.50 0.50 .... NC 15 0.05 0.20· 0.12 ... . HC

'TKN 21 0.48 '2~90 1.88 - 16 1.50 . 2'.80 1.98 ...
Nitrate 6 0.10 1.0 0.27 - 7' . 0.05 0.20 0.14 ~

pOC 22 3 •.20 .383.0 U3 •.o • 15 8.20 124.0
..

98 .. 20 .•
Tannins 20 25 90 62.5 •• 16 25 '. 125 59~25 ...

Tru.e Colour 22 678 1,240 928.0 • 16 463 1,412 1;009.94", ...
BOD (5 Day) '21 30 .195 69.5 • 15 36 298 75.78' •
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Table 19b (Cont' d).

JulylAug 1987 July 1988
.Parameter ·R Minimum Maximum Mean Trend* R Minimum Maximum Mean Trend* PWQO

%exceed %exeeed

Metals· (mg/L) : ..

Aluminum 17 0.34 1.0 0.60 l- NC 16 0.07 0.48· 0.29 .. ' 94%. o.ont

Arsenic 20 <0.001. 0.• 002 <0.001 .£. ·0% . 16 <0.001. <0.001 <0.001 - 0% 0.10
Beryllium 20 ,- - - 16 - - -
Cadmium 20 - - - 16 - - . - 0.0002
Chromium . 20 ..

,
16 . 0.02 . 0.08 0.05 .£. O~ :0~10-

Copper 20 - - - 16 - - - O.ooS
Iron .20 0.56 1.30 0.88 . t 100% 16 0.36 0.61 0.51 .£.' 100% :0.30
Mercury (p,g/L) 22 <0.01 0.03 <0.01 .£. 0% 15 0.01 0.13

..
0.02 .£. 0% 0.20

Manganese 20 .0.24 0~56 0.• 38 .£.. 16, 0.21 0.46 0.34' ,
Nickel 20 - - - 16 .- - - 0.025
Lead 20 '- ..., - 16 . - - - ..

Zinc 20 .. 0.04 o.li 0.10 .£. 100% 16 . 0.01 0.10 0.. 03 , 31% . 0.03

.Trend
. ,.£.

t,
t

...

NC
t

symbols are as follows:
decrease from upstreanistadon
increase froni upstream station
significant decrease fromupstreain station
significant increase fromups~ream stati.on-
no change from upstream station

- .

Percent inexceedence of PWQO not calculated
PWQO is- for a range-of pH 6.5 - 9.0
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Table 3.20a Concentration of organochlorine pesticide lewis In Kimberty-Qark· (Station 20) effluent
,samples in 1987 aDd 1988 (Sherman 1991). ~u:ations are blng/L.

July/Aug '1,987 July 1988"
Parameter

N Minimum Maximum Mean N Minimum Maximum Mean

Organochlorine,Pesticides (ng4..):

Aldrin 17 <1.00, <1.00 <1.00 ' 16 <1.00 67.0 5.12

a-BHC 17 <1.00: <1.00 <1.00 16 <1.00 170.00 11.90

b-BHC 17 <1.00 <1.00 <1.00 16 .' <1.00 1030.00 8'7.10

rBHC 17 <1.00 <1.00 <1.00 16 <1.00 ' 14O~00 21.90

'a-Chlofdarie 17 <2.00 <2.00 <2.00 16 <'2.00' <2.00 2.00

1'-Chlordane 17 <2.00 <2.00 <2.00 16 <2.00 <2.00 - 2.00

Dieldrin 17 <4.00 5O.~ 9.53 16 <4~00 2QO.00 18.5

DMl)T:"M~thoxycblor 17 <4~00 950.00 138.00, 16 <4.00 75O~00 ' 7L80

Endrin 17 <4.00 400.00 28.20 16 . <4.00 290.00, . 24.10

Endosulph~-S04 17 <4.00 170.00 22.50 16 <4.00 160:00 21.50

Endosulphan I 17 <2.00 150.00' 17.10 ' 16 <2.00 ,1,00.00 17.90

Endosulphan II 16 <4.00 104.00 14.00, 16 <4.00 " 60.00 9.75

Heptacb10r epo:xide 16 <2.00 ' <8.00 237 16 <2.00 203.00 ,30.60

Hepta:cb1or 17 <1.00 ,. <1.00 <1.00 16 .<1.00 -'90.00 16.40

Mirex 17 <5.00 ' <5.00 <5.00 16 <5.00 <5.00 <5.0

Oxycbl~rdane 17 ' <2:00 <2.00 <2.00,' 16 <2.()O '. 86.00 13.30

OP-DDT 17 <5.00 <5.00 <5.00 16 <5.00 <5.00 <5.00

Total PCB 17 <20.00, <20.00 <20.00 16 <20.00 <20.00 <20.00

: PP;'DDD 17 <5.00 <5.00 <5.00 1& '<5.00 720.00 87.20

PP-DDE 17 <1.00 <1.00 <1.00 16 <1.00 25.00 , 3.69

PP-DDT' " .17 <5.00 15,5.00 16.20 16 <5.00 ' 160.00 23.80
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Table 3.20b Concentration of organochlorine .pesticide levels in Blackbird Creek (Station 5) water samples in
1987 atid 1988 (Sherman 1991). All units in rig/L.

JulylAug 1987. July 1988
Parameter N .Minilllum Maximum . 'Mean . Trend* N MinimUlb Maximum Mean Trend· I PWQO

.%exceed %exceed
Organochlorine Pesticides (neiL):
Aldrin ' . 23 <1.00. <10.00 1.74 t 0% 15' . <;:1.00 <1.00 <1.00 .f- 0% I 1.0,.
a-BHC 23 <1.00 <10.0U 2.~3 t 15 <1.00 40.00 3.60 ...
b-BHC ,23 <1.00 <10.00 1.74 t 15 <1.00 214.00 29.30 ....
y-BHC 23 <1.00 . <10.00 ,1.74 t 15 <1.00 , 150.00 27.50 t
a-Chlordane ~3 <2.00 <10.00 2.35 . t 0% 15 <2.00. 39~00 4.47.. t 0% 60.0
V-Chlordane .23 . <2.00 <10.'00 2.35 t D% 15 <2.00 70.00· 10.10 t 7% ~O.O

Dieldrin 23 <4.00 40.00 8.. 09 ... 9% 15 <4.00 40.00 6.40 ... 0% 1.0
DHDT-Hethoxychlor 23 <5.00 520.00 101.00 .... 26% 15 '<4.00 40'.00. 7.27 ... 0% 40~0

Endrin 23 <4~00 40.00 6~96 ... 4% 15, <4.00 96.00 14.90 ~ 13% ··2.0
Endosulphan-S04 23 <4.,00 76.00 12.70 .... 13% 15 <4.00 ' 40.00 6.40 ... 0% 3.0
Endosulphan I 23 <2.00 106.00 14.20 ... 13% 15 <2.00 ' 20.00' ' 3.20 ... 0% 3.0,
Endosulphan II 23 <4.00 40:00 ].65 ... 4% 15 <4.00 80.• 00 15.90 t 13% 3.0

, ..
Heptachlor 22 '<2.00 <10.00 2.64 t 0% 15 <2.00 3.20 4.65 ... 0% I 1.0'
epoxide
Heptachlor, ' ,23 <1.00 <5.00 1.35 " t 0% , 15 <1.00 ' 10.30 ' 25.70 t 13% I 1.• 0
Hirex .'2) <5.00 10.00 6.96 t 4% 15 <5.00 <5.00 0.00 - 0% 1.0
Ox,ychlordane 23 <2.0~ <:10.00 2.35 t 15 <2.00 8.07 19.10 t
OP-DDT 23 '<5.00 <25.00 5.87 t 0% 15 <5.00 15.00 . 38.70 t 7% 3.0
Total PCB 23 <20.00 <100.00 27.00 t 0% 15 <20.00 <20.00, ' 0.00 - 0% 1.,0
PP-DDD ' 23 <5.00 . <25.00 5.87 ' t 0% .15 <5.00 : 26.30 66.'80 ... 13% 1.0
PP:--DDE 23 <1.00 ' <5.00 1.17 t ' 0%' 15 <1.00 5.00 11.80 t 13% 1.0
PP-DDT 23 ,<5.00 30.00 6.96 ... 4% 15 <5.00 38.00 128.00 t 7% LO

for any of. these parameters.

Trend
...
t

symbolS are as follows:
decrease from, upstream stat,ion
increase from upstream station
no change from upstream$tation

Note: no significant downstream differences

...
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Table 3.21
, , '

'Comparison of resin, aromatic and fatty acid levels in effluent Samples and water Samples
collectedfronlKimberly-Clark (Station 20) and Blackbird Creek (Station S) in1987 and
1988 (Sherman 1991). All units are in ~IL. '

" ,

Kimberly-{}larkEffluent Blackbird'Creek
Parameter (Station 20) (Station 5)

July/Aug
"

July July/Aug July
1987 1988 '1987 ' 1988

N Mean N 'Mean, N Mean Trend- N Mean , Trend-

Resin Acids (~/L): "

Abietic Acid 20 45 i7 346 20 13 J. 17 51 J.

ChIorodehytiroabietic Acid 20 18 17 14 2() 17 17 12 J.

Diclllorodehydioabietic Acid 20 13 17 11 ,20 12 17 <10 J.

Dehydroabietic Acid 20 ,120 17 491 20 75 J. 17 181 J.

Isopimaric Acid 20 35 17 135 '20 24 J. 17 49 J..
Lewpimaric ·Aci~ 20 13 17 95 20 12 .17 11 ,J.

Neoabietic Acid 20 12 17 '51 20 10 J. ,17, 12 J.

Palustric Acid , 16 9 14 33 14 10 17 11 '~

'Pimaric ·Acid 20 22 17 91 20 15 l 17 ; 54 J.

Sandaracopimari~ Acid 20 14 17 35, ,20 11 J. 17 12 J.

FattyAcidS(~/L):

Arachidic Acid ' 20 ,21 17 15 20 18. J. 17 11 J.

capric Acid 20 11 ,17 10 20 10 17 10'

Diclllorostearic Acid 20 16 11 12 20 18 J. 17 10 J.

Lauric Acid 20 10 17 10 20 10 '17 10

Linoleic Acid· 20 44' 17 44 20, 10 J. 17 10 J.

Linolenic Acid . 20 12 17 13 20 ,11 17 10 J.

Myristic Acid 20 10 17 11 20 10 17 10 J.

Oleic Acid 20 28 17 SO 20 18 J. 17 11 J.'

PalmiticAcid 20 28 17 81 20 16 ""

17 43 J.

Stearic Acid 20 2S 17 28 20 18 J. 17 21 J.

• Trend symbOls are as follows:
"

J, decrease from upstream station
t increase from upstream station'

no change from upstream station
,Note: no significant ,differences in downstream concentrations
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Table 3.22a Concentrations of polychlorinated phenols in effl,uent samples in Kimberly-Clark (Station 20.) in
1987 and 1988 (Sherman 1991). All units are in nglL.

JulylAug 198'7 July 1988
Param~ter N Minimum ~ Maximum Mean N Minimum Maximum Mean

Polychlorinateet Phenols (ng/L):
2~3~4 trichlorophenol 17 ' <100 11~000 1,:376 17 <100 <1~000 233
2~3~4,5 tetrac.hlorophenol 17 ' <20 1~870 307 17 <50 1~820 224
2~3~5~6 trichlorophenol " 17 <10 " 6~ ISO " 1~908 ·17 <50 <500 US,

2~4,5 trichlorophenol , 17· <50 9S0 231 17 ,<50 ' 150 136
2~4~6trichlorophenol 17 ,<50· 2l~000 8~747 16 <50 9~000 ' 4~263
Pentachlorophenol 17 <50 5~25{) 2~021 17 <50, ' ,I ~ 100' 434

,Table 3.22b Concentrations of polychlorinated phenols in Blackbird Creek (Station 5) water samples collected
in ,1987 and 1988(Shermanl99l). All units are in ng/L.

July/Aug 1987 July i988 '"
Parameter N Minimum J'laximum Mean Trend~ N , Minimum,' Maximum Mean Trend* PWQO

Polychlorinatecl Phenols (ng/L):
.2~3~4 trichlorophenol 18 <100 1~100 157 t 0% 17 <100 275 ' .163 ... 0% 18~OOO

2~3~4~5 tetr~chldroph.riol 18 . <20' 1~500 255 ... 6% 17' <50 440 126 ... 0% 1~000

2 ~ 3 ~ 5 ~ 6.trichlorophEmol ' ,17 <50 '2~480 612 4 0% 17 <50 <500 76.5 J 0% 18~000

2~4~5 trichlorophenol 18 <50, 525 139 ... 0% 17 <50 590 ' '115 ... 0% 18~000

2~4~6trichlorophenol 18 1~430 14;000 5~97l ... 0% 16 <50 24~00'o 4~929 t 6% 18~000

Pentachlorophenol' 18 <50 2~465 923 t 67% 17 '<50 1~330 320' ' ... 12% 500

"

It Trend ,symbols are as ·follows: '
... decrease from up~tream station
t increase from upstream station "
.tsignificant decrease from upstream station

113



Table ·3.23a.Bacterial densities ineffluerit samples 1n Kimberly~Clark {Station 20) in .1987 and 1988.·
(Sherman 1991). All units. are count per 100 mL. . .

Parameter IN

Bactedal Densities (Cnt/IOO mL):
Total Coli forms 5
Total CpHfo.rm (background) .5
Escherichia coliform by MPN 5
Heterotrophic at 20°C 5
P.B eudomohasaerugiposa5

* Geometric Mean

July/Aug 1987 I July 1988
MinimUm • Maximum Mean* N Minimum Maximum

<100 300,000 7;096 7 7,000 9,000,000
<10.,000 . 10,000,000 626!614 0 - -

<3 9 4 7 . <3 43
<10,000 ·1,705,000 130,918 .1 . 5,200,000 5;200,000

<10 . 200 29 7 <10 800

.. Mean*

568,853

·8
5,200,00

57

. Table' 3.23b Bacterial Densities in Blackbird Cre~k (Station 5) water samples in 1987 and 1988 (Sherman'
~9.91) • All units are count per· 100 mL.

Parameter
.July/Aug 1987 Jub 1988

N Minimum Maximum Meao* . Trendt N Minimum Maximum '. Mean· Trendt Guide

Bacterial Dellsities (Cnt/100mL): .
To.tal Coli forms 6 . 1,400,000 9,000,000 3;749,730 t 7 .28,000 .' 800,000 361,410 ~ 1,000*
;rotal Coliform' ..

17,45~;222(background) 6 14,000~000 38,000,000 0 ... .- -
Escherichia

55 .231~oliform~yMPN 5 23, 240 t 7 ·<3 93 6 ~

aeterotrophic·at
7,194,490 t 3,200,()00' 4,698,941 ~~O°C .. 6 3,850,000 11 ,000,000' 2 ~!900~000 ..

IPseudomonas'
49 11laeruginosa . 5 90 200 113 t 6 50 <100 ~

* Geometric' Mean

t Trend
~

i
symbolsar.e as follows:
decrease from upstream station
increase 'from upstream station '.'
significant incr.ease from' upstre~m station

.~ pWQO
I IJC rec;ommended guidelines
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.' .

downstream of the'mill discharge or. the organisms are natur.ally reproducing. It should be .noted· that
although the denSity of total colifonns were relatively higb,thegeometric means at both stations during 1987
were much lower than atihe control station.

The ,concentrations of most conventional parameters, nutrients,'metals,phenolic compounds, and r~ and
fatty acids either show a' slight, non-significaJ1t decrease or a significant decline in concentrations as the
effl\J.ent passes through the Blackbird Creek S)'Stem. 'This suggests that the creek provides at least some'
treatmentcapaciiy prior to. entering Moberly Bay. Howewr, these treiuls are based on 'Very limited ..'
s&npling. The large volume of solids~d assOciated adsorbed contaminantswithiP the creek s)'Stemremain
susceptible to movement into Moberly Bay. lIeavyrainfall associated with mapr summer rainstonnsand
high flows'during sprmg snow meit are events Which c:ould lead to significant downstream transport of
.sediment, and associated contaminants. These ~ts lul~ not been monitored or sampled to determine their
significance to the transport of contaminants and, hence. the value of the Blackbird CreekS)'Stem to serve as
.an effluent ·treatineJ:lt $)'Stem ,is not· aCcurately kQ.own. High concentrations·of mOst parameters in water'and
sediment of JilckfishBay, including nuplerous exceedencesofprovincial and GLWQA guidelines, indicate'
that any treatment is very minor.

Fathead mimiow$ (PinuqiJales P'Pmelas) were tested with receiving water ~ples collected during 1986 and
1987 from Station 5 in Blackbird Creek and a control station (Station 713) in Tunnel Baytor 7-day growth

" tests (NeVille, undated). ' Fathead minnows were also tested for acute toxicity using receiving waterS from
Blackbird Creek (Station 5) collected in 1987. The samples frOm Blackbird Creek. were found to inhibit the '

. growth of fathead minnows during both years. Significant reductionS in larval growth occurred with 30
, percent and 10 pei'¢entdilutiops (using control sample) relati~ to the control samples. 'The Undiluted '
Blackbird Creek samples were also acutely lethal with 40 to 90 percent mortality QCCUITing within 5 hours
and 100 percent mortality YJithin 24 hourS. However, s':lbsequent toxicity testing of effluent samples . .
(Station 20) since the secondary treatment facility was operational (October 1989) indicated that the resultant
final effluent is non-lethal ~ 96-hour laboratorY bioasSa)'S with rainbow trout'(Section 3.3.2.2).

3A.2 Sediment.Quality

niere are few data regarding sediinent" quality in the Blackbird Creek S)'Stem. In December 1990 ,and
January 1991, Beak Consultants (1991) sampled mill efi1uent~ well as sedimept and water in Blackbird
Creek and Moberly Lake to determine the lOxic load of thes)'Stem and identify alternatives for remediation.
The results of.the effluent anal)'ses are presented in Chapter 4.' ,

Sediments from Blackbird Creek immedi~tely'doWnstream of the Lake A bypass and from Moberly Lake
were analyzed for. 33 chlorophenols, 10 resin acids and 10 fatty acids. All chlorophenol compounds including
pentachlorophenol and several tri- aDd tetraChtorophenol compoUll(ls were not detectable in sediments from

.the creek. Only 4-chlorocatechol (0.5 JIl./g) and 3~4,6-trichloroCatechol (0.7 JIl./g) were detected in Moberly
Lake sediments (Beak Consultants 1991). '

. ,

A totatof omy3.3 JIl./g of fatty acids and 1.4 JIl./g of resin acids.were measure4in Blackbird Creek
sediments. However, mMoberly Lake, fatty acids ranged frott1 70 to' 308 JIl./g and resin' acids from 55.0 to
128.4,JIl./g (Beak Consultants 1991). The most abundant reSin acids were abietic,. '
monochlorodeh}'droabietic,deh)'droabietic and dichlorodehydroabietic. The·Bealcstudy concluded that the .
sediments of MoberlyL3ke were considered an "environDieiltat issue" due tothefrconcentrations of resin
~ .fatty acids. .

In addition, the Beak study found concentrations of sodium, BODs, ·COD. phenols aridTKN to be 10 to 130
times higher in Moberly~e sediments than in the control station or the upstream.Blackbird Creek station.
The.control station was in Sister Lake which drains via a stDaUtributary into Blackbird Cre~ Measi,Jred
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concentrations in ~oberlyLake sediments 'were: sodium, 2,300 ,/;gIg; BOOSt 12,900J4/g; COD,SOO,OOO'
J..glg; and TKN, 3,300 JJglg. The TKN concentration eXceeded the Provincial Sediment Quality Guideline at

.. the towestEff~Level(SSOiClg) J>utnot the Severe Effect Level (4,800 JJg/g). ' . .

..c _.
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4.0 SOURCES

High concentratioris of certain·phenoliccompoun~,·resin and' fatty acids, .and dioxins and furans, for which
no guidelines are available,.have alSo been found to contaminate sediments within theA-OC.The UC
recommended guidelines .for .Pseudomonas aerug,nosa 'and Escherichia'coli wCre also ~xceeded during .the
1987~88 and earlier investigations.· . "

4.1' POINTSQURC~S

Organics

dehydroabietic acid (w) ,
total phenolics (w)
pentach1orphenol (w)
2,3,4,s-tetrachh)rophenol ·(w)
2,4,6-trich1orophenol (w)
oil and grease (s)' ,

,tOtal organic carbon (s)
hexachlorobenzene (s)
total PCBs (s,b) , .

.dieldrin (w) . .
methoxychlor (w)
endrin(w)
endosulphan Y, II andS04 (w)
heptachlor (w) ,
p,p-DDD (w) ..
p,p-DDE (w) .
p,P'"DDT (w) ,

Metals

aluminum (w)'
arsenlc(s) ,
bei)illium (w)
cadtnium (w,s)
ebromiuni(w,s), ,
copper (w,s)
iron (w,s)
manganese (s)
mercury (w,s)
nickel (w;S)
lead, (w,s) .
zinc (w,s)

Conventional and Nutrients

turbidity (seCCb1 disc) (wj
dissolved oXygen (w) . ,
pH (w)'
tOtal. phosphoruS (w,s)
TKN (s)
·total coliform bacteria (w),.
,fecal coliform bacteria (w)

The .sources of chetDica1s whiCh impact on water, sediIIlent and biota. quality within the Jacldish BayAOC
include one point soUrce and several· rionpoint sources. The only point sourCe is. the effluent from the .
Kin.ltJerly-Oark Canada Inc. pulp mill located in Terrace Bay.· There are no other industrial or municipal
dischargers to the AOC.

Nonpoint sources include atmospheric, in-place sedimentcontarllmation (frOlD. riaturalsources asweU as
Kimberly-Qark effluent) and.spills. ."Other potential nonpoint sources such as urban andagriC?U1turalrunoff,
groundwater contamination from waste Sites or shipping dO not occur in the Jackfish BayAOC. ,

Parameters which have been found to exceed Provincial or GLWQA guidellnesin water (w), sediment' (s) or .
biota (b) within the Jacldish Bay AOC, primarily during the lD.ost recent surveys, (1987/88), are listed bel~w.

A$ noted above; there is oillyone pointsoufce discharger to the Jacldish BayAOC. 'IbiS is the Kimberly­
OarIe canada Inc. bleached kraft pulp milL..' . - .
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4.1.1 Mill History and Effluent Treatment Systems

The Kimberly-aark pulp ~began operations in 1948 as an tinbleached kraft ~ill (Beak 1988). It W3$ ,

expanded in 1972 to a fuiIy bleachedtv.Q-line kraftmiIi 'with capacity,iricreasing from. 240 air dried toooes
per day (Antid) to 400 ADt/d (Beak 1988). In 1978, a new bleaching and finishing plant was brOUght on~ ,
line, iilcreasingcapacity'to 1,13$ ADt/d. A primary treatment facility incorporating twO reactor clarifiers was '
installed at the time of the 1978 expansion (Beak 1988). Until this,time the oriIy treatment was that afforded '
by the Blackbirq Creek S}'Stem. 'rable4.1 provides a Chronological history of the Illill development and
a~ateinenthistory. '

Beginning in 1972, the mill utilized a mercury anode unitto produ~ chlorine for the blea<:hing process.
, Mercury contamination of sediments, in Moberly Bay' occurred' during this timedue to loss ()f mercury from
the unit This pnx:~ 'was discontinued in 197R ' ' , '

,The average efflu~t flow from the mill in i990 waS 94~9 x UPm3/ day. l'wo process effluentsewers are
discharged from· the inill: an acid and an~e sewer: The, alkaline sewer is disCharged, to the primary

, treatment sYstem (clarifier) along with the domestic sewage which has undergone aerobic biological . '
treatment in a packaged'sewage treatment plant. It is then transferred to a mixing Chamber where it mixes '

, with the acid effluent. The acid se~r'containsa low amount ()f suspended sOlids such that it can bypass the
clarifier tog() directly to the acid lift station before entering the 1I1bdng chamber. In the mixing; chamber, ~e

, m.ixedeffluents attain a neutral pH before undergoing secondary treatmtmtin theaerated$tabilizationbasin '
(ASB). .. , " " . , ,

.'The primary effluent treatment system is coniprised·.oftWo,'mechaDical,'se..eeningsystems, a,Coarse bar.screen,
arid a travelling screen and'a reactor clarifier..Theclarifier sludge,is de-watered and burned in the pOwer '
boiler." , '

.The secon4ary treatment system consists of asett1ing basinand tltree cells. This system is also known as the, '
aerated stabilization basin ·(ASB). Organic material is brokendo~ by aerobicnncroorganisrns in the three

. cells, 'with the gteatestdegradation occurring in the Jirst ~ll. '

From theseconeJary treatment syste~ the effluent is' discharged into an: effluent~alWhicli diScharges into
the Blackbird Creek system. This system flows forappromnately 141an,by-passing Lake A and paSsing ,
through Moberly Lake, prior to enteriilg Moberly Bay. 'The effluent usually.comprises over 90 percent of the
$tream flow in Blackbird Creek. .One exception occurs during sprillg run-off when thenaturat flo~ almost
doubles the volume of the mill effluent flow. '

, '

ControlOrders are 'legally-enforceable requirements iSsued\mder 'Section60f the Environmental Protection
ACt (OMOE 1991b).l1leydefineabatentent actions and compliance dates by whiCh actions must be '
completed. The current Ccmt;r()IOrderJor KiIriberly-Oark Canada Inc. was issued on Oetober23, 1990..

'. Limitsjmposedbythe COntrol Orderrequires that the mill effluent nc;>texceed 22.4 toooes of BODs per day
or 30.0 toooes/day averaged over~y 30 COllSeeutiveworkingetays;andll.5 toooes/day of suspended. ~lids"
.or 7.0torines/day averaged over I1IlY 30 cOnsecutive days... Also, wh,en undiluted, the effluent must pass the

" ,96-hour LCso test (i.e.; effluent must not be acutely lethal to test flsb) •. &of December 31, 1991. adsorbable
. '. ,organic halides (AOX) are not to exceed 2.5 kg/ADtof bleached kraft pulp (O~OEdata files).. .

Treatment or process changes to further unprove effluent quality are not currently planned for the pulp mill.
. Although the company is investigating means of reducing AOX levels, additiooalremedialactions at the mill '.
. will be contiIlgent onre<{uire provided through theMISA and RAP programs. " ..
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Table 4.1
. .' .

, Chronological development arid abatement history of the KiIri~rlY"OarkCanada In~pU1p
mill, TerraceBay, Ontario. ~ ,

1946 ·Construction of TeiTace ,Bav oulo mill Commenced

1948,' .FU'$~ulp producect - November 12
·Rat capacitv320 ADMT/D

1958 ·Chlorine dioXide added to bleacbinJ!: circuit ' ", ,

1973 ~Stud lumber mill added
•Installed new recovery boiler

1975 , ·Start of expansion to new mill ' , ',,'
·Second kraft mill to increase rated capacity to 1135 ADMTID

1977 ·Completed construction of mill expansion, , , "
·New wood ,room constructed duritil! mill emansion ,. Drv debai'kin~

1978 ·First pulp producedfrolll No., 2 mill ,. February
·Spill oondconstructed ' .

1979, ·Oarifier installed for alkaline sewer
1981 .Mapr fire inthe:lester/blow tank area -October 30 , " , " ."

·During the four one-half month reconstruction period, anumbet of improvements "
wer~ made to process control and environmental equipment included: ,,
" '.Installation of a condensate stripper' , , , ,

·Installation of ~entinedecanter ' .
'·Installation ofN G collection arid (lestnlction s}'Stem

"

·Construction of domestic_se~etreatment plant ,
·Construction of clarifier' screellinl! svstem ,bvi>ass '

1982 ·COOlinJi: water recvcle svstem in place'in the kilnIcausticizinsi area
1983 ~Knot recycle system in place . " " " , '" .,

"

·Conductivitv monitorini svStem installed in the alkaline sewer svstem
1984 ·Spill control system completed in No~ 2 Mill,

•Improved soap recovery program in place
•Higher chlorine dioxide substitution m bleacheries

" ·No. 1 Mill dedicated to hardwood, ,,' ", " .

•Polymer feed s~tem added to alkaline clarifier" '" , ,
·Additional clarifier added to caustici7ing area for clarification of area: wastes
•Improvements made to No.2 brown stOck washers '

1985 ·No., 2 brown stock closure
.~ill'control system completed for No. ,1 Mill , ., , "
• .0. stage added to No.2 bleachery , '" , .., , " , " ,
·A number of impro~meiltsto both bleacheries, in~uding new instrumentation, resulted in
a sil!nificant reduction in bleachervchemical use and resUltant dischari!es ' " ,

1985-86 ·A number of improvements to No.1 brown stock washers including; improved soap
recovery. foam control and vacuum improvements ' , , ,

1988 ·Oarifier hYdraulic load reduced
1989 ·Secondarv treatmentcomoleted'- October189 ..

1990' ·Bleach plant improvements " , ,
,

•Higher Chlorine dioxide substitution . ,
.Hypochlorite stage replaced with Papricycle Stage
·New control svstem

1991, •Hot water wood Stave replaced '
·New chip thiCkness screening plant ,
·New screen rejects system -

,- ·Chlorine stren2th analvzers and re-circulation Dioin~'installed'-

FutW'ePlans
·12th Digester in #2 mill to be constructed ,,', , ",
·Company investigating alternative means of bleaChing (e~ oxygen delignification, arid R8
chlorine dioxide e:enerator " , . , , , , ,

121



,jl>
4.1.2 EffluentQuaiity

, 4.1 ~2.1' ,Regulated Parameters

The quality of etl1uent fr~mtheKimberlY'aark mill haSjIrlprOved a great deal over the past several~as "
a res,ult of a number of abat~entefforts.,These are swmnarized~Table4.1. Ta1?le 42 provides a "
sumniary of anJiualloadmgsof paramete(S which are monitored: in effluent asweU as an indication of the

, number of monthlyexceedences oftheir OMOE ControlOrder linlits. '

The introduction of secondary treatment in OctObe~ 1989 was the single ~ost significant addition, as
'd~onstratedby the ,reduction in biochemical oxygen demand (BOOS>. BODs in the effluent was reduced
from an annual average of 26,22S kg/d in 1988 to l,400kg/d in 1990 (Table 42).

Table 42

. . . . . .

,,' Average. annual' effluen~ loadingS of monitored pollutants in Kimberly-Oark Canada It:tc.,,·
effluent .and humber of monthly exceedences (in brackets'for 1986 to 1989 only)*.All

, , loadings in kglday Uillessother\llise noted.

"

1973 1981 1986 1987 1988' 1989 "1990t

Flow.(m3/d) 202,600 113,800 110,333 115,000 '117,100 109,344 94,900

BOD" (tid) 30100 3OpOO, 29,550(0) , '24,833(NA) 26,225(5) 17,633(0) " 1,400,, "

Total Phosphorus, NA ,NA 7635(1)* 64.63(0)
,

62,(0) ,NA NA'

Sl,lSpended Solids ' 6'700 5,400 ,,' 5,345(0)' 5,568(2)' 4,863(0) 3;878(0) ,4,100 '
"

Toxicity(LCSO>**' NA to.O 12.5-45.6 15.1-:42.8 " 11.8-41.4 25.3-51.0 non';lethal '
,

*

t

*
**

'~ta taken from OMOE annual Reports on the:Industrial Dir~Discharges.in~tario(OMOE
1987, 1988,1989, 1991b); . . , ',,'

Post-secondary treatment, data from OMOE fileS,. ,
exceedence consid~r::ed an anomaly as measurement is not con$tent with typical'mill levels. '
% effluent required to kill SO% of the test fish. ", "

Not availabie

, Suspended solids were reduced. by 20 percentover the same periOd, although most of the improvement ',,'
occurredpriot to the secpndary trea,tmentsystembeing operaf:ioilal,as shown by thcnotalloadings as well as :
th~ elimination ofmonthly Control Order exceedences.,' , ,

.. . '.. . . :

The second3ry treatment systemaIso reduced the toxicity of the effluent., KimberlyOark effluent jsn6
longer acutelylethal to rainbow trout as,CUscussedin section 3.32. However, sublethal effects are still
'observed. '

. Total phosphorus is also routinely monitored. Althougbexceeding the Control Order: limit once in 1986
(Table 42), it remains consistently below the 1.0 ntg/L C()I1centralion guideline (Ta1:»le3.l9a); ,
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4.1.2.2 Effluent Characterization Studies

, fu ~tion to the regular, self~onitoring program required for, the parameterS regulated by the'Control
, Order, several effluent characterization, studies:havebeen undertaken. These include the July and August
1987 and July 1988 surveys conducted by OMOE at Station 20 (Sherman 1991); theMISA 12 months of
effiu~t sampling~'JanuarY 1, 1990 to December 31, 1990'(OMOE 1991c); and a three day final effluent
survey undertaken by Beak ConSultants in December 1990 to JanuarY 1991 (Beak Consultants 1991).

The average loadings for foUr conventional parameters, four nutrients, four resin. acids, four ch10rinated
.phenoliesand one organoch1orinepesticide in samples collected at Station 20 during the.OMOE1987/88.
surveys are provided in Table 4.3; Effluent concentrations and dpwnstream characteristics were discussed in

detail~ Section 3.4; Tables 3~19 thrOOgll3.23 in Sec.tion 3.4 summarize effluent concentrations.
. '.

The data from 'the 1987/88 OMOE surveys (presented in Tables 3.19tbrough3.23 andin Table, 4.3)
represent effluent' conditions prior to the operation of .the Secondary·treatment system., .Those' parameiers
which occuriiltlienilll effluent and aISo exceeded concentration-based water, sediment or biota guidelines in
Blackbir~ Creek (Station S)or Moberly, Jackfish, or T~elBays are noted in Table 4.3. Loadings are
baSed on a limited period of sampling. ho'wever" the average.daily loadings for total phosphorus and .
s~pended solids (Table 4.3) are comparable to the annual loadings for 1987 and 1988' (Table 4.2).

As of'1987/88, the mill effluent contributes large average daily loadings of sodium, cbloride~ sulphate,
suspended sOlids,phosphorus,phosphate, ammomum and TKN. Resin acids contributed to effluent toXicity
in 1987/88 (Table 4.2) with average daily loadings ranging from 1 to 43 kg (Table 4.3).

The M~cipall}ldustrialStrategyfor Abatement (MISA)'programis a strategy aimed at reducing pollutants
to Ontario surface waters. It was 'announced by the Provincial governmentin 1986 (OMOE 1986), and'
affects the municipalseclor (sewage .treatmeJ;1tplants) as 'well as eight industrial Sectors including: electric

" pOwer generation; industrial 'minerals; inorganic chemicals; iron and steel;'metal mining and refiriing; organic
chemicals; petroleum refining; and pulp and paper. During the recently completed first stage, the industry

" monitored their wastewater' to determine exactlywhat was in it,' alUf atwhat·Concentrations. Based on these
r~ults,thegovernment isdevelopmg abatementregulations. "MISA's ultimate goal, is the virtual elimination

. of toXie contaminants jn municipal and industrial discharges into waterways. The fulfilment of this goal is
necessary to reduce the risk of damage to the ecosystem and to protect public health by tDinimiZing the
presence of toXies in drinking water, fish and Wildlife" (OMOE 1986). . .

".. . .. "~

, Effluent moni~ring for the pulp and paper seetor took place from JanuarY 1, '1990.to, December 30, 1990
(OMOE 1991c). Regulations based on these resultS are expectedinlate 1991.Pu1p mills in Ontario's four
Lake Supenor AOCs are the Thunder Bay, Fort Williari1and Provincial Papers Divisions of Abitibi~Price

.Inc.· and.Canadian Pacific Forest Products in Thunder Bay;'Oomtar Inc. in Red ROCk (Nipigon Bay AOC);
Kimberly-aark Canada inc. inTerrace Bay (JackflshBayAOC); and James River Marathon Ltd~in"

M~athon (peninsula HarboUr AOC).. The results of the'first six months of monitoring for selected '
parameters from each of these nillls' is provided in Table 4.4 (OMOE 1991c). Of particular note are the
concentrations of AOX (Adsorbable Organic Halide), TKN,cadmium, chromium, nickel, zinc and
tetracblorodibenzo-p-dioxins in effluent fromthe,Kimberly-Oarkmill'which tend to be theamoDg the

.' highest of all nillls located on Lake S~perior. . ,.

Table 4.5 compares results ofanalyses of the 2,3;7,8-tetracblorodibenzo-p-dioXin congener in effluent at ten
pulpnillls innorthwestem Ontario during the 1990 MISA study. Effluent from the Kimberly-OarkCanada
Inc. mill had the secondhigheAt mean concentration of ,all ten millS.' ,.
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, Table 4.3 Loadings of effluent at Station 20 in Jacicfish Bay 1987181t All loadings are in kg/d.

July/Aug 1987' July 1988

Parameter > Mean'~s~Plesr Mean~s-:nPles)
,tkaJ£E ,,' . , (kaJ9lE

Con'Ventionak

Sodium 29,380 (20) 29,360 (17) .
" 360 · 54.080 1000 - 29410 '

Sulphate 23,460 (20) i2,840 ' (17),
5.290- 56.760 0 · 38.630

Chloride (unfilt reaCtive) 41,370 (21) 45,780 (17)
21470 · 187.490 23.770 ,. 170.830

Suspended SolidS 4,640 (20) 4,280 (17)
2220 19800 0'; 12430

:-
Nutrients: ..
Total Phosphorous· S5 (20) 45 (16)

14 - 89 18 - 81
Phosphate: .45 (7) 8 (14)

10 - 11.1 ,4 · 21
Total Ammonium 199 '(5) ·18 (14) "

'" 12 - 403 6 - 33
Total Kjeldahl Nitrogen· 2SO (20) ~ (16)

.,

47 • "452 108 · ,395

"
Resin Acids:

Abi~tic Acid . .6.7' (20)
..

42.9 (17)
1.1 - ,42.1," ' 9.4 - 3075.

ChIorodehydroabietic Acid 2.4 (20) 1.8 (17) ..
1.1 - 5.3 1.1 · 3.6

DichlorOdehydroabi~tic Acid' . 1.7,' (20) 1.3"'(17)
1.1 - 3.3 1.1 - 2.3

Dehydroabietic Acid 15.4 (20) 60.9 (17)
!, 1.2 • 52.0 4.1., - 396.7
Chlorinated Phenolics:
2,4,6.trichlorophenol, 1.119. (17) . 0.530 (16)

'0.006 -' 2.502 '0.006 - 1.159
Pentachlorophenol* 0.247 (17) '0.053 (17)

0.008 0.593- 0.006 . - 0.121
Phenolics* 13;71, (11) - (0)

" ,OJ)€) - SO.SO - -
2,4 dichlorophenol 0.38 (20) :' - (0)I

0.11 - 2.70 - -
Or~anocblorine Pesticide:
DDT TotaI* . 0~0021 (17) 0.0027 (16)

0.0006 - 0.0194 0.0005 I 0.0176

*
. .... .

ParameterS which exceeded sediinent,water or biota guidelines in Blackbird Creek orMoberly,
Jackfish or Tunnel Bays prior to '1989.' '
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Table 4.4 Summary of priority pollutants ·from the-pulp mills located on the north shore of Lake Superior.
Results are shoWn as mean va.lues taken fromJa~ua.ry·1 to June 30, 199() as part . of the Hunicipd­
Industrial Strategy for Abatement (I4ISA) forprocessefflu.ent monitoring of the pulp and pap~r

se!=tor.

James·
. River,:"
Marathon

(Marathon)

55.60

.. o. 25840 1::r::m]=])~4.§,pn

o•00033 1:::::::::::::::::::g:*:QPp~q·

0.01333· 1;:::::Jt::rtg~::I~~~~:::

O. 03667 1:::J::::::!ft~~:;qU~:~l::J

o.02500. 1=::{(::=::::::=:g]QU~gQ)t·

O·~00068 I'!JJ:::::::::::::p;~!,qq9.~:

.. 1.93

o.07 l<t:::t::!:P#t$==r::=:/::··
0.49 .t:::::::::::::::::!:)l:~=:~!::::::::::::::;::::::dl
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Tab1e4.5 . Heanand range of cOJ:lcentradons for di.oxins a.ndfu~ans f n Hna1 process effluents from· ten pulp
mills in northwestern Ontario •. Data 'was' collect·ed from January 1 to December 31, 1990 as ,part
of·theMISA monitoring program (OMOE199lc and Smith,' OMOE unpublished data) ~ .

Mill Lo~ation .Process Type(s)
2378...TCDD(pg/L)

# r<Mean .
(Range)

'TEQ* .
(pg/L) .

Flow (.103m3/d) . '. LOac:ii~g
Mean '(,.g

(Range) . TEQ!yr)

31 1•.010

47 0.197

'77 2.440

-
61 ·4.275

44 . 0.385

47 .0.017
,.

21 0.016

94

171 I 1.710.

87.6

24.0

30.5 .

27.0.

11.5 .

o.oof

. 192.0

ND
.(-)

·ND
('.;. )

NO
.(..;) :

. 9.7
(ND-:-80) .

ND
. (-)

1.0.
.. (ND-24)

18 I ND
(-)

18 f 'ND
(-)

Sulf~telMechanica.l1·9.

Bleached.Kraft
Sulfi~e/GrQUndwood

Bleached Kr~ft'

Fort BleachedlKraft [23 '
.Frances. Groundwood

Marathon. Bleached Kraft 16

Thunder· Groundwood I 12
Bay ..

Pl"ov. ISulfitelMeChanical I 10
Paper

Fort I.Gro~ndwo:od. 1 8
·William

RedRock ·I~i-bleached
KJ"aftGroundwood

. Thllnder
Bay

Dryden

TEQs (Toxic Equivalency Factors) based upon OMOE 1985.,. summedfor·thevarious· isomers ..
detected in i!fflu:ent •. Zero (0) was sUbst i tutedfor nOIi",,:detectab h concent rat i.oris in calculat ioris , .hence
these values . likely underestimate a<;tual discharg.es.

Domtai'

Abi tibi-Prlce

.Boise-Cascade· 1Kenora'

Canadian·
.Pacific·. Forest
Products Ltd~

*

.dl James River ,..
Marathon
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Table 4.6 provides the concentration data for all priority pollutants detected in the Kim~rly-Qarkeffluent
during the first six months ofthe 1990 MISA monitOring (OMOE 1991c). Average concentrations for those.
parameters which had nondetectable values maybe underestimated because nondeiectable concentrations
-were treated ~ zero in calculating the mean. Those parameters which occurred in the mill effluent in 1990
and exceeded the concentration-based Water, sediment or biota~delineS in Blackbird Creek (Station 5) or
Moberly, Jackfish, or Tunnel Bays prior to 1989 are noted in Table 4.4; .

In coll).parison to the eoncentratlonsmeasured during theearIier 1987188 surveYs (Tables 3.19 to 3.23), the
mean concentrations of manyparameters have decreased. These include several whichexceededgwdelines
prior to 1989. Mean conceiltrations.ofaluminum, BODs' mercury, copper, five resin acids, one fatty acid .
(oleic acid) and pentachlorophenol -were lo-wer in the 1990 MISA monitOriilg than in either the 1987 or 1988'
OMOE surveys. Conversely; mean concentrations of Chromium, TKN, tOtal phosphorus, tOtal suSpended
solids and 2,3,4,s-tetrachlorophenol -were higher in the more r~nt 1990 study. &nmonium,'zinc and 2,4~6..
trichlorophenol mean concentrations Were compara1:>le for both periods.

. . '

Chlorinated organic cOmpounds, as measured by 1he Adsorbable Organic Halide (AOx:) ·test, are limited
through a Control Order arid are to be reduced to (less than/equal to) 2.5kg/ADT by Dec 31,-199l.
'Unpublished daiareported Since January of 1991 indicate that the company is aIt:eady meeting this
~w~~ .

Dioxins and furaDs ~re 'measured in the effluent during the MISA monitOring study and, as'anticipated, the.·
lo-wer chlorinatedeongeners dominated. AlthoUgh2,3,7,8-TCDD was not specifically analyzed, tOtal TCDD
was detected in 67 percent.of samples with a maximum concentration of 0.79 Dg/L (Table 4.6). .

.Table 4.7 provides the results of a three day effluent sampling for selected nutrients, chlorophenois, and fatty
and resin acids in 199O/9l (Beak Consultants 1991). Total phenol eoncentiationsranged'from 9.4 to

'18;6 'J.g/L. Specific isomers of. trichlorophenol and pentachlorophenol were detected only at trace levels,well
. belowPWQos and much lesS than repOrted for the fiisthaIf of 1990 (Table 4.6) or in 1987/88 (Table' 3.22).
Resin and fatty ~cid·concentrations-were also much lo-wer than d1lring 1987/88 (Table 4.7). Most of the fatty
acids and all resin acids were not detected in samples collected on Decem~r12. Only four fatty acids were .

.detected at concentration ranging between'0.019 J.g/L (oleic acid) and 0.046 mg/L (palmitic acid).
, ,.. , '. . . ,

4.t.2.~ Summary
. . .

Kimberly-Qark Canada Inc. is currently meeting its, Control Order requirements for BODs,' suspended
solids, AO}(, tOtal phosphorus and effluent toxicity. The'addition of the secondary treatment facility in
'OCtober 1989 appeared to be particularly efficient with regard to biol~C3J.oxygen demanding substances,
phenolic compounds and resin and fatty acids. Lo-wereffluent conCentrations of resin and fatty acids has
reduced the toxicity ofth.e effluent (not acutely lethal in 1990) and resulted in lower concentrations of these
acids in surface Waters of Moberly Bay (1990 survey, Section 3.1).ThePWQO for dehydt:oabietic acid Was
exceeded -in Moberly Bay during ,1987/88;, ho-wever, in 1990, this acid was not detected..

. Although Significant reductions have been achieved in the loadings of I3ODsfrom the Kimberly-Qark
. effluent, the occurrence of PWQO~olationsfor dissolved oxygen as reCently as 1990 (Section 3.1) suggests

that further reductions may be reqwed. 'Alternatively, there may be ongoing contributions of biological
oxygendemanding substances, due to historical deposition in the Blackbird Creek Sys~and/orMoberly
Bay. ' .

. '.

Most of the water, sediment and biota q~ty data were collected prior to the. seconctarytreatment facility
becOming operational and, hence, it is not known if there has been any improvement ~thregard to'ambient
guidelineexceedences other than dissolved oxygen and dehydroabietic acid. Mean effluent conceIitratio:QS of
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TaNe4.6, Ranges. and means of priority ~nutantS deteetedinprOcess effluent 'at Kimberly-Oark
,Canada Inc., Terrace Bay (luring the first sbc:months of the 199QMISA monitoring survey
«)MOE .1991c). Units are noted for eaCb'pararpeter.

100 .
100
100
100
too

. 100
.100
100
100

·100 .
100 ..
100
100
100
100
100
.99

96
·96

83
83 .'
67
67 :
67
SO'
45 "
33
33

,33
27
17
17
17
17
17 .
17
17
17
17·
17,
17

6.75.
20.49.

465.00
553.27
14.67

16333
, .7.60

13.33
.41.

, 1,836.00
.72

4.71
.36

'.51
'44.25
40.52
15.46

:78
86.54
2.95
.49
.02
.04
.18 .,
.90
;01
.60
~02
.03
.01
.48
50
.00

i,67
. .00
5.00
'.00

.17

.00 .

.01
. 3.33

81W
29.40

, .700.00 .
1,774.40

24.30'
300.00

8'-1()
20.00

-,3.23'
··~600.00

,4.14,
.1.30
. '.6()

.60
'72.00
77.50
42.60
2;02

120.00
.5.10
1.90
. .05
.09

·...79·
1.80

06. ,

1.SO '
, .11
. .10'.
'.05'·
2.90
3.QO

, ,.01
10:00 .

.01
3O~00

.01
1.00
.01

..04
20.00

1.80
.12.20

330.00 '
t04.00 .

8.30 .
SO.OO
6.50

10:00
.10

I~OOO.OO
.01

2.50
.' .21·

~.,

14.00
15:00

NO
NO .
NO
NO
NO .
No, No
NO

··NO

NO
NO
.NO '
NO
NO
NO
NO
NO
NO
NO.
NO
NO
NO
NO
NO
NO

6
78
26,

181
6
6

181
6

26
181
,6
.'26

6'
26

181. ,
25··

',78
26.
26
'6
6

'6 .'
'6

6
2

77.
-3

6.
6

77
6
6
6

.6
'6
:6
6
6

, .6
6
6

44,6trlcblorophenol· ("filL) ..
Adsorbable Organic Halide (mg/L)
Aluminum* ("filL) . . ......•
COD (mg/L)
Chloroform (telL)
Chro,mum* (~/L)
H)'dro,en ion*(pH)
Nickel (i«/L) ,
Nitrate· + Nitrite (mg/t).
Specifi.c conductance (J.6iemlem)
Sulphide (mg/L) ...' .
TotalKjeldahl Nitrogen* (mg/L)
TotalTCD,F (ng/L) . ,
Total phosphorus* (mg/L)
Total suspended solids (mg/L)

'VSS (rilg/L) ..
BOD,S day, Total Demand (mg/L) .

·Anunonia plus Ammonium* (mg/L)
Zin.c* (. IL) ,"fi .'
~4 dicblorophenol ("filL)'
Octacblorodibenzo-p-dioxin (ng/L) ..
TotillH7CDD (ng/L)· . .
TotalPCDF (ng/L)., .

·Total TCDD (ng/L) : . .... ,
2,3,4,5 tetracblorophenol* ("filL)
Dehydroabietic Acid (mg/L)

·2)A,6tetrachIorophenol ("filL)
Abietic Acid (mg/L) .
Mercury* ("filL) "
Dicblorodehydroabietic At. (mg/L)
2 methylriaphthalene ("filL)
Cadmium* (J,~IL) . .
·Chlorodehydroabietic Acid, (mg/L)
Copper* ("filL) . . ... .
HeJQicblorobutadiene ("filL)
Lead* ("filL).' '.
Oleic Acid~(q/L) .
PentachlorophenOI* (t:C/L) ,
Pitnaric Acid (mg/L)
.Total H6CDF (ng/L)
Vanadium IL

FD
NO
*

. Frequency above detection llinit (%)
Not detected. . '. . . ' ....." . ..' '.
P~ameterswbichexceededseditnent, water orbiotaguide1ines in Blackbird treekor Moberly,
J8ckfi$ or Tunnel Ba}'S prior to 1989.

NOTE: Values less than the deteCdonlitnit are treated as zero.,
Minimum, maxitnumand averagewIu~arecit'e4 to two deciniaI places.
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Table 4.7. Chemical analysis of firial effluent, 1990/91 (Beak Consultants 1991).

Parameter .
Tot3l Phenols· (J.l/L)
Socnum(mg/L) .
Particulate Residu~ (mg/L)
Total Phosphorus· (mg/L)' .
Total Kjeldahl Nitrogen~ (mg/L)

.Total Ammonium- (q/L)
BOD ILl

December 12
18.6

"3'J:3~1
24.7
0.50
4.50
loSS

10.4

pwao
, 1

Chloropheliols .(ng/~):
2,4,6 trichlorophenol·
2,4,5 .trichlorophenol
2,3A trichlorophenol.
2,3,5,6 tetrachloropheiJ.ol
2,3,4;5. tetrachlorophenol·
Pentachloro .benol· '

.Fatty ACids (J.l/L):
Capric acid
Lauric acid
Myristic acid
Palmitic acid
Stearic,acid
Oleic acid
Linoleic acid
Linolenie acid
Arachidic acid
Pal-ustric acid
Total

Resin Acids (J.I~):

.Pimaricacid
Sandaracopimarie acid

. Levopimaric acid
Isopimaricacid
Neoabietic acid
Abietic acid'
Dehydroabietic acid
9,10 dichlorostrearic.acid
,Chlorodehydroabieticacid
Dichlorodehydroabietic acid
Total,

$'.

3200 t , "

<SO
<.100
180t

<sot

80

<S
<S
<S
46
24
19
<S

·<S
<So
<S
89'

<S
<S
<S
<S
<S
<S
<S
<S
<S
<S
<5

18,000' ,
(Total T3)

1,000
(TotalT4)

SOO

4S
. , (Total @pH7.5) .

•
t

Parameterswhlch exceeded sediment, water or biotciguideIinesin Blackbird Creek or Moberly;
Jackfish or Tunnel Bays prior to 1989.

.Trace amoUnt
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3Iuminum, copper and mercury appear. to have decJmed sinee 1988. However, the mill.effluentiS likely the
main S()urce of most conventional parameters, bacteri~nutrients,me~, organoChlorine pesticides ·and
phenolic' cotnpounds which have been found'to, exceed ambient guidelines. " " .

. - . . .

.The source of bacteria, particularly&chen'chia coli and PseudomonaS fU!1UJjnosa, is of CQn<iem especially as .'
,'these organisms Iulve eXceeded recommended health guidelines in Moberly and Jackfish Bays (Section 3..1).. , '
They may originate from domestic sewage Wi~.the~. ' '

The origin of organoch1oiine pesticides.inthe milleffluen~ isilo~ ktiowil;ThesecllemiCalS may be derived
from lOgs ~ch are processed in the mill. 'Contamination of the logs may reflect atmospheric sources
iriclud;iDg aerial spra~~ .

4~2 NONPOINT SOURCES
, .

4.2.1.'Atmospheric Deposition,

Long range transport and atmospheric depositionareasigrillicantpathway ofpersistent tOxic substaneesinto
"'. the Great.Lakes (Chan and Perkins 1989, Nriagu1986, 1990). As such, •actiVities relatiDg to research, ,

monItoiing and. control areIdentified as an Importaritoomponentofthe 9LWQA (1978 as.reviSed 1987, ,
Annex 15). Atmospheric contamination of the lakes is poorly und~rstood and.quantified. The ',reason is that
"estimation ofatmospheric loadingsoforgaili.c and lnorganIc toxic compounds to the.Great Lakes reqUIres
iiiformation on atmospheric and precipItation coricentrations"masstrailsfer coefficients.and Physical

. $peclation in theatniosphere and water" (StrachanandEIsenrei.ch 1988). "Sufficient information,for relIable .
estimates of al!noSphericinputs is oDtyavailableforj:)CBs and lead (Table 4.8); although less certain· ','
estimateshave,beeri attempted foroth,er substantes. '' " ,

Even. though they receive lower total loadings oHead and PCBs, the upper GreatLakes (Superior, Michigan,
and Hm:on) receive a significantly greaterpet~ntageof theirtotai inputs from ,the.atmosphere than from
point sour~(Tab.e 4.8).; 1bisis due to their lar~e s1.lr(ace area and relative lack oflocal sources.

: Table4~8' pea and leadloadingS to' the Great Lakes and the percentage oftotu loadirigs'attributed to
atmospheri~pathwa)'S'(Strachan'and EisenreiChi988) . '. '

Total inpuf
" "(k Id) ,,g

PCB

% Atmbspheric Total Input .'
" (kg/d).'

·Lead· '

'" Atmospheric, ,',

'."

Lake,Superior " 1;66 90 0.66 97

Lake Michigan 1.88 58 1.49 99.5

Lake ,Huron 1.74 78 1.18' 98

Lalte Erie,' 6.90 13 .155 46

'Lake Ontario 6.96 7 1.17 73
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Both lead arid lOtal PCBs were nondetectable in the Kimberly-Oark effluent during the 1987/88 surveys'
(rabIes 3.19a and 3.20a). During the MISAmonitoring study conducted' in the first six months of 1990, lead
conCentrations averaged 5.0 J,16/L in effluent, however, it was detected·in only 17 percent of samples (fable
4.6). Loadings have .notbeen·calCulated for the MISA data, thus it is not known what the relative impact of

.·the effluent is in coinparison to atmospheric. However, the lead loading·sh0wnin Table 4.8 fOf Lake
Superior represents the entire 13kewhereas the· Kimberly-Oark effluent is much more localized with regard
to the Jackfish Bay AOC. .

Nriagu (1990) noted that "the atmosphere has become akey~ediU1l1,in the transfer of trace metals to..
"remote aquatic ecosystems"; In the case of the Great Lakes, he indicated that well over SO percent of all
trace metals Were contribttted via the atmosphere. Sources"to the atmosphere includebiogenic. wind-eroded

, soils and industrial poUution~ Although there are no loading estimates. available for metals other than lead, .
Nriagu (1990) identified ~e.atmosphere as an important pathway for vanadium; mercury and cadmium.

, .

Both tetrachlorodibenzofurans (4CDF) and octachlorodibenzo-p-dioxins (8CDD) were detected in sedimerits
collected in MoberlyBay~ The,re was a progression ofsignificantdifferences in concentration from:the mill
effluent to stations in Moberly Bay for4CDF mean values (Table 3.12). This suggests that the effluent waS
the main source of this congener. However, there wete no.significantdifferencesbetween the stauonSfor

.8CDD within Jackfish Bay; indicating that the mill was not the source. Some other source, suCh as
atmospheric deposiQ,on, may have been responSible for elevated 8CDD levels (SheriDan et al. 1990, Section
325.3). .

PAHs werefound iIi sediments of JaCkflsh Bay (Section 3.2.5A), at concentrations which are belowthe
LOwtst Effect Level of-the PtovincialSediment Quality Guidclines.Chanand Perkins (1989) measured ',the
Concentration of various PAH COIJ)pounds in precipitation samples from four loCations in the Great Lakes
Basin. The closest station to Jackfish Bay was at Sleeping Giant Provincial Park east of Thunder'Bay. The .
concentration profile indicated that .themostabundant PAHs. at this station were phenanthrene, . .'
methylnaphalene, fluorene and pyrene (Chan and PeJidns1989).The PARs-with the highest concentrations
in sediment of JackfishBay collected during the 1987/88 surveys were pyrene, floUranthene and.chrysepe
(fable 3~14).Meth.ylnaphatenein sediment was not measured and chrysene in precipitation was not
measured. However,the concentration pattern of pyrene and flouranthene s.uggestthat atmoSpheric .'
'deposition may·account for the PAHs found in.sediment in the JackfishBay AOC.Chan and Perkins (1989)
noted that higher concentrations of PAHs. were found in the upper lakeS' staQ,ons, farther. away from the
indiJstrial and urban c¢ntres in the lower lakes Where consumption of fossil fuel is higher. They concluded

"that the higher pARs at Sibley in Lake Superior repr~ented localized effects from domestic Wood burning.
There are no data on ~ions of PAH compounds from local sOurces in the Terrace Bay area with whiCh
to determine the significance of these sources to the local atmospheric depositional component.. .

The only loc3l air quality monitoring data available for the JaCkfi$ BayAOC consists of the resUlts of a one
day survey conducted .by the Air Quality Monitoring Branch of OMOE in the,viciiUty of the IGmberlyOark
Canada Inc. pUlp mill (OMOE data files). Five, 30 minute ~plesViere collected on JUly 25, 1985. The
resUlts' of this survey indicated that conceQtrations of total reduced sUlphur cOmpounds off company property,
downwind of the plant were less than the 30 minute provisional gUideline of 0.027 ppm. The total '
hydrocarbon loadings for ,five samples taken on the mill property ranged between 168.9 J,16/m3 and ~,783.2
J,16/m3• These loadings were mainly comprised of aromatic compounds, primarily l-isopropyl-4-
methylbenzene which ranged·between 64.5 and 2,637.0 J,16/m3• Chloroform was the most dominant
chlorinated organic (52 to 236.6 J,16/m~,although it'was well below guideline (1,500 J..f./m~. Since the time

-of the swveY, the hypo stage in the #1 bleacheryhas been shutdown at Kimberly-Oark and chloroform
levels. are likely much lower .0. '. Murphy, OMOE,pers. com.). .
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4.2.2 . Contaminated Se~:Uments .

Se4Unent contamination in Moberly, Jackfish and TunnelBa~WasdiscussedinSection3.2 and Section 3;4
which presented qata for Blackbird Creek and Moberly Lake, .These sediments, although contaminated from '
a variety of sources; also serve as a source ofcoritaminationtobiota and water. Remedial strategies fox: .
restoring beneficial uses within theJackfish BayAOCwill need to consider the role ofthese sediments..

, '

The.availability and impact 'ofcheinicals in sediments with regard to water and biota in thiS area has not
. been" thoroughly mvestigated. The orily studies<;arried out to date are those by,Beak 'Consultants (1991) on '
'sediment from BlaCkbird CreekandMo~rlyLake. Prtiliminaryresults of this study indicated that sediments'

. from MoberlyLaicewere lethal to both·Hyallela (LC34) and chironomid larvae (LC42). Chironomid growth'
was also inhibited. The a-pthorsconcluded that the tpJdcants in ihe sediment of this l~e 1M>wdhave to be
red-pced to at least 18 percent of present levels before.the sediment 1M>uld s-ppport benthic life (Beak
Consultants 1991); ,,

, "

',BOdy burdenS of dioJdnaoo furancongeners in benthicfauna (mussels and, opoSsum Shrimp) of Moberly Bay
, sUggest that sediment concentrationS, particularly of tetrachlorodibeozo"P:'dioJdnS and '
tetrachlorodibenzofurans, may be impacting the benthos (Section 3.3). In addition, the draft Provincial
Sediment Quality Guideline LoWest, and Severe 'Effect Levels are biolOgically based. 'Exceedences'of these
leVels results in impairmeilt to the maprity of benthic species. . .

ChromiUm, coppe~, iron and nickelcon~ntrations.iilsamples collected in.1987/88at a stationtaiown to·be
outside the effect or'the Kimberlr'Oark mill discharge (Station 844)eXceede4 the Provincial Sediment.
'Quality Guidelines LoWest Effect,Levels. In addition, manganese exce~edthe No Effect Level. The .
elevated Concentrations oflhese five metals may,. thus, 'be related to the geology of the area (Section 3.2.4); .'

However, each of theSe fout metals are alsO fourid in the mill effluent The effluent characterization study
undertaken in 1987/88 indicated that chrorilium was detected in 48 to ~OO~rcent of samples (mean 0.08
mg/L19gg).copper:in 14 to 81 percent of 'samples (0.02 mg/L 1988); iron.in 90 to100 percenfof samples
(0.55 mg/L 1988); and nickel in 14 to 44 percent ofSainples:(Dlostlyneardet~onliriUts)(Table 3.19a).
Chromium and copper were ,also detected in the effluent in 100 and'17 percent respectively,ofsattlples
during the ·first six months of the 1990 MISA monitoring study(Table4.6)~ ,

,4.2.3 Spills
". . .

KimberlfClark had a Buriker Oil Spill in the mid-I97Os which spread into. Moberly Bay. This incidentmay
explain'the presence' of oil in sediments at,stations in Moberly Bay dUrlng the '1987 biologiCat surve~ (Beak
Consultants 1988)~'rhe oil was not observed during th,e 1975 sUrVe~. '

Spill and effluent b)pass events for 1989, 1990 and 1991 (to'inid-septembet:) are listedmTable 4.9. The
date, substance spilled, ,amount of,substance' (where· aVailable). and inediuin: spilled to is' indicated. '

. ... . .'

Land spills are ,not generally aconcern with regard to c6ntaminationof the JacldiShBay AOC as the mill is
, located outside of the AOC. The orilyconcem wOuld be landbasectspills which may subsequently reach the
effluent canal whicliconnects to Blackbird Creek.Slilphuric add istbe substance mOSt COmmorily spilled on
the' niill ·site. ' ' ,. " , ,

Gaseous leaks occuf and include blow tarik gaSes and .digester gases. It is not known which chemicals' are
vented with these incidents or wilether theyimpaet the AOC. ~asedon the records available (Table 4.9),

, thiS does not appear to be 'a significant conCern. '. . ~. . .
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Table 4.9 Spills and effluent bypasses at the Kimberly-Oark canada Inc. mill during 1989, 1990 and
1991 (OMOE data files).

Date Substance Location

1989

JaJiuary·27 ? tank car spill land

FebrUary 14 cbloride gas leak air

February 21 . .ef':fluent bypass of clarifiers water .

May 4 soap spill water

June 13 fuel spill :. vehicle accident land

J"QIy 4 black Jiquor caustic sewers water
.

July 13 .-diesel fuel (114 L) water
..

August 8 acid line leak land

August 9 venting blow tank air

.' .September 29 disCharge to effluent ditch water

.December 29 sulphUricaclcf(I,300 L) land .

1990

J~Q31"Y24 venting -blow tank air
..

January 25· digester cookinggasesverited air

March 19 digester cooking gases vented air

December 13 sulphuric acid (910 L) land?.
JuIle13 dieselspill (looL) ?

Augusi23 lime po"Wder (lStonnes) laDd

1991

January 26 3lkaline.& acid sewers bypass . ., water

March 6· .- acid sewer effluent bypass water

March 14 acid sewer effl~ent bypass water;

Apri.l20 s~phuric-acid (67SL) land
.

April 28 acid sewer.effluent bypass Water

May-21 .... acidse'Ner· effluent bypass . water

Julyl' sulphuric acid (230 L) .' land
.
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Table 4.9 (Coni'd)
Date

'Jul 7Y
,

JUlyS"

July 16

July 30 '

AugtJst2

A~t12

August IS

SeptemberS

Substance'

atkaiine & acid seWers bypass ,

acid ,sewer effiueIit\)ypass

alkaline sewer,bypass,

, alkaline sewer bypass
, ,,",

foam spill

alkaline,&,acidsewers bypass

alkaline '& acid sewers bypass

acldsewerpartial bypass,

,.'..

water

water

water

'land

wat~r

water

, water,

location

.. ,

FIo'WSin the acid andalkaline~sewers,onoccasion;bypass thetreatmentsystem resul~gin 1Jntreated, ",
,effluent reaching Blackbird 'Creek .As of September S,there were 12,bypass 'eventes(iurlng 1991·('rabie 4.9).
:These eveJltSwere primarily due to equipmentfaib,IreS (O-Rings. seized valveS) and p<>wer outageswbich , .
shut do~ the pumping,equipmerit (P~ Jordan, OMOE,perS~ com.). Because the~lume of effi....ent'Which

'bypasses the system is not known, it jSnotp<>SSible to deterinitle'the impact of these events ori:the AOC.'
However, it is' expected that these events contribute to contamination of Jackfish Bay and., hence, their '

.. OCcuri'ence sholl1d betWriimized. ' .
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5.0 ENVIRONMENTAL CONCERNS/USE IMPAIRMENT

5.1 INTRODUCTION,

The objective of this chapt~r is tosUIllID3riZe the usebnpairments and water, sediment and 1»otaquality ,"
problems described ~ Chapter 3 (EnviroIlJ.llental Conditions). Annex 2 ofthe Great Lakes' Water Quality "
Agreement of 1978, as amended in 1987, defines 'Impairmentof Beneficial Use(s)' as "...achange in the '
chemical; physical or biological integrity of the' G:reat Lakes S}'Stem sufficient to cauSe
and 'of,the foliowiitg: ,:' '

(i)
(il)
(iii)
(iv)
(v)
(vi) "
(vii)

, (viii)
(ix) ,

(x)
(xi)
(xii)
(xiii) ,
(xiv)

'Restrictions oil fish and wildlife consumption; .,
, Tainting offish and wildlife 'flavour; " '

Degradation 'of fiSh and wildlife pcipulations;
FtSh tumours or other deformities;

, Bird or animal deformities or' reproduction problems;
'Degradation of~thos;, '

, Restrictions ,on dredgiIig activities; ,
Eutrophication, or Undesirable algae; , ,
Restrictions on drinking water consumption, or taste and'odour '
problems;
Beach closings;
Degradation of aesthetics;
'A4d,ed costs to agriculture or bidustrY;
Degradation of phytoplanktOn and zooplankton populations; and
Loss'of 'fish and wildlife habitat." '

, , ,

Several of these use imp~rment categories are divided into subcategories for discussion purposes in this
'chapter to more clearly define' the scope of the problems iIi'the Jackfish Bay AOC. For ~xample,

'restrictions on fish, and wildlife consumption' is divided into 'restrictions 'on fish consumption',and
'restrictionsori wildlife, Consumption'." ,

A d~termination as to whether a specific use impairment exists in the Jackfish Bay AOCwasmlid~ using the '
ListinglOelisting Guidelines for Gieat Lakes Areas of Concern(llC 1991) in conjmction with applicable ' .
standards, guidelines and objectives where ,available. ,In the absence of standards, guidelines()r objectives,
impairment status i$ based on best profesSional Juigement from the evidence aVailable. The' status of
beneficial USes 'as well as exceedences of am~ien(staridards, guidelines and objectives are summarized in
Table 5.l. "

'.5.2 'USE IMPAlRM!=NTS

5.2.1 Restrictions on Fish and Wildlife Consumption

5.2.1.1 Restrictions on Fish Consumption: requires assessment

The 1989 "Guide to ,Eating Ontario Sport Fish" listed fish conSumption restrictions for lake trout longer than
45 an duet<> mercury concentrationS betweenO.sand 1.0 /.gIg andlor PCBs gre~ter than 2.0 ~lg. The

, 1991 guide identified consumption oflake trout up to 65 an in l~ngth as unrestricted withregard tomercriry
" ,arid PCB concentrations. The consumption ,ofwbitefish, cisco and White sucker to 45 em in length was also
unrestricted~ However, the guide indicates that conSumption, of lake trout greater than 55 em coUld be
restricted due to concentrations of dioxinsatidfurans expressed as tOxic equivalents of 2;3,7,8-
tetrachlorodibenzo-p-dio:xin; ',,' '
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'.

,Table 5.1 Summary ,of impairments to Great LakesWaterQuality Agree~entb~neficial uses within the
'Jackfish Bay Area ofConc:ern. Iinpairment status is, defiried as impaired (I), not'impaired (NI)

or requires further assessment (A) and is based on datacoilected duringfrolll 1987 to,1990.

Tainti,. of Ff,sh and WildlifeFlIMlUr There haVe been no'reports, of tainting by the publicor:by fisheries/wildlife
rsonnel.' " ,

Lake trout populations h~ve deClined ~iricethe mid 1950sf~r a ~rof ,: ,
'reasons including the accidental intrQduction ,of seal8ll1lrey" thestart~up 'of,
, the Kid)erly-Clark,mill, over-harvestingandthejntrQductionof exotic fish

species•. BllICkbird Creek fish populatiOl:1S have been totally el imt'natedas a
r~sult of the pulp mill effluent. 'Similarly, fishpopu,lationsin MOberly Bay,

,in the vicinity of .Blackbi rdCreek, have been severely reclUc:ed.

White suckers have bioaccumulated TCDOs and TcOFs from water afd .sediment
contaminated by the mill effluent. ' lake trout have low concentrations of
mercury, hexachlorobenzene and several chlOrinated 'pest icfetes. t.heG~WQA
SpecificObject~ve for the protection of 'piscivor~wildlife from PCBs was
~xceeded ih lake, trout collected in 1989. " ,

Blackbi rd Creek niilyattract wi ldlife during the spring months as the moderating
influence of warmcreekwate.. terids to accelerategreeningofcreek·sjde ,
vegetation. Moose 'activity in particular appears to be a~rin8lly "igh aloiig
Blackbird Creek during the spring~Thereareno data on possible i~cts to
wi ldlife'populatiOf'ls' due ~o contaminants within the AOC., ' ' "

Bioaccl.lllJlat i~ofcontami nants in wildlife may be ~curri nginpOrtions of
'Jackfish Bay and the Blackbird Creek,systeni, however, there are no data on
contaminant burdens in wildlife. CWS plans a survey: of ' gull populations ,for
completion in 1993.

. . ~ ,

A I The 1991 "Guideto Eatilig Ontari~ Sport,Fish"notes that the consumption of
lake trout greater than 55 cm insizemiiy neecf to be restricted due ,to
concC!fltrations of dioxins andfurans expressed astoxicl!C1Uivalents to 2,3~7,8- ,
tetrachlorodi~zo-p-dioxh'; " , ,

Nl-I No restrictiooSexist

HI

,A

, I

Status of I Conditions In Jackfish Bay
Impairment

BocIY burdens, of Wildt i fe

Body,burdens of Fish

GLWQA, iblpairmentof Beneficial
use

Desiradatiqn of Fish'" Wildlife 'PopUlations
Dynamics of FishPOpulatjons

!=ohsumpHon of Wildlife

Dyn8lllic~ ofWildl He POpul~tiOns

,Restrictinon Fish andUildlife, CclnsuIirti,on
R~trictions on Fish consumption
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TableS.1 (Cont' d)

GLWQAlmpairment of Beneficial
Use

Fish T.-ours and Other Defonlities

Bird Md Ani_l DefOMlitiesor Reprocl.Ictive
Proble.s .

Degradati00 of Benthos
Dynamics of BenthicPClPUlations

Body bUrdens of BenthicOr9anisms

Restrictions on Dredging Activities

Eutrophication or undesirable Algae

Status of
Impait'ment

'A

.I

HI

Conditions In Jackfish Bay

AlthOugh incidences of. external fish tumours· or other deformities have not been
reported, white suckers collected frOm Jackfish Bay in the slIlIIler of 1988,

, prior to secondary treatment, had ao abnormal incidence of liver neoplasms
. (cancers)~ Also, greater than 20 percent of lake whitefish had l.I1explainable
external lesions which may be assoc.iated with pollutants contributed from mill
effluent. A study of tumours in white suckers was cohductedby OMOE in 1988
and results ·are~ing..' '

Incidents, of bird or animal deformities have not been repor'tedinthe AOC.
However, indications of reproductive dysfunction in white sucker" longnose
sucker and lake whitefish populat , ons inthe·Jackfish Bay AOC have been
reported.CWS plans II survey of gull populations for completion in 1993.

The benthic fauna have beeo i~ctedinMoberly,Jackfi~h and Tl.I'V1el Bays as
shown by the presence of i~ired communities which have increased in number'
lind ,extent between 1969 lind 1987. During this pei'iod~ pollution intolerant
SpeCies (Pontoporea hoyi) have decreased in denliityand extent whereas '
pollution tolerant species (tubfficids) have increased indenliity and, extent.
Sediments in Moberly Lake are acutely toxic to benthic fauna. .

opposum shrimp (Mysis relicta) and introduced caged mussels (Ell iptio
conplanata) coHected in Moberly Bay had a dioxin and furan congener pattern
similar to that of the mill effluent. 2,3,7,8-tetrachlorodibenzofuran was the
.dominant' isomer' in the shrimp with traces of other congeners including 2,3,7,8­
tetrachlorOdibenzo-p-dioxiti.

Sed.iments in the Jackfish BayAOC,particularly within Moberly and Jackfish
Bays contain concentrations ,of several contaminants which exceeded.OMOE Qpen
Water Dredged Material Disposal Guidelines liOO/or Provincial Sediment Quality
Guidelines as of '1987/88. These include oil and~rease, total organic~arbon,
TKN, (1990), total phosphorus.,arseoic, cadmium, chromium, cC)J)pef,i ron, lead,
manganese, mercury, nickel, zinc, hexachlorobenzene and total PCBs.

No nuisance, algaL growths have not been reported.
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Table .5.1 (Cant'd)'

GLWQA Impairment of Beneffcfal. ..

.Use

Restrictionison Drinking W8ter ConSt.I.Iption or·.
Taste and Odour Preble. . .
Cons~tfon, Taste and Odour Problems

Beech Closings

Degr8dation of Aestheties

Added Cost to Agricu\ture nlrdatry

'. ,. . .,' .
Degr_tion of PhytoP.ritonn Zooplriton
Populations '. . ,

Loss of Fish n IIildUfe Habitat

I

Status of
.Impairment

NI

NI

-
I

NI

NI

-
I

Conditions In:JackfishBay

Drinking water for the Town of TerreceBay is obtained frOlil Lake Superior west
of Jackfish Bay. There have been nocons~tiQl'l relitrict-fons or reported taste
and .odour problems .for treated drinking wete,r. 'However,cottages:arl;! located
in the. old cOllllU'lity of Jackfish.on Jackfish Bay. OlloccasfOf),thee.ffluent
drifts in this direction; making nontreat.edwater I.I"lst,.liteble for conslinption.

Bacteriel densities have periodfcallybeen.elevated in the vicinity of the
Terrace Bay Beach as "re~Ult of. the mill dischargeihowever, tbisconditfon
has not li!clto beach closings. There are no other publ:fc beachesiolithin the

. Jackfish Bay AOC. .

Conditiqnshave in:proved since the. early 1970s, however, cot:lCerns cOf)tinue, to
.beexpressed regarding the prel!ence of foam end dark coloUr in IHackbird,Creek
and Moberl'y Bay. .

There are no agricultural or industrialactfvHies which. utt! he water from the
Jackfish Bay AOC. '. .

There are no widespread effects within the AOCalthough C-Cl!IIIU1it'ystructures
are likely altered in·the inmediateer.ea of the discharge. No detailed
informetf on exists.·· . . . - . .

Ma'jorlake trou~ spawning grOl.l"ldswere located in Moberly Bay and alOl'l9 the
shore of Lake Superior adjacent to Jackfish Bay and wereimpeireddue to .
physical al teratfon(dep08itiOnoforganicmatter) and chemical contamination
ofsedimentl!. Lake whitefish spawning grounds wereidentffied along lake
SUperior'S shore inmediately east .a"l:l Nest of olackffshBay. The quality and
use of these shoals has not been assessed•. Blackbird Creek was noted as a
brook 'trout s'treamprior to the start-up of the mill in 1948. .
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As of 1991 fisb consumptionrestrictions Were in plaCe for Jacldisb Lake due tOmercury (yellow perch) and
mercury.and/or pCBs (northern pike and walleye). HoweVer, this lake is considered to.be outside the
influence of theniilleffluent and., bence, mercury concentrations >1.5 JJg/g in yellow perch between 35 and
45 em in length is likely due .to natural background sources~

'5.2.1.2' Restrictions on Wildlife ConsumptiQn: not impaired

.There are currently norestrictioIlS. for tbe consumpti()nof wildlife form the Jackfisb BayAOC.

5.2.2 .Tainting.of Fish and. Wildlife Ravour: 'not impaired

. .

No reportS of tainted fish or wildlife by the public ortlie fisheries/wildlife person:i1el. .
. . ( ..

5~2.3_ Degradation of:Fish and Wildlife.Populations
. .

.5.2.3~t Dynamics of Fish populations: impaired ..

Blackbird Creek fish populationstlave been totally eliminated as a result of tile pulp mill effluerit. Similarly,
.fish' populations in Moberly Bay, in· the vicinity of Blackbird Creek, bave been severely reduced. Priorto .
installation ofsecondary effluent treatnient by the mUl; toXicity tests on surface waters up to 1:.5 km from the
creek mouth resulted in 100 percent fish mortality. Results from toXicity testing ~ce thistimeindieated that
mill effluentis nolonger acutely lethal.· . . . .

.-. Degraded water quality, harvesting, the. sea lmnprey and. introducti~n 'of exotic fi$h species have directly
depresSed fisheries productionmJackfish~ay. SpeciesCHversityand densities in the northern portion of
Moberly Bay are among the lowest found in L*e Superior..The zone of influence, which radiates south
from the mouth of Blackbird Creek, has diIilinished flsheriespotential in theentireJa<;kfishBay area,

. although the degree of impaethas not been determined. ..

5.2~3.2 Body Burd~ns of Fish: impEiired
. ..

Lake trout collected.in 1989 had low concentrations of mercury, bexachlorobenzene, p,p-DDE, a-·and--_i-­
'BHC,a- .and r-chlordane, p,p-DDD,toxaphene~2,3,7~8-TCDD(O.()()()()()29:-(.OOOO113JJg/g) and 2,3,7,8-TcbF
(O.()()()()2()-():OOOO58JJg/g).. Whitesuckers.collected during 1988 also had low concentrations of 2,3,7.8-TCOD .
and·2,3,7,8-:TcDF. The GLWQA Specific Objective for the protection Of piscivo~ous wildlife were exceeded··'

• byma:xi.mum concentrations of total PCBs (0.44 lJf,/g).

:_5.2.3.3 Dynamics.of -Wildlife Popul~tions: requires· assessment .
~ . . .

Blackbird Creek may attract wildlife during the spring months as the moderating influence of warm creek· .
. water tends to accelerate greening of creek side vegetation~ Moose activity in particular appears to be 'high

along Blackbird Creek-during the spring. There are no data on possible impacts to wildlife populations due .
. tocOritaminants Within the AOC.. ' .. .
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5~2.3A Body Burdens ofWildlife: requiresassessmen~

· Bioaccumulation of contaminanisiD wilcllife may be Occurring iIi pOrtiOns of Jackfish B~y and the Blackbird
· CreekS)'Stem, J1oWever, there are no data on: contaminant burdens inv.?J.dlife. CWSplans a survey of gull

populations for completion m ·1993.

. ·5.•2.4. Fish Tumours or· Other Deformities: impaired. ' . ' .

. .

Incidents of externaifishtumours or other deformities have not been reported. However,the induction of
· MFO·activity iIi white suckers Collected from JackfishBay m thesunittierof 1988, prior to secondary
. treatment, was correlated -with an "abnormalmcideneeofliver neoplasms (cancers)": Also, greater than 20.

percent oflake whitefish caughtm J~ckfishBaydWing August 1989 and Auiust/September 1990 had .
wieJq>lainable external lesions which did no! appear to be related.to predatory attaCk or bnection. .The
presenCe ofthese lesionsman isolat~ unpopulat¢ bay.which has received large volwne& ofpulp mill
.effluent,. as well·as· the absence of reports of similar wOunding mother lake whitefish, suggesied 'to'the'
authour tilatthere ni~ybe anassOclationbetWeen the lesions andtlle discharge of bleached kraft nun
effluent '.. .

~esearch iScolltinUingonthe sublethal effectsofmilleffluent on fish, aswellas:tIi~ Cause of the'skin lesions.
. onJake.whitefish;· A study of tumourS m white suckers waS undertaken in 1988 by the Water ~esourCes··

Brancbof ()MOE, .ResUttSare pending. .

5.2.5.Bird orAnimal Deformities or Reproduction Problems:requitesassessrnent.

·Bird or animal deformities have not been found intheJacicfishBaY.AOC, norhavereproductionproblems.
beenspecifically reported. However, reproductived~ctiol1 mwhite·sucker,IOngpose suckerand lake .. .
whitefish populationsm the Ja~shBayAOC have been reported; Results.fromresearch mtothesublethal·
effects ofthe pulp mill effluent mdiCated that these flSh grow more siowly than teferenceflsh, bave smaller
gonads, lower fecundity with age, an absel1ce ofsecondary 'sexcharacteristicsm mal~..failure.of females to
show an mct:easetn egg size with age, 'reducedserum estradiol and testosterone'concentrations, and greater

·hepatic ~ed-functionoxidase (MFO) ~ctivity~· . . . .

· A study to determine Whether or not heninggullsmtbe JaCkfish Bay AOChave deformities or experience
reproductive problems iscurrentIy underway by the Canadian Wlldlife Service. Results from this study will
need to he evaluated When' av3llable. .

- ....

5.2.6 Degradation of Benthos

5.2.6:1.pynamicsof Benthic Populations: impaired .'
. . . . : . .

The benthic fauna 9fthe Jackfish Bay AOC bavebeen impacted as a resUlt of the mill emuent discharged .
.. through Blackbird Creek;· Densities of ben,thic macromvertebrates tend to belowest aiong the western .
·portion of Moberly and Jackfish BaYs du~ to·the influence of the effluent plume.from Blackbird Creek.

. Between·1969.and 1987, maximum densities of pollution tolerant organisms. (tubificids)ilicreased by mOJ:e
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than six times while densities ofpOllutionintolerant organisms (PontOJXJfeiaho)f.) decreaseddraDiatically.
'Duririg tbisperiod'the extent of tubificids·also increased in concert with a decrease in the extent olP. hoJi. '
Whereas in 1969 only theeentral portion of Moberly Bay and thenorthwestem portions of Jackfish Bay were
affected, 'by 1987 the densitY of P:hoJihad decreas~ in Tunnel Bay as weIi as theeasterri and central
portions of Jackfish Bay. ' "

These trends were similar to those observed by the distribution andnumber of impaired benthic
coriununities. The extent ofcommuniti~identifie4 as impaired increased between 1969 and 1975. ,Between
1975 and 1987 the extent increased further8nd an additio~ impaired community~ identified. Impaired

,communities, 'were 'found to occur in sediments whiCh had the highestmean concentrationsofcadmi~,

copper, le~ zinc and TKN as well as high levels of fibre (loss on ignition).· The impact to benthic
macroinvertebrates in the Jackfish Bay AOC have beenattribut(ld to the KimberlrOark mill effluent.

, ,

Although,the~e have been no benthic surve~ of·Blackbird Creek, the toxicitY of sediments in Moberly Lake'
indiCates that the sediment is acutely lethal to certain benthic species and is likely severely impaired.

· 5.2.6.2 Body Burdens of Benthic Organism$:impair~d

The body burdens ofJ.lativebenthos (M)lfis relicta) and introduCed mussels (Ellipio comJiaMia) from
, Jackfish Bay indicate a patteillofdioxin andfuranbioaccumuIation ~ch suggests the mill effluent as the

mapr source. This includestht bioacCUmuIation of t~trach1orodibenzo-p-dioxin$and ,. ,
tetrach1orodibenzofufans. COncentrations of the highly toXic2,3,7,8-tetraCbIorodibenzo-p-dioxin: ~ngeIierin
,M relicta~re·'O.OOOOO9~/g:COncentrations,of tetrach1orodibenzofurans ranged fro~ 0.000034 IJg/g in
introduced mussels to 0;000048 IJg/g in M. relicta. '

· 5.2~7 R~strictions on Dredging Activities: impaired

Dredgiitgoperations have not been undertaken in theJa:ckfish Bay AOC. However; the sediments.of
· Jackfish Bay, esPecially Moberly Bay, containlevels of oil and grease, total organic carbon, tqta1 phosphorus, .
'arsenic, cadIDium,.chromium, copper, iron, lead, mang8nese, mercury, nickel, zitlc, hexach1orobenzene and
totalPCBs which exceeded the OMOEOpenWater Dredged Material Disposal Guidelines and/()r the
Provincial sedirilentQuality Guidelines Lowest Effect Levels in 1987/88; ,TKN measured in Moberly L3ke
sediments during 1990 also exceeded the PSOG ~westEffect Level. In addition, high concentrations of
certain. phenolic compounds, resin and fatty ,acids, and dioxins and furans,for which no guidelines are.
available, Contaminate sediments within· the Abc.

5.2.8 Eutrophication or Undesirable Algae:, not impaired

There are no records orobservations of nuisance algalgrowtbs in JackfishBay.
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5.2.9 ' Restrictions on Drinking Water Consu~ptionor Taste and Odour Problems:
not impaired' . .'. .

The Town of Terrace Bay'acq\Jires itsc::lrinkini,waterfrom PUmphouseBay on the north shore of Lake
, Superior. There, have been no consumption restrictioD$,Or taste and oc:Iour problems, reported with the

treated drinking water; Couages are located in the old cottununity ofJackfish,on,Jacldish Bay.· On'
Occasion, the efflueniplume drifts in this direction, making nontreated water utlSuitable for ,Consumption.

5.2.10 ' Beach Closings: 'hot impaired

Bacteria leVels have periodically~en elevated in the vicinity ~f the Terra~ Bay beach as a result of the mill.
di~arge;however,this condition has not led tobe8ch closings~ Ther~ are no other public be"'ches within, '
the Jackflsh Bay AoC. However, exceedences of the fecalanq total colif()rIn PWQOhave occurred as
recently as '1987/88 and the liC recommended guideliiies for Pseudomonas aerugnosa ~d Echoichia cdi
were 'exceeded within Moberly and Jackfish Bays. ' .

5.2.11 '-Degradation of Aesthetics: impaired

Mill ef'fluentflov./in Blackbird Creek and ~toJackfish Bay h~deteriorated the aesthetic,value of theentir~ ,
,system•. Re-routiitg the effluent away from the highway during the e'arly,I97Os has improvedthesi~ation but '
CQncerns are' still ~ressed. Although the area's scenic ~auty,sbeltered wate~anci the wreck of the ''

, Rappahanock represent an'attractionf()tbOaters and divers,tlie area receives limited recreational use due to..
,the mill discharge and, to a leSser eXtent, limited access. ' , '

'. . .

5.2.1'2 Added'Cost to Agriculture or Industry: not impaired

When additional costs are required to treat water, prior to use for agricultural or industrial purposes,' this .use
category is considered to be impaired. There are no agricultural or'industrial activities which utilize ,water
from the JaclcfishBayAOC.

. , ,
, ,

5.2.13 .,Degradation of Phytoplankton,and Zooplankton Populations: not ,impaired

, ,There are no widespread effects within theAOC althoughcottununity structures are likely altered in the
~ediate vicinity oftbedischarge. ' No 'detailed inforinatiorieXiSts; ,

5.2.14 'Los$ of Fish·and Wildlife Habitat:' impaired

, FIsh habitat inJackfish Baybas not been fully descnbed or mapped, nor has the relatiorisllip of various
habitat~ to fish production 'beeneVaIuat&t. HoWever, itis known that industrial pollutants have
destroyed ~r significantly,altered fisheries ha.bitatin portlons of JackfishBay.

, 144

.-"



, alackbi~d ereele. no longer provides suitable habitat for moSt aquatic life and may affect,the s11riounding
terrestriafhabitatThe nillldischarge futo JackfiSh Bay has c1~gr8deeibottoni sedjments,fish'habitat and

, Pc?teJ1tial spa~ grounds, Organic'sllldge dePQSitscowr most of the naturatsediments in MoberlyBay:
, , There are nQ'Wita regarding the Possible loss of Wildlife habitat, parti~arIya1Ong the Blackbird Creek

System. '. . , ,
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6.0 PUBLIC INVOLVEMENT
. . . ..... ..

The foui Areas'ofConcem on the Canadiansl)ore of Lake Supenor (peninsula Harbbur, Jacktish Bay.
Nipigon Bay and Thunder Bay) bave beengrotiped together as the "NorthShoreof Lake Superior Remedial
Action Plam"., AlthoulhRAPS are being developed separately for each, a Single logo was designed ,for the
four Areas of Concern.

6.1 ACTIVITIES TO DATE

The initial step in the public~nsultation program was identifying potential participants in' order to establish
, a. mailirig list. The list included 'representatives from industry. government,: labour. fisherie5t environment,
recreation, education and the generalpubIic. '

. . . . .
, ,

, ,

The next step was to develop gener:al'information campaign material to promote the RAP. Materials
included br'ochure5t buttons, refrigerator magnets and presentation folders. In addition, a tOll~ee telephone

, number was set up for interested individuals toc;all for further informatioil on the program. All people on
"the mailing list were contacted by letter tOinfoim them about the~pr~ were provided with a copy "

of the RAP -brochure and Were invited to open houses organized as a "kick-qff" for the p(OgranL

The Jackfish Bay open house was held in the Terrace'Bay ,Recreation Centre on December 1.1988.
Materials developed fot' the open house included a mobile display. status reports and brOChures.
Advertisements were placed in"~e loCal' and Thunder Bayne'Hpapers (Appendix 6.1). Approximately 65

" people 'attended the session. 'They were provided with infonilation on the RAP process, the opportunity to
become involved 'in the Jackfish Bay RAP and the fmportancethatthe federai and provincial governments
place on public participation. Attendeeswer'e invited to sign a register and were add~ to the maiJing list.,
.'. . . . .

After, the open house. all. people on the mailing list received letters mformirig them,of the success of the
, ,open house~ The next step in the public consultation program was thefoimation of a 'public advisory

committee (pAC). ',' Suggestions as to representation on the PAC were solicited. A number of, volunteers and
, nominations were received and the PAC was formed. ' '

The thirteen PAC members include'representatives rro~ the public, Kimberly-Carltaf t3nada,,'Ltd., Charter
Boat Services. the mill union, Jackfish Lake Cottagers. the TowDsmp Of Terrace Bay.Duc1cs Unlimited,
Minnova Mines, and the Ontario,Underwater Council. ' ,

',The purpose of'the PAC is as folloWS: (I), act as a focal :pointfor public consultatiOn and ther~by al1ow'
effective dissemination of information on the RAP process and environmental conditions; (2) provide an
additional level of reView for RAP documents aDd remedial options; (3) provide' an efficient and effective
meamof ensuring stakeholder input as the RAP is being developed; and (4) provide a basiS,forbroad
community support for RAP implementation. The ulti.mategoai. ofthe public involvemeIitprogram is to '
ensure that the plan responds to community needs andenpys a high level of community support for '
implementation. '

.' . . .

The introductory PAC meeting was held on May 9. '1989 in Terrace Bay. Subsequent meetings were held
monthly(Appencijx 6.2). In 3dmtion, a tour of Jackfish Bay was conducted on June 22, 1989 a tour of Lake
AWas conducted on July 13.-a mill tour was held on October 19. 1989 and a MISA presentation ,to all four
North Shore of Lake S~perior PACs was held, on November 25.1989. ' "

PAC ~~bers were p.:ovid~ witl;l'a varietY of information including PAC Terms of ReferenCe
(Appendix 6.3). alistiIig of library referenCes for itlfOrlllati~ on Lake Superior" releVant articles'from the
UC publication "Focus", and summaries of available data and reports on Peninsula Harbqurenvironmental "
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~nditions~Theywerealso given copies of The Great Lakes WaterQua1ity~, Flnt ReJXNtundeTthe
1987 Protocol to the 11718 Great lAkes Water Quality AJ1ument, .A 'Qtizens' Guide to the Great Lakes Water
Quality~,3nd various other dOcuments." . .

. .

OnM~~-24, 1990, the "Making a Great LakeSuperior"confer~ce .~ b~din ThunderBay. This event
brought together RAP teams and PACs.from Ontario's, Mmnesota's, WIsconsin's and Michigan'sLake .. . .
Superior Areas (>f Concern, as well as, .scientists, reso~ inanagers,. industry people and environmentalists
frO~ aUiada and the .U.s~ .The conference provided an excellentopportunity to learn and to share thoughts

.andideas on the clean up of Lake Superior and on the RAP process. '.'
. .'.' .

As p8rtoftheRAP process,thePACdeveioped as.etof Water Use Goals (WUGs)(Appendix6.4) ~ch
they presented to the public in septem.berofl990 (Appendix 6.4). A booth. was set up at the Terrace Bay
FallF8ir in order to illustrate the WUGS, and was manned by .bothPAC.~em.~rs arid EnvironmentoDtario
staff.. In addition, thewuGs and a questionnaire ~m8iled out to all bouseboids in TerraCe Bay..Public .

. commentfroin both the.. booth and'themail~utwaS incOrporated intO the.finalized WUGs.
. .

. On March 23, 1991, after Stage One Completion by all fournorth$ore PAes.arem.edialoptio~.workSh~
wasbeld in ThunderBay tointrodllcePAC members to StageTwa of the RAPpr~ and to begin
introduclngrem.edial optiorisfor rehabilitating AOO. . '. .' .

. .

SUicetheincqltiori of the RAP.process, publicspeakingengagem.ents by PAC inembers and .Environment·
. Ontario. RAP staff have been ongoing.·. Talks have been given to school groups and speci31 interest groups,

and'displays on theRAf program have been set 'up at a vanetyof functions.. .
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- GLOSSARY,-ACRONYMS AND UNITSOFMEASU~E





COMMON.LV USED TERMINOLOGY

MeaSlJrementS aDd Units .

miCrograms per gram . :i::

milligram per kilogram .=
'mietogram per kilogram =

nanogram per kilogram . =

te/g _..

mg/L =

telL =

ng/L =

pg/L =

mg/kg =

te/kg =

ng/kg =

LId =

.m3/d -

. . lDilligrams per litre

microgram·per liue

nanogram: per litre

pcograms per litre

. litres per day

cubic metres per day'

=

parts per million (ppm)

. parts per million (ppm)

parts per biJlion(ppb)

parts per trillion (ppt)

.parts per quadrillion '.(ppq)

Parts:per million (Ppm)

parts per billion(ppb) .

parts per trillion (ppt) ..

. kglann (kg/yr) =. .

t/ann (kg/yr) =

kil()gramsper ~ar

.tonnes per year.

/-Slem. =.' microsiemensper ceniimetre(condudivity)

mgd = millions of gallons per day .

.d's . = cubic;: feet per second



ACRONYMS

AOC

AOX

BOD

COD

DDT·,

FTU

Ell

DC

I.CSO

LOSO

WI '

MISA ','

MNR/OMNR

MOE/OMOE'

Area 9f Concern: An arearecogmzed by the International Joint CommisSion Where
water uses are iInpaired or where objectives of the Great Lakes Jiater Quality
Agreementorlocal enmonmental standards are not being achieved. '

.Ac:Isoroable organlchalides, including chlorinated organics.

BiochemicalOXygen Deinand:The amount ofdiSsolvedoX}'gen required for the
bacterial decomPosition of orgamcWastein water. Obtained byineasuring the
amoimt of oxygen COilSumed 1:Jy'a sample under controlled conditions over a '
specified time period. ' ,
. .. .'

, Canada-C>ritarioAgr~ement Respecting Great Lakes'WaterQuality:, The 1986
agreement WherebY the governments of Canada and OntariQ recognize their shared
responsibility to maintain the aquatic te9S)'Stemofthe Great Lakes Basin. '

Chemica1~en Demand: Theamo~tofoxygert'required to compieteIyoxime
any oxidiZable cofuPQunds ,present by chemical reagents. '

Dichlorodiphenyltrich1oroethane: A widely used, very persistent pesticide, (now ,
, , banned'from production and uSe in'manycounmes),in die chloiina~ed'b.ydrocarbon,

grol1P;"

Formazin Tu.-bidity Units: A measure of turbidity. '

A measure of. the potential to transfer electrons from: one atom, ioil or molecute to '
, another in an oxidation"reduetion reaction' (redox potential).

International Joint Commission: A binational orgaDization established in'l909 by
the Bol,lndary Waters Treaty. Through the DC,' Canada,and the Unite({ States cO,.
,opuatively resolve problems along their common border;inc1uding water and air ,

',,' ,pollutiOn, lake levels, power gtmeration and 0therJssues of mutualconcem.

., The concentration of 'a toXicant or effluent which is lethaltoSO% of the test
organisms over a specified time period.

That dosewtllch is lethal to '5()% of the test otgaIlismsover a specified ~e period.

Loss On Ignition: a measure (percentage) of organic fibre cOntained insediInent

" ,

Ontario Ministry of the,Environment



OWOG

PTS

PSQG

RAP

u.s. EPA

srP/WPCP

WWTP'

Open W~terDisposal Guidelines (for dredged material)

Persistent Toxic Substance: Any toxic substancewitb a half-life in water of greater
· than· eight weeks. . ... . .

Provincial.Sediment QualltYGuidelines ..

· Rememal Action .Plan: This is a plan' to be dewloped with citizen involvement.to .
restore'. and protect wa~rqUality of the ,Great Lakes: There are 42 Areas of
Concern in the Great Lakes Basin which Win dewlop a RAP..

· United States Envkonmental Protection AgencY

sewage Treatment Plant/Water Pollution ControlPlant .

Toxic Equivalency: .the sum of dioxin and ·furancongeners'expressed as being
·equivalent to 43,7,8-tetrachlorodibenzo-p-dio~ the most toxic congener.

WasteWater Treatnient Plan '

\ .. '



GLOsSARY

Totaldry~ght of all living organisms in a given area.

The use of organjsms to test the acute toXicityofsubstafices iIi .effluentdischarges
as well'as the chromc toxicity Of loW-levels pollutants in the ambjent aquatic
environment.

ALGA
. .

(Algae)·· Simple·one-celled o~ maIly"celledinicro-organistns capable Of carrying on
photosynthesis.in aq~ticecosysteins;· a .form of aquatic plant. .

The absence Qfoxygen Which is necessary for 'sustaining most Ute. In aquatic ..
. ecosyStems this term refers to the abSence of dissolVed oxygen.

BENTHIC/BENrHOS Aquatic bOttOm living organisms;

BIOMONlTORING .

.ANOXIA

. BIOMASS··

CARCINOGEN

CHLORINATED'
ORGANICS'

DISSOLVED.
OXYGEN .

Cancer-causing chemicals,.sUbstances or radiation.

An:organic compound which includes chemically bound . ' .
d1lo~e. Thousands exist but ontya small proportion of those .formed in the kraft·
mill bleaching process (whenever chlorine is used) have beenideritified..

Th~ amount of oxygen dissolved in water. See BIOCHEMICAL O}{YGEN
DEMAND.. .. . .

,DRAINAGE BASIN . A body ofwater and the land area drained by it.

DROGUE

;ECOSYSTEM'

EFFLUENT· .

A deviceiJsed for measuring cw:rent speed and direction

The interacting complex of living·organisms and their non-living environment; the
biotic Community and its abiotic envirollJIlent. .

.<Any liquid 'and 8$SOCiated material~arged from'iIidustrial or muriicipal'sewage .
tre~tn1ent plantsdirectly'or .indirectly to any waters. "

EPII..IMNION

EROSION

. . .

'~e'~ upper layer of water in a lake that occurs with summer stratification.
. ..

The wearing away and ir~portation of soils,. rocks tind dissolved miiletals from' the
land .surface or.along shorelines 1>Y rainfall, running water, or wave and current .
action. .. ..

EUTROPHJCATION The procesS of feitilization that causes high prOductivity and biomass in an aquatic
.ecosystem., Eutrophication can be a natural process or it can·be·a cultural· proCess
accelerated by an increase of nutrient.loaWpg to.·a take by human activity.

EXOTIC SPECIES species thai'arenot native to an area. and have 'been intentionally'introducector
have inadverttmtlY infiltrated .the system~· .

. .FOOD CHAIN . . Thepr~ bywbich organisms in higher trophic levels gain energy by consuming
organisms at lower trophic levels.' .



GREAT LAKES
WATER QUALITY
AGREEMENT

GROUNDWATER

'HYDROLOGIC
,CYCLE

HYPOLIMNION

LEACHATE

LITrORAL

NON-POINT
'SOURce

NUrRIENI"

OLIGOTROPHlC

PATHOGEN

PCBs

pH

PHOTOSYNTHESIS

PHYfOPLANKTON

PLUME

POINT SOURCE

PRIMARY
TREATMENT

A pin.t agreement between Canada- and the United States
which commits the two. countries to develop' andiJnplement

, a plan to restore and maintain. the'many desirable uses of. the Great Lakes Basin.

W~ter entrain.edand flowing belowthe surface which sUpplies water to wells and
springs.

. :' .

The natural, cycle,of. water on earth, in.cluding precipitation
as rain. 'and snow, runoff from. 1aDct, storage in.lak~stteams,and,oceans, and

, evaporation and transpiration (from plants). '

The cold, dense, iower laYer of water iIi. a lakethatOCCUi"S with summer
stratification.

Materials suspended or dissolvedin water andother liquids usually from waste siteS,
that percolate ,through soils andiock iayers. '

,PrOductive shalloW"'waterzone of lake in which light penetrates to the bottom"
allowing vegetative groWth.: ' '"

, 'SoUrce of pollution in. whiclt pollutants are discharged over a ~despread, area or '
from. a number of small in.puts rather than ~mdistinet, identifiable sources.

, A chemical that-is an esSential raw material for the groWth. and development of
organisms. ' ,

'Oligotrophic waters support low levels of plant and animal life" as they are not high
in. nutrients. For this reason they usually Co~tain high levels of dissolved oxygen.
See TROPHIC SI'ATUS ' . "

A disease-causing agent such as bacteria, viruses. arid parasites.

Polychlorinated biphenyls: A class of Persistent organic chemi<$ that '
, bioaccumulate. '

,A m.easure of the 'acidIC or basic nature otwater or some other medium. Values
of pH below 7 represent acidic conditions and values, above 7 ai'ebasic: A change
of one unit, for example from 7 to 6, represents aten-fold'increase in. acidity.

A process occurring in the ce11s of green plants and same micrporganismsin. which '
solar energy is transformed'into stored ,chemica1 energy.

Minute, microscopic aquatic vegetative life.

Due totelD.perature differenceS ~tween effluent and the receiving waters,an,
effluent diScharge will form a surface plume/bottom plume when it is ' '
,~er/coolerthan the receiving waters; " ,

A source of prillution that is diStinct and 'identifiable, such as an. outfall ppefrom,
,an industrial plant. '

.' Stage of effluent treatment in which suspended solids are ,
removed from effluent, Normally inclucies de-Watering the recovered settled solids
'tofaci1itate landfi11ingor in.cineration. I}'



.' . ..

RESUSPENSION " "The~emixing of sediment panicl.es and pollutants ,(of 'sediinent)back intO the ,wa~r"
by stOrms~ ,currents; organisms ,and human activities such -as· dredging.

SECONDARY
~TMENt'

SEDIMENT

Stage of ~te treatm~t iit which decompose org~csconstitueilts in effluent'
and reduce toxi~ty.

. ..,

The fines or S9ilson the bottom of a body of water.

TliERMOCLINE

STRATIFICATiON' The ter1dencyfor deep lakes toform cUstinct(or layeriDg)laYers otwater 'as a tesuit
of vertical change in temperature and'iherefo.iein VJater density. '

, Ala~rof water in deep lakes separating the coolhypOlimnion (loWerlayet) from
the warm~on (surface layer). ' " ,

TOXIC 'SUBSTANCE, As defined in the Great l.akes Agreement, any SQbstaneethatjldveBely affects the
health -or well-being of any~ organism. , ' , '

,TROPHIC STATUS A measure ofthe biological'prOduetivityina~y otwater;- Aquatlcecosystell1S
are characterized as oligotrophic (low productivity). mesotrophic (medium '

'productivity) or eutrophic (high productivity).

, :
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APPENDIX3~1 .WATER QUALITY DATA'FROMTHE 1970~ 1981.AND
1987/88 OMOE'SURVEYS '





-APPENDIX-3.1 WATER-QUALITY-DATA FROM THE1970-0MOI:
- - •SURVEY (OMQE 1-972)-

(Station locations -are shown in Figure -3.1)

.....





..
.WATER QUALITY DATA,SUHr-tARY OF 197U, - JACJ<FI.SII BAY

Dissolved oxyaen BODS Sond. .. "nD Sulphat:es rht'nolic .Colour pit Turbidity
(.Jackson Unil~l

Station .'Satu'ration
Sub.t':'nct!8 lIazen

Location Total Su.pended
it9/1

Colour
m9/1 "09/1 m9/1 m9/1 Unit•..~

illackbird 175' 1;100 105 695 15 550 1,375 6.. 2 >150
Creek

Hober1yBay
(Station).

1· 60 240 1,300 26 .845 n 670 > 2,5.00 6.7 > ISO
2 71 3.9. 76 4 23 4 .19 46 7.4 4
3 75 2.5 .. 19 7 19 4 13 45 7.3 3
4 75 3;1 80 3.5 24 4.2 2 56 7.3, 4.S
5 75 2.7 75. 2.7 20 . 2.1 16 36 7.3 3.1
6' 77 2.6 76 4 16 .2.7 17 31 7.2 4.9
7 7.7 2.0 75 . .3.~ 21 3 1( 40 7.3 ·3
t 77 ·2.9 80 6.6 21 2.2 U 28 7.3 2.5
9 80 2.1 74 7 . ·12.5· 2 10 23 7.2 3

l!l 78 1.6 69 4.6 "< 10 1 5, 15 7.4 2
11 .75 i.8 67 t < 10 1.5· 5 ·U 7.2 1.7
12 76 1.4 79.. 6 < 10 1 3.3 < 10 7.1 1.8
13 1.5 1.. 75 5 .< 10 1 1 <·10 7.2 4•. 1
14: 81. 1;3 76 5 < 10 1 .0 < 10 7.2 1.6.
15 ·77 1.4 70 7 < to 1 < 1 < 10 7.2 1:8
16 "72 1.4 ,60 5 < 10 2 < 1 10 7.3 1.5·
17 90 .. 1.4 83 7.5 < 10 1 7.5 e 10 7.0 2.5
18 90 . 1.2 78 5 <. 10 1 0 .< 5 7.2 1.8
19 94 1.3 90 5 < 10 1 0 < 5 '7.1 ·1.3
20. 86 1.6 80 5 < 10 1 0 < 5 7.3 1..11
21 96 1.3 83 5 < 10 1 0 < 5 7.0 1. 8 .
22 82 1.2 .105 5 < 10 1 0 < 5 6.9 1.5

N1.t.togen
Total Nitrite
Itje1.

m9/1

Free
NH .'3 .

m<j/l

Phosphorus
Total . Soluble

•Bacterioloqical Enumeration

Tote1 Fecalrecal.
Coliform. ' .. Coliform. StreptoCocci

pet 100 ml

Station
LOcation .'

Blackbird o.itS 0.38Creek 0.110 1.2 0.07 . 0.03

Hober1y Bay
(Station)

1 0.21 0.'098 0.33 2.06 0.'11' 0.04 ,
2 3,900 < 4 36 0~20 O.OIl: 0.01 0.25 0.006 0.16'
i 2,200 .c4 12 . 0.01 0.006 .< 0.01 0.17 0.006 0.21
4 2,400 < 4 • 0.013 0.008 < .0~01· 0.23 0.006 0.20,
5 , 2,200. < 4 14 0.012 0.007 < ,0.01 0.20 0.006 0.20
6 800. < 4 <. 4 0.021 0.01 < 0.01 0.20 0.006 0~22

7 '1,200 <4 , 0.019 0•.004 < 0.01 0.20 0.005 . 0.• 21
8. 2,000 < .4 16 0.012 0.U05· < 0.01 .·0.18 0.006 0.19
9 ~84 < 4' 20 0.01 . 0.007 <.0.01 0.16 0 ..004 0.21

10 168 < 4
..

4 0.008 0.005 c 0.01 0.20 0.004 0.21'
11. 220 <4 6 0.00' 0.005 < 0.01' 0.15 0.004. 0.26
12 86 < 4 6 0.015 0.005. < 0.01 0.40 0.004 0.24
13 72 .< 4 ·c. 4 O.Ol1 O.OO&: < 0.03 .. 0.24 0.Q03 0;26
14 26 c 4 c 4 0.007 0 .. 004 0.0-1 0.11 0~003 0.28
15 46 < 4 < 4 0.013 0.002 0.06 0.22 0.002 0.20
16 250 <4 < '. 0.012 0~01 0.04 0.10 0.004 0.26
17 N.A. < 4 < 4 0.003 0-.02 : 0.24 0;003 0.25
18 12 < 4 < '4 0.,012 0;005 0.02 0.15 0.003 0.27
19 16 6 12 0~007' . 0.003 0.01 0 .. 18 0.003 0.28
20 40' ,< 4 <. 4 0.013 O.OOS < 0.01 0~14 0.003 0.28
21 14 .. < 4· c 4 0.013 0.00.4 < 0 .. 01 0.11 0.002· 0.28

'22 10 < 4 < 4 0.015. 0.005· 0.01 0.14 O.()Ol 0.29

.. Hean•
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APPENDIX 3.1 WATER QUALITY DATA FROM THE 1981,OMOE "
SURVEY {KIRBY 1986)

(Station locations are shoWn in' Figure 3.2l" '

.. " .
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Sunmary, of the ~ater Quality at Stations 701-126

. in JackfishBay t 1981,

JUNE SEPTEMBER

DOC (mglL)
median 4.1 L6
,range 1.2-88.5 0.5-57.5

COD (mglll
median 20
,range <10- 510 ..,

I-
(mg/L)BOD I

median l.8 0.6
range 0 •.1-75 0.1-50 "

CoND (us/em)
median 155 106
range 100-1190 ',' 93-790

Suspended solids (mg/l)
median 1 ' 1
range 1-lZ0 ' 1-30

C~lour (hazenunlts)
, ' m~dian 29 10

range' 1-931 4:"855

Turbidity (FlU)
median I

" 0.6 0.30 "
range 0.15-3~4 0.15-9.5 '

Temperature (OC)
median 10 ,13.5
range 6-14 1'2-14.5 , "

- Insufficient bata'



"Sunmary of the Water Quali.ty· at Stations
Used1n 1970 and 1981

1970' 1981

COD (mg/L) I I
median' I. . <10 f 34.2
range 1 <10-845' I .6.7-:'421 .6

J I
1 I

BOD (mg/L) I '"

. median. I 1.6
,.

3.9
rang~

1 1.2-240.6 .
,

0.1"-71.9
1 1
1 I

'.·Sulphate (mg/Ll I I
median

,
1.~3 .1 6.4.-

range
.,

'1-11
,

.3.6~20~0
.1 ,
1 I

Colour (Hazen' U.nits)· I I
medi.an 1 10.5

,
72.2' .

r,angE! 1 2..2500, 1O~ 7- 921.,3.,I
..··1

pH 1
median I 7.2 7.6
range 1 ,6 .7~7 ~'4

( 7.5-8.1,. I, ,.
ReactiVe Phenolics (ug/L) 1 ,

median ,.
10 ., 33.5

range
,

<1-670
,

3-344:2
I I



..
CQncentrations (mg/L) ·of Metal sDetected

at Station 701 in Jackfi sh Bay
- 1981 ..;

CadmiiJm ChromiumCbpper Nickel Lead Zinc

June 23 9:00 am

June 24

Sept. 14

Sept. 15'

0.003 0~012

0.003 0.011
0.002· 0.007 .
0.002 '·0.009

0.050
0.060
0.050:

0.050
0.030
0.040.
0.040

O,.Q50
0.050
0.050
0.040

0.046
0.042
0.090
O~038

. 0.040
0.031
0.028
0.029

0.004
0.002
0.001
0.001

0.001
.0~001

0.001
0.001

0.005 0.042
0.007 0.039
o.004 .' .0.048

0.0160.001
-0.0160.001

0.028
.0.012
0.017
0.015

0.014
0.014
0.017
0.015

1.000
1.200
2.000
0.008

. 0.072
0.047
0.008
0.008

0.003

0.010
0.009
0.010

0.040
0.008
0.006

.0.020

0.023
0.017
0.013
o.on

0.011
0.013
0.011 .
0.011"

0.015
0.009

0.015
0.020
0.011 .'

0.009
0.'008
0.009
0.011

0.003 .
.0.002
0.002

0.002
0.002
O.OOJ
0~003

0.007
0.002
0.002

'0.002

0.002
0.002
0.002
0.002

9:00 am
11 :00· am .
1:00 .pm
3:00 pm

9:00 am
11 :00 am
·1:00 pm
3:00pm

Sept. 16 9:00 am
11:00' am
1:00pm
3:00 ·pm

11 :00 am
1:00 pm
3:00 pm

9:00 am
11 :00 am
·1:00 pm
3:00 pm

June 25 9: 00.. am
11·:00. am
1:00 pm
3:00pm

Provi nci al Water
Quality Objective . 0.• 0002 0.100 0.005 0.025 0.005 O~030

- Not Sampled



;.'" .

Concentrations. (ug/L)of Mercury' in Jackfish -Bay.
1981~

Station· June 23 ·June 24.' June 25 sepL14 ·Sept.15 . Sept. 1.6

701 9:00 am 0.14 <0.05 <0~·05 .' 0.08
11 :00 am 3~3 0.08 <0.05 <0~05 <0.05
1:00 pm 1.1 <0.05 .. 0·07 <0.05 <0.05
3:00 pro 3.0 <0.05· 0.05 <0.05.· <0~05

-102 3.0 0~05 0.11 .. <0.05 ,<0.05 <0.05
704 1.T .:.- . 0~15 .' .. 0.39 <0.05 <0.05
707·· L2 <0.05 ' 0.16 . <0~05 '<0.05 <0.05
709 ··1.1 ·<0.05 <0.05 <0.05 <0.05 <0.05 .
.710 1.2 <0.05 <0.05 <0.05 <0.05 <0.05
711 1~6 <0.05 <0.05 <0.05
712 -:. <0.05 <0.05
713 .0..73 <0.05 <0~05

714 0.92 .' 0.05 <0.05 <0.05 <0.05 <0.05 ..

71.9 I.] 0.10 <{LOS <0.05 <0.05
,.

Not sampled•. . .
ProvincialWClter~ Quality Objective =0.2ug/L



Concentrations~ug/L) of Phenol ic Compounds Detected in Jackfish Bay - 1981

I ,f· I I 2,3'.5,6 I ,
IHomovani llic I , , Aceto-

I .: 2j 3,4 TCP : 2,4,6 TCP2:, Hep I PCp1
,

Phenol I. ' Acid Vanillin :' Guaiacol: vani'''inI , I ,'1 '.

I, 701 June 23 ,I 1.30
I .

3.30 I 0.60 '0.54 I ,NO I - ,- I "- I,
24 I NO I i.85 0.25 I ,0 ~ 25 ' I NO" . 263 100

,
.235' I,

25
. I

0~23 I 0.70 ' . . 'I 'NO ' .. 212 106
,

265
,

0.13 ,- -
t 702 June 23 I NO I 2.00 0.30" O. 25 '.' I NO ' 158 55 1 119
I 24 I NO I '1.60 0.25 NO NO· , 79 36 I 77
, 704 . June . 23

'
0.08 I 0.52. 0.08 '. 0.11 NO I 40 19 J 48 .

.' -1 . 'I 0.08 I 0.45 ·0.08 . Oa9 NO' NO
,

8 1
• 2424 .

1 705 Ju~e 23.: NO I . '0.24 NO 0.06 - 1 - , - ,
24 . NO . I "NO NO 'NO - , - ,. - ,

706 J.une 24.: NO
,

0.07 0.05 I , ,
0.45 - .... -

NO I . 0.43 0.06 0.07 NO
,

19 I· 8
,

18707 June 23 .
1 . I ,

710 June' 23 ' NO ' 0.20 ,NO. NO . - - .... -
713 June 23' : - ,- I - - ,

NO
,

NO I NO ., .. NO ,
1 , I , I I I I

I I , I , , , ,
., 701 Sept. 14

,
NO I NO

,
NO 0.40 ..1 21.1

,
NO

,
NO

, . INO '. 5.2, I , , , , .' ,
15 NO NO .NO 0.15 150.0 NO 18.4 139.2 " 84~0

1.1~ 1 'NO I NO 1 NO ' NO . '42.2' , NO
,

12.8
,

149.4 1 62.2, . 1 NO
,

NO 1 NO
,

NO NO ' NO ' . NO
,

. I 702 . Sept. 14
I' , NO . NO

. ,704 Sept. '14 1 NO I NO .. NO I NO NO, 1 NO 1 NO NO I NO
I 707 Sept. 14 I .NO r NO

. I
NO

,
NO . NO .,. . NO

,
. NO

,
NO ,,' . ' NO

"

NO
,

NO ' . NO I ·NO NO' 1 NO
,

NO
,

NO I NO' ,709 Sept•. 14 ,
NO

,
NO' I NO I NO

. ,
NO . 1 NO '

,
NO ' NO I,710 Sept •. 14

1 NO I NO . I NO I NO
NO. I'

NO
,

NO
, . NO ., NO ,

1 712 Sept. 14 NO
1714 . Sept. 14 I NO I NO I. NO

,
NO .' NO I NO

,
NO

,
NO . I NO

,
I I I , : , I , , , ,

TTCP ... tetrachlorophenol
rcp .. tri chl oropheno1
PCP ... pentachlorophenol
NO'i: Not Detected
- = Not Sampled
IProvincial Water' Quality' Objective for PCP = 0.5 ug/L .
2Provinchl Water Qual ity Objective for total rcp = 18ug/L

~ ;'



Aromatic Acids
'Benzoic Phthalic

0.064.. 0.03'4'
0.098 0.0411

NO' NO
·NONO

NO NO

. Concentrations' {mg/L) .ofAromatic, Resin and. F'atty Acids
'~n Jackfish Bay~ 1981 '.

Fatty Acids
.'Lauric Myristic Palmitic Stearic .Oleic Arachidic

. i

701' June 24· 0.023 NO.. 0.08 . 0.0:36 . 0.140 0.105
June '25 1.079 NO 0.079 0.'041 0.131 0.205

701 Sept. 14 NO NO 0.02 ' ··NO NO. 'NO
Sept. 15 ·NO O~05 ... 0.04 . NO NO ,NO
Sept. 16 NO NO ' 0~003 , ~O NO NO

702 Sept., 14 .' ,NO NO NO NO. NO NO
.704 Sept. 14 NO NO " NO NO NO NO
709 . S~pt._ 14 NO NO .NO NO ' NO NO
710 Sept. 14 NO NO NO , NO ,NO NO
712 .Sept. 14 NO NO NO NO NO NO
714 Sept. 14 NO -NO NO NO . NO NO

NO
NO
NO '
NO .
NO
NO

NO
' •. NO .

NO
NO
NO
NO

i

701 June, 24
June2~ ..

701 Sept.. 14
Sept. 15
Sept,•. '16, .

702 Sept.,14
704 Sept. 14
709, Sept. ·14
710 Sept,. 14
712 Sept~14

714~ept. 14

NO- not detected.
'.;

'Resin Ac·ids' .._.'
Sandaraco-

Pimaric pimaric Levopimaric tsopimaricNeoabietic Abietic

0.324 0.32 NO : 0.54 0~5 L36
,O~072 ' 0.74 NO '1.21 1.2, 2.27

0.43 NO 0.06 0.15 NO 2.8T
0.61 NO 0.49 " 0.38 .0.09 .2 ~62 .
O~.48 .. ' NO 0.01 ' . 0.2,4 0.01 ~.80

, ,

NO . ,NO :0.43 0.• 04 NO 0.36'
NO . NO NO " "NO NO NO
NO NO ' NO NO 'NO' . NO
NQ NO NO 'NO NO NO
NO NO NO . .. NO NO NO
NO NO NO. ". NO' NO ' NO



. .. .. .. - .. . .' .

. .APPENDIX 3.1 WATER QUAL.ITYDATAFROMTHE 1987188 OMOE
'SURVEY (SIiERMAN 1991)

(Station.locations are ~hownin Figure 3.3)



'.



'-

Survey: '1 JulV 1981 open Weterltatlona (Iurface water) ,

lCJeldahl Total Ol..olved Reactive
RSP,Turbldltv Ba>5 ,DOC T~lns AnIIlonIu. Nltra~es Nitrogen Phosphorous 'Phosphat. '

8av stn, 'N Meen N Mean N Mean N Mean 'N Mean N Mean N Melin N Mean II Mean: ~Mean.•• ..•• "... ..... .- __ e. .. _... .. ..... .. .. .. .. ~._. .. •••• ... ••.••. ..
148 701 4 '32.50 4 27.30 '4 85.00 4' 115.00 3' 68.30 ' , ,0 ". 0 .. ',4 2.61 4' 0.54 0

803 3 28.30 3 26.30 3 93.70 2134.002 67'.50, ',0 • 0 " 3' 2.61 ,3 0.51 0
'805 3 10.00, 3 10.50 3 30.9Q ,3 31.30 2 13.00 1 0.02 1 0.283 1.12 3 0.25,1 '0.00
702 3 8.61 3' 8.63 3 28.80 2' 73.50 2 1S.'50 20.02 2 0.13 ,3 0.96 3 0.19 2 0.02
806 3 18.30 3 11.00 3 . 69.10 2 110'.00 2 50.00 0 -, 0 '. 3' 2.03 :5" 0.43 0 •
801 '2 1.00, 2 3~Q5 ,2 8.60 2 2Loo 2 12.00 2 0.Q2 2 0.082 0.58 2, 0.10 2 0.01
808 3 1.00 3 6.313 16.10 332.80 2 12.50', 2 0.02 2. 1M3 3 0.118 3' 0.11, 2 0.04

'8093 6.61 3 4.2Q 3 6.80 3 19.80 31.00 3 0.02 3 0.09 3 0.63 3 0.09 3 0.01
810 3 3.61 3' M1 3 4.13 3 13.20 2 1.00 3 0.03' 3 0.09 .3 0.52 3 0.01 ,3 0.01
8113 3.61 3 2.51 33.11 2, 10.00 25.50 :5 '0.02 3 0.11 ,,3 0.42 3 0.05 3' 0.01
812 4 2.25 4 2.·15 " 4.03 4 11.40 3 2.00 4 0.02 ,4 0.18 4 '0.38 4 0.05 4, 0.01
813 ,3 3.67 33.13 3 4.13 314.60 2 8.50 3 0.03 3 0.09 ,3, 0.'0 3 0.06, 3 0.01
814 3 2.33 3 2~30 '3 2.83 310.20 2 1.00 3 0.03 3 0.11 3 0.46,' 3 0.04 .3 0.01,
815 33.33,3 2.52 3 3.33 3 10:20 , 1 2.00 3" 0.02 3 0.11 3,' 0.42 ; 3 0.05 :5 0.01
703 5 2.60 5' 2.Q2 5' 2.64 3 8.3Q :3 4.33 5 0.03 5 0.16 '5 0.39' 5 Q.04 5 Q.01
104 6 2.83 6 2.15 6' 2.88 39.53' 4, 4.25 6 0.02' 6 0.18 6 0.~6 0~03 6 0.00
705 31 ~33 '3 1.95 3,3.913 ;0.60 2 1.50 3 0.02 30.18 3 0.36 3 0.04 3 0.01
816 3 3.00 3 2.33 3' 3.00 2 1.50 1 5.00 3 0..04 ' 30.113 0.46 3, 0.05 3 0.01
811 3 2.333 1~62 3 2.21 l' 11.30. O,~' 3,0.02 '3 0.15 3 0.313 0.04' 3 0.01
818 3 1.61 3' 1.10 3 1.60 1 '2.80 1 1.00 '30.03 3 0.21 3 0.28· 3 0.02 3 0.00
819 3 1.33 3' 0.953 1.37 0" 0' - 3 '0.02 3.0.233 0.23 ' 3 0.02 3 0.00
706 3 2.61 3 1.n 3 2.33 3 8.83 3 7~00 30.0J· 3 0.15 : 3 ,0.40 3 -0~04 3 0~01
701 '4 2.25 ,,4 1.61 4 1.17 2 6.90 3 3.00 40~01 4' 0.20 4 0.32 4 0.03 4 0.01
108 :5 1.00 3, 0.83 3, 1.01, 3 3.17 2 1.50 3 0.02 3 0.25' 3 0.22 3 0.02, 3 0.00

lCJeldahl 'Total' OlliolvedReactlve
RSP Turbldltv Ba>5 DOC Tannins 'Ain.onIUl Nitrates 'Nitrogen Phosphorous , ~phat.

lay Stn, N Mean' N Mean N 'Mean N Mean N Meen N Mean II Mean' II, Mean 'IIMean , N, Mean... ... .. .... .. .... .. .... .. .... .. ..... .. .... ~ .... .. .... .. ....
J8 109 3 2.33 3 0.98 3 1.61 3 1.33 '21.00 30.043 0.11 3' 0.33 3 0.03 ,3 0.00

1103 1.61 31.33 3 1.11' 0 ·0· 3 0.02 3 0.24 30.24 30.023, o~oo
111 3 1.00 3 0.48 3 'Q.63 0 '. O· 3 0.01 3 0~28 3, 0.18 3 0.01 3 '0.00
732 3 2.33' 3 1.38 3.1.83' 3 6.97 2 6.00 3 0.04, 3 0.19 3 0.32 .3 0.03 3 0.00
714 3 1.00 3 1.403' 0.17 '0 • 0 • 3 0.02 3 0.26 3 0~22 3 0.01 3 0.00
733 3 1.00 ,3 0.38 3 0.80:0 -0 • 3 0.,01 3,0.30 ,3 0.16 ~ 0.00 ,3 0.'00
115 3 ,1.67 3 1.133 1.502 2.30 1 1.00 3 0.04,3 0.2,1 30.29 3 0.02 '3 0.00
716 6 1.00 60.54 6 0.68 O· 1 0.00 6 0.01 6 0.28, 6 0.18 6 0.01 6 0.00
735 3 '1.00 3 0~43 3 0.60 0 • 0 - 3 0.01 3 0:29 3 0.16 3 0.00, 3 0.00.'
118 3 2.00 31.08 3 1.43 0 • 0 • 3, 0.03 3 0.223 0.21 3 0.02' 3 0.00

,719 3 1.00 3 0.45 30.67 0 - 0 '3 0.01 3 0.29 3' 0.11 3 0.01 3 0.00nO 2 1.50 2 0.92 2 0.95 0 ,'. '0 • ,2 0.03 2 0.23 2 0.25 2 0.02 20.00
721 3' 1.00, 3 0.25 3 0.31 '0 • o· '3, 0.01 3 0.30 '3 0.14' 3. 0.00 3 0.00
731 3 1.00 30.40 3 0.43 0 • o· 3 0.01 3 0.28 "3 0.15 3 0.01 3 0.00
m 2' 1.00 20.28 2 0:55 0 • 0 - 2 ,0.01 2, 0.30 2 0.14 ' 20.~00 2 0.00,

,728 ,3 1.00 3 0.32 3 0.53 0 • O' 3 0.01 3 0.29, 30.14 30.00, 3 0.00
.. -- •• -: •• .;. .'---••••" '•••••••••.•••••••.••••.•••.-: -.-"" ••.•••,••••• ~,-- •.~ ••••••••••••••••••••••••••••• ~••,•• .iO: •••••••••.•••••••••• ~ ••

TI 712 3, t.OO 3 0.35 3 Q.53 0 • O· 3 0.01 3 0.29 3 0.17 3 0.00' 30.00
713, 5 1.005· 1.065 0.40", 3 1.41 3 0.33 ' 5 0.01 5 0.30 5 0.16 50.00 5, 0.00

.,832 3 1.00 3 0.35 3 0.47' 3, 1.51 : 2 0.50 30.01 3' 0.29 '3 0.163 0.00 3 O~OO '
833 '~ 1.00 3 0.35 '3' 0.51 2 1.55 1, 1.00 3 0.01 3 0.30 3 0.15 3, 0.00 3 0.00

*Ill unitsmv/Lexcept Turb~dltv (ftu) ,
M8 • Mober'lV, 8av JI • Jackf Ilh Bay proper fl' Tl.IlI'lel BIV



Survey:f JUly 1987 open lIIIter 'tatlons (surface water)

Calc fUll . MqneslusSodlus Potassfus Alkalinity Sulphate Chloride COl'l!lb:tfvfty plf
Bay S~n II Mean '11 Mean."11 Mean' II Mean It Mean II Mean···· II Mfan . II. Me., II Mean
...-.... .. ---- ". ,'" ~ -... . ~.

HI 701 4 46.70. 4 5.72 4 228.00 4 7.35. 4 44.70 4·52.104 341.0041405.00 4 6.35
803 3 46.30'. 3 5.633 193.00 3 7.27 3 37~30 3 50.80 3362'.00 3",450.00 3 6.10'
805 3 26.00 ,3 4~03 3 98.70 3' 3.57 3 39.00 3 24.00 '3 155.00 3689.00 3 6.80
7023 26.70 3 3.87 3 92.003 3.173 39.70 3 22.70 '3137.00 3626.00 3 6.90
806 337.70.' 34.83 3 167.00 3 5.73 3· 37.00 3 37.20 3 272.00 3 1120~'o 3 6.40
807 2 19.50 2 3.35 . 2 46~50 21.90 2 45.00 2 13.70 '2 70.50 2355.00' 2 7.05
808 ,3 21.00 3 3~SO 357.30· 32.31.' 3 41.00 ;; 16.10 389.30 3451.00 3' 7.03

'809 3 19.00. '3 3.30 3 43.70 31~87 3 43.00 ;; 13.30' 367.30 3355.00 3' 7•.10.
810 3 16.70 3 3~10, 328.303 1~33 3 43.00' 3'9.10 343.00 3,259~OO' 3' 7~17
811 316.70, 3 3.10 .3 24.30.. ,3 1.19 344.70.3 8.54 335.30 3233.00,3 7.30
IU2 4 '16.00 4 3.08 ~ 23.80. 41.f74 43.20 . 4 8.374 35.00 4230.00 47~33
813 3 17.30 33~17 3' 30.1'0' 31.43' '3 43.30 3 9.72 345.00.' 3 tn.00 3 7.13
814 3 16.00 3 3.03 3 21.70 3 1.11 3 43.70 3 7.46 3 ' 31.00 3215.00 3 7;30
815 3' 16.30 3 3.10 3 24.70 3 '1.26 3. 44~70 ,3 8;76 335.00. 3234.00 37~33
703; 15.80 5 3~00 5 18.60 5 1~02 5 43.40 5 7.35 5 28~6O 5 206.00 5 7.32
7046 16.00 6, 3.05 620.70, 6 1.10 6',44.20 67.85631•.00' 6215;O!J 6 7.40:
705' 3 16.71) 3 3.07 3 23.10 3 ·1.15 ' . 342.70 :$ 8.1,7 3 35.10 3 228.oo37~43
816 3 16.00 33.00 3 22.70 3 t.16 , 3', 43.70 . 3 8.20 332.00 3:220.00 37.30
817 3 15;70 '3 3.00 3 16.70.' 3 1.00 3 44'.30 36.92'3 23.70 3 193.00 3 7.43
813 3 14~70 3 2.90 3 11~40' 3 . 0.80 3 43.70 3·' 5.59 3 16.40, 3 157.00 3 7~57
81,9 3 .14.30 3 2.", 3 9.67 3 0.72 3 ,43.70 i '.12 3 13.70 3147.00 3 7.60,
706 3 15.70, 3 3.00 3 18.80 3 1.04 3 43.30 3 .7.69 3 27.70 3201.00 3 '7.40
707 . 4 14.80 4 2.95 413.20 4 0.84 4 43.70 4 6.13 4 18.504174~00 4 '7.45
708 3 14.3.0 3 2.87 3 7.57 3 0.67 343.30" 34.83 ·3 11.10 3136~00 3 7.67

Calef. . "atnnfUi SqdfUll Pot..,fUll AlitaI fhfty .SUlphate Chlar'de CCIl'lllIctfvfty plf
lay' Itn II Me., ' •. ' M.... II Meln II ,..e... • Mean II...... ........ • .,... ... _.... ... .•... ...'... . .... ~.. ;..... ... .
JI 709' 3 15.00· ~ 2.97 3 16.70 3.0.98 344.00' 3 6.93 3 23.00 3 181.003, 7050

710 3 ,14.30 3' 2,~9O 3 8.80 3 0.,72 3. 43;70 34.95 3 11.40 3139~00 3 7.67
711 3 13.30 3 2.83 3' 3.333 0.52 ,3 43.70 33.79 3 4;933 113.00 3 7~77
732 3 15.00 3 2.97'·3 '·14.60 3' 0.97 3 44~00 3 6;72· 3 21.00 3 174.00 3 7.50
714 3' 13.70 3 2.833 6.40 3 0.63 3 43.70 34.40 3 8.67 .' 3 128.00 3 7~6t
733 3 13.303 2.83 3 2.77' 30.533 43.70 3 3.54 3 3~50 3 107.00 3T.87 .

. 7153 14.3032.90 312.20 .3' 0~87 3 44.00 3 5'.98 3 17.10 3 157.00 37~57
716 6, 13.706 2'.85' 6 4.28. . 6 0.56: 6, 43.50 6 3.99 6 5.75 6116.0067.75
735 3' 13.703 2:83 . 3 2·.97 3.0.56 3 43,.30 '3 3.49 '.3" 3.50 3 107.00 37.• 80
7;8 3. 14.70 3 2.90 3 11.30' 3 0.83 343.70 3, 5~66 3 15.40 3 152.00 3 7.57
719 3 13~70 3, 2.83 .), 3.43· 3 0~55 3 43.30 3 3.70 ) 4.43 ,3 110.00 3 7.80
720 2 14.50' 2 2.90' 28.5520.73 2 '44.00 2 .5.03' 2 12.00 2,138.00.2 7~70
721 3 13.003 2.80 3' 1.53 3 0.51 343.30 i. 3.23 3 1~47' 3 99.003. 7.93
731 3 13.70 .3 2.80 3' '3.07 3 0.53 3 43.30 3 3.56 3. 3.40' .3 1.08.00 3, 1.83
723 2 13.00 2 2.85 2: 2;05 2 0.50 2 43.50 2 3;34 2 2.35 2 .103.00 2 7.85
728 3 13.30 3 2.83 3, 2.40 3 0;51 343~30 3' 3.48' 3 2·.83 3104.00 3" 7;87

'~"""'~"':"_""~"':"~~""'''.''''''''''~''~''''-..._....,...•...........:..,..., ... ,.....:....,..":.,.........•...........~
T8 712' 313.70 3 2.833 2.37 3 0.50 3 43.70 3 '3.51 32.87 3105.00 3 7.90

113 5 13.00 5 2.80 5·' 1.98 5 0.49 . 5 0.40 5' 3.42 5 2.04' t01.00 5 6.46
832 3 13~30 3 2.83 32.10-3 0.51' 3 30.30 3 3~40 3 2.33 3 103.00 3 7.83
833 3 13.30' 3 2.803 2.00 3 '. 0.53 3 O.io 3 3.-'1." 3 2.23 3102.003 7.83

• all unftsmg/lexeept eonduetlvlty(umOl/Clll)
"' • Moberly BayJB· JaekfhhBay prl:lp!!l' . TI· Tunnel Bay



'SUrwy: 1 July. 1987 apen .ter Caurf__w)

Metal ....

Ah.i.... Arsentc .....vU twa I .... · Met-cury tadmh. thraniUl Copper Mangeneae . IUck.l 'Lnd Zinc .
~. Stn . ........ llIeiIn • .1Ieen ·.... ~ ....... ...... II ..e.n • M." II IteIQ • NeIn ...... II N.....". _.. . ....- '. _.-.• ." .... · ----' . _..•. . ,.... . .... . -.-- . -..'-- . _... . --~

. - ._._... 701 4<ct.OOO ~CO.OG1 '·4.050 .• "1._ 4CO.01e '4 <1.0141 . 4, 8.118. 4:1.1n 4 0.492 . '· ...100 l. CO.lJO . . 4 ·8.162
813 3 <C,.OOO 3 CO.OOJ 3. -eo.05O :s 1.otO 3 CO.018 . 3 <I.OW ..' 3 <D.,OG 3~.1oo . :5 0.507 3 <0.100 . 3 CO~110 3 1.'13

.
8G5. 31.431 3 CO.D01 . 31.8'8' 3 o.m 3 CO.018 3.4.004 3 .... .38.(MO 30.137. . 3 O.OW 3 8.CII5O 1 0.143
~ 2 ••~ 3 co.ob' 2 8.030' 2 .0.785. . ] <0.013- 2 <tI.105.. 2 0.055 2· 8.055 2' 0.245 2 ·o.ass ·2 .••&" 2 1.855'... 3 <1.000 3.CO.OOI ] cO.05O ] 1t'.7lO 3 .0.813" 3<1.010 3 <8~ 100 3' <0.100 3 0.410 3 8.100· 38~113 3 1.210_
tIlJ7· '2 0.,0s 2CO.DOI· aco.o,o 2 0.170 2 <0.010 2 CO.OOI . ·Z G.015 2 <O~O10 2 o.c:ieo' 24.010 2 ~.G10· . 2 0.015- 3 0.708 3 'CO.08' 3' 1.151' 3 0.253 3 <0."0 3 ••4101· 3.e.070 3·· ••0l'0 '3' 0.137 3 I~QlO. ]' O.IPO . 3 G.070•
tIlJ9. 3 11.401 .3 'CO.O&' 3 1",10 3 0.157 3 <8.;0" ~ ...o.~ 3 0.840 .3'O.~ 30.690 3 • ..ow . 1 8."0 3 0.041'
1110 ] 8.101 ]'4.181 :3 ~.OI0 1 0.117 3 <It.i,. 3 CO.0017 3 CO.GIG 3 410.0'0 3'0.068 3 <0.010 3 4IO.G10 1 o.on
811 3 1.087 ] <t.181 3" 0.007 3 0.117 3 <t:.01G ] CO.OM 3 0.009 3 0.007 3 0.044 . 3 0.007 3 o.a 1 0._.
.,2 4 CO.l" 4 <8.101 '4 <1.81. , 1.'33 , <1.010 , co~oo, , C.013 4CO.D18 4 It.D53 4 410.010 4 410.010 ~ 0'.030
113 leO.1. 3.410.101 3<1.4111 .] I.". 34.010 J co.llel ..~ cO.01O ) . 0.123 3 0.GS3 3 CO.010 3 ~.0I0· 3 O.GU"I. ] CO.1GO .3 CO.". 3 <to.011 3.~118 3410.010 ] <0.011 3 'CO.O'U 3 oCG.8m· 3 0.017 1. co.ell . .:3 <0.010 3 0.010
8'5 . 3.0.120 3CO.001 3 CO.01tI· 3 ••m 3 cO.010 . 3 <1.8" 3 <t.o.o· '3<1.010 3 0.050 l cG.OII . 3 O.oil .} 0.013
70' 0\ o.~ 5 cO.oo' 4.410.005 4 ••0P7 4 CO.Ol0 4<1~801 4 D.JJCJS 4 ".006 4 0~0l4 ~ ·o.ew.' 4 0." 4 'CO.G1O
7'Ott 5 1.064 6'~001 .5 CO.OO5 S 0.011 6. 'CO.I)I., 5'4.801· 5 1._ s· ~.•005 .5 0.012 5<0.885 5 0.'" 5 O.D
105 3 11.071 3 cO",OO1 3 0.001 3 0.\20 3 <0.010 3·cO.eG'1 3 •••7 30.007- 1 0.038 '3 0.001 3 o.ma 1 0.81'
IS16. Z 0.G'79 2410.001 2 CO.OO5 2 0•• l 'CO.III· . 2 cO.am' 2 ~.806· .2 4IO.0lJ5 2 0.016 2 41.886 2 Lea l I.ell
e.17. .1 0.D1a ·.1 CO.OO1 . , CO.OO1 , 0.1. 1 'CO.I'I , -eO.fIO(I] I 410.418 1 410.001 1 0",054 1 ~.GG2 ., .~.cm , O.OlW
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.Survey: 2 August '1987 oPe" weter'stetfone (surf.ce·wet~r)

lay Stn DOC Tennlns AnIllonhlllNftret"
lI..ean "lI ...en II "...., IlNean

6 21.70 6 25.30
3 21.70 '3 25.30'
3 5.67, 36~70
2 a.50. 3 7.35
2·25.00 ..• 2 10.30
3 5.00 3 3.87
3·. 4~33 .. 3··' 6.47
3 2.673 1.70
3 .4~003 4.03
3 2.00 '3 '154~00

3 12~30' 3 4.47'
2 6.50 2 3.85

'3 4.33 3 3.20
3 3.33 . 3 2.88
3 2.33 3.' 2.53
6 3.50 . 6 .. 3.48
31.00 '30.55
]. 3.00 3 2.30
3 2.673 1.63
3 . 2.00 . 3 1~63

3 1.33 3,0.5.3 .
3' 2~33 3 2.00

. 5 2.40'. 5 . '2.58
~ 1.00 3' 0.52

0.01
0.01
0.01
0.01

2
1
3
3
o
3 0.02
3 . 0.01
3 0.00

'3 0.01
3 0.01
3 0.01
2 . 0.01
3 0.01
'3 0.01
3. 0.01
6 0.01.
3 .0.00
3 0.00
3 0.01
3 0'.00

. .3 0.00
3 0.00
4 0.00
3 0.00

0.37'
0.36
0.09
0.11
0.18
0.05
0.08
0.03
0~06

0.04
0.05
0.05
0.06
0.04
0.04
0.05
0~01
0.04

.0.04
0.02
0,01
0.03
0.03
0.•01

KJ.ldehl Totel Ol.solved ReectfYe
IIltrogen Phosphorous PhOlphet.·
'lI..een N Nein N Mean,'

6 .2~17 '. 6
3 2.103
3 0'.733
3 .. 0.85 3

'2 1.25. 2
3 0.49 3
3 0.70· 3
3 0.35 3
3 0.59 '3,
3 0.42 3·
3 ,,0.53 . 3:
2 ~0':'52 2
3 '0.56 3
3 0.46' 3.
30.38 3
6 0.52 6
3 0.18 3
3 0.41 3
3" 0.443

.:5 0.30 3
3 .0.17 3
3 0.32. 3
5 . 0.36 ··5
3 . 0.17 3

. .... . ....
2 0.01 '4 0.07
10.01 . 2 0.07
30.03' 3.. 0.03
3 0.03 . 3 0.01
1 0.03 2 '0.06'
3' O.~ 3 0.06

. 3 0.04 3· 0.02
3· 0.02. 3 0:'19
:5 0.05 3 0.05
3 0.0330.15
3 0.04 1 0.07
2 0.04' 2 0.08
30.053 0•.07
3 .0.04 .3 '0~11

,3 0.03 3 0.14
, 6 0.046 .... 0.09

3 0•.01" 3 0.27'
30.04 3 0.15
3 0.04 '3' 0.13
.3 0.02 3 0.20
3 O.Ot . 3 0.26

4.33' 3· 0.05 3 0.16
3;80' .S· 0.02 5 0.16

'0.50 '.3" 0.01 1 0.27

6 .64.20
3 60.00
:5 26.00
2 9.•33
237.50

,3 7.33
3 10.70
3 2.67

. 3 8.00·
3 ,4.67
:$. 6.)3
2 8.50
.3. 7.00
3. 6.33
3 ' 3.67
6 4.17
3 .':'67·
3' 5.33
o
O. ..
o
3
5
2

7.27
6.20
1.95

6 53.50 '6 ·96.90
3 . 53.00 384.20
3 . 6.57 3 22.20
2' .10"00 ,.3 14.10
2 27.80 . 3 47.30.
3 4.33 312.40·
.3 .6.33. .3 .18.60
3 h57 35.• 13

.3 4.73 3 11.30
3 2.23 36.03
3 3~93 3 11.70
~ 3.90 2 12.70'
3 3~97 3 11.20
3 2.70 3 '.' 9.20
3 . 2.13 ".3 7.07
6 . 3.33' 6' 9.70
3. '0.23 3 1.87
3 . 2.27 . 3 8.10
3 . 2.47 .0

• 31,17 0
3 0.30 0
3 . 1.93 '3
$ 1.78' 5
3 ,0.33, 2

. .... . ....
TurbIdIty' flQ)5
.N. Mean N ltean
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N' Meen. ....
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806 '
807
808
809
~10

,8ft
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813
814
81S
703
'704
7'05
816
817
818
81~

706
701
708

HI

30.00
3 . 0.00
3 0.00
3 0.00
5 0.00
3 0.00
3 0.00
6, 0.00
3 . 0.00
3 0.00
30~00

:5 0.00
3 0.00
3 0.00
2" .0.00
2 . 0.00'

3 0.01.3' 0'.00, ,
6 0~01 .6 .. 0.00
3 0.01 " 3 0.00
3 '. 0.02 30.00

·30.02
.3 0.02'
3 0.01

. .3 0.02
5 . 0.01
3 '. 0.01
3 ' 0.02
6 0.01
3' 0.01.
3 0.01
3 .0.01
3 0.01
3 0.00
3 '0.00
,2 0.00
2 0.00

3 .0.16
6 0.1$
3 0.17
3. 0.17

"3 ,0.32
3 .0.25
3 0.17
3 . 0.28
5 0.22
3 0.21

···.3 .0.28
6' 0.46 .
3 0.1';
30:,8
.3 b.17
3 0.23
3 .0.14
30.15
2 0.15 .
2 0.13

'0.19
0.24,

.'0.26
0.21'
0.25
0.25
0.22
0.64
0.27
0.26.
0.27
0.24
0.28
.(1.·27
0.28
0.Z8.

3 0.27
6 . 0.27
3 .0.26
3 0.26

KJ.tdeht, . Totel.-OlllolvedReectfYe
IIftret"lIftr~ PIIOsphorous' Phosphet;. .

II Mean" II MUn II Neiln N lteen

3 '0.01
6 0.01
3·· 0~01

30.01

AmlIonfUli
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. 3 0~04 3
'30.02 '3

3 0.01 3
3 .0.03· 3
5 . Q.02 '5
3 '0.02 3
3 0.02" 3

'60.02." 6
3 0:'0'1'. 3
3 0.02 3"

,3 0.013
3 0.023
3 0.01, 3

,3· 0.01 3
.2 . 0.01 .2
2 0.01 '2

TannIns
II Mean

o
6 0•.17,
3. 0.33
3 0.33

3 2.67
o

.0, •
32~33

o
o·

,1 2:'00
21.00·
o
o
o
o .
0­
o
o
o
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2.48

4.33

5.13

o
6 '1.73
3 1.90
3 . 1.83

DOC
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3.
o
o
3
.0
1)
;
6
o
o
o
o

.0
o
o
o
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TurbIdIty
II ltean.. . .

. 3 ". 1.70 31.30
3 1:.80 3 '0.97
3 0.52' . 30.40
.3" 1.30 ... 3.1~10
5 . 0.82 . 5 0.80 .
30•.73 30.73
3 t.18 3 '.20
6 .0.64 6 0.57
3 0.4.7 3. 0.33.
3 0.55, 3 0.50 ..
3 0.42: 3 0.40.
3 0.85' 3 '0~70

3 O.~O· .. 3 0.33
3 . 0.27 3 0.23
2 0.25 2' 0.25
2. " 0.25 2 ' .0.20

RSP
N Mean

3' 1,67
3 1.00

'3 1.00
3 ' t.67
5 1.00
3 1.33
3 1.67
6 1.00
3.. 1.00
3, 1.00
3 1;00

.3 .5.67'
3 1.00
3 1.33
2 1.00·
2, 1.00

Stn

709
710
711
732
714
733
715·.
716
135
718
719·
120
nt
737
123
728

712 . 3· 1.GO· 3 0.45. 3 '0.23
·713 4 1.00 4 0.53' 6 0.43
832 .3 3.33 '. 3" 0.57.. 3' 0.20
833 3 1.00 3 0.63 3. 0.23
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Survey: 2, openveter,ltatlona (surface'veter)

Celch... Magnelltlll Sodltlll Potesshn Alkelfnlty Sulphete ChlorldeConcb:tlvhy,pl:I
BeY Stn ,II Meen ,II ' Meen II Meen II, Meen ,II Meen II Meen II Meen " ...en ,,''''en,
... ~ . -0 .~.. ~ _... .. ..~_ .. .. .. ', .~.. .. .
MB 701 6,39.30 6 5.58, 6 141;00 5 5.24 6 51.20 6 36.30, 6 221.00 6 983~00 6 6.13

803 3 39.00 ,3 5.63 3 108.00 3: 5.2,1 3 51.00 3 35.80 3222;00 3 983.00 3 6.11
,805' 3 21.00 3 3.63 345.30 3 1.,93 3 46.00 3 12.30 3 59.40 3 362.00 '3 6.93
702, 2 21.00 2 3.80 2, 41.50 3 1.90' 2 45.00 2,12.00 2 72.40' 2362.00 2 1.00
806 2 26.50 2 4.25 2 83.50 '22.95 2 51.50 2 22.60 2 108.00 '2 570.00 2' 1,.05
801 3 16.70 3' 3.23 3 24.70 <5 1.23 3 45.00 3 8.84 3 34.70 3244.00 3 1~11
808 3 19.00 3 3.30 333.1ll) 31.41 3 45.30 3 11.30 351.30 ,3308.003 1.03'
809 3, 15.00 3 2.91 3 10.90 3 0.11 ,3 43.30 3 5.24 3 15.40 3154.00,' '3 1.51
810 3 11.303 3,.30 3 26.00 3 ,1.303 45.00 ", 3 9.54 3 39.30 3 253.00 3 '1.11
811 3 15.00 '3 2.91 3 14.60 3 0.89 3 43.30 3 324.00 3, 21.90 3 166.00 3 ,1.41

'812 3 11.30 3 3.21 3 24.70 3' 1.21 344.703 8.46 '3 35.30 3231.00 3 1.13
8;3 2 ' 11.00 2 3.20 2 23.50 2 1.10 2 42.50 21.29 236.10 2 228.00 21.15
814, :5 11.00'3 3.20 3 ,24.003 '1.203 44.70, 3 8.74 3 34.903238.00 3 1;23
815 3 15.70 3 3.13 3 15..60 3,0.93 3 43.00 3 6.69 3 24.00 3193.00 3 1.40
703 3 15.30 '3 3.00 3 14.70 3 0;94 3 43.70 36.72,,:5 22.20 3 184.00 37.31
704 6 16.50 6 3.13 622.30 6 1.13 6, 44.70 6 8.10 6 28.70 6 223.00 ,6 '1.23
705 313.30 3 2.80 3 12.50 3 0.51 3,42.10' 3' 3.41 3 15.50 ,3109.00 3 1~81
816 3 15~703 3~OO 314.40 3 0.91 3 ,43.30 36.95 '3' 22.30 3 111.00, 3 1.40
811 3 15.30 3 3.03 3 15.30 3 0.963 44.30 3 1.03 3 23.50 3183.00 3 1.43
818 314.00 3 2.933 1.90 3 0.74 3 43.00 3 4~91 3, 13.00 3 143.00 3 1.61,
819 3 13.30 3 2.83 3,3.03 3 ,0.56 3 42.70 3 3.53 3 4.03 :5 109.00 3 1.81
706 ,3, 15.30 3 3.00 3 13.50 3 0.92 '3 44.00 .3 6.61 3 20.303 113.00' 3- 1.43
701 5 14~60 5 2.94 4, 15.80'50~88 5 43.805 5.81 "'1.10 5' 102.00 5 1.38
708 '3 13.30 2 2.80 '3 2.81 3 0.55 3 42..70 3 3.54 3 ~.11 3108.00, 3 1.83,

Celclllll Megnesltlll, Sodltlll Potassltlll AI1tellnity ,Sulphete Chloride Concb:tfvhy pi
Bey Stn "Meen "Meen'" Meen "Meen " Meen :" Meen '"..... "..... " ..... . ... '. .... .. .... .. -.-. ~ .... .. .... .. ..... .. .... ..,- ~~.- .. . .
JB 109 3 14.70 ,,3 2~93 3 10.10 3 0.80, 3, 43.70 3 5.60 3, 15.40 3156.00 3 1.51

110 3 14.30 3, 2.83 3 6.93 3 0.703, 43.70 3 4.55 3 9.53 3 132.00 3 1.10,'
711' 3 13.30 3, 2.80 3 2.873 0.55 3 42.70 3 3.55 3 3.81 .3 101.00 3 1.90
732 3 14.00 3 2.90 3'8.20 3 0.73 3 43.30 3 5~03 3,12.103142.00 31.60
714 5 14.00 5 2.84 ,5 5.46 5 0.63 5 43.40 5 4.28 5 1.62' 5125.00 5 1.74
733 313.70 3, 2.81, 3 5.20 3 0.63 3 43.703 4.29 '3 1.03 3123.00 3 1.80
715 3 14;00 3 2.81 3 7.47 '3 0.11 3 43.30' 3 4.74 3 10.90 3 131.00 3 1.61,
716, 5 13.60," 5 2~76 6. 4.15 '5 0.61 6 43.00 ,5 4.26 5,6.06 6.113.00 6 1.73
735 3 13.00 3 2.80 3, 2.73 ], 0.53 3' '43.30 3 3.62 3 3.47 3101.00 3, 1.87
718 3 13.70, 3 2.80 3 3.n 3 0.60' 3 43.00, 3' 3.85 3 5.03 3 113.00 ,3, 1.80'
7193 13.00 3 2.113 2.70 '30.,55' 3 43.30 3 3.54 3, 3.21 3 101.00 3 1.83
720 3 ,13.70 3 2.81 3 5.13 3' 0.62 3 42.70 3 4.08 3 1.37 3 '122.00 3,1.73
n1 3 13.00 3 2.11 '~ 1.81 30.49 3U.00 ,3 3.33 3 2.13, 3,101.00 3, 1.93
737 3 13.00 3 2~73'" 3 '1.11 3 0;50 ',3 43.00 3 3.32 3 2.03 3101.00 3 1.93
723 '2 13.00 2 2.70 21.65 20.50 243.002 3.242 1~70' 2100;00 2 8.00
728 2' 13.00' 2 2.70 2 1.55 2 0.47 2 43.002 3.25 2 '.652 100.00 2 8.00

............." ~ .. -_ ~ ••• ~ •.' ~; _- ••'~ •••.•••,•• ;;' _.,-" '! •.••••••••••••••• ~ •••••••••••~••.••••

T8 712 3 13.00 .3 2.71 3 2.17 3 0.55 3 43.00 3 3.47 3 2.57 3 104.00 3 7.91
·1134 ·13.004 2.15 4 2.174 0.52, 4 43.00 4 3.43··4 2.61 4104.00 4 1.93

832 . 3 13;00 3 2.83 3 2.20 .3 0.52 3 43.00 3 3.51 3, 2.70 ·3104.00 .31.93
8333 13.00 3 2~11. 3 2.20 3 0.52 3 43.00 3 3.52 3 2.80 3 105.00' 3 1.90

• !lllunlts mg/l except c~tlv;ty(Ulttos/em) " ,
Me • Moberly Bey JB· JtlCkfllh Bey properTS' Tunnel Bey
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, 716' 6 0.016

. .....
34:.m
:5 4.tI01
1 '4.101
6 <1.001

J~."
) CO...", ~.oo,

6 40.001

I.... Mercwy
I!I ..... -.~. .- _ .
3 0.054 3 40.010
3 0.174' .3 CO.010
I 0.8 . \<0.0'0
'1.1lI ,6 cO.810

c:.......·Ch.-.ri..
.. MelIn It .....

3 cO.OOCB
3 cO.OP1,
1 cO.0003, .......

.CofIPN'
II, ..... -_...•
3 <8.08'
14~G02

, 4.801
6 <O.CIOZ

"'11II8 u.tI __
We ' _

3. O~011

3. 0.015
, 0.01'S
6 0.006

NiCkel,
I Nan

3CO...,
:SeQ••', co.eo,
6 CO••,

Leed
• ,Meen

3co:.oe
3 cO.OID
, cO.081
6 cO.OO5

Zil'll:
II ....

3 O.OM
3 O.ID'
, CO••
'O.IIB

...
6 <0.801 640.001 ., I.'" 6 cO.o,o 6 cO.OOOJ '6 <0.001 6 0.0026 40.001 , CO.1Ol18 ,713 , CO.D'O 6 cO..oOl 6 O.IIK

832 3 o.OVt ..' 3 <I•.., 3 40.00' 3 0••5 3 CO.Ol0 . 3 4iO.OOO$ , 3 CO.GOI ,3 <0.001 ',3 0.001 3' cO.OD1 3cO~D03 3CO.1OZ
au 2 0.016 Z <o.a1 2CO~0D1 z O.ltZ2 . 3 CO.Ol0 '.2 40.001» 2 <G.Glll 2 ·co.G01 20.00S '. 2 O.GD3' 2' cO~OII3. ~ <CO.IQZ .

1l'·.tl"its" .... of cle-=tt. l1lltta:._.-..~._-~.••.......•....
Me • PIoberly ley
J8 • Jeckfi.t. 61lY prapiIr

. T8 - TU'VIet'i11lY

AtUlt... <,;,0CI3 ..·c~11·
Anentcc.(J01'
IerYtlt... ~OOO5 ... c.15 '
I.... <.001 .-" c.18

",n::ury c.91
,tIlChi.. · e.OOO2 -. <.015
.~'<~OO5 •• c. III .

.. eopper .' c.lIOO5.•• <.1.

~ c'.OOOS··'<.Ot
. Niclcel . ".001 -- <.10

leed <.GO> •• e.'S
Zinc <.0005 ••. e.\O



surVey: 3 Mey 1~ open ..eter (surfece ..eter)

.' Kjeldahl' lotelot'solved Rellctlve
RSP Turbidity BODS '. DOC ' ..

'lamlns All'IlIOnlun Nltrlltes. NltrOflen Phc)aph.orcq Phosj:lhllte'
Bey Stn N • Meen N Mean N Melin N Melin N Melin N Melin N Melin' N Mellr:- N . Mean N Meen. .-.- . · ...... . -..... - _..- - ._-.~ - -_.. . . .... .... 820' 1 29.00. 1 15.•00 1 113~00 1 79.00 . 1 50.00 1 0.10 . 1 0.20 1 0.80 1 0.14 1 0.10'.
JB 843 2 1.00 2 0.50 2 0.40 2 '.10 .2 0.00 2' 0.06 2 0.32 2 0.16 2 0.01 . 2 . 0.00

- .~ll units MIlL. except lurbldlty(ftu)

MB •.Mciberly Bey.
JB • Jee:kf fsh Bey proper

Survey: 3 Mev 1988 . open water (84.lt'fece water)· . . .

CelcfUl Meonesh...· · Sodiun PotesslUII Alkelinlty .
Bey Stn " Mean " Mean " Melin N Mean N Mean .-... ... . ...•. · . ---- . _... .' ...-
MB . 820 1 69.00 1 . 4.90 1 1~.OO '1 5.55 '100.00

JB ·843 2 13.00 2 2.80 2 1.30 2 .0.46 2 43.00-.ll units ilg/L except conductfvf.ty(umos/cm)

MB· Moberly Bey
JB • Jeckffsh Beypro"er

Sulphllte ChlorjdeConduct{vlty pit
N Melin 'N ·Mean N Mean· '11 . Mean. .... . .--- . .....
1 38.40 1 250.00 1 1143.00 1 7.1t

2 .' 3.05 2 1.25 2 98.50 2 7.65

'.
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h

Surveys ,4 JulV1988 open wlter .tltlan. (.urface wlter)

KJeldehl' Total' DIssolved,Reectlve
RSP , TurbldltV Bm5 , DOC T......lnsAMlonh. liltrates IIltrogen~rilut Phosphate

II., Stn II Mellrl' II Mean II Mellrl, II ,Mean II "eM II Mean II Mean IlMean II Mean II Mellrl--- .. - . . . .. .. .. . . . .
M8 701 4 26.30 4 23.00 4 59.50 4 119.00 447~50 4 0.17; 2 0.05 4 1.57 4 0~26 4 0.08

803 '2 32.50 2, 25.00 o· 2 117.00' 2, 50.00 2~.15" 0.05 2 3.35 ,2 0.55 20.05
804 2 16.50 26.00',0 '. 2 41.70 235.00 2 0.10. 1 0.05 2 1.40 2 0.21 2 0.03
81)5 2 4.50 2 3.000 • '2 25.40 2 11.50 2 0.13 2 0.08 2 0.68 2 0.072 0.,01
702,' 2 6.00 2 3.70 '2 5.25 2 22.00 2' 9.002 0.13 2 0.06' 2 0.67 2 0.07 2 0.01
806'2 1~.002 8.50 o· 2 57.00 2 18.50 2, 0.10 '1 0.05 21.08 2 0.15 2 0.02
807 2 4.00 2 3.1.0 o· 2 19.60 2 7.00 2 0.13 2' 0.1120.57 2 0.06 2, 0.01'
808 2' 4~50 2 2.60 0 • 2 19.60 2' 7.00 2 '0.14' 2 0.06 2 0.55 2 0.05 2 0.01
809 2 12.00 2 4.1lQ O· 240.80 2 13.00 2 0.09' l' 0.05 2 0.82 2, O~10 2 0.01
810 2 3.50 2, 2.65 o· 2'" .30 2 9.50 2 0.122 0.14 2, 0.50, 2 0~05 2, 0.01
811 2 4.00 2 1.57 2' 2.65' 2 13.40,' 2 ,5.00 2 0.09 2 0.09 2 0.46 20.04 ,2 0.01
812 2 2.50 2 2.25 0 ",' 2 15.90 2' 5.00 2 0.12 2 0.15' 2 0.43' 2 0.04 2 0.01

, 813 2, 4:00 2 2.35 0·2 14.60 2 7.00' 2 0.13 2 0.10 2 '0.53 2 0.05 2 0.01
'814 z' 5,.002 3.65 o· 2 19.20 2 ,7.50 2 0.14 2' 0.05 2 0.59 2 0.06 2 0.01
815 2 4.50, 2 1.60 0 • 2 11.90 2 3.00 2 0.05 '2 0.22 2 0.2620.02 2 0.00
703 2 2.00' 2 ,1.65 ,2 1.85 2 9.30 2' 4.00 2 0.07 2 0.16, 2 0.34 2" '0.03' 2 '0.01
704 4' 3.25 4 1.85, 4 2.10 ,4 13.60 4 5.00 4 0.07 4" 0.134 0.41 4 0.03 4 0.01
705 2 1.50 2 1.25 o· 2 4.05' 2 1.50 2 0.05 2 0.20 2 0.29 '2 0.02, 2, 0.01
816 22.00 2 1.75 o· 2 6.60 26.00 2 0.04 2 0.24 2 0.33' 2 0.03 '2 0.01
817 2 2.50 ,2: 1.65.' 0 • 0 • 0 • ,2 0.07 '2' 0.16 2 O~34 2 0.03,', 2 '0.01
818 2 1.50.2 0.75 o· o· O· 20.04 2 0.25 2 0.21 2 0.01 2 0.00
819 2 1.502 0.82 o· 0 - . 0 • ,2 0.03, 2 0.26, 2 0.2~ 2, 0.01 2 0.00
706 2 , .50 2 1.35 o· 2 6.05 2 3.50'" 2 0.1)5 2 0.20 2 0.30 2 0.02 20.01
707 2 1.50 2, 1.65 2 1.30 25.35 2 2.502 0~04 2 0.22 2 0.30 2 0.02 2 0.00
708 2 ,1.00 2 0.63 o· 2 2.60 '2 0.50 2 0.03' 2 0.26 2 0.21 2 . 0.01 2 0.00

ICJeldlhl ;, Total ol.iolved Reecttve
RSP TurbldltV Bm5 DOC T..,I,. AMIonh., IIftrat.. 1ltr9lllrl Photphorous Phosphate

~'~II~ II~ II~ I~ lMean _Mean 'I Mean II~ IlMean IlMean.... ... . .... . .... .. .... .. .... ~ ..~. . _.-. . .... . .... . ....
JI 7092 1'.00' 2 1.17 0,· 2 6.65 2 2.50 2 0.06 2 0.19 2 0.30 2' 0.02 2 0.00

710 2 1.002 0.93 0 ,; o· '0- 20.04, 2 0.23 '2 0.23 20.01 2 0.00 .
711 2 1.00 2 0.63 o· 0 • o· 2 0.02 20~28 2 0.16 2 0.00 2 0.00

'732 2 1.00 2 0.950· 2 5.40 2 1.50 Z 0,.04 2 0.22 2 0.2is 2, 0.02 2 0.00
714 2 1.00' 2 0.63 o· '0 ·0 • 2 0.02 2 0.27 2' 0.17 2 0.01 2 0.00
733 2,1.00 2 0.53' O· 0 - o· 2 0.02 2 0.27 2 0~16, 2 0.01 2 O~OO
715 2 1.002 ,0.73 2 1.15 ,2' 3.40 Z- 0.50 2 0.03 2 0.26 2, 0.22 ,2 0.012 0.00
716 4 1.00 4, ,1.70 ,4 0.82,,4 2.27 4 0.504 0.01 4 0.28 4' 0.16, 4 0.00 4 0.00
735 2, 1.00 2 0.53 o· o· 0 - 2' 0.02 2 0.28 2 0.19 2 0.01 2 o~oo
7182 '1.00 2 0.70 0- O· 0 • 2 0.03 2 0.26, 2 !l.20' 2 0.01 2 0.00
719 2 1.00 2 0~47 '0 - 0 ,. -0 • 2 0.02 2 0.28 2 0.15 2 0.00 20.00
720 2 1.00 2 0.40 0 • o· 0 • 2 0.01 2 ,0.28 2 0.1.6., 2' .0.01 2 0.00
n1 . 2 1.00 2' '0.45, 0 - 0 • 0'· 2 0.01 2 0.28, 2 "iO.14 , 2 0.00 2 0:00'

'737 2 1.00 2 0.68 0 - O· • 0 • 2 0.02 '20.27 2, 0.18, 2 0.01 2 0.00
,n3 2 1.00. 2, 0.35 0 '. 0 - 0 .: 2, 0.01 2 0.2920~16 2 0.00 2 O~OO
n8 '2 1.00 20.38 .0· 0·, o· 2 '0.012 '0.29 2' 0.16 2' 0.00 2 0.00

....... -.--.,_.""" ~.• ;.;' '••••-•••• '~'•••• -.- '. - - ~ ~'.• '!' ---; ~ '. -,- -. •• ~•••• -,- .

TI 712 2 1.00 2 0.60 o· 0 - 0'· 2 0.02 '2 0.'27 2 0.192 0.01 2.0.00
7;3 4 1.00 4 0.61 4' 0.88 42.10 ,4 '0.25 4 0.01 4 0.27 4 0.17 4 0.00 4 0.00
832 2, 1.50 20.68 o· 2 2.35 2· 0.50 2' 0.03 2 0.27 2 0.20' 2 0~01' 2 0.00
833 2' 1.00 2 0.55 o· 2 2.05" 2 0.50 2 0.02 2.0.28 2 0:,7 2 0.01 2 0.00

·,ell units mg/Lexcept Turbld,ltV<ftu) Ill- MoberlV Bev JI • Jackflth gev T8. Tlftlel lay



survty: 4: JUlyl9aa open water' 8tatiOna (8Urface'water)
. . ',.' . ',' . .- :. .

Calc.hnMagneshn Sodh...·· PotasshftAlkellnlty 'Sulphate Chloride COnductivity . pit
~.~ N~N~ .~ N~ N~: N~~~ N~.~... . . . . ~... . _.-.- . . .
"701 4 50.20 ":45~35 4 240~00 "4 '9.45 4 193.00 4 74.804 286.00 41395~OO' 4 7.32

803 2 47.50 2 5.15 2245.00 '2. 9.40 2 194.00 2 76.10 2: 278.00 2 1390.00 2 7.35
804 2 32.50 . 2 4.152140.00.' 2. 6~55 2124.00.2 31.20 2166.00' 2 '590.00' 2' 7.05
805 ,2 20.00 2 3.35' 2 53.50 22.'50 2 74.00 220.00 2. 63.50 '24oa~00 2 7.10'
702 2 22.00 '2 3.302 56.502 ,2.50 2 75;00 2 19.50 267.502412.002 7.20
.806 2 29.50 2 4.05 2 121.00. 2. 5.15 2114.00 2 39.80 21~1.00· 2 766.00 2 7.10

. 807 2, 18.00' 2. 3.10, 2 39.00 2 2~05·'·2 64.50 . 213..902 46.00 2 316.0027.20.
808 : 2 18.502 3.15 . 2 46.002 2.15 2 67.50 2 16..20 2 52.00 2 337.002' 7.10

.809 .' 2 .24.50 2. 3.70 2. . 84.50 2 3.80 2 92.00 2 29;10 . 2102.00 2 573.00 2 7.10,
810 2 18.50' i· 3.10 2 40.5.022.17 2. 63.50· 2 13.80 245.50 2303.00 2 7.:50
811 .217.50.2 3;10 233~002 1.70 .261.50 2n~90237~00 2274;00 2'7.25
812 2, 16.50 2 3~00 2 30.80. '2 1.70 2 '59.00, 2 12.10 2 37.10 2 257.00 2 7.:50
813 . 2 18.00 2, 3.20' 2. 41.00 2 1~9O . 2. 66.00.. 2 13,202 41.50 "2 323.00 '2'7~10
814 2 "9.00 2 3.30 245.50 2 2•.05 2 68.00 2 15.60' 2 52.50 2 327.00 2 7..10
815 2 14.•50 2 3.10 214.70 2 1~00' 2 56.50" 2 7.18 2 13.40 2423.00 . 2. i.:50
703 2 '16.00 2 3.05· 2 19.50 '2 1.22 2 .54;00 2 8.27 2 22;30 2199.00' 2 7.40
704 4 17.00 4 3~05 4 .24.00 41.45' 4 58.00 4 10.30 4 28.00 4234.00'4 7.25
705 2 13~50 2 2.902 11.90 2 0.89 2 ,48.50 i 5.33 2 .13~80 2 138.00 2 7.50
816 2 14.00 2. 2.952 11 .40 2 0.83' 2 50.50 2 6.24 214.10 2 160.00, 2 7.50
817 2 14.00 2· 2.95' 2 21.80 2 1.09 _ 2 50.50 2 6;62 2 14~70 .' 2 159.00 . 2· 7.45
818 2 13.50 2 2.90 2 7.30 2 0;71 . 248.00 2 4'.95 '2 8~552135.00 2' 7.55
8.19 2 13.00 . 22;902 5.25 2 0.66 '246.50 24.38 2 6~00 2 122.00: 2 7.65
706 2 14.50 2 2.95' 2 '14.502 1.'00 2 51.50 2 6.90 2 17;00 2' 170..00 27~45
707 2.15.00 2.2.95 2' 13.50 2' 0.87 2 51.50 2 7.67 2 15.50 2. 168;00 2 .7.40
708 2 13~00 2 2.90 25.452 0~65 247.00 2 4.33. 2 5.80 2 121.00 2 7,65

CalclUl' MqriesIUli SodIUl. PotasslUl Alkal inltySulphateCh~oride COnduc~ivity pit'
BaYStn N', Mean N Mean . II Mean ,N. Mean NMean N .Mean.' N Mean Ii...... .. ~... . ...-- .• __ e. . .•._. . ..;.... . "._.~ .' _.... .' •••• .' ••.••
JB .·709 2 15.502 3.002 16.00 .'2 '1.06 2 52.50 2 7.74 218.00 2177.00 2. 7.35'

.710 '2 14~00' 2 2.90 '2 9.30 2 0.81 2 49.00 2 5.79 2. 10.40 . 2 144~002 7.45
711 2 13.50 2 2.80 2 2.90 2 0.56 2 45.50 2 3.66 2 3.35. 2107.00 2 7;75
732 2 15.00 2 2.95' 211.10 20.90' 2 50.50 2 6.23 2 . 13.00 . 2 154.00 2 7.50
714· 2 14.00 . 2 2;85 . 2 3.20' .2 0.592 46;00 2.3.96, '. 2 3;80. .2109.00 2' 7.65

. 733 2 13.50 22.85· 2 2.80 2 0.57' '245.50 2 3.68 2 3.25 2 107;00 2" 7.75
715 2 14;00' 2' '2~85 '2. 6.35 . 2 0.71 2 48;5025~12 2 .8.85 2134,00 2 7.55
716 i, 14.00 4 2;85· 4 2.72 4 0.56 4 45.50 . 4 3.73 4' 3~08 4106.004, 7.78 '
735 21~.00 2 2;85 2: 2.60 .2· 0.55 2 45.50 23.54'2 2.85 2105.00 2 7.75
718 2 14;00 22.85 2,5.55 2 0,.68 2 47,;00 2' 4~45 . , . 2 6.35 2 123.00 2.7.60
719· 214.00: 2 2..85 2 1•.70 20.52 245.00 23.18 2 1.80 2 99.5<1 2 .7.80
720 2 13.50 2.2.85 2· 1.70.. 2 "0.52 2 51~00 .2 3.1921.80 2102.00 2 7~9O
72f. ··2 14.00 2 2.85 2 10702 0..51 2 45.002 3.18 2' 1.80 2100.00 2 7.80
737.2 14.00 2" 2.85 .23.60: 2 0.57 .' 2. 46.00 2 ,3.91 2 4.25 '2'.111.00 2 .. 7.70
723 214..00 2 2.85 '2 1.40 2 0.50 2. 45.00 2 3.10 2 1.40 .2 98.502. 7.80
728 213.50 2 2.85 . 2 t.30 2 0.S02· 44.50 2 3.09 2 1.30 2 97~50 2.' 7~80..',- _~' _--'..-.~ :~'.- .• -.~.....•.._ ~ ' '_ ..' _ ~ , ~ ~-..~.:. -- - _ ~ ,.

TB 712 , 212~50 2· 2.90 ~ 3.•80 .2" 0.6!) 2 46.50 2' 3.94 2 4,35 2113.<10 ,. 2 . 7.70.
Tt3 4 14.00 4 2.83 4 2.55 4 0.55 . 4 '45.50 43.51. 4 2.70 . 4 105.00 4 7.75
832 2 12.50 2 2.90' 2 3.80 . 2 0.60 2 46.50 .. 2 3.91 2 4.45 2:113.00 2 .7.70 <
833 " 2 13.00 2 2.80 2 2.20 2' 0.54 2 45.50 2 3·..43 . 2 ,2.352 104.00 . 2, 7.75

*ellunits mg/~ e~cept Conductivity(umhoa!c.),
M8 - ~rly. BayJB -Jilckfl.hBayproper TI' Tln1et Bay

~



SIII"ftl1: 4·" ·July .... ater (lurfece Ii.ter)

Metal·.....

At..inn . Arsa'lic .1erY1ihal... . Mercury"~iUll ·Chi'artiun Coppelm-H..~nesetlfcke~ LeiMI Zjnc
Bay stn'II~' ... Meeri·· .......ittn. M ...... "Nun N Rnn N ~ "Hun N........... It tIeIIQ-.- . "-'!i"-'. '. ._.- • --.. -..••~ . -0--- ._.. - _._. _ __e. . .... .. __..._ '. ._.._ ". ~.._
.. m 0\ 0.5IlI 4 40.0014 cO.101· :4 0.50S '4 &.033 4 .0_ 40.04!» 4 0.011 4 n.348 40.0064' O.N. 41.111
. 813 2 0.441J ·2 4O.om Z 40.901'"2 0.490 21.025 2 0.aD3 . ZO.G3!» 2<0.01' 2 0.340 20.005 .··l .0.0•. ' 2 1._

.,. 2· 0.2QS 2 ~~001 240._ 2 0.19D2 <O.D20 2.to.805· .20.021 ·2 o.ooi. 2 0.123· 2 «0.005' 'l <0..010. 2e1.1OS
aos 2 0.12D 2 40.0012 40.901 2 0.011O' 2<0.010 2 40.005 . 20.011 2' 0.001' 2 0.tl76· 2 «0.005 2 40.010. 2 <G••
702 . 2' 0.011 240.0012 40.101 2 O.ltS· . 2 <0.&10 . 2.o~0002 2 0.0122 .0.003 2 0~073'2 «0.002 2 .0.005 2' .....
•. 2 0.280 . 2 ~.oot 2 CO.'" 2 0~21S 2 <0.010. 2 <0.005,20.022 2 0.009 2 0.171' 2 ~.005 2.cG.O\O.ZI•.,r
811' 2 O.IMO 2 .0.001 2CO.001 20.015 2 ~D.Ol0 2 <0.005 .. 2 0.001 2<0.002 2 0.856 2 «0.005 2 .o.cno I . 2 <G.a
g. i·O.UO· 2.o.ocn. 240~001 2 0.090 2 <0.010 2eO.OOS 2 eO.010 2 0~0I1' 2 1J.06P 2<<0.005 2 .0.010, . 2 <O.a
809· 2' 0.200 2.o.00t 2 cO.OO1 2 0.140 2 a.115. 2<0.005 2 <0.010 2 o.llI9~ . Z 0.1152«0.005 .240.010 ,ZeD.105
~"'2 0.0552 4 .•010 Z CO.OO1 20.080;. 2 <G.0'1I~. 2 <8JJ05 2. 0.008 2 «0.082 2 0.0552 ·eO.0052 cO.O'O. . 2e1.1OS
an', lo.n .. 24.001' Z co.OO5 2 0.201 . 2 40.010' 2 '..oeM. 2 o.on . 2 1._' 20.044 20.1)11 2... 0.007-"2 1.109

.8'2. 2 0.$.. .2 c8.00t 2<0.001 2 1.0lD 2 CO.010 2 <0.005 lO.007 2 &.103 2 0.042 24.0CP.i· 2eO.018 • 2 cI.tlJ5
eS2 0.055 2 ·CO.OO1 2 4.00121.065 . 240.010 .2 <8.005. 2 0.009 2 0."103' 2 9.CBlI· .2<CQ';005240~010.2e1.105
a\4 2 G.111·2 41.001 2<0.001 2 '1.090 ..2. O.CBS- 2 <t.0l!i. 2 1.0112 1.106' 2 . O~062 2 ~.005 ~- 0." ·2 eI.105
815' 2' 0•.1S2 ••0012 CO.0012 1.1150 2 40.010 2<0.005. 2.<0.005 2 8.0113 2 0~~.2 '1.081 2 ••010 .. ·2e1.~
1'03 2 O.0S7 ,2 <0.':'01 2<0.001 2 I.ew 2 cO.01O 2 <1.0002' 2<0.005 2 <G~002 2 0.027 2 <0•• ' 2 cO.OO5 Z ....
7IIIt ," 0."1 ." 'CU.001 "CO..OOI " ••059 II ..0.010 It <11.0002 . 4 :etI.OO5 . 4 <0.002 'G.OD· 4 <0.802 It 40.005 4 l.ilB
lOS.. " 20~1MO 240.~. Z 48.001 2 ••050 ldl.!l1o 2<1.005, 2<0.005 2. D~,* 2. o.on .2co.105 2eO.~tO...2e1.105
a16 . 2 O.OJS 2 .0.001 2 CO.OOI . 2 0.050, ? 'CO.010 2 <U)05. 2 CO.:OO5· 2, 0.0032 0.0'1(. 2 CO.QQ5· 2 cO~01O.. Z 4.105
- . 2 0..'5 2 CO~OO1 24.0012 e.;0l02CO~01G·2<I.oos: 2 4.005 . 2. O.DOS 20.022 2CO~005' 2 <lIO.01O.. 2 eI.1I5
1W' 2 O.OM ZCO.OO1 2 ce.oOOl 2 0.030. 2 4O.01el <IJMiozZ 0.006. 2<8.,00220.016 . Z CO.OOi! 2 ..o.8IJS 2 '.181
7118 2 0.016 2 cO.OO1 24.001 2 1.026 2 .0.01412 <t.oDOZ .2.1.002' '. 2<0.0022 0.007 ·2 cO.OCIZ: . 241O.0lJS 2..· 0.01\

1eryt1l.. ltan. .....cury.. CadlriuI ChiCllliUli-·.-~ .....~ IUckel. '..Lad. Zinc
......... ".... ....... .M ...... N·. Man II..... N Hein. ........ ...... • lIMn

2 ••001 2 1.050 ~.~:~~. ';<;:065. .; ~:~ ; ~:~ ; .~:;o" ..; ';:~i .~:;... i ~:~
2 eI.OO1 2. 1.0.1' . 2 <o.eno 2 :co.oCOz 2 G~OU2 2 <a.OOz 2 0.0142 <O~_ 2 .0.005' 2 co••
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Each RAP will: define the boundaries of the
affected area; .identify ihe sources anqcauses
of the pollution: identify the uses which are .
impaired; recommend remedial measures to
restoredesired uses; include an implement~

ation timetable;ideniify the agencies respon­
sible for implementing the RAP; and contain a
proc::essfor measuring the degree to which
restoration is achieved:' .

The contents of this brochure will familiarize
you with the reasons why there are four nor:th­
ern Lake Superior areas of conCern: Thunder
Bay, JackfishBay, Peninsula Harbour and
Nipigon Bay,.

.,
•

,,~

., .
Are you concerned· about ""aterquality
in Lake Superior,? : .

So are the Federal and Provincialgovemments.
The InlernationalJoint Commission (IJC)

has identified 42 polluted areas on the. Great
Lakes as areas of concern for which clean-up
or remedial action plans (RAPs) must be pre­
pared. Seventeen of these areas are located in

.Ontario, four on northem Lake Superior.
. Under the'Canada-Ontario Agreement
Respecting Gre.at ~kes Water Quality, 'Envir­
0nment Ontario.and I;nviroriment Canada are
coordinating the development of the 17
Canadian RAPs. The Ministry of Natural Re­
sources is playing an important role in the North
Shore bfLake Superior Remedial Action Plans.

. "

RaP
. NORTH SHORE.

OF1AKE SUPERIOR
REMEDIAL ACTION PLANS

••
Public involvement is an important partof

the RAP process! Programs to involve all those
inferested iner responsible for water quality in
the four northern Lak!3 Superior areas of .
concern are now underway. To find outmore
about what is planned for your community, and
how you can get involved, call ourtoll free
number, 1-800-465-6854, and leave a
message for:

.Remedial ActiOn Plan
Plan'd'ASsainissemerit

You can get
invOlved!'

Canadli ® Ontario
e-.oow._...-GlML-._a..­

\~~_'._~'_MI'!''''Gr-.~

• Pat Inch, RAP Coordinator
Peninsula Harbour

• Jim Murphy, RAP Coordinator
Jacl<fish Bay

• Jake Vander Wal, RAP Coordinator
Thunder 8ay/Nipigc:>n Bay

.EnVironment OntariO .' . ..
P.O. Box 5000, 435 James Street South .
Thunder Bay, Ontario P7C 5<36 .'



Nipigon Bay

Nipigon BIiy' _ .._ ...__

Nipigon Say receivesmunicipal waste- .
water from Red Rock and Nipigon, as well as
indl)strial wastewater from a pulp and paper
mill. . '.'

Before 1974,.poilution resulted in odours,
tainting of fish flesh and changes to the .

. '. aquatid community Which included the re­
placemefltofclean water organisms by'
pollution tolerant forms.

Improvements towastewater treatement
since 1914 have contribUted to improved·
water quarlly in the bay; However, water

.quality continues tO'be impaired;
Presently, there isan occasional taste

problemin the.drinking water: Furthermore,
the industrial effluent which contains toxic
chemicals inclUding persistent chlorinated

. organics, remains concentrated in the surface
water layer of Nipigon Bay.

PeninsulaHarboUr
Priorl01984, water quality surveys .

indicated that the rnain impacts on tl'iisareaof
concern were: bacterial contamination; aes­
thetic impairment(6dourand foam); high
levels of mSrcury. in fish and bottom.
sedirnents;and organic enrichment of the
lake bottom. . .

Although measures have been under­
taken to improve.the water quality, pOllution is.
still a problem. .
. Toxic chemicals, inCluding persistent
chlorinated organics from an industrial dis~
charge, find their way to Lake Superior.
Sediments remain contaminated with mercury
as a resul.t of historical discharges.

While fish in Peninsula Harbour are
healthier now than in the past as aresult of

.decreasing PCB and mercury concentrations, .
these cOntaminants still presenta problem.

.Nordlern.···.
takeSu erior .
Areaso .Concern

'hi~torlcalproblem~ associated with the wood
preserving industry. Fish are contaminated '.
with mercury,PCBsand other contaminahts.
As well, bacterial contamination has rssulted
in periodic closures of ChippewaBeach..'

"BCkIishBay. _._. ..

Water quality in Jackflsh Bay, wHich has
been rnonitoredsince l~~,is degradedasa
result ofiiidustrial discharge to Blackbird
Creek.' . ...• ....

Although pclllution control measures have
reSulted in less pollution entering the creek .
arid, therefore, JackfishBay,seriouspoliution
.problems remain. .

. Toxic chemicals, including persist~nt
chlorinated organics, are present. The water

. is discoloured: There are high levels of
bact~ia. Blackbird Creek ahdparts of' ,"
JaCkfisl) Bay are unable to support I]ormal
aquatic life owing. to effluent toxiCity and
contaminatfon of sediments. Fishare.al.so
contamina.ted with mercury.

Tt1uncierBay
. Pollution problems in Thunder Bay
idEmtifi~daround t970 included gross poll-

·ution by raw sewage, t:>ottom deposits.of
sludgs and rotting woodWastes, floating . .
sludgemats, foaming, and mercury andPCB :

· contamination of sediments and fish.
Sin9~that time,pollution abatenient .

· measures have been taken by the municipal­
ity and industry to·improve water quality, but
problems still exist. . .
. . .Fish continue to die because of high
loadings of organic wastes to the Kaminist­
iquia River during low summar flowperiods.

·The discharge of toxics, including persistent
chlorjnated organics to Thunder Bay from
pulp and paper mills, have serious conseq- .'.
uences:tothe Lake Superior ecoSystem .
becausemariy of these compounds donot

·break down easily, may cause cancer and
genetic mutations, and may bioaccumulate in'
the food chain. A portion aftha inner h~rbour
has sediment seriol)sly contaminated with

· dioxins;furans~pentachlorophenols, crsosote
· and other toxic pollutants as a result of

R~P
~

NORTHSHORE
Of LAKE SUPERIOR

REMEDIAl ACTION PLANS
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Open House
,Acleanupor remedial acti~n plan'(RAP) is,requir8d for' ,l

"·dealing with water pollution in Jackfish.say.,.. '

You can getinvolved! Attend an open house to learn about
otheJackf!sh Bay RAP and to meet and talk with the federal­

; provincial team coordinating the development of the RAP. ",
. .' . .

, ,'Thursday, December 1,1988 '
" - 2:00 p.m.-4:00 p;m. or 7:00 p.m.-9:00 p.m., ; ,

Te~race Bay Recreation Centre
" 'Highway 17 and selkirk Avenue

TerraceBay,Ontario POT 2WO
, Forfurtherdetails please'contact:

Jim Murphy'
RAP Coordinator

Environment Ontario
,3rdFloor, 435 James Street South '

Thunder-Bay, Ontario ~7C 5G6
. 1-800-465.;6854' (ToU, Free)

"'.

.RemedialAcIion'Plan '
,Plan c:ftbsaWlsement

Canadll ~Ontario '
e--o.-....................._ ..,_~_.._.r__.......

"



JackfishBay
...pollution ,"
··lsstudied

'-"
By DARCEY CHERNYSH

North Shore Bureail. ..

TERRACE BAY -Before they can
plan their nex~ move, the Jac~fish
Bay Public AdvisoryCommlt~ee
'mUst first determine how extensIve
pollution is in the bay,· said the com·
iJlitteechairman. .. . .. ' . '.' . ' .
. First the group has to dOCUJn~nt if .

.there is a pollutiQn problem and,. ifso, :
how big of a problem it is. "SO, we
don't.exactly mow what th~next step

'. , will be," saidJonFe~n. . .' .
.~e cOmmittee hasbired a conSult·

iitgfirm to testsediment content and
depthat·three)oeations ~long!he
Blackbird Creek system, mcludmg
what is commonly referred to as

. LakeC which is closest to Lake Supe-;
,rior. .'... . . '

'. Samples were taken m early De­
cemberandFergusonsaid there.is no ,
wor'dyet·wheii the test ~ultswIll be
available; He also explamed that the
Ministry ofthe Enviroinnent will also . .

. be testing thesamples. . . '.' ''
'. Water qlialityin Jackfish Bay bas .

. been monitored 'for the past 20 years .
. and, d.espitepollution control ,m.ea· .

sures, pollution remai~a probl-:m.
Industrial'discharge In BlackbIrd
Creek. has left the ,water i~ca~b~eof
supportingriormal aquatIc life a~d
parts ,of the bay'itself cannot sustam
normal aquatic life because of the
toxic effluent and sediment.contami­
nation.' .

Even though the Kimber.ly.Clark
paper mill has taken poll1it~on control
measures, Ferguson explam~ there .
is concern pollution could stIll.be.a
problem further along the creek sys-
tem. .'

"Iteowd be worse "Jiesaid., "But. ,-. '. . .. !

, there might be no difference' (ei-
ther)." , . ,...... '

..... Ua proble~'~'seen'the group' wili .
~ave' to determme wltat clea,n-upac­
·.bon could be'feasible.·Removal of the
c:ontalninated sedUrient cotiJd~ be an ..'
option while another scenerio might
see the sediment buried so deep such

, a movewouIdbe inappropriate. ' .•..
Thecommit~has towai~ fOr the

, test results before even attempting to
.' outline a plan of action, head4ed.

.In·the province, 17 polluted areas
wi~n the Great Lakes system have
been ident.ified as problem areas re-: .
quiring investigati~ andcleari-up;A'
remedial action.plan is being devel·

,oped·to reStore the water quality for
ea.chareawith involvement fromdif­
ferent levelsofgoveriunentand,va-'
rious interest gr,oups.' .' ". . '. . .. ...

Canada and .the United, States,
throughth~ International Join.t Com- •
mission, are both examining the im­
.pact of pollution on the Great Lakes

. and estaoblishing remedial action
plans; TheacUon plan wiUJdentify

.specific measure; to control existmg
sources of pOllution, abate environ·
merital contamination already pre­
sentandl'estore beneficial uses.
" Other areas in the region with re­
medial action pl~il groups include
Marathon~s Peninsula Harbor; Nipi.
gon~y and Thunder Bay.



·SludvolBlackbirdCreeksvslem·
• 0. 1. •

seleclSOPlionslo re~lore waler Quality
The Jac~mBaYRemediaIforwhatperlod of time woUld' tern to recover to'bac~gtound

ActiolfPlan (RAP) Team,Jn they contin!1eto contribute to conditioris(sedimentand
, consultation with the Public the Lake Superior contaminant Water)? ,,
Advisory Committee (PAC), load?, " ,The,study has beencomplet­
has commissioned a study of *'What remedialoptionsaJ"e ed and will-be circulated for
the Blackbird Creek system. av8i1ableto assist in the natural PAC review, in early August."
TlUsstudywill 8J1Swer a nwn- recov,ery of Blackbird Creek The PAC has also hiI'd the
ber of'questions which will and its associated hikes and,oppoitunity to review some
assist the PAC and the RAP what are the costs of e.ach: introductory information
Team 'in selecting remedial option? , 'regaiding"question four and a
options to restore the water In the 1984 feasibility stUdy , :Preliminary Baseline Study of

'quality and aquatic habitat 'of of outfall alternatives, prepared VegetationandRehabilitatiOri
,JacJdish Bay. ,fol' KJrnberly.;Oarlc, of Canada ,}>otential.,This study oUtlines '
, "There were five ,specific Ltd., Jive options were pro- the use ofwetlands asa CIean­
questions put to the consUltant ppsed for' effluent dis.persion.ing system, for Blackbird, con-

, 'These'are: 'The,costs estimated for each t8minan~s.

* Are the histOriccont3mi- ' optionin, this reportwere base(i, 'ThePAC will be meeting to
'nantS, iIi'Blackbird Creek and upon1984dollars,~nd con~ discuss this report on August 8;
its aSsociated lakes Contribut~' struetion methods. What costs' . 7 p.m.,at'Birchwood Terrace in "
ing to the overall tOxic/contam- ,would'~' essentiat with each> Terrace Bay. This rneetirig will '

, mant load to Lake Superior? If ,'option 'basedupon cUJTent mar~ . become th~, first-in a series of
sO,where a~ ~e sources and ',ket coriditions? ,,' meetings where the PACwill
hOw significant are they. * Assuming that Kimberly- review optioI)Sarid recommend .,
, *If the: pollutants., contained Clark of Canada Ltd. Were towl1at actionwiil best achieve·

, '~ithin the sediments o(B!ack- 'ceasediSChai'ging effluent. into thewater usegoalsfor Jackfish
bird Creek and its a'ssociated BlackbirdCreeksystem,how Bay.PAC~eetingsare always
lakes, were to remainfn place; long W~uld it, tak~ for~ .sys~ ,Open to.the puh~c.
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December ·1, 1988

May 9, 1989

May 18,1989

.June 22, ·1989

July 13", 1989

August 10, ·1989

September· 14, 1989 .

October 19, 1989

November 9,1989.

November 21, 1989

. November 25~ 1989 .

December 7, 1989

January 4, 1990

February 1, 1990

February 22, 1990

Activity

Jackfish Bay Open Houses... . . .

.. Introductory PAC· Meeting

. Jackfish" Bay Tour and PAC Meeting #3

Lake ~Aw Tour and PAC Meeting #4 .

.. PAC Meeting 1/5

PACMeeting #6 .

Kimberly-Clark Mill Tour.

PAC M:eeting#7

Technical Temis information Sessions

MISA PresentatibIi for an four North
Shore of Lake Superior PACs

PAC Meeting #8· .

PAC Meeting #9.

PAC Meeting #10

PAC Meeting #11



March 22-24 ..

March 29, 1990

April 4, 1990

May 17, 1990 '.

June 21, 1990

. July 26,i990

". "..

September 9; 1990

.: . . . .

Sep~mber'27, 1990"

Noyember 22; 1990· .

December 13, 1990 .

FebruarY 18, 1991

MarCh 23, i991

April n, 1991

May 23, 1991

. Au~t8, 1991

. Making a Great Lake Superior Conference

PAC Meeting #12

PAC Meeting #13

PACMeetmg #14

PAC Meeting#lS

. PAC Meeting #16

PA-COpen HouSe. to present Water Use
.Goals to Public

PAC Meeting #17

. PAC Meeting #18

.PAC Meeting #19

PAC Meeting .#20·

Remedial Opiions Workshop for .all four
North Shore of Lake SlJperiorPACs .

PAC-Meeting #21

PAC Meeting #22

PAC Meeting #23
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JACKFISH BAY REMEDIAL ACTiON PLAN
PUBLIC ADVISORY COMMITTEE (PAC)

TERMS OF REFERENCE

.THE REMEDIAL ACTION PLAN (RAP) PROCESS AND THE PAC

The RAP Process

. The RAP Process will produce' a plan UIat, when iinplemented; will:restore aIld protect beneficial uses of Jackfish
Bay. '. " . ,

The RAP will'build on past andongoing~fforts and will be 'consistent \vith the requirelDents of the Great Lakes
Water Quality Agreement of1987 and the Canada-Ontario Agreement Respecting Great Lak~ Water Quality.

. . .' .

A Canadian federiU~provincial RAP Team has betmcreated<to coordinate the development ora Remedial Actin Plan.:

The Public Advisory Committee (PAC)
. .

The PAC will ope~te as an advisory body.to the R,APTeam,. representing a variety of views on key aspects of the
RAP preparation and implementation. The PAC will consider all views presented by the general public in
formulating its collseilsus. . . . .

. Objectives(jf the PAC

to represent the range of community interests and concerns;

topn~vide a focal point fot the views andpositi(jns of the public m,the development ,of the JackfishBay
. ,Remedial Action Plan; . ' .

.'to assist the RAP team in implementtnga public information program for the generalpublic~inpart by
acting as a ,liaison between the PAC and its member organizations; and.

- to provide a basis forgenerating'conttnunity support for impiemelltation Of the final plan. .

ROLES AND RESPONSIBILITIES

PAC: Group Responsibilities

The 'role of the PAC.is toadvi~ theRAF Team· throughout the'RAP'd~velopment andinipleme~tationprocess.
'. The PAC will: " .

confirtn and prioritize beneficial water uses to be restored;'

, review tesultsof research; ,

provide input to and reviewdeseriptions' of enviroJimental conditions, so~rces and proposed ~medial
options, and the draft RAP document;

. contribute to and review, the statements of goals and environmental conditionS;
, .



identify parties, responsible for implementation of remedial measures;
, .

review and comment on ,the scheduling of remedial measures; :

assist th~ RAP Team, iIi designillg a process toevahiate the effectiveness,of relnedial action meaSures;

review and provide input on the overallpublicinvolvem~ntprogram for both the planning and , '
implemep,tationphases;,and

.'review each stage of the~ackfishBay RAP for consistencyWith goals and objectives of ,the PAC:

,PAC: ,Individual Member Responsibilities

'Itis the responsibility of each individual appOinted to the PAC to:
. . . .

prepare for and attend'aUpAc meetings;
. .' .. . .

represent the views, inte~es~ and values oftheir respective grO\ip(~)(if th~y repreSent a'group).This
m~ eommunicatingallinformation andviewpoints'back to. the group(s) to seek suppo~and 'pOsitions

, ()Ji issues discussed at ~AC meetings and to convey the:group'~ positionshack to the PAC;!lDd

promoteconimunity awareness, understandirigandsu}ipm1:forimplementation 6fthe RAP.

In addition, attendance at open 'houses andmeetiiigs for the general public ,(2 to3 meetingspe; year)bY'PAC:
representatives wOlildbe desirable. " , ' '

MEMBERSHIP ANDR.EPRESENTATlON,

,General,

It i~ the intent ~f the RAP 'Team tobave' a wide range of cOilUDunity representation onthe:PAC. , MemberslllP on
the PAC,shall attenipt to include individualsrepresentingcommuniiY organizations, lOcal govelllJiient agencies and'
the 'general public having a direct effect on; or beiJigdirectly affected hy, the water quality of Jackfish'Bay. Th~,"
PAC mar also include groups oriridivi4Ualshaving an interest in the,~lindmanagement oflocal waters.

PAC Organization

Initially, the PAC shall meet ,and determine operating rules of procedure, incl\ldingfrequency of meetings, time, '
location, the need for additioJial members, etc., and,shall review these rules of procedure With theW Team: The
RAPC09r4inatorQr alternate shall attend all PAC,meetings. , ,

, , '

, Agenda and supporting reports shall be distributed in ad~ance.of any meeting in order to ensure-that all members
()fthe PAC 'are kept fully informed.' '" ,

, The PAC.mayappointsub~ommittees,toaddressspecificissues. M~mbers of thesub-eommitteesneed not be'
,members of the J>AC" '

, "

"PAC meetings are open for anyone to attend as an observer. Adeq~tenoticeofall PACmeetings shall be provided
to PAC members, interested parties and the public;

The PACean meet lis often asnecessary duririg the day, evenings or'on weekends; as determined by the
, membership.



Facilitator

Services of a facilitatOr to aSsist the:P1\C will be provided to the PAC by the RAP team.. . ."' . ."

Specificduties of the facilitator may.include orgariizing meeting dates and 1000tio~,preparingagendaand minutes,
circulation of reports, andattendan~ at·PAC· meetings. . . . .

Chairmanship'
. . .' .

. A Chairrilan shaIlpreSideover :PAC meetings. The Chairman's. objective shall be to discUss all issues fairly and .
. maiJ.age the meeting so as to.achieve a consensus on each issuefor presentafion to the RAP Team.

. The criteria for selection ofaChairman must centre on the individual's ability to .oyersee an~ direct the wodcings
of Ii diverse grouping ~f intereSts in meeting the PAC's objectives. Appointment of theChaiiman shall be mad~
by the PACasawhoie~' . '., . . .

. ~. . .

The PAc may deteroiitle whether·~altematetothe Chairman should be designatedand whether the Chairs,hould
be rotated. . '. . . .
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, JACKFISHBAY PUBLIC ADVISORY COMMITTEE'
WATER USE GOALS

~HORT-TERMWATER USE GOAL
: . . . . . .

Redllction of toxins, particUlarly c'hlorinated organic compOunds, ,from PQint sources in order to meet or exceed
Federal and Provmcial guidelines. . ',' ,

'LONG-TERMWATER USE'GOALS

, 1. SilfeDrinkingWater

JackfishT()~cottagerS showdbe able to drink the water from Jackfish Bl1-Y followmg standard treatment methods;
and the wa~rentering'the Jackfish Bay, area of Lake SUperior fromthe Blackbird Creek sy.stem must be safe for>
conSumption.

2. Fisheries

'The fish habitatantl spawning areas in Blackbird 'Creek'and JackfishBay, mUst retumtoaheal~y,hosPitable state.•

,The fishery of Bla¢kbi~d<;reek and Jiltkfish' Bay must 'be part of a balanced and healthy aquaticcoIrimwiity; ,

, All fish caught in BiackbiriCreekand JackfisbBaym'i1st be safe for' coilSlimption at any size or quantityaild .h!lve
contaminant levels. that are less than;. or at most, equal .to backgroimd levels~ ,.

3. " Recreational uses.
, ,

The \Vater'inJackfish Bay must be clean and odo~rlessfor swUmnlng,boating and scuba diving. Blackbird Creek
and Jackfish Bay must be returned to.natural conditions in order tosnpporttrapping and hunting. The aesthetic of

. Blackb~rd C~k and Jackfish Bay should beimproved in order to encourage tourism and educational trips.

4. ' Wastewater Reetiver

Blackbird' Creek and 1ackfish Baycailcontinueto,be used for mill ~muent discharge providing that ifdoes not
impairbeneficial uses, inhibit indigenous biota or produce othe~ advetseimpacts on the ecosystem.

, .
5. 'Delisting

. Water qualjty conditions shouldbe hnprOVed tb the pointthaOaclcfish Bay is ~() longer an area ofconcem as
defined by the Great Lakes Water Quality Agreement.' . ' , , ,
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