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. ‘Zb ‘Wﬁom It May Concern

' ,ﬂfter two years of stud'ymg tﬁe present amf past com[ztums qf ]ac.(fzsﬁ ﬂay ant[ tﬁe h

associated Moberly Bay and Blackbird. Creek system, we as a Public Advisory Committee - . "

(PAC) feel that we have fully outlined our assessment of the conc[ztwns in ]ac@ﬁsﬁ ﬂay am[ N
s mformezf tﬁe [eazf agenczes in tlie Rﬂl’ program of our. concems o

We fee[ tﬁat tﬁe ]ac&ﬁs/i CBay Stage Orie document acfc{resses the 1mpazrez{ uses as N

' summarized i in our Water Use Goals and that it is a summation of the accumu[atea’ a’etaz[s R -

- ' ,qf tﬁe com[ztwns e?(tstzrg in tﬁe ]acl{ﬁsﬁ QBay ﬂrea Of Concern.

: ‘Iﬁe ]ac&{zsﬁ Bay Stage One z{ocument gives tﬁe fPﬁlC a sense of accomp[zsﬁment am{ R

- _"‘i\encourages us to contine towarcic tﬁe comp[etwn and zmp[ementatwn of Stage ’Z"wo
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JacKfish Bay
- ‘?uﬁ[u: ﬂla'wory Commzttee o
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FORWARD

o Thts document provxdes a summary of the envn'onmental oondlnons in the Jackfish Bay Area of Concern in
" Lake Superior, Ontario, Canada; and identifies speaﬁc environmental problems. The report contains a -
" technical summary for use in the public consultation process which' was initiated in 1988. This report o
_represents the Stage 1 submission of the Jackfish Bay Remedial Action- Plan, in accordance with the Canada- ‘
U.S. Great Lakes Water Quahty Agreement and the Canada-Ontano Agreement respectmg Great Lakes
_Water Quality. _ - 4 R , , . :

. Several xmparrments to beneﬁctal uses are 1dennﬁed and descnbed in Tables E and 51 of this document
based on water, sediment and biota surveys. which were carried-out primarily between 1969 and 1988. In -
‘October of 1989, the Kimberly-Clark Canada Inc. pulp mill, which is the only point source discharger to the
Jackfish Bay Area of Concern, added a secondary effluent treatment system. This resulted in s1gmficant

- reductions in BODs, phenolics, and resin and fatty acids. Although some ambient water and biota data : as
well as effluent data for the period followmg start-up of secondary treatment are ‘discussed in this Stage 1
document, potennal 1mprovements in the amblent envxronmental quahty since. 1988 have not been fully

*In order to further assess and update J ackﬁsh Bay envxronmental quahty, the follomng actlvmes are

o scheduled for 1990/91:

:.- - an assessment of rehablhtatxon opnons for the Blackbnrd Creek system o
e fishoontammantsurvemeackﬁshBay; : ‘ :

'f R iﬁsh reproducnon and mlxed-funcnon oxldase acnvnty study;
e sednnentsamphngandanalysrs,and .

coe water quahtysmdy

The results of these mvesnganons will be reported in an update to Stage 1; whnch will be mduded upon -

submxsslon of the Stage 2 document. o » . :
: It is expected that by Apnl 1992 a descnptlon of remedtal opuons for Jackfish Bay will be oomplete DR
Selection of preferred options will have been completed by July 1992, after extensive review by the public

o : o through openhousec matlouts etc. A draft Stage Two document should be avaxlable by September 1992’
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i EXECUTIVE SUMMARY -
- 1 INTRODUCTION

| Jackfish Bay was. identified in 1985 by the Intematlonal Joint Commission (IJ:‘C)'as one of 42 Areas of , o
. Concern (AOC) in the Great Lakes Basin. There are currently 43 AOC. Areas of Concem were identified . -
" based on known impairments of beneficial uses. ‘Jackfish Bay was ongmally listed as an AOC basedon = -
. problems related to conventional pollutants heavy metals, toxic organics, contaminated sediments, fish

consumption advisories and 1mpacted biota due to mdustnal pomt sources’ (pulp mrll) and m-plaee pollutants
(eontammated sedrments) ' - R , , .

Jackfish Bay is one of four Areas of Concern on the Canadian shore of Lake Supenor The other three

"~ AOC:s are Peninsula Harbour, Nipigon Bay and Thunder Bay and have been grouped together as the. "North - -

- Shore of Lake Supenor Remedral Action Plans even though each is bemg developed separately

The first step in the Remedral Aeuon Plan (RAP) process was. the formatron of a RAP team, eompnsed of

, vrepresentauves from the Ontario Ministry of the Environment, Envrronment Canada, Ontario Ministry of . o
Natural Resources and the Department of Fishenes and Oceans. The RAP team has been charged with the

. development of & Remedial Action Plan for Jackfish Bay which is a staged process. This document is the -
~ first of three stages. Stage Iis being prepared in order to define the problem, addressmg the followmg

B reqmrements.

S detal existing environmental conditions in order t'hat‘
environmental problems inJ aelcﬁsh Bay may be deﬁned and
descnbed, e ' .

. ldenufy beneﬁual uses that are 1mpa1red, the degree of 1mpa1rment
- and the geographrcal extent of unparrment thhrn the Area of
Concem, and ' . .

. define the causes of unpalrment, provrdmg an assessment of all
' known sources of pollutants and a descnptron of other potentral
sources :

‘In addruon to the technical document to address the above, an extenstve pubhc paruelpauon program has -
~ been developed in order to inform the- public, improve the plan by gaining information arid advice from the -

. public, gain support for plan rmplementatron, and provrde a rneehamsm for aeoountablhty to the pubhc

A number of mmauves were undertaken to raise the proﬁle of the RAP process among the general pubhc

~ through, outreach ‘activities. A pubhc consultation program resulted in thé formation of a Public Advisory =
~ Committee (PAC) consisting of 13 members. Representation from the community includes the Township of. -

- Terrace Bay, Kimberly-Clark Canada Inc., community and envrronmental groups, labour and the general IR
- publrc "The purpose of the PAC is as follows : . o

: »'. . actasa focal point for public consultauon and allow effective drssermnauon of
| mformauon on the RAP process and envrronmental concerns, , 5
T e ” provxde an addmonal level of revrew for RAP doeuments and remedlal opuons,
.« provrde an efﬁuent andeffecuve means of ensunng stakeholder mput as the RAP is,

berng developed and



' o provnde a basis for broad eommumty support for RAP 1mplementatlon.

"The. ulnmate goal of the public oonsultauon program is to ensure that each RAP addressee local
A envtronmental concerns and reﬂects future water use goals for the commumty :

| 2 THE RAP Pnocess
The mechamsms for the development of the Remedral Actton Plan for Jackfish Bay have been estabhshed

through the development of the Great Lakes Water Quahty Agreement (GLWQA). This agreement, first
signed by Canadian and U.S. governments in 1972, was revised in 1978 and subsequently amended in 1987.

" The amendmg protocol in 1987 included an annex which required Canadian and U.S. governments to develop

~ and implement remedial action plans for each of the Great Lakes Areas of Concern. : As outlined in the 1987
GLWQA, an Area of Concern is deﬁned as "a geographic area that fails to meet the General or Specific

s ObJecuves of the Agreement where such failure has caused or is likely to cause impairment of beneﬁual use

o or the area s abrlrty to support aquatlc life". Fourteen use 1mparrments are speetﬁed in the GLWQA. .

- i. R Restrictions on fish and wildlife consumptron, R
" Tainting of fish and wildlife flavour; = - =
- Degradation of fish and wildlife populanons
-+ Fish tumours or other deformities; , '
- Bird or animal deformities or reproducttve problems,
. Degradation of benthos; -~ - N -
~ Restrictions on dredging activities; -
. Eutrophication or undesirable algae , :
Restrictions on drmkmg water oonsumphon, or taste and
» odour problems;
. .Beach closings; - .
- .- Degradation of aeethetm, :
. Added cost to agriculture or mdustry;
. Degradation of phytoplankton and zooplankton
: o populauons,and-‘
f.-xiv. IR 'Lossofﬁshandwrldhfehabrtat.

f- E g & < '<' E:

. "The 1mpa1rment of any one of these beneﬁual uses; could be sufﬁcxent to hst an area as an Area of Concem
. Using this list as a basis, the LJC has. sohcxted input in the development and refinement of Listing/Delisting
Criteria for Great Lakes AOC. In some cases, even with specific criteria outlined, it is difficult to deﬁmttvely B
. establish whether a beneﬁual use is impaired. As a consequence, the RAP Team has been required to o
" exercise  prudence and extensive consultation with both technical experts within and outside the RAP Team,
. as well as with the PAC. The Jackfish Bay Remedial Action Plan has used available environmental quality
“data to compare with the IIC Listing Critetia; in order to determine the impairment status of beneficial uses .
in Blackbird Creek, Moberly Bay, Jackfish Bay and Tunnel Bay. In addition, violations of existing water o
~ - quality criteria or effluent requirements have been: highlighted even though a direct relationship with an"~ .
'~ impairment of beneficial uses may not be demonstrated. The public (both individuals and orgamzauons) and
various levels and types of government agencies were included throughout the Stage 1 RAP development
B procees in an attempt to- reaeh consensus. on the. problems in Jaekﬁsh Bay . ,

Annex 2 of the 1987 protoool amendmg the GLWQA speclﬁes that the RAP should be submltted to the UC

~ - for review and comment at 3 stages. This document represents a eompleted Stage 1 outlining the definition

- and- descnptlon of environmental problems, causes of these use impairments, a deecnptlon of all known
- sources of pollutanm mvolved, and an evaluatton of other possxble sources. - - . .

xiv



, Stage 2 will deﬁne the: speclﬁc goals for the Area of Concern and wnll describe the remedlal and regulatory T
- measures selected to restore beneﬁcnal water uses. The Stage 2 RAP wxll include: o '
L Can evaluation of .reniedial’ measnres in place;

2, an evaluatxon of alternauve additional measures to restore
R beneﬁaal uses and. assouated costs; ' :

| 3. selection of addmonal remedial measures reqmred to restore '
o beneﬁual uses and a schedule for thelr unplementanon, and -

' 4 an 1dent1ﬁcatlon of the persons, agencles, or orgamzauons _
i -responsnble for mplementauon of the selected remednal measures.

. - Stage 3 of the Jackfish Bay RAP wrll be submitted when momtonng mdrcates that ldentxﬁed beneficxal uses
© - are restored This stage of the RAP will mclude ’ . S ,

1. C.oa process for evaluatmg the remedral measures mlplementauon o
and effectweness, and . . S

2. a descnpnon of survenllance and monitoring programs desxgned to

- track the effectiveness of remedial measures; and the eventual
f conﬁrmatlon of the restoration of the mses. : :

| 3 DESCRIPTION OF THE STUDY AREA

.. The Jackﬁsh Bay AOC is located on the north shore of Lake Supenor, approxxmately 250 km northeast of :
‘Thunder Bay. The AOC consists of the reach of Blackbird Creek between the Kimberly-Clark Canada Inc.

 pulp mill and Jackfish Bay including Lake ‘A’ and Moberly Lake as well as Jackfish Bay (Figure 1). The

Town of Terrace Bay is the closest community to the Jackfish Bay AOC. Ithasa p0pulatlon of .

o "approxrmately 2,700 and lies to the west of J ackﬁsh Bay outsrde of the AOC

.Blackbrrd Creek carries the wastewater dxscharge from meberly-Clark Canada Inc. The Blackbnrd Creek

= .watershed drains an area of 62 km The creek rises near the town of Terrace Bay and flows in a south-
- easterly direction for 14 km into the northern tip of Moberly Bay. Historically, Blackbird Creek passed
- through two shallow lakes referred to as Lake *A’ and Moberly Lake. Lake A ongmally covered a surface.

area of 19 ha with depths up to 6.1 m.. Moberly Lake is 28 ha in'size with-a maximum depth of 6.4 m. Lakev, 4
" A was bypassed in the early 1980s because wood fibre had substanually ﬁlled itin, Moberly Lake was 0.8 m
~deep (as of 1982) and has also expenenced sngmﬁcant infilling. o _ S .

o Jackﬁsh Bay contams two inner arms, Moberly Bay on the west, mto which Blackblrd Creek drams and
- Tunnel Bay on the east (Figure 1). A man-made tunnel connects Jackfish Lake with Tunnel Bay. Jackfish :
.. Lake receives runoff from a small drainage basin which extends to the north of the lake.. The total surface
- area of Jackfish Bay is 6.4 km?. The largest islands are Cody Island, which is located in the extreme ‘
southwest of Moberly Bay; Bennett Island, located in southeastern Moberly Bay; and St. Patrick Island,

. wtnch is located near the eastern shore of J ackﬁsh Bay.

. Mean dallytemperaturesmthe reglon are -13.3° CmJanuary and 15° CmJuly ‘Mean daxlymaxlmaand .
- mlmrnaare-7.8 Cand-189 CmJanuaryand211 C and 100° CmJuly Recordedmeanannualramfall '
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s 787.4 mm thh a mean annual snowfall of 243.8 cm. Precipttauon is relatlvely low in winter and hngh in
summer. , . S S

The area lles within the Abitibi Upland Unit of the James Physlograplnc Reglon This unit is descnbed as

B having a broad rolling surface and consisting of crystalline Archean rocks of the Canadian Shield. The .

. bedrock geology of the northern and western.shores of Jackfish- Bay is dominated by massive crystallme ,
~ igneous rocks consisting of granodiorite to granite. The southeastern shore of Jackfish Bay consists of mafic
to intermediate metavolcanic rocks. Minor metasedimentary rocks (metamorphosed sedxmentary strata) also - -

o occur within this complex. Glacial deposits consist mostly of a shallow sandy till ground moraine which

overlies the lower portions of bedrock outcrops. Locahzed deposxts of sandy glacial outwash and SR
glaciolacustrine deltaic sediments also occur, . S

- The Jackfish Bay AOC lies thhm the Supenor Forest Secuon of the Boreal Forest Reglon. Forests of. whlte o
spruce (Picea gauca), balsam fir (Abies balsamea), white birch (Betula. papyrifera) .and tremblmg aspen

- (Populus tremuloides) are found in the valleys. The same species, but with birch more: prominent and some

black spruce (Picea manana), is found on the thin till slopes and tops of low hills. Jack pine (Pinus -
- banksiana), white birch and poor quality black spruce, are characteristic of hlgher rocky elevations and .
‘coarser valley soils. Lowland areas support high quality : stands of black spruce along with tamarack- (Larix

- .lanana) and eastern white cedar (Thuja ocademalzs)

Wildlife f0und in the area of Jackfish Bay are species well adapted to the harsh chrnauc condmons found

there. Common species include: moose, deer, timber wolf, fox, lynx, black bear, mink, fisher, martin,

- muskrat, beaver, | porcupme, skunk, snowshoe hare and red squirrel. Shrew, mice and vole populatlons are
-also found in the- Dlstnct, as well as a vanety of upland game birds and songblrds B .

" 4. LAND USE

There are no industrial, commercral resxdenual or agncultural land uses within the watershed of the Jackﬁsh Cn
‘Bay AOC. Cottages have been constructed along the east shore of Jackfish Bay at the former townof
‘Jackfish. The Klmberly-Clark Canada Inc. pulp mill lies to the northwest of the Town of Terrace Bay whlch
- is located west of Jackfish Bay. 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
-community of Jackfish. It receives only domesnc refuse and is not considered a potenual hazard to the
AOC.

5 wAreR RESounc‘E USE

- Process water for the pulp mlll and domesuc water for the Town of Terrace Bay is obtamed from a common
intake located in open Lake Superior, approximately 10 km west of Jackfish Bay. The combined intake _
- currently approaches 143,850 m>/day. Hays Lake, located northwest of the Town of Terrace Bay, provrdes .
an altemate water supply , A

' Process water from the Kmtberly*Clark Canada Inc pulp mill is dlscharged into Blackblrd Creek which flows: o
over a distance of 14 km to Moberly Bay in- Jackfish Bay. During 1990 the average effluent flow from the -
- mill was 94, 000 m3l day. This represents the only point source dxscharge wnthm the Jackﬁsh Bay AOC.

- '-Mumupal wastes from the Townshrp of Terrace Bay are treated in part by a small extended aerahon faclllty o
and polished through an exfiltration lagoon, and in part by passing through two septic tanks followed by an -
exfiltration lagoon. Both lagoons lie adjacent to Lake Superior, immediately south of the townsite and ’

L removed from Jackfish Bay Their is no dlrect dlscharge from the lagoons




Water: depth in Jackﬁsh Bay generally mcreases abruptly from the rugged shorehnes to depths of 10-to 50 m. .
- Littoral areas-are limited in extent, forming extremely narrow bands along the shoreline and, as a result,
wetlands are not present in Jackfish Bay. Nearshore fish spawning and nursery habitat is restricted to

isolated pockets, primarily located in Tunnel Bay and around Cody and Bennett Islands. Jackfish Lake is
connected to the northern tip of Tunnel Bay by a channel apprommately 15 m in length. The lake provides

- . spawning and nursery habitat for a number of resident warmwater species in addition to migrants from .-
- . Jackfish Bay. Jackfish Bay species which spawn in Jackfish Lake or its tributaries include walleye

(Stizostedion vitreum), northern pike (Esox lucius), rainbow trout (Oncorhynchus mykiss), prnk salmon (O
gorbuscha) and suckers (Catostomus sp.). -‘Major lake trout (Salvelinis namaycush) spawning grounds were-
- historically located in Moberly Bay and along the shore of Lake Superior adjacent to. Jackfish Bay. Lake

- Whitefish (Coregonus clupeaformis) spawning grounds occur along Lake Superior’s shore immediately east L
and west of Jackfish Bay. Blackbird Creek was noted asa brook trout (Salvelmus pnanahs) stream pnor to _

. the start-up of the mxll m 1948.

Commerual ﬁshermen first settled in J ackﬁsh Bay dunng the 1870s and the oommeraal ﬁshery mdustry was
well established by the mid 1880s. Jackfish Bay was noted as an excellent port, but, fishing was never =~
" extensive in.the area as the adjacent shoreline was rugged and storms could be severe. The fisherywas . -
characterized as a rowboat fishery with an annual catch of approxrmately 14,500 kg of lake trout and 6,000 kg
of whitefish between 1895 and 1898. Commerecial fishing activity peaked during the early 1900s, when- -

o approxlmately 40 families were permanent residents of the former Town of Jackfish (Figure: 1). However,

since the early 1950s, water pollution, sea lamprey predation, and heavy exploxtatlon depleted fisheries stocks .

© . in Lake Superior.  Although there is no commercial ﬁshery located within Jackfish Bay, two licensed

- commercial fishing operauons utilize offshore areas in Lake. Superior beyond the Slate Islands. The total
o commercial harvest in 1985 amounted to 5,082 kg which was valued at $5,727. Lake trout, lake whitefish,
) chub (Comgonus sp) and lake hemng (Coregonus anedu') are the four prime commercial species. o

Sport ﬁshmg inJ ackfish Bay dechned dramattcally dunng the 1950s and has remamed depressed under.
* - current conditions. Lake trout 'spawning shoals appear to have been adversely affected by organic material in -
" the discharge from the Kimberly-Clark Canada Inc. mill. Electroﬁslung surveys found few spectes and low. -
~ ‘numbsers of fish in Moberly Bay as well as mcreasmg numbers. and speues dxversxty with i mcreasmg dlstance
from the rmll outfall , : v . :

* The Jackfish Bay AOC is an attractive location for recreational. use However Lake Supenor’s mherent oold‘,
" water conditions, poor: aesthetics related to the effluent from Blackblrd Creek, and limited access restrict -

"+ traditional water activities. Water based recreatronal activities are restricted to scuba diving by local

residents. The wreck of the Rappahannock, a 94.m bulk frelghter which sank in 1911 in Tunnel Bay, is a
popular local d1ve site. . .

Y ENVIRONMENTAL CONDITIONS

. - 6.1 Water Quahty

. - Water quality surveys undertaken dunng 1970, 1981 and 1987 /88 mdxcated a plume of contammatton in
* . -Jackfish Bay resulting from the discharge of effluent from the Kimberly-Clark pulp mill via Blackbird Creek.
* Surface waters, situated above the hypolimnion layer, are most affected in terms of higher concentrations and -
. more frequent exceedences ‘of PWQOs and GLWQA Specific Objectives than bottom waters. Although the
extent and impact of the plume varies depending on wind and current direction, the most heavily impacted
zone includes Blackbird Creek, all of Moberly Bay and. the northern and western portions of Jackfish Bay.
Nearshore waters of Lake Superior to the west of Jackfish Bay are also affected by the plume as shown by
“stations located offshore of Cape Victoria and by bacterial surveys. Elevated densities of several bacterial -
speaes occurred in densrtm exceedmg PWQOs or IJC reoommended levels as far west as Pumphouse Bay



. south of the Town of Terrace Bay. Although Tunnel Bayis mostly outsnde the plume, gmdehne exceedences
" (particularly metals and bactena) occur occasronally due to individual wind ‘events movmg the surface plume
- to the northeast. i : , o :

Table A provndes a summary of ambrent water data for the Jackﬁsh Bay AOC. Data ranges are for open .
‘water stations in Moberly, Jackfish and Tunnel Bays only. Data for Blackbird Creek are provided separately
in Section 3.4. Table A also indicates where exceedences of objectives have occurred based on the most
recent water ‘quality surveys whrch were undertaken dunng July and August 1987 and July 1988 T

- 'These surveys rdenuﬁed concentrations of contaminants resultmg in exceedences of PWQOs andlor .
‘GLWQA Specific Objectives in Moberly, Jackfish or Tunnél Bays for turbidity (secchi disc), dissolved -
oxygen, pH, total phosphorus, total coliform bacteria, fecal coliform bacteria, alummum, berylllum, cadmrum,

s ‘chromium, copper, iron, mercury, nickel, lead, zinc and dehydroabietic acid. The dissolved oxygen objective

was also- violated during 1990 studies.. The IJC recommended guideline for Pseudomonas aerugnosa was also

- exceeded in Moberly and Jackfish Bays. Total phenolm and pentachlorophenol were exceeded during the -

1981 surveys in Moberly Bay. -Most exceedences occur in the upper half of Moberly Bay, however, o C
exceedences occur regularly for some metals and bactena in much of Jackﬁsh Bay and occasronally in Tunnel -
: Bay | : v . o _

- The, environmental condrtlon of Blackblrd Creek has been severely degraded Durmg low ﬂow conditions, up -
2" 10 90 percent of the flow in the creek represents effluent from the Kimberly-Clark Canada Inc. pulp mill.. '
- Ambient objectives were also exceeded in Blackbird Creek for many of the same parameters as noted for ',3
. Moberly and Jackfish Bays (Table A) as well as 2,3,4,5-tetrachlorophenol 2,4,6-trichlorophenol, ‘
L pentachlorophenol 7-chlordane, endrin, endosulphan L endosulphan II heptachlor, o,p-DDT p,p-DDD p,p-,‘

DDE p,p-DDT and Eschenchta colt T ,

8. 2 Bottom Sedlment Quality

The- results of geophysrcal mvestrgat\ons of sedxments from the Jackﬁsh AOC dunng 1987 and 1988 1denuﬂed~-’
. the presence of three depositional basins in which fine-grained (mud) sediments dominated. These basins
correspond to Moberly, Jackfish and Tunnel Bays. The sediments of Moberly Bay have the highest ‘
. 'percentage of organic material and consequently the most reducmg conditions. The presence of the organic
- material is attributed pnmanly to the mill effluent which enters via Blackbird Creek. The sediments of the
" three basins are variously contanunated due to'a ‘variation in sources and to processes which ﬁfect therr ‘
- aecumulauon and avanlabrhty : . e

. Table B provrdes a summary of the most commonly detected contammants in surﬁaal sedrments collected at o
stations in Moberly, Jackfish and Tunnel Bays. The locations where station means exceeded gmdehnes are.
 also indicated. Contaminants which exceeded either the Open Water Dredged Material Disposal Guidelines
~ and/or the Lowest Effect Level of the Provincial Sediment Quality-Guidelines, based on surveys undertaken
during 1987 and 1988 include: oil and grease, total organic carbon, total phosphorus,. arsenic, cadmium, -
chromlum, copper, iron, lead, ‘manganese, mercury, nickel, zinc, hexachlorobenzene and total PCBs. TKN . }
: measured in 1981 also exceeded guidelines. In addition, high concentrauons of certain phenolic compounds, .
resin and fatty acids, and dioxins and furans, for which no gmdehnes are avarlable, contammate sedrments .

= wrthm the AOC

' Contammants Whl(‘h are attnbuted to the Krmberly-Clark effluent based on thelr tempora.l or spaual

: drstnbutlon patterns, either currently or historically, include total orgamc carbon, TKN, mercury, znc, total
- PCBs, hexachlorobenzene, phenolic compounds, resin.and fatty acids and tetrachlorodibenzofurans. The -
* most likely sources for the higher chlorinated dibenzo-p-dioxins and furans, and certain metals (cadmium and
copper) are diffuse and point sources remote from the AOC and contnbuted vra atmosphenc deposmon o



j ”“Table A

Contam1nant 1nventory summary in amblent water from the Jackflsh Bay Area .of Concern (1987/88)

with comparisons to the Provincial Water Quality Objectives (PWQO) and the Great Lakes Water_
Qua11ty Agreement (GLHQA) obJect1ves (Sherman 1991) : : : '

x,x o

L Ob]ect1ve[Gu1de11ne RAP Datak* _ . Locaglo
' : ,/# Samples' Ranse Of Values* Exceedencel
Phys1ca1 Parameters._ e s - e ' ; R ,
Tubldlty (FTU) . | <10% secchi | - - "452/&52 | 0.20 - 460.0 |
" L depth decrease|. _ a L . o
Mon 6.5 = 8.5 - - 452/452 . 5.40 - 8,00 - MB
' ot71 A1ka11n1ty - 25% change - - ' 452/452 » 4.0 - 220.0 -
" {Nutrients and Hetals (mglL)' o o e C e , o
{ot?I Phosphorus | o200 - 2z 432/454 | . 1-1770 'MB JB BC
latuminum - 0,075 - ' <0 003 - <0.1. | 195/297 | <0.003 - 2.10 | MB JB BC [
Arsenic . 0.1. 50. <0.001 - 28/314 . | <0.001 - 0.018 | - |
Beryllium 10.010 - | <06.0005 - <0.05 | 1/309 | <0.001 -0.05 | MB
Cadmium - '0.0002 vp.oooz.;'<o 0002 -.<0.015| 21/309 | <0.0002 - 0.040 | MB JB
lchromium - - 0.10" 0.050 | <0.005 - <0.10 |- 120/309 <0.001 - 0.13 |  MB
Copper 0.005 = |.0.005 | <0.0005 - <0.10 | 111/309 | <0.001 - 0.41 .| MB JB TB
Iron - 70.300 0.300 | . <0.001 - <0.10 | -174/309 <0.001 - 2.60 | '~ MB BC .
Lead - 0.020 0.020 | <0.005 - <0.15 |- 38/309 | <0.003 - 0.22 | MB JB TB
Mercury (ug/L) 0.2 0.2 |  0.00 | 94/319 <0.01 - 0.07 | MBJB
Manganese = o= | <0.0005 - <0.01 [ 264/309 <0,001 = 0.59 | elevated.
Nickel - 0.025. - 0.025 | <0.001 - <0.10 | 22/309 | .<0.001 - 0.1 . MB
fzinc . 1 0,030 0.030. | <0.0005 - <0.10 | 134/309 | <0.001 - 0.38 | MB JB BC
Bacteria (cnt/lOO mL) Geometrxc Mean: ST A B
‘lITotal coliform : 1000 - . <4 - <10 | 356/377- | <4 - 4,600,000 | MB JB BC
" |Escherichia coli - - 23% Lo<3 48/81 - | <3 -.1100 | . 'BC -
seudomonas. aerugi = 1 <1 -<100 | 23/63 . <1-2800 | MBJ



" Table A :(Cont‘d)' "

T — —_——
~ Parameter Ob  Detection L;mlt S RAP Data | Location ||
- ‘ (DL) | #>pDL Range of Values* A of
: _ | /# Samples® _ - Excee&enee

) Polychlorxnated Phenols (ng/L): . N B
2,3,4,5- 1 1,000 - | - | <1000 - <50000 | 0/161" . " ND
tetrachlorophenol : IR R B N : S
2,4,6-trichlorophenol | =~ 18,000 |. - - <1000 - <50000 24/161 . ND-75,000
Pentachlorophenol , s00 - | - | - <1000 - <50000} 0/160 ] __ND
Resin and. Fatty Acids (Mg/L). ST L Cooe S ’ e
Dehydroabletlc Ac1d 12,0 1 -1 10 ”’;:'1/36 10 - 30

_ _(pH=7.5) | o I R B B it
Pesticides- (ng/L) S L R ‘ . R
T-Chlordane 60.0 . - | <2.0 --<20.0 | 2/265 . ND-100.0

- JEndrin -~ 2.0 - |  -<4.0 -<40.0 | -6/265 | - ND-30.0 :

| Endosulphan II 3.0 - -  <4,0 - <40.0 |- 2/265 .| _ . ND-30.0
Heptachlor 1.0 - | . <10 -<10.0| 1/265 ~ ND-15.0
OP-DDT 3.0 = | <5.0 - <50.0.| 2/265° |  'ND-80.0
PP-DDD _ 1.0 = | <5.0 - <50.0 | -10/265 - ND-80.0
PP-DDE - 1.0 = | <1.0.-<10.0] 6/265 | - ND-14.0
PP-DDT 1.0 -} .<5.0 -<50.0 | 4/265 |  ND-55.0

- MRA * M1n1ma1 Recordable Amount (Detect1on L1mit)fj
. MB . Moberly Bay - . S -
- JB ~  Jackfish ‘Bay . - ' SR
- TB Tunnel Bay

“BE. . Blackbird Creek

* . .Data Set Range - Ranges prov1ded for open water statlons in JB/MB/TB. Biackbird Creek data
T reported separately in Section 3.4, o o R
N Number of samples are above the max1mum detect1on 11m1t. e

1' * .. 1Jc Recommended Gu1de11ne o : S .

xxi



) TaBleIB - Contamlnant 1nventory summary for surf1c1a1 sed1ment in. the Jackf1sh Bay Area of Concern |
1(1987/88) with comparison to the open water dredged mater1a1 dlsposal gu1dellnes (OWDG) and the
Prov1nc1a1 sedlment qua11ty gu1de11nes (PSQG) : .

: R | ,o G ' PSQG (ﬂg/g) Detect o ' Rap Data o :.-“
Parameter. - - (pglg) , S'!§ — : , T -
- e ] e ] Gt e [l [ e W0 [ i |
‘Metalss e , T e L ST
Mercury - . | 0.30] 0.2 2 0.01 . | 96/102 .| - 0.01-9.1 . MB
Aluminum . -l - | mee | 102/102 |- 4,300-18, ooo -
Cadmium o AR Y | 0.6 10 .-o0.1 | .102/102 | . 0.2-2.1 MB- JB TB
Arsenic . ) 8}y 6} - 33} TBP = - | 102/102-" | ~0.55- 14 0 - TB
Chromium R 251 . 26 1101 - 1.0 - -102/102 | . 2.,0-81.0 | MB JBTB
Copper - - = 25| . 16} 110] 1.0  }.102/102 | - 4.3-68 | MB JB TB
Iron | 10,000 20, ,000 | 40, 009 f 10 | 102/102 | -7,900-31,000 | MB JB TB
Manganese = = 4s0| 1,300 - Tee - | o102/t02 | -29-260 - |
| Nickel . 25 16 15 . TBP - . | .102/102 | . 7.0-31.0 .| MB JB TB
Lead - . - sol sl 250 - 2,0 - | -102/102- | 2.9-50.0 '
Zinc 100 1204 820 _1Be | 102/102 | 29-260
I Nutrients and Organxcs:..’ L - e S
‘Total Phosphorus 1,000 - |- 'A.,'-TBP-R 1 102/102 '300-1,580 . | - |
Total Kjeldahl - 2,000 | sso| 4,800 - Tee- | . TBP . | -200-7, ,000" MB JB*TB ML
i1trogen - : bl B p o |
‘Phenol . .| -} - 1. = ] e.01-0.05 | 16/93 . ND-0.30 -
?olvent Extractables | 1,500 - - -~ TBP 97/917 .- 21-58,300 MB JB TB
0il and. Greaseg - , N o RS AR ST , s o
TOC - - S = .10,000} 100,000 } - TBP_ - 102[10 5,000-25,000 ]  MB JB TB |
. || Chlorinated Organics: . oL o e ST
| Total PCBs - v 0,05 - 0.07 - 3 0.02 4/97 | - :ND-0.28. |- - MB
1 = ~ 0.0171 1 - .001 - -] 43/100 1 ND-0.040 : MB
Res1n and Fatty Ac1ds. L R S cL 2 ,
0.005 53/71 ND-4.305 | elgyated

eilng. ess than’ the minimum: amount measural

o value was used for calculat1on of the mean. -

e,- t e ess t an

* Exceedences based on mean concentrations at statlons in Moberly Bay (MB), Jackflsh Bay (JB) and Tunnell
_Bay (TB) and. idividual samples (TKN only) for Moberly Lake (ML)

- 1981 Data.

> 3 ,Dependant on_TOC concentratlon of sed1ment." :

TPB . To Be Prov1ded
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Cadmmm and oopper concentrations may also reﬂect local geochemxcal condxnons along with chrommm, ) ,'
iron, nickel and- manganese. The dlstrlbunon patterns of total phosphorus, arsenic and lead do not clearly o

B 1dent1fy likely sources.

“The presence of PCBs in sediment thhm Moberly Bay may be due to their former use in electrlcal :
equipment at the Klmberley-Clark mill. Detectable concentrations of organochlorme pesticides were found
-only in Moberly Bay sediments. PAHs were dlstnbuted throughout the study area Wthh hkely mdlcates

B atmospherlc sources to the AOC. : _ _

- Altho'ugh the data are not sufficient to identify statistically_signiﬁcant trends over time,»a'oomparison 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 constant over time. Total organic carbon, cadmium, copper and zinc appear .
to be i mcreasmg in concentrauon whereas mercury and total PCBs are decreasmg : : ,

- 6. 3 Blota Qualrty

' The biota within the Jackfish Bay AQC, mcludmg benthic macromvertebrates 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
pollution tolerant organisms (tubificids) increased by more than six times while densities of polluuon
intolerant organisms (Pontoporeia hoy) decreased dramatically. During this period the extent of tubificids

. also increased in concert with a decrease in the extent of P. hoy Whereas in 1969 only the central portion

- of Moberly Bay and: the northwestern portions of Jackfish Bay were affected, by 1987 the density of P. hoy :

. had decreased in Tunnel Bay as well as the eastem and central porttons of Jackfish Bay. T

' The extent of benthlc oommumhec identified as unpau'ed also mcreased between 1969 and 1975 Between
1975 and 1987 the extent increased further and an additional impaired community was identified. Impalred '

- communities were found to occur in sediments which had the highest mean concentrations of cadmium,
... copper, lead, zinc and TKN as well as high levels of fibre (loss on ignition). The impact to benthic -
.. macroinvertebrates i in the Jackfish Bay AOC have been attnbuted to the KimberlyClark mill effluent.

v Changes to the structure of the fish commumty have been mostly related to causes such as harvestmg, the
. sea lamprey and ‘the introduction of exofic species. However, recent studies of lake whitefish, longnose :
" sucker and white sucker from Jackfish Bay have revealed several effects which researchers have attributed to . -
. the mill effluent. These include slower growth, smaller gonads, lower feeundlty with age, absence of -
~ secondary sex characteristics in males, failure of females to show increase in egg size with age, decreased
-estradiol and testosterone levels and increased mixed oxidase function activities in oompanson to .
- noncontaminated reference fish. The increased MFO activity can be attributed to the presence of orgamc
contaminants and has been associated with dioxins, furans and resin acids present in the mill effluent. The -
. -addmon of seoondary treatment in October 1989 reduced the toxlclty of the efﬂuent, but, has not resulted in
. a reducnon of MFO actmty in whlte suckers from Jackﬁsh Bay , , '

- Table-C summarizes the contaminant data for fish and other biota in the Jackﬁsh Bay AOC based on

-~ collections from 1987 to 1989. The body burdens of native benthos (Mysis relicta), introduced mussels .
. (Ellipto- com;ianata) and white suckers from Jackfish Bay indicate a pattern of dioxin and furan - o
bioaccumulation which suggests the mill effluent as the major source. This includes the bloaccumulauon of -
- tetrachlorodibenzo-p-dioxins (including the highly toxic 2,3,7,8-TCDD congéner) and ~ .
- tetrachlorodibenzofurans, contributed mostly by the effluent, in greater concentrations than the hlgher
" chlorinated dioxins, eontnbuted by efﬂuent and atmospherlc deposmon. The hlgher chlormated compounds



. Table_C o Frequency of detectlon and concentrat1ons (ug/g) of contam1nants in 1ake trout, white suckers,

‘introduced mussels (E111ptzo complanata), opossum shrimp (Mysis relicta), and young-of-the*year o

spotta11 shxners collected in 1987 to 1988 from Jackf1sh Bay.'

Nat1ona1 Health
& Welfare
'Regulatory Limit
» : _ L o LakeeTrout (1989)* 4 . e
H Mercury! . - | - 0.5t . [ e[ 001 [ 20/20 .6
Total PCBs 0 Sl - 2.0 ,' ]l 0.02- | 20/20 | - 0.04-0.44
M1rex L o Substant1a11y . 041 B -f_0.00S_' 1. o/20 '»_-”‘i ~." ND
: T - absent .- o : [ - L

‘Great Lakes water'
Qua11ty Agreement
Specific Objective

‘Parameter .

" Detection | #>DL | - Range .
L1m1t (DL) /# Samples | . R

'Hexachiofobenzene‘» = o e : :.;10;0011: | 16120 | ND-0.004 .
pp-0E L - o oo ewor | o19720 | wbco.mr
'n”a BHC . -+ -} = | owor | 1820 | . ND-0.009 ' -
fy-c | o= |- om0l | 820 . ND-0.001"
a-chlordane . | . -~ . | - = . ooz | 2020 |  0.002-0.017
t-chlordane =~ | . - . f = | 0002 | 19/200 | - ND-0.007
pp=DDD oo« = |02 | sr20 ) wp-0.001
'Togaphene R - SRR ,",41. e 'xﬁ-;.:f“'0~2 ;-‘ CIQ/ZO | - ND-1.47 |
f2,3,7,8-t00 .~ | . - ~ 0.000020° | - 0.000002 | s/5 | 0.0000029-0.0000113
11,2,3,7,8-5c0. | .~ - | .- " | s5/5 |0.0000036-0.0000055
1,2,3,4,7;8-6HcoD | . = |- - e s | N
1,2,3,6,7,8-6kicop | . - - [ - | e /s | WD
1,2,3,7,8,9-64co0 | - - | . - | o.00002| -o/5 | W
'“71 2,3,4,6,7,8-7ico0 | . .- - - . - | s | Np-0.0000011

o oxxiv



_Tabie Cz(éont’d)

| Great Lakes Water | National Health | Detection- | #>DL . | - . Range
| Quality Agreement | . & Welfare | Limit (DL) | /# Samples | o o
" | 'Specific Objective | Regulatory Limit D » ,

- - . ] -sis  ]o.0000016-0.0000035 |
2,3,7,8-TCDE . -} -t | .s/s | 0.000020-0,000058 |
1,2,3,7,8-seco¢ | - | - » | s;5 |0.0000023-0.0000080
2,3,4,7,8-5ec0F | - | - .. | s/5. |0.0000015-0.0000036 |
1,2,3,4,7,8-6HCDF .| .~ - |- w5 | Np
1,2,3,6,7,8-6ucoF | . - |- | v s WD
1,2,3,7,8,9-6HCDF | - e s .. . ND -
I 2,3,4,6,7,8-60c0¢ . - -} - e osf 0 WD
1,2,3,4,6,7,8-7HCDF | - | o=t | s | xp-0.0000022
1,2,3,4,7,8,9-7coF | . - - ) - o fooeo o g5 ND
8OCDF - . = e b gys
o o . uhite Suckers (1988)% . . L |
2,3,7,8-Tcbb. | - | 0.000020 . 0.000002 | = 4/4 +0.0000027-0.0000120 |
- l2,3,7,8-TcOF . | - = | . o.000002| 4/4 0.0000210-0.0000650 |
T - " Elliptio cqmplanaéq'(l988)tﬂ~" N - L ST
2,3,7,8-TCDD . | = - | o.000020 | o0.000002] ~1/4 . | ND-0.0000016 |
2,3,7,8-TCDF - -t = 1 .0.000002| -4/4 | 0.0000095-0.0000140 ||
S - - Mysis relicta (1987) ‘. - I
2,3,7,8-TCDD - = -  -o.000020 ~0.000002 | 2/2 0.0000080—0.0000090‘“
2,3,7,8-TcbF - | . - 1" = 1 o.000002]| 272 0.0000460-0.0000490

XxXv



f Table -C (cqh;'d)t'

 Parameter , ‘Great Lakes Water - Nat1ona1 Health Detect1on
‘ ' - | Quality Agreement | . & Welfare. .- L1m1t (DL)
Specific Objective Regulatory Limit |

: SRR , 'Spotta;l Shiners (1988)%% o IR
Total PcBs |- . o0 . | 2.0 . ] 0wz | o3 | ND
oor ... | 10t | - swo. . | o002 | o/3 o
S Mirex . ] substantlally e o ]oewos | 03

' ' L ' absent o e S . :

chiordane' S - ;;" . d . ;5: o . d-o;oozf' f'ﬁ:0/3; _
BHC N .= | o.001 |t 0/3
Hexachlorobenzene - o R R o 0.1 - f”'__,c0.001‘ N /3

'Octachlorostyrene S = BERERES NPT R ;"f", ‘0.000 | 0/3

D ”not detected. e ' Con
data courtesy of the OMOE/OMNR Sportf1sh Consumpt1on Program.
Ontario guldellne for protection of human consumers.of fish (sk1n1ess £11et)
- protection of birds and animals wh1ch consume fish (whole f1sh) '
~ data from Sherman et al. (1990).- : ‘
..no consumpt1on is recommended. 1f the level for mercury exceeds 1 5 ppm.
Fede 'Hdata from Suns et al. (1991) :
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occur in sedrment at concentrations. comparable or hrgher than the tetrachlorodrbenzo-p-dromns and the
tetrachlorodtbenzofurans, however, the latter appear to be preferenually accumulated by blota. ‘

Although fish consumptlon advrsones were prevrously in effect due to mercury and PCB concentratlons,
these restrictions have been removed. The removal is based on collections during 1989 which indicated that
all contaminants were below the Ontario consumption guidelines. However, consumption of lake trout
©  greater than S5 cm is tentatively recommended for restricted consumption due to the sum-of dioxins and

" furans expressed as toxic equivalents of 2,3,7,8-tetrachlorodibenzo-p-dioxin. The only guideline exceedence in
either sport fish or young-of-the-year spottatl shiners collected in 1989 and 1988, respectively, is the GLWQA

. Specific Objective for the protection of piscivorous wildlife from PCBs. This objective was exceeded by up to. -

. four times by the maxlmum concentratlon measured in lake trout collected durmg 1989 (Table C)

7 SOURCES

 The sources of chemrcals which, 1mpact on water, sediment and brota qualrty wnthm the Jackﬁsh Bay AOC
include one point source and several nonpoint sources. The only point source is the effluent from the

Kimberly-Clark Canada Inc. pulp mill located in Terrace Bay There are no other mdustnal or mumclpal R

, drschargers to the AOC.

"Nonpomt sources include atmosphenc, m-place sedunent contamination (from natural sources as well as

* Kimberly-Clark effluent) and spills. ' Other potential nonpoint sources such as- urban and agncultural runoﬂ"
gmundwater contammatron from waste srtes or shrppmg do not occur m the J ackfish Bay AOC. :

: Table D summarizes loadmgs data and monthly exceedences of Control Order hmrts for various years

. between 1973 and 1990. Kimberly-Clark Canada Inc. is currently meeting its Control Order requrrements for'

'BODS, suspended solids, -adsorbable organic halides (AOX), total phosphorus and effluent toxicity.  The ~ - .
addition of the secondary treatmerit facility in October 1989 appeared to be particularly efficient with regard

- to biological oxygen demandmg substances, phenolics, and resin and fatty acids. Lower effluent

.. ‘concentrations of resin and fatty acids has reduced the toxicity of the effluent (not acutely lethal in 1990)

. resulted in lower concentrations of these acids in surface waters of Moberly Bay (1990 survey). The PWQO" o
- for dehydroabietic acid was exceeded in Moberly Bay durmg 1987/ 88 However, in 1990 thrs acid was not

g detected. ) } ‘ RS :

- Although slgmﬁcant reductlons have been achreved in the lcadmgs of BOD5 from the KimwrlyClark _
- effluent, the occurrence of PWQO violations for dissolved oxygen as recently as 1990 (Section 3.1) suggests
that further reductions may be required. . Alternatively, there. may be ongoing contributions of biological
- oxygen demandmg substances, due to hxstoncal deposmon in the Blackbrrd Creek System and/or Moberly

o " Bay.

" Most of the water, sed:ment and' biota quahty data were collected pnor to the secondary treatmént facrlrty'
" becoming operational and, hence, it is not known if there has been any improvement with regard to ambient - -

. guideline exceedences other than dissolved: oxygen. Mean effluent concentrations of alummum, copper and
mercury appear to have declined since 1988. However, the mill effluent is likely the main source of most -
conventional parameters, bactena, nutrients, metals, organochlorme peshcrdes and phenohc compounds

* which have been found to exceed ambient gmdelmes ' : , o

* The source of bactena, parucularly Eschenclua coli and Pseudomonas aemgnosa, is of concern especlally as

-these orgamsms ‘have exceeded recommended health guidelines in. Moberly and Jackﬁsh Bays (Section 3 1) , : .

' They may ongmate from domestnc sewage wrthm the mrll :



' TableD 3 " Average annual effluent loadmgs of momtored pollutants in meberlyClark Canada Inc.
o " - . cffluent and number of monthly exceéedences (in brackets for 1986 to 1989 only) All
- loadmgsmkg/dayunlessothemsenoted. AT . _ -

-~
—

1881 - 1986 1987 - 1988

1989 .

» _ 113,800 | 110,333 1150000 | 117,100 109,344
|| BOD; (t/d) 30,100 | 30,600 | 29,550(0) | 24;833(NA) |- 26,225(5) | 17,633(0)
‘Total Phosphorus | - NA . | NA | 7635(1)*| 64630) 62(0)] NA. |
Suspended Solids | - 6,700 . | = 5400 | 5345(0)| . '5568(2)| 4,863(0) | 3:878(0) |
, Toxdcity(l-.Cso)” | Na- | 100 ]’12.5-45.‘6_ 151428 | 118414 | 25,3-51.0_
R data taken from OMOE annual Reports on the Industrial Direct Dlscharges in Ontano (OMOE =
T 1987, 1988, 1989, 1991b). . .
-t Post-secondary treatment, data from OMOE- files. :
=¥ . " exceedence considered an anomaly as measurement is not consxstent wnth typlcal rmll levels

* % effluent requlred to kill 50% of the test st fish.

 NA Not available -

e The ongm of organochlonne pesucldes in the mill efﬂuent is not known. "I’hese chenucals may be denved

.- from logs which are processed in the mlll Contammatlon of the logs may reflect atmosphenc sources -

: ,mcludmg aerial spraymg

Addmonal sources of certain contaminants to the Jackﬁsh Bay" AOC mclude atmosphenc sources and natural ‘
geological sources. Atmospheric pathways are believed to contribute loadings of PCBs, PAHs, higher -

~ chlorinated dioxins and furans (particularly octadtlorodlbenzo-p-dxomns and octachlorodlbenzofurans) o
- cadmium, lead; mercury and vanadium to the AOC. Studies of atmospheric precipitation in the Great Lakes e

. Basin suggest that the upper lakes, such as Lake Supenor, receive the greatest proportion of their loadings of - - IR

. lead and PCBs from the atmosphere This is due to their large surface areas and lack of local’ lndustnal and
urban sources. However, it is not known precisely what proportion of these contaminants may be o
contributed to the Jackfish Bay AOC from local sources. - Limited data for local- atmospheric emissions

- indicate that aromatic compounds pnmanly 1-1sopropyl-4-methylbenzene are contﬁbuted from the Klmberly- .

‘ Clark pulp mill.

Bottom sedlmems in Lake Supenor, outside the zone of impact by the meberly-Clark Canada Inc pulp ‘mill o )

: © .- effluent, have been found to have concentrations of chromlum, copper, iron and nickel which exceed the -
- Lowest Effect Level of the Provincial Sediment Quality Guiidelines. ‘Manganese concentrations excéeded the

~‘No Effect Level. Hence, it is likely that natural sediment geochemlstry is responsible for a large proport:on D
“of the conentrations of these _parameters m bottom sedlments of the Jackfish Bay AOC. ‘

" The avatlab:hty and unpact of chemxcals in sedlments with regard to water and btota in thls area has not A
-been thoroughly investigated. 'Sediments from Moberly Lake were lethal to both Hyuallela (LC34) and °
chironomid larvae (LC42). Body burdens of dioxin and furan congeners in benthic fauna (mussels and
- opossum shrimp) of Moberly Bay suggest that sediment concentrations, particularly of tetrachlorodlbenzo-p- '
dloxms and tetradxlorodxbenzofmans, may be 1mpactmg the benthos In addmon, the draft Provincial - '



a Sedrment Quahty Guideline Lowest and Se\nere Effect Levels are blologlcally based and, hence exceedences .
»of these levels results in 1mpa1rment to the mapnty of benthlc specles ' : o

There are no spills ‘within the Jackﬁsh Bay AOC as there are no mdustnal of other developments within the

- watershed. Spills are confined to the area of the Kimberly-Clark Canada Inc. ‘mill site and only impact the -
AOC if they reach the effluent canal which drains to Blackbird Creek. In this regard, flows in the acid and -
. alkaline sewers, on occasion, bypass the treatment system 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- ngs, seized valves) and power outages which shut down the pumping eqmpment.
Because the volume of effluent which bypasses the system is not known, it is not possible to determine the .
impact of these events on the AOC. However, it is expected that these events contnbute to contamination of
- Jackﬁsh Bay and, hence, thelr occurrence should be mlmmxzed : : L

A8 ENVIRONMENTAL CONCERNS/ USE IMPAIRMENTS

A . Table E' summanzes mformatlon on each use lmpaxrment category for. the Jackﬁsh Bay AOC. The status of -

~ each use 1mpa1rment category is identified as 1mpan'cd, not 1mpa1red or rcqumng further assessment o

| 8. 1a Restrlctlons on Fash Consumptlon '

: Consumpuon of lake trout up.to 65 cm in length is currently unrestncted with regard to mercury and PCB

- concentrations. The consumption of whitefish, cisco and white sucker to 45 cm in length is also unrestncted. |

‘However, the guide indicates that consumption of lake trout greater than 55 cm'could be restricted due to -
concentratlons of droxms and furans expressed as toxic eqmvalents of 23,78 tetrachlorodlbenzo-p-dlomn o

- 8.1b Restnctlons on Wlldhfe Consumptlon
' There are currently no- restncuons for the conSumptlon of wnldhfe form the J ackfish Bay AOC
»8 2 Talntmg of Fash and Wlldhfe Flavour _ |
. "No reports of tainted ﬁsh or wildlife by the pubhc or the fishenes/wrldhfe personnel
' 8.3a Dynamncs of Flsh populatlons |
. _'Blackblrd Creek fish populatlons have been totally ehmmated as-a result of the pulp mill effluent. Slmdarly,
- fish populatlons in Moberly Bay, in the vicinity of Blackbird Creek, have been severely reduced. Priorto* -
.installation of secondary effluent treatment’ by the mill (October 1989), toxicity tests on surface waters up to

" 1.5 km from the creek mouth resulted in 100 percent fish mortality. Results from tOXlClty testmg since thls .
. time mdlcated that mill effluent is no longer acutely lethal : ' : _

Degraded water quahty, harvestmg, the sea lamprey and mtroductlon of exotic ﬁsh specres have dlrectly

o 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 diminished fisheries potential in the entlre Jackfish Bay area, '
although the degree of impact has not been determmed : -



. Table E Summary of 1mpa1rments to Great Lakes Hater Qua11ty Agreement benef1c1a1 uses w1th1n the

~ Jackfish Bay Area of Concern.

Impa1rment status is defired as impaired (I), not 1mpa1red (ﬁi)

or requ1res further assessment (A) and is based on data collected dur1ng from 1987 to 1990.

GLWQA Impa1rment of Benef1c1a1

-Status_of .
Impa1rment

lestrlctlons on th ‘and Ulldllfe Cmelmtion
_ Restrlctions on Fish cOnsutptlon '

Consumption of Wildlife

)

' -‘tetrachlorodlbenzo -p-dioxin.

) No rest_rmt\ons exist

The 1991 “Guide to Eating Ontarlc Sport Fl-sh“ notes ‘that tl\e cdnsmption of
lake trout greater than 55 cm in size may need to be restricted due to:
concentrations of dioxins and. furans expressed as’ tOXIC equwalents to 2,3,7, 8-

w -

"l'ainting of ‘Fish and uild[ife Flavour

»There have been no reports of tamting by the publrc or by flsherles/m ldl1fe

personnel

negradatton of Flsh and Wi ldlife Populatnons
Dynamics of F1sh Populatlons .

' ﬁody burdens’ of F'ish

Dynemics of Wildlife Populations -

Body burdens of Wildlife

Leke trout populatlons have- ‘declme‘d since the mid 195'03 for a number of -

-result of the pulp mill effluent. -Similarly, fish populations in Moberly .Bay,

) .thte suckers have bloaccunulated TCDDs and TCDFs from Heter and sedlment
‘| contaminated by the mill effluent.. Lake trout have low: concentrations. of
| mercury, hexachlorobenzene and several chlormated pestlcldes. The GLWOA . :
-] Specific objectlve for ‘the protect:on of plsclvorous Wi ldl1fe from PCBs uas L
| exceeded in lake trout collected in 1989. . ~ . :

" influence .of warm creek water tends to accelerate greening of creek side
-vegetation. Moose activity in particular appears to. be abnormally high along
. Blackbird Creek during the spring. - There are no data on posslble mpacts to -

-Bloaccumlatlon of contamnants inwi ldl:fe “may be occurring -in portions of

_ conpletlon m 1993 :

reasons including: the accidental introduction of.sea lamprey, the start-up of
the . Kmberly-clark mill, over-harvesting and-the introduction of exotic fish
species. - Blackbird Creek fish~ populatlons have been totally eliminated. as a

in the v:cmlty of Blackbl rd Creek have’ been severely reduced

Blackbird Creek may ettract wi ldllfe during’ the sprmg months as the moderetmg

wi ldllfe populatlons due to contaminants within_the Aoc.

Jackfish Bay and the Blackbird Creek system, however, there are no-data on
contaminant burdens in wi ldllfe. Cws - plans a survey of gull populat:ons for"

KKK



Table E (Cont’d)

GLWQA Impatrment of Benef1c1a1
-Use.

Status of

‘Impairment

Conditions In Jeckfishtsay -

Fish Tusours and Othér 'Deforlitiee' o

o

Although mcldences of external f1sh tunours or other deformltles have not - been

reported, white suckers collected from Jackfish.Bay in the summer of 1988,
prior. to secondary treatment, had an abnormal incidence of liver neoplesms
| (cancers). '
'] external-lesions which may be associated with pollutants contributed from mill

Also, greater then .20 percent of lake whitefish had unexplainable A

effluent. A study of tumours in white suckers ‘was conducted by OMOE - in 1988
and results are pendlng. ’

.mrd and Animal I)eformtles or Reprodx:twe
Problen . : .

lncldents of bird or emmel deform|t|es have not. been reported in the ACC.

- However, - indications of reproductive dysfunction in white sucker, longnose
- sucker and.lake whitefish populations in the Jackfish Bay AOC have been

o 'Degradatton of Benthos T
D || Dynamics of Benthlc Populetlons '

Body burdens of Benthic Organisms

’ . reported.

"and extent between 1969 and 1987,

CWS plans a survey of gull populations for completion in 1993.

| ‘The benthic fauna have been impacted. in Moberly,- Jackfish and Tunnel Bays as

shown by the presence of impaired communities which have increased 'in:number
During this period, pollution intolerant
species (Pontoporea hoyi). have decreased in density and extent whereas -

pot lution tolerant species (tubificids) have increased in density and extent.

1 Sedunents in Hoberly Lake are acutely toxic to benthic’ feune

Opposun shrmp M xms relicta) and 1ntroduced caged nussels (E ll'lgtl

" complanata) collected in Moberly Bay had a dioxin and furan congener pettern :

similar .to that of the mill effluent. 2,3,7,8-tetrachlorodibenzofuran was the
dominant isomer .in the shrimp mth treces of other congeners mcludmg 2,3,7,8-
tetrachlorodlbenzo-p-dxoxm. ’

“ Restrictions on Dredging Activities

Sediments in the Jackfish Bey AOC, pertlcularly within Moberly and' Jeckftsh’

Bays contain concentrations of severel contaminants which exceeded OMOE Open .
Water- Dredged Material Dlsposal Guidelines and/or Provincial Sediment nualtty
Guidelines as of 1987/88. "These include oil.and grease, total organic carbon,
TKN (1990), total phosphorus, arsenic, cadmium, chromium, copper, iron, Lead,
menganese, mercury, mckel zmc, hexachlorobenzene and. total’ PCBs. :

|| eutrophication or undesirable Atgae:

1 wo ‘huisance algal grouths have not been reported.

oxxxi




.-»T.a'_ble‘.',E ‘('C'ont’_’id)' -

GLWQA Impaxrment of Benef1c1a1
- Use

Restrictions on Drinking Water Conswtron or
Taste and- Odour Problems - - .
Con_sm'ption, Taste and Odour._Problems

.Status of
Impairment

"~-and ‘odour problems for treated drinking water.’

"+ " Conditions In Jackfish Bay .

Drinklng water for the Toun of Terrace Bay is obtained from Lake SUperior uest
of Jackfish Bay. There have been no consumption restrictions or reported taste .
However, cottages are located
in the old community"of Jackfish, on Jackfish Bay. On occasion, the effluent’

‘dnfts in this d1rect|on, makmg nontreated water unsu1table for’ consulptton. '

“ ‘Beach Closings

Bacterlel dens1t1es haVe perlodicelly been elevated in the v1c1mty of the

| Terrace Bay Beach'as a result of the mill discharge, however, this condition

has not led to beach closmgs.

» There are no other’ pubhc beaches mthm the
Jackfish Bay ACC. . ' .

|| begradation of Aesthetics |

Conditions have mproved since the early 1970s, houever, concerns’ contlnue to-

“be expressed regerdlng the presence of foem and dark colour ln Blackbi rd Creek

and Moberly Bay.

Added Coct to Aoriculture and _lnd,ntry. '

" There are no agrlcultural or. mdustnal activutles uhlch uttllze uater from the .

Jackfish Bay AOC..

Degradutwn of Phytoplu*ton md Zooplutton
Populattons '

There are no mdespread effects within the AOC elthough comunity structures
are likely altered. ln the mmedlate area of the dlscherge. No deteiled
mformatlon exxsts. . . .

Loss of Fish and Vildlife Hebitat -

‘of sediments.

Hajor Lake trout spauning grounds were loceted in Hoberly Bay and along the
shore of Lake Superior adjacent to Jackfish Bay and were -impaired due to .
physlcal alteration (deposition of orgamc -matter) and chemical contamination
Lake whitefish spawning grounds were identified along Lake .
Superior’s-shore immediately east and west of Jackfish Bay. The quality and .
uge of these shoals has not been assessed. Blackbi rd Creek was noted as a -
brook trout stream prior to the start-up of the mitl in 1948.

ii
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| '8 3b Body Burdens of Flsh

) Lake trout collected in 1989 had low concentrations of mercury, hexachlorobenzene, p,p DDE, o:-BHC
7-BHC, a-chlordane, ‘r-hlordane, p,p-DDD, toxaphene, 2,3,7,8-TCDD (0.0000029-0.0000113 pglg) and -

2,3,7,8-TCDF (0.000020-0.000058 ..3/g). White suckers collected during 1988 also had low concentrations of o

| © 2,3,7,8-TCDD and 2,3,7,8-TCDF. The GLWQA Specific Ob_]ecuve for the protection of plsclvorous wxldhfe
was exceeded by maximum ooncentratlons of - total PCBs (0 44 ;.g/g) _ .

8. 3c Dynamlcs of Wlldhfe Populatrons

‘Blackblrd Creek ‘may attract wxldhfe during the spring months as the moderatmg influence of warm creek

water tends to accelerate greening of creek side vegetation. Moose activity in particular appears to be hrgh .

~ along Blackbird Creek during the spring. There are no data on possxble impacts to wildlife populatmns due -
to eontammants within the AOC : , o , » _

-8.3d Body Burdens of Wldhfe

onaccumulanon of contaminants in w1ldhfe may be occurnng in porttons of J ackﬁsh Bay and the Blackblrd ‘ ’
. Creek system, but, there aré no data on contammant burdens in wﬂdhfe CWS plans a survey of gull
, bpopulatlons for complenon in 1993 o S _ :

‘8. 4 FISh Tumours or Other Deformmes o

~Incidents of extemal ﬁsh tumours or other deforrmtres have not been reported However the. mductxon of
"MFO activity in white suckers collected from Jackfish Bay in the summer of 1988, prior -to secondary -
treatment; was correlated with an "abnormal incidence of liver neoplasms (cancers)". ‘Also, greater than 20
percent of lake whitefish caught in Jackfish Bay during August 1989 and August/September 1990 had
~- . unexplainable external lesions which did not appear to be related to. predatory attack or infection. The
. presence; of these lesions in an isolated, unpopulated bay which has received large volumes of pulp mill -
effluent, as well as the absence of reports of similar wounding in other lake whitefish, suggested to the

- author that there may be ‘an association between the lesions and the-discharge of bleached kraft mlll effluent. I

Research is contmumg on the sublethal effects of mlll effluent on fish, as well as the cause of the skin lesions
- on lake whitefish. A study of tumours in whlte suckers was undertaken in 1988 by the Water Resources o
‘Branch of OMOE Results are pendmg ; .

- 8. 5 Blrd or Ammal Deformrtles or Reproductron Problems '

‘ Brrd or ammal deformmes have not.been found in the Jackﬁsh Bay AOC nor have reproductlon problems
' been speclﬁcally réported. However, reproductive dysfunction in white sucker, longnose sucker and lake -
- whitefish populations in the Jackfish Bay AOC have been reported Results from research into the sublethal
effects of the pulp mill effluent indicated that these fish grow more slowly than reference fish, have smaller -
- gonads, lower fecundity with age, an absence of secondary sex characteristics in males, failure of females to
. - show an increase in egg size with age, reduced serum estradiol and testosterone concentratlons, and greater
: vhepatlc mixed- functron oxxdase (MFO) actmty S - , ‘ _

A study to deterrmne whether or not hemng gulls in the Jackﬁsh Bay AOC have deformities or experience
~ reproductive problems is currently underway by the Canadran Wildhfe Semoe Results from this study will
need to be evaluated when available (1993) , ,



| 8.6a Dynamncs of Benthic Populatlons

Between 1969 and 1987, maximum densmes of pollutron tolerant orgamsms (tublﬁcrds) increased by more.

A .~ than six times while densities of pollution intolerant organisms (Poritoporeia hoyi) decreased dramatically. -

"During this period the extent of tubificids also increased in concert with 4 decrease in the extent of P. hoj. -
- Whereas in 1969 only the central portion of Moberly Bay and the northwestern portions of Jackfish Bay were
i affécted, by 1987 the density of P. hoy had decreased in Tunnel Bay as welI as the eastern and central -
: portlons of Jackfish Bay. ' B . : .

, The extent of eommumtles ldentlfied as 1mparred also mcreased between 1969 and 1975 Between 1975 and -
' 1987 the extent increased further and an additional impaired community was identified. Impalred _
communities were found to occur in sediments which had the hrghest mean concentrations of cadmrum,
copper, lead, zinc and TKN as well as high levels of fibre (loss on ignition). The impact to benthic -
macromvertebrates in. the Jackfish Bay AOC have been attributed to‘the KlmberlyClark mlll efﬂuent

o Although there have been no benthrc surveys of Blackblrd Creek, the toxicity of sediments in Moberly Lake R

B :;"mdlcates that the sedrment is. acutely lethal to certain bentlnc species and is hkely severely unpalred

8. 6b. Body Burdens of Benthlc Organlsms

: - The body burdens of- natrve benthos (Mys’ts relicta) and mtroduced mussels (Ellzpuo com;ianata) from .
. Jackfish Bay indicate a pattern of dioxin and furan bioaccumulation which suggests the-mill efﬂuent as the -
major source. Thls includes the bioaccumulation of- tetrachlorodibenzo-p-dioxins and '

C _tetrachlorodrbenzofurans Concentrations of the highly toxic 2,3,7,8- tetrachlorodrbenzo-p-dlomn congener in _

M. relicta were 0.000009 1g/g. :Concentrations of tetrachlorodrbenzofurans ranged from 0.000034 pg/ g m
: mtroduced mussels to 0000048 1glg in M. relicta. -

| 8.7 Restnc’aons on Dredglng Actwltles ‘ E

T Dredgmg operahons have not been undertaken in the Jackﬁsh Bay AOC However, the sedlments of A
- Jackfish Bay, especially Moberly Bay, contain levels of oil and grease, total organic carbon, total phosphorus,

- arsenic, cadmium, chromium, copper, iron, lead, manganese, mercury, nickel, zinc, hexachlorobenzene and
. total PCBs which exceeded the OMOE Open Water Dredged Material Disposal Guidelines and/or the

- Provincial Sediment Quality Guidelines Lowest Effect Lévels in 1987/88. TKN measured in Moberly Lake e
sedlments dunng 1990 also exceeded the PSQG Lowest Effect Level .

- j 8 8 Eutrophlcatlon or Undesrrable Algae ‘

ﬁ- ‘There are no. records or observauons of nursance algal growths in Jackﬁsh Bay
8 9 Consumptlon Taste and Odour Problems ‘

'The Town of Terrace Bay acqmres its dnnkmg water from Pumphouse Bay on the north shore of Lake '
Superior. There have been no consumption restrictions, or taste and odour problems reported with the

 treated dnnkmg water. Cottages are located in the old community of Jackfish, on Jackfish Bay. On

e occasron, the effluent plume drifts in thrs drrectlon, makmg nontreated water unsmtable for eonsumpnon
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'8 10 Beach Closmgs

, Bactena levels have penodlcally been elevated in the v1c|mty of the Terrace Bay beach asa ‘result of the mill ..
. discharge, but, this condition has not resuited in beach closings. There are no other public beaches within

the Jackfish Bay AOC. However, exceedences of the fecal and total coliform PWQO have occurred as . o
recently as 1987/88 and the IJC recommended guidelines for Pseadomonas aerugnosa and Eschenclua colt o

‘were: exceeded wnthm Moberly and Jackﬁsh Bays , r : o

8. 1 Degradatlon of Aesthetlcs '_ -

R Mrll efﬂuent ﬂow in’ n‘Blackbird Creek and. mto Jackﬁsh Bay has detenorated the aestheuc value of the. enure B
* system. Re-routing the effluent away from the hlghway during the early 1970s has improved the situation but

.. concerns are still emressed Although the area’s scenic beauty, sheltered waters and the wreck of the -

- "Rappahanock represent an attraction for boaters and divers, the area receives limited recreatlonal use dueto -
_the mill dlscharge and, toa lesser extent, hmrted access. : . . :

812 Added Cost to Agnculture or Industry
When. addmonal costs are reqmred to treat water pnor to use for agncultural or mdustnal purposes, tlns use -

: '_ - category is considered to be impaired. There are no agncultural or mdustnal acuvrtres whrch uuhze water ,
. .from the Jackﬁsh BayAOC o , : . :

e 8 13 Degradatlon of Phytoplankton and Zooplankton Populatlons |

" There are no wldespread effects thhm the AOC although commumty structures are hkely altered in the

o Armmedlate v1c1mty of the drscharge No detarled mformatron exrsts

8.44 Loss of Fish and Wlldllfe Habltat

'. Fish habltat in J ackﬁsh Bay has not been fully descnbed or mapped, nor has the relauonshlp of vanous
‘habitat types. to fish production been evaluated. However, it is known that industrial pollutants have. .
' destroyed or srgmﬁcantly altered fisheries habltat in portlons of Jackﬁsh Bay. ’ : .

: Blackblrd Creek no longer provrdes smtable habitat for most aquatlc life and may affect the surroundmg
terrestrial habitat. The mill discharge into Jackfish Bay has degraded bottom sediments, fish habitat and.
_ potential spawning grounds. Organic sludge deposits cover most .of the' natural sediments in Moberly Bay
~ There are no data regardmg the possrble loss of wﬂdhfe ‘habitat, paruculaﬂy along the Blackbu‘d Creek -

: ’System
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1 .0 INTRODUCTION

The Intemanonal Jomt Commission (IJC) was estabhshed by Canada and the Umted States under the
authority of the Boundary Waters Treaty of 1909. Responsibilities of the LIC included collecting, analyzing =
- and disseminating data as well as making specific. recommendations to the Canadxan and U.S. govemments .

' regardmg water quahty problems in the boundaxy waters. o

Since 1973 the Water Quality Board of the lntemauonal Jomt Commission (UC) has identified speclﬁc areas

in the Great Lakes Basin where serious water quality problems occurred. Originally referred to as ‘Problem .

" Areas’, they were renamed ‘Areas of Coricern’ (AOC) in 1981. The name change reflected a broader .
"approach based on environmental quality considerations of the entire aquatic ecosystem (sediment, biota and .'
‘water) rather than just water quahty issues. The LIC, in conjunction with the Canadian and U.S. federal, -

© ' provincial and state governments, has identified 43 Areas of Concern (AOCs) in the Great Lakes Basm of ', v
o ,whlch 17 Canadran and Bmatlonal AOCs occur in Ontario. - - -

.. An Area of - Concem isa geographxc area that fanls to meet the General or Speuﬂc ObJecnves of the Great .
-. Lakes Water Quality Agreement between Canada and the U. S., where such failure has caused or is hkely to -
- cause impairment of beneficial use or of the area’s ability to support aquatic life"  (Annex 2, Great Lakes

- Water Quality Agreement of 1978, revised 1987). Fourteen use impairments are listed in the GLWQA and

- 'the existence of any one is sufﬁctent to list an area as an AOC The fourteen 1mpatred use categones are:

@ " restrictions on fish andwnldhfe populattons, L
@i , 'tamtmgofﬁshandwddhfeﬂavour; : oo
(i) . . ~degradation of fish and wildlife populations;

iv) ) “fish tumours or other deformlues,
() . .bird or animal deformities or reproductlve problems,
(). © .+ degradation of benthos; o .

(vi) . restrictions on dredging activities;

D o(vidd) eutrophication or undesirable algae; - . '

- (iX). . . restrictions on dririking water oonsumptxon or taste and odour problems,
® beach closings; _ . . ,
(d) - degradation of aesthetus, , '

- (i) - . added costs to agriculture or industry;

. (dii) - - degradation of phytoplankton and zooplankton populauons, and
- (xiv) _ ' lossofﬁshandwxldhfehabttat. D S _

} The revxsed Greaz Lakes Water Qualuy Agreement of 1978 calls for the development of Remedlal Acnon
“Plans (RAPs) for all AOCs. These RAPs are to take an ecosystem approach to restoring and protecting -

" beneficial uses in AOGs. Through amendments to the Canada-Ortario Agreement Res pectirig Great Lakes - -

. Water Qualuy, efféctive Apnl 1, 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. Jackfish Bay was

: ongmally listed as an AOC based on problems related to conventional pollutants, heavy metals, toxic -

~ organics, contaminated sediments, fish consumption advisories and lmpacted blota due to mdustnal pomt
'sources (pulp mill) and m-plaee pollutants (oontammated sednments) ‘

: Moberly Bay, the western arm of Jackfish Bay, recelves dramage from Blackblrd Creek whnch conveys
* wastewater discharges from the Kimberly-Clark 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. .

" inception in 1948. These discharges have resulted in dxsooloured and malodorous water, high bacteria levels,
fish and sediments contaminated with toxrc compounds, and areas not capable of supporting aquatic life.
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~ The 1mt1al ‘belief that the creek system oould provrde "treatment” of the mill effluent prror to its entry into
Lake Superior has proven false. Low flow rates in the creek and the accumulation of solids has prevented

© waste assimilation. The effluent discharged through the creek: system has severely impacted two lakes (Lake -

"A" and Moberly Lake, Figure 1.1), as well as Blackbird Creek and Moberly Bay. Although the quality of
- the mill effluent has significantly improved due to enhanced treatment methods, the aquatrc eoosystem of the» :
K ,Blackbtrd Creek/ Moberly Bay Swtem oontmues to be xmpacted e

This report oompnses Stage 1 of the Remedlal Actlon Plan for Jackﬁsh Bay descnbmg envrronmental ‘
conditions and problems in the ‘Area of Concern. Specific information included within the Stage 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 degree of tmparrment and the geographical extent of k
.. the impairment; and (ii) a definition of the causes of the use impairment, including a description of all -
- known pomt and nonpomt sources of pollutants mvolved and an- evaluatlon of other possrble sources.

: Stage 2 will deﬁne the specrfic goals for the AOC and describe the remedlal and regulatory measures

_ -selected to meet those goals. Included in Stage 2 will be an evaluation of existing and alternative remedial

. measures; a schedule for 1mp1ementatron of the recommended remedial measures, and the 1dentrﬁcanon of
--persons, agencies or orgamzanons responslble for 1mplementatron. : :

' 'Stage 3 is to be submrtted followmg the restoratron of beneﬂcral uses and will mclude a prooess for

evaluating the implementation and effectiveness of remedial measures; as well as -a description of survetllance d L

- - and monitoring processes to track the effeenveness of remedral measures and the eventual conﬁrmatron of
< the restoratlon of uses. , r ‘ B} . . SR ,
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2 o DESCRIPTION OF THE STUDY AREA
- 2 1 LOCATION AND EXTENT

The Jackfish Bay AOCi is located on the north shore of Lake Supenor, approxlmately 250 km northeast of -
_Thunder Bay. The AOC consists of the 14 km reach of Blackbird Creek between the Kimberly-Clark mill -
_ and Jackfish Bay including Lake ‘A’ and Moberly Lake as well as Jackfish Bay (Figure 1.1). The Town of - _
.. Tetrace Bay is the closest community to the Jackfish Bay AOC. It has a populauon of approxlmately 2,700
) andhestothe west of Jackfish Bayoutslde of the AOC : _ ‘

R .Blackblrd Creek carries the wastewater d:scharge from Kimberly-Clark Canada Inc. The Blackblrd Creek

 watershed drains an area of 62 kin? of rough, wooded terrain, 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 -
approxunately 14 km into the northern tip of Moberly Bay (elevation 183 m). The mean natural flow of
‘Blackbird Creek has been estlmated to be 0.7 m>/sec (24 /sec) (Gérman and Pugh, 1969). Historically,
.Blackbird Creek passed-through two shallow lakes referred t0 as Lake *A’ and Moberly Lake. Lake A
.originally covered a surface area of 19 ha (47 acres) with depths ranging up to 6.1 m. Moberly Lake was 28
"ha (69 acres) in size with a maximum depth of 6.4 m. LakeAwasbypassedmtheearlyl980sbecausemod :
fibre had substantially filled it in, Moberly Lake was 08 m deep (as of 1982) and has also eXpenenced '

_ s:gmﬁcant m-ﬁlhng

- Blackbird Creek was not visible from pubhc lands until 1957, when nghway 17 was constructed east of o
- Terrace Bay and a portion of. the creek was re-routed alongsxde the hrghway ‘The creek was routed away S
from the highway in 1987. : L

) Jackﬁsh Bay oontams two inner arms, Moberly Bay on the west into which Blackbird . Creek drains and o
~ Tunnel Bay on the east (Figure 1.1). A man-made tunnel connects Jackfish Lake with Tunnel Bay. Jackfish -
* Lake receives runoff from a small drainage basin which extends to the north of the lake. The total surface - . -
area of Jackfish Bay is 6.4 km?. It measures approximately 4.5 km in length 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, which is located in the extreme southwest of Moberly Bay;

Bennett Island, located in southeastern Moberly Bay; and St. Patnck Island, wl.nch is located near the eastern' o |

o _shore of Jackfish Bay.

22 CLIMATIC CONDITIONS

: Terraoe Bay is located in the Supenor Chmatm Reglon, which is the more southerly of two climatic reglons :
found in the Terrace Bay District (Ontario Ministry of Natural Resources, 1980). It is-characterized bya
" moderate climate with cooler summers and milder winters than the Height of Land Climatic Region which
lies to the north of the AOC. Mean daily temperatures in the Superior Region are -13.3°C in January and -
15°C in July. Meandallymaxxmaandmmlmaare-7.8 C and -18.9°C in January and 21.1°C and 10.0°C

" in July. Recorded mean annual rainfall is 787.4 mm with a mean annual snowfall of 2438 cm. Precipitation B

s relatively low in winter and high in summer. Winter bnngs eold polar air masses resulting in dry, clear ‘
weather much of the nme In summer, warm, humnd air masses from the south altemate with cool dry air :

from the north.

‘The north shore of Lake Supenor in the vicinity of Jackfish Bay, begms to freeze in mid January wrth a

median ice cover (based on the 1972 to 1985 period of record) of ten to sixty percent occurring from January

1210 18, from 70 to 90 percent from January 26 through March 15 and becoming ice free by April.6
. (Minister of Supply and Services Canada 1986). Moberly Bay is not completely ice-covered in the winter -
- due at least in part, to the warm effluent entermg via Blackbird Creek. The exact extent of open water is -



) not known, but, open reaches hkely extend almost as far as Cody Island before ice formatlon becomes more R

stable.

23 PHYSIOGRAPHY GEOMORPHOLOGY and GEOLOGY

" The Jackfish Bay AOC is a bedrock dommated area formmg a pornon of the north shore of Lake Superlor

. The area around Jackfish Bay and immediately to the north is characterized by rugged, steep hills and wide = -
river valleys. Drainage is predominantly south and southeasterly with elevations ranging from 305-m in the. .
o upper portions of the Blackbxrd Creek and the Jackﬁsh Lake dramage systems to 183 m at Lake Supenor '

: The area lies wlthm the Ablllbl Upland Unit of the James Physxographxc Reglon as deﬁned by Bostock
: '(1972) This unit is described as havmg a broad rollmg surface and couslstmg of crystalhne Archean rocks of
the Canadlan Shield. oo ‘ B

The Canadian Shleld was glaclated at least four umes durmg the Plelstocene Penod wlnch began more than B

1 million years before present. In the study area, glaciation resulted in a glaually eroded bedrock. surface

.- which controls the local topography. Glacial deposits consist mostly of a shallow sandy till ground moraine
.- which overlies the lower. portions of bedrock outcrops (Gartner 1980). A small sandy glacial outwash deposlt
- was formed during the final retreat stages of the Wisconsin Glacier at the head of Tunnel Bay and around
- the southern end of Jackfish Lake. The only other deposit in the area consists of a large glaciolacustrine - .
. delta which forms the southeast shore of Jackfish Bay and strikes inland toward the northeast (Gartner
. 1980). This sand and gravel deposit was formed where a glacial meltwater channel drained into Glacial Lake
- Algonquin which was the precursor to the present Lake Superior. Erosional shore. bluffs of the former '
glacial lake occur at elevations well above the level of Lake Superior. These bluffs, or terraces, are also

o common to the west of Jackﬁsh Bay in the vnclmty of the Town of Terrace Bay

T The bedrock geology of the northem and westem shores. of Jackﬁsh Bay is dommated by massive crystallme
- igneous rocks consisting-of granodiorite to granite (Ontario Geological Survey 1991). These rocks are late to

" . middle Archean in ‘age or approximately 2.5 to 3.4 billion years old. They also form the substrate for most
.~ of the streams and lakes which drain into Jackfish Bay. The southeastern shore of Jackfish Bay consists of -
. late to middle Archean mafic to intermediate metavolcanic rocks.  These highly metamorphosed rocks were -

~ formed from volcanic igneous rocks such as basalts, tuffs and breccias. Minor metasedimenitary rocks -
..(metamorphosed sedlmentary strata) also occur within thxs eomplex (Ontano Geologlcal Survey 1991)

2.4 SOILS

. Soils are predommantly rockland and brumsols Rockland soils occur where there is less than 10 cm of tlll
‘overlying bedrock and exposed bedrock (Ontario Institute of Pedology 1981) Areas of till thicker than

10 cm consist of Orthic Eutric Brunisols in middle and upper elevations and Gleyed Eutric Brunisols to -~
. Orthic Humic Gleysols on lower slopes. The till soils are sandy and are not parncularly fertile due to low S
nument content (prxmanly noncalcareous) and hrgh stone content. ,' ‘ ) N

Wet depresslons and extremely poorly dramed areas com:st of orgamc soxls mcludmg Temc (shallow) and .
Typic (deeper than 120 cm) Humisols or Mesisols depending on the degree of humification. " Soils which . .
- .have formed on the sandy outwash at the head of Tunnel Bay are predommantly Orthic Humic Gleysols in_

" imperfectly drained areas and Orthic Eutric Brunisols on better drained positions. Soils developed on sand
and gravel glaciolacustrine deposits near Terrace Bay and on southeast shore of Jackﬁsh Bay are
predommantly Eluviated Eutnc Brumsols : : , o



2. 5 TERRESTRIAL VEGET ATION

- The Jackﬁsh Bay AOC lies w;thm the Supenor Forest Section of the Boreal Forest Region (Rowe 1972)

. Forests are variable due to severe climatic conditions and rugged terrain characteristic of the area (Ontario =

- Ministry of Natural Resources 1980). They range from mixed tree speetes ‘with abundant shrub undergrowth, o
to single speues conifer stands (Rowe 1972) o _ :

l Forests of whlte spmce (Ptcea gauca), balsam ﬁr (Abtes balsamea), white birch (Beada mpywi ,ﬁm) and
trembling aspen (Popdus tremuloides) are found in valleys characterized by deep; medium textured soils
(Rowe 1972) The same species, but with birch-more prominent and some black spruce (Picea manana) is:

_ found on the thin till slopes and tops of low hills (Rowe 1972). Jack pine '(Pinus banksiana), white birch-and. . -
" poor quahty black spruce, are characteristic of higher rocky elevations and coarser. valley soils (Rowe 1972).

* Lowland areas support high quality stands of black spruce along with tamarack (Larix laricing)- and €astern .
- white cedar:(Thauja occidentalis). Forests in the District of Terrace Bay have been repeatedly burned,
g resultmg in an abundance of trembling aspen, white birch and jack pine. The rough topography and variable -

. soils, in eombmanon with thls burmng results in small stands and a patchy appearance (Rowe 1972)

,26 LANDUSE

: Land use in the v1crmty of J ackﬁsh Bay is limited, for the most part, to the pulp rmll and the commumty of
“Terrace Bay. Several mining companies have: operated inland within the Jackfish Bay watershed, but likely -
- have had little impact, The Empress Mine was located approximately 9.6 km east of Terrace Bayand-
" produced gold between 1885 and 1900, and again in 1936. The Ursa Mine was located 4.8 km north of the

Empress and it too produced gold unnl the early 1900s (Ontano Mnustry of Natural Resources 1980)

" The Townshxp of Terrace Bay" was estabhshed in the late 1940s in reSponse to the developmg pulp and paper' _
industry.. The pulp mill is Stlll the main mdustry and source of reveénue in the area. . A ,

The watershed of the AOC consists mostly of second growth forest. The only developed areas include the. .

* Highway 17 corridor and cottages at the former townsite of Jackfish on the east side of J ackfish Bay (Figure '

.- 1.1). The cottages are accessed by gravel road from the hlghway _There are no commerclal or industrial
: developments along Hrghway 17 in this area. : : :

There are three waste dISposal sites in the general area, however, two are outsrde of the AOC. watershed
‘The Town of Terrace Bay shares a municipal landfill with the Town of Schreiber. This landfill is located -

j “about 7 km west of Terrace Bay. Kimberly-Clark Canada Inc. utilizes an industrial landfill located about one
. km north of the mill. . The only landfill within the Jackfish Bay AOC is a small site operated by the Ontario .

~ Ministry of Natural Resources. It is located two km east of the cottage area at Jackfish and receives only
~ domestic waste from the cottages Tlus site does not pose any eontammanon problems for the Jackﬁsh Bay
: ,AOC : :

2. 7 RECREATION

 One of the earhest commercral recreation centres was developed in the late 1800s at the former village of.
" Jackfish (Figure 1.1). A hotel was constructed and the tourist trade was almost totally dependent on sport
- fishing. Consequently, when the lake trout populatxons declmed in the 1940s and 1950s, tounsm suffered
E heavdy , . o

Recreational activity in Jackfish- Bay has generally been light due to hmlted access and the depressed sport _- o

. ﬁshery A number of pioneer homes in the hlstoncal town site of Jackﬁsh have been converted mto summer

11



o --‘cottages, the only ones located in Jackfish Bay. Cottage owners represent the largest user-group for -
recreational activity in the bay. Jackfish Bay has noteworthy aesthetic value, with 1ts rugged shorehne and
archaeologrcal and hrstoncal sites. ‘ . ]

28 WILDLIFE I SR A

Wildhfe found in the Mxmstry of Natural Resources Terrace Bay Admlmstratrve Drstnct mclude Speues well
C adapted to the harsh climatic conditions found there.. Common specres include: moose, deer, timber wolf, . -
. fox, lynx, black bear, mink, fisher, martin, muskrat, beaver, porcupine, skunk; snowshoe hare andred =~ =
squirrel. Shrew, mice and vole populations are also found in the Drstnct, as well as a vanety of upland game- S
' blrds and songbrrds (Ontano Mmlstry of Natural Resources 1980) N , .

Although located within the Boreal Forest Region, Sub-arctic condmons exist in. exposed locauons along the .
shoreline as‘a result of the influence of Lake Superior. Herds of woodland caribou exist on the Slate Islands,

"on Pic Island and in Neys Provincial Park. The Slate Islands have been deslgnated as a natural envrronment L “

park, and have proven popular to tourists and natnralrsts due to therr unique fauna.

Several animal species. living i in the region are consrdered rare, threatened or endangered They mclude the »
~ eastern cougar (many unconfirmed sightings), great blue heron, bald eagle, peregrine falcon, golden eagle, -
-‘osprey, as well as a variety of songbirds (Ontario Mmrstry of Natural Resources 1980). The eastern cougar,

- peregrine falcon, bald eagle and golden eagle are ‘protected under the Omano Endangemd Speczes -Act
(Ontario Ministry of Natural Resources 1991). In addition, the eastern cougar and peregrine falcon are
hsted by the Commrttee on the Status ‘of Endangered Wildlife. i in Canada as endangered (Bumett et al. 1989) o

' The Ontano Mrmstry of Natural Resources has developed wlldhfe management plans with the broad '
objectrve "to provide sustained opumum cultural, social and economic benefits to the people of Ontario”

. (Ontario Ministry of Natural Resources, 1980). . The animals which receive the most management attentlon o
" due to their lmportance to huntmg mclude the moose, whrte-talled deer and black bear v

“29 AGRICULTURE

| There are currently no agncultural acuvmes in the vrcamty of the Jackfish Bay AOC. There is also very llttle )

e - potential for agricultural development anywhere in the Terrace Bay Administrative District (Ontano Ministry - -

. of Natural Resources 1980). Thin, stony soils with low feruhty, rugged terram and cool chmauc condmons , K

S ~ are the pnmaryhmxtmg factors R
- 2 10 WATER USES

B 2. 10 1 Water Supply

Process water for the pulp rmll and domestrc water for the Town of Terrace Bay is obtamed from a eommon
intake located in open Lake Superior, approxlmately 10 km west of -Jackfish Bay (Figure 1.1). A 90 cm. trunk
- main, extending from'the pumphouse to the pulp mill, provides a 30 cm feeder line to Terrace Bay's
- distribution system. The combined water intake mcreased from 102,200 m" 3/ day, before the mill iexpansion -

" (between 1975 and 1978), to approxlmately 143, 850 m>/day following the: expansion of the mill. The

* - pumphouse has the potential to supply 156,960 m 3/day from any two of three pumps. Although less than 2
‘percent of the total supply is used for domestic purposes, all of the water is chlorinated. Hays Lake, located
" northwest. of the Towu of Terrace Bay, provxdes an altemate water supply : '
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2. 10 2 Wastewater Dlscharges

Process water from the Kimberly-Clark Canada Inc pulp mill is' dlscharged into Blackbird Creek which flows
. over a distance of 14 km to Moberly Bay in Jackfish Bay. Dunng 1990 the average effluent flow from the - -
mill was 94 ,000 m Iday The effluent treatment system and effluent quality are discussed in detail in

Sect:on 4. 'This repreeents the only pomt source dlseharge wrthm the Jackfish Bay AOC

‘Municipal wastes from the Town of Terrace Bay are treated by two systems Domestic sewage from one o
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 adjacent to Lake Superior, immediately south of the townsite and removed from
Jackﬁsh Bay Therr is no direct dlscharge from the lagoons (Ontano Mrmstry of the Environment 1991a)

-» 2 10.3 Flsh Habttat

Water depth in Jackfish Bay generally increases abruptly from the rugged shorehnes to depths of 10 to 50 m.
Littoral areas are limited in extent, forming extremely narrow bands along the shoreline.’ As a result
wetlands are not present in Jackfish Bay. ‘Nearshore fish spawning and nursery habitat is restricted to -
isolated pockets pnmanly located in Tunnel Bay, to the west of Cody Island around Bennett Island.

e 'Although the maximum water depth in Jackfish Bay is approxtmately 50 m, the mammum depth in Moberly 8 -

. Bay is only 20 m' (Figure 2, l) The bed of Jackfish Bay slopes more steeply along its western shore with
'mammum depths oocumng west of St. Patrick Island. = . .

Jackﬁsh Lake is connected to the northern tip of Tunnel Bay bya channel apprommately 15min length,
The lake, which is 127 ha in area and has a mean depth of 6.2 m, provides spawning and nursery habitat for -
-a number of resident warmwater species in addition to migrants from Jackfish Bay. - Jackfish Bay species
. which spawn in‘ Jackfish Lake or its tributaries include walleye (Stizostedion vitreum), northern pike (Esox '
- lucius), rambow trout (Oncorh)nchus m)iass), pmk salmon (0 gorbuscha) and suckers (Catostomus sp;) .-

* Goaodier (1981, 1982) documented historical spawning areas (i e., prior to 1955) for the mapr commercial .

. species in the Jackfish Bay.area. Major lake trout (Salvelinus namaycush) spawning grounds were located in
Moberly Bay and along the shore of Lake Superior adjacent to Jackfish Bay (Figure 2.2). Lake Whltefish
(Coregonus clupeaformis) spawning grounds were identified along Lake Superior’s shore 1mmed1ately east.
: and west of Jackfish Bay (Fi gure 23). The quality and use ot' these shoals has not been assessed

A Blackblrd Creek was noted as a brook trout (Salvelmus pnanalts) stream prior to the start-up of the ‘mill in -

1948, ' As there are no natural barriers restricting movement of fish between the creek mouth and:

' Hrghway 17 (14'km), it may be presumed that Lake A and Moberly. Lake formerly provnded seasonal habltat .
. for a number of fish specles resrdent in Blackblrd Creek. S .

2. 10 4 Commercnal Flshlng

. Commeraal ﬁshermen ﬁrst settled in Jackﬁsh Bay dunng the 1870s and the commeraal ﬁshery mdustry was
~well estabhshed by the mid-1880s. Jackfish Bay was noted as an excellent port, however, fishing was. never :
extensive in the area as the adjacent’ shoreline was rugged and storms could be severe. The fishery was
characterized as‘a rowboat fishery with an annual catch of -approximately 14,500 kg of lake trout and 6,000 kg
- of whitefish between 1895 and 1898 (Goodier 1982). Commercial fishing activity peaked during the early ,
" 1900s, when approxlmately 40 famxlres were permanent residents of the former Town of Jackﬁsh (Figure 1. l).

- 13
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The Canadian Paclﬁc Rallway converted Jackﬂsh into a two mdustry town in 1884 Jackﬁsh, due to its deep, '
sheltered ‘harbour, became a transhipment point for Pennsylvania coal bound for CPR’s-divisional points of -
Chapleau and Cartier. The town continued to prosper until the: late 1940s and 1950s when the CPR -~
converted from coal to diesel. Concurrently, sea lamprey predauon and heavy exploxtauon depleted fisheries =

- . stocks in Lake Superior.

, Lakewnde esumates of total harvest are available for the mapr commercial fish species. datmg 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 . - o

V _harvest’ reporting according to defined management zones vastly improved commercial harvest statistics. .
- Zone quotas for lake trout were first established in 1962, followed by zone quotas for all major commercial

. species by the mid 1970s." Individual quota management for all species was finalized in 1984. Quotas are

currently set at levels designed to maintain or restore stocks while maximizing harvest.- Canadian waters of
- Lake Supenor are divided into 34 management zones. The Jackfish Bay AOC is in Zone 18 (Figure 2.4) AR
" which extends offshore into Lake Supenor beyond the: Slate Islands Tw commerclal ﬁshmg operanons are -
currently hcensed. : .

" The total oommerclal harvest in 1985 amounted to 5,082 kg (Table 2.1) which was valued at $5 727 Lake
trout, lake whlteﬁsh, chub (Coregonus sp.) and lake ‘herring (Coregonus artedii) 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 of sea lamprey in Lake Supenor (early 1950s), lake trout was the major

. commercial species in the Jackfish ‘Bay area. During the period from 1951 to 1953, the avérage annual
~ commercial catch from Zone 18 was 56,000 kg, of which 52,500 kg were lake trout. In comparlson, the lake
" trout commercial catch durmg the penod 1980 through 1985 in thns zone ranged between 771 and: 2,307 kg
: (Table 2 1) , S - A

Lake Supenor Management Zone 18 commerclal catch (round wetght in knlograms)

| . Two commercial fishing licences.

.17

Table 2.1
- (OMNR Data Files) S

yé_pec_ies - iés,o | 1est | 1es2 | ‘isss | 1s8a
L trout 1,021 m 2307 | 2013| a3
|| L. Whitefish - ,815 "'2,141 9,149 : "5,456 '
i nL herrmg 35| | 22 180 | 498 59 1,167 | 185

|| Chubs. - 9373 |  ea8s| - 132 3204 | 361 192 | 10375
" Yellow perch 0 0| 0| ol 0] 0 e
g “ Menommee 0 1 - 10 | 70 . ‘ 9 0 | unlimited
N smet 0 0 0 0. 0| 0 | unlimited |
“}Mu_llet_ 374 3| - 6% 37 182|161 _-unllnlitcd'
| other w| | | s| s
| Total 188 | 10164 | 12791 | 1188 | - 2146 5082 | 163365 ||
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‘ Exploltanon and the mtrodueuon of exotus had the greatest effect on Lake Supenor’s commercial ﬂshenes
. prior to 1960; cultural eutrophication was not considered a major factor in the changing fisheries
‘communities. in this lake (Loftus and Regier: 1972) Lake trout harvests in the Jackfish Bay area remamed
relatively stable prior to the sea lamprey invasion in the early 1950s. However, commercial fishing in
Jackfish Bay was terminated in 1948 when Kimberly-Clark began drschargmg wastewater into Moberly Bay. .
* Jackfish Bay remained a fishing port until the early 1960s, at which time commercial fishing in Zone 18 was

‘greatly reduced. The current fishery is predommantly an offshore fishery, as nearshore lake trout stocks have
not reoovered to substantral levels. , A , _ ; '

. The Slate Islands native lake trout stock is one of the few stocks of lean’ trout that has persrsted in Lake
Superior. It is one of two lake trout stocks identified in Ontario as sources for Lake Superior hatchery ~
broodstocks. In 1969 the Ontario Ministry of Nataral Resources imposed a one mile closure to commercial
fishing surrounding the Slate Islands. These islands lie approximately 14 km south of Jackfish Bay. Lake
trout stocking in Zone 18 was intermittent prior to 1983, totalling 50,292 yearhngs/ﬂngerhngs from 1970 to-

- 1982. - Stocking rates, however, averaged 55,000 fish per year from 1983 to 1987. Zone 18 has been assigned

"first priority for stocking" under the auspices of the 1986 Lake Trout Rehabilitation Plan for Lake Supenor o R

L Aeoordmgly, stocking- will continue at the present rate for a minimum of five years. Lake trout, the only
: speeles stocked in Zone 18 have never been rntroduced dlrectly mto Jackfish Bay '

2 10.5 Sport Flshmg

e Sport ﬁshmg in Jackﬁsh Bay declmed dramattcally durmg the 1950s and has remamed depressed under o
current conditions. Lake trout spawning shoals appear to have been adversely affected by organic material i in

. the discharge from the Klmberly-Clark mill. Electrofishing surveys found few specres and low numbers of .. - -

fish in Moberly Bay as well as mcreasmg numbers and speues dwersrty with increasing distance from the mlll' :

L ,outfall

o Most recreatlonal fishing occurs oﬁshore around the Slate Islands Lake trout dre the most abundant ﬁsh
-taken in the open lake while there is a lrmrted nearshore fishery for rambow trout and brook trout.

'Rehabthtauon measures, in the form of hatchery mtroductxons and sea lamprey control may have resulted in
substantial increases in sport fishing activities during the late 1970s and the 1980s in many inshore areas of -

- . Lake Superior. Dégraded water, sediment and benthic fauna and, perhaps, low stocking rates in areas

- adjacent to Jackfish Bay have prevented a similar trend in the AOC. Reliable estimates of sport fish harvest .
__are not available for Jackfish Bay. ‘Prior to the 1950s, anglmg was popular and Jackﬂsh was the srte of an
.annual ﬁshmg derby. . :

2 10 6 Recreatlon

The Jackﬁsh Bay AOC is an attraeuve locatlon for recreauonal use. However, Lake Superlor's inherent oold
water conditions, poor aesthetics related to the effluent from Blackblrd Creek, and hmxted access restnct
,tradluonal water actmues o , _ . : P

Water based recreatlonal actmttes are restncted to minor sport ﬁshmg (Seetton 2 10.5) and scuba diving by
~ local residents.. The wreck of the Rappahannock, a 94 m bulk freighter which sank in 1911 in Tunnel Bay, is
- a popular local dive site. The only public beach in the area is the Terrace Bay Beach on the north shore of
- Lake Superior. It is located near the town about 10 km west of Jackfish Bay.. There are no beaches thhm

Jackfish Bay and there is no mformatron on the use of the bay by local cottagers :
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» There are no boat launch sites located on Jackﬁsh Bay anall craft can access Lake Supenor at the ,
" Aguasabon River west of Jackfish Bay and through Jackfish Lake. The CPR tunnel in the channel between .
_ Jackfish Lake and Tunnel Bay restricts the size of watercraft that can travel between the two water bodies. .
The launch sites offer the most dn'ect access to the Slate Islands Provmcnal Park and the offshore lake trout

_ ﬁshery

v
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30 ENVIRONMENTAL CONDITIONS
3.1 WATER QUALITY

- Vanous agencles have developed water quahty obJeenves based on dlfferent factors Examples are the -

- Provincial Water Quality Objectives (PWQOs) and the Great Lakes Water Quality Agreement (GLWQA)

Specific Objectives. The PWQOs were designed for "the protection of aquatic life and recreation in and on -

o _the water" (Ontario Ministry of the Environment 1984) while the GLWQA Specific Objectives are "based on :

" “available information on'cause/effect relationships between: pollutants and’ receptors to protect the most = -
sensitive use in all waters” (Intemauonal Joxnt Commnssxon 1987). - _ -

The followmg water quahty summary for Jackfish Bay is based pnmanly on data collected by the Ontano S
* Ministry of the Environment in 1970 (OMOE 1972), in 1981 (Kirby 1986) and in 1987/88 (Sherman 1991). .

The sample locations for each survey are provided in Figures 3.1, 3.2 and 3.3, Many of the sample locations ' .
" . are comparable for all three surveys, particularly the 1981 and 1987/88 surveys which utilized the same '

' _numbering system. . Generally the density of sampling in Jackﬁsh Bay and Lake Superior was highest durmg
the 1981 surveys (Figure 3.2) and the density of sampling in Moberly and Tunnel Bays was highest in the -
~ 1987/88 surveys. (800 series locations, Figure 32). The 1970 survey consisted of one sample collected at each -
. station during the month of August. The 1981 surveys-included 2 or 3 samples collected on consecutive days
in each of June and September. The discussion of results for this survey are confined to the June samples as
© " the mill was closed for maintenance prior to the September surveys and, hence, these surveys are not L
' consxdered representative (Kirby 1986) - The 1987 surveys consisted of between 2 and 6 consecutive day
samples (most stations were sampled 3 times) during 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 ’
g 'surveys are provrded in the text and in tables, the complete data set for each is provided in Appendix 3. L

‘Data from these surveys are dlscussed by parameter and then compared to the PWQO and GLWQA o

Ob]ecuves as a means of assessmg ‘water quality in the area. Changes in water quahty over the years is also N .

','31 1 Currents and Plume Charactenstlcs :

In 1987 Gore and Storne set up. the Rand Model to mimic the warm buoyant effluent dlscharged by -

Kimberly-Clark Canada Inc. into Jackfish Bay (Gore and Storrie 1990). . The model reproduced the ;

hydrodynamic flow field from July 11 to August 28 and indicated that currents generally move into Jackfish
- Bay from the east and exit the bay out of its western edge. - The model predicted that the effluent plume
from Blackbird Creek would flow southward through Moberly Bay following the western edge of Jackfish -
Bay. These results are consistent with an earlier study. (Beak Consultants 1977) which determined that water
circulation is in a counter-clockwise pattern, with open lake water moving northward into Jackfish Bay along _
- the eastern side of St. Patrick Island and the mill effluent being generally conﬁned to the western s1de of the :

' - Bay.

‘Results from current measurements carried out for Jackfish Bay durmg the summer of 1984 (Beak - ‘
Consultants 1984) indicated that wind direction during the study period was most commonly in the NW~
through SW (315° - 225°) and the SE through SW (135" - 225°) 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 Consultants 1984). These results suggest

* that wind has a great impact on local surface currents. Average current speed during the study period was

only 2.0 cm/sec compared to the typical Great Lakes average of 8 - 10 cm/sec. Results from drogue

; i trackmg indicated that the surface current speed ranged from 15 to about 30 cm/sec to the northwest.

23 .
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During ice free conditions, the Blackbird Creek discharge floods the surface of Moberly Bay (Sherman 1991). -

The discharge generally travels south along the western shore of Moberly Bay to Cape Victoria, a distance of
five km. Variable wind direction and speed can alter the shape and extent. of the surface plume. Drogue.
- tracking studies conducted during July and September of 1987 revealed a predominant southward direction in' -
.- Moberly and Jackfish Bays although oecasronal eastward and northeast tracks toward Tunnel Bay were

observed (Sherman 1991). ‘ _ o

l »The strong thermal stratrﬁcatlon or layermg of the plume over the colder waters of Moberly and Jackfish N
. 'Bays, results in poor efﬂuent plume dispersion. The shape of the plume and the rate of its dilution by water |
." in Jackfish Bay on two different days in each of July 1987 and July 1988 are illustrated in Figure 3.4. This -
. figure is-based on direct conductivity measurements and shows the rate of dilution of the plume in terms of
. the rate of conductivity décrease. The Blackbird Creek discharge is diluted to less than 25:1 within' most of
‘ Moberly Bay and drlunon to less than 100'1 often does not occur. unnl the plume extends beyond Cape
Victoria. - -

o The effluent plume results in a gradlent of warm, turbrd, brown-eoloured surface water havmg a much hlgher
- dissolved solid concentration extending from the mouth of the Creek into Jackfish Bay Asa result, water .
: quahty inl] ackﬁsh Bay is dlstmctly different than typrcal Lake Supenor embayments , :

812 Conventional Water Quality Parameters

. Conventlonal water quahty parameters mclude water colour, turbrdlty, temperature, dissolved oxygen and
bnologlcal oxygen demand, nutrients, mapr ions and bactena. . ,

. 13 1.2.1 Water Colour and Aesthetlcs

’ 1Colour may be detnmental in that it mterferes wrth the passage of llght, thereby lmpedlng the photosynthesrs
- of aquatic plants. -Guidelines suggest that no undue increase in the colour of natural waters be allowed
through waste disposal or other activities (McNeely et al. 1979). Organic and inorganic materials contribute :-
to the colour of water. Apparent Hazen Colour Units (HCU) are influenced by suspended matter and by.
drssolved oonstxtuents There are no Provincial Water Quahty Guidelines for eolour in amblent waters Lo

- Colour (HCU) was measured at one stauon in Blackbrrd Creek as well as statrons in Moberly Bay (10 ‘
stations), Jackfish Bay (11 stations) and Tunnel Bay (1 station) during August 1970 (OMOE 1972). The.
station locatrons are shown in Figure 3.1. Blackbird Creek had a colour value of 1,375 HCU. Samples from
" - Moberly Bay were 2,500 HCU at the outlet of Blackbird Creek (Statlon 1) decreasing rapidly to <10 HCU: . .
- at the northern end of Jackfish Bay (Stations 12, 13 and 14). 'Stations in southern Jackfish Bay (Stations 20,

21 and 22) and in Tunnel Bay (Station 19) had an HCU value of <5. The median and range of colour. -
values for all stations sampled in 1970 were 10.5 and 2 to 2,500 HCU, respectrvely (Kirby 1986) These latter.

‘- stations represent close to background conditions as they are outside the main plume (Figuré 34) and,

hence, reveal a pattern of strong colour change due to efﬂuent from the Krmberly-Clark mill.

. Colour was also measured dunng the June and September 1981 surveys (Klrby 1986) Statlons sampled
during 1981 included most of stations sampléd in 1970 as well as additional stations, particularly outside of
-Jackfish Bay in Lake- Superior (Figure 3.2). In eompanson to the same stations sampled in 1970, the June

1981 survey indicated little or no improvement in colour.  Although the upper range of colour values was less - L

than half that of 1970 - 921.3 as compared to 2,500 HCU in 1970 - the median value was almost seven. times
~higher - 72.2 as compared to 10.5 HCU (Kirby 1986). The 1981 medlan was found to be srgmﬁcantly
'(p <0 05) hrgher than the 1970 medlan value ) ’ _



" Table 3.1." Jackfish Bay measured wind speed and direction, Summer 1984 (IEC Beak, 1984).

‘Time | AverageWind |  Prevailing
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© Table 3.1, (Cont'd)

‘Date> 2

. Time -

; A\}efage Wmd B

" Speed

Prevailing .
Direction. |

June 10 .

24-06.

EX

010°

|| June 22 . '

S 12-18

18-24" "

45
T8

1500
135

June 23

$24-06

- 06-12
12-18
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12
12.7

122

-8.2
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130
135°
| 165°

June 24 =

24:06 -

06- 12 '
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26.3
16.2.
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300°
- 315°
3200
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'18-24

12
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3.8

o0
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) ) ‘:11.0

2
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The results of the colour measurements from the 1988 surveys are shown in Figure 3.5 The results are
comparable to that of the 1981 surveys in which the upper range of values approached 1,200 HCU. The
. colour value decreased gradually to between 50 and 10 near the southern portion of Moberly Bay and to
'baekground levels at the edge of the plume (1 HCU) and in southeast Jackfish Bay (Fi gure 3.5)

. In addition to measurements of eolour, the 1970 studies (OMOE 1972) also noted that degradatlon in the

- aesthetic. quality due to odour, floating foam and the dark brown colour of Blackbird Creek and Moberly Bay
was perhaps the most serious impairment in terms of its effect on other water uses”, .The report also
indicated that the offensive odour and objectionable appearance due to foam and the colour of Blackbird

" Creek have degraded the aesthetic value of the surrounding area as "is evident from the numerous

.. complaints by passing motorists" (OMOE 1972) Subsequent to these studies, Kimberly-Clark ' installed »
- culverts and landscaped the Highway #17 crossing of Blackbird Creek to alleviate the aesthetic lmpaxrment.
. It was the ooncluslon of the OMOE (1972) report, however, that additional work was reqmred. '

Substantlal 1mprovements were made in the Kimberly-Clark mill efﬂuent treatment system subsequent to the
1981 surveys. However, degradatmn due to colour had not 1mproved as of July of 1988. = - ,

s 31 22 Turbicity

Turbndlty isa measure of the suspended parucles such as sxlt, day, organic matter, plankton and mlcroscoplc '
- organisms in water which are usually held in suspension by turbulent flow (McNeely 1979). ‘The Ontario -~
. Provincial Water Quality Objectlve (PWQO) for. amblent water turbldlty requires <10 pereent Seechx depth ,

_decrease (OMOE 1984) v , _ : .

: Turbldrty isa useful charactenstlc for assessmg water quahty in areas receiving mdustnal wastewaters such as
-those from pulp mills. Reeemng waters may have reduced clarity due to the presence of suspended
materials such as organic matter from the effluent. ‘Water clarity affects the ability of aquatic life such as
" algae to thrive in the receiving waters, and may be determined by taking secchi- disc readings in the field or
by laboratory measurements of optical interferences. to the transmission of light (JTU - Jackson Turbidity
~ Units or FTU - Formazin Turbrdlty Units). "Secchi disc values are obtained by determining at what depth
the black and white secchi disc is no longer visible from above. Altliough measurements of JTU and FTU
_ are generally similar their values can not be dlreetly compared to secchi dlsc In general secchi dISC depths i
should decrease as FTU/JTU measurements increase.- v :

» The results of the 1970 mvest:gauon (OMOE 1972) mdrcated that hlghest turbldlty oecurred in Blaekbnrd
Creek and in Moberly Bay adjacent to the outfall (Station 1, Figure 3.1 and Appendix 3.1). These were -

.- found to have turbidity values of >150 JTU. The remainder of the samples within Moberly Bay were in- the
.. range of 2.5 to 4.9 JTU, The Tunnel Bay. sample (Station 19) was 1.3 JTU which corresponded =

' approximately to the values observed at stations in southern Jackfish Bay (15 to 25 JTU). .

The June 1981 median turbldlty for all samples eollected in Moberly, Jackﬁsh and Tunnel Bays (Statlons 701- "‘
726, Figure 3.2) was 0.6 FTU with a range of 0.15 to 3.4 FTU (Klrbyl986) The data for each station were

: ‘not provrded by Klrby (1986).

The results of the 1987 and 1988 surveys revealed much lngher turbldlty values in Moberly Bay than found m . o

" 1970 or implied by the ranges reported for 1981. Turbidity values from 1987/88 ranged from 0.20 to 460.
FTU. The Moberly Bay statlons reoorded mean values between 0.52 and 27.30 FI'U (one hlgh mean of
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154.00 FTU was recorded at Statlon 811) in Julyand August of 1987 and between: 063 and 25.00 FI'U in
~ July of 1988. The highest mean values were observed at the stations located closest to the mouth of
- Blackbird Creek (Stations 701, 702, 803, and 805-810, Figure 33). In comparison, stations in Tunnel and
- Jackfish Bays had mean values of between 0.25 and 1.80 durmg all three samphng penods whrch are
‘ 'comparable to the values found dunng the 1970 survey. ' , o

The 1987 188 survey mcluded an investigation of water clanty as determmed from secchr disc measurements -
- (Sherman 1991). Secchi disc readings indicated that water clarity was poor within both the plume and
Moberly Bay with depths ranging between 0.1 and 2.5 m. Outside the plume, in Jackfish Bay and Tunnel :
- Bay, clarity was good with values of 3.0 to 8.0 m. Poor dclarity within Moberly Bay was due to a-combination -
of high dissolved colour (Section 3.1.2.1) ‘and high susperided solids resulting from the Blackbird Creek
discharge. Spatial trends in suspended solids concentrations were similar to those of colour with the hrghest
concentrations near Blackbird Creek at Stations 701, 803 ami 806 (greater than 30 mglL) and declmed to .

badcgroundlevelsoflessthanlmg/L(Fgure36)

L The PWQO for turbrdrty was exceeded within the plume, mcludmg all of Moberly Bay, durmg the: 1987 and
- 1988 surveys because the secchi disc depth measurements were reduced by more than 10 percent as
- compared to background conditions outside the plume.- In addition, there does not appear tobe any .
unprovement in turbrdlty within areas of the AOC affected by the efﬂuent plume between 1970 and 1988

- '31 2 3 Dlssolved Oxygen BOD and Temperature ‘

g 'Dnssolved oxygen levels are an 1mportant charactenstrc of water, as they determme the abrhty of ﬁsh and
other oxygen-requiring aquatic life to survive. Low oxygen levels can have an adverse affect on biota which is

compounded when water temperatures are high. - Dissolved oxygen levels in receiving waters may be reduced-

(due to oxygen demanding materials which are measured in effluent as Biological Oxygen Demand -'5 day

(BODs) and Chemical Oxygen Demand. (COD). 'The PWQO require a percet saturation of between 54,

and 57 percent for water temperatures normally | found in Lake Superior and its embayments. This is also

k expressed as a ooncentratron of 02 of greater than 5 mgIL for the protectron of cold water brota (OMOE

- .1984). _ _ :

- Drssolved orrygen was rneasured as percent saturation ‘during the 1970' survey Although’ the percent '
saturation increased with distance from the mouth of Blackbird Creek, all stations were within the PWQO. .

o " The lowest value of 60 percent occurred at Station 1 (F‘ igure 3.1) closest to the- mouth of Blackbird Creek.
“This station also had the highest B0D5 (240 mg/L). The remainder of stations in Moberly Bay ranged

* between 71 and 80 percent saturation whereas those in Jackfish and Tunnel Bays ranged between 75 and 9%
. percent (OMOE 1972). The B0D5 concentration ranged between 1.6 and 3.9 mg/L (mean 234 mg/L) in.

- Moberly Bay and between 12 and 18 mg/L (mean 1.39 mg/L) in Jackﬁsh and Tunnel Baw

e | The 1987/88 water quahty survey was conducted before the seoondary treatment system was brought online . .
* by the mill, and the Blackbird Creek discharge was found to be high in oxygen demanding material. Asin-

~ 'the case for colour and. turbrdxty, the high biological oxygen demand of the Creek discharge extended through
~ much of Moberly Bay (Figure 3.7) rwulnng in partial depletion of dissolved oxygen in the- surface waters.

- BODg ‘concentrations in Moberly Bay were much higher at most stations during these surveys than found
dunng 1970. Figure 3.7 shows the results for individual days in 1987 and 1988. The concentration of B0D5, '
* -in the upper half of Moberly Bay ranged between 4 and 100 mg/L. The concentration decreased to about

‘1. mg/L at the southern end of Moberly Bay in July 1987 and thhm the central portxon of Jackﬁsh Bay in

 July 1988 (F'gure37)
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. The mean value of station means for Moberly Bay was 16.0 mg/L and for Jackﬁsh/Tunnel Bays was _
. 0.83 mg/L. Typical values for open water in Lake Supenor embayments are less than'1 mgIL (OMOE

- 1989,

* Figures 3.8 and 3 9 compare vertical proﬁles of temperature and oxygen for Statton 701 in Moberly Bay, .
~ Station 716 in Jackfish Bay and Station 713 in Tunnel Bay on selected days in the summers of 1987 and 1988 f
. 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

B recorded for the samples shallower than 4 m at Station 701 were in violation of the PWQO for waters less -

. _than 20°C. Waters below the thermocline (approxlmately 6 t0.8 m deep, Figure 3.9), which limits the depth -
- of the plume in Moberly Bay, were similar in temperature and oxygen concentration to waters m Tunnel Bay

. and appeared unaffected by the efﬂuent.

Sl con_pnct:on with a fish. bloassay conducted in 1983, dlssolved oxygen concentrauons were taken throughout ‘
. Jackfish Bay (Flood et al. 1986). The lowest values detected during the: study period were from sites located .
along the western shore of Jackfish Bay Values progressively increased in samples taken on central and

T northem transects, respectrvely The PWQO was not met at 24 pereent of the sample stanons

- In a 1990 fish bnoassay, conducted to determine the effectweness of the secondary treatment plant, condttlons -
- were found to be much 1mproved (Flood 1990) Where daily dissolved oxygen values ranged from 4.2 to 52

- 'mg/L at the Blackbird Creek discharge in July 10 to 14 of 1983, they. ranged from 6.8 to 7.3 mg/L in July 26 S

10 30 of 1990.. The lowest dissolved oxygen value measured in the 1983 study was 27 percent saturauon,
compared to 73 percent in 1990 (Table 3.2) g

For a brief penod in the sprmg the Blackbxrd Creek drscharge smks causmg the dlscharge to pool in the '
~ deposition areas of Moberly Bay (Beak Consultants 1984). During this period, effluent with low oxygen
-levels is in direct contact 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 m _

" direct eontact w:th benthos

. 31 2 4 Ma;or Ions, pH and Alkallnlty

: 'Concentratlons of major jons in Moberly and Jackfish Bays were also found to be affected by the efﬂuent

. plume-from Blackbird Creek durmg the 1987 and 1988 surveys (Sherman 1991). nghest eoncentratxons of Co

cations (calcium, magnesium, sodium and potassium) and anions. (sulphate and chloride) along with'
o conductwlty measurements were found in the vicinity of Blackbird Creek and values decreased with -
increasing distance from the discharge (Appendix 3. 1. Conducnvnty provides a measure of the total ionic

- . composition of the water and, hence, provides:a useful approximation of the shape and extent of the effluent-’

. plume (Figure 3. 4) During 1987/88 conductmty values (at 25 O ranged from 96.0 to 1,590 0 unhoslcm

g Normally, the largest proportlon of cauons in Lake Supenor is eomposed of calcium and magnesmm _
(OMOE 1983). - However, within the effluent plume in Moberly Bay, sodium dominates the cations. The

- largest proportion of anions is normally the bicarbonate jon (HCO;.). However, the Blackbird Creek _

* discharge resulted in a dominance of chlonde ion. Both sodium salts and chlonde (m the forms of chlonne)
'areaddeddunngthekraftpulpmgprocess :

- pH valuea in Moberly Bay surface waters were below typxcal Lake Supenor values asa result of the effluent '

‘ dlscharge ‘Typical pH in Lake Superior, as shown in the unaffected areas of Jackfish Bay, are 7.8 to 8.0.
During 1987 and 1988, the mean pH was lower at all. Moberly Bay stations; ranging between 6.1 and 7.9 S
_ (Sherman 1991) pH measurements from the entire 1987/88 data set ranged from 5.4 to 8 00 The lower -~
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- STATION 716 - JACKFISH BAY

'Flgure 3.9 . S
Vertical profiles for water temperature (C),
onductivity QJS/cm) at statlons located in.

- Tunnel Bay (713) (Sherman 1991)
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.;Ta_ble 3.2 Dnssolved oxygen levels at the ﬁsh exposure sxtes in Jackﬁsh Bay, July 10-14, 1983 and July
Lo 2630, 1990 (Flood 1990)

. 1983 :
: Day1 Day2 Days Day4 Day5

L Blaekbn'dCreek = 6.-2~_-' 60 49 48 | 12y

4.
.o.75_,1qnou;m:shofe‘ 69 - 21t 77 46* | 86 89 86 - 95f
.074kmoutcentre | 64 -. 35" 81 44 | 87.100 96. - 950
. 075 km out fiorthshore-| 85 < 76 82 96 ‘| 94 104 .100- - 92|
.10kmoutwestshore |~ 71 - 33* 76 41' [ 8090 95 - 97f
l0kmoutcentre | 96 - 83 84 47" |.95 100 100 - o7f

000 N 8 tn A W

CodyIsland westshore . | ~ 66 - 28 94 44" | 80 86 98 - 98
CodyIslandcentre . | 87 - 66 88 91 | 95 105 100 - 101

- || 10. 24 km out westshore 89 .- 99 88 95 | 93 97 106 - 106

ff11. Litte NickRock - | 95 - 97 90 - 97 -| 98 103 100 - 105
{ 12.35kmout westshore | 96 - 102 - 95 104 [ 94 98 108 - 107

[ 13. Mouth of Tunnel Bay | = - - - - 105

C1 Control 1 Victona Bay 10.7 -
2C2 Control 2Tunnel Bay 103 -

}Note No observanons were taken on Day 4 1983 (July 29), due to bad weather condmons : .
dissolved oxygen conditions which did not meet the mnmmum Provmaal ‘Water Quality ObJecuves o
: - for-the protection of cold-water biota, ~ ’
-* . dissolved oxygen conditions which did not meet the xmmmum Provmaal Water Quahty Ob]ecuve for
S the protectxon of warm or cold~water biota,



 limit of the PWQO (6.5 to 8.5) was exceeded. In addition, mean pH values at stations 701 (6.35 pH), 803
(6 10 pH) -and 806 (6 40 pH) taken dunng July 1987 were below’ the lower- hmxt set by the PWQO '

: Durmg 1987 the mean alkalmrty at all stations mcludmg those in Moberly Bay were pnmanly wlthm the =
. range of 43 to 45 mg/L with occasional vahies as low as 30.3 and as high as 57.2 mg/L. During July 1988

~ the mean alkalinity concentrations at stations within Moberly Bay, particularly those closest to’ the mouth of
- Blackbird ‘Creek, 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 Jackfish and Tunnel Bays were generally within the range 44.5 to 52.5 mg/L. Although 1t
*“would not appear that the effluent had much effect on Moberly or Jackfish Bays during 1987, it clearly
. resulted in elevated eoncentratlons during 1988.. The minimum and ma)nmum recorded values dunng
1987/88 were 4.00 and 220, 00 mgIL rmpectwely ' c

 The PWQO states that alkahmty should not be. decreased by more-than 25 percent of the natural :
concentrations. Although it is not.clear what the natural concentrations are, the data for 1987 and from

~ Jackfish 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 alkahmty in Moberly Bay occurs due to the effluent and although- o
this does not violate any ob_]ectlves, if sustamed, it could result ina change in trophrc status m the nearshore L
waters of the AOC ' S , . : e

‘.3 1 2 5 Nutnents

: .vThe efﬂuent causes an increase in plant numenfs parucularly phosphorus and ammoma, wrthm Jackﬁsh Bay
“'The Provincial Water Quality Guideline for. average total phosphorus in lake water is 20 4g/L. This’
guideline was established to avoid nuisance algal growth, and a guideline of 10 ;g/L was established to
- .achieve a higher level of protecuon from nulsance algal growth. The PWQO for un-ionized ammonia
- ofie. NH3)1320 /.g/L : . . :

o 'The average ‘total phosphorus concentratlon at all statrons in Moberly Bay during 1970 was 51.5 pglL well m' o A'
- exceedence of the PWQ Guidelines. Station 10 (Figure 3. 10) was the only station in Moberly Bay not to - o

~exceed the lower guideline based on an individual sample (8.0 1g/L). The mean total phosphorus

~ concentration of all stations in Jackfish Bay was 11.5 4g/L, which although exceeding the lower gurdelme was - .
~well below the upper guideline. These concentrations clearly show the effect of the Krmberly-Clark effluent =

* on nutrient enrichment in the AOC. Total phosphorus was <10 yg/L at most stations in both Moberly and

~ . Jackfish Bays. However, individual éxceedences occurred at Station 1 (330 ..g/L) located closest to_the outlet

of Blackbird Creek and Statlons 15 (60 ;g/L) and 16 (40 ;g/L) in Jackfish Bay (Figure 3. 1)

.b , 'Mean total phosphorus concentrauons measured (during the 1987 and 1988 surveys exoeeded the 10 ug/L
" guideline at all 24 stations (100%) in Moberly Bay during July 1987; at 21 stations (87.5%) in August 1987;

- and 21 stations (87.5%) dunng July 1988. The 20 ;g/L guideline was exceeded at 21 stations (87.5%) 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 highest mean total phosphorus were located closest to the mouth of -
- Blackbird Creek (70 to 570 pg/L) _Figure 3.10 illustrates the pattern of total phosphorus concentrations in
the AOC for.individual samples collected in July 1987 and July 1988. All samples ranged from 1 to 770

* pg/L. There were no exceedences at the four Tunnel Bay stations. (Figure 3. 1) for any of the three periods.

- In Jackfish Bay, the upper guideline was exceeded by mean eoncentrauons at only two. statlons (12.5%) and .

. only durrng the July 1987 surveys. : . _ S



© Jackfish o .Ba)_; - |

e J”'Y7' 1987

Figure 3.10°

July 24, 1988

L ‘;.Phosphorous concentrations (ug/L) for 1987 and 1988
) v_(Sherman 1991) SR ) _ :
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i The PWQO for un-lomzed amnioriia is 20 ug/L. Umomzed ammionia constitutes: only 022 to 0.86 percent of :

total ammonia based on temperature and pH conditions present. This objective was not exceeded in 1987 or
- 1988. Total ammonia ranged from 6 to 350 4g/L during 1987 and 1988. The htghest total ammonia

- concentrations occurred near the mouth of Blackbird Creek. The mean concentration of total. ammoma
increased from 1987 to 1988. 1987 mean ‘values ranged from 10 to 40 ;g/L ‘with 1988 values rangmg from

10010 170 /g/L (Appendix 3.1).

' Even though the total phosphorus data mdtcate locahzed eutrophlcatron is oocumng ‘within Moberly Bay,
high mrbrdlty and colour (as-discussed in previous secuons) will likely inhibit algae growth in the bay
' these are reduced through pollution abatement efforts, it is expected that phosphorus concentrations in water
. (and sedtment) wxll support more algal growth than is typxcal for nutrient poor (ohgotrophxc) Lake Supenor
waters. _ .

- Based on the data presented above and in Appendlx 3, 1 lt appears that the ooncentrattons of total
-.phosphorus have not improved between 1970 and 1988 and total ammonia concentrations have increased -

between 1987 and 1988. Although these parameters are suitably diluted by the time the plume reaches the

~ . main portion of Jackfish Bay, the potenual for eutrophlcahon of the entlre area of Moberly Bay is extremely

high.. |
- 3.1.2.6 Bactena :

Certam bactenal specles are pathogens whrch may cause oommumcable dlseaSes when present in water =
utilized by humans for body contact (McNeely et al, 1979) The origin of pathogens is pnmanly from human
and animal wastes and contributed to natural waters via inadequately treated municipal wastewater and -~
runoff contaminated by urban or agricultural sources such as septic systems and animal feed lots. Bactena
are also derived from industrial wastewaters, particularly varieties of Klebsiella spp. which are common in

pulp mill effluents (Kirby 1986). These waters generally have lower densities of the disease causing bacteria T

o (partlcularly Escherichia coli and Pseudomonas aeruginosa). Analyzing water samples for fecal coliform
bacteria, particularly, Escherichia coli is a useful way of determining the presence of potential human fecal .
contamination. The PWQO for the swimming and bathing use of water is 100 organisms/100 mL of fecal

- coliform and 1,000 organisms/100 mL of total coliform bacteria. Escherichia coli constitutes 97 percent of

the bacteriological flora of human faeces (CCREM 1987) and is a more reliable indicator of heath risk

~ associated with gastrointestinal illness. The LJC has recommended a guideline of 23 organisms/100 mL for

. the seasonal geometric mean of this bacteria (CCREM 1987). Pseudomonas aeruginosa is the main .. .
etiological agent for ear infections (CCREM 1987). The LIC has recommended that, for the protection of
users of nearshore waters against ear infections, no more than 25 percent of analyses should have densmes of

; : . . this bacteria greater than 10 orgamsmsllOO mL which corresponds to a geometnc mean densrty of
R | orgamsm/lOOmL (CCREM 1987) o

. The results of bacteriological analyses conducted durmg the 1970 survey (OMOE 1972) mdxcated that
: geometrlc means at all stations were well below.the PWQO for fecal coliform bacteria with-all but one -
station having <4 orgamsms/loo mL (Appendix 3.1). The six stations closest to the outfall of Blackbird.
" Creek exceeded the total cohform ob_|ect1ve of 1 000 orgamsms/ 100 mL. (range of 1,200 to 3 900
orgamsms/ 100 mL) R

' The Jurnie 1981 survey reported by Kirby (1986) also mduded a bactena 1solatlon survey mvolvmg Moberly, .
~ Jackfish and Tunnel Bays as well as sample locations in Lake Superior immediately to the east of Jackfish -
Bay and along a 20 km stretch west of Jackfish Bay (OMOE 1983). Bacterial sampling was conducted at-
- most stations during June and July 1981 as well as selected stations (the meberlyClark pumphouse and
" Blackbird Creek) throughout the year. There were few bacteria in the water in the winter months, whereas .
) _‘numbers mcreased in the spring and peaked in July and August. Results from this survey mdtcated that o
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. bactena levels were htgh in Moberly Bay and dtspersed slowly i in Jackfish Bay Elevated bactenal levels were
observed as far west as the pumphouse, south of the Town of Terrace Bay. These were traced back to the . _
-effluent discharged by Kimberly-Clark Canada Inc. (OMOE 1981). Due to thermal stranﬁcatlon, the efﬂuent

' . mixed poorly with the receiving waters in Moberly and- Jaekﬁsh Bays.

Results of the June 1981 samplmg indicated densmes of Pseudomonas aemgnosa of between 300 and 19, 000
organisms/100 mL at three stations in Moberly Bay and northern Jackfish Bay (Stations 701, 704 and 710,
-, Figure 3.2) with the highest densities closest to the mouth of Blackbird Creek (Station 701). Densities of

- Escherichia coli ranged between <10,000 to <100,000 at Stations 701, 702, 703, 706 and 707 in Moberly Bay

This organism was not found in the Lake Superior samples during the June surveys: Additional surveys in
- July 1981 found high densities of Pseudomonas aerugnosa between 16 and 6,700,000 organisms/100 mL in

Moberly and Jackfish Bays and between <2 to >15,000 orgamsms/ 100 mL in Lake Superior samples to the
- west of Jackfish Bay.. Generally the denstty of Pseudomonas aerugnosa decreased from east to west (OMOE -

v ,1983) o : R . )
g All densmes of Pseudomonas aerugnosa and Es'chenchta coli i m Moberly Bay durmg the June surveys T
exceeded the recommended 1JC guidelines. The denslty of Pseudomonas aeruginosa also exceeded the IJIC -
recommended guideline durmg July 1981 at all stations in Moberly and Jackfish Bays as well as in Lake -
- Superior. - Although the density of this organism decreased contmuously as the plume passed through-

* " Jackfish Bay and westerly along the shore of Lake Supenor, it is clear that the effluent discharge from

‘Blackbird Creek is contributing to significant bacterial contammatton of the Jackﬁsh Bay AOC and pOl’thIlS '
of the north shore of Lake Supenor :

The 1981 bacteria data was also described brleﬂy by Kirby (1986) who noted hlgh ooncentrattons of
' heterotrophtc 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 of the fecal coliform PWQO over all of Moberly Bay and Tunnel Bay as well as the northern and
- 'western portions of Jackfish Bay. Fecal coliform levels greater than one million colonies per 100 mL were
detected in Moberly Bay and these decreased to between 100 and 19,999 organisms/100 mL in southwestern
Jackfish Bay and at Cape Victoria on Lake Superior (Stations 720 and 723, Figure 32). The violations =
-occurred at 21 stations (80.8% of stations). However, the analytical test to detect fecal coliformsis .
- particularly sensitive to the presenoe of Klebszella pneumomae for which there is some debate regardmg‘
"healthnsks(Klrby1986) . S _

: Table 3.3 summarizes the results of bacterxologtcal analyses eonducted at selected stations dunng the 1987 '
. surveys (Sherman 1991) Figure 3.11 shows the distribution of total coliform densities during one survey in
* _ July 1987 and one in July 1988. The PWQO for total coliform bacteria was exceeded by geometric meansat
. 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 of Moberly Lake, respectively. The density of
bacteria increased as the effluent passed through the Blackbird Creek system and the highest densities for all »

o bactena occurred at the downstream Blackbird Creek station and the Moberly Bay station located closest to

the creek mouth (Station 701, Figure 3.3). ‘This increase is likely due to bacterial reproduction within the -
relatively warm waters of the créek. Toxic materials 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 the individual surveys illustrated in Figure 3.1, ‘ ‘
Densities of Eschenclua coli during July and August of 1987 exceeded the recommended IJC guideline at
Stations 5 and 20 as well as at Station. 702 in Moberly Bay The IJC recommended guideline for o
. Pseudomonas aemgnosa was likely also exceeded at tlme statxons as well as all other stanons except Station =
-~ TM3in Tmmel Bay. , ‘ _ : : _ :
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‘Table 33 Bacteriological quahty at selected stations in the Jackﬁsh Bay AOC dunng July and August -
1987 (Sherman 1991). See Figure 3.3 for station locanons -

Total

Tetal

Station # : . ] , Pseutlnmnnasg _Sulphate ‘Hetarotrnph_‘;
(samples) | Coliform | - Coliform | (by:MPN) | aeruginosa - | Reducers | Bacteria |}

@ | - ] . ] o
' i - R N cntml)

2006 | - 70| ewsaf <4 | 2 a2 | . 130918

ﬂ o5 | amomo | 1mass2| s | us 3,250873 © 7,194,490
701 (10) 8,166677.' 225206 | 26 - 0 | 3618000 8497274
762'(7)- 047389 | 242792 | a1 | _63 o 414498 | 2736284 H
si@ | 2675 1ome3| 14 | m | amesm| iserem|
0404 | 25776 |  essse8| 16 | 0 26 | swo| 13ssz0 |
707 (5) Co31s7|  asees2|. <8 | 19 . 147,55 | 1,146,976
716.(2) 1298 | - 60168 | <3 4 3000 | 266,627

7m@ | e | -~-”'3»'1817 <3 | 1 . 14| 33394

' Note All values are geometnc mean of samples in orgamsms/loo mL unless otherwnse mdlcated
-t smgleresult : o . .

-Abundant orgamc matter deposnted in. the receiving waters from the mxll effluent provxdes 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).

S Densmes in. the effluent were low due to poor conditions for growth of the bacteria wlthm the mill.

- ngh total coliform densmes in the effluent hkely reflect high densltles of the bactenum Idebszella spp
- However, the presence of Escherichia coli and Pseudomonas ‘aeruginosa in densities exceeding the LJC.
- recommended guidelines during 1981 and 1987 is of some concern as it suggests a potential health risk
- associated with body contact recreation in Moberly and Jackfish Bays as well as to the west along the shore
. of Lake Superior. The presence of Escherichia coli also mdncates a mgmﬁcant mammalian faeces: component
to the wastewater wluch may mclude human sources. _

.»31 3 Metals

.' ‘ The PWQO:s for metals were established to protect aquanc life agamst the toxic effects of elevated
concentrations (OMOE 1984) Metals are known to have the potenual to. broaccumulate (Callaghan et al.
'1979).. - . - ,

* Metals were not measured‘as part of the '1‘970 OMOE survey Durmg the '1981 surveys, metals were only.

*.measured at ‘Station 701 which was located closest to the mouth of Blackbird Creek (Kirby1986). The =
results of the June and September surveys are provnded in Table 3. 4 along wrth the respecuve PWQOs and o
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Teble'3,4 -' Coneentratlons (mgIL) of metals in whole water at station 701 in Jackﬁsh Bay, 1981 (Kn'by,

v-l"ro'v'mualWatel" 1 o
| Quality Objective |- 0.0002° 0100  0.005

|l GLWOQA Objective | -0.0002 "~ 0.050 - 0.005

June 23 9:00 am. ~, B
11:00am. | 0003 - 0015 0010+ 0,
 100pm. | .0002+ 0020 0009 O

‘300 pm. | 0002+ 0011 - 0010+ 0
 June24 9:00am. | 0002+ 0009 0040+
© 1100am. | 0002« 0008 0008 -

© 300pm. | 0003 . 0011 0020+ -

June2s %:00am. | 0003 0012 -
11:00am. | 0003+ o011 -
1:00‘p'.n,'1.- 0002* 0007 s

. 300pm. | 0002 0009 -

Sept14 900am. | 0007 0023 1000+ 0028 | 0

7 1100am. | 0002« 0017 12000 0012 - <000005 0002 0042+

100pm. | 0002 0013 2000+ 0017 - 000007 O0M1 0090«

| 300pm. | 0002+ 0011 0008+ 0015 000005 0001 0038

Sept15 900am. | 0002+ 001 0072+ 0014 . <000005 0001 0040+ | .

. 1:00am. | 000 0013 0047 0014  <00005 0001 0031w |

100pm. | 0002¢ 0011 0008+ 0017 . <0.00005 0001 " 0028

. 300pm, | 0002+ 0011 0008+ 0015 - <0.00005 0001 0029

Sept16 00am. | -- 0015 0003 0016 000008 0001 -

1M:00am. [ - - 1009 - . 0016 & <000005 0001 -

-_1.00,p.m.: - L ._f R PR . <000005 - - . : -

a0pm | - - - - <opo0s - -

*

© exceeds most strmgent guldehne - :
- not sampled. : .



" GLWQA Specific Obgecuves The PWQOs and the GLWQA Speaﬁe Ob]eetlves for eadmxum (100% of
- samples), copper (93.8%), nickel (7.7%), lead (23.1%) and zinc (84.2%) were exceeded at Station 701
~(Table 3.4). 'I'hemaximumeoncen&atronofeopperwas«tOOtlmestheobjectweandthatofzmcwasStrmes _—
the objective (Kirby 1986). Cherwinsky and Murray (1986) had estimated that effluent dilution in Moberly -
Bay is only 20:1 at about 6 km from the drscharge, mdrcatmg that elevated metals eould stﬂl be expected
further out from this station. _ - _ , , o

" Mercury was sampled at 11 stations meludmg Moberly and Jackﬁsh Bay locatlons 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 3.2). In all, 19.1 percent of samples exceeded the PWQO and the GLWQA Specific.
Objective. Mercury concentrations decreased as distance from the mill discharge increased, indicating that =~
‘the mill effluent was the source of mercury. Kirby (1986) concluded that the mill effluent was the most likely -
source of the metal contamination although he noted that 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 Blackblrd '

§ 'Creek followmg start-up operations

Metal concentrations were determmed for all stations during the July and August 1987 and July 1988 surveys
(Sherman 1991). The results for each station are provrded in Appendix 3.1 and the sample locations are

" shown in Figure 3.3. Table 3.5 summarizes the range in station means for each metal and the pereent
_exneedences of PWQO and GLWQA Speclﬁc Objectwes by all statron means. - con :

'Exeeedences of guidelines oecurred in Moberly Bay for aluminum, berylhum, iron, mercury cadmmm,
chromium, copper, nickel, lead and zinc (Table 3.5). Only copper and lead mean concentrations exceeded
guidelines in Tunnel Bay and only. during one survey (July 1987). Guidelines were exceeded by station
‘means in Jackfish Bay during two of the three surveys (July and August 1987). . Exceedences occurred for

. mercury, cadmium, copper, lead and zinc. The frequency of exceedences varied considerably by parameter
- and date of survey, however, most guideline exceedences occurred during the July 1987 surveys and the

- fewest occurred during the 1988 surveys. Except for berylhum and chromium, the maximum values reeorded
for metals in water during 1987/88 exceeded the PWQO by one to two orders of magnitude (Table 3.5). -
;Maxxmum values of berylhum exceeded the PWQO by ﬁve times and chronuum was exeeeded by 13 tunes

1131 5 Orgamc Contammants .

34 .5.1 .‘Phenollcs

' ."Phenohc substances are organic: eompounds wluch may oceur namrally in trace amounts as’ they are released .
by aquatic plants and decaying vegetation (McNeely et al. 1979)." Major sources of phenolic compounds are -
released to the aquatic environment from the distillation of coal and wood, oil refining, chemical production,

‘animal and human waste and phenolic pesticides. The PWQO to protect agamst tainting of edlble fish flesh,
for reacuve phenohm is1 rglL. . , o

;Durmg the 1981 survey by OMOE phenohc substances were detected in the Klmberly~Clark mill efﬂuent
~(Kirby 1986). ' The PWQO was exceeded in Moberly Bay at stations up to 4 km from the mouth of Blackbird
Creek in June and up to 2.5 km in September. The maximum concentrations measured were 380 1g/L in :
June and 244 pg/L in September at Station 701 (Figure 3.2), closest to the mouth of the Creek (Kirby 1986). .
However, due to thetr relative mstablhty, eoneent.rauons dechned rapldly between statxons 701 and 702.

- Because the toxlcnty of specnﬁc phenohc eompounds, as well as their ability to lmpart taste and odour, varies -
. greatly, measurements were also made for trichlorophenol, tetrachlorophenol, pentachlorophenol, phenol and . -

"+ guaiacol. The corresponding PWQOs and concentrations of these parameters at 11 ‘stations in Moberly Bay,
Tunnel Bay and northern J ackﬁsh Bay are provrded in Table 3.6. Stauons near the head of Moberly Bay
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Table 3.5 | Ranges in statmn means and percent exceedence by statmn means of PWQO and GLHQA Specific. - o
- : Ob_]ect1ves (for most stringent obJect1ve) for metals analyzed in Moberly Bay. (MB), Jackfish Bayv ,
(JB) and Tunnel Bay (TB) durmg 1987 and 1988 (Sherman 1991) ALl values are in p.g/L.

. AL. As. | Be | Fe ] g ] e | e | e | w ] ow :

pwa0. |7s’ . Jwo . lw - I3z - |o.2 0.2° | 100 5 |- Jas

ciwaa ] - “lso - 3o Jo.2- 0.2. 50 s |- Jas

Data . Set
Range«
Bay ..o S LY 1987

Total ‘N>-2,100 | No-18 | ND-50 N-2,600 | W-70 | m-s0 | w-i30 | w-410 | no-ss0 | mo-100 | w-220 | mo-380 “

M8 m-1,000 | o | w37 |9<1,20 |w-13 w7 | w0110 [ mo-177 | 1es07 | 70 | wo-113 | no-200
(23 sTA) | (60.9%) ‘ (17.4%) | (17.4%) g - | (8. %) (3%) w3 | | er.rm) | (s6.5%) | (30.4%)

.  |wmss |m  |ws |iss [z | | o7 |11 w31 |ws |2 |33
__(4_STA) » N o s%) | | 1 (so%) i 7s%) - | 5%

B e o e |ze2 o o we |ws w7z w7 |7-2 N9
(3 sTA) : 1 S R r o4 1 1.3y ] ' 1 _¢1008%) '

“AUGUST 1987

w . | w12 | w | w2 N-1,140 . | N-12 -1 - | w40 | w23 | o313 | 023 | wo-e3 ‘ND-60
@1 st | 57.1%) e | ow (4.8%) @sepy | e | ] (69.6%) | (9.5%)

»B 641 o | . | 274 w o | o4}z w0 ] et o .| e N4
(4_STA) - L c C sy . T <1 o .
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B Concéntrahons ().g/L) of phenohc compounds detected in Moberly Bay (MB), Tunnel ‘Bay .
- (TB) and Jackfish Bay (JB) in 1981 (Kirby 1986) Station locations are shown in- - ..
Figure 3.2) . , L

" Table 36

" Guaiacol

- Station

‘Provincial Water Quality Objective

02

June 23
1 June 24

025

704

_‘June 2

June 24

041
- 0.19

705 : E

Jun_g-23' .
June 24

0.06 |

706 ..

June 24

0,05

I - 707

| June 23

710

June 23

007 |-

73

June 23

“T01..

| Sept 14°
‘Sept15
‘Sept 16

0.40 .
015 |

Sept 14

Sept 14

| 'Sept14

‘Sept14 -

Sept 14

Sept 14.

“TCP tnchlorophenol

| fa u|s|as|s]s|

Sept 14 -

. TTCP tetrachlorophenol
PCP. ' pentachlorophenol

3|5s[e[3e[3[

ND . not detected
-=" " not sampled : ‘ ' : ’ '

*  noPWQO, however Shaman and Palenshky (1973) reoommended threshold eoncentrauon for not
' : lmpalrmg ﬁsh flavour is 100 pg/L S v . :
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- (Stations 701, 702, 704 and 706) had the most frequent detections of 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 wlnch
. taint fish flesh (100 4g/L) at Stations 701 (June 23 and 25, Sept. 15 and-16) and 702 (June 23, Table 3.5). P
" . Kirby-(1986) indicated that the mill was the most hkely souroe of phenols detected in Jackfish Bay dunng the S
’ JuneandSeptembersurveys . o ; o IR

' ",Trace amounts of phenolic eompounds, parhcularly pentachlorophenol and 2,4 6-tnchlorophenol were o
 “detected at Station 701, near the Blackbird Creek drscharge, in 1987 and 1988 (Sherman 1991) but were not

. detected further out in the Bay.

31 5.2 Resun and Fatty Acids

' Resm and fatty auds are components ot' pulp mlll hquors and efﬂuents and are srgmﬁcant and prnnary

' sources of toxicity in pulp mill effluents (McLeay et al. 1986) Resin acids are derived from resins foundin - -
the wood of coniferous trees, and are released in receiving waters as extractives during the pulping process
© (Taylor et al. 1988). Fatty acids are formed from fats stored in the wood to provide wnnter food reserves for
the tree These fats are hydrolysed durmg pulpmg to form fatty aelds -

: ‘Durmg the 1981 surveys, abretlc acld and i 1sopxmanc acid concentrauons exceeded the 96 hour LCso _ o
- concentration for trout (1 1 mglL and 0.7 mg/L respecnvely) at Stanon 701 near the mouth of Blackbn'd c

g Creek (Klrby 1986)

: Resm and fatty aclds were detected only penodlcally durmg the 1987 and 1988 surveys in trace amounts at’
- Station 701 near the creek outfall (Sherman 1991)." Dehydroabietic acid exceeded the PWQO (12.0 (g/L at
- pH 7.5) in Moberly Bay during 1987 and 1988. The highest values (>300 1g/L) occurred in 1988, The
. distributions of dehydroabietic acid during individual surveys in 1987 and 1988 are shown in Figure 3. 12
- During these surveys, the PWQO for dehydroabietic acid was exceeded at nine stations m the head of
' Moberly Bay mcludmg 701, 702 and 803-809 (Figure 3.3) .

" Although the concentratlons of these aads in water decrease rapldly from the dlscharge pomt (F' igure 3. 12), -
~ it has been suggested (Sherman 1991) that resin acids associated with foam or particles in the effluent may
" be carried out into the Bay and sedimented, where they would break down more slowly than they otherwnse
would (see Section 3.2 4.2) , , _ A .

: Prehmmary results from samphng durmg July 1990 followmg start-up of the seeondary treatment system at - -
- the mill, indicated that dehydroabrene acid was not detected in. Moberly Bay in daily samples collected overa . -
five day period (K. Flood, OMOE, pers. com.). The only resin or fatty acid measured in the effluent and e
"~ Moberly Bay was palmitic acid, but only in trace amounts (ma:nmum 26 ;gIL) “None of the resin acrds were -
” idetected in Moberly or Jaekﬁsh Bay (K. Flood, OMOE Pers eom) . C

; 3.15. 3 Volatlle Organohalldes '

a _Chloroform, whxch is formed in the full bleached kraft pulpmnﬂ process, was elevated for a consrderable
~ distance into Moberly Bay and beyond. Results for individual surveys during 1987 and 1988 are shown in
* Figure 3.13. There is no PWQO or- GLWQA Specific Objecnve for chIoroform. No other volatlle orgamc
compound was detected in the open water samples , , :



o ‘Jackfish. - Bay

- Jackfish -

Bby_.'

" Figure 3.12

,Concentratlon of dehydroabletlc acld an/L) for indlwdual surveys
in 1987 and 1988 (Sherman 1991) : ‘
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| 3.1.5.4 Other Orgamc Chemlcals

o Traeee of ‘Y-BHC hexachlorobenzene, total trihalomethanes and phenoxy herbrerdes were detected in the L
. immediate. wcrmty of the mouth of Blackbird Creek (Sherman 1991) 4

‘,31 6 Water Quahty Summary

. Water quahty surveys undertaken during 1970 1981 and 1987/88 indicated a plume of contamination in
- Jackfish Bay resulting from the discharge of effluent from the Kimberly-Clark Canada Inc. pulp mill via
- Blackbird Creek." Surface waters, situated above the hypolimnion layer, are most affected in terms of higher
concentrations and more frequent exceedences of PWQOs and GLWQA Specific Objectives than bottom o
“waters. Although the extent and impact of the plume varies depending on wind and current direction, the -
- most heavily impacted zone includes all of Moberly Bay and the northern and western poruons of Jackfish :
Bay. ‘Nearshore waters of Lake Superior to-the west of Jackfish Bay are also affected by the plume 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 IJC recommended levels as far west as Pumphouse Bay
south of the Town of Terrace Bay. Although Tunnel Bay is mostly outside the plume, occasional. guideline :
* exceedences (paruculady metals and bactena) occur due to mdwrdual wmd events movmg the surface plume .
to the northeast. _ e

- The most recent water quahty surveys for the Jackﬁsh Bay AOC were undertaken durmg July and August

- *.-1987 and July-1988. These surveys identified concentrations of contaminants resulting in exceedences of
'PWQOs and/or GLWQA Specific Objectives for turbidity (secchi disc), dissolved oxygen, pH, total

g phosphorus, total coliform bacteria, fecal coliform bacteria, alummum, beryllium, cadmtum, chromium,

- copper, iron, mercury, nickel, lead, zinc and dehydroabietic acid. The dissolved oxygen objective was also .
violated during 1990 studies, however, dehydroabietic acid was not detected in Moberly Bay in 1990, The
. 1JC recommended guideline for Pseudomonas aerugnosa was also exceeded during the 1987/88 and earlrer
investigations. Total phenolics and pentachlorophenol were exceeded during the 1981 surveys, Most
-exceedences occur in the upper half of Moberly Bay, however, ‘exceedences occur regularly for some metals -
and bactena in much of J ackﬁsh Bay'and oecastonally in Tunnel Bay _

‘ 32 SEDIMENT QUALITY

A fundamental requrrement in remedlatmg water qualrty problems in Areas of Concem is to assess sedrment ‘

. contamination and the effects of the sources of contamination on the' AOC. The extent of sediment
contamination must be known quanutauvely in order to support effective remedial actions such as sediment e

removal, burial or destruction. Full bleached kraft pulp mill effluents have long been associated with adverse

effects on sediment quality and sediment dwelling aquatic life of receiving waters in the Great Lakes Basin -

" (Dymond and Laporte 1952, German and Pugh 1969, McLeay et a. 1986).

Moberly Bay, Tunnel Bay and the main body of J ackﬁsh Bay represent three deposmon basins separated by '
- shoals or bedrock sills. Moberly Bay is sheltered from wind and wave action by high hills and a constricted
~entrance formed by shoals and islands. Jackfish Bay is protected from the open waters of Lake Superior by
- a'shoal and an island.- The longest fetch is oriented north-northeast with a distance of 5 km. The bed of
Jackfish Bay eonsrsts of a wrde range of matertals mcludmg bedrock, glaclolawstnne clay, sands and coarse

. glactal till.

Bottom sedlments were sampled for contaminant analysrs durmg surveys in 1981 (Kirby 1986) ‘and 1987/88 -
_ (Sherman 1991). Sample stations for the 1981 survey are shown in Figure 3.14 and for the 1987 survey in
. Figure 3.15.. Sampling locauons for the 1987 survey were chosen specifically to represent the deposition

s
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' basms within: Jackﬁsh Bay (F‘ gure 3.16). The basms are marked by the areas of ﬁne-gratned ‘mud’ depostts B
which represent recently deposlted sedlment and assoclated trace oontammans : C v

- Many contammants of concern have a tendency to adsorb or bmd with ﬁne-gramed (especrally orgamc)

- particles. “The results of the 1981 and 1987 sediment surveys will be compared to the draft Provincial

* Sediment Quality Guidelines (PSQG) and the OMOE Guidelines for Open Water Dtsposal of Dredged -
Matenal Gurdehnes (OWDG) ' : _ A

E ’The revised OWDG were estabhshed in 1978 and have been used extenstvely to determme whether dredged
‘materials are suitable for open water or confined disposal. - However, the particular contaminant
concentrations were not based on known biological effects. Biologically-based guidelines (PSQG) have since
. been established to replace the OWDG. ‘The PSQG guidelines released by the Ontario Ministry of the
"Environment in March 1991 (Persaud et al. 1991) "are intended to provide gurdance during decision-making
" in relation to sediment i issues, ranging from prevention'to remedial action”. They are based on the need to -
-protect benthic communities and to prevent biomagnification from contaminated sediments. The guidelines’

o are based on. three levels of ecotoxic effects including: (1) the No-Effect Level (NEL) - the level at which no- :

~ “foxic effects have been observed on aquatic: organisms; (2) the Lowest-Effect Level (LEL) - the level of -

-~ contamination which can be tolerated by the majority of benthic organisms; and (3) the Severe-Effect Level
"~ (SEL) - the level at which pronounced disturbance of the sedrment dwellmg eommumty can be expected
- (Persaud et al 1991) N - , _ ‘ ,

‘ '_ The physrcal and chemical charactensues of the surﬁctal sedtments (the top three cm) is deScnbed in’ the
~ following sections. Where available, the quality of suspended sediment sampled from the mill efﬂuent
. (efﬂuent canal at Highway 17) and near the mouth of Blackblrd Creek are also presented - .

~As menuoned, trace contammants are generally assoclated thh ﬁner sednnents such as sxlts and clays than o

. with: coarser sands. The results of the 1981 survey indicated that elevated trace contaminant levels in the

.. Jackfish Bay AOC were associated with finer material (Kirby 1986).  However, these observations were
" based on grab samples which were not fully representative of the depositional basins. A better

.. understanding of the impact of mill effluent on sediments. requrred a map of sedrment characterlstics
" identifying the exact extent of ﬁne sedrment drstnbunon. o _ _ :

In 1987 a sonar survey was conducted of Jackﬁsh Bay m order to develop a map of sedtment eharactenstns
for the entire area (Sherman and McMillan 1988) Sonar is a useful means of continuously mapping -
- sediments. The resultant. ‘map from this survey is given in- Figure 3.16. The sonar survey determined that -
*fine-grained sediment (‘mud’) is accumulated in the deepest deposition areas. The sediment in these areas
- “was found to be relatively uniform with the exception of Moberly Bay where the orgamc-nch sediment’
" characteristic of the deposition: basin - (termed ‘gyttja’) has been influenced by-the mill over the years. The -
authors were also able to identify areas of glacial till, glactolacustnne clay and ice scourmg These results ,

o were eonﬁrmed by eompanson with grab samples taken ooncurrently

- ‘~Sonar mappmg also 1dent:fied the location of large sand waves’ also referred to as ‘meganpples whlch are .
~ - located at the openings of Moberly and Jackfish Bays. These sand waves indicate that relatively strong
currents enter or leave each bay thh the potennal for slgmﬁcant movement of sediments.
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3.2.1 Physmal Descnptlon

The parucle size of sedlment sampled in 1987 was generally greater than 60 percent clay and silt (l €., >62
micrometres in diameter). Exceptions were higher coarse sand and gravel content from Stations 701 (at the-
- mouth of Blackbird Creek, Figure 3.15) and 711 (on the edge of a shoal in Jackfish Bay). When these .
. stations ‘Were excluded, the stations repreeentmg the three depositional areas (Fi gure 3 16) were found to be

: stausncally stmrlar wlt.h respect to partxcle size (Sherman 1991). .

Eh (measured in mvolts) isa physlcal measure of oxldmng and reducmg eondrtlons in sediments. Posmve

- -values are an indication of oxidizing conditions in the interstitial waters (between the sediment particies)

whereas negative values are an indication of a complete lack of oxygen and reducing conditions. The
" occurrence of reducmg conditions in sediment pore waters can be used as an indication of eontammauon, ,

L particularly due to the presence of organic carbon and metals. - The most severe reducmg conditions. were

: . found in Moberly Bay (Figure 3.17).  The sediments at most stauons in Moberly Bay had a strong odéur of -
hydrogen sulphide (st) asign of reduung condmons and a lack of oxygen in the surficial sediment. The °
. odour was also noted in Jackfish Bay, but only at stations near the mouth of Moberly Bay (Stauons 710 831,

and7l4)

. 3.2. 2 O|l and Grease Contamnnatton

_I.

o Another indication of the degree of sediment eontammauon is provnded by the eoncentratlon of orl and

grease in the sediments: The mean concentrations of oil 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 concentrations of 4,295 to 37,450; 102 to 10,820; and 15, 000 to - .
16,000 1g/g in Moberly Bay, Jackfish Bay, and Tunnel Bay deposition areas, respectively (Sherman 1991)

* The total range of individual samples was from 21 to 58,300 vg/g (Sherman 1991).  These are eomparable toA '

- the concentration ranges measured during the 1981 surveys which ranged between 550 and 34,600 1g/g in
"~ Moberly Bay and 430 and 6,150 1g/g in Jackfish Bay (Table 3.7). The OMOE Dredge Disposal Gmdelme
for oil and grease of 1,500 1g/g was exceeded in each deposmonal area’ durmg surveys in 1981 (66.7% of
" samples) and 1987 (85.7% of station means) The guideline was even exceeded in Tunnel Bay whichis
* removed from the direct influence of the mill effluent. Although the highest concentrations occurred in
Moberly Bay, nearest the mill outfall, the wide vanatnon in each basin suggests that there is no direct
'relatlonshlp between the mlll effluent and orl and grease 1 levels in the- sedtments Rt .

323 Nutnents

: Total organic carbon provndes an mdlcatton of the ennchment of the sedlments wrth orgamc matter. The
matter can originate. from natural sources such as déad algae and other aquatic organisms 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) wlth respect to the potenual for disturbance of the =
sedlment dwelhng eommumty o . .

The mean total orgamc carbon eoncentratlons in t.he sedlments sampled durmg ‘the 1987 survew are shown
in Figure 3.19. The highest mean concentrations were in Moberly Bay with a range of 42 to 210 mg/g. -
~ (excluding Station 701). Mean concentrations at four stations (28.6%) in Moberly Bay exceeded the SEL -
- - (Stations 702, 821, 822, -825) and six station means from the three deposmonal basins exceeded the LEL
'(17.1%).. Jackfish Bay ranged from 5 to 56'mg/g and Tunnel Bay ranging from 27 to 33 mg/g. The total
~ range of all bottom sediment samples was 5 to 250 mg/g (Sherman 1991). Values generally decreased from - -
: hlgh eoncentrauons m the suspended sediment of the effluent to lower eoncentratrons in bottom sedrment B



1300

'5._5:290"7" |

004

BH . (milli volts)

..'"I'OO-"-

200 - -

=300 1

[ ] ' i
CENTRIFUGE | = MOBERLYBAY .~ |~ -~ JACKFISHBAY | TUNNEL.
 BLACKBIRD CR. | T s eA
o T 'aSté’tioh'Nunibér S
'Flgure317-" ' ‘

"Eh values for Jackflsh Bay bottom sedlment mterstltlal waters, 1987 (Sherman 1991)

~ Station locations are shown in Figure 3.15. Negat:ve values indlcate reducmg cond:tzohs |
- and posmve values mdlcate ox:dlzmg condltlons. E

59



- Solvent Exra:ctables"”j- L
SOLEXT (UG/G)

“ »A"11oi."
90 -4
80

7‘0;-.-*_ a

(Thousands)

50 o

40 =1 i

'36 »
120 -

LT LR
NooNKKERNK©O @

O Wy - ' v A v - D Ot N 0D
O OINN®© : 0 0 SN coﬁcococol\

BLACKBIRDCR.-| . ~~ .. ARRREE R EEE : o | Ay
~ 'SUSPENDED - . . AR T -
(SEDIMENT- -~ | .. . SwatlonNymber .- ¢ S " OFFLAWSON
"7 . ISLAND

<
<t
- EFFLUENT OF - MOBERLYBAY. . - T JACKFISHBAY .| TUNNEL t |

thure 3 18

’Statron mean concentrat:ons of oil and grease (solvent extractables) m effluent
' (suspended solids) and in the three deposmonal basms (surf:c:al sediment)’ for the -

:»ZA, Jackfish Bay AOC: dunng 1987/88 (Sherman 1991). . Statlon locat:ons shown in Figure 3 15,

RV




450

400
350 —. |
~ e
£ 250"
-~ e '200 i 3

180
100 -

: 50

0 :
D A "A‘NC;’J;‘Q"N(DU)C)QOY\.OP.‘,—'IDCD@‘ DL OO v~0 ™ r~NlMN M
882_%28328%83$82:$ﬁ88; _sﬁgzgﬁﬁﬁxggws
EFFLUENTOF . MOBERLY.BAY - . | . JACKFISHBAY ~ - - | TUNNEL
SEOMENT. s merEmmwe
RN s -, Station Number . . OFFLAWSON

- Figure 3.19 - , o . A :
‘Station mean concentrations of total orgamc carbon (TOC) in effluent (suspended
»"solids) and in the three deposmonal basins (surflcral sedlment) for the Jackfish Bay

AOC during 1987/88 (Sherman 1991) Station locatlons shown m Flgure 3. 15
: o6 R .

» - 844

“ISLAND .



Table 3.7 * Oil and grease and nutnent eoncentratlons in bottom sedxments of Jackﬁsh Bay in 1981 o
’ (Kirby 1986) Stauon locatmns are shown in F'gure 3.14. ' _ R

Statiov’nj _Number, Total _Kjeldahl_ . Total Oil and Grease I
L _Nitrogen . Phosphorous. ]
701 w0 . . S0 . 5%
S22 - 7700 - 0 1,100 - . 34,600
703 0 - 4300 . 10000 -
S04 T 4300 1
705 - . 300
06 300 .
T e
800
600

T
708
IR
700 2,000
o 500
Lot 2000 | -
3. 0 0 1200 0 -
M4 T 1400 0 10000 2100

1,100
400
500

. ”‘4m : . o
1,000
1,100
1,000

B
. 78 - Lm0, 1000 520
7920 . 80 T 90

7200 0300 . 700 . 450

o2 . 380 100000 530
PSQG LEL .. s - . ew . -

. USEL 4800 - 2000 -

’Note All concentratlons mg/kg ppm

.=~ npot available

' PSQG Provincial Sediment Quahty Gmdehnes (Persaud et a.l 1991)
_ " LEL - Lowest Effect Level. : _

- ..~ SEL - Severe Effect Level.. »
OwWDG - - OMOE Open Water Dredged Matenal Dlsposal Guldelmes
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- wnth mcreasmg distance from the mouth of Blackbtrd Creek (F‘ gure 3. 19) Tl'ns mdlcates a strong mﬂuence
- of the rmll efﬂuent on sedirent orgamc carbon.

30ther nutrients. whlch exceeded OWDG or PSQG mcluded total phosphorus and TKN. Total phosphorus .
exceeded the OWDG (1,000 1g/g) at 45.8 percent of stations and the PSQG-LEL (600 rg/g) at 29.2 percent -
of stations during. 1981 (Table 3.7). The SEL was not exceeded. The range in sample concentrations du'nng
1981 was 400 to 1,700 .g/g with high concentrations >1,000 ;g/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 1g/g (Sherman 1991)

. The OWDG for TKN is 2,000 1g/g and the PSQG LEL/SEL are 550/4,800 g/g. The range in sample .
concentrations dunng the 1981 surveys was 200 to 7,700 pg/g with the three highest concentrations A .
(>4,000 g/g) occurring in the bottom sediments of Moberly Bay (Table 3.7). Of a total of 24 stations from -
the three bays, 4.1 percent exceeded the PSQG-SEL 20.8 percent exceeded the OWDG, and 58.3 percent

R exceededtheﬁot}LEL
324 Metals

. The results of the 1981 survey for hieavy metals in bottom sedlments are: provrded in Table 3.8 Klrby (1986)
- concluded that the sediments were highly contaminated on the basis of the OWDG which were exceeded by = - - -
~" individual samples for cadmium (12.5%), chromium (70.8%), copper (45.8%), iron (83.3%), mercury (8.3%)

" and zinc (16.7%). The PSQG were exceeded at the. NEL by these metals as well as by nickel and .
-manganese (Table 3.8). The SEL of the PSQG were exceeded only by manganese (4.2% of samples). Lead '
was the only metal which did not exceed guidelines. In comparing these results'to. the results from the 1970
. surveys at approximately comparable stations, Kirby (1986) noted that concentrations of mercury, lead and .
. chromium tended to be lower in the more recent survey. Based on a principal components analysis of the .-
1981 sedunent data, he also observed that there was a high correlation of concentration with sediment type .
~ (highest concentrations associated with ﬁne-gramed sediment) but no distinct trend was discernible for the

. spatxal pattern of sediment concentrauons in relatron to the mill- outfall at the mouth of Blackbird Creek. -

" The results of the analyses of 10 heavy metals from the - 198’7 surveys are summanzed in Table 3.9 on the
‘basis of effluent and Blackbird Creek mean concentrations (suspended solids), mean concéntrations for each
depositional basin, and the ‘range of results for all three bays combined. The OWDG and PSQG (LEL and
SEL) are also mdlcated Figures 3.20 to 3.29 provnde mdrvrdual statlon ‘mean concentranons for each metal

- 'The OWDGs were exceeded by the mean eoncentratlons of arsenic, cadmmm, chromium, copper, iron,
" mercury, nickel, and zinc. . The PSQG-LEL were exceeded by the same. metals as well as by manganese and

- 'lead (Table 3.9). The PSQG-SEL was not exceeded by mean coneentratlons in any of the three depositional

basins, however, maximum concentrations. of arsenic, mercury and manganese did exceed the Severe Effect
Level (Table 3.9). In comparison with the reference station located in Lake Superior (Station 844), . Do
background concentrations of chromium, 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 sediment for the area, exceedence of the PSQGs and OWDGs
are probably due to natural ‘elevated concentratrons related to the mmeralogy of. sedrments in the area. -~ -~ -

: Withm Moberly Bay, cadmmm, chromrum, eopper, mckel mercury and zinc emeeded the LELs. Mereury

exceeded the guideline by more than twice the value. The same series of metals with the exception of

‘mercury and zinc also exceeded thé LEL in Jackfish and Tunnel Bays. In addition, arsenic, lead and:

. manganese exceeded the LEL in Tunnel Bay. The mean concentration at Station 825 (located near the
‘western shore of Moberly Bay) of 4 69 /.g/g exceeded the SEL for mereury o



Table 38 ‘ Concentramn of heavy metals in Jackfish Bay sedlments 1981 (Klrby, 1986) Stauon
, locauonsareshovmmFigure314 :

A“ Station - Cadmium Chromium_ Cobalt Copper ~ lron - Lead Manganese Mercury  Nickel Zinc " .
v " Number - Cd - .- C - Co Cu . -Fe - Pb ~ Mn Hg Ni  Zn o
f 700 - 03 16 47 6 80 3 110 001 55 35
702 083 43 53 31 94000 87 150 017 19
o3 13 6 . 82 49 2000 17 300 055 B
704 12 0 63 83 .47 22000 18 310 . 059 23 .140
. | .
6

05 03 . 12 .35 45 . 950 . 3 C 001

| 706 03 13 30 48 930 3 oo
| R 7 e 6016 1600 0.0'7:.-“ “13  e
f 78 - 03. 20 | 45 8 1300 3 200 001 85 32
I 700 03 19 . 50 64 15000 ‘48 180 - 001 12 51
710 065 . 45 0 82 3 20000 15 . 320 014 19 88
o 03 .57 .93 14000 45 280 - 001 |
B s 97 34 23000 21 70 008 -
Dm0 98- 39 26000 24 1300 010
| .
4

SE8Rs
Yes

T3 065 S91 41 . 20000 60 ool

732 03 590 92 14000 C o250 001

o4 07 86 33 19000 17 .40 015 21 7
L7380 -0 55 - - 59 10 29000 33 280 001 13 31 -
b = es 84 20 . 19000 14 330 006 19 59
75 03 26 . 509 15000 3 250 - 001 14 3R
716 . 11 - S0 88 49 21,000 4 460 . 027 :

3

4

®Es 8N
BRRRS

& o
W o =

718098 49 76 44 20000 40 019
fome - o2 au 34 7. 1000 3 230 o0
1 1 02 46 .89 21 23000 . 41 490 001 |
o2 020 37 . 727 16 .. 18000 52 320 001 17
PSQGGLEL 06 ~ = 26 - 160 20000 31 460 02 160 120 |
SEL 100 0 110 - 1100 40000 250 1100 - 20 . 750 820

? L OWDG 10 - 25 - - 250 10( = . 03

“Note All concentrations mg/kg ppm
e not available . '
PSQG ' Provincial Sediment Quahty Gmdelmes (Persaud et al 1991)
LEL - Lowest Effect Level ,
- SEL - Severe Effect Level.
: OWDG OMOE Open Water Dredged Matenal Dlsposal Guldelmes

Bo R R




"I'able 39 " Mean values ( ug/g=ppm) of heavy metals i m three deposmon basms m Jackﬁsh Bay surﬁcxal
sedlment, 1987 (Sherman, 1991) o _

B AsA.Cd', Cr Cu Fe Hg
SampleLocauons . . e . co R B
[KCEffuent 220 630 3150 485 1050 - 015 80 640 165 30|

n=2)* _ . , . R L S N
© . |[Biackbird Creek 250 1650 2000 . 800 9100 026 480 365 160 7000 f
[Moberly Bay 3.0 . 1.11. 560 400 18579 057 . 248 - 230. . 170 1270
[Packfish Bay -~ 510 094 530 440 21972 . 016 431 . 250 260 80}
|Tunnel Bay ~ - 840 112 580 520 27800 015 755 280 370 970 |
|Range* Min - 055 020 .20 43 79%0 ND . 100 70 29 290
I~ Max 1400 210 810 680. 31,000 910 ‘1400 ~ 3.0 ‘310 2600
" IPSQG LEL 600 060 260 160 20000 020 - 460 160 310 1200
& . SEL' 3300 1000 1100 1100 40000 - 200 1,100° 750 2500 8200 |
?‘,'-OWDG» 80 100 250 250 10000 030 . - - 250 500 (1000[
Statton844(n 2) 330 047 480 290 - 22000. <001 M5, 240 130 S20

Note ’All eoncentrauons mg/kg ppm
- ° not available
. * 7 suspended solids
* based on 102 samplec from the three bays

;’PSQG Provmclal Sediment Quahty Guldelmes (Persaud et al 1991)
~ LEL - Lowest Effect Level. R »

- SEL - Severe Effect Level. :

: OWDG OMOE Open Water Dredged Matenal Dlsposal Guldelmes
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Statlon mean concentratlons of copper in effluent (suspended SOIIdS) and in the '
three depositional basins (surfic:al sed:ment) for the Jackfish Bay AOC during

. 1987/88 (Sherman 1991) Statlon locat:ons shown in F:gure 3 15
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Flgure 324 . .
Station mean concentrations of iron in effluent (suspended SOlldS) and in the three
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. Station mean concentrations of lead in effluent (suspended SOIIdS) and in the th_ree
' deposltional basins (surficial sed:ment) for the Jackfish. Bay AOC ' '
4 durlng_.1,987/88 (Shérman 1991) Statlon locat:ons shown m Flgure 3. 15
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~ The results for mdmdual statlons were also exammed in relation to the mill effluent dlscharge (Figures 320 -
 t0 3.29). Generally there is little or no relationship between the mean concentration of most metals and
distance from, or concentration in, the mill effluent. Most display little or no relationship (cadmium,

| - chromtum, copper and nickel, Figures 3.21-323 and 3.28) or a reverse relationship. (arsenic, iron, lead and
" manganese, Figures 3.20, 3.24, 325 and 3.26). Only mercury and zinc (Figures 3.27 and 3.29) have

concentration patterns which suggest direct impact from the mill effluent. The lack of any trend likely
‘indicates. wrdespread background mineralogy which is confirmed by the absolute concentrations of these five

I metals at the reference station as'noted above. A ‘pattern of increasing ‘concentration at locatlons furthest - S
from the mouth of Blackbird Creek may reflect transport mechamsms, such as an afﬁmty for ﬁner gram s12es S
.‘wluch are camedfurther, or reﬂectmetal avallabllrty ' _ . N R

- The movement of metals from sedlment to the water column and their avaxlabxhty for brologxcal uptake are .

i nnportant aspects to consider in order to define sources and identify remedial options. The behaviour of -

‘some metals such as manganese and iron in the sediments provides some indication of the conditions for -
sediment/water transfer and the availability of some metals for uptake Oxides of manganese and iron have

- ahigh afﬁmty for other metals. Manganese concentrations are lower in‘Moberly Bay sediments even though -
- elevated concentrations occur in the suspended sediment in Blackbird Creek and in other areas of the Bay °
(Figure 3.26) The relatively severe reducing conditions in the Moberly Bay deposrtlon area sediments are

likely contributing to the solublhzatlon or stripping of manganese. Similar 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 preclpxtauon of metals in the Blackbird Creek discharge,
however the condltlons in Moberly Bay sedrments favour release of these metals back mto the water column.

The elevated mercury concentrattons in Moberly Bay, as compared wrt.h 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 pattern of highest concentration in' Moberly Bay in -

" relation to the mill effluent discharge, decreasing to lower values in Jackfish and Tunnel Bays (Figure 3.29). "
However, zinc was not used in the kraft pulp mill process. "The sources of this metal in the effluent is not-
-clear although it may be due to the natural presence of zinc in wood ﬁbre, whlch is then concentrated during

RN the pulping‘process.

325 Organlcs L

3 2 5 1 Phenollcs and Aromatlcs
o Phenohc compounds are a by-product of the pulpmg process and would be expected in the efﬂuent drscharge g
" (McLeay-et al. 1986, OMOE 1988). However, only the higher chlorinated phenolic chenncals would be

o 'expected to accumulate in sedxments There are no guldehnes for phenohc compounds in sedrment. -

-Dunng the 1981 OMOE _surveys, orgamc contammants were analyzed at only 13 stattons (Klrby 1986)

.Contaminants included 10 organochlorine pesticides, PCBs, hexachlorobenzene, phenol and guaiacol.. Phenol ' B

. and guaiacol were each detected at 5 of 8 stations dunng the 1981 surveys (Klrby 1986). The highest - -

‘concentrations were at stations 702 and 704 as in the case of PCBs. Phenol coricentrations ranged fromnot -

v detected t0 9.98 1g/g and guaracol ranged from not detected to 16.5 Lg/g (Klrby 1986)

Organochlonnes, mcludmg 20 phenohc compounds 12 chlorinated. benzenes and 1 volatlle, were measured in ‘_
sediment samples during the 1987 and 1988 surveys (Sherman 1991). ‘Detectable concentrations were found
for only six parameters including hexachlorobenzene, pentachlorobenzene, tetrachlorobenzene, ) :
pentachlorophenol tetrachlorophenol and 2,4, 6-mchlorophenol ‘The results are summarized in Table 3.10.

~* There are no gmdehnes for any of these compounds with the emepuon of hexachlorobenzene

16



o 2,3,6-‘tr'ichlmi'btoluenebti, o

. J|2,34 trichlorophenol

| Table 310

' Hexachlorobutadlene ’

.| Detection

v M_oberly Bay -
‘Station 16, N=41

“Jackfish Bay

Frequency of detectlon and maximum conoentrauon of organochlonne compounds in
‘surficial sediments in the three deposmonal areas of the Jackﬁsh Bay AOC durmg 1987/88
(Sherman 1991) ; _ _

| Tunnel Bay
Station 4, N=18

limit

% (Max)

Station 18, N=46

Hexa_chlorobenzene

8EY)

* [ Hexachloroethane <

0

Pentachlorobenzéne

120

R

0.

- “2,4-,5—tri'cmo'rom1uene' L
26'a-ﬁichlor6mluéne -

11,23 trichlorobenzene. ' -

1234 tetrachlorobenzene -

(12235 ‘tetrachlorobenzene

2,1,2,4,5 tetrachlorobenzene

., 1,3,5 tetrachlorobenzene

_ Pentachlor_ophenol

8

“2,3,4,5, tétradilbrophenoln

23,56 tetrachlorophenol

24,5 trichlorophenol .
2,4,6 trichlorophenol -

s (8|8 |g

. ‘Note Allconoentrahonsm pg/g ppm

*. . N=2

Nle|lele|lo|le]ele lo|e |leole |lo o le |e

o lojo |lo o |o|olo lelelelo e |e oo’ ole |




Volat:les and chlorinated benzenes have been associated with pulp mill efﬂuents Hexachlorobenzene was
.detected in 83 percent of the samples collected in Moberly Bay; the maximum value detected was 0.032 1g/g.
_ The Lowest Effect Level (PSQG) for this parameter is 0.01 4g/g and this level was exceeded by the -

". maximum value measured in Moberly Bay (Table 3 10). Traces of penta- and 1,2,3,4-tetrachlorobenzene
were also noted. , S

. Measurable concentranons of three. chlorophenohc chemxcals were also detected in Moberly Bay 24, 6~ : _ .
} _tnchlorophenol was also detected at one stauon _pst outsrde Moberly Bay in the Jackﬁsh Bay deposrtlon area o A
(’I’able310) ‘ _ ; , L » A o

| -3.2. 5 2 Resun and Fatty ACIdS '
< The hnghest concentranons and frequency of detecuon of resin. and fatty aclds dunng the 198’7 and 1988

- surveys were in Moberly Bay (Table 3.11). Even though resin acids are reported to rapidly degrade (Taylor
" et al. 1988), high concentrations of several resin and fatty acids. were found in sediments of all three = -

- depositional basins in the Jackfish Bay AOC. Drchlorodehydroabreuc acid, which is one of the more -

persistent resin acids, was found in more than half of the samples from Moberly Bay (ma)nmum S
concentration 3,700 ug/g). Elevated concentrations of dehydroabrenc acid and other resin-acids in Moberly
Bay, as well as in Tunnel Bay, suggest that resin acids are more wldely dlstnbuted and do not break down as -
. qmckly as expected in' the aquatic environment. e _

. 32. 5 3 DIOXII"IS and Furans

N ~Dnoxms and furans include 75 lsomers of polychlormated dloxms and 135 isomers of polychlonnated furans '
The most toxic forms are those substituted at the:2,3,7,8 positions, particularly 2,3,7,8- tetrachlorodrbenzo-p-
- dioxin, The toxic effects of dioxins and furans include weight loss, thymic atrophy, immunotoxicity, L
: hepatotoxrclty and porphyna, chloracne, hyperplasm and cancer, teratogemc:ty and reproductlve toxu:lty (Safe ‘
©1990). - . o o

o Dnoxms and furans are by-products formed in eombustxon reacuons such as forest ﬁres, and munerators, as

a result of the manufacture of industrial chemicals, and from the chlorination (bleaching) stage of bleached
kraft pulp mills.” Concentrations of 2,3,7, ,8-substituted dioxins and furans are 'usually undetectable in the.

.+ ambient environment. Background levels of other isomers can often be detected, due to aerial deposition =

" from industrial sources and/or diffuse production in forest fires, , principally of the highly chlorinated forms S
- - (hepta and octa) which are very stable in sunlight and tend to persist in the envrronment. Industrial -
* discharges of dioxins and furans to the air and water result in a net localized loading of these chemxcals _
. which adsorb to organic sediments and soils and which are .adsorbed by aquatic or terrestnal ammals from -
their dnet. These chemlcals can bloaccumulate 10 toxic levels in hrgher orgamsms o .

Both bleached kraft mllls and mxlls whlch do not use bleachmg have been ldenuﬁed as sources of many X
* forms of dioxins, but principally furans (OMOE 1988a). In both cases many of the isomers detected are the -
~ almost ubiquitous highly chlorinated forms found throughout the envnronment. However, mills usmg AT

T bleachmg often discharge the 2,3,7,8-substituted forms

-Because dxoxms and furans are poorly water soluble, they preapltate with suspended sohds 10 the bottom |
“sediments of the receiving environment. thtle data exist, however, for concentrations of dioxins and furans
“in sedlments (Sherman et al 1990), and a gmdehne for these chermcals in sediment has not been estabhshed.

" - During the 1987 and 1988 surveys, sedxment and effluent samples from Jackfish Bay were analyzed for o
oo polychlonnated drbenzo-p-droxms (CDDs) and drbenzofurans (CDFs) Sedlments from the middle of
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Table 3;1_1' ’

(Sherman 1991)

- cépricacid' .

| Minimum
- Value.
- (g Ig). _

. 8ta=8, n=33

) - Moberly Bay ° .

Tunnel Bay

sta=4,

n=12"

-Jackfish Bay
sta=5, n=32 -

‘ Frequency of detectlon and maximum concentrations (pglg) of resin and fatty acids in -
- surficial sediments in the three deposmonal areas of the Jackfish Bay AOC durmg l987/88

.
____ /g
470

‘max

%

max |

. .uglg

195 |

max

L -
_Mlg |

| phthalic acid

15 . -

132

lauric acld o

455 |

510

|
-
|
: ﬂ mynstlc aad

~3

2125 | ¢

7470 |

3175

linoleic acld

‘I linolenic acid

.57

30|

1 olelc acid

10

3690 | -

steanc acnd

10

910 |

|| sandaracopimaric aud’

16

‘isopimaric acid -

I 14s

'1535

1245

-p‘alustnc acld .

=)

<@

S . - Iplmancaad

105

13110 -

© 100

5250,

75 |

4990

1295 |

. H abietic aeld

st

1195

1390

neoableuc aud

dtchlorosteanc acid

Coas

130

‘ H chlorodehydroabletlc aud

‘95

1440

%5

1125

dxchlorodehydroab:etxc
acid

- 08

9

3700
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. 'Moberly Bay (Station 704) showed moderate concentranons of tetrachlorodrbenzofurans (4CDF) and :
- octachlorodlbenzo-p-dromns (8CDD) with trace concentratrons of other dioxin and furan congeners
(Table 3.12). s : . ’

.A difference test (MANOVA with Student-Neumen-Kuels test), between log transformed suSpended solids

. and surficial sediment values, was carried out to determine whether the’ suspected point source was.

" responsible for elevated contaminant lewels (Sherman et al.'1990). Results for a difference test carned out.
for 4CDF and 8CDD (Table 3.12) were different for the two congeners. Theré was a progression of -

- sxgmficant differences from the effluent to the sampled stations for 4CDF mean values. This suggests that

the effluent was the main source of this congener. In contrast, there were no sxgmﬁcant differences between.
the stations for 8CDD within Jackfish Bay, indicating that the mill was. not the source. Some other source,
such as atmosphenc dep0smon, may have been responsrble for elevated 8CDD levels N

. “Table 3.12 ‘ Octachlorodlbenzo-p-droxms (8CDD) and tetrachlorodtbenzofurans (4CDF) (pg/g dw)
“found in surficial sediment samples from Jackfish Bay and suspended solids from the )
effluent and Blackbird: Creek durmg 1987 /88 (Sherman et al 1990) Station locations are -

g '_fshowanigure315) _
S ~'>Station"s" | ManovaValues - |
I , 5| 20| 704|716 713| 844 | 845 Fvalue | Pvalue | r
o fNumberof | 2|2 a2 4l 22 ) o
B Pl B | Bl |
- fscop | 2s0 w41 20 23 126 om0 12| 1302
e —— SEUCUSIIE R
4CDF -~ |623 2000 411 139 - 31 11 24| 2183
. . A,. _ v" . ~. )

_ (Sedunent values represent geometnc means, Also shown are results of a multwanate analysrs of variance .
. and student-Newman-Keuls test of between stanon drfferenees Statlstlcally s1m1lar stanons are _pmed witha = '
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' Figure 330 represents the sedlment core proﬁle for dioxin and furan eongeners found in Moberly Bay at
station 704. - As with the surficial sediments, 4CDF and 8CDD congeners were the most common at all- .
-depths where detectable eoncentratlons occurred. Low concentrations of 7CDD, SCDF and 7CDF congeners o

" were also detectable

* The congener pattem for the hlgher chlonnated eongeners was similar to the oombusuon pattem found by :
Czuczwa and Hites (1986) in Siskiwit Lake (Isle Royale, Lake Superior).. This combustion pattern is a :
typical background pattern for Lake Superior. A srmrlanty between Jackfish Bay and Siskiwit Lake patterns
indicates that the mill is not the source for these congeners; contamination is probably due to atmosphenc L
- sources. However, a pattern dominated by 4CDF from the pulp mill effluent was supenmposed on thxs

_ .'eombusnon pattern, mdlcatmg that 4CDF stems. from the mill effluent. o .

R 2 5.4 Other Orgamcs

' The 1981 OMOE surveys found eoncentranons of organochlorine pesueldes and hexaehlorobenzene to be

"generally not detectable or detected in only trace amounts (Kirby 1986). Total PCB concentrations, however, L

ranged from not detected to 0.930 ;g/g at 12 stations. - The highest concentrations occurred at stations 702

- (0930 1g/g) and 704 (0.485 1g/g) in- ‘Moberly Bay. Detectable concentrations were found at 8 stations of ,

" . which the OMOE Open Water Dredged Material Disposal Guidelines (0.05 ;.g/g) was exeeeded at 7 stations.
' "l‘he PSQG-LEL for total PCBs (0.07 1g/g) was exceeded at 6 statrons ‘ A , , -

' 'I‘he results for 29 organochlormes mcludmg pesucldes, octachlorostyrene and PCBs measured dunng 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 with the exeepuon of ¥BHC, =~
- octachlorostyrene, DDE, pp-DDD, 2,4-d1chlorophenoxybutync acid and 2,4-prop10mc acid (Table 3. 13) The.
* source of these compounds in the effluent i is unknown. o '

j, » '.PCBs were measured in samples from Moberly Bay (Table 3.13 and Figure 3.31) The maximum ;.
.- concentration of total PCBs is 0.280 1g/g (280 ng/g) which exceeds the OWDG of 0.05 4g/g and the PSQG'
LEL of 0.07 pglg Their presence may relate to past uses of PCBs in mdustnal electncal eqmpment at the

Polynuclear aromauc hydrocarbons (PAHs) were evenly dlstnbuted at low eonoentratlons throughout the
study area. The tentative PSQG for total PAHs i is 2.0 pg/g. This was not exceeded by the total of the 16 -
_ PAHs -measured at any station (Table 3. 14). The concentration pattern and frequency of occurrence is fau'ly
- uniform throughout the three depositional basins and, hence, do not appear to be influenced by the mill *

effluent (Table 3.14). As-in the case for the higher chlorinated dioxin congeners, atmospheric deposmon
may be the most likely source of the PAH ‘compounds. They are known to be created by low temperature o
burning sueh as from wood stoves (Chan and Perkins 1989) : .

".,3 2, 6 Hlstoncal Changes in Sedlment Quallty

_Through radrodatmg techmques (Sherman et al 1990) it'is possxble to determme the age of honzontal -
" sections of a sediment core sample. Once these dates are established and contaminant levels in the sections
- are determined, contaminant levels can be compared to mill activities, such as process changes or leaks and -
spills, which may have resulted in sediment contamination.. Radiodating is a useful means of understandmg
the historical context of environmental 1mpact related to ongomg mdustnal actmty o _
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' Table 3.13

Frequency of detecuon and maximum concentration (ng/g) of ‘organochlorine- compounds in -

- surficial sediments in the three deposmonal areas of the Jackfish. Bay AOC durmg 1987 / 88

(Sherman 1991)
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- Tabié ‘3.14 Frequency of detecuon and maximum concentratmn (;g/g) of polynuclear aromanc
" - . hydrocarbons in surficial sedimeats in the three deposmonal areas of the Jackfish Bay AOC
durmg 1987/88 (Sherman 1991)

|
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_ Radlodanng was used by Sherman et al. (1990) to date a sample taken from the centre of Moberly Bay
~ (Station 704, Figure 3.15). No evidence of disturbance of the surficial layers was noted. The dates o
-established from the Pb-210 profiles agreed very closely with appearance of Cs-137 within the core. S
'Established dates were also corroborated with other fluctuations in chemlcal proﬁles and core appearance -
that correspond to dates of historical changes at the mill or other events significant to the core 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 sample area caused by the suspended solids loading from
. Blackbird Creek, the resolution of section age over the period of mill operation (1949 to present) is ..
considered to be even finer; wrthm 2 years. It is expected that the sedimentation rate decreased as a result
of the 1989 installation of an aerated lagoon system by the mill which reduced the amount of orgamc matter

dlscharged in the efﬂuent (Chapter 4)

The core proﬁle of tetrad:lorodlbenzoﬁxran (4CDF) concentration (Figure 332) showed relahvely high values e o

- which abruptly dropped to undetectable levels (<60 pg/g) below a depth of 10 cm. This drop corresponds to
- 1973 and the abruptness of the concentration change from 1973 to 1975 is not consistent with a decayor =
- gradual introduction of 4CDF into the sediment. Rather, the profile suggests that a sudden process change

at the m111 had resulted in productlon ‘of 4CDF followmg 1973 and connnumg to the time of - samplmg (1988) o

o 'The abrupt appearance of 4CDF in the sample follomng 1973 may correspond to the mlll changmg from

‘cold’ to ‘hot’ chlorine bleachmg ‘Warmer temperatures used in the second process favour the formation of
4CDF. Another possibility is that the use of oil-based brownstock defoamers, whrch have recently been
shown to contam droxm -and furan Pprecursors, may be the cause. A

- Concentratrons of octachlorodrbenzo-p-dlomns (8CDD) in the same core (Figure 3.32) showed moderate .
~ values similar to those of remote areas of Lake Superior (Czuczwa and Hites 1986). No abrupt changein -~
" concentration with depth in the core was found and measurable concentrauons of 8CDD were. noted in core L
- segments that predated the start of mil operatxons a : s

. Figures 333 and 334 1llustrate concentratlons of mercury, lead, nnc, cadrmum, manganese, copper 10ss on .
ignition- (fibre) and total organic content in a core sample from Station 704 in Moberly Bay collected in 1988 -

- (Sherman 1991). Concentrations of zinc, cadmium; copper, loss on- 1gmtlon and total organic carbon increase |

in the more recent years. Lead and manganese show little or no change over time. The high levels of zinc S
- 'in sediments is interesting as this metal i is not added to any processes in the mill. However, as noted earher, '
“metals are naturally taken up by trees and stored in wood fibre. It may be that during the pulpmg process, o

. metals are released from the pulp and concentrated in the wastewater. Similarly, increased zinc -

concentrauons in recent sedrments may be a result of decreased ‘water usage ona pulp productron basrs in - o

: recent years

AThe results of the 1987 and 1988 surﬁclal samplmg descn‘bed earlier suggested that copper and manganese S
~and possibly cadmium concentrations reflected geochemical characteristics of the sediments in the region -
. rather than pollution from a single source (Section 3.2.4). The i increasing concentrations of cadmium and - -

- copper in more recent years (Figures 333 and 3.34, however, suggests that anthropogenic sources are more

s likely than gross regional geochemical characteristics. The atmospheric deposition of trace metals is- known -

to contribute relatively large loadings to Great Lakes, particularly those remote from industrial and urban
activity (Nnagu 1986, 1990). The results of the sediment core data which show increasing concentrations of

cadmium and copper (as well as zinc) throughout the industrial era (i.€., since the late 1800s) combined with: .

* the surficial results showing ubrqurtous concentrations provides strong evrdence for a stgmﬁcant atmosphenc -
component to the occurrence of these metals .
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Between 1972 and 1978, the Krmberly-Clark mill used a mercury . anode chlorine generanon umt, wlnch o

resulted in mercury losses from the gradual degeneration of the anode. Additional mercury and lead (from. . .=

* the lining of the reaction chamber) were likely discharged during this period. Increased mercury and lead
. levels in. the core section correspondmg to thrs time penod reflects. theu' use by the mill (Figure 3.33)

327 Sedlment Quallty Summary

The results of geophysrcal mvesnganons of sedrments from the Jackﬁsh Bay AOC durmg 1987 and 1988 A
identified the presence of three depositional basins in which fine-grained (mud) sediments dominated. These

© basins correspond to Moberly, Jackfish and Tunnel Bays. The sediments of Moberly Bay have the highest

percentage of organic material and consequently the most reducing conditions. The presence ‘'of the organic
;- material is attributed primarily to the mill effluent which enters via Blackbird Creek. The sediments of the
. three basins are variously contaminated due to a variation in sources and to. processes which affect their
accumulatwn and avarlablhty : : ,

; ' V'Contammants which exceed erther the Dredged Matenal Dlsposal Gurdehnes andlor the Lowest Effect Level
of the draft Provmclal Sediment Quahty Gurdelmes, based on surveys undertaken durmg 1987 and 1988 -
" ‘include: oil and grease, total organic carbon, total phosphorus, arsenic, cadmium, chromium, .copper, iron,

- lead, manganese, mercury, nickel, zinc, hexachlorobenzene and total PCBs.. TKN measured 'in 1981 also .- o

- exceeded guidelines. In addition; high concentrations of certain phenolic compounds, resin and fatty acids,
. and dloxms and furans, for whrch no guldelmes are avallable, oontammate sedrments wlthm the AOC

,Contammants which are. attnbuted to the meberly'-Clark effluent based on thelr temporal or spaual o
_ distribution pattems, either currently. or historically, include total organic carbon, TKN, mercury, zinc, total

PCBs, hexachlorobenzene, phenolic compounds, resin and fatty acids and tetrachlorodibenzofurans. The '
- most likely sources for the higher chlorinated drbenzo-p-droxms and furans, PAHs, and certain metals

' (cadmium and copper) are diffuse and point sources remote from the AOC and contributed via atmospheric : S

deposition, Cadmium and copper concentrations may also reflect local geochemrcal conditions along with
-~ chromium, iron, nickel and manganese. The drstnbutron patterns of total phosphorus, arsenic and lead do
: not clearly 1dentlfy likely sources. : . ,

The presence of PCBs in sedrment wrthm Moberly Bay may be due to thelr former use in electncal

_ equipment at Krmberly-Clark. Detectable concentratlons of. organochlorme pestrcrdes were found only in: _b S o

Moberly Bay sedxments

,Although the da‘ta are not sufﬁclent to 1dent1fy statrsucally sxgmﬁcant trends over mne, a oomparrson of data L
collected in 1981 with data collécted 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 constant over time. . Total ‘organic. carbon, cadmium, copper and zinc appear '_ S
o to be mcreasmg in concentration whereas mercury and total PCBs are decreasmg o : '

.33 BIOTA _

- 3 3.1 Benthlc Macromvertebrates ,A

'Benthrc macromvertebrates are useful orgamsms for determining envu‘onmental quahty They are relauvely
. unmobrle and ubiquitous, hence, they integrate the effects of water and sediment quality conditions at any -

one location and allow for comparisons among areas which: are affected differently by pollution. In addition, - - s

o because different species have different sensitivities to contaminants, environmental quality in any given area
~ can be determined by describing benthic communities with regard to: the presence or absence of certain =~ -
speaes, the overall abundanoe of taxa and specles, densrty and distribution of taxa, drversrty and nchness of

k3



the oommumty; and oortelatmg the benthos with sediment condmons In addmon, the evaluation of _
temporal changes in any or all of these oomponents can be used to determine whether envrronmental quahty '
is worsemng or improving. - v :

, Beak Consultants Ltd prepared a report in 1988 (Beak Consultants 1988) summanzmg the results of ‘
biological surveys conducted in Moberly, Tunnel and Jackfish Bays in 1969, 1975 and 1987. The authors

' summarized benthic species richness and distribution as well as community structure for each of the survey
~ years and 1denuﬁed rmportant temporal trends from 1969 to 1975 and 1975 to 1987 ‘ .

.. 8. 3 1 1 Specues Dens:ty and Dwersnty

_~"The Beak report eoncluded that the greatest specles dxversrty ‘was detected in assoqauon with aquatlc
. vegetation. This observation can be explained by the fact that aquatic vegetauon provides benthos with
. diverse habitat, suitable for an array of benthic species. In contrast, limited species diversity was observed in
_ ‘odorous sediments where much organic matter had accumulated. The authors suggested that organic -
~ loadings. from Kimberly-Clark Canada Inc. may have degraded benthlc habitat and associated benthos.

- Total orgamsm dens:ty was depressed in the extreme west due to the effects of mrll effluent entermg from

" Blackbird Creek, followed by a density rise to the immediate east due to the effects of organic enrichment,.

followed by a gradual decline to the east. The enrichment of west-central areas of Moberly Bay and Jackfish -
Bay was concluded to be consistent with the observed pattern of dnspersxon of the efﬂuent plume from '
Blackbird Creek (Beak Consultants 1988) ‘ o

'- Pontomma hoyi densrty decreased drarnaueally between 1969 and 1987, mdrcatmg that envxronmental quahty' '
was detenoratmg over this period.” These organisms are extremely sensitive to pulp. mill 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 of inner and outer Jackfish Bay. However, by 1987, there were no P. hoi in any of Moberly Bayor -

 the western portion of Jackfish Bay (Figure3.35). Densities were found to have continued to decrease in
Tunnel Bay, sad there were substantial deereases in eastem and central poruons of Jackfish Bay. - -

Conversely, tubxﬁcrds, wluch are polluuon tolerant, mereased in density and extent of hrgh densrty between .
1969.and 1987, especially in Moberly Bay and the western and central section of Jackfish Bay (Figure 3.36).
-+ ~The maximum density in 1969 was 30,000/m3, whereas in 1987, the maximum density was:196,000/m>. The .
R authors noted that these results indicate that Jackfish Bay is gradually becoming ennched, possnbly asa result o
~ of the cumulatrve effects of orgamc loadings from the mill. (Beak Consultants 1988) _ o

_ 3 31 2 Benthlc Commumty Impalrment -

o Cluster analysrs usmg the quantitative bent.hno data ldentxﬁed four dnstmct benthxc commumtles or dustets as
" existing during each of the three survey years. Discriminant analysis of these clusters, utilizing environmental _
characteristics associated with the benthic sampling locations, identified sediment particle size, water depth, -
organic matter accumulation in the sedxments, and the presence of aquatic vegetation as the most important
factors distinguishing among the four benthic clusters In general, the clusters which were found to be most
- charactenstlc of degraded- envuronmental conditions were most often dxstmgulshed by a ﬁne-textured ‘
'sedlment (Beak Consultants 1988) :

9
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F'gurw 337 and 3.38 rllustrate the drstnbutlon of the four bentlnc commumty clusters xdenuﬁed for 1969 and
1987, respectlvely . . _ . _ S

' i fIn 1969 1975 and 1987 one benthrc cluster (cluster l) eonsrsted of two benthrc subgroups, a deepwater, - -
 oligotrophic subgroup (nonimpaired community) and a small subgroup near the mouth of Blackbird Creek
(severely 1mpa1red commumty) Both subgroups revealed low benthrc densmes and relauvely low dlversmes

The pollunon tolerant spectes Tubl | fox tubifex was found to characterize severely rmpalred commumtres in the- ‘
© " vicinity of the mill influence (Figures 3.37 and 3.38). This zone, which remained relatively constant at 0.2 t0
- 03 km, was thought to be a result of the toxlcrty or loss of habrtat resultmg from fibre deposrtlon ’ .

" Beyond the zone of severe unparrment (cluster 1) an addrtronal cluster (cluster 2), charactenzed by medlum

diversity and dominated by oligochaetes, occurred during 1969 and 1975 and was intefpreted as representing = ' .

.. slightly degraded conditions influenced by mill inputs (Beak Consultants 1988). Clusters 3 and 4 identified
. during these two surveys were interpreted as representmg ‘relatively ummparred’ to ummparred condmons

o Wlth no obvrous effects from: pulp mill drscharges

The 1987 survey, however, revealed two clusters (clusters 2 and 3) in addmon to the severely degraded v
community (cluster 1) indicative of organic enrichment and representing rmparred conditions (Figure 3.38). -
. The authors interpreted this finding as representing increased and more wrdespread orgamc ennchment of

o Moberly Bay and westem J aekﬁsh Bay (Beak- Consultants 1988) - :

Sediment ehenustry results, determmed from sedlments sampled comcldently wrth the 1975 benthlc samplmg ' '
, 1dennfied the two impaired benthic communities as-having the' hrghect mean concentranons of copper R
‘cadmlum, lead, zmc, loss on rgmtlon and TKN (Beak Consultants 1988) ' :

" As well asa greater number of rmparred commumtres, the overall size of the zone of unpalrment also
" increased between 1969 and 1987. In 1969 the degraded zones (clusters 1 and 2, Figure 3.37) extended to
Cody Island in Moberly Bay, however, by 1987 it extended west of St. Patrick Island and into Tunnel Bay
- (clusters 1 and 2, Figure 3.38). This increase was not thought to correspond to-substantial increases in =
- -suspended solids levels or BOD; loadings but, as in the case of species drversxty changes likely represent the .
cumulauve effects of mrll drscharges wrth trme S _ : , ”

: 3 3 1 3. Benthlc Contammant Body Burdens

' Because of thexr ubrqurtous dlstnbutron and lack of mobility, bentlnc macromvertebrates also serve as usefil - B

- ‘biomonitors of chemical conditions within areas of interest. Analysis of contaminants within benthos may be
: undertaken for resident populations in order to determine chemical burdens within the local populatlon, or
. by mtroducmg noncontaminated oorganisms for. specified penods of time to determine the rate and nature of
broaecumulatmg chemicals. 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 o
. very few studies of chemlcal body burdens in benthrc fauna of the Jackfish Bay AOC Lo

_ Opposum shnmp (M)ms relicta) collected off the mouth of Moberly Bay coincident with the ‘collection of
. sediment samples during the 1987/88 survey (Section 3.2.5.3). were also tested for dioxins and furans
_ (Sherman et al, 1990). The congener pattern for M. relicta was found to be similar to that of the mill -
" effluent. 2,3,7,8-tetrachlorodibenzofuran was the dominant isomer found with traces of other « congeners
- including 2,3,7,8-tetrachlorodibenzo-p-dioxin. Octachlorodibenzo-p-dioxins (8CDD) were ot detected in -
‘mysids from Jackfish Bay or the control site off Lawson Island. This indicated that, although there were
moderate 8CDD levels in sedxmenm they were not taken up by the shnmp R
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" Introduced caged mussels (Elliptio complanata) and white sucker (Catostomus commersoni) collected in
Moberly Bay by other researchers displayed similar congener patterns to mysids. Table 3.15 summarizes the
'information. The higher chlorinated dioxins and furans, including the 6CDD/6CDF, 7CDD/7CDF and
. 8CDD/8CDF congeners, were mostly not detectable i in the biota. However, the 4CDDI4CDF congeners =
‘were commion to mysids, mussels and ‘white suckers. According to the data in Table 3.15, the most toxic of

- these (_2,3,7 8-TCDD) constituted the entire fraction of the: tet:achlonnateddlbenzo-p-dlomns in myslds Ttis.

- notkno ‘;'"’ ‘;.alsotmeforthemusselsorsuckers

L7 . i Table3.15 . . Concentrations of dioxins and furans (pglg wet wt.) found
o '° . in opposum shrimp (Mysis relicta) at the mouth of
- Moberly Bay and introduced caged mussels and white .
.sucker (in Moberly Bay) from the Jackﬁsh Bay AOC
(Sherman et al. 1990). o S

‘ data of Sherman (1990) , '
" data of A. Hayton (OMOE unpubhshed) '
* data of L Smith. (OMOE) and M McMaster (U Waterloo)

: (mpubhshed)

" INT = level of- SCDD in spnked prooedure blank was appro:nmately equal -
“to the levels found in the samples - , _



:33.2*Fis'h" o
',3321 Flsh Communmes

o The Jackfish Bayﬁsh oommumtymcludes at least 3t speaes (Table 316), and is donnnated byspeaes from -
- the cold vater assemblage.. Thic crmmunity varies considerably, from the heavily contaminated northern -

- portion of Moberly Bay, which produced the lowest Integrated Biotic Index (IBI) for northern Lake Supenor ' N L

during a 1986 electrofishing survey, to the relatively productive northern portion of Tunnel Bay (B.AR. -

Environmental 1987). The southern portion of Jackfish Bay is strongly influenced by Lake Superior and i is

charactenud as oligotrophic system, low in fish productivity and abundance. The followmg species are most -

~ common to the AOC: lake trout, rainbow trout, lake whitefish, round whitefish, lake herring; lake- chub, ‘
-chinook salmon, coho salmon, pink salmon, rainbow smelt, common white suckers: and longnose suckers. .

S Ihemu'oducnonofemncﬁshspeuessuchasrambowtmut,dnnooksalmonandpmksalmonhasmcreased " ‘

species dwerstty, however, native specres conunue to dormnate the eommumty structure.

Lake trout has persxsted as the dommant prsclvore in Jacl:ﬁsh Bay; although Paufic salmon populauons :
appear to be increasing along the north shore of Lake Superior. Natural reproduction of chinook and coho
o salmonoowrredmnumerousnorthernnversdunngthe lQSOsandreportedcatchesfromsportand

- commerual fisheries-also increased. :

A mapr shrft in' the forage base occurred wrth the mmrgrauon of rainbow smelt into Lake Supenor 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 bé suitable forage (Anderson and Smrth 1971) The

, abundance of forage fish in Jackfish Bay has not been mvestrgated. ' ,

The sea lamprey have depressed Lake Superior fish stocks since the 1950s (Anonymous 1986) Chemxcal

“oontrolwasmn'oduoedmthemld-l%Os,andlampreypopulanonshaveremamedmohed:smoethxspenod. L

: Woundmg rates estimated for commercially caught lake trout are ‘presently considered moderate. Wounding
. rates in Management Zone 18 spanning a five year period. (1982 to 1986) ranged from 12 to 11.5 percent. -
- . The Steel River is the only Lake Superior tnbutarym Zone 18 whlch is ourrentlytreated with TFM '

.lampncldeonathreetoﬁveyearcycle T . : ,

1 3.2 2 TOXICIty and Mutagemclty

.'InJuly1983 suxfaoewatersm.ladtﬁshBaywerefoundtobeawtelylethaltorambowu'out,uptoadlstance'

of 1.5 km from the mouth of Blackbird Creek (Flood et al. 1986). In October 1989, the Kimberly-Clark mill
. brought a secondary effluent treatment facility on line. In addition to reducing organic loadings in the final

- effluent, this treatment facility was expected to reduce effluent: toxicity. :In July 1990, toxicity testmg was -
»oonduotedeackﬁsh Bay to determme the effectxveness ofthrsnewfauhty (Flood 1990). . . ,

v ~fResults from thls study mdrcated that the resultant ﬁnal efﬂuent is non-lethal in 96-hour laboratory bloassays N
_-with rainbow trout. Similarly, the effluent, once diluted with the. receiving waters. in Mobeﬂy Bay, is not toxic -

to fathead minnow or rainbow trout in caging studies. The LC50 using Daphnia magna in the laboratory was 3 -

‘ ‘ _"fotmd to be greater than 100 percent. That is, a non-diluted effluent sample could not kill 50 percent of the -
" test organisms. Thus, the final effluent was found to meet its current control order with regards to toxicity, = -
= and the toxicity criteria proposed under Ontario’s. thrupal_-lnd_usmal Strategy for Abatement (MISA). -



Table 316 - Fish species occurring within the Jackfish Bay AOC. .

Species . | Commonname | Electro- | Commercial | Nettmg
- : . ' | shocking® Catch' - Surveys

lPebomyzonr_'n-aﬁnas_ - |sealamprey - . .
| Acipenser fuvescens - |lakesturgeon - -] | e
- | Alosa pseudoharengus - |alevife - . | - e |
" Oncorhynchus gorbuscha pink salmon o e _
O. kisuich coho salmon N
O.tshawyscha .~~~ |.chinook salmon . - , . .
O. mydss - | rainbow trout | | I e '_'.‘
Salmo-trutta = | brown trout. - ‘ ..
S. fontinalis brook trout e
S.namayush . . |laketrout . .
Coregonus artedii - |lake herring e 'Y
‘Coregonus spp. | chubspp.” o ° e
N C: clupeafrmis .~ |lake whitefish . | 'Y o e
Prosopiuin cylindraceum | round whitefish . _ ., 'Y
Osmierus mordax - | rainbow smelt - - e ° ) a
Esoxlucius =~ | northern pike o °
Chrosomus eos ~ * . | northern redbelly dace ' L 3
" ’Cypinuscarpio' ~ v | carp o e o
Notropis athennades [ emeraid shiner IR e
'N. hudsonius spottail shiner . o '
“Catostomus catostomus | longnose sucker - e ' .
'C.commersoni =~ | common white sucker ‘e ® e
Lotalota -~ - |burbot e . K
Pungtius pungitius | ninespine stlcldeback o | '
Percopsis omiscomaycus | trout perch” ° E
|| Perca favescens =~ | yellow perch e o
V ‘,"Sazostedzonvumum walleg . . | D e ‘o |
| Etheostoma nigum | johnny darter B : - )
Percina caprodes - | logperch , B , )
Cottusbairdi - | mottled sculpin ol e
H C.cognatus - slimy sculpin A e
nCouesmsﬂumbeus B 'lakec';hub N ..
o Specl& Iist compxled from the followmg'
B.AR. Environmental (1986). . :
v Lake Superior Fisheries Unit, commercial catch reoords
o # 'OMNR and OMOE netting surveys. ,



o Consrderable research has gone into the study of sublethal effects of the mill efﬂuent on fish in .Iackﬁsh Bay o
- (McMaster et al. 1991a&b, Munkittrick 1990, Munkittrick et al. 1991a,b&c, Smith et al. 1990, 1991). Results -

from studies on local white sucker collected in 1988 (Munklttnck et al. 1991c) indicated that these fish grew -
more slowly than reference fish, had smaller gonads, lower fecundity with age, an absence of secondary sex -
characteristics in males, failure of females to show an‘increase in egg Size with age, reduced serum estradxol o
and testosterone (steroids) concentrations, and gréater hepatic mixed-function oxidase (MFO)-activity. Tests =

" with lake whitefish and longnose sucker produced the same results as for white sucker. These three fish -

_species are benthic specres whrch makes them useful for momtormg the ‘effects of contammams in sedrments,
on aquatic life. . S . .

i MFOs are enzymes located in the’ hver that oxygenate natural and synthenc chemxcals, preparmg them for
~ excretion or other destinations (Smith et al. 1991). Many chemical contaminants such as PCBs, dioxins,
furans and PAHs, are potent inducers of the activity of these enzymes (Smith et al. 1991). Smithetal. - =~ .
- (1991) also noted that induced MFO activities have been assocxated with reducuons in reproductron and the o
o susceptrbxhty of various specres to develop cancers ' : e

- PCBs were not rmphcated by Smith et al. (1990, 1991) as the cause for the mducnon of MFO actmty in
" white suckers from Jackfish Bay because there was no correlation with PCB concentration and observed
MFO activities. They noted that drbenzo-p-droxms and furans are potent inducers and concluded that the
MFO induction in suckers from Jackfish Bay is most likely due to the presence of dioxins, furans and resin

e ‘acids in the drscharge from IGmbeﬂyClaﬂe Smith et al. (1991) also correlated the induction of MFOs in
: -, Jackfish Bay wrth dxsruptrons of the reproductwe proeess observed by Munkittrick et al. (1990) ;

After secondary treatment of the mill efﬂuent was brought on line in October 1989 liver Welghts in wln Ei .. S

. and white sucker decreased (though they were still larger than reference fish) but MFO activity was not .

.- decreased. (Munkrttnck et al. 1991b). However, after a two week mill’ shutdown, there was no MFO - -
- induction in longnose sucker, MFO activity was reduced in white sucker, and the rmpact zone for MFO
- induction in lake whitefish was reduced. From these observatlons, the authors noted that: ) secondary
treatment was not successful in removing MFO acuvanng compounds; ii) induction was not related to
- sediment contamination with persistent compounds; and iii) MFO inducing agent(s) are rapidly cleared by -
- fish. It was also found that neither secondary treatment or a temporary shutdown returned testosterone and
‘ estradlol levels to normal levels in white and longnose sucker (Munkrttnck et al. 1991b)

2 The mductlon of MFO actmty in white suckers collected from J ackfish Bay i in the summer of 1988 pnor to ,
secondary treatment, was correlated by Smith et al. (1991) with an "abnormal incidence of liver neoplasms -
~'" {cancers)". ‘Greater than 20 percent of lake whitefish caught in Jackfish Bay during August 1989 and - - - - -
_ August/September 1990 had unexplamable external lesions which did not appear to be related to predatory - - - - -
attack or infection (Munkittrick et al. 1991a). The presence of these lesions in an isolated unpopulated bay *
- which has received large volumes of pulp mill effluent, as well as the absence of reports of similar wounding
-in other lake- whrteﬁsh, lead the authors to suggest an assocratlon between the lesrons and the dtscharge of

bleached kraft mill efﬂuent.

B 3 23 Sport Flsh Contammant Body Burdens

o One of the problems noted by the LCin desrgnatmg ‘Jackfish Bay as an Area of Concern was the presence '
- of contaminants (mercury and PCBs) in sport fish in concentrations which restricted their consumption by
. humans. The 1989 "Guide to Eating Ontario Sport Fish" listed Jackfish Bay as unrestricted consumption of
~ whitefish and cisco as well as lake trout up to 45 cm in length (OMOE/OMNR 1989). Lake trout longer .
than 45 cm were limited to long-term consumption of no more than 0.2 kg/week due to'mercury
concentrations between 0.5 and 1.0 1g/g and/or PCBs greater than 2.0 g/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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consumption of lake trout up to 65 cm in length as unrestricted with respect to mercury and PCB-

" concentrations (OMOE/OMNR 1990, 1991). In addition, the 1991 Guide to Eating Ontario Sport Fish
noted that consumption of whitefish, cisco and white sucker to 45 cm in length was also unrestricted. -
However, the guide notes that the consumption of lake trout greater than S5 cm may need to be restncted
for consumption due to ooneentratrons of dioxins and furans expressed as toxic equlvalents of 2,3,7 8

" »ten'achlorodlbenzo-p-dro)nn. -

. As of 1991, fish oonsumptlon restrictions were in place for Jaclcﬁsh Lake due to mercury (yellow perch) and
‘mercury and/or PCBs (northern pike and walleye). ‘However, this lake is considered to be outside the =

* _ influence of the mill effluent and, hence, mercury oonoentranons >1.5 /.g/g in yellow perch between 35and -
45¢mmlength1shkelyduetonatural backgroundsources o

Table 3.17 lists the number of detections and the range of eoneentranons of 14 oontammants measured in-
“lake trout collected for the OMOE/OMNR Sportfish Consumption Program as well as levels of 2,3,7,8- .

“TCDD and 2,3,7,8-TCDF in white suckers-collected during 1988. Concentrations of all contaminants tended L

- to be low and there were no exceedences of Ontario’s fish consumption gmdehnes for the protection of -
*“human consumers. The GLWQA Specific Objecnves for the protection of ; prseworous wildlife were exceeded
by maximum concentrations. of total PCBs (01 ;.g/g) in lake trout but not for mirex (any detectable '

' a.ooncentratlon) : A : _ :

S _3 3.23 Juvemle Flsh Contammant Body Burdens

Spottaxl shmers (Notrbps hudsomus) are restncted to locahzed nearshore habxtats and, as such, have been o

. found to be useful biomonitors (spatially and temporally) of contaminant inputs (Suns et al. 1991). As

~ important forage fish, these and other cyprinids provide an important link in the transfer of contaminants to
higher trophrc levels. Juvenile (young-of-the-year) spottail shiners have been used for contaminant :

- monitoring in all the Great Lakes and oonneetmg channels as part of the Great Lakes Intematlonal
Surveillance Plan since the mid 1970s _ . , ,

Young-of-the-year spottarl shmers have been' eollected at'J ackﬁsh Bay since 1979 Analyses have been

' * undertaken for total PCBs, DDT, mirex, chlordane, BHC, hexachlorobenzene (HCB) and octachlorostyrene

(OCS). The results of these. analyses are presented in Table 3.18. Although low concentrations of BHC and

HCB were detected during 1983 and 1986, respectively, these chemicals along with mirex, chlordane and

- OCS-are essenually not detectable in young-of-the-year- spottarl shiners from Jackfish Bay (Table 3.18).

-~ Trace or detectable. concentrations of PCBs and DDT were measured durmg most years, however, PCBs
were not detected and DDT was detected at only trace amounts during the most recent collections (1988)
No significant correlations (p>0. 05) with time were found for total PCB DDT and chlordane residues in

spottail shmers from Jackfish Bay (Suns et al. 1991) ,

The GLWQA Speclﬂc ObJecnves for the protectton of piscivorous w:ldhfe due to PCBs, DDT and mirex -
‘were not exceeded during any of the ﬁve years of samplmg (Table 3.18). o .

: 3.3.3 Blota Summary

The biota wnthm 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, maximim densities of -
- pollution tolerant organisms (tubificids) increased by more than six times while densities of pollution - - .
intolerant organisms (Pontoporeia hoy) decreased dramatrcally During this period the extent of tubificids
" also mcreased in conoert wnth a decrease in the extent of P. hoy Whereas in 1969 only the eentral portlon

10'1; |



" Table 3. 17 Frequency of detect1on and concentrat1ons (#g/g) of mercury, PCBs, d1ox1ns, furans, and
- organochlor1ne pesticides in 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.

Parameterv

fOntarxo»E1sh
~ Consumption:
Guidelines '

Detectlon
-11Limit5ﬂ

No. Detected/f'
No. Samples -

.1“‘Mereury o

0.5

' Lake Trout (1989)1

0. 01 Ce

0.6-0.38

Total PCBs f

v 2 .'0..-" : .

S0.02 |

©20/20."

erex

"_yO;i

©0.005

0/20

7 0.04-0.44
__ND.

|l Hexachlorobenzene

" 0.001

. '16/20

. ND-0.004 -

pp-DDE -~ °

0.001

- 19/20°

ND-0.117

. a—,BHC

" 0.001

18/20

~ ND-0.009 .

y—BHC'.

0.001 .

820

~ ND-0.001

0,002 .

20/200 - -

© 0.002-0.017

y-chlordane

0.002

. 19720

.. ND-0.007"

ua-chlordane

pp—DDva-'b

0.002 -

5/20

’ 'ND-0.001

'H Toxaphene

0.2

18/20

MTH 2,3,7,870500_ - _0.000002 _ s/s | 0.0000029-0.0000113
1,2,3,7,8-5PCDD. - ome ~s/s ' 0.0000036-0.0000055 |
| n1;2,3;4,7;8r6HCDD: - AT : 0/5 - : Nb" -
1,2,3;6,7,8-6HCDD - N ols B
1,2,3,7,8,9-6HCDD - | 0.000002 T0/5 - ND

w2



‘Table 3.17 (cont’d)

| ND. = not detected

1 .data courtesy of the OMOE/OMNR Sportf1sh Consumptlon Program.-
-2 data from Sherman et al. (1990)
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Parameter * ‘Ontario Fish ’:Deteetiqn ‘ No,_Deﬁected/  >
s .Consumpt1on - Limit - No. Samples:
Guidelines ' - . | o .
1,2,3, 4,6, 7,8- 7chn'i*' - o B 1/5 ND-0.0000011" * -
80CDD . = " - 5/5 © 0.0000016-0.0000035
2,3,7,8-TCDF" - " 515 ~ 0.000020-0.000058 |
1,2,3,7,8-5PCDF - " s/s ~ 0.0000023-0.0000080
" I'2,3,4,7,8-5pCDF - o s/s | 0.0000015-0.0000036
| “ 1,2,3,4,7,8-6HCDF - " 0/5 w0
5,_" 1,2,3,6,7,8- ~6HCDF - ~ N 0/5 WD
“ 1,2,3,7,8,9-6HCDF - " 0/s ND
2,3,4,6,7,8-6HCDF - - woo 0/s . ND 1|
1,2,3,4,6,7,8-THCDF - o BY: . ND-0.0000022
'1,2,3,4,7,8,9~ 7HCDF3“ - " “o/5 W
80CDF - B U o/s ~ND
I | L ‘White Suckers (1988)2 | o .
||2 3,7,8-TCDD. 0.00002 | o0.000002  4/4 | 0.0000027-0.0000120
- L} 3,1, 8~TCDF - ;_; 10.000002 4fb x 0.0000210-0.0000650



'Table 3 18 0rganochlor1ne concentrat1ons in young—of—the—year spottall sh1ners collected from- Jackf1sh Bay - from
1979 to 1988 (Suns et ‘al. 1991) , Values are means (standard dev1at10ns) expressed as ug/g.- ‘

;=================:========§:==============

BcBs. |- DT . | Mirex | chlordame | BHC | HCB. | 0cs

|
s
|

Detection Limit | = 0.02 | ~0.002 | ~0.005 | - 0.002 © | 0.001 | 0.001 | 0.001.

-"-v; .GLWQA"SpecifiC'Objettlve : 1’0.1»f.' ,_;l.O'”’ - detection. | e - 's;l- . I DI

1979 | 7| 34| 200 | = |- w | ~w | “w. |- .wn | w | -
1 | s} ! T T R o
1983 | 7| 36-2 | 4.1 | o0.089 | 0003 | o - | W | o0.005 | ‘TR | .ND
N -~ (0.5) | (0.022) | (0.001) |- . .| | (o.00r) | |
1984 7| 314 | o7 | mw | o0wo2-| w |  w. | ‘w | ®m | w |
R EE OO o lwwoory ) o T A B
1986 | 3| 35-4. | 2.2 |  w | o002 .| - ®. | w | N _.|o.004¢| w
. s IR ..“(0 2)- ‘ SR ‘=(0)”_‘. S N “-; S S . '0) . s :

not detected
not sampled
no objective

ND
. NA
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.. of Moberly Bay and the northwestern portlons of Jackﬁsh Bay were affected, by 1987 the densrty of P Iwy
had decreased i in Tlmnel Bay as well as the eastern and eentral portions of Jackfish Bay.

These trends were s:mnlar to those observed by the. drstnbunon and number- of impaired benthic

communities. The extent of communities identified as impaired increased between 1969 and 1975. BetWeen

- 1975 and 1987 the extent increased further and an additional impaired eommumty was identified. Impalred
" communities were found to occur in sediments which had the highest mean concentrations of cadmium,
copper, 1ead, zinc and TKN as well as high levels of fibre. (loss on ignition). ' The impact to benthic -
macromvertebrates in the Jackfish Bay AOC have been attributed to the KrmbeﬂrClark mxll efﬂuent.

: Changes to the structure of the fish oommumty have been mostly related to causes such as over-harveshng, .
" the sea lamprey and the introduction of exotic species. However, recent studies of- lake whitefish, longnose
. sucker and white sucker from Jackfish Bay have revealed several effects which researchers attributed to be
due to the mill effluent. These include slower growth, smaller. gonads, lower fecundity with age, absence of
secondary sex characteristics in males, failure of females to show increase in egg size with age, decreased
estradiol and testosterone levels and increased mixed oxidase function activities in comparison to . _
noncontaminated reference fish. ‘The increased MFO activity has been attributed to the presence of orgamc ,
contaminants. such as dloxms, furans and resin acids which are present in the mill effluent. The addition of
secondary treatment in October 1989 reduced the toxicity of the efﬂuent, but has not resulted ina reduction
" of MFO activity i in white suckers from J ackfish Bay. - : _ : S

The body burdens of native benthos’ (Mysis relicta), introduced mussels (Ellzpuo comﬂanata) and white
suckers from Jackfish Bay indicate a pattern of dioxin and furan bioaccumulation which suggests-the mill
effluent as the major source. This includes the bioaccumulation of tetrachlorodlbenzo-p-dxoxms (including

- the highly toxic 2,3,7,8- TCDD. congener) and tetrachlorodibenzofurans, contributed by the effluent, in greater

" concentrations than the higher chlorinated dioxins, contributed mostly through atmospheric deposition. The
 higher chlorinated compounds occur in sediment at concentrations comparable or higher than the TCDDs
* and TCDFs, however ‘the latter appear to be preferentially accumulated by blota. : .

" . Although fish oonsumpnon advnsones were prevxously in effect due to mercury and PCB concentrauons,

these restrictions have been removed.  The removal is based on, collections during 1989 which indicated that
all contaminants were below the Ontario consumption guldelmes However, consumption of lake trout
greater than 55 cm may be 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 exceedence in either sport fish or

B ~young-of-the-year spottail shiners collected in 1989 and 1988, respectively, is the GLWQA Specific Objective ~
for the protection of piscivorous wildlife from PCBs. This objective was exceeded by up to four times by the - ‘
maxnmum ooneentratlon measured in lake trout. collected durmg 1989 v o :

734 BLACKBIRD CREEK |

The environmental oondmon of Blackbnrd Creéek, mdudmg Lake A and Moberly Lake, has also been :
, 1mpacted due to its role as effluent receiver for the Kimberly-Clark Canada Inc. mill. The Blackbird Creek
system has been utilized since 1948 with the expectation that it would provide some level of natural effluent

treatment. As part of this natural treatment 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 sohds being deposited and, as a result, the lake qmckly in-filled. Lake A has smce been .
A bypassed and no longer prowdes any treatment capaclty - A
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3, 41 Upstream Downstream Water Qualrty

During the 1987/88 water quallty surveys undertaken by OMOE Blackbn'd Creek was sampled atan
upstream location (Station 20). close to the mill effluent discharge and a downstream location (Station 5)
. near its outlet to Moberly Bay. Analyses were undertaken for bacteria, conventional parameters, nutrients, .
" metals, and various organic contaminants including organochlorine pesticides, phenolics and resin and fatty

e .- acids (Sherman 1991) The mean, ranges and exceedences of 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 -~

" - ypstream effluent for comparable sample periods. The pereent of samples whreh exceeded the PWQO at the
o downstream statlon are also mdlcated o _ . .

© . Table 3.19a summarizes the data for conventronal parameters, nutnents and metals for efﬂuent (Stauon 20).

“ Table 3.19b provides data for the same parameters for the' downstream Blackbird Creek station (Station 5).
Of 26 parameters analyzed at Station 5 in 1987, 21 decreased in concentration in the downstream direction. =

- Twelve of these trends were statistically significant (p <0.05). Only pH, magnesium and iron increased from -

. the effluent discharge to the outlet of Blackbird Creek. The trends were similar during 1988 with 22 of 27 -

- parameters showmg decreasing downstream trends 10 significantly). Magnesium, alkalinity and pH were the o

~ only parameters to increase, and none of these trends were significant. PWQOs were exceeded regularly
- near the outlet of Blackbird Creek for pH (1987) total phosphorus (1987/88), aluminum (1987/88) fron .
: (1987/88) and zinc (1987188) ' .

Tables 3.20a and 3.20b summanze the’ efﬂuent and Blackblrd Creek data, respectrvely, for organochlorme
. . pesticides: Downstream trends for the 21 parameters measured are highly variable with 14 increasing in . -
- concentration during 1987 and only 8 increasing during 1988. The lack-of a clear trend between ‘upstream

- and downstream concentrations indicate that the-creek does not play a role in éither reducing or enhancing = -~

 the loadings of these contaminants pnor to entry into Moberly Bay. ‘Also, the relatively low concentrations -
suggest the mill effluent is not a major source of organochlorine pesticides, including PCBs, to the AOC.

. Occasional exceedences of PWQOs for several parameters were recorded; particularly for dieldrin, - RIS
,methoxychlor, endrm, endosulphan I, endosulphan II, endosulphan-SO,,, heptachlor, p,p-DDD P p-DDE and o

: p,p-DDT The source of these contammants is not apparent.

. Resin and fatty acids data are provrded in Table 321. These parameters are charactenstlc of efﬂuent

" derived from bleached kraft paper mills and ‘contribute to effluent toxicity. Eighteen of the 20 acids. decrease
in concentration from the effluent discharge to the lower portion of Blackbird Creek in 1988, However, - =
none of the dxfferencw between upstream and downstream mean concentrauons were stanstlcally slgmﬁcant o

(@ <005).

_' Tables 3.22a and b mdxcate that v1rtually all phenol compounds deerease in eoncentranon in the downstream o
* direction within Blackbird Creek. Of particular concern are coneentrauons of 2,3,4,5-tetrachlorophenol :
24, 6-tnchlorophenol and pentachlorophenols which exoeed thelr respecuve PWQOs wnthm the creek.

" Geometric mean densities of total coliform, Eschenclua coli,; Pseudomonas aeruginosa, and heterotrophxc o

bacteria for Stations 20 and 5 are provided in Tables 3.23a and b. Geometric means increased in the

- downstream direction for all four bacterial ‘parameters during 1987. Increases in mean total coliform and
~ heterotrophic bacteria densities were significant (p <0.05). The trends were more variable and not

. significant during the 1988 surveys. Geometric mean total coliform exceeded the PWQO (1,000

organisms/100 mL) and Escherichia coli and Pseudomonas aeruginosa exceeded the LIC reeommended -
A vdensmes (23and 1 organisms/100 mL, respectively) for the protection of human bathers. during both 1987
. .,and 1988. Increases in the downstream direction mdrcate that elther addmonal sources of bactena occur
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Table 319 Coneentratlons of oonventlonal parameters, nutrients and metals in. meberly-Clark ‘
' " (Station 20) effluent samples in 1987 and 1988 (Sherman 1991) All umts in mg/L unless
: othemse noted . : .

' JuIy/Aug 1887 -
N Minimum Maxlmum ] Mean

‘r___,w_w% e e

| Conventional Parameters (mg/L): ' |

il Calcium . 390 690 - 45.55_ 17 --3730‘, 1190 ¢ 5811 |
: 39 55 a4 | 16 - 45 60 493 |
190 - 360 26075 | 17 18 . 340 - 25271 |
60 - 200 981 | 17 51 120 90
00 2300 - 7564 | 17 477 = 2219 133.19
3840 11200 6632 | 17 000 . . 27420. 8939
160 - 492 - 36286 | 17 - 24 435 30935
32 -89 . s38[ 16 66 . 19 - 105 ]
171 1970 . 161119 | 18 1,203 1,980 149272 |
10 1200 2% |16 145 113 - 3793 |
29 70 3845 | 16 103 28 - 1979 |

| Cond2s (umho/cm) |-
* | Suspended Solids |
- Turbidity (FTU)
- || Nutrients (mg/L):
|| Total Phosphorus
' Phosphate
Ammomum
- I TRN
, Ni_tr-at'e‘
- poc
"True Colour
| BOD,
[ Metals (mg/L): SRV ' .
JAluminum |18 034 - 100 079 | 16 007 . 470 - 074

012 068 042 | 16 014 074 - 037 |
006 . 088 - 035 | 14 - 003 - 019 . 007
010 320 160} 14 .005 030 - 015
040 - 35 . 18 | 16 08 . 280 . 202
011 046 . 029 | 11 005 - 030 019
8 .23 173 |16 143 1% . - 157
5. 20 - 9268. | 16 25 125 - . 6438 |
648 . 1,870 - 115285 | 16 500 1,577  1,12894
80 195 15206 | 16 37 242 146,06

;:sssgsqasvssssssassss

| Beryttium - 200 - e s 16 s e =
JCadmivm |2 . - -0 - p16 - - -
Chromium . 2t - - - e 02 041 008 -
Copper .~ - |2 - - .- |16 <0002 011 = 002"
Iron - |21 .04 120 081 | 16 - 021 110 055
Mercury (ug/L) 200 <001 . 039 005 | 15 <00l .. 040 - 006
Manganese. .- | 21 030 - 079 051 030 - 053 |
Nickel - B R
fzine- {22 007 - 033
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Arsenic . . |21 <0001 0003 0001 | 16 - <0001 0002 <0001 f



Table 3 19b Concentratlon ‘of conventxonal parameters, nutr1ents and metals in Blackb1rd Creek (Statlon 5)
' 'water samples in 1987 and- 1988 (Sherman 1991) All unlts in mg/L unless. otherw1se noted._

N July/Aug S N T
‘ Parametet 1 N Hinimmn Maximum  Mean . Trend* | 'N H1n1mmm Haxlmwm " Mean  Trend*
| . S Xexceed | _ _ ~ Xexceed

Convent1ona1 Parameters (mg/L)°
Calcium =~ o 22 - 4.0 -
Magnes1um . | 21 .5
Sodium . | 22.120,
I Potassium o 22 4

Alkalinity =~ | 22 8.

Sulphate - . | 22" 30.
0

'S

3

0

4

17 35.20 - 67.40.  52.20
16 4.6 5.5  -5.03.
o] 17 136 260 206.41.

117 4.4 9.8 . . 7.67
17 84,70 .204.0  149.45

17 -31.10 - 91.30  61.70

.| 17 173.0 370.0 - 257.65
59% | 16 6.80 .-7.50 - 7.20

- | 17 881.0 1,490.0 '1,261.12 .

‘16 15.20 - 40.0  26.07

16 8.00 30.0 . 14.81.

I 40.84
5.60
188.0
6.72
55.09
0 - 48.27
291,74
76433
1,225.04
24,90
22,09

.

* RN

N
N o
L]

CoorRrOROWONOD

Vo~
e e

~

»

'Ch10r1de :.f ';A- 23 19
pH S 22
Cond25 (umho/cm)| 23 9
Suspended Solids| 21 : 1
| Turbidicy (fru) | 22
Nutrients (mg/L): ,
Total Phosphorus| ' 21 ‘-o.13- 0.7
 <vPhosphate . 5 -0.07 0.1
[ Ammonium -~ |1 -0.50 . 0.5C :
I T S o] 21 0448 . 2.90 1.88
1.0
3.0

oz |e.5-8.5)

[

—
.
o .

booooo o wo. cy
I
N

OO ~NO Vo~
L]

PRPYE T I I S

=

*
*

B IR A R I SR R

Jw

1 +7100% | 15 0.03 . 0.43 0.29
5 0.1 & . |15, 0.03  0.11 . -0.06
o ¢ NC |15 0.05  0.20. 0.12

= |16 1.50 2.8  1.98

93z |0.03 |
NG

. ||Nitrate © ]} 6 0.10 - - 7 -0.05 0.20 - .0.14
ffpoc - | 222 3.20 383.0. 113.0 ¥ 15 . 8.20 124.0° - 98.20
Tannins - | 20 25 90  62.5 . |16 .25 125 . - 59,25
True Colour | 22 678 1,240 - 928.0.° % |16 463 1,412  1,009.94"

oD (5Day) J 21 30 - 195 . . 69.5 & 115 36 298 - . - 75.78

R T 4—.-4—'4—‘,144—-
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_Table 19b (Cont"d).

- “Eﬁi}lAug"1987 T 1 T July 1988
Parameter - [N Minimum Maximum Mean Trend+ | N Minimum Maximum Mean Trend*
o ' ' - %exceed - L - - Zexceed’

[ Metals (mg/L): .- T R NG N -
Aluminum - | 17 0. 34 1.0 -0 0.60 ¥ Nc | 16 0.07  .0.48  0.29 3 94%. | 0.075%"
Arsenic .| 20 <0.001 0.002 <0.001 { 0% -| 16 <0.001. <0.001 : <0.001 - 0% | 0.10
‘Beryllium = | 20 - - = 116 - - =
Nl cadmium "l 20 - = - 16 - - .= A | 0.0002
Chromium . - | 20 - S 16 -0.02 '0.08 0.05 ¢ 0% |0.10 -
Copper . | 20 - . - ' 6 - - - - . - - [0.005-
Iron . ] 20 0.56 1ooz 16 ~ 0.36 ~ 0.61  0.51 4 100% | 0.30
[ Mercury (ug/L) 22° <0.01 0z | ;5:’_0;01 S0 0413 7 0402 0% | 0.20
| Manganese . . | 20 0.24 "16. 0.21  0.46 - 0.34° % .} -
Nickel = - | 20 - . . _ S p1e - o0 = =0 04025
Lead . l20 - - - 16 - . - -
Zinc .| 20 ..0.06 . 017  0.10 4 100% | 16 . 0.01 0.10 0.03 & 312 | 0.03

|
1

o
o
[ ]
00
o
-

I O O |

L ]

o W
A
o
*
o
—

-
-

* ‘Trend symbols are as. follows.

decrease" from. upstream statlon - IR L L },'*

increase from upstream station ' . ‘
, s1gn1f1cant decrease from upstream statlon_
. significant increase from upstream statlon
. Nno change from upstream statlon :

e

NG Pefcentxln exceedence of PWQO not calcuLatéd“,'
* - PWQO is for a range'of pH 6.5 - 9.0

. -



~ JeBHC | 1

Table 3.20a

Conoentrauon of organochlorme paucxde levels in Kimberly-Clark (Statlon 20) effluent
sampl&s in 1987 and 1988 (Sherman 1991) Concentratlons are m ng/L

July/Aug 1987

July 1988.

-N- Mummum Maxnmum Mean

N Mlmmum Maxlmum ‘Mean ||

B Organoehlorme Pesticides (ngll.)
Adrin | 17

bBHC | 17
e o |1
aChlotdane - | 17
: ‘Y-Chlordane S B VA
| Dierin 1 <am
’ DMDT-Methoxychlor 17 ;.<4»,oo
Endosulphan'SO4 | 17 <400
|| Endosulphan1 - | 17 <200
| Endosulphan m |16 <400

.<1,00

- Heptachlor epoxlde | {'16'
| 'Heptachlor N 17
- [ Mirex 17

| bxycmdrdahg" BN TR
JoebpT |1
TotlPCB - - | 17
|[pp-DDD '_} B )
PPDDE = .
{ppopT -

<1.00

<500

17

,<100. 
<100

<100
<2.00
<200

’ <200
<200
5000
95000
- 40000
- 17000
15000
10400

. <‘4.':°-0 '

<200

A é2;00_
<500
<2000,

17 <100
- <500

<1.00.

| <1.00°

<100
<100

<300
. <100
<500 -
' '.<2,oq'
<500
<2000 -
<500
<100

<100 |
<100
<100
<100
- <200
<200
953
13800,
XN

. 2250

1710
1400

. 237
<100
<500
<200

<5.00

_<20._00 1
<500
. <1.00

~ 110

o am
16 <1.00 -

o an
16 <200

16 <400
| 16 <400
16 <400

16 <200
16 <100
16 <500
16 . <200
16 <500

16 <500
16 <100
.16 . <500

L os12
1790 |
8110 |

219 |

200 |

- 200
185

“nso ||

2400

us |

1790 |

ens |

16 <100
16 <100

16 | <200
16 <400

a0
| 1640
<50
';'1330_ |
<500 ||
<2000
B =1
ae |

16 <2000




' Table 3. 20b Concentrat1on of organochlor1ne pest1c1de 1evels in Blackb1rd Creek (Statlon 5) water samples in
1987 and 1988 (Sherman 1991)

'Patemetef.-i

Aldr1n

‘a-BHC
~Jb-BHC

y-BHC
a-Chlordane
y-Chlordane =
Dieldrin:

]| Endrin
‘Endosulphan-S04
Endosulphan I
Endosulphan 11

_Heptachlor
'vepox1de :
'Heptachlor

- IMirex - s
Oxychlordane
OP-DDT ;-1_‘
Total PCB
PP-DDD

PP-DDE

PP-DDT

* . Trend symbols are as follows.' .
‘ 4 decrease from upstream station
t  _increase from upstream station

- no change from upstream station

All unxts in ng/L.

July/Aug“l987Q

“July To88

‘ DMDT—Methoxychlor'

23
| 23
| 23

© 23
.23
- .23

23

23
23

23
23

23
- 23
23
23

 23
123

23
23

23

<4,00
<5.00

. <4.00
' <4,00
- <2.00
- <4.00 -
<2.00
<1.00
'<5.00 .
<2.00
. <5.00
<20.00

<5.00
<1.00

<5.00

N -Minimwn Maximum

Organochlor1ne Pest1c1des (ngIL).
<1.00.
<1.00

<1.00

<1.00 "
<2.00 -
<2,00

'<10.00
| <10.00
<10.00

<10.00

<10.00
<10.00
1 40.00

520.00

 40.00

106.00

_ 40.00

‘<io .00

<5 00
10.00

<10.00 .
<25.00
.<100.00

<25.00

<5.00
- 30.00 °

- Mean ~'Trend* -

N Hlnxmum Max1mum

. Xexceed
1,74 0t
2,13 1
174t
1.4t
2.35 't 0%
2,35 t 0%
© 8,09 + 9%
101.00 -+ 26% -
1 6.96 + 4%
12.70 4 13%
"14.200 ¢ 13%
7.65 V- 4%
2.64. 1t . 0%
S 1,35 .t
© 6.96 t 4%
2.35 ¢t
- 5.87 t-
27.00 t 0%
5.87 t 0%
1,17 t 0%
TS 4

6.96

p_—
=

o ..u

0%,

15 - <1.00 <1.00-
15 <1.00  40.00 -
15 <1.00

15 <1.00 150 00

15 <2.00. 39.00

15 '<4.00 - 40.00.
15 « <4,00 . . 96.00

| 15 .<4.00 - . 40.00
15 '<2.00 .  20.00-

15 :'<4.00' .80.00

15 <2.00  3.20

15 <1.00.  10.30
- 15 <5.00 <5.00

15 <2.,00  8.07

‘15 <5.00 @ 15.00"

15 <20.00 <20.00.

115 <s.00 -526.3o-f
15 <5.00  38.00

Note. no- 51gn1£1cant downstream d1fferences for any of. these parameters.'

111

214.00

B e i T IR R

L=

= = = | == | =

Trend*

- Xexceed

0z

s
oz

13%
0%
132
0%
7%
0z

13%
13%

oo
-0 O
L]

oz |-

RN N-N-)

0z |

wwwe S

137 |

—

g
Y e & e & .
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e Abletlc Acid

Table 3.21 ’ Companson of resin, aromatlc and fatty acid levels in efﬂuent sampl&s and water samples.
-+ collected from Kimberly-Clark (Statmn 20) and Blackbu'd Creek (Stanon 5) in 1987 and
‘ 1988 (Sherman 1991) Al units are in pg/L , . S

e Kimberly-'CIarkEfﬂue‘nt S BlackBlrd' Creek
' Parameter | - (Station20) | - (StatlonS)

JulyAug | duly | JulyAug L duly
1987 | ‘1988 | - 1987 | = 1988

N N Moan] N Mean Trond'| N Mean Trend'|

Ac:ds(;gll.) |
3.4
5
w
10 4
15
. ,11' J,

17 346
1714
EEVANETEE
17 4o

17 13 |

17 .95
C17 st
14 33
217 e
1417 7 35

o
&

[y
0o

‘ Chlorodehydroabletlc Aad
Dldﬂorodehydroablem Acid |
|| Debydroabietic Acid-

; Isoplmanc Acid -
Levoplmanc Aud _

. Neoableuc Add B

[ Patustric Acid .

_ Punanc Acid ;

: Sandaracoplmanc Acid’
Fatty Acids (;gIL)

- {| Arachidic Aud '

|| Capric Adid _

: D:chlorosteanc Aud o
.  Lauric Aud

| inoteic Aca:

. Lmolechud
Mynsnc Add ‘

Olelc Acid -

o Palmmc Add

Stearic Acid

‘-" bk
B3

| d
N W

o
- 1—‘1(-".4'4—. 1—_-'1-“4— "e_w- - 7.

B8R EEEEEEY

SRR jg'g_g_ 8}4‘ g
| o

8 e o4
100 - 110 -
18 L1100
0. - 1 100 -
R R T R T
- |
"10-:7, _ : 1 10 | l_::
| o v
4
4

2 17 15
117 10
2% 1712
0 17 10 |
M4 1T M4
27 17 1B
VAN VO
SRR 3
178
178

18 - 4 170 11
. v 1 a8
S8 4 1T

BR YR EENREY

- ' Trendsymbolsareasfollows.

1 decrease from upstream station
-t increase from upstream station
= " no change from upstream stauon
Note no sxgmﬁcant dlfferenoes in downstream eoncentratlons

i -



Table 3 22a Concentrat1ons of polychlorlnated phenols in effluent samples in K1mber1y-Clark (Stat1on 20) 1n
' 1987 and 1988 (Sherman 1991) Al unlts are in. ng/L. '

July/Aug 1987 SN July 1988

_ Parameter‘:n - | N . Minimum - . Maximum Mean | N Minimum  Maximum = Mean
Polychlorinated Phenols (nglL). , B N o D B N
2,3,4 trichlorophenol 17 . <100 11,000 = .1,376 | 17 <100 = <1,000 233
2,3,4,5 tetrachlorophenol 17 <20 . 1,870 307 | 17 . <50 . 1,820 224
2,3,5,6 trichlorophenol - | 17° <10 '~ .6,150 - 1,908 | 17 = <50 <500 _..'115-
'l 2,4,5 trichlorophenol . | 17.° - <50.- . 950 - 231 | .17 <50 150 136
2,4,6 trichlorophenol = . | 17 = <50 - 21,000 8,747 | 16 <50 9,000 4,263
Pentachlorophenol ’»ff' 177 <50 - 5,250 2,021 | _17 <50 . 1,100 . 434

Table 3.22b Concentrat1ons of polychlorlnated phenols in Blackb1rd Creek (Stat1on S) water samples collected
. in 1987 and 1988 (Sherman 1991). All unlts are in ng/L. o :

- .‘July/Augm1987““ " -; vlw' ,V"va Julyil988m'“”WVWW>V‘A
' N Minimum Maximum Mean Trend" | N Hm:unum ‘Maximum Mean - Trend* |

Parameter

| Polychlorlnated Phenols‘(n o SRR U _ S AR
12,3,4 trichlorophenol : 1, 157 ' 17 <160 - 275 163 4 0%

2,3,4;5~tetrach1qropheno1 18 - <20 1,500 255 - 177 <50 440 126 4 0%
2,3,5,6-trichlorophenol | 17 . <5 ‘” : 612- & 0% |17 <50 <500  76.5 4 0% -
| 2,4,5 trichlorophenol | 18" D O 40z (17 <50 - 590 115 4 0%
11 254,6 trichlorophenol | ,",, - 5y 1 0% |16 <50 24,000 4,929 t 6% .
Pentachlorophenol 18 2,465 4 17 <50 1,330 320 " 412%

Trend,Symbols.are as-folldﬁs:.'

! decrease from upstream station
1'f increase from upstream ‘station R
RS .s1gn1f1cant decrease from upstream stat1on
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" ‘Table 3. 23a;f

j(Sherman 1991).

‘July:1988

Bacter1a1 den31t1es in effluent samples in K1mber1y-C1ark (Stat1on 20) in 1987 and 1988
All un1ts are count per 100 mL. S :

' ; "July/Aug 1987 .
Patameter 'N-  Minimum . Maximum Mean* N - Minimum " Maximum - Mean*
Bacterial Densities (Cnt/lOO'mL): - G _ R
Total Coliforms. ~ . .5 . <100 | - 300,000 [ 7,096 7 o 7,0001‘ 9,000,000}vj‘7568,853
|| Total coliform (background) 5 | <10,000 .{10,000,000 [626,614 | O ' ‘ =
Escherichia coliform by MPN| 5| =~ <3| .~ - 9| ~ 4| 7 <3 43 8
| Heterotrophic at 20°C - '5 | <10,000 }.1,705,000 }130,918 | .1 5 200,000 5 200 000 5 200 00
Pseudomonas ‘aeruginosa - 5 ' ' 29 ] 7| ° <10 i : 57

. Geometr1c Mean

<10~

_200

800

.:Table 3.23b Bacter1a1 Densxtxes in Blackb1rd Creek (Statxon 5) water samples in 1987 and 1988 (Sherman
, 1991) ' :

.Jnly/Aug 1987v"'

All un1ts are count: per 100 mL.

. . ._ - v“. v "ulf.f _
SRS ‘ July 1988 .

Minimum

> h.'Geometrlc Mean :_7 ,
t Trend symbols are as follows. L
4 decrease from upstream station
- 1. increase from upstream station : :
-t 31gn1f1cant increase from upstream stat1on A
PWQO ’ '

'IJC recommended gu1de11nes '

- 114

N . Maximun [ MHean" Trend' L Mean
lacterial Densities (Cnt/100 mL): o o v R ' B
6 | 1,400,000 | 9,000,000 v3,749,730~ t|7] 28,000 800,000 361,410
6 |14,000,000 38,000,000 17,458;222 o] - - s
5 a3l a0 | sl <3 93 |
6| 3,850,000 {11,000,000 | 7,194,490 t]|2[3,200,000° F,900,000 - [4,698,941
. seudomonas ‘ : e D " o R o
aeruginosa [ 5] 90 |- . . 200 ] - 113 .t |6 50 <100 49

Trendf
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T downstream of the mrll dlscharge or.the orgamsms are naturally reproducmg It should be noted that _
~ although the density of total coliforms were relatively high, the geometnc means at both stations. durmg 1987

© were- much lower than at’ the eontrol station.

The eoncentrahons of most eonvenuonal parameters, nutrients, metals, phenohc oompounds, and resin and
fatty acids either show a ‘slight, non-significant decrease or a significant decline in concentrations as the .-
effluent passes through the Blackbird Creek System. This suggests that the creek provndes at least some -
treatment capacity prior to entering Moberly Bay.. However, these trends are based on ‘very limited
sampling. The large volume of solids and associated adsorbed contaminants within the creek system' remam
susceptible to movement into Moberly Bay. Heavy rainfall associated with major summer rainstorms and
high flows during spring snow meit are events which could lead to significant downstream transport of
sediment- and associated contaminants. These events have not been monitored or sampled to determine their

significance to the transport of contaminants and, hence, the value of the Blackbird Creek System to serve as N

N an effluent treatment system is not accurately known. - High concentrations of most parameters in water and_
- sediment of Jackfish Bay, including 1 numerous exceedmces of provmcnal and GLWQA gutdelmes, mdlcate
that any treatment is- very minor. ' _ : v ,

: .Fathead minnows (Pimephales p'omelas) were. tested wnth recenvmg water samples collected dunng 1986 and -
1987 from Station 5 in Blackbird Creek and a control station (Station 713) in Tunnel Bay for 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 oecurred with 30

. percent and 10 percent dilutions (using control sample) relative to the control samples. The undiluted -
Blackbird Creek samples were also acutely lethal with 40 to 90 percent mortality occurring within S hours
. and 100 percent mortality within 24 hours.  However, subsequent toxicity testing of effluent samples C

(Station 20) since the 'secondary treatment facility was operational (October 1989) indicated that the resultant -

final efﬂuent is non-lethal in 96-hour laboratory bloassays with rambow trout (Secuon 3.3.2.2) ' .

' '_3 4.2 Sedlment Quallty

There are few data regardmg sed:ment quahty in the Blackblrd Creek System In December 1990 and

January 1991, Beak Consultants (1991) sampled mill effluent as well as sediment and water in Blackbird

+ Creek and Moberly Lake to determine the toxic load of the system and identify alternatives for. remedlatlon -
“The results of the effluent analyses are presented in Chapter 4. ~ L o :

Sedxments from Blackblrd Creek mmedrately 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 '_ N

pentachlorophenol and several tri- and tetrachlorophenol compounds were not detectable in sediments from .
- the creek. - Only 4-chlorocatechol (0.5 1g/g) and 34,6- tnchlorocatechol 0.7 ;.g/g) were detected in Moberly o
Lake sedlments (Beak Consultants 1991) - _ L

A total of only 3.3 ug/g of fatty acids and 1 4 ;.g/g of resin aads were measured in Blackblrd Creek :

. - sediments. However, in Moberly Lake, fatty acids ranged from 70 to 308 1g/g and resin aads from 550 to B

1284 1g/g (Beak Consultants 1991).- The most abundant resin acids were abietic, - - .
‘ 'monochlorodehydroabretrc, ‘dehydroabietic and dxchlorodehydroabreuc. The Beak study concluded that the
sediments of Moberly Lake were eonsrdered -an envn'onmental issue” due to thexr eoncentrauons of resm -

and fatty aclds _ B
“In addmon, the Beak study found eoncentrauons of sodlum, BODS, -COD, phenols and TKN to be 10 to 130

- times higher in Moberly Lake sediments than in the control station or the upstream Blackbird Creek station.
: The control stauon was in Slster Lake which drams via a small tnbutary into Blackbn'd Creek. Measured

11



‘concentrations in Moberly Lake sedlments were: sodmm, 2,300 . ;g/g, BODs, 12,900 ;glg, COD 500, 000
Lg/g, and TKN, 3,300 4g/g. The TKN concentration exceeded the Provincial Sediment Quality Guldelme at
the Lowest Effect Level (550 /,g/g) but not the Severe Effect Level (4 800 /,g/ g). : _

16



40 SOURCES






_’4 0 sounces

: The sources of chemxcals which 1mpact on water, sedlment and bxota quahty within the J ackﬁsh Bay AOC |
include one point source and several nonpoint sources. The only point source is the effluent from the

- Kimberly-Clark Canada Inc pulp mill located in Terrace Bay. - There are no other mdustnal or mumclpal _

' dlsehargerstothe AOC o _ : _ o :

- Nonpomt sources mdude atmosphenc, m-place sedtment contamination (from natural sources as' well as. -
. Kimberly-Clark effluent) and spills. ‘Other potential nonpoint sources such- as urban and agncultural ‘runoff,

o groundwater eontammatlon from waste sites or shlppmg -do not occur in the Jackﬁsh Bay AOC

Parameters whlch have been found to exceed’ provmual or GLWQA gmdehnes in water (w), sedlment (s) or’

o 1b10ta (b) vnthm the Jackfish Bay AOC, pnmanly dunng the most recent surveys (1987 /88) are listed below

1 ) Convenuonal and Nutnents , ‘Metals Organics -~
turbldlty (seechx dxsc) (w) | aluminum (w) .| dehydroabietic acid (w)
dissolved oxygen (w) | arsenic (s) total phenolics (w)
pH (W) beryllium W) ' pentachlorphenol (w) :
total phosphorus (w,s) cadmium (w,s) 2,3, 4,5-tetrachlorophenol (w)
TKN (s) - _ - | chromium - (ws) . | 2,4,6-trichlorophenol (w)
‘total coliform bacteria (w) " : . | copper (w,s) -| oil and grease (s) -

‘fecal cohform bactena /. -} iron (w,s) _ | total organic carbon (s) -

- | manganese (s) | hexactﬂorobenzene (s) .
| mercury (ws) - total PCBs (s,b)
nickel (w,s) ‘dieldrin (W)
lead (w;s) - .. | methoxychlor (w) -
. zinc (ws) ¢ |endrin(w). -

o : : endosulphan T, I and SO4 (w)
' heptachlor (w) :
- pp-DDD (W)

» p’p;DDT (W) :

. High 'concentrauon's of ¢erta1n phenolic: componnds. resin and fatty acids, and dioxins and furans for which S
no guidelines are available, have also been found to contaminate sediments within the AOC, The Ao} R
recommended guidelines for Pseudomonas aerugnosa and Eschenciua coli were also exceeded durmg the

1987/88 and earlier mvestxgatlons

4 POINT sounces

As noted above, there is only one pomt source dlscharger to the Jackﬁsh Bay AOC Thxs is the meberly- o
. Clark Canada Inc. bleached kraft pulp xmll , , o



; 41 1 Mlll Hrstory and Efﬂuent Treatment Systems

o The Kimberly-Clark pulp mrll began operatrons in 1948 as'an unbleached kraft mxll (Beak 1988) It was

~expanded in 1972 to a fuily bleached two-line kraft mill with capacity increasing from 240 air dried tonnes -

per day- (ADtld) to 400 ADt/d (Beak 1988). In 1978, a new bleaching and finishing plant was brought on- .

- line, increasing capacityto 1,135 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 only treatment was that: afforded S
" by the Blackbird Creek System Table 4.1 provrdes a chronologrcal hlstory of the mrll development and -
abatement hrstory R L , _ . _

o Begmmng in 1972, the mill uuhzed a mercury anode umt to produce chlorine for the bleachmg process -
' Mercury contamination of sediments in Moberly Bay occurred durmg thrs time due to loss of mercury from e

S the umt. Thrs process was drsconnnued in 1978

. The average efﬂuent flow from the mrll in 1990 was 94 9 x 103 m3lday Two process efﬂuent sewers are.
- - discharged from the mill: an acid and an alkaline sewer. The alkaline sewer is discharged to the pnmary
. treatment system (clanfier) along with the domestic sewage which has undergone aerobic biological . .
- treatment in a packaged sewage treatment plant. Itis then: transferred to a mixing chamber where it mixes "~
‘with the acid effluent. The acid sewer contains a low amount of suspended solids such that it can bypass the -

3 _ clarifier to go drrectlyto the acid lift station before entering the mixing chamber. In the mixing “chamber, the .

- mixed effluents attain a neutral pH before undergomg seoondary treatment in the aerated stabrlrzatmn basm o
| (ASB) L , , o

o The pnmary efﬂuent treatment system is eompnsed of two. mechamcal screemng systems, a coarse bar screen.,
- and a travelling screen and ‘a reactor clanﬂer The clanﬁer sludge is de-watered and burned i in the power :
- bonler ' . : . . _

The seoondary treatment system consrsts of a settlmg basm and three cells. Tlus system is also known as the ‘ _
" aerated stabilization basin (ASB).. Organic material is broken down by aerobrc rmcroorgamsms in the three
‘ cells ‘with the greatest degradahon occumng in the ﬁrst cell . : : -

- From the secondary treatment system, the efﬂuent is dlscharged mto an efﬂuent canal wluch drscharges mto

" the Blackbird Creek system. This system flows for. approxrmately 14 km, by~passmg Lake: A and passing -

' _ through Moberly Lake prior to entering Moberly Bay. The effluent usually comprises over 90 percent of the

- stream flow in Blackbird Creek. One exception occurs dunng sprmg run-off when the natural ﬂow almost R S :

. “ doubles the volume of the mill efﬂuent ﬂow

' Control Orders are’ legally-enforceable requtrements rssued under Sectton 6 of the Enwmnmenzal Protecaou .
' _.Act (OMOE 1991b). They define abatement actions and compliance dates by which actions must be . '
~completed.. The current Control Order for Kimberly-Clark Canada Inc. was issued. on October 23, 1990.

*. Limits imposed by the Control Order requires that the mill effluent not exceed 22.4 tonnes of BOD; per day o

or 30.0 tonnes/day averaged over any 30 consecutive working days; and 11.5 tonnes/day of suspended solids’

o .or70 tonnes/day averaged over any 30 consecutive days. Also, when undiluted, the effluent must pass the - o ¢
- .. 96~hour LCso test (i.e., effluent must not be awtely lethal to test fish).. As of December 31, 1991, adsorbable S
T orgamc halides (AOX) are not to exceed 25 kg/ ADt of bleached kraft pulp (OMOE data ﬁles)

B -Treatment or process changes to further nnprove efﬂuent quahty are not currently planned for the pulp mill. L

 Although the company is mvesugatmg means of reducing AOX levels, additional. remedial actions at the mrll '
wrll be eontmgent on requrre provrded through the: MISA and RAP programs o

10
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Table 41

Chronologlcal development and abatement hxstory of the I(xmberly-Clark Canada Inc. pulp

mill, Terrace Bay, Ontano ki

' ﬂ 1946 - . | -Construction of Terrace Bmulp mill oommenced

-*Rat

-First e(pulp produced November 12
capacity. 320 ADMT/D :

Chlorine dioxide added to bleaching circuit -

“'1958 B
1973

| “Stud lumber mill added
-oInstalled new recovery boiler

1975

«Start of expansion to new mill -

" «Second kraft mill to increase- rated capacxty to 1135 ADMT/D

1977

+Completed construction of mill expansion.
-New wood room constructed during mill expansron Dry debarkmg

1978

+Spill pond constructed

1979 . .

-Clanﬁer installed for alkaline sewer

| <First pulp produced from No. 2mlll February o - . T 4! Coe

- 1981

Major fire in the digester/blow tank area - October 30

' -Durmg the four one-half month reconstruction penod, a number of unprovements
- were made to process control and environmental eqmpment mcluded. _

- «Installation of a condensate stripper
-Installation of entine decanter R
" «Installation of NCG collection and destruction system
-Construction of domestic sewage treatment plant
-Construction of clarifier screening system bypass

1982 -

-Cooling water recycle system in place in the klln/ caustxcmrg area -

1983 -

-Knot recycle system in place .
-Conductivity monitoring system mstalled in the alkaline sewer slstem

1984

| +Spill control system completed in: No. 2 Mill-
“~Improved soap recovery program in place -

+Higher chlorine dioxide substitution in bleachenes
«No. 1 Mill dedicated to hardwood -

* «Polymer feed system added to alkaline clarifier

-Additional clarifier added to causticizing area for clanﬁcanon of area wastes -
sImprovements made to No. 2 brown stock washers

| 198s

| +No. 2 brown stock closure
. Eprll control system completed for No 1 Mlll

O. stage added to No. 2 bleachery '
+A number of improvements to both bleacheries, mcludmg new mstrumentauon, resulted in
a significant reduction in bleachery chemical use and resultant discharges .

198586

A number of nnprovements to No. 1 brown stock washers mcludmg‘ nnproved soap
recovery, foam control and vacuum nnprovements :

1988

| «Clarifier hydraulic load reduced

_ “ |

1989

-Secondary treatment completed - October189

1990 " +Bleach plant improvements -

-Higher chlorine dioxide substitution .
-Hypochlorite stage replaced with Papncycle Stage
-New control system

1991

<Hot water wood Stave replaced

- «New chip thickness screening plant -

-New screen rejects system -
-Chlorme strength analyzers and re-cxrculahormpm&mstalled

Future Plans

+12th Dlgester in #2 mxll to be constructed
-Company investigating alternative means of bleadnng (ex oxygen dellgmﬁcatlon, and R8
chlorine dioxide generator .

12




-4 12 Efﬂuent »Quamy-' |

. 4.1 2 1 Regulated Parameters

i . The qualrty of effluent from the Krmberly-Clark mill has unproved a great deal over the past severa.l years as S

a result of a number of abatement efforts. These are summarized in Table 4.1.. Table 4.2 provides a = -
summary of annual loadings of parameters which are monitored.in effluent as. well as an mdrcauon of the

. number of monibly exceedences of their OMOE Control Order lis.

_ s The mtroductton of secondary treatment in October 1989 was the smgle most srgmﬁcant addinon, as . . )
" 'demonstrated by the reduction in biochemical oxygen demand (BOD;). ‘BOD; in the effluent was. reduced e
" from an annual average ‘of 26,2?5 kgld in 1988 to l ,400 kg/d in-1990 (Table 4.2) o . o

S Table 4.2 Average annual efﬂuent loadmgs of momtored pollutants in: Ktmberly-Clark Canada Inc '
S . effluent and humber of monthly exceedences’ (m brackets for 1986 to 1989 only) All
loadmgs in kg/day unless otherwrse noted.

s 1973 S 1981 19,86 [ 1987 | 1988 | 1989 [ -

L || Flow( 3/d) | 202,600 | 113,800 | 110333 | 115000 | 117,100 |109344 -

~|BODs;(t/d) | 30,100 | 30600 | 29,550(0) | 24833(NA)| 26225(5)[17,6330) | 1400 |

- [Frotal Phosphorus | Na | NA | 763501)*] " e4630)] e2@] Na | Na f -

.|| Suspended Solids | - 6,700 | 5400 . 53450)] - 55682)] 4.8630) [38780) | 4100 [ .
’.-Tomty(Lcso)“ . NA‘- 100} 12.5-45‘61 151428 .113’-41’4‘ $253-51.0° non-leth__j_]z e
= "data taken from OMOE annual Reports on the Industnal Dlrect Dlscharges in. Ontano (OMOE
0. 1987, 1988, 1989, 1991b). . L |
o ‘V_Post-secondary treatment, data from OMOE files.

'Y

¥ - . exceedence considered an anomalyas measurement 1s not oonsrstent thh typrcal mxll levels
™ % effluent requlred to kill 50% of the test ﬁsh - S

' NA :Not avallable L

- Suspended sohds were reduced by 20 percent over the same penod, although most of the mprovement -

- occurred prior to the secondary treatment system being’ operauonal as. shovm by the total loadmgs as well as : T o

- the elnmnanon of monthly Control Order exceedences o

’ '-.The secondary treatment’ system also reduced the toxlcrty of the efﬂuent. Krmberly Clark effluent is. no f
longer acutely lethal to rambow trout as. drscussed in secnon 332. However, sublethal effects are stlll

E observed.

_Total phosphorus is also routmely momtored Although exceedmg the Control Order hmlt once-in- 1986 -
(Table 4.2) it remams conslstently below the 1 0 mg/L concentration gurdelme (Table 3. 19a) '



'4 1 2 2 Efﬂuent Charactenzatlon Studles

‘ In addttton to the regular self-momtormg program reqmred for the parameters regulated by the Control ,
- Order, several effluent characterization studies have been undertaken. These include the July and August
1987 and July 1988 surveys conducted by OMOE at Station 20 (Sherman 1991); the MISA 12 months of
effluent sampling from January 1, 1990 to December 31, 1990 (OMOE 1991c); and a three day final efﬂuent
' survey undertaken by Beak Consultants in Deeember 1990 to January 1991 (Beak Consultants 1991). - ‘

= The average loadmgs for four conventional parameters, four nutnents, four resin acids, four chlormated |
__phenolics and one organochlorine pesticide in- samples collected at Station 20 during the OMOE 1987/88
- surveys are prowded in Table 4.3. Effiuent concentrations and downstream characteristics were discussed i in

- detail i in Sectron 34. Tables 3 19 through 3.23 in Secuon 34 summanze efﬂuent eoncentratlons ‘

The data from the 1987/88 OMOE surveys (presented in Tables 3.19 through 323 and in Table 43)
" represent effluent conditions prior to the operation of the secondary treatment system. - Those parameters
which occur in the mill effluent and also exceeded concentration-based water, sediment or biota guidelines in" .
Blackbird Creek (Statton 5) or Moberly, Jackfish, or Tunnel Bays are noted in Table 4.3. Loadings are = '
~ based on a limited period of sampling, however, the average daily loadings for total phosphorus and =

suspended solrds ('I‘able 4.3) are comparable to the annual loadmgs for 198’7 and 1988 (Table 4.2)

- As of 1987/88, the mill effluent contributes large average datly loadmgs of sodium, chlonde sulphate, .

| : suspended solids, phosphorus, phosphate, ammonium and TKN. Resin acids contributed to efﬂuent toxlcrty
Cin 1987/88 (Table 42) with average dally loadings rangmg from 1t043kg (Table 4.3) :

The Mumcxpal Industnal Strategy for Abatement (MISA) program isa strategy aimed at reducmg pollutants .
* to Ontario surface waters. It was announced by the Provincial government in 1986 (OMOE 1986), and" -
affects the municipal sector (sewage treatment plants) as well as eight industrial sectors including:’ electric

i power generation; industrial minerals; inorganic chemicals; iron and steel; metal mining and refining; organic

chemicals; petroleum reﬁmng and pulp and paper. Durmg the recently completed first stage, the industry .

".monitored their wastewater to determine exactly what was in it and at what concentrations. Based on these -
results, the. govemment is developing abatement regulations. "MISA'’s ultimate goal, is the virtual elimination .

- of toxic 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 pubhc health by rmmmmng the

’ presence of toxics in drmkmg water, fish and wxldhfe (OMOE 1986) ‘

. Effluent momtonng for the pulp and paper sector took place : from January 1 1990 to December 30 1990
(OMOE 1%91c). Regulations based on these results are expected in late 1991 Pulp mills in Ontario’s four
. Lake Superior AOCs are the Thunder Bay, Fort William and Provincial Papers Divisions of Abitibi-Price
- Inc. and Canadian Pacific Forest Products in Thunder Bay; Domtar Inc. in Red Rock (Nipigon Bay AOC), _
- Kimberly-Clark Canada Inc. in Terrace Bay (Jackfish Bay AOC) and James River Marathon Ltd. in - -
Marathon (Peninsula Harbour AOC). The results of the first six months of monitoring for selected - I
~ parameters from each of these mills is provrded in Table 4.4 (OMOE 1991c). Of parucular note are the
_ concentrations of AOX (Adsorbable Organic Halide), TKN, cadmium, chromium, nickel, zinc and o
tetrachlorodlbenzo-p-dloxms in effluent from the. meberly~Clark null which tend to be the. among the

e lnghest of all mills located on Lake Supenor

Table 4.5 compares results of analyses of the 2,3,7,8-tetrachlorod1benzo-p-dlomn congener-in efﬂuent at ten
- pulp mills in northwestern Ontario dunng the 1990 MISA study. Effluent from the Kimberly-Clark Canada
Inc. mill had the second hxghét mean eoncentratlon of all ten mills. S o
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: Tla:bie 43 .. Loadmgs of efﬂuent at Stauon 20 in Jackﬂsh Bay 1987/88 All loadmgs are in kg/d.

T R o f July/Aug 1987 July 1988 - n? |

AR Nutrients:

29,380 A('20)

© 360 - 54,080

D30 (1)
) 1000 29410 -

. 23,460 (20)
5290 - 56,760

T 12,840° (17)
0 - 38630

B "Chlonde (unﬁlt. reacuve)

41370 (21)

21,470 - 187,490

_45.’7'80'(17)' .
23,770 - 170,830

] Suspended Sohds '

4640 (20)

4,280 (17)

0-12430'

2220 - 19,800

‘ Total Phosphorous
f

55 (20)
14 - 89

45 (16)
18- 81

‘ phosphate -

45 ()
10 - 111

8 (14)
4 - 2

Total AmmOnilini

19 (5)

12 - 403

18 (14)
6 - 33

-' Total KJeldahl Nitrogen o

2250 .(20) -

47 - 452

246 (16)
v_1os - 395

' Resm Aclds

Abietic Acid- g

GO

11 - 421

' 4_2.9 .(17)

94 - 3075:

[Chlorodehydroabietic Adid

24 (0)
11 - 53

18 (17)

11 .- 36

Dichlorodehydroabietic Adid

- 11 - 33

3an
11 - 23 -

L uDehydroabieﬁc Add

154 (20)
12 - 520

609 (17) -

41. - 3967

- “Chlonoated Phenolics:

‘ |2,46 tnchlorophenol :

1.119. (17)"' -

‘10006 - 2502

053 (16)

10.006 - 1159

e Pentachlorophenol

0247 - (17)

0053 (17)

. Phenoh(s

0008 - 0.593- .

S 1371 (11 .
006 - 5050

0006 - 0121 -

)

g "2,4 dxchlorophenol

038 (20) -
o.11 2.70 -

“lIOrx anochlonne Pestlclde

00021 (1) 00027 18) ||
0.0006 00194 B 0.00_(_)5 T 00176
- R Parametets which exceeded sednment, water or blota gmdelmes in Blackbu'd Creek or Moberly,
Jackﬁsh or Tunnel Bays prior to: 1989 . , :

14



Summary of prlorlty pollutants from the pulp m111s located on the north shore of Lake Super1or.

" Table 4.4
S . Results ‘are shown as mean values taken from January 1 to June 30, 1990 as part of the Municipal-

Industrial Strategy for Abatement (MISA) for process effluent mon1tor1ng of the pulp and paper '

125

sector.
SRR o _ S
Ab1t1b1 = | Abitibi - | Abitibi - A>Canad1an Domtar James
: L Fort | ' Thunder Provincial Pacific - |. S " River=
- Parameter - ~ William ° . “Bay - Papers Forest | (Red Rock) | Marathon
' B - Division Division (Thunder | Products | .. - | (Marathon)
(Thunder |  (Thunder Bay) (Thunder . :
o , ~_Bay) Bay) - T _Bay)
Conventional Parametets. (mg/L) ] I . o
faox i T = 1 24.29 | 1.83 55.60
-l BODg - ' 499 33.-' -607.82 - 88.08 280.73 . 165.41 203.67
~ | DOC - - 379.43 611.86 . | . . 62.49 I N : :
'||TKN‘. . 2.71 “1.73 | 1.2 1.44 1.80 3.06
"Total Phosphorous - 0.30 - 0.20- -0.,08 | 0.67 - 0,227 - '0.65
TSS - 31.82° - 42,67 34 10’ - -92.50 - - 65 59-'., - 41,78
| Metalss (mg/L) o , R B _ . - e :
' || Aluminum -0.,52731 1.03561 .'2 01154 _ 14 47573 3 44545 0.25840 |
il Cadmium ~--0.00022 |  0.00157-f ~ 0.00022 | ~ -0.00067 ~0.00033 |
- || chromium . ~.0.01067 R 0.00067 - 0,08077 0;00800 - 0.01333 |
I.Copper 0.05233 | _ 0.00317 | . 0.05933| _ 0.02483 N 0.03667
Lead "0.00067 0.00347 |~ 0.00468 e 0.02500 |
‘Mercury B o ’ : - 0.00001 |- 0.00068 |
Nickel ‘0.00133 | - R - 0.00267 | 0.00833 |
|l silver . 0.00083" » ~0.00067 | 0.00083 ) - . |-
"I Zinc ' o 0.06045 ]~ 0.03800 | - 0.14855| . 0.04227 0.07480 -
Phenols. (ug/L) ' R N ” o
‘[ Phenol [ 21.86- ,-|1 2.25 0.48 | 30.00 |  3.26_ | .1.93
o Chlorinated Organics: (ng/L) ' S R R
. I Total TcoD _ ) .' — 0.07
' " Total TCDF o ’ g o . 0.05 0.49




 Table 4.5

”:]Pacifianorest
)| Products Ltd.

m1lls in northwestern Ontarlo.

of ‘the MISA mon1tor1ng program (OMOE 1991c and Smith, OMOE unpub11shed data)

Canadian -

%
' Loeation
'Thunder
: Dryden'e

| Bleached .kraft
_ Sulfite[GrQundﬁopd‘"f -
Bleached Kraft

;Prucesswtype(S) g

2378-TCDD (pg/L)

Hean

'_(Range)

TEQ*
(pg/L)

1

118

2

~ND .
(=)
ND
(- -

-.27,0_

36;5n;.1.

Flow (103m3/d)

- Mean -
" (Range)

173

S 31

Mean and range of concentrat1ons for d1ox1ns and furans in £1nal process effluents from ten pulp
Data -was collected from January 1 to December 31, 1990 as .part

'=====#==$q'

-Loading -
(g
TEQ/yr)

,'1;710_

'fhve1 010:’

Boise-Cascade’
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Table 4.6 provides the concentration data for all priority pollutants detected in the Kimberly-Clark efffuent
during the first six months of the 1990 MISA monitoring (OMOE 1991c). Average concentrations for those
- parameters. which had nondetectable values may be underestimated because nondetectable concentratlons

.~ were treated as zero in calculating the mean. Those parameters which occurred in the mill effluent in 1990

- and exceeded the concentration-based water, sediment or biota gurdelmes in Blackblrd Creek (Statlon 5) or
,Moberly, J ackﬁsh, or Tunnel Bays prior to 1989 are noted i in Table 4.4. o

' In companson to the concentratlons measured during the earlier 1987 /88 surveys (’I‘ables 3 19 to 3.23) the
' mean concentrations of many 'parameters have decreased. These include several which exceeded. gmdehnes

L prior to 1989. Mean concentrations of aluminum, BODS, mercury, copper, five resin acids, one fatty acid

. (oleic acid) and pentachlorophenol were lower in the 1990 MISA monitoring than in either the 1987 or 1988_'- “

. OMOE surveys. Conversely; mean concentrations of chromium, TKN, total phosphorus, total suspended

- solids and 2,3,4,5-tetrachlorophenol were higher in the more recent 1990 study Ammomum, zinc and 2,4 6~
trichlorophenol mean concentrauons were comparable for both penods ’

Chlonnated orgamc compounds as measured by the Adsorbable Organic Hahde (AOX) test, are hmlted 1
- through a Control Order and are to be reduced to (less than/equal to) 2.5 kg/ADT by Dec 31, 1991, "
' Unpubhshed data reported since January of 1991 indicate that the company is already meeting this .
_ .requrrement. i

Droxms and furans were measured in the efﬂuent durmg the MISA momtormg study and, as antlcxpated, the. -
. lower chlorinated congeners dominated. Although 2,3,7,8-TCDD was not specifically analyzed, total TCDD -
* was detected i in- 67 percent of samples wrth a maxlmum concentration of 0 79 ng/L (Table 4 6) L

' -‘Table 4.7 provrdes the results of a three day efﬂuent saxnphng for selected nutrients, ehlorophenols and fatty
-and resin acids in 1990/91: (Beak Consultants 1991). Total phenol concentrations ranged from 9.4 to o
- '18:6 ug/L. Specific isomers of trichlorophenol and pentachlorophenol were detected only at trace levels, well
- below PWQOs and much less than reported for the first half of 1990 (Table 4.6) or in 1987/88 (Table 3.22).
Resin and fatty acid-concentrations were also much lower than during 1987/88 (Table 4.7). Most of the fatty
* acids and all resin acids were not detected in samples collected on December 12. Only four fatty acids were
-detected at concentratlon rangmg between 0 019 ;g/L (olelc acxd) and 0. 046 mg/L (palmmc acld)

"-4123 Summary

- Kmberly*Clark Canada Inc is currently meetmg its Control Order requirements for BODS, suspended

- solids, AOX, total phosphorus and effluent toxicity. The addition of the secondary treatment facility in

~October 1989 appeared to be particularly efficient with regard to biological oxygen demanding substarices,

~ phenolic compounds and resin and fatty acids. Lower effluent concentrations of resin and fatty acids has
reduced the toxicity of the 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). The PWQO for dehydroabretxc acrd was .

- o exceeded in Moberly Bay durmg 1987 /88 however, in 1990 thrs acid was not detected.

- Although srgmﬁcant reductions have been achieved in the loadmgs of BODs from the Krmberly~Clark .
" effluent, the occurrence of PWQO violations for dissolved oxygen as recently as 1990 (Section 3.1) suggests
- that further reductions may be requlred Alternatively, there may be ongoing contributions of biological = °
' oxygen demandmg substances, due to historical deposmon in the Blackbrrd Creek System and/or Mobeily
- Bay. : o .

- -Most of the water, sed:ment and biota quality data were collected prror to the. secondary treatment fadhty
" - becoming operational and, hence, it is not known if there has been any improvement with regard to-ambient
.guideline exceedences other than dissolved ‘oxygen and dehydroabletxc acid. Mean efﬂuent concentrauons of
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 Table 46 -

(OMOE 19910) Umts are noted for each parameter. L

| '.2,46 tnchlorophenol (g S
Adsorbable Organic Halide (mg/L) _

|l Nickel

/L).

Aluminum® (1g/L)
COD (mg/L)
Chloroform (1g/L)
Chromium* (;gIL)
Hydro, gen ion® (pH)
(/L) -
Nitrate + Nitrite (mg/L) :
Specific conductance (/,slem/ cm)
‘Sulphide (mg/L) -

|| Total Kjeldaht Nitrogen (mgIL)

Total TCDF (ng/L)
Total phosphorus® (mg/L) :
Total suspended. sohds (mglL)

f-VSS (mg/L)
-~ § BOD, 5 day, Total Demand (mg/L) i
. -Ammoma plus Ammomum (mg/L) K

Zinc* (1g/L)
2,4 dichlorophenol (/.g/L)

 Total H7CDD (ng/L)

-} Total PCDF (ng/L)

.Total TCDD (ng/L) :
2345 tetrachlorophenol (pg/ L)
Dehydroablenc Acid (mg/L)

1234,6 tetrachlorophenol (pg/L)

|| Abietic ACId (mg/L)

|| Mercury® (/L) ’ o
' 'DxchlorodehydroableucAc (mg/L)

2 methylnaphthalene (;g/L)
Cadmium® (1g/L) .
‘Chlorodehydroabietic Acnd (mg/L)
_Coppér® (1g/L) . .
Hexachlorobutadlene (;g/L)

)| Lead® (1g/L)

Oleic Acid (mg/L),
'Pentachlorophenol (;g/L

|| Pimaric Acid (mg/L) - -

Total H6CDF (ng/L) -

i Vanadium gg /L) .
'FD .

‘Octachlorodlbenzo-p-dlomn (nglL)

RERa R

‘Qaddmdémdomﬂd@wﬂpmmbadggé

_ ‘ Frequency above detectlon hmlt (%)
" “ND  Not detected. . o R
- Parameters whlch exceeded sednnent, water or blota gmdelmes in Blackbu’d Creek or Moberly, S

: . Jackfish or Tunnel Bays prior to 1989

UIII

1.80

33000
10400

. 830

- 80,00

- 6.50

1000 |~
10
100000

2.50'  '
1400 .
- 1500 - -

_53%éééé%%é%éééé%%%ééé%gég

- NOTE. Values less than the detectnon limit are treated as zero.’

Mxmmum, maxnmum and average values are uted to two dec:mal places
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" ‘Table 47.

Parameter

| December 12

Chemical analyss of final effluent, 1990/91 (Beak Consultants 1991). .

" January 8 .

January 23 - -

.Trace amount. o

Total Phenols” (ug/L) 186 160 . . 94 1
Sodium (mg/L) - 337 oo
Particulate Residue (mg/L) 247 0 -
Total Phosphorus* (mg/L) ) 050
Total Kjeldahl Nitrogen® (mg/L) | 450
_Total Ammonium* (mg/L) 155
BOD; (mg/L) - 104
Chlorophenols (ng/L): - ‘ R
'2,4,6 trichlorophenol® 32007 18,000
|l 2,4,5 trichlorophenol <50 - (Total T3)
- || 234 trichlorophenol . - <100 T L
12356 tetrachlorophenol a8t 1,000 -
2,3,4,5 tetrachlorophenol® <50t - (Total T4)
|l Pentachlorophenol® 80 .. 2500
 Fatty Acids (ug/L): L
Capricacid <5
Lauric acid <5
Myristic acid’ <5
|| Paimitic acid .46
Stearic acid . 4
‘Oleic acid - 19 -
Linoleic'acid = <5
-Linolenic acid .<§
Arachidic acid I
'Palustncaad ) <5 -
Total - ' 89
; ResmAads(;glL) S .
- Pimaric acid - <5 BRI .
|| Sandaracopimaric acnd <5 - - - (Total @pH7.5) -
~ || Levopimaric acid - <5 o
| Isopimaric acid - <5
{| Neoabietic acid <5
1l Avietic acid <5
‘Dehydroabietic acid =~ <5
11 9,10 dichlorostrearicacid - <5
‘Chlorodehydroabietic acid <5
Dichlorodehydroabietic adidi <5
Total ’ 3 <5 - -
f Parameters whlch exceeded sedlment, water or blota guldelmw in Blackbu-d Creek or. Moberly,
. Jackfish or Tunnel Bays pnor to 1989. . .



alumlnum, copper and mercury appear to have declmed since 1988 However the mill efﬂuent is hkely the
‘main source of most conventional parameters, bacteria, nutrients, metals, organochlonne pesuades and

c phenohc compounds whxch have been found to exoeed ambxent guldehnes R

8 ;The source of bactena, partxcularly Eschenclua coli and Pseudomonas aemgnosa, is of concern especxally as - o

- these organisms have exceeded recommended health gmdehnes in Moberly and Jackﬁsh Bays (Sectlon 3 1)

e They may ongrnate from domesuc sewage wlthtn the mxll

' .The ongm of organochlonne pesttcxdes in the mill efﬂuent is not known These ehemxcals may be denved
from logs which are processed in the mlll Contammauon of the. logs may reﬂect atmosphenc sources .

- mcludmg aenal spraymg

" 42 NONPOINT sounces

| o 4 21 Atmosphenc Deposmon

o Long range transport and atmosphenc deposmon are a sngmﬁcant pathway of persnstent toxnc substances mto T

- the Great Lakes. (Chan and Perkins 1989, Nriagu 1986, 1990). As such,. activities relating to research, . :
--.momtonng and control are identified as an important component of the GLWQA (1978 as revised 1987, -
. -Annex 15). Atmosphenc contamination of the lakes is poorly understood and quantified. The reason is that
-~ "estimation. ofatmosphenc loadings- of organic and inorganic toxic compounds to the Great Lakes requires

- information on atmospheric and precipitation concentrations, mass transfer coefficients and ph)srcal

e speclatlon in the atmosphere and water" (Strachan and Eisenreich 1988). Sufficient mformatlon for rehable )
‘estimates of atmospheric inputs is only available for PCBs and lead (Table 4 8), although less certam

o estimates have been attempted for other substances :

- ‘ A-Even though they recelve lower total loadmgs of lead and PCBs, the upper Great Lakes (Supenor, Mrehxgan, o
-+ and Huron) receive a srgmﬁcantly greater percentage of their total mputs from the atmosphere than from
‘ vpomt sources ('I‘able 4 8) Thls is due to their Iarge surface area and relatnve lack of local sources. '

o ’Table.4.»8"' : PCB and lead loadmgs 10 the Great Lakes and the percentage of total loadmgs attnbuted to o
R : atmosphenc pathways (Strachan and Ensenrench 1988) ‘ L PR

Total ln'p'dt‘”" % Atmospheric | Total Input | % Atmospheric
S . (kg/d) =“ (kg/d) S
| ake Supesior T e w | oes]| v
Lake Michigan ; 188 s e ses
Hiakemoren = | - 1m0 | | . e
LakeEde. | = -6% | 13 | - s | o - 4
ELakeOmano= 696 - 7 117 - 73
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Both lead and total PCBs were nondetectable in the K1mberly-Clark effluent durmg the 1987/ 88 surveys
' (Tables 3.192 and 320a). During the MISA monitoring study conducted in the first six months of 1990, lead.

concentrations averaged 5.0 #g/L in effluent, however, it was detected in only 17- pércent of samples (T able
46). Loadmgs have not. been calculated for the MISA data, thus it is not known what the relative impact of -
the effluent is in comparison to atmospheric. - However, the lead loading shown in Table 4.8 for Lake - .
Superior represents the entire lake whereas the Klmbeﬂy-Clark effluént is much more locahzed with regard .
i to the Jackfish Bay AOC : : . R R

g Nriagu (1990) noted that "the atmosphere has become a key medmm in the transfer of trace metals to. .. .
remote aquatic ecosystems”. In the case of the Great Lakes, he indicated: that well over 50 percent of ail

trace metals were contributed via the atmosphere Sources to the atmosphere include biogenic, wind-eroded o

 soils and industrial pollution: Although there are no loading estimates. available for metals other than lead,
- Nriagu (1990) 1dent1ﬁed the atmosphere as an unportant pathway for vanadium, mercury and cadmlum :

Both tetrachlorodnbenzofurans (4CDF) and octachlorodlbenzo-p-dlomns (8CDD) were detected in sedlments
collected in Moberly Bay. There was a progression of significant differences in concentration from the mill '
effluent to stations in Moberly Bay for 4CDF mean values (Tablé 3.12). This suggests that the effluent was
- the'main source of this congener. However, there were no significant differences between the stations for .
* 8CDD within Jackfish Bay, mdxcatmg that the mill was not the source. Some other source, such as '
.. atmospheric deposmon, may ‘have been responslble for elevated 8CDD lIevels (Sherman et al. 1990, Section
- 3253). ‘ . . o o

PAHs were found in sedunents of ] ackﬁsh Bay (Seeuon 3.25; 4), at coneentrauons which are below the K
Lowest Effect Level of the Provincial Sediment Quality Guidelines. Chan and Perkins (1989) measured the = -
‘concentration of various PAH compounds 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 the most abundant PAHs at this station were phenanthrene, , o
methylnaphalene, fluorene and pyrene (Chan and Pérkins 1989) ‘The PAHs with the highest ooncentranons '
in sediment of Jackfish Bay collected during the 1987/88 surveys were pyrene, flouranthene and. chrysene
-(Table 3.14). Methylnaphalene in sediment was not measured and chrysene in precipitation was not -

. measured. However, the concentration pattern of pyrene and flouranthene suggest that atmospheric .
- ‘deposition may-account for the PAHs found in sediment in the Jackfish Bay AOC. ‘Chan and Perkins (1989)

"noted that higher concentrations of PAHs were fourd in the upper lakes’ stations, farther away from the
* industrial and urban céntres in the lower lakes where consumption of fossil fuel is higher. They concluded
- that the higher PAHs at Sibley in Lake Superior represented localized effects from domestic wood burning.
“There.are no data on emissions of PAH compounds from local sources in the Terrace Bay area with which
St determme the sxgmficance of these sources to the local atmosphenc deposmonal oomponent ' :

The only loeal air quality momtormg data avaxlable for the Jackﬁsh Bay AOC consists of the results, of a one o
day survey conducted by the Air Quality Monitoring Branch of OMOE in the vicinity of the Kimberly-Clark

- Canada Inc. pulp mill (OMOE data files). Five, 30 minute samples were collected on July 25, 1985. The

“results of this survey indicated that concentrations 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 1g/ m> and 3,783.2

gl m>. These loadings were mainly comprised of aromatic eompounds primarily 1-isopropyl-4-
methylbenzene which ranged between 64.5 and 2,637.0 Lglm Chloroform was the most dominant .
. chlorinated organic (5.2 to 236.6 pg/m’) although it was well below gmdelme (1,500. pg/m?’) Since the t1mev
“of the survey, the hypo stage in the #1: bleachery has been shut down at Klmberly~Clark and chloroform
levels are hkely much lower (J Murphy, OMOE, pers com.). . .

131



4 2. 2 Contamnnated Sedlments

L Sedrment contamination in Moberly, J ackﬁsh and Tunnel Bays was dlscussed in Section 3.2 and Sectlon 3. 4

“ which presented data for Blackbird Creek and Moberly Lake. These sediments, although contaminated from * -
- avarjety of sources, also serve as a source of contamination to biota and water. Remedial strategies for ‘
' »restonng beneﬁclal uses Mthm the J ackﬁsh Bay AOC will need to consrder the role of these- sedtments

: ,) “The avaﬂabrhty and unpact of chemlcals in sedrments with regard to water and biota in thxs area has not | .
- been’thoroughly investigated. The only studies-carried out to date are those by Beak Consultants (1991).on -

'sediment from Blackbird Creek and Moberly Lake. Preliminary results of this study indicated that sediments

" from Moberly Lake were lethal to both Hyallela (LC34) and chironomid larvae (LCA42). Chironomid growth

- was also inhibited. The authors concluded that the toxicants in the sediment of this lake would have to be. -
- “reduced to at least 18 percent of present levels before the sedxment would support benthrc hfe (Beak
' Consultants 1991) . - : .

: ‘Body burdens of dloxm and furan eongeners in bentluc fauna (mussels and opossum shnmp) of Moberly Bay
suggest that sediment concentrations, particularly of tetrachlorodrbenzo-p~dromns and

.. tetrachlorodibenzofurans, may be impacting the benthos (Section 3. 3). In addition, the draft Prowncral

Sediment Quality Guideline Lowest.and Severe Effect Levels are blologtcally based Exceedences of these » e

T levels results in 1mpa1rment to the majority of benthic specles

'Chrormum, copper iron and mckel concentratlons in samples collected in. 1987 / 88 ata statlon known to be

" outside the effect of the Kimberly-Clark mill discharge (Statlon 844) exceeded the Provincial Sediment.

“Quality Guidelines Lowest Effect Levels. In addition, manganese exceeded the No Effect Level. The . . |
elevated concentratlons of these ﬁve metals may, thus, be related to the- geology of the area (Sectlon 3.2 4).

- However, each of these four metals are also found in the mlll effluent. The efﬂuent charactenzanon study

undertaken in 1987/88 indicated that chromium was detected in 48 to 100 percent of samples (mean 008 .

- -mg/L 1988), copper in 14-to 81 percent of samples (0.02 mg/L 1988) iron in 90 to 100 percent of samples o

(0.55 mg/L 1988); and nickel in 14 to 44 percent of samples. (mostly near detection limits) (Table 3. 19a).

-~ ‘Chromium and copper were also detected in the effluent in 100 and 17 percent, respecuvely, of sanmles
- dunng the ﬁrst six months of the 1990 MISA momtormg study (Table 46).

- _423 Spms

- A Ktmberly-Clark had a Bunker oil Splll in the mld-1970s wluch spread into. Moberly Bay Tlns mcrdent may . _. - c

- explain the presence of oil in sediments’ at stations in Moberly Bay dunng the 1987 blologtcal surveys (Beak
s _Consultants 1988) The 011 was not observed durmg the 1975 surveys _ o

. Spill and effluent bypass events for 1989, 1990 and 1991 (to mld-September) are listed in Table 49. The -

.' _date, substance sptlled, amount of substance (where avaﬂable) and medlum spilled to is mdlcated

Land spills are not generally a concern thh regard to contammatlon of the Jackﬁsh Bay AOC as the mlll is

" - located outside.of the AOC.  The only:concern would be land based ‘spills which may subsequently reach the = .- . -

. effluent canal whrch connects to Blackblrd Creek. Sulphunc acxd is the substance most commonly spllled on A
the mill s1te ' . v : o . :

‘ Gaseous leaks occur and mclude blow tank gases and dxgester gases Itis not known which chemrcals are .

. vented with these incidents or whether they impact the AOC Based on the records avallable (Table 4 9)
Htlusdoesnotappeartobeasrgmﬁcantconcem : : _
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* Table 49

Spllls and efﬂuent bypasses at the KlmberlyClark Canada Inc mlll durmg 1989 1990 and
1991 (OMOE data ﬁles) - :

L Location - l

‘Hankcarspﬂl

| land

[ Janvary27
" | February14

chloride gas leak

| February21

e efﬂuent bypass of clarifiers

water

soap spill .

water

Maya4.}
June 13 .

| fuel spill - vehicle aeeldent

| 1and

July 4.

| black Tiquor caustic sewers _.

water . .

July 13

| water

August 8

o diesel fuel (114 L)
acxd line leak

August 9 |

venting blow tank

‘September 29 -

discharge to effluent ditch.

water

- lland - . -

.December-29 -

| sulphuric acid (1,300 L)

venting blow tank.

1930

{{ January 24
"ﬂJanuaryZS

| digester cooking gases vented

" March 19

digeSter- cooking gases w)ented

December 13 :

L sulphunc acid (910 L) -

{tand?

June 13

| diesel spill (100 L)

—

- _ ‘hme powder (15 tonnes)

1991

January 26

| alkaline & acid sewers bypass .

_water "

March 6

| acid sewer effl_uenf bypass

1 water

.} water:

March 14 .
It April 20

acid sewer effluent bypass

‘“Apnl28

| sulphuric acid (675L) -

acid sewer effluent bypass

| water’

May 21

| acid sewer effluent bypass - R

water

July 1

| sulphuric acid 230L)

13

J1land -




. Table 49 (Cont’d)

o

'Sub'stanc.e -

o Date

July 7 -

. Location -

| water

s

- ‘alkalme&acldsewetsbypass '

| acid sewer efﬂuent bypass -

| water

) juiy 16

L alkahne sewer. bypass

water '

July30

‘, alkalme sewer bypass

| water.

August2

| foam splll

| Avgust 12

o alkalme & aeld sewers bypass

- | water -

August 18

' alkalme&acld sewers bypass e

" | 'water.

September 8

| acid sewer-,parhal bypass- '

o "',Flows in the acid and alkalme sewers, on occasion, bypass the treatment system resultmg in untreated . :
- effluent reaching Blackbird Creek: As of September 8, there were 12 bypass events ‘during 1991 (Table 4 9)‘. .

-These events were: pnmanly due to equipment failures (O- ngs, seized valves) and power outages which

- shut down. the pumpmg eqmpment (P Jordan, OMOE, pers. com.)." Because the volume of effluent whlch f S
‘bypasses the system is not known, it is not possible to determine the impact of these events on.the AOC.
.However, it is expected that these events contnbute to contammatlon of J ackﬁsh Bay and, hence, thelr »‘ '

o occurrenoe should be mlmrmzed
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: _‘5 0 ENVIRONMENTAL CONCERNSI USE IMPAIRMENT
5. 1 INTRODUCTION

- The objectlve of this chapter is to summarize the use 1mpa1rments and water, sediment and blota quahty

~ problems described in Chapter 3 (Environmental Conditions). Annex 2 of the Great Lakes Water Quality
Agreement of 1978, as amended in 1987, defines *Impairment of Beneficial Use(s)’ as "...a change in the . .
chemical, physical or blological mtegnty of the Great Lakes System sufficient to cause _' A
and of the fo]lowmg' , : L -

(i) _Restrictions on fish and wildlife consumptlon, .
(i)  Tainting of fish and wildlife flavour; B
~ (i) - Degradation of fish and wildlife populauons .
. (i) Fish tumours or other deformities; - ,
. -(v)  Bird or animal deformities or reproducuon problems,
(M) Degradation of benthos; - :
(vii) - Restrictions on dredging activities; .

: (viii) Eutroplncation or undesirable algae; ‘
-(ix) . - -Restrictions on dnnkmg water consumption, or taste and odour
-~ problems; : 4 . :

(® . Beach closings; :

:(x) ' Degradation of aesthetics; T

(xii) ~ - Added costs to agriculture or mdustry; e ‘
o (xdid) - Degradatlon of phytoplankton and zooplankton populatlons, and
: .(XIV) : -Loss of ﬁsh and wxldhfe habltat

Several of these use unpalrment categones are dlwded mto subcategones for dlscusslon purposes in thrs

- -chapter to more clearly define the scope of the problems in the Jackfish Bay AOC. For gxample, "~

. ‘restrictions on fish and wildlife consumption’ is dmded into restncuons ‘on ﬁsh consumptron -and
restnctions On wnldhfe oonsumption S o

- AA determmauon as to whether a spec:ﬁc use 1mpa1rment -exists in the Jackfish Bay AOC was made using the R

: Llstmg/Delxstmg Guidelines for Great Lakes Areas of Concern (IJC 1991) in conjunction with applicable
- standards, gmdelmes and objectives where available. .In the absence of standards, guidelines or objectives,
.- impairment status is based on. best professional _pdgement from the evidence available. The status of -
. beneficial uses as well as exceedenoes of amblent standards, guldelmes and ob_]ectives are summanzed in
-Table 5.1. _ o o

o 52 USE IMPAIRMENTS

- 5 2 1 Restrlctlons on F|sh and W|Id||fe Consumptlon

: _“5 2 1. 1 Restnctions on FISh Consumption requnres assessment

: The 1989 "Guide to Eatmg Ontario Sport Flsh" hsted fish oonSumptlon restnctions for lake trout longer than
- 45 cm due to mercury concentrations between 0.5 and 1.0 pg/g and/or PCBs greater than 2.0 1g/g. The

- 1991 guide identified consumption of lake trout up to 65 cm in length as unrestricted with regard to mercury

" .and PCB concentrations. The consumption of wlnteﬁsh, cisco and white sucker to 45 cm in length was also
~ unrestricted,  However, the guide indicates that consumption of lake trout greater than 55 cm could be
- restricted due to concentrations of droxms and furans expressed as tomc eqmvalents of 2,3,7 8-
‘tetrachlorodlbenzo-p-dlomn ' , .

137



,Table 5. 1 Summary of 1mpa1rments to’ Great Lakes Water Quallty Agreement benef1c1a1 uses’ w1th1n the

" Jackfish Bay Area of" Concern.

' Impalrment status is defined as impaired (I), not impaired (NI)

“or requ1res further assessment (A) and 1s based on data collected during from 1987 to 1990.

_ Use
‘====

ll GLHQA Impalrment of Benef1c1a1

's_t-a_tﬁsxof |
Impairment

;pCondiEionE In'Jackfish_BaY;'p,;,~

Restr:cuons on Fish. Cmsurptwn )

Con‘surption of Wildlife -

AReotrlctlons on Fish and m ldllfe Conswtlon h

The 1991 “Gmde to Eating Ontarlo Sport Fush" notes that the consmptlon of-

Lake trout: greater than 55 cm in size may need to be restricted cue to’
concentrations of dioxing and furans expressed as ‘toxic equwalents to 2,3, 7 8

: tetrachlorodlbenzo-p-droxm.

‘No restrlctions ex1st

|| veintirg-of Fish w'uildtife' »ﬂmiq.r-

' 'There have been no reports of tamtmg by the publlc or by flshenes/m ldllfe

personnel

-’Degradatlon of Flsh and |h ldhfe Populatlons
Dynamics. of Fish Populatlons

- Body burdens of. Fish

-Dynamics of Wildlife. Populations -

" Body burdens of Wildlife

- "'Lake trout populatlons have declmed since the md 19503 for a nutber of

reasons. including the accidental introduction of sea lamprey, the start- up of

" the Kmberly-clark mill, over-harvesting and the introduction of exotic fish

species. Blackbird Creek fish populations have been totally eliminated as a .
result of the. pulp mill effluent.. Similarly, fish populations in Moberly Bay, . .

.Aln the v1cm|ty of Blackblrd Creek, have been severely reduced

wnte suckers have btoaccunulated TCDDs and TCDFs from water and sediment

‘contamindted by the mill effluent.  Lake trout have low concentrations of

mercury, hexachlorobenzene and- several chlorinated pesticldes. The GLWQA
Specific .Objective for- the protectron of ‘piscivorous m ldl1fe from PCBs was
exceeded in lake trout collected in-1989. L . . .

'Blackblrd Creek may attract m ldllfe durlng the sprmg months as the moderatmg ’
influence of warm creek water terds to accelerate greening of creek-side )

vegetation. Moose activity in particular appears to be abhofmally high along
Blackbird Creek during the spring. There are no data on possible impacts to

'u1 ldlife populations due to contammants mthm the AOC. .

isloaccuwlatlon of contammants in wi ldllfe may be occurrmg ‘in portlons of

“Jackfish Bay and the Blackbird Creek system, however, there are no data on -

| contaminant burdens in. m ldhfe. cus plans a survey of gull populattons for -
- conpletlon m 1993. ' : . ) ‘
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‘Table 5.1 - (Cont"d)

GLWQA Impa1rment of Benef1c1a1
‘Use

| Impairment

*Statusiof

.Conditions’ln Jackfish.Bay’

Fish Tumours and Other. Deformities

Although 1nc1dences of external flsh tunours or other deformltles have not been
_reported white suckers collected from Jackfish Bay in the summer of 1988,
_prior to secondary treatment, had an abnormal incidence of liver neoplasms
“(cancers).” Also, greater than 20 percent of lake whitefish had unexplainable

éxternal lesions which may be associated with pollutants contributed from mill
effluent. A study of tumours m uhtte suckers was conducted by OMOE in 1988
and results ‘are pendlng. o )

Bird and Animal Deformtles ‘or l!eprod.lctlve
Problas ;

lncrdents of ‘bird or. animal deformltles have not been reported in the Aoc.
Houever, indications of reproductive dysfunctlon in white sucker, longnose .

_sucker. and lake whitefish populations in the Jackfish Bay AOC have been

reported cws plans a survey of gull populatlons for completion in.1993.

Degradatlon of Benthos
,Dynamvcs of Benth1c Populat:ons

Body burdens of Benthi_c organisms

: The benthlc ‘fauna’ have been mpacted in Hoberly, Jackflsh and Tunnel Bays ‘as

shown by the presenceé of impaired communities which have. increased fn number '
and -extent between 1969 and 1987. During this period, pollution intolerant:
species (Pontoporea hoyi) have decreased in density and extent whereas -
pollution tolerant species (tubificids) have increased in density and extent.
Sedlments m Hoberly Lake are acutely toxic to benthic fauna. . :

Opposun shrmp (Mysis relicta) and Introduced caged nussels (Elliptio
gplanat a) collected in Moberly Bay had a dioxin and furarn congener pattern
similar to that of the mill effluent. 2,3,7,8-tetrachlorodibenzofuran was the

dominant isomer in the shrmp with traces of other congeners lncludlng 2 3,7,8-

tetrachlorodibenzo- p'd'l oxm. :

Restrictions on Dredging Activities

Sediments in the Jackfish Bay Aoc partlcularly within Moberly and- Jackflsh
Bays contain concentrations of several contaminants which exceeded OMOE

‘Water Dredged Material D|sposal Guidelines and/or Provincial Sediment Quallty

Guidelines as of '1987/88. These include oil and .grease, total orgamc ‘carbon,
TKN (1990), total phosphorus, arsenic, cadmium, chromium, copper, lron, lead,
manganese, _mercury, mckel zlnc, hexachlorobenzene and total PCBs.

Eutrophicatim-or‘uidesird:le Algae

4' No nuisance. algal gr.ouths have not been reported.
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Table 5 1 (Cont d)

GLHQA Impairment of Beneficial | Status of | . Conditions In Jackfish Bay
. Use - - . -Impairment L S P

A

Restrictions on Drinking Uater COnsulption or.
Taste and Odour Problems ' - o] S C ‘

COnsulption, Taste and Odour Problems o .M - lDrinkmg uater for the Town of Terrace Bay is obtained from Lake Superior west.
: T o Co of Jackfish Bay.". There have been no consumption restrictions or reported taste.
‘and odour’ problems for treated drinking water. - However, cottages .are located
“in the old commnity of -Jackfish, -on Jackfish Bay.. -On occasion, the effluent
drifts in this direction, moking nontreated uater unsuitable for consunption. )

‘[t Beach Closings . Lo T CL N sacterial densities have periodically been elevated in the vucinity of the.

' A L : . Lo . 'l terrace Bay Beach as a result of the mill discharge, however, this condition
_has not. led to beach closings. There are no other public beaches within the
'Jackfish Bay AOC. L e ‘ s '

Degradation of Aesthetics I R o Conditions ‘have improved since the early 19703, ouever, concerns continue to
: R B S — ' R "] be .expressed regarding the presence of foam and dark colour in Blackbi rd Creek
~and Moberly Bay ) )

Addedl:ost to Auricu'lture ond .lnchstry _ - | There are no agricultural or industrial activities uhich utilize uater from ‘the
' ' ' e PR - Jackfish Bay. AOC. , v . . : ,
Degrodation of Phytoptankton md Zooplankton '] S - There are no widespread effects within ‘the AOC although cqmv.mi ty structures

Populations e _ .1 v - | are likely altered in: the imnediate area of 'the discharge. No detailed
L LA : ) o ] information exists.

Loss of Fish end Wildlife Habitat == = - | - | S Major Lake trout spauning grounds were located in: Moberly Bay and along the
i e o S o - A R - shore of Lake Superior adjacent to Jackfish Bay- and were impaired due to .-
physical alteration (deposition of organic matter): and-chemical contamination -
- of sediments. - Lake whitefish spawning grounds were identified along Lake
Superior’s shore immédiately east and west of Jackfish Bay. The quality and’
use of these shoals has not been assessed. Blackbird Creek’ was noted as a

L ‘ S SR A o 'brook trout stream prior- to the start-u_p_ of the. mill in 1948.
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. As of 1991 ﬁsh consumptlon restnctlons were in place for Jackfish Lake due to mercury (yellow perch) and

" ‘mercury-and/ or PCBs (northern pike and walleye) However, this lake is considered to be outside the .
- influence of the. mxll effluent and, hence, mercury concentrations. >1.5 /.g/ g in yellow perch between 35 and
45 cm in length is hkely due to natural background sources. - : . :
e ;5.2.'1 .2 Restnctlons on V\ﬁldhfe- Consumptlo_n: not |mpaired
vThere are currently no restnctrons for the consumpnon of wnldhfe form the J ackfish Bay AOC

. 5 2 2 Talntmg of Flsh and W||d||fe Flavour not |mpa|red

. Ne reports of tamted ﬁsh or wnldhfe by the publlc or the ﬁshenes/wrldhfe personnel

'. 5. 2 3 Degradatlon of FISh and Wldhfe Populatlons

'5 2 3 1 Dynamlcs of FISh populatlons |mpa|red

' '.Blackbrrd Creek fish populauons have been totally ehmmated as a result of the pulp mill effluent Slmllarly, -

: - fish populations i in Moberly Bay, in'the vicinity of Blackblrd Creek, have been severely reduced. ‘Prior to
- installation of secondary effluent treatment by the mill, toxicity tests on surface waters up to 1.5 km from the

"~ creek mouth resulted in 100 percent ﬁsh mortahty Results’ from toxrcrty testmg since th1s nme mdlcated that
. mill efﬂuent isno longer acutely lethal. - v - .

B Degraded water quahty, harvestmg, the sea lamprey and mtroducuon of exotic ﬁsh spemes have dxrectly
~depressed fisheries producuon 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 diminished fisheries potentxal in the enure Jackfish Bay area,

R although the degree of unpact has not been determmed

B .5.2'.3.2 Body BUrde'ns of FISh: imﬁaired »

' Lake trout collected in 1989 had low concentrauons of mercury hexachlorobenzene p,p DDE a and 71-

" BHC, @ and r-chlordane, p,p-DDD, toxaphene, 2,3,7,8-TCDD (0. 0000029-0.0000113 g/ g) and 2,378 TCDF

. (0.000020-0.000058 13/g).. White suckers collected during 1988 also had low concentrations of 2,3,7,8 TCDD B
" and 2,3,7,8-TCDF. The GLWOQA Specific Objective for the protecnon of plscnvorous wrldhfe were exceeded ’
by maximum concentrahons of total PCBs (0 44 g/ g) : A S

. 5. 2 3 3 Dynamlcs of Wildlife Populatlons requnres assessment

' Blackblrd Creek may att:ract w1ld11fe during the sPrmg months as the moderatmg mﬂuence of warm creek e
‘._water tends to accelerate greenmg of creek side vegetatron Moose activity in parhcular appears to be high -
. along Blackbird Creek during the spring. There are no data on possrble impacts. to wnldhfe populatxons due v
- to oontammants w1thm the AOC. - ' , .
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| "75 2. 3 4 Body Burdens of Wlldhfe requnres assessment

, Bloaccumulauon of contaminants in wrldlrfe may be oocumng in poruons of J ackﬁsh Bay and the Blackbrrd : :
" Creek system, however, there are no data on contammant burdens m wrldhfe ‘CWS plans a survey of gull
populatlons for completron in 1993 ' - . : S
LV '5 2. 4 FISh Tumours or Other Deformmes tmpalred

Incrdents of external fish tumours or other deformrtxes have 'not been reported However, the mducuon'of :

‘_ ' MFO activity in white suckers collected from Jackfish Bay in the summer of 1988, prior to secondary
" -treatment, was correlated with an "abnormal incidence of liver neoplasms (cancers)  Also, greater. than 20

- percent of lake whitefish caught in Jackfish Bay durmg August 1989 and August/ September 1990 had -
- unexplamable external lesions which did not appear to be related to  predatory attack or infection. The. o
~ presence of these lesions in an isolated, unpopulated bay which has received large volumes of pulp mill:
. effluent, as well as the absence of reports of similar woundmg in other lake whitefish, suggested to'the .
' o authour. that there may be an assocratlon between the lesrons and the drscharge of bleached kraft m111 '
: effluent : : : . . L Do

o Research is conunumg on ‘the sublethal effects of mill effluent on fish, as well as ‘the cause of the-skin lesrons' -
*.on lake whitefish. A study of turnours in whrte suckers was undertaken i 1988 by the Water Resources ‘

S Branch of OMOE Results are pendmg

5. 2 5. B|rd or Ammal Deformrtles or Reproductton Problems requ1res assessment

-Brrd or. ammal deforrmtres have not been found in the Jackfish Bay AOC nor have reproductron problems

. ~ ‘been specifically reported. However, reproducuve dysfunctron in white sucker, longnose sucker and lake

- whitefish populatrons in the J ackﬁsh Bay AOC have been reported. Results from résearch into’ the sublethal
~ effects of the pulp mill effluent mdrcated that these fish’ grow more slowly than reference ﬁsh, have smaller
" gonads, lower fecundrty with age, an absence of secondary sex charactenshcs in males, farlure of femalés to -

show an mcrease in- egg srze wrth age, reduced serum estradrol and testosterone concentrauons and greater PR

i ‘. hepatlc mrxed functron oxrdase (MFO) acnvrty

A study to determme whether or not hemng gulls in the Jackﬁsh Bay AOC have deformmes or expenence
E reproductlve problems is currently underway by the Canadran Wildlrfe Servrce Results from ‘this study will
e need to be evaluated when avarlable o : : : . -

5.2, 6 Degradatton of Benthos

E 5. 261 Dynamlcs of Benthlc Populatlons |mpatred

E : { ,' The benthtc fauna of the J ackﬁsh Bay AOC have been unpacted asa result of the mrll efﬂuent drscharged .
~ through Blackbird Creek: Densities of benthic macromvertebrates 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 maxrmum densrues of pollutton tolerant orgamsms (tubrﬁclds) mcreased by more
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_ than six times whue densiues of pollutlon intolerant- orgamsms (Pontoporaa ho;i) decreased dramatrcally
B During this period the extent of tubificids also increased in concert with a decrease in the extent of P. hoy.
. ‘'Whereas in 1969 only the central portion of Moberly Bay and the northwestern portions of Jackfish Bay were
- affected, by 1987 the densrty of P. hoy had decreased in Tunnel Bay as well as the eastern and central
: porhons of Jackfish Bay ' : . , -

These trends were sm'nlar to those observed by the dlstnbuhon and number of 1mpa1red benthlc o

' communities. The extent of communities identified as impaired increased between 1969 and 1975.. Between_
1975 and 1987 the extent mcreased further and an additional impaired community was identified. Impaired .
_communities: were found to occur in sediments which had the highest mean concentrations of cadmium,

’ copper, lead, zinc and TKN as well as high levels of fibre (loss on ignition).- The impact to benthic .
macromvertebrates in the Jackﬁsh Bay AOC have been attnbuted to the Krmberly-Clark mill efﬂuent

_ Although there ‘have been no benthlc surveys of Blackbu'd Creek, the toxlclty of sed:ments in Moberly Lake - A '
mdxcates that the sediment i 1s acutely lethal to certain benthlc specles and is lrkely severely nnpalred

. B. 2 6 2 Body Burdens of Benthlc Orgamsms |mpa|red

The body burdens of native benthos (Mys'ls rehcta) and mtroduced mussels (Elh ]tzo compianata) from -
* Jackfish Bay indicate a pattern of dioxin and furan bloaecumulatlon which suggests the mill efﬂuent as the
- major source. This includes the bloaecumulauon of ten'achlorodxbenzo-p-dlomns and .
‘ '-tetrachlorodrbenzoﬁlrans Concentrations of the highly toxic 2,3,7,8- teu'achlorodlbenzo-p-dlomn congener in
.M. relicta were-0.000009. ;g/ g Concentrations of tetrachlorodlbenmﬁn'ans ranged from 0. 000034 ug/ g in -
- mtroducedmusselsto0000048 pg/gmMrehcta : : : : .

j5 2. 7 Restnctlons on Dredglng Act|vmes |mpa|red

= Dredgmg operations have not been undertaken in the J ackfish Bay AOC However, the sedlments of .
- Jackfish Bay, espeerally Moberly Bay, contain levels of oil and grease, total organic carbon, total phosphorus,‘
' arsemc, cadmmm, chromium, copper, iron, lead, manganese, mercury, mckel zin¢, hexachlorobenzene and
total PCBs which exceeded the OMOE Open ‘Water Dredged Material Disposal Guidelines and/or the
Provmcral Sediment Quality Guidelines Lowest Effect Levels in 1987/ 88.. TKN measured in Moberly Lake
sedlments during 1990 also exceeded the PSQG Lowest Effect Level. In addition; high concentrations of
certain. phenolic compounds, resin and fatty acids, and dioxins and furans, for which no gmde]mes are.’

B _ avarlable, eontammate sediments within the AOC

5.2.8 ‘Eutrophication or Undesi'r_abl_e Alga'e:, not impaired

*There are no records or observations of nuisanee'algal' growths in Jackﬁsh_Bay. A

143



529 Restrlctlons on Dnnklng Water Consumptlon or Taste and Odour Problems
not |mpa|red S S :

.~ The Town of Terrace Bay acqmres its dnnkmg water from Pumphouse Bay on the north shore of Lake ‘
. Superior. There have been no consumpuon restrictions, or taste and odour problems reported with the
- treated dnnkmg water. ‘Cottages are located in the old oommumty of Jackfish, on:Jackfish Bay. On".
= occasmn, the effluent plume drifts i in thts dtrectlon, makmg nontreated water unsultable for- consumpnon

e 52 10 Beach Closmgs not lmpalred

' Bactena levels have penodxcally been elevated in the v1c1mty of the Terrace Bay beach as a result of the m111 . :

: _dtscharge, however, this. condition has not led to beach closings. There are- no other public beaches within .

- the Jackﬁsh Bay AOC. However, exceedences of the fecal ‘and total oohform PWQO have occurred as

- recently as 1987/88 and the IJC recommended guidelines for Pseudomonas aemgnosa and Echenclua coli
" were exceeded vnthm Moberly and Jackfish Ba)s , . .

5, 2 11 Degradatlon of Aesthetlcs |mpalred

L _Mﬂl eﬁluent flow in Blackblrd Creek and mto J ackﬁsh Bay has detenorated the aesthettc value of the entire f _

" system. Re-routmg the effluent away from the htghway durmg the early 1970s has nnproved the situation but:

.- concerns are still expressed. Although the area’s scenic beauty, sheltered waters' and the wreck of the '

e Rappahanoek represent an attraction for boaters and dlvers, the area recelves hmlted recreauonal use due to.
‘the mlll dxscharge and to a lesser extent, hmlted access : - : S

'. -5 2 12 Added Cost to Agnculture or lndustry not lmpalred

- 'When addmonal costs are requlred to treat water prior t to use. for agncultural or mdustnal purposes, thls use ) -

o .category is considered to be impaired. There are no agncultural or mdustnal actlvmes which utlhze water
’ .fromtheJackﬁshBayAOC L R T S

B, 2 13 Degradatlon of Phytoplankton and Zooplankton PopulatlonS' not |mpa|red

S . -There are 1o wrdespread effects thhm the AOC although commumty structures are hkely altered m the
S nnmedxate vrcrmty of the dxseharge No’ detalled mformatton exists, . . , :

) B, 2. 14 Loss of F|sh and Wlldhfe Habltat lmpalred

N Fish habttat inJ ackﬁsh Bay has not been fully described or mapped, nor has the relanonshlp of various o
-7+ 'habitat types to fish producuon been evaludted.” However, it is known that industrial pollutants have R
. destroyed or s1gmﬁcantly altered ﬁshenes habltat in portlons of J ackﬁsh Bay. T
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: Blackblrd Creek no longer prov1des smtable hab1tat for most aquatlc life and ‘may. affect the surroundmg -

terrestrial habitat. ‘The mill discharge into Jackfish Bay has degraded bottom sediments, fish habitat and .~
potent:al spawning grounds, - Organic sludge depos1ts cover most of the natural sediments in Moberly Bay. - .

o There are no’ data regardmg the possxble loss of wxldhfe habltat, parucularly along the Blackblrd Creek
- System ,
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6.0 PUBLIC lNVOLVEMENT

‘The four Areas of Concern on the Canadran shore of Lake Supenor (Penmsula Harbour, Jackﬁsh Bay, ,
Nipigon Bay and Thunder Bay) have been grouped together as the "North Shore of Lake Superior Remedial -
_ Action Plans". Although RAPS are bemg developed separately for each, a smgle logo was desxgned for the '

: four Areas of Concem. : , s ,

64 ACTIVITIES TO DATE

-~ The lmtlal step in the pubhc consultation program was 1dennfymg potenual paruelpants in order to estabhsh -
"a manlmg list. The list included representatxves from mdustry, government, labour, fishenes, envnronment,

_ '_rea-eauon, education and the general pubhc.

. The next’ step was to develop general mformatxon campalgn matenal to promote the RAP Matenals .
 included brochures, buttons, refrigerator magnets and presentation folders. In addition, a toll-free telephone

- number was set up for interested individuals to call for further information on the program. All people on
_the mailing list were contacted by letter to inform them about the RAP process, were provided with a COopy .-

B ~ of the. RAP -brochure and were mvnted to open houses orgamzed as a "kick-off" for the program.

:The J ackﬁsh Bay open house was held in the Terrace Bay Reoreauon Centre on December 1, 1988
. Materials developed for the open | house included a mobile display, status reports and brochures. - :
Advertisements were placed in the local and Thunder Bay newspapers (Appendix 6. 1). Approximately 65

* people attended the session. - They were provided with information on-the RAP process, the opportunity to- c

become involved in the Jackfish Bay RAP and the importance that the federal and provincial governments -
* place on public paruupauon Attendees were mvlted to sxgn a reglster and were added to the maﬂmg list.

_ After the Open house, all people on the mailing llst recexved letters mfornung them of the suocess of the -
_open house; The next step in the public consultation program was the formation of a public advisory _
committee (PAC)." Suggesuom as to representation on the PAC were sollcrted A number of. voluntéers and

o nommatlons were recelved and the PAC was formed.

The tlurteen PAC members include representatlves from the pubhc, meberly-Clark of Canada, L., Charter -

Boat Services, the mill union, Jackfish Lake Cottagers, the Townshtp of Terrace Bay, Ducks Unhmxted,

L anova Mines, and the Ontano Underwater Counul

- ‘The purpose of the PAC is as follows. (1) act as a focal' pomt for pubhc oonsultauon and thereby allow
effective dissemination of information on the RAP process and environmental conditions; (2) provide an
* additional level of review for RAP documents and remedial options; (3) provide an efficient and effective
- means of ensuring stakeholder input as the RAP is being developed; and (4) provide a basis for broad -
' community support for RAP implementation. The ultimate goal of the public involvement. program isto -
- ensure that the plan reaponds to oommumty needs and enjoys a hlgh level of oommmrty support for
' 1mplementatlon. : _ : S

.- The mtroductory PAC meetmg was held on May 9 1989 in Terrace Bay. Subsequent meetlngs were held -

' . monthly (Appendix 6.2). In addition, a tour of Jackfish Bay was conducted on June 22, 1989 a tour of Lake
A was conducted on July 13,-a mill tour was held on October 19, 1989 and a MISA presentatron to all four ’

‘North Shore of Lake Superior PACs was held on November 25, 1989 ’ . .

PAC members were provnded thh a vanety of mformauon mcludmg PAC Terms of Reference
(Appendix 6.3), a listing of library references for mformauon on Lake Superior, relevant articles: from the

_ .IJC pubhcauon "Focus and summaries of avallable data and reports on Peninsula Harbour envrronmental -
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u‘condlnons Theywerealsogwen coples ofTheGmatLakesWaterQualuyAgeemem F'ust Report underthe :
. 1987Protocoltothe1978GreatLakesWaterQualayAgeemem Aaazens GwdetotheGIeazLakesWater
. “QuahtyAgeemem andvanousotherdocuments R

- On March 22-24 1990 the "Makmg a Great Lake Supenor" eonferenee was held in 'I'hunder Bay “This event
. brought together RAP teams and PACs from Ontario’s, Minnesota’s, Wisconsin’s and Michigan’s Lake =
Supenor Areas of Coneern, as well as, scientists, resource managers, industry people and- environmentalists -
-~ _from Canada and the U.S. The conference provided an excellent opportumty to leam and to share thoughts
L and. 1deas on the dean up -of Lake Supenor and on the RAP process ,

As part of the RAP process, the PAC developed a set of Water Use Goals (WUGs) (Appendtx 6. 4) whnch

: they presented to the public in September of 1990 (Appendix 6.4). A booth was set up at the Terrace Bay
*- Fall Fair in order to illustraté the WUGs, and was manned by both PAC members and Envxronment Ontario

- staff. In addxuon, the WUGs and a questionnaire was mailed out to all households in Terrace Bay. Pubhc

' eomment from both the booth and the maﬂ-out Was meorporated into the. ﬁnahzed WUGs N .

.. On March 23 1991 after Stage One eompletxon by all four northshore PACs, a remedral opnons workshop
_was held in Thunder Bay to introduce PAC mémbers to} Stage Twor of the RAP process, and to begm
o mtroduetng remedlal optlons for rehablhtatmg AOCs oL . _ A

. Smee the i moeptlon of the RAP process, pubhe speakmg engagements by PAC membets and Envnronment
. Ontario RAP staff have been ongoing. - Talks have beea given to school groups and speclal mterest groups,
- anddxsplawontheRAPprogram have been setupatavanetyof funcnons ' ,
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- GLOSSARY, ACRONYMS AND UNITS OF MEASURE






" COMMONLY USED TERMINOLOGY

' “Measurements ahdunirs-v | L |
parts per million (ppm)z
' parts per mllhon (ppm)

) _parts per bxlhon (ppb)

glg = mrcrogramspergram

mg/L = mrlhgramsperhtre ~

N | DU

wiL = mrerogram per htre

- .ng/‘L = i. . nanogramperhtre = partsp‘er-tnlhon (ppt)
pg/L A = » ploograms per htre | =L “parts per'quadrillion'_(ppq)
: mg[kg ._= =

'mllhgram per lnlogram o parts:per »mill_ion (ppm) -

. Hglkg . A'mrcrogram per kilogram . parts per bﬂﬁon (ppb)
ng/kg

' >_ Lid = : : htresperday

a nanogram per kﬂogram

~ parts p'er’_‘t_rillio'n (epY) L

mi/d = , cublc metres per day :
g/ann (/)
) t/ann (kg/yr) = o | tonnes per year

kﬂograms per year '

»LSIer_n = ‘mrcrosxemens per cennmetre (conductmty)
; rngd = » mﬂhons ofgallons per day

Cds = .cublcfeetpersecond



- ACRONYMS

. AOC

'PDT.

Leso ¢

' MNR/OMNR

~ MOE/OMOE

- Area of Concern. An area recogmzed by the Internanonal Jomt Comrmssxon where :
- *° - water uses are impaired or where objectives of the Great Lakes Water Quahty
B Agreement or local enwronmental standards are not bemg actneved R

o Adsorbable orgamc hahdes, mdudmg chlonnated orgames |
Aonchemlcal Oxygen Demand. The amount of dlssolved oxygen reqmred t‘or the '
. bacterial decomposition of organic waste in water. Obtained by’ measuring the
- amount of oxygen consumed by a sample under controlled eondmons overa -
'speaﬁedtlme penod ‘ S : , .

" Canada-Ontarlo Agreement Respectmg Great Lakes Water Quahty' The 1986

agreement whereby the governments of Canada and Ontario recognize their shared

o responsrbxhty to mamtam the aquatxe ecosystem of the Great Lakes Basm. .

L Chenucal Oxygen Demand. The amount of oxygen reqmred to completely oxxdxze S
" any oxldxzable compounds present by chemlcal reagents Lok RS

b Drchlorodlphenylmddoroethane A wtdely used, very persrstent pesuclde (now R
S banned from producuon and use m many countnes) in the chlonnated hydrocarbon .

' Formann Turbldxty Umts A measure of turbldlty

"’ A measure of the potenual to transfer electrons from one atom, 1on or molecule to . o
= another in an oxrdauon-reductlon reacuon (redox potennal) : SRR

- ;Internanonal Joint Commrsswn. A bmanonal orgamzauon estabhshed in 1909 by R
the Boundary Waters Treaty. - Through the IJC, Canada and the United States co- = .
. operatively resolve problems along their common border; including water and axr
_pollunon, lake levels, power generanon and other issues of mutual concem.

_ The concentrauon of a toxlcant or efﬂuent whxch 1s lethal to 50% of the test
: orgamsms over a speclﬁed ume penod ' .

o That dose whxch is lethal to 50% of the tést. orgamsms over a speuﬁed nme penod - o

Loss On Igmuon. a measure (percentage) of orgamc ﬁbre oontamed in sedrment.

: Mumclpal-lndustnal Strategy for Abatement: The- prmcxpal goal of thxs program is o
~_to clean up Ontario’s waterways. It represents a new approach to controlling point - -

source water pollunon. 'MISA will control and reduce the amount of toxic

" _contaminants in all industrial and miunicipal effluents discharged into Ontario’s -

surface waters. The ultimate goal of MISA is the virtual elimination of toxic - :
¢ontaminants from all’ mumcrpal and mdustnal drscharges into_ the provmce s
waterwaﬁ : s _ R

. Ontano Mxmsn'y of Natural Resources

| Ontano Mxmstry .of the_Envlronmentg o



- OWDG -

'U.S EPA :

‘srp/wpcp ;

. Y‘Waste Water Tx_'eatment Plan-

Open Water stposal Guxdelmes (for dredged matenal)

' Persxstent Toxic Substance Any toxxc substance w:th a half-hfe in water of greater
- than exght weeks. . . o

Provmclal Sedlment Quality Guxdelmes

h Remed1a1 Actlon Plan: Thxs isa plan to be developed with cmzen involvement to
~ restore and protect water quality of the Great Lakes. There are 42 Areas of

Concem in the Great Lakes Basln whxch will develop a RAP

o Umted States Enwronmental Protecuon Agency
'Sewage Treatment PlantIWatet Pollutxon Control Plant’

" Toxic. Eqmvalency' the sum of dloxm and furan congeners expressed as bemg
, ,equxvalent to 2,3 7 8-tetrachlorodxbenzo-p-dxomx, the most tox:c oongener



AR OXYGEN

: .-'DRAINAGE BASIN

| GLOSSARY
ALGA. B
o ANoxxA a

: BENTHIC / BENTHOS

o BIOMASS

| BIOMONlTOR_ING :

o (Algae) Srmple one-celled or many-celled mlcro-orgamsms capable of carrymg on
. photosynthesrs in aquatre ecosystems, a form of aquatlc plant. E S

The absence of oxygen which is necessary for sustarmng most life. In aquauc o .
. ecosystems this term refers to the absence of drssolved oxygen. ERR S

'Aquatrc bottom hvmg orgamsms
Total drywelght of all hvmg orgamsms in a glven area.

“The use of orgamsms 0 test the acute toxlclty of substanees in efﬂuent dlscharges
~as well as the chronic toxicity of low-levels poll-utants in the ambrent aquatxc .

. envrronment.

' CARCINOGEN
. CHLORINATED - -
© ORGANICS

' DISSOLVED.

DROGUE -

o EcosyerM .
EPILIMNION -

| EROSION

' Cancer-causxng chetmcals substances or radratlon

An’ orgamc compound which. includes chemrcally bound

' chlorine. Thousands exist but only a small proportion of those formed in the kraft S
o ‘mlll bleachmg process (whenever chlonne is used) have been 1dentrﬁed o

" The amount of oxygen drssolved in water. See BIOCHEMICAL OXYGEN
'DEMAND.. o | | B

»,' A body of water and the land area dramed by it

A devrce used for measunng current speed and drrectlon -

~ The mteractmg complex of hvmg orgamsms and therr non-hvmg envrronment, the
. brotlc commumty and its abrotrc efivironment, : .

-"Any hquld and assocrated matenal drscharged from mdustnal or mumclpal sewage L .

treatment plants drrectly or mdrrectly to any waters

, _The warm, upper layer of water in a lake that occurs wnth summer strauﬁcatron

o The wearmg away and transportatlon of sorls rocks and drssolved mmerals from' the _ N

land surface or. along shorehnes by ramfall runmng water, or wave and cun'ent

Lo actron.

 EUTROPHICATION'

'_ The process of feruhzatlon that causes hngh productmty and bromass in an aquatxc AR
- -ecosystem,  Eutrophication can be a natural process or it can be a cultural process - . .

- '- '.accelerated by an increase of nutnent loadmg to a lake by human actmty

- EXOTIC SPECIES

* FOOD CHAIN

o Specles that are not native to an area and have been mtenuonally mtroduced or:
L "have madvertently mﬁltrated the system , , Sl

The process by whrch orgamsms in hrgher trophrc levels gam energy by consummg | f -

orgamsms at lower trophrc levels



- HYDROLOGIC.

.. pH

. PLUME

'GREAT LAKES
'WATER QUALITY

' AGREEMENT

"~ * GROUNDWATER - .

CYCLE

" HYPOLIMNION -

 LEACHATE -
'LITTORAL
NON-POINT
'SOURCE

OLIGOTROPHIC .

' PATHOGEN

PCBs.

. PHOTOSYNTHESIS

* PHYTOPLANKTON

A joint agreement between Canada and the United States
which commits the two countries to develop and implement -

.a plan to restore and mamtam the many desxrable uses of the Great Lakes Basin. .

Water entramed and ﬂowmg below the surface whtch supphes water to ‘wells and
- springs. B : , :

The natural cycle of water on earth, mcludrng prectpttanon

as rain and snow, runoff from land, storage in lakes, streams, - and oceans, and .
'_evaporatton and transpiration (from plants) o . .

The cold, dense, lower layer of water ina lake that oocurs wrth summer ‘, i '-

- stratification.

Matenals suspended or dxssolved in water and other hquxds usually from waste sltes

'v .‘that percolate through soils and rock layers. -

.Productrve shallow-water zone of lake in whxch hght penetrates to the bottom,

allowmg vegetanve growth

Source of pollunon in whleh pollutants are drschargcd over a wxdespread area or
from a number of small inputs rather than from dlstmct, 1dent|ﬁable sources..

A chermcal that is an essentral raw matenal for the growth and development of
o orgamsms L

"Ohgotrophtc waters support low levels of plant and ammal hfe, as they are not lugh

in nutrients.. For this reason they usually contam hrgh levels of dlssolved oxygen D

L ‘See TROPHIC STATUS -
A dlsease-caustng agent such as bactena, viruses, and parasrtes B

. Polychlonnated btphenyls A class of persxstent orgamc chemlcals that
- bloacmmulate : : ,

: .. ' _A measure of the acrdIC or basic nature of ‘water or some other medium. Values
" of pH below 7 represent acidic conditions and values above 7 are basic. A change

of one umt, for example from 7 to 6, represents a ten-fold increase in acrdlty

B A process occurring in the cells of green plants and some mlcroorgamsms in Whl(‘.h .
o solar energy is transformed mto stored. chermcal energy ’ ) .

; -Mmute, mncroscoplc aquattc vegetatlve life.

: 'Due to temperature d:fferences between efﬂuent and the recemng waters, n
 effluent discharge will form a surface plume/bottom plume when it is '

s ,warmer/cooler than the receiving waters.

" POINT SOURCE

. PRIMARY .

A source of pollutlon that is dtstmct and 1dent1ﬁable, such as an outfall plpe from
an mdustnal plant. o , o .

' - Stage of effluent treatment in which suspended solids are -
removed from effluent. Normally includes de-watermg the recovered settlcd solxds S
to facthtate landﬁlhng or mcmeranon. ' o



- RESUSPENSION L

' SECONDARY L
' TREATMENT

| 'SEDIMENT

s .STRATIFICATION
‘THE,RMOCLNE'» o
- _TOXIC ‘SUBsirANcai

- TROPHIC STATUS

. -,The remmng of sed:ment parucles and pollutants (of sedrment)baek mto the water =
B by storms, currents orgamsms ‘and human actwmes such as. dredgmg

- Stage of waste treatment in whrch decompose orgamcs constituents in efﬂuent
and reduce toxlelty 4 A :

‘_ The ﬁnes or soxls on the bottom of a body of water. |

'I'he tendency for deep lakes to form dlstmct (or layenng)layers of water as a result' .A

: 'of vertlcal change in temperature and therefore in water densxty

A layer of water in deep lakes separatmg the cool hypohmmon (lower layer) from =

-the warm epthmon (surface layer). .

As defined in the Great Lakes Agreement, any substance that adversely affects the S ‘

‘health or well-being of any living: orgamsm e

bA measure of the brologxcal producnvrty ina body of water Aquanc eeosystems

are characterized as ohgotmphlc (low productmty) mesotrophxc (medlum

: o -productmty) or eutrophlc (tugh producnvrty)



: APPENDIX 3 1 WATER QUALITY DATA FROM THE 1970 1981 AND
- ‘ T 1987/88 OMOE SURVEYS







| ., APPENDIX 3 1 WATER QUALlTY DATA FROM THE 1970 OMOE
: . e SURVEY (OMOE 1972)

(Statlon Iocatlons are shown m Flgure 3 1) e
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SUMMARY OF  WATER. QUALITY DATA, 1970, - JACKFISH BAY

: ) Dissolved Oxyacn BQDs — saltdl' !fno' Sulphates | Phenolic ,COlqur_ i ) (J::::éziazits).
St“’loﬂv ‘'S t.u. ai' ' ) . . | Substances llazeh . . o .
-} . Location |. % SetUr ion Total Sulpended L S ’ Colour
. o : mg/) |- ug/l mg’l mg/1 19/ | gnies
Blackblrd - 175 1,100 105 695 15 " 850 1,375 6.2 . > -150
. Cteek R . N S - ' o I . .
1. Hoberly ‘Bay . ) . B s . . -
lStation) : E : : T o , AR
1 60 . 240 1,300 26 845 1Y 670 > 2,500 6.7 >. 150
2 71 1.9 .76 - 4 23 8 '19 46 - 7.4 4
3 75 - 2.5 .79 7 19 4 13 45 7.3 3
'S .75 3.1 a0 . 3.5 24 4.2 2 56 . 7.3, 4.5
- 3 75 - - P A 75, 2.7 " 20 2.1 - 16 6. . 7.3 3.1
6 77 2.6 .. 76 R .16 2.7 . 17 31 7.2 4.9
? <27 .. 2.0 75 3.5 21 .3, 14 40 7.3 o
[ 71 2.9 © 80 . 8.6 2l 2.2 11 28 7.3 2.5
9 80 2.0 0 74 ST ST 32,5 ‘2 10 23 1.2 k]
10 .78 1.6 69 4.6 <10 1 5. 15 7.4 o2
11 .15 1.8 67 8 < 10 1.5 .. 8 S .2 1.7
12 76 1.4 79 6 <10 .1 3.3 < 10 7.1 1.8
13 75 . 1.4 75 - - <. 10 N T B ¢ <10 . 7.2 4.1
14 8l 1.3 .76 - -5 < 10 1 L0, < 10 7.2 1.6
15 7. 1.4 0. I SR e X . | <1 <10 . 7.2 . L1087
16 2 1.4 .60 .8 U<« 10 - 2 <1 10 7.3 1.5
17 90 1.4 83 L1 <« 10 1 7.%. <107 7.0 2.5
18 90 - 1.2 .78 8 < 10 1. L0 < 5 . 7.2 1.8
- 19 .94 1.3 90 L < 10 -1 0 - <. 5 7.1 1.3
© 20 - 86 1.6 80 S <10 1 -0 <5 7.3 ‘1.8
21 96 . . 1.3 83 ) < 107 ‘1 0 < 5 7.0, 21,8,
122 - 82 -1.2° 208 5 < 10 1 0. € 8 6.9 - 1.5
y . . : *
Bacteriological Enumeration . _ . S .
) ] : - : . —— . - . . Phosphorus Nttrogen
Station Total Fecal ~ - -Fecal - Total - _ Soluble Free Total Nittlte Nltrate
Location . | .. Coliforms ' Coliforms Stxeptococci Lo o : - NHg - Kjel, - : :
: o . per 100 ml : ) “mg/l : mg/l
' Blackbird , , T R . i - o
‘Creek : - - - - -0.185 0.110  0.38 1.2 0.07 - -'0.03
. 'Hoberly Bay ) Lo . . .
: ,GStation) S . . . . B o g ‘ . R
1 S S e 0.21 0,098 0.33  2.06 - 0.l1: '0.04 .,
L2 3,900 < 4 3¢ 0.20 0.011. . 0.01 0.25. 0.006. - 0.16
3 2,200 EES 12 0.01 0.006 < 0.01  0.17 . 0.006 - 0.21
4. 2,400 <4 | I 0.013 0.008. < .0.01- 0.2) - 0.006 . 0.20
.S 2,200 <4 - 4. - 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 - c <4 : 6 - 0.019 0.004 < 0.01  ©0.20 - '0.005  ~ 0.21.
8 . 2,000 < 4 16 0.012 0.005. < 0.01. -0.18 -"0.006  0.19
-9 ,484 <4 20 0.01 0.007 <. 0.01  0.16 - 0.004 . 0.21
10 168 L < 4 S 4 0.008 0.005 "~ <.0.01  0.20 . 0.004 0.21
B § 3 220 <4 R 0.009 0.005 < 0.01° 0.15 . 0.004 0.26
~12 .86 <4 P 0.015 0.005. < 0.01. 0.40 ~ 0.004 0.24 . -
13 72 < 4 < 4 0.011 0.006 < 0.03 0.24  0.003 0,26 -
14 26 . < 4. A 0.007 0.004 .0.01: 0,11 .- 0.003  0.28
15 - 46 < 4 < ¢ -0.013 0.002 0.06 0.22 0.002: 0.20
16 250 <4 . <8 0. 012 0.01 © 0.04 0.10 0.004 . 0.26
17 N.A. < 4 < 4 : : 0.002 - 0.02- - 0.24 .- 0,003 - 0.25
18 - 12 < 4 < & . 012 .- 0.005 . 0.02- .0.15 0.003 . 0.27
19. 16 A 1 12 0.007 . 0.003  0.01  0.18 .. 0.003 -~ 0.28 .
20 40 - ‘< 4 <. 4 0.013 0.005 < 0.01 0.14 0.003 - 0.28
21 - 14 C K 4 < 4 0.013 0.004 < 0.01° 0.1l 0.002--"0.28
22 10 ‘<4 . < 4 . 0,015 0. 005- 0.01 . 0.14 0.003 0.29

Means
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APPENDIX 3 1 WATER QUALITY DATA FROM THE 1981 OMOE
S SURVEY (KIRBY 1986)

(Statlon Iocatlons are shown in Flgure 3. 2)






Summary of the Water Qua11ty at Stations 701 726
' in Jackfish Bay, 1981

- DOC (mg/L) -
-median
a.range

COD (mg/L)
. median
range .

. BOD (mg/L)
© - median
range

COND “(us/cm)
- median
range .

- Suspended solids (mg/L)A.
. - median =
- Paﬂge_v"

‘f:Colour (hazen units)

v median
. range

"VTurbidity (FTU)
© median
' }range ,

SR ,Temperature (° C)
: median
.- range

'  _. -1Insqff1cienﬁ(bét3":] :

0 1-931

g

©1.2-88.5

20
ﬂ<1o 510

©o1s5
© 100-1190-

Co1-120

29

- 10
614

:~SEPTEMBER S

1.6

. 0.5-57.5

1 o0

106
937%0



Summary of the Water Quality at Stations ;‘.'i-
' Used in 1970 and 1981 o -

- 1e8l

“'t,fi‘COD"(mg/L)_c'ir

v median"'_i
_‘range .

" BOD (mg/L)
. median
’_'range

A-Sulphate (mg/L)
_ ' median -
- rangej

Colour (Hazen Un1ts)
-~ median-

‘range . . ..

"‘pH E R
S .-median
range

ifReactive Phenolics (ug/L):'l

- median’
. range

'-itjoﬁt'; o
- <10-885

<1 670

32
. 6.7-421.6

3.9

-‘;o 1-71.9.

:7"3f6i26;0't

33 5

g’ 3 344. 21'



0 June.

‘tJunﬁi
  AfJuth
 {5e?t5

g Sepi;

23
FI
5
14 -
15

16

-

-

Tt O O D ) e PR D ) bt e O )
‘»e - . e ee e@ .o o .

(e}

[ ]

|

-

Provincial Water

Quality Objective

= Not Sampled

‘am

pm

pn ‘_ﬂ

am -

am
pm
pm

- am’
am

pm

'pmn*"

) an
.am ;.
pm
pm
am
.am
) pm
 pm
am
-am

pm -
o

- 0.003°  0.015

Concentrations (mg/L) of Metals Detected

at Station 701 in Jackflsh Bay o

- 1981 -

o Cadmfun.'cnromiumf.eCQpper'

~ Nickel

1v':Lead.’

0.002 .0.020
.002 . 0.011 .

.009

.002  0.009 °
.002 ~ 0.008
.003  0.009°
.003  0.011

006

occo'oooﬂ

.003.  0.012
3 0.011
.002  0.007
.002 -~ 0.009 . -

007 - 0.023 -
.002 -~ 0.017
.002  0.013
.002 - 0.011

o ocoooc. ococoo ocococo ©
o
S
(%)

.002 -~ 0.011 "~ - 0.072
0.002 - 0.013
0.002 - 0.011 .

10.002 - 0.011

.Vio'bls'l

©0.0002 0.100 ~ 0.005

.010
010

oo

040
008

.020-

.000
,200
.000 -
008
.047

.008 .
.008 - -

cocoo. oo -

70.003
0,009 . -

F——

.007

.

. 0.016

- 0:025

.005.
.004

.028.
012
017

015

.014
.014 -
.017 -
015

(=)
=y
o

- Zinc

-

C0.082
0.039
0.048

0.004

0.002

0.001
- 0.001

0.001 -
0.001
0.001 "
0.001 -

”:.fO;OOi,f"'
0.001

0.005 -

O I

'ooéo”OOGOﬂcocp'occc coco ..

.050

.030

.050

.050
.040

.090

.040

0030

060
.050.

050
080
080

0050”; R

046 *
042 -

038
031 .

028
029 -



' Concentrations (ug/L) of Mercury in Jackfish Bay
R I o

Stat1on u»*f;_i;.;fAJnne,23 June 24 June 25f fSeﬁtQi4_'}Sgp£'15 Sept 16

00 am . o 0 14 o
:00 am = o 0.08 -
:00 pm - o0 o <0:05 -
00 pmoc ~-<0.05 .-

0L

1 <0.05. " . <0.05 - <0.05

QUF‘F‘QD

©0.05. <0.05. " <0.05

’ .*702 i '1.4
709 0
S 7100 -
SRR b § R
o2
ona
R 7l9_'“'.

0,15"‘ © 0,39 <0.05 - <0.05

.0.05  «0.05 - <0.05  <0.05  <0.05
<0.05 . <0.05 - <0.05 . <0.05 . <0.05.
005 0,05 - .05 -

. . . .. L] L] L ] .
AN NNOD. O W

Ny N R Ry
TR

©0.056 - <0.05 .

OO
L L)
e AD ~d

- 00 005 <0.05 - ©.05

o Not sampled S :
D L Prov1nc1a1 water Quality ObJective 0 2 ug/L

.05 <0.05 0.8
0.07 . <0.05 - <0.05.
'"20 05l.:~.vo;11_i*7;?o;b5."‘:_30;05‘»f_‘<o{05‘ N

S <0.05 ¢ <0.05
©0.05  <0.05 - 0 <0.05 - <0.05  <0.05



o Conéentrétiohs;(dg/Li of Phenolic Compounds Dete¢ted ih JackfﬁShJBay - 1981

' = N ' b3 b o 'HomovamlhcI o b o Aceto- -
: | ': 2,3,4 TCP : 2,4,6 Tcp2' TTCP ':. . PCPlv'{ " Phenol :< “Acid . :‘ Vahi]]in': Guaiacol': vanillin
L 701 June 23 1 1. 30‘ ' 3.30 '~’ - o060 ' o4t .owp b b e -
' S N LA 0.25s ! 0.5 ! ‘w: b 263 100 ! 235 ! -
b 25 boon2z b o700 ! o3 b o b oy o212 b 106 1 2650 ! -
V702 gune 23 ! ND. I 2.00 ! 0.30 ! 0.25 | N ! 158 . ! s 119 ! -
e b w1160 b gu2s ! W b np - ! 79 b3 b g -
704 ~gune 23 ! o008 ! o522 ' 008! o1t o N ! 40 ! 19 0 s -
' 24 ! o008 ! 045 ' o0.08 ! 0.19 ! ‘np ! |11 S R 2 S -
| 705 gune 23 I np I 0.2 | w b o006 oo - | - ! - -
I 7 o | - ND - ’_I CND 1 ‘ND-  '| “. " ND 2 - ! - 1 o - | o
| 706 June 24 - ' b V- p.a5 ! 0.07. 1~ o0.05 ! — <o b oo - -
1707 Jgune 23 ! w ' 043 1 90w ' _0.07 ' wp ! 19 | g | 18 ! -
70 gune 23 ! W ! 0.20 s ND. ! ND - - ! - b ' -
713 June 23 ! - L ' - b -t W ! N ! oo ! -
P R I LT T S fd | | | A
R R R S . co - | | S o
Y701 sept.14 ! w1 wp | ‘b g0t 21 ! N ! w Voo 5.2
b s o b ! NDo ! - P05 Po1s0.0 ! oo ! 18,4 1 13921 sa0
S T SUREL N 1) MR N ) R L | N NP 3P S N 12,8 11494 1 6202
1702 sept. 24 ! " np .V N ! N no ‘N | T JRL R ¥/ S n ! ND -
V708 sept.14 ! wo ! N N o ! mw. ! w. ! ! T IR ' R ND
| 707 sept.24 ! wo: V' . ! ) L R T, B R |/ I BT x| Noo PN
V709 Sept.24 ! w0 w1 -l oowp b wp ! N | w. Voo ! ND
V910 sept. 24 - ! w- ! wp ' wp ! no ! wp ! - ooow b N ! ND -
'712 sept. 14 ! w ! wp ! o ) SR ' N m ! wp ! ND
v:i714 . Sept. 14 : ND- :, ND V.A:v, ND { ‘ ND_~;: . ND : ND : ND : ND : ND

TTCP - tetrachlorophenol

~ TCP. " = trichlorophenol - .

PCP - pentachlorophenol =

- ND = Not Detected ' _ , , _ _

oo Not Sampled ' ’ " '
: 1Prov1nc1a1 Water Quality. ObJect1ve for PCP = 0.5 ug/L S

AZProvincial water Qua11ty ObJect1ve for tota] TCP 18 ug/L



Concentrations (mg/L) of Aromat1c Re51n and Fatty Ac1ds
. f in Jackfish Bay, 1981 _

Fattz Acid EREE e' ”“l S 'F» ';t. v' ‘ "5':f Aromat1c Ac1ds RSN
Lauric Myrist1c Pa1m1t1c 'Stearie'.301eic Arachidic Benzo1c : Phthalic '

©. 701 Jume 24 - 0.023 - ND . 0.08 - 0.036  0.140 . 0.105 | 0.064  0.034

- June 25- ,_"1.0791 S ND . 0.079 ©0.041 - 0.131 - 0.205. < 0.098 - 0.0411

"*-”701"5ept.f14"-),,1 Nb O ND .0z . NP NDC UND . ND o ND
" Sept. 15 ND . 0.05.  0.04 ND . ND. _ND_ . _ND " - ND
Sept. 16  ND . KD 00003 WD LMD N W WD

702 sept. 14 D WD  'tf W W, N N ™  w
704 Sept. 14 - ND © - ND° _ ND . ND - ND - ND N iND -

. 709 Sept. 14 . ND . . ND - . ND"° - ND  .ND: ND o . ND L ND

710 Sept. 14~ ND . ND ..  ND- - ND  ND  ND - ND" - ND
. 712 Sept. 14 - ND - ~ ND - - ND-  ND .. ND ND . - - ND - ND .
714 Sept. 14 T ND - "ND'Q"w",],ND' . ND - ND ND . ND - ND

Reswn Ac1ds *'nt
- Sandaraco-

P1mar1c : p1mar1c Levop1mar c Isopimeric ‘Neoabietic Abietic -

. 701 June 24 i"‘,’7fo.324 03 W0 05 1360
. June 25. - . 0,072 . ,_,Q .74 ,_: SN rn2l - T 1.2 o 2.27

701 Sept; 14 . 0.3 ND . 0.06 0.5 N - 2.87
. 'Sept. 15 .. 0.6L.  ND . - 0.49 - 0.38 . 0.09 ~  2.62
o Sept. 16 048 MO 0.0 0.4 0.0l .80

702 Sept.14 - ND - ND . . 0.43 - .0.04 . ND - 0.36
704 Sept. 14 .  ND - -°ND . ND - - ND . ND - ND

709 Sept. 14 - ~ ND - ND ~ ND- - ND - ND . ND.
© 710 Sept.14 - ND . S ND ¢ - ND _ ND . ND . ND
. 712 Sept. 14 - ND  ND .. . ND. _ND - " ND - ND -
s Sept. 4 N - CND._  ND_ ND . - ND - ND. -

: ND - not detected



APPENDIX 3 1 WATER QUALITY DATA FROM THE 1987/88 OMOE

SURVEY (SHERMAN 1991) |

(Statlon Iocatlons are shown m Flgure 3 3) J o
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| You can gel

IR lnvolved'

Pub!_ic involvement is an imporfant part of

the RAP process! Program's to involve all those

inferested in.or responsible for water quality in -

the four northern Lake Superior areas of
concern are now underway. To find out more -

about what is planned for your community, and - -

how you can get involved, call our {0l free
number, 1-800-465-6854, and leave a
message for '

« Pat Inch, RAP Coordinator
Penmsula Harbour

e Jim Murphy, RAP Coordmator e
- Jackfish Bay :

» Jake Vander Wal, RAP Coordrnator
Thunder Bay/ Nrprgon Bay

o Envrronment Ontario

* P.O.Box 5000, 435 James Street South
- Thunder Bay, Ontario P7TC5G6 = = -

"Remedial Action Plan
Plan d’Assainissement -

Canadﬁ @ Ontano

. Aroamere resecrs Groel Lavas Ve
- rmm-n-uu-n-.—nmnua

. NORTHSHORE,.
 OF LAKE SUPERIOR
_REMEDIAL ACTION PLANS

m Lake Superuor"

. Soare the Federal and’Provincial govemments :

The Internationat Joint Commission (lIC)

" has identified 42 pollited areas on the Great

Lakes as areas of concern for which clean-up
or remedial action plans (RAPs) must be pre-
pared. Sevénteen of these areas are Idcated in

- Ontario, four on northern Lake Superior.:

“Under the-Canada-Ontario Agreement

‘Respecting Great Lakes Water Quality, Envir-

onment Ontario and Environment Canada are
coordinating the developmént of the 17
Canadian RAPs. The Ministry of Natural Re-
sources is playing an important role in the North

- “Shore of Lake Superior Refnedial Action Plans.

r

Are you concemed about water quallty .

Each RAP will: defrne the boundarres otthe
affected area; identify the sources and causes
of the pollution; identify the uses which are
impaired; recommend remedial measures to

. restore desired uses, include an implement-

ation timetable; identify the agencies respon-
sible for implementing the RAP; and containa.
progess for measuring the degree to whrch
restoration is aghieved. *

_The contents-of this brochure will famrharrze
you with-the reasons why there are four north-

~_ern Lake Superior areas of concern: Thunder
Bay, Jackfish Bay, Peninsula Harbour and
Nipigon Bay , ,




E‘@P

NORTHSHORE  *
OF LAKE SUPERIOR
REMEDIAL ACTION nums

f ThunderBay -—

-~ . Pollution problems in Thunder Bay
. identified-around 1970 included gross poll-
*ution by-raw sewage, bottom depositsof
sludge and rotting woodwastes, floating .
* sludgemats, foaming, and merfcury and PCB -
" contamination of sediments and fish.
- Sincethat time, poliution abatement
_ measures have been taken by the municipal-
ity and industry to |mprove water quamy but
‘problems still exist. .
.. -Fish continue to die because of hlgh
loadings of organic wastes to the Kaminist-
iquia River during low summér flow perfiods.

" " The discharge of toxics, including-persistent . -

.~ chiorinated erganics to Thunder Bay from -
pulp and paper mills, have serious conseq-
uences 10 the Lake Superior ecosystem
because many of these compounds do not

* . “break down easily, may cause cancer and

genetic mutations, and may bioaccumulate’in” -
the food chain. A poition ofthé inner harbour -

. has sediment seriously contaminated with. ©
- dioxins; furans, pentachlorophenols; creosote
and other toxic poliutants as a result of '

- Creek.

]

‘historical problems associated with the wood " - -
‘preserving industry. Fish are contaminated- -

with-mercury, PCBs and other contammants
As well, bacterial contamiination has resulted

in penodlc closures of Chlppewa Beach

JackﬁshBay —

Water qualrty in Jackﬁsh Bay, which has f _
been monitored since 1969, is degraded asa-
result of mdustnal drscharge to Blackbrrd

Although pollutlon control measures have
resulted in less pollution entenng the creek

/. and, therefore, Jackfish. Bay, serious. pollutlon
-problems remain.

Toxic chamicals, mcludlng persrstent

N chlonnated organics, are present. The water
.. is-discoloured: There are high levels of -
- bacteria. Blackbird Creek and pars of

Jackfish Bay are unable to support normal o

.. aquatic life owing to effluent toxicity and

contamination of sediments. Fishare, also T

N .comamrnated wrth mercury

or 161’*11

Prior 1o 1984, water qualrty surveys
indicated that the rain impacts on this area of
concern were: bacterial contamination; aes-
theti¢ impairment. (odour and foamy; high -

- levels of mercury.in fish and bottom

sediments; and organic ennchment of the
lake bottom, »

Although measures have been under- '

- takento |mprove the water quallty pollutlon s -

still a problem. -
Toxic chemicals, mcludmg persistent -

. chlorinated organics fromi an industrial dis- .

charge, find their way to Lake Superior.

. Sediments remain contaminated with mercury . -
asaresultof hustorlca| discharges.

Whrle fishin Penlnsula Harbour are

: - healthier now than in the past as a resuit of
~ ~decreasing PCB and mercury concentrations, -
-+ these contamiinants.still present a problem. .

'Peninsulal-larbour — v NlpigonBay ——

Nrplgon Bay recelves mumcxpal waste- )

‘water from Red Rock and Nipigon, as well as

industrial wasteWater from a pulp and paper

Comil O
" Before 1974, pollunon resutted in odours, »

tainting of fish flesh and changes 1o the’

" aqualic commuriity which included the ré—

placement of clean water organlsms by .

. pollutron tolerant forms. .

|mprovements to wastewater treatement )
since 1974 have contributed to improved

. .water quality inthe bay. However, water
- quality continues to be impaired. -

Presently, there is an occasional taste

- "problernin the.drinking water. Furthermore,
-the industrial effluent which.contains toxic.

chemicals including persistent chiorinated

- - ofganics, remains concentrated in the- surface ;
- . water layer of Nlprgon Bay




. NORTH SHORE .
 OF LAKE SUPERIOR -
REMEDIAL ACTION PLAN

7

Open House

. : -A cIeanup or remedial actaon plan (RAP) is requued for p
. dealing with water pollution in Jackfish Bay. 5

~ You canget involved! Attend an open house to Ieam about
" -the Jackfish Bay RAP and to meet and talk with the federal-

B provmcnal team coordinating the development of the RAP. .~~~

" Thursday, December 1, 1988
200pm-400pm or700pm-900pm
ST Terrace Bay Recreation Centre

e Highway 17 and Selkirk Avenue
I - Terrace Bay, Ontario POT 2wo

* For further details please contact
JimMuphy
RAP Coordinator -
Environment Ontario -~
3rd Floor, 435 James Street South -
~ Thunder.Bay, Ontario P7C 5G6
- 1-800-465-6854 (Toll Free_)'- -

RemedialAcbonPlan
Mment

Canadﬁ ®Ontario )

Canats-Oers gt Somaey o s o Oty
LA I Ot A/ 5 & D G (i G e Samg la0s

B2



© JackfishBay

" ByDARCEYCHERNYSH = .
.. 'NorthShore Bureau - .- "
' TERRACE BAY — Before they can

plan their next move, the Jackfish -

. Bay Public Advisory Committee -
“must first determine how extensive

-pollution is in the bay, said the com- -

mitteechairman. - ¢ . . -
~'First the group has to document if
-there is a pollution Frobl_em and, if so, -
- how big- of a problem it is. “So, we .
don’t exactly know what the next step .
. will be,” said Jon Ferguson. - :

"The committee has hired a consult- -

ing firm to test sediment content and
- depth at-three locations along the
Blackbird Creek system, including

" . what is commonly referred to as

- LakeC which is closest to Lake Supe-
Jorior. - o

" Samples were taken in early De- =~
- cemberand Ferguson said thereisno:
. word yet-when the test results willbe -

available. He also explained that the

Ministry of the Environment willalso -~

" befesting the samples. .

Water quality in Jackfish Bayhas - =

.- been monitored for the past 20 years

" and, despite pollution control mea-

sures, pollution remains a problem.

Industrial discharge in Blackbird -

* " Creek has left the water incapable of
supporting normal aquatic life and

. parts of the bay-itself cannot sustain -
" ‘normal aquatic life because of the ' .

- toxic effluent and sediment contami-
nation. . ) :

" Even though the Kimbet:lyeClérk' -

paper mill has taken pollution control

measures, Ferguson explained there .

is concern pollution could still be a

problem further along the creek sys- o
tem. . o i

- “It could be worse,” he'said. “But
~. there might be no difference (ei- -

-ther).”” L.

- If a problem is'seen'the group will - .
have to determine what c_legg-l% ac-
", ‘tion could be feasible. Removal of the -

‘contaminated sediment could-be an -
option while another scenerio might -

_ see the sediment buried so deep such =~
- amovewouldbe inappropriate, - 1.

- The committee has to wait for the =

", test results before even attemptingto -

~ “outline a plan of action, he added.

In-the province, 17. polluted areas ‘

' within the Great Lakes system have -

been identified as problem areas re- -

- quiring investigation and clean-up. A’ -~ .
" remedial action plan is being devel- ... -~
. _-oped to restore the water quality for-
.~ each area with involvement from dif-
. ferent levels of government and va-
" riousinterestgroups. - - . . -
. Canada and.the United.States, ~
through the International Joint Com-- -

mission, are both examining the im-

~ - .pact of pollution on the Great Lakes
~ -and establishing remedial action -

* plans: The action plan will: identify
 specific measures to control existing:

- sourges of pollution, abate environ- -

mental contamination already pre-

_ - sent andrestore beneficial uses. . -

~.. Other areas in'the region with re- -~ = .
-- . medial action plan groups include = -
-, Marathon’s Peninsula Harbor, Nipi- -

~gon Bay and Thunder Bay. -



 Study of Blackbind Greek svslem .
 selects options to restore water nualllv

The Jaclcﬁm Bay Remedial

. ‘Action’Plan (RAP) Team, in
. consultanon with the Public.

‘Advisory Commlttee (PAC),

" has commissioned a study of -

_ the Blackbird Creek system
- This smdy ‘will answer a num-

ber of questions which will -
" assist the PAC and the RAP
Team in selectmg remedlal'_

optlons to restore the water

: - quality and aquatlc habltat of
S .JaekﬁshBay :
. 'There were five specxﬁci

quesnons put to the consultant. .
» .. 'The costs estimated for each

- option in this-report were based

T Are the hxstonc contaml-

" 'nants in Blackbird Creek and
o its assoctated lakes contnbut-v'

-'ing to the overall toxic/contam-

~"inant load to Lake Supetior? If -
_ " so, where are the sources and .
- how significant are they. -

.. *1If the pollutants, contamed
~within the sediments of Black-
bird Creek and its assocxated-

" load? - :
* What remedlal opnons are
 available to assist in the natural
recovery of Blackbird Creek
and its associated lakes and -
what are the costs of each.~

-for what penod of nme would
they continue to contribute to
the Lake Supenor contammant

option?

-In the 1984 feas1bthty study

of outfall alternatives, prepared

- for meberly-Clatk of Canada .
Ltd., five options were pro-

posed for effluent dispersion.

upon 1984 dollars. and con-

struction methods. What costs
'Iwould be essenttal with each}
optlon ‘based upon current mar- ‘

ket conditions? -
“* Assuming that Ktmberly-

‘Clark of Canada-Ltd. were to
cease ‘discharging - effluent into
‘Blackbird -Creek system, how

' lakes, were to remain in place, long would it take for the sys-

tem to recover to background _‘ _'

-'condmons (sedxment and-:

Water)" , _
“The study has been complet-

‘ed and will be circulated for

'PAC review in early August.

‘The PAC has also had the
opportunity to review some -
mformatton_"f -

introductory.

,'regardmg questlon four and a- o
~’Preliminary Baseline Study of - -

Vegetation and Rehabilitation
Potential. This study outlines

the use of wetlands as a clean- = -
ing System for Blackbtrd con- L
taminants. '

The PAC wxll be meetmg to

discuss this report on August 8,
"7 pm. at Birchwood Terrace in .

Terrace Bay. This meenng will -

become the first:in a series of . .
: meetmgs where the PAC will . .-
review options and recommend I

‘what action: w1ll best achxeve

the water use goals for Jackfish . =~
‘Bay. PAC meetmgs are always o
open to the pubhc . S






APPENDIX 6 2 CHRONOLOGlCAL DEVELOPMENT OF PUBLIC

INVOLVEMENT






‘Date -

December 1, 1988~

© May9, 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, 19‘89_

January 4, 1990

. February 1, 1990

" February 22, 1990 -

"-;.}Jackﬁléh‘ ia;y' open H‘.’:“;S"»S .
: .‘:»fntfoduc;ory ?AC'Méeti#g. i
1 PAC Meetmg "
' Iacl'{ﬁsh'jaay Tour and PAC Méetigg B
Luke *A" Tour and PAC Mting #4
,, P.A‘C:Méétiﬁg # -
- x | ximbgﬂyfélgrg Mill Tour | ,'.‘ -

PAC Meeting #7

Techmcal Terms _inf_o'rmatidh- Sessio‘n‘s_' .

MISA Presentation for all four North”

‘Shore of Lake Superior PACs

PAC Mecting #8 -

PAC Mesting #9°

" PAC Mesting #10

PAC Meeting #11



' March 2224

Mgrc_h 2'9;: 1990 .
: M”y 17»1990 L .
o
September 9, 7'1_9'550'_ -
| September27, 1990 .
: vI.*Ilc;\vAzqmber 22,1990 . B
Dot 1950
* Forary 18, 1991

" March 23,1991

- April 11, 1991
_“May 23, 1991

o August 8 1991

o __Makmg a Great Lake Supenor Conference

| PAC Meetmg #12 .

PA_c Meeiigg #13

- PAC Meeting #14
| PAC Meeting #15
g BAC'Mee;ting #"16‘ :

- .PAC Open House to present Water Use
: ~Goals to Pubhc : .

 PAC Meetihg' '#1_7--
. PACMeeting #18

- PACMecting #19

PAC Meeting #20 .~ =

" Remedial Options Workshop for all four . -
- North Shore of Lake Superior PACs -

'PAC Mecting #21 -~

" PAC Meeting #22

" . PACMeeting#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 wrll produce a plan that when 1mplemented w1ll restore and protect beneﬁclal uses of Jackﬁsh" o
' Bay ; _ :

» The RAP will' burld on past and ongomg efforts and will be consistent W1th the requxrements of the Great. Lakes
Water Qualxty Agreement of 1987 and the Canada-Ontano Agreement Respectmg Great Lakes Water Quahty '

LA Canadlan federal-provmcral RAP Team has been created to coordmate the development of a Remedxal Actm Plan .

: "The Publlc Advnsory Commlttee (PAC)

" The PAC w111 operate as an advrsory body to the RAP Team,. representmg a vanety of views on key aspects of the -

RAP preparation and 1mplementat10n The PAC wrll consrder all views presented by the general publxc mv ’
_formulatmg its consensus. , - o

o ObJectlves of the PAC S

» . - ' to represent the range of commumty mterests and concerns,

ERE o provxde a focal point for the v1ews and posmons of the pubhc in- the development of the Jackﬁsh Bay‘ .
' 5 Remedxal Actxon Plan, ' . . .

<. “to assist the RAP team in 1mplementmg a pubhc mformatlon program for the general pubhc, in part by
. actmg as a halson between the PAC and 1ts member orgamutlons, and o

SRR = to prov1de a basxs for generatmg commumty support for 1mplementat10n of the ﬁnal plan '
ROLES AND RESPONSIBILITIES | | R

- PAC: Group Responsrbrhtles e

o The role of the PAC is to advrse the RAP Team throughout the RAP development and mplementatlon process -
B The PAC will: ' : ) .

S conﬁrm and prioritize beneficial water uses to be 'restor_ed;f '
- . review results-'of research'

e provrde mput to and review descnptlons of envxronmental cond1t10ns sources and proposed remedlal
' optlons, and the draft RAP document

- contribute .to‘and review, the statements of goals and environmental conditions;



: - _ 1dent1fy partxes respons1ble for 1mplementatlon of remedlaI measures, ‘ R
e " » revrew and comment on- the scheduhng of remedxal measures,
PR assrst the RAP Team in desrgnmg a process to evaluate the effectlveness of remed1a1 actlon measures, n

= - review: and provrde mput on the overall pubhc mvolvement program for both the plannmg and
c mplementatlon phases, and : R :

S _'revxew each stage of the Jackﬁsh Bay RAP for consxstency w1th goals and objectlves of the PAC

o P AC: ‘|nd|v|dua| Member Respons:bllmes

o _ ‘. Itis the responsrbnhty of each mdrvrdual appomted to the PAC to
e , -prepare for and attend all PAC meetmgs, o
- _' V‘_‘ represent the v1ews, mterests and values of thexr respectxve group(s) (1f they represent a group) Thls A
. means communicating’ all information and viewpoints back to the group(s) to seek support and posrtxons_
. on 1ssues dlscussed at PAC meetmgs and to convey the group ’s pos1t10ns back to the PAC;and: g

: e promote commumty awareness, understandmg and support for mplementatlon of the RAP

- In addltxon, attendance at open houses and meetmgs for the general pubhc 2 to 3 meetmgs per year) by PAC .
' _ representatlves would be desrrable ' AR

" 'MEMBERSHIP AND REPRESENTATION
) }.Gene"ral.

Tt is the mtent of the RAP Team to have a wrde range of commumty representatxon ‘on the PAC Membershrp on:
. the PAC shall attempt to include individuals representmg community organizations, local government agencies and -

the general public having a direct effect on; or being directly affected by, the water: quallty of Jackfish Bay The : o

PAC may also mclude groups or md1v1duals having an mterest in the uses and management of local waters

' 'PAC Orgamzatlon

'Imtlally, the PAC shall meet and determme operatmg rules of procedure, mcludmg frequency of meetmgs, tlme, i S
- location, the need for additional members, etc., and shall review these rules of procedure w1th the RAP Team The o

B RAP Coordmator or alternate shall attend all PAC meetmgs :

»A ‘. Agenda -and supportmg reports shall be dlstnbuted in advance of any meetmg m order to ensure that all mernbers .
= of the PAC are- kept fully informed. . ‘ o : :

: -',The PAC may- appomt sub-commlttees to address specrﬁc 1ssues Members of the sub—commlttees need not bei" |
. _members of the PAC o : : =

S PAC meetmgs are open for anyone to attend as an observer Adequate notrce of all PAC meetmgs shall be prov1ded ;
‘to PAC members, mterested partres and the pubhc » S , , '

" The PAC can meet s often as necessary durmg the day, evemngs or on weekends as determmed by the o
.membershrp » . : -



o 'Facnlltator
"_ Servmes of a facnhtator to assnst the PAC wﬂl be prov1ded to the PAC by the RAP team

o PSpeclﬁc dutles of the facrhtator may mclude orgamzmg meetmg dates and locatxons, prepanng agenda and mmutes ‘ o
. clrculatlon of reports and attendance at PAC meetmgs ‘ : : R

B Chalrmanshlp

A Chaxrman shall pres:de over PAC meetmgs The Chalrman s. ob_]ectlve shall be to dlscuss all issues fairly and 5 |

- manage the meetmg SO as to achieve a consensus on each i issue for presentatlon to the RAP Team.

The cntena for selectxon of a Chalrman must centre on the mdwrdual’s ablhty to oversee and dlrect the workmgs.

ofa dxverse grouping of mterests in meetmg the PAC’s objectlves Appomtment of the Chalrman shall be made o

by the PACas awhole

. The PAC may determme whether 4n alternate to the Chalrman should be desngnated and whether the Chalr shouldA
“be rotated - : , N
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- JACKFISH BAY. PUBLIC ADVISORY COMMITTEE
. WATER USE GOALS '

' SHORT-TERM WATER USE GOAL

: »Reductlon of toxms, partlcularly chlormated orgamc compounds from pomt sources m order to meet or exceed"
Federal and Provmcral guldelmes = S SRR :

g LONG-TERM WATER USE GOALS
' 1 j‘_" Safe Drmkmg Water

R Jackﬁsh Town cottagers should be able to drmk the water from Jackfish Bay followmg standard treatment methods :
* and the water- entering the Jackﬁsh Bay area of Lake Supenor from the Blackblrd Creek system must be safe for o

" "consumptron
2. " : Fishen'es : , i
= .- .'The ﬁsh habxtat and spawmng areas in Blackblrd Creek and Iackfish Bay must return toa healthy hosprtable state . .. r
The ﬁshery of Blackblrd Creek and Jackﬁsh Bay must be part of a balanced and healthy aquatrc commumty

o All ﬁsh caught in Blackblrd Creek and Jackﬁsh Bay must be: safe for consumptlon at any size or quantrty and have .
: contammant levels that are less than; or at most equal to background levels ] I

o3 | Recreatlonal Uses

: The water in Jackﬁsh Bay must be clean and odourless for sw1mmmg, boatmg and scuba drvmg Blackbl rd Creek X Cae

and Jackfish Bay must be returned to natural conditions i in order to support trapping and hunting. The aesthetlc of -

o ;Blackblrd Creek and Jackfish Bay should be 1mproved in order to encourage tourism and educational tnps

4. .» Wastewater Recelver

E _Blackblrd Creek and Jackﬁsh Bay can ‘continue to be used for m1]1 efﬂuent dxscharge provxdmg that 1t does not |
‘ 1mpa1r beneﬁcral uses, mhlbxt mdlgenous blota or produce other adverse 1mpacts on the ecosystem ‘

L 5. Dehstmg .

RN Water quahty condmons should be 1mproved to' the pomt that Jackﬁsh Bay is no longer an area of concem asv' :
o deﬁned by the. Great Lakes Water Qualrty Agreement ’ o o . s '
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