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EXECVUTIVE SUMMARY 

To evaluate whether benthic conditions in Nipigon Bay continue to improve over time, sediment 
contaminant concentrations,‘sedimenttoxicity, and benthic invertebrate communities were 

assessed in 2009. Conditions were examined to assess the spatial differences between 

contaminated and reference sediments, and the temporal differences between conditions afier
A 

2003, when a similar study was conducted. The Nipigon data were applied to the decision- 
making framework developed under the Canada-Ontario Agreement to determine if sediments 

pose an environmental risk. 

Overlying water, surficial sediment (0-10 cm) and benthic invertebrates were sampled from 15 
sites in Nipigon Bay in October 2009. Sediments and overlying water were analyzed for a series 
of physicochemical variables. Toxicity tests were conducted in the laboratory for 9 of the 15 

sites. The toxicological responses of four benthic invertebrates and the benthic invertebrate 

community structure were compared to biological criteria developed forthe Laurentian Great 

Lakes using multivariate analysis. 

Metal contamination in the sediment was generally low, similar to that found in 2003. From 1 to 
8 metals were elevated above the provincial Sediment Quality Guideline Lowest Effect Level at 

all sites but exceedences of the Severe Effect Level were limited to a few sites for manganese.
y 

Concentrations of organic contaminants (petroleum hydrocarbons, PAHs, PCBs, dioxins/furans, 
oil and grease) were low (or below detection limits) with theiexception of oil and grease; which 

was elevated (up to 3.420 mg/kg) at a few sites south of the town of Red Rock. Organic 
contaminants were not measured in the 2003 study. 

Benthic communities at sites in the western bay near industrial discharges and in the 

southwestern channel were generally different from those found at Great Lakes reference sites. 

These communities were characterized by increased abundance of pollution tolerant taxa 

(tubificids, chironomids) and the absence or low abundance of a dominant reference group 

amphipod (Pontoporeiidae). Sites in the eastern bay were similar or equivalent to reference. 

Some improvements from 2003 were evident, however; with significantly less tubificid worms
'



present south of the mill and in the southwest bay and more amphipods present in the midwest 
and east bays. Potential toxicity was evident at two sites below Red Rock due to reduced 
amphipod Hyalella survival; the cause of toxicity Was not clear. In the eastern bay, positive 

changes were noted at concomitant sites; acute toxicity to Hyalella in 2003 was absent in 2009. 

Application of the Nipigon data to the decision-making framework indicated that the 2009 sites 
did not require management actions; the same that was found in 2003; The 2009 outcomes were 
determine reason(s) for benthos alteration at 5 sites (south ofthe mill and in the southwest bay), 
determine reason(s) for sediment toxicity at 1 site (south of the mill) and no fitrther actions at 
remaining 9 sites. This is an improvement over 2003 outcomes, specifically in the eastern 
bay/Kama Pt (due to the absence of toxicity), at an upstream site (due to reduced tubificid and 
chironomid abundances), and at a site in the southwest bay (due to increased taxon 
diversity/reduced tubificids). The outcomes for remaining parts of the bay were generally similar 
to those from 2003. 

Additional yearly data collected in western Nipigon Bay (2006-2010) may assist in determining 
if changes in benthic communities are occurring as well as recovery rates. It is recommended at 
this time that benthic conditions in Nipigon Bay continue to be monitored periodically.



Résumé 

Afin de vérifier si l’état du milieu benthique de la baie Nipigon continue de s’améliorer au fil du 
temps, les concentrations de contaminants dans les sédiments, la toxicité des sédiments et les 

communautés d’invertébrés benthiques ont été exarninées en 2009. On a évalué pour cefs 
éléments les différences spatiales entre les sédiments contaminés et les sédiments de référence de 

méme que les différences temporelles par rapport 2‘). 2003, armée durant laquelle une étude 

semblable avait été menée. On a appliqué aux données de la baie Nipigon le cadre décisionnel 
élaboré dans le oontexte de 1’Accord Canada-.Ontario afin de déterminer si les sédiments posaient 

un risque pour 1’environnement-. 

Les eaux sus.-jacentes, les sédiments superficiels (0-10 cm) et les invertébrés benthiques ont fait 

1’objet d’un échantillonnage dans 15 sites de la baie Nipigon en octobre 2009. Une série de 
variables physieochimiques ont été mesurées dans les sédiments etdans les eaux sus-jacentes. 

Des essais de toxicité ont été effectués en laboratoire pour neuf des 15 sites. L’analyse 

multivariable a été utilisée pour comparer la réaction toxicologique de quatre invertébrés 

ben_t1_1iques et la structure des communautés d’invertébrés benthiques aux critjéres biologiques 

élaborés pour les Grands Lacs laurentiens. 

La contamination des sédiments par les métaux était en général faible, ce qui correspond aux 

résultats obtenus en 2003 .- Dans tous les sites, de‘ un :31 huit métaux avaient des concentrations 

supérieures a la concentration minimale avec effet des recomrnandations provinciales pour la 

qualité des sédiments; seule la concentration de manganése‘dépassait la concentration avec effet 

grave, et ce, dans quelques sites. Les concentrations de contaminants. organiques (hydrocarbures 

pétroliers, HAP, BPC, dioxines/filranes, huiles et graisses) étaientfaibles(ouinférie11res aux 

seuils de détection), a1’exception des concentrations d’hui_les et de graisses qui étaient élevées 

(jusqu’a 3420 mg/kg) 21 quelques sites situés au sud de la ville de Red Rock. Les containinants 

organiques n’avaient pas été mesurés dans le cadre de 1’étude de 2003. 

Les communautés benthiques‘ dans les sites du secteurlouest de la baie a proximité des sources de 

rejets indusuiels ainsi que dans le chenal sud-ouest étaient en général différentes de c_el1e's des 
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sites de référence des Grands Lacs. Ces communautés étaient caractériséefs par une abondance 
plus grande de taxons tolérants a la pollution (tubificidés, chironomidés) et par l’absence ou la 
faible abondance d’un taxon d’amphipode (Pontoporeiidae) dominant dans le groupe de 
référence. Les communautés benthiques des sites situés dans le secteur est de la baie étaient 
semblables ou équivalentes a cellesides sites de référence. Cependant,’ certaines améliorations par 
rapport 51 2003 ont été observées : diminution importante de l’abondance des vers tubificidés au 
sud de 1’usine de pates et papiers et dans le secteur sud-ouest de la baie et présence accrue des 
amphipodes dans les secteurs centre—ouest et est de la baie. En deux sites situés au sud de Red 
Rock, une baisse des taux de survie de l’amphipode Hyalella mettait en évidence une toxicité 
possible; la cause de cette toxicité n’était pas claire. Dans le secteur est de la baie, des 
changements positifs ont été notés a des sites concomitants; 1’effettoxique aigu observé chez 
Hyalella en 2003 n’a pas été observé en 2009, 

L’application du cadre décisionnel aux données de la baie Nipigon a indiqué qui”aucune mesure 
de gestion n’était nécessaire dans les sites échantillonnés en 2009; cela correspond au résultat 
obtenu eu 2003. Les résultats obtenus en 2009 étaient les suivants : déterminer la ou les raisons 
des changements survenus dans les communautés benthiques de cinq sites (au sud de1v’usine des 
pfites et papiers et dans le secteur sud-ouest de la baie); déterminer la ou les raisons de la toxicité 
des sédiments en un site (au sud de l’usine); et aucune mesure nécessaire, pour les neuf aut'res 
sites. Cela représente une amélioration par rapport aux résultats de 2003-, en particulier dans le 
secteur est de la baie (pointe Kama .— en raison de 1’absence dc toxicité), dans un site situé en 
amont (en raison de la diminution de l’abondance des tubificidés et des chironomidés), ainsi que 
dans un site situé dans le secteur sud-ouest de la baie (en raison de 1’augmentation de la diversité 
des taxons et de ‘la diminution de l’abondance des tubificidés). Les résultats obtenus pour les 
autres parties dela baie étaient en général semblables a ceux obtenus en 2003. 

Les données supplérnentaijres recueillies chaque année dans la pa__rtie ouest dela baie Nipigon 
(2006-2010) pourraient aider £1 determiner si les communautés benthiques changent et a établir 
les taux de rétablissernent. A l’heure actuelle, il est recommandé que l’état du milieu benthique‘ 
de la baie Nipigon continue 51 faire 1’objet d-’une surveillance périodique.
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1 1N"I"'RODUCTION 

Background 
Benthic conditions in Nipigon Bay were assessed in 2003 by Environment Canada (BC) as part 
of the Great Lakes (GL) 2020 Action Plan to assess Areas of Concern (AOCs). Metal 
contamination in the surficial sediment was generally low with exceedences of the Severe Effect 
Levels limited to a few sites for manganese and iron. Benthic communities at the majority of 
sites, especially in the western bay near the industrial discharge and in the southwest channel, 
were different from those at reference sites. These communities were characterized by the 

I 

absence of a dominant reference group amphipod (Pontoporeiidae) and enrichment of other 
pollution tolerant taxa (tubificids, chironomids). Severe toxicity was observed in the east part of 
the bay and the cause ofthis toxicity was not clear. The contribution of organic contaminants 
was unknownas they were not measured. It was thought thatlindustrial discharges. were not 
likely responsible because toxicity occurred in the east portion of the bay but was low or absent 
in the western area of the bay closer to outfalls. According to the decision-making framework 
for sediment contamination, developed under the Canada-Ontario Agreement respecting the GL 
Basin Ecosystem, management actions were not indicated for any site. A recommendation fiom 
the 2003 study was to continue to monitor benthic communities for change in status. 

Purpose of Study
p 

The purpose" of this study was to assess current benthic conditions (i.e., sediment contaminant 
concentrations, sediment toxicity, and invertebrate communities) in Nipigon Bay, and to 
determine the degree to which these conditions differed from those of reference locations. The 
overall goal of the study plan was to evaluate whether benthic conditions in the AOC continue to 
improve over time. 

The assessment of Milani et al. (2006) conducted in 2003 offers the most recent and extensive 
data against which changes in benthic conditions through time can be compared. Benthic 
conditions will be examined at previously sampled stations to assess: 

(a) Spatial differences between contaminated and reference sediments, and 
(b) Temporal differences between conditions in and after 2003.



The methods described in Milani et al. (2006) were applied. These included assessments of 
sediment chemistry and grain size, sediment toxicity, and benthic invertebrate community 

. 
composition based on the original “BEAST” methodology (Reynoldson et al_. 1995, 2000). The 
analysis of sediment ofg"anic contaminants, which was not performed in the 2003 study, was 

added to the current study to fill data gaps with respect to sediment contaminant levels. 

Integration of these data and assessment of overall benthic conditions followed the fiarnework of 

EC/MOE (2007).
‘ 

' 2 EXPERIMENTAL DESIGN 
Sampling Design _ 

The sampling design mostly repeated the array applied in 2003 (Milani et al. 2006), except six 

stations were dropped for toxicity testing. This sampling design allowed analyses of both spatial 

patterns and temporal trends in benthic conditions. 

Stations were located in the following parts of the bay: 

0 Upstream - 2 sites 

a South ofthe mill (downstream of Red Rock) - 4 sites 

0 Midwest bay (between 5 mile point and La Grange Island) - 1 site 

0 Southwest bay (deep straight) - 4 sites 

0. Kama Pt 2 sites 

.0 East bay - 2 sites 

All stations (=sites) sampled in 2003 were revisited (as closely as possible) in 2009 (Table 1). 

Measurement Endpoints 
At each site, sediment, water and invertebrates were collected for (a) chemical and physical 

analysis of sediment and overlying water, (b) analysis of benthic iinvertebrate community 

structure, and (c) whole sediment toxicity tests (subset of 9 sites). Sediment was obtained fi-om



the-top 0 - 10 cm layer of lake bed. Environmental variables measured/analyzed are provided in 
Table 2. 

The benthic invertebrate community structure (taxonomic composition and relative abundances) 
was described based on identifications of macroinvertebrates to family level; however, 
identifications to lowest practical level were included. Sediment toxicity was quantified based 
on acute and chronic responses of four‘ invertebrate taxa (10 endpoints in total) in laboratory 
tests. 

3 METHODS 
Sample Collection and Handling 
Overlying water, sediment (for physicochemical analysis) and benthic invertebrate community 
samples were collected fiom 15 sites October‘3-4, 2009 aboard the Stickleback (5 sites) or CCGS 
Griflon (10 sites). Sediment for toxicity test purposes was collected at a subset of nine sites. Site 
positions aboard the Stickleback were obtained using a differentially corrected global positioning 
receiver (Northstar 951 x), receiving corrections from CD.-GPS (accuracy of 5 5m) or WAAS if 
the CD-GPS did not lock in. Site positions. aboard the CCGS Grzffon were obtained using a 
differentially corrected global positioning receiver using an offset calculation from the antenna to 
the sampling location. Station positions are provided in Table 1 and sites are shown in Fig. ,1. 
Methods for the collection and handling of samples are described in Milani et al. (2006). 

Sample Analyses 
Overlying water analyses (alkalinity, total phosphorus, nitrate+nitrite-N, ammonia-N and total 
Kj eldahl N) were performed by EC’s National Laboratory for Enviromnental Testing (N LET) 
(Burlington, ON) by procedures equivalent to those described in Cancilla l 994) and EC (2008). 
Surficial sediments (0-10 cm) were analyzed for trace elements (hot aqua regia extracted), major 
oxides, loss on ignition (LOI), total organic carbon (TOC), total phosphorus, and total Kjeldahl 
nitrogen (TKN) by Caduceon Environmental Laboratories (Ottawa, ON), using standard 
techniques outlined by the USEPA/CE (1 981)'or by in-house laboratory procedures.



Sediment particle size analysis was performed at EC’s Sedimentology Laboratory (Burlington, 
-ON) following the procedures of Duncan and L_aHaie (1979), 

Sediments were analyzed for petroleum hydrocarbons (PHCs), polychlorinated biphenyls 

(PCBs), polycyclic aromatic hydrocarbons (PAHs), oil and grease, and dioxins and fixrans by" 

AL_S Environmental Group (Waterloo, ON). PHCs were analyzed by GC/FIC based on CCME 
' Canada-Wide Standards (CCME 2008). Oil and grease was determined by gfavirnetfic 
extraction based on EPA method 8015 (USEPA 1992). PAHs and PCBs (Aroclors 1242, 1248, 
1254, 1260) were analyzed by GC/MS based on EPA SW846 8270 (USEPA 1992). Total PCBs 
was determined by the sum of the four Aroclors and total PAHs by the sum of 20 PAHs. Dioxins 
and furans were determined by high resolution gas chromatography/high resolution mass 
spectrometry (HRGC/HRMS) based on EPA method 161-3B (USEPA 1994). Environmental 
variables measured/analyzed at each site are provided in Table 2. 

Taxonomic Identification 
Sorting, enumeration, identification and verification of benthic invertebrate community samples 

were performed by Craig Logan Consulting (Troy, ON). Certain taxa and microinvertebrates 

(e.g., poriferans, nematodes, copepods, and cladocerans) were excluded. Material was sorted 

under a dissecting microscope (minimum magnification = 10x), and organisms were enumerated 

and placed in vials for identification to lowest practical level_. Slide mounts were made of 

oligochaetes and chironomids. 

Sediment Toxicity Tests 
Four toxicity tests (bioassays) were conducted under standardized laboratory conductions at 

EC’s Ecotoxicology Laboratory (Burlington, ON): 

1) Chironomus riparius 10-day survival and growth test; - 

2) Hyalella azteca 28-day survival and growth test; 

3) Hexagenia spp. 21-day survival and growth test; and 
g

_ 

4) Tzibtfex tubifex 28-day adult survival and reproduction test.
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Prior to testing, sediments were sieved through a 250 um mesh screen to .removei_n,digen_ous 
organisms. Water chemistry variables (pH, dissolved oxygen (mg/1:), conductivity (uS/cm), 
temperature (°C), and total ammonia (mgL)) were measured for each test in each replicate test 
beaker on day 0 (start of test w prior to introduction of ‘ organisms) and at completion of the test-. 
Tests consisted of a 4 to 1 ratio of overlying water to sediment for Chironomus, Hyqlella and 
Hexqgenzfa-, and a‘ 1.5 to 1 ratio for T ubzfex. Tests were run under static conditions in 
environmental chambers at 23 ill °C, under a photoperiod of 16L: 8D and an illumination of 500 
— 1000 Lux, except the Tubifex test, which was run in the dark. All tests passed acceptability 
criteria for their data to be used in the site assessments. The criteria are based on percent control 
survival in a reference sediment (Long Point Marsh, Lake Erie): i.e., 2 80% for H. azteca and 2 
70% for C. riparius; 280% for Hexagenia spp., and 275% for T. tubzfex (Reynoldson et al. 1999). 
Individual test methods are described in Milani et al. (2006). 

‘ 

’ 

_
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4 DATA ANALYSIS 
. BEAST Analysis 
Test sites were assessed using BEA$T methodology (Reynoldson et al. 2000). The BEAST ' 

model predicts the invertebrate community group that should occur at a test site based on natural 
environmental conditions. _M_u_ltip1e discriminant analysis was used to predict the test sites to one 
of five GL reference community groups using a previously computed relationship between five 
enviromnental variables (latitude, longitude, depth, total organic carbon, and alkalinity) and the 
community groups (Reynoldson et al. 199-5; 2000). For- each test site, the model assigried a 
probability of _it belonging to each of five reference faunal groups. Benthic community 
assessments were conductedat the family level, as this taxonomic detail is shown to be sensitive 
for the determination of ‘stress (Reynoldson et al. 2000). The 2009 community data were merged 
with the reference site invertebrate data of the best matched reference group (group to which the 
test site has the highest probability of belonging) and ordinated using hybrid multidimensional 
scaling (HMDS) (Belbin 1993), with Bray-‘Curtis distance site x site association matrices 
calculated fiom raw data-. Test sites were assessed by comparison to confidence bands of 
appropriate reference sites. Probability ellipses were constructed around reference sites, 
establishing four categories of difference from reference: equivalent/unstressed (within the 90%



-probability ellipse), possibly different/possibly stressed (between the 90 and 99% ellipses), 
different/stressed (between the 99 and 99.9% ellipses), ‘and very different/very stressed (outside 

the 99.9% ellipse). 

Toxicity data were analysed using HMDS, with Euc‘lidea'n'distjance site x site association 
matrices calculated from standardized data Toxicity endpoints for the test sites were compared

J 

to those for all reference ‘sites. (There areno distinct groups as_with the invertebrate community 

assessment.) Probability ellipses were constructed around all reference sites, establishing four 

categories of difference from reference: equivalent /non-toxic (within the 90% probability 
ellipse), potential.ly toxic (between the 90vand 99% ellipses), toxic (between the 99 and 99.9% 
ellipses), and severely toxic (outside the 99.9% ellipse). Test site toxicological responses were 

also compared to numerical criteria previously established for each category (non-toxic, 

potentially toxic and toxic) and species from reference site data (Reynoldson and Day 1998). 

Principal axis correlation (Belbin 1993) was used to identify relationships between habitat 

attributes and community or toxicity responses. This did not include organic contarninant data, 

which were not measured in the reference sediments. Significant endpoints and environmental 

attributes were identified using Monte-Carlo permutation tests (Manly 1991). Multiple 

discriminant analysis was performed using the software SYSTAT (Systat Software, Inc. 2007). 
HMDS, principal axis correlation, and Monte-Carlo tests were performed using the software 
PATN (Blatant Fabrications Pty Ltd. 2001). 

Comparison of Key (Taxa Abundances 
Paired t-tests (95% confiiderice level) were used to compare mean differences in tubificid, 

chironornid and a'mp“hipod abundances between 2009 and 2003. T-tests were perforfned using the 

[software MINITAB (Minitab. Inc. 2007). 
0 

1

~ 

Dioxin and Furan (PCDDIF) Distribution in Sediment » 

PCDD/F s have been reported to cause anumber of toxic responses similar to the most toxic 

dioxin (2,3,7,8etetrachlorodibenzo-p-dioxin) (Van den Berg et a1., 1998). Using toxic 4

W 

equivalency factors (TEFS) for each congener determined bythe World Health. Organization, the ' 
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toxicity of PCDD/Es relative to the toxicity of the most toxic dioxin congener (2,3,7,8-TCDD; 
TEF=l) was determined using the following equation: 

TEQ = 2“ [PCDDi x TEFIJ + >2"? [PCDF-i x TEFJ 

For values that were below detection, limits, tl_1e calculation of the TEQs was performed two 
ways: 1) assigning a value of zero to the value (lower bound TEQ), and 2) using the reporting 
limit itself (upper bound TEQ). Thus, the actual TEQ would be bounded by the two values. 
Sediment TEQs' were compared to the CCME Probable Effect Level (PEL) of 21 .5 ng TEQ/kg 
(CCME 2001). '

i 

5 QUALfTY ASSU RANCEI QUALITY CONTROL 
Two sites were randomly selected as QA/QC "stations (E12, R7). At these sites, triplicate 
sediment, water, and benthic community samples were collected for determination of within-site 
and among-sarnple variability. The coefficient of variation (CV = standard deviation + mean x 

100) was examined for the analytical data. Variability in family counts between box core 
samples was examined by paring positions of sites in the ordination plots. 

Each laboratory employed quality control procedures such as analyses of sample blanks, 
duplicates, repeats and certified reference materials, as well as evaluation of standard and 
surrogate sample recoveries. Precision was assessed by the analyses of laboratory duplicates, The 
relative percent difference (RPD = [(x1 - x2)/ ('x1+ x2)/2) x 100] was calculated to determine 
differences in two or more measurements. Further details are provided in Milani et al. (2006). 
Additionally, a batch of samples was rerun for PCDD/F determinations for confirmation only. 

For benthic invertebrate identification and enumeration performed by Craig Logan Consulting, 
approximately 20-25% of every sample was re-sorted to achieve the 95% level sorting 
efficiency. At least one specimen of each taxon encountered was kept in a separate vial to 
cornprise a project reference collection. Internal quality assurance of the identifications involved



examination of the reference collection by a second taxonomist to verify accuracy of all taxa 
identified. Additionally, 10% of samples were randomly selected and re-identified by a second 
taxonomist. Data entry involved visual confirmations on the taxonomic identification and 

number of specimens in each taxon and the data was entered directly on a computerdatabase. 

6 RESULTS“ AND DISCUSSION 

Quality As$uranceIQua|ity Control 

Field Replication 

Among-site variability in a measured analyte can be broken down into three sources: natural
Y 

within-site heterogeneity in the distribution of the analyte in sediment or water, differences in 

handling among samples, and laboratory measurement error. Among-site variability indicates 

the overall “error” associated with conditions at a site based on a single sample. Variability 

among field-replicated sites, expressed as the CV, is provided in Appendix A; Tables A1 and A2. 

The CVs for trace metal and nutrient analysis were mostly low, ranging fi'om 0 to 36% (median 
4%) (Appendix A, Table A1). Most CVs (98%) were below 20%, indicating homogeneous 
conditions within a site and that the box core sample is a good representation of chemical 

conditions of a site. The CVS for organic contaminant measurements (e.g., PAHs,- PHCs, oil and 
grease) were. similar to those for trace metals and nutrients, ranging from 0.2 to 40% (median 
7%) with 90% of values less than 20% (Appendix A, Table A2). 

, Caducean Environmental Laboratory 

Laboratory duplicate measurements for sediment variables are provided in Appendix A, Table 

A1. Sample duplicates were performed for two sites (E1202 and R10). The RPDs ranged from 

0 to 49% (median 2.3%), with higher values for the oxide compounds; 78% ofvalues were 
<20%. This indicated that there was generally good agreernent between sample duplicates and 

that a high level of ‘precision was achieved for sample measurements. 

Analyses and recoveries for reference materials and standards are provided in Appendix A, Table
2 

A3. Recoveries rangedifrom 20 to 133% (median 93%) and values were mostly >80%. While
v
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the recovery was low for molybdenum (M0) in the lake sediment standard (LKSD) (20%), it was 
Within the control limits (0 to 260), and this result is typical for this variable (similar values for 
M0 were observed in other studies for this standard). Recoveries for all other variables were 
well within the control limits for each parameter. 

ALS Laboratory Group 
Laboratory replicate rneasurements for sediment variables are provided in Appendix A, Table 
A4. The RPDs were quite low, ranging fi'om 0 to 48% (median 4%); 92% of values were <l5%. 
To test the effects of the matrix and precision of the laboratories sample preparation, surrogate 
spikes were performed (samples were spiked with the surrogate prior to sample preparation). 
The percent recovery for surrogate concentrations in the final sample extracts is provided in 
Appendix A, Table A5. Recoveries ranged from 72 to 101% (median 82%) for the BTEX 
surrogate (2, 5-dibromotoluene), from 71 to 107% (median 96%) for the PHC surrogate 
(octacosane), from 85 to 120% (median 102%) for the PAH surrogates (2-fluorobiphenyl, p- 
Terphenyl d14) and from 83 to 112% (median 96%) for the PCB surrogate (dl4-Terphenyl). 
These recoveries. were generally high, indicating a good ability of the laboratory to analyze 
organic compounds. PCDD/F extraction standard recoveries for .Nipigon Bay samples were 
mostly high, ranging from 46 to 123% (median 92 %) (Appendix A, Table A6). Target analyte 
recoveries for PCDD/F s for the laboratory control standard (LCS) and extraction standards were 
also good, ranging from 94 to 1.19% (median 107%) and from 50 to 104% (median 76%), 
respectively; all recoveries were within control limits (Appendix A, Table A7). 

Benthic Invertebrate Community Variability 
All replicates of site E12 (E1200, E1201, E1202) fell in Band 2 and were in very close proximity 
to each other, indicating good ag'reernent in benthic community composition between box cores 
(Appendix A, Fig. A1). For site R7, two of the three replicates fell in Band 2, and 1 replicate 
(R701) fell in Band 1; however, sites were in the same general location in ordination space 
(Appendix A, Fig. A2). These results indicated that the benthic invertebrate community within a 
site was well represented by the box core sample.



6.2 Sediment and Water Physico-Chemical Properties 

6.2.1 Overlying w'ater 

Physicochemical conditions in the overlying water (0.5 m above the sediment) were fairly 
similar among sites (Table 3), suggesting homogeneity in water mass across these sampling sites.- 
Generally higher concentrations of alkalinity, TKN, and TP were noted in the western bay (north 
of 5 mile point) and the highest NQ3/N02 was found in the eastern bay, similar to that found in 
the 2003 study (Milani et al. 2006). Ranges across sites (maximum — minimum value) were 20 
mg/L for alkalinity, 41 uS/cm for conductivity, 2.4 mgL for dissolved oxygen, 0.03 mgL for 
NH3, 0.3 mg/L for N03/N02, 0.6 mg/L for total Kjeldahl N, 0.4 for pH, 1.8°C for bottom 

temperature, and 0.02 pg/L for total phosphorus. Total P ranged from 8 to 32 pg/L,«exceeding 

the Interim Provincial Water Quality Objective (20 pg/L - to avoid nuisance concentrations of 

algae in lakes) slightly at 1 site in each of the midwest (R4) and southwest bay (E14) (31 and 32 

pg/L). In 2003, TP ranged from ~6 to 17 pg/L, except for 2 sites downstream of the mill and 
Red Rock WPCP (E6 and E8), where concentrations were 35 and 58 pg/L (Milani et al. 2006). 

6.2.2 Sediment pa_rticle size a 

With the exception of sites 6974 (Nipigon River) and E6 (south of the town of Red Rock), test 

sediments consisted mainly of fines (silty clay) (Table 4). Silt ranged‘ from 32 to 58% (median 
41%), and clay from 39 to 68% (median 58%). Sand ranged fi'om 0.3 to 68% (median 1.2%). 

_ 

Sites 6974 and E6 were comprised of mostly sand (98% and 79%, respectively) with little or no 

silt (0%, 8%) and clay (2%, 13%). There was no gravel present (at any site). These results were 

generally similarto those found in the 2003 study, where sediments were dominated by clay (4.1 

to 63.8%, median 51.8%), and silt (10.3 to 72-1%, median 43.4%) and most sites had <7% sand 
(Milani et al. 2006);. However, there were some differences in substrate type between sampling 

years. In 2003, site6974 was comprised of .59% sand (Milani et al. 2006) compared to 98% in 
the current study (Table 4). (Note: sampling depth for site 6974 was recorded at 8.7 m in 2009 
compared to 11.5 In in 2003 (Table 1), which could explain why the substrate differed between 

years.) 
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6.2-.3 Sediment nutrients 
V 

Total organic carbon ranged from 0.2 to 3.8%; most sites had _<_1.5% and the highest TOC was 
just below the town of Red Rock (Table 5). Total Kj eldahl nitrogen (TKN) ranged from 306 to 
2110 ugg (median 1060 pg/g) and total phosphorus (TP) from 344 to 965 pg/g (median 645 
pg/g). Most sites exceeded theprovincial Sediment Quality Guideline (PSQG) Lowest Effect 
Level (LEL) for TOC, TKN, and TP; none exceeded the Severe Effect Level (SEL). Results are 
similar to those found in 2003, where TOC ranged from 0.6 to 5.5% (median 1.2%), TKN _fr_orn V 

473 to 2300 (median 1180 pg/g) and TP from 458 to 981 pg/g (median 709 pg/g) (Milam et 
all. 2006). The highest TOC concentrations were also at sites downstream of Red Rock_. Visual 
observations at the time of sampling noted approximately 9-10 cm of woody debris at site E4, 
the same as that observed in 2003. Sediment nutrient concentrations at Nipigon Bay sites were 
within the range observed for Lake Superior reference sites, (range 0.2 to 2.9%, n = 31;‘ 
Reynoldson and Day 1998), with the exception of site E4. 

6.2.4 Trace metals 
All sites had exceedences of the LEL for 1 to 8 metals (Table 5). Sites at Kama Pt and in the 
eastern bay had the greatest number of LEL exceedences. Exceedences of the SEL were limited 
to Mn at three sites in the east bay and at Kama Pt, identical to 2003 results and the 1999 MOE 
study of Richman (2004). Richman (2004) attributed the metal concentrations as typical in some 
cases for Lake Superior because comparison of test site concentrations to background values for 
the GL basin and Lake Superior (pre-colonial sediment horizons) showed test sites to be below 
or similar to background. All trace metal concentrations for Nipigon Bay sites were within the 
range observed for Lake Superior reference sites (11 = 31; Reynoldson and Day 1998) (Table 5). 
The RAP Stage 1 report (N ipigon Bay RAP Team 1991) states that contaminants in the east part 
of the bay are thought to be deposited in this area as a result of transport from the lake ratherthan 
from the mill (due to distance from industrial discharge, predominant currents in the bay, and the ' 

nature of contaminants).

ll



6.2.5 PAHs
_ 

PAH concentrations were below detection limits (DLs, values preceded by “<”) the 

exception of Phenanthrene at site E5 (0.032 y.tg/ g) (Table 6), which was well below the LEL for 
this compound (0.56 ugg; Fletcher et al. 2008). (DLs are provided in Appendix A, Table A8.) 
PAHs were not measured in the 2003 study", however, a MOE study conducted in 1999 reported 
elevated total PAHs at a site 30 m south of the mill outfall compared to other stations in Nipigon 
Bay; total PAHs at this site ranged from 0.5 to 0.74 pg/g (Richman 2004). 

6.2.6 BTEX and petroleum hydrocarbons 
The BTEX (benzene, toluene, ethylbenzene and xylene) F 1 (C6-C10 hydrocarbons), F2 (C10- 
C16 hydrocarbons) and F4 (C34-‘C50 hydrocarbons) compounds were below DLs (Table 6). 
(DLs for BTEX and PHCs are provided in Appendix A, Table A8.) The F3 (C10-C16 
hydrocarbons) were detected in the western bay at sites E4, E5 and E12, ranging from 110 to 350 

mg/kg (Table 6). The gravimetric heavy hydrocarbons (F4.G: ~C24-C50+), which typically 

include the very heavy hydrocarbons (e.g., heavy lubrication oils) were not detected and the 

chromatogram reached baseline at CS0 for all sites (i.e., there were no PHCs with carbon chain 
lengths >50). The F3 PHC concentrations observed» in Nipigon Bay were well below the 
Canada-wide numerical standards for contaminated surface soil for all the land use categories for 

the F3 fraction (Z1300 mg/kg; CCME 2008), PHCs were not measured in the 2003 study. 

6.2-.7 Oil and grease 
Oil and grease concentrations were above the DL at a third of the sites, ranging fiom <500 to 
3420 mg/kg; the highest concentrations were at sites south of the (former) mill outfall (sites E4 

and E5) (Table 6). Oil and grease was not measured in the 2003 study. Concentrations at E4 and 

E5 were higher than those reported for J ackfish Bay in 2008 (100 to 1400 mg/kg; Milani and 

Grapentine 2009) but lower than those reported for Hamilton Harbour (353 to 8717 mg/kg; 

Milani, unpublished). 

6.2.8 PCBS 
PCB concentrations (Aroclors 1242, 1248, 1254 and 1260) were below DL,s at all sites (Table 6). 
PCBS were not measured in the 2003 study; however a 1999 MOE study reported total PCBs

. 
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ranging fiom 0.08 to 0.2 ug/ g, with higher concentrations observed just south of the former mill 
outfall (Richman 2004). 

6.2.9 Dioxins and furans 
Dioxin concentrations (total_ homologues) generally increased with increasing chlorine atoms, 
from the tetrachlorodioxins (TCDD) to the octachlorodioxins (OCD) (Table 7). The most toxic 
dioxin, 2,3,7,8i-TSCDD, was below DLs at all sites except 1 and 1,2,-3,7,8-PeCDD, was below 
DLs at about halfthe sites (Table 7). OCDs were most elevated south of the mill to 757 

pg/g), followed by Kama Pt and the east bay (103 to 172 pg/g). For furans, the same pattern was 
not followed; median and average concentrations were generally similar for all homologue 
groups. One of the most toxic furan congeners, 2,3,4,7,8-PeCDF, was below DLs at 9 sites 

7 

(Table 7). The lower homologue groups were highest in the east bay (Sites R9, R10) whereas the 
higher homologue groups were highest south of the mill (Site E4) for both dioxins and furans 

. (Table 7). 

Toxic Equivalent Concentrations (TEQs) ' 

The upper bound and lower bound TEQs are provided in Table 7 and are shown in Fig. 2. 
Dioxin and furan TEQS were low, ranging fi'om 0.001 to 3.3 (both lower and upper bound values 
taken into consideration). Sites at Kama Pt and in the east bay had the highest TEQs. All T EQs 
were well below the Probable Effect Level of 21.5 ng TEQ/kg (CCME 2001) (Fig. 2). Dioxins 
and furans were not analyzed in the 2003 study; however, the 1999 MOE study reported dioxin- 
like PCBs and octachlorodioxin (n = 1) elevated i_n sediment south of the town of ' Red Rock 
compared to other stations in Nipigon Bay (Richman 2004). The dioxin-like PCBs were 
reported to make-up more than half of the toxic equivalency value (TEQ) near Red Rock, while 
in other Lake Superior AOCs (J ackfish Bay, Thunder Bay, Peninsula Harbour) and the Spanish 
Harbour AOC, dioxin-like PCBS represented a small fraction of the TEQ. Dioxin-like PCB_s 
were not analyzed in the current study.

'



6.3 Benthic Invertebrate Community Structure 
The mean abundance (per 33 cm2 —— the area of the ‘sampling core tube) of the key taxa found in 
Nipigon Bay is provided for 2009 sites as well as the 2003 sites in Table 8. Complete family 
level and lowest level identifications and counts for 2009 sites are provided in Appendix‘ B, 

Table B1 and B2, respectively. (Identifications and counts for the 2003 study are found in 

Milani et al. 2006.) Nipigon Bay samples were dominated by‘ Tub’ifi‘c‘ida,e and Chironojmid_a_e, 
. which were present at all sites in 2009. Tubificids were in greatest abundance in the deep. 

southwest bay, up to 41 times the Great Lakes (GL) reference mean (Table 8), and consisted 
mainly of unidentified immature worms (with and without ch_a_e_t_a1 hairs) (Appendix B, Table 

B2). Nine tubificid species were identified, mainly: Aulodrilus» (4 species), Limnodrilus (2 

species) and one species each of Potamothrix, Quistradrilus, and Spirosperma (Appendix B, 

Table B2). In 2003-, samples were also dominated by tubificids and chironomids, and the 

tubificid worms consisted mainly of the unidentifiable immatures, followed by Aulodrilus (4 
species), Potamathrix (-3 species) and Limnodrilus (2 species) (Milani et al. 2006). Chironomids 

were represented by'4,3 genera (Appendix B, Table B2) and were present in increased abundance 

compared to GL reference sites with the exception of the sites in the east bay (sites R9 and R10) 
‘ 

(Table 8),. Procladius Sp. was the dominant midge, present at all sites, similar to that found in 

2003. Sphaeriids, which were present at all sites exceptone (R10), were represented by 11 

identified species, dominated by Pisidium sp. (Appendix B,'Table B2), also similar to that found 

in 2003. The greatest densities of tubificids, chironomids, sphaeriids as well as naidids were in 

the western bay (Table 8). Pontoporeiidae, the dominant GL reference group taxa, was mostly 
absent or in low abundance in the western bay south of the town of Red Rock and in the deep 

southwest bay (N ipigon Charmel); abundances at these sites ranged from 0 to 2.2/33 cm2 (0 to 

664/m2). Pontoporeiids were more prevalent in the east bay and at Kama Pt where they ranged 
from 2.7 to 122/33 cm2 (815 to 3681/m2) (Table 8), Results are very similar to those in 2003,

_ 

where pontoporeiids were absent at the upstream sites (6974, R1) at the sites south of the mill
3 

(E4 and E5) and in low abundance at remaining sites in the western bay; sites in the east bay and 

at Kama Pt had the highest abundances (0.6 to 9.2/33cn_12). Overall, sites in the southwest bay 

(deep channel) had the highest abundance of taxa present (43 to 231/33 cmz) compared to 

upstream (32 to 70/33cm2), midwest bay (~18/33 cmz), south ofthe mill (14 to 99/33 cm’), 

Kama Pt (17 to 41/33 01112), and the east bay (23 to 28/33 cm’) (Appendix B, Table B1). A 
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comparison of taxa and abundances between 2009 and 2003 is summarized in Table 9. 
Community assemblage was fairly similar between ‘years. .In 2003-, Tubifieidaewas represented 

by 13 identified species, Chironomidae by 36 genera, and Sphaeriidae by 8 species in 2003, 
compared to 9 tubificid species, 43 chironomid genera and 11 sphaeriidspecies in 2009 (Table 
9). A total of 41 benthic families were identified in 2009 compared to 42 in 2003. 
Macroinvertebrate family diversity (based on the 38-farnily model) ranged from 5 to 21 taxa in 
2009 and from 4 to 19 taxa in 2003. Sites 6974 (upstream) and E6 (south of the mill) had the

‘ 

highest diversity in 2009 and 2003 (Table 8). Some differences observed in benthic 
composition/abundance between years (e.g., 6974, E4; Table 8) may be due to small scale 
heterogeneity. Although site positions were essentially the same between years (Table 1), site 
6974 was recorded at 8.7 min 2009 compared to 11.5 m in 2003; E4 was recorded at 3.9 in 

2009 vs. 7.7 m in 2003 (Table 1). Site depths at remaining sites were more consistent between 
sampling years. Differences in substrate type were evident at site 6974 as well (see Section ' 

6.2.2) which could account‘ for differences in benthic composition; 

The mean relative abundances of tubificids, chironomids, sphaeriids, amphipods, and mayflies 
for 2009 and 2003 sites are shown in Figs. 3a and 3b, respectively. In 2009, sites in the midwest 
bay (n=1) and east bay'(n=2) were most similar to GL reference sites (Group 5, n=75), consisting 
mainly of amphipods (40 to 47 %), tubificids (15 to 18%) and chironomids (6 to 24%) (Fig. 3a).- 
The southwest bay sites (n=4) were most dissimilar to reference, with tubificid worms 
dominating the benthic community (71 %) with a low percentage of amphipods present (1.3%)-. 
Upstream (n=2), south of the mill (n=4), and Kama Pt (n=2) sites consisted predominantly of 
chironomids (24 to 43%), followed by tubificids (21 to 31%), although Kama Pt sites also had a 
fair percentage of amphipods as well (16%). Mayflies, which were expected to be in low 
abundance (0.1% occurrence in GL reference group 5), were present south of the mill (except 
E5) in higher abundance than reference (0.9%), but absent or ‘in low abundance (0.03 to 0.05%) 
in the rest of Nipigon Bay. In 2003, the benthic community was also dominated by chironomids 
and tubificids in the upstream area, the western bay dominated by tubificids, and the eastern bay 
dominated by amphipods (Fig. 3b). However, there were some changes in abundances of key 
taxa (tubificids, chironomids, and pontoporeiids) between years (Figs. 4a-4,c)_.— (The bars indicate 
2009 minus 2003 abundances.) Tubificids were less abundant in 2009 at upstream, midwest, 
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south of the mill and southwest bay sites (with the exception of site E16) while remained 

unchanged in the eastern bay (Fig. 4a). Paired t-tests indicated significant differences in 

abundances at some sites (indicated by asterix in Figs. 4a-.4c). Lowerjtubificid abundances 

were noted south of themill at E4 (t=-8.6; p=0.00l) and E5 (t=-6.8; p=0.002) and in the ‘ 

southwest bay at E12 (t'=-4.1; p=0.014) and E15 (t_=-3,9; p=0.017), while an increase was noted_ 
at E16 (t=?2.-8; p=0.05). Pontoporeiid densities remained generally similar south of the mill and 

in the southwest bay while. increased in the midwest bay, Kama Pt and the east bay (Fig. 4c). 
While Fig. 4c shows the change in pontoporeiid abundances, the paired t-tests were performed 

on total amphipod abundances (included gammarid and hyalellid abundances where present). 

Increased amphipod densities were evident in the midwest bay at R4 (t=3.7'; p=0.02~1) as Well as 
in the eastern bay at sites R7 (t=7.3; p=0.002) and R10 (t=4.1; p=0.0l5). Chi'ronomids'were 
generally less abundant at the upstream, midwest bay and south of the mill sites (3 of the 4) and 

more abundant in the southwest bay (t=3.9, 11.7; pS0._018) in 2009 (Fig. 4b). 

All 1.5 Nipigon Bay sites had the highest probability of belonging to GL Reference Group 5, 
based on the BEAST 38-family bioas'sessment model and five habitat attributes (alkalinity, 
depth, total organic carbon, latitude and longitude) (Table 10); probabilities of test sites 

belonging to Group 5 were very high, ranging from 81.2 to 99.6% (mean 94%). The 2003 sites 

also had the highest probability (mean 92%) of belonging to Group 5 (Milani et al. 2006). Group 

5 has ‘a total of 75 sites from Lake Superior (30), Georgian Bay (19), the North Channel (12), 
Lake Michigan (7), Lake Ontario (5) and Lake Huron (2). The group is characterized by the 

amphipod family Pontoporeiidae (44.3% occurrence), followed by Tubificidae (oligochaete 

worm -16.6% occurrence), Sphaeriidae (fingernail clam - 11.5% occurrence) and Chironomidae 
(midge - 9.9% occurrence). These 7 families make up 96% of the total benthos found in 
Reference Group 5. To a lesser degree, Group 5 also consists of Lumbriculidae, Enchytraeidae, 

and Naididae (oligochaete worms - 1.9 to 6.8% occurrence). 

The BEAST results for 2009 (and 2003) Nipigon Bay sites are summarized in Table 8-. Four 
separate ordinations were performed with a subset of 3 'or‘4 sites. Three axes adequately 

described the variation in data, Stress, which is a measure of the goodness of fit between the 

distances among points in ordination space and the matrix input distances, was between 0.143
I

16



and 0.162 (Figs. 5a-5d), which was an acceptable level. The larger the disparity the larger the 
stress and stress > 0.20 is considered poor (Belbin 1993). Of the 15 sites, 3 were categorized as 
equivalent (Band 11), 3 as possibly dzflerent (Band 2), 5 as diflerent (Band 3), and 4 as very 
different (Band 4) to reference.

' 

The two upstream sites (6974 and R1) were different and associated in increased abundance of 
‘ Chironomidae as indicated in the ordination plot by the shift of sites away from the reference 
centroid in the same direction as these vectors (Fig. 5a). The relationship between the 
community response and habitat variables was examined by correlation ofthe ordination of the 
communitydata and the habitat information. Three habitat variables were significantly (p S 0.01) 
correlated with the three ordination axes scores: sample depth, TKN (water) and silt, although 
correlations were not strong (r2 = 0.11 to 0.21). Overlying water TKN was oriented with the 
position of the upstream sites indicating that these sites are associated with elevated levels of this 
variable (Fig. 5a); site 6974 had the highest concentration in the bay (0.686 mgL; Table 3). 
Midwest bay site (R4) was equivalent‘ to reference (Fig. 5a). 

South of the mill sites (E4, E5, E6, E8) were diflerent or very dififerent (Fig- 5b). Two of these 
four sites (E5 and E6) were.associated with increased abundance of several taxa such as 
leptocerids (caddisflies), valvatids (snails), tubificids and chironomids, while the other two (E4 
and E8) were associated with decreased abundance of pontoporeiids, as indicated in the plots by 
the direction of these invertebrate family vectors (Fig. 5b). Two habitat variables were 
significantly correlated (p S 0.01) to axes scores: sample depth and lead (Pb) (‘r2=0. 17 and 0.26, 
respectively), although correlations were weak. Test sites south of the town of Red Rock (E4, 

' 

E6, E8) were the most shallow (0.9 to 7.7 m; Table 1) and ‘more shallow than most of the GL 
reference sites (median 28 m), indicated by the orientation of the depth vector ig. 5b). 

Sites in the deeper southwest bay were associated with increased abundance of several taxa, 
primarily tubificids, as well as naidids and chironomids (vectors in the same direction as these 
sites) (Fig. 5c), Three of the four sites were different or very dfierent than reference. Five 
habitat variables were significantly correlated (p S 0.05) to axes scores: TKN (water), MgO, total 
P (water), Hg and TKN (sediment) (r2=0.1 to 0.16), (Note: no habitat variables were significant
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at p_<_ 0.01.) Total'P and TKN (water) and MgO were oriented with the site positions (Fig. 5c), . 

although correlations were weak. 

Sites at Kama Pt (R7 and R8) and in the east bay (R9 and R10) were equivalent to reference or‘ 
possibly diflerent to reference (Fig. 5d) and therefore cannot be described as degraded. 

The 2009 BEAST results were the same as those found in 2003 for Kama Pt and east bay sites, 3 

of the 4 sites in the southwest bay, and 1 of the 4- sites south of the mill (Table 8). For remaining 

sites, those that were in Bands 3 or 4 (different/very diflerent) or Bands 1- and 2 

(equivalent/possibly difikrent) tended to remain as such, with the exception of R1 (upstream), 

which fell in Band 3 in 2009 vs. Band 2 2003 and site E12 (southwest bay), which was less 

degraded in 2009 than 2003. For E12, difference in outcomes were likely due to the 3-fold 

decrease in tubificid density and the ~4-fold increase in amphipod density in 2009 compared to 

2003 (Fig. 5c). The spatial distribution of 2009 and 2003 sites "indicating the level of benthic 

alteration compared to Great Lakes reference sites is shown in Figs. 6a and 6b, respectively. 

Additional data collected in south of the mill and in the deep southwest bay (5 sites) from 2006 

to 2010 by EC may help determine whether changes in benthic communities are occurring over 
time and recovery rates. This data forms part of a separate EC study (to be reported in the 
future). 

6.4 Sediment ‘Toxicity 

Mean species survival, growth and reproduction from toxicity tests‘ for concurrent sites sampled 
in 2009 and 2003 are provided in Table 11. The established numerical criteria for ‘each category 

(non-toxic, potentially toxic and toxic) for each species are included. In 2009, reduced Hyalel_la 

survival was evident south of the mill at 3 sites: E4, E6 and E8 (survival: 57 to 68%); survival at 

remaining sites was 2 83% (Table 11). There were no effects on Chironomus, Hexdgenia or 
T ubifex. Toxicity results were inconsistent in some cases with those from six years previous 

(2003). The 2009 results showed an improvement in the eastern bay with 59-87% increased 

Hyalella survival, but there was also up to a 20-25% decrease in survival -south of the mill (Table 

11, Fig. 7a). Tubifex cocoon production was slightly decreased south of the mill at 3 of the 4 

sites in 2009 but showed increased production at all other sites (Fig. 7b). 
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Results of the BEAST toxicity evaluation are summarized in Table 11 and ordinations are shown 
in Figs. 8a, 8b. Each figure represents a separate ordination on a subset of 3 or 6 Nipigon Bay 

' 

site data. Three axes adequately described the variation in data and stress values were 0.11 and 
0.12 (good). Of the nine sites, two were potentially toxic (E4 and E8; Fig. 8a), and remaining 
sites were non-toxic (Figs. 8a, 8b). Potential toxicity at sites E4 and E8 was associated with low

' 

amphipod survival as indicated by the shift of these two sites away from the reference centroid in 
the opposite direction as the Hyalella survival (Hasu) vector (Fig. 8a‘)-. The relationship between 

_ 

the toxicological response and habitat variables (excluding organic contaminants) was examined 
by correlation of the ordination of the toxicity data and the habitat information. There were no 
high correlations (r2 S 0.16). Those variables oriented with the site positions in ordination space 
included copper (Cu, Fig-. 8a), although the correlation was very weak (r2=0.08). (Copper 
concentrations were low at sites E4 and E8, ranging from 22 to 33 _ug/ g; Table 5.) The cause of 
toxicity to Hyalella at sites south of the mill is unclear. Most organics contaminants were low, 
other than the oil and grease concentration, which was highest at E4 (3420 mg/kg; Table 6), 
which may help explain the reduced Hyalella survival; however, oil and grease concentration

, 

was low (<500 mg’/kg) at site E8 where amphipod survival was lower than that at E4. The spatial 
distribution of 2009 and 2003 sites indicating the level of toxicity compared to Great Lakes 
reference sites is shown in Figs. 9a and 9b, respectively. 

6.5 Integration of Lines of Evidence 
Based on the data from three lines of evidence (sediment chemistry, toxicity, benthic invertebrate 
community structure), a decision matrix was developed for 2009 and 2003 data (Table 12). The , 

information obtained allows for the assessment of ‘three possibilities (EC/MOE 2007): 
1. the contaminated sediments pose an environmental risk; 
2. the contaminated sediments may pose an environmental risk, but further assessment is 

required before a definitive decision can be made; _

I 

3-. the contaminated sediments pose a negligible environmental risk. 
Interpretation of the overall assessment considered the degree of degradation for each line of 
evidence. For the sediment chemistry column, sites with exceedences of a high Sediment 
Quality Guideline (SGQ), e.g., Severe Effect Level or Probable Effect Level, are indicated by
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~“E~’i’; sites with exceedences of the Lowest Effect Level (LEL) or the Canada Wide Standards 
(CWS) for petro/leum hydrocarbons (soil) by “D”. For the benthos alteration column, sitjes 
determined from the BEAST analysis as dtflerent and very dijfkrent from reference are indicated 
by “l”; sites determined as possibly diflerent from reference by “E”. For the toxicity column, 
sites that have multiple endpoints exhibiting major toxicological effects are indicated by “I”; 

sites that have multiple endpoints exhibiting minor toxicological effect and/or one endpoint 

exhibiting a major effect by “”. Sites with no SQG exceedences, minor toxicological effects 
observed in no more than one endpoint and benthic communities that were equivalent to 

reference conditions are indicated by “El”. Some sites showed benthos alteration but are not 
recommended for further action. For these sites, the benthos alteration is not judged detrimental 

(decreased taxon richness, reduced average abundance). 

No 2009 sites required management actions, the same that was found in 2003 (Table 12). Sites 
E5, E6, E14, E15, E16 indicated determine reason(s) for benthos alteration and E4 indicated 

determine reason(s) for sediment toxicity. Remaining sites indicated no further action required. __ 

This was an improvement over 2003 where: . 

0 8 sites indicated determine reason(s) for benthos alteration (5 in 2009). 

0 4 sites indicated determine reason(s) for sediment toxicity (1 in 2009) 

0 3 sites indicated no fitrther action needed (9 in 2009) 

7 CONCLUSIONS 
‘Sediment Chemistry 

0 Metals (1 to 8) were above the Lowest Effect Levels but mostly below Severe Effect 

Levels (except for manganese); metal concentrations were similar to those found in 2003, 

indicating little change overall in surface metal concentrations. 

0 T ot_al organic carbon was generally less than 1.5%; the site closest to mill/WPCP was 
highest at 3.8%. 

o PAHs were below detection limits or well below Lowest Effect Levels. 
0 PCBS were below detection limits.
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Petroleum hydrocarbons concentrations were low. 

Oil and grease concentrations were low except for two sites below mill/WPCP,-3 where it 
was up to 3-6 times higher than rest of bay. 
Dioxin and furan TEQs were well below the Probable Effect Level. 

Benthic Invertebrate Community 
Benthic communities at sites in the southwest bay (N ipigon Straight) showed impairment 
due primarily to the.increased abundance of ' tubificid worms and low or no abundance of 
pontoporeiid ampliipods compared to reference. 

Communities south of the mill were generally less severely impaired than those in the 
southwest bay with fewer tubificids and higher diversity. 

Some improvement was noted from 2003 with significant decreases in tubificid 
abundances south of the mill/southwestem bay and increases in amphipod abundances in 
the eastern and midwest bays.

‘ 

Benthic communities in the east Bay and at Kama Pt were similar to Great Lakes 
reference. 

Sediment Toxicity 
Potential toxicity was evident south of the mill at two sites due to low amphipod survival; 
the cause of toxicity is not clear. 

No toxicity was evident in the east bay and at Kama Pt, an improvement over the 2003 
study where acute toxicity to Hyalella was evident in both these areas. 

Decision-making Framework 
No sites required management actions, the same that was determined in 2003. 
Assessment outcomes were improved in 2009 due to the lack of toxicity (in the east bay 
and at /Kama Pt) or to reduced abundances of pollution tolerant species 
(upstrearn/southwest bay) and higher taxon diversity (southwest bay).

21



RECOMMENDATIONS/NEXT STEPS 
Continue to monitor the AOC periodically ibr changes in benthic conditions and to assess 
whether positive changes are consistent and/or conditions improve with time.

I 

Assess the recovery of degraded benthic communities ‘in the AOC. Yearly data were 
collected at five sitesin western Nipigon Bay (?:0O6-201r0) to determine changes in 
zoobenthic conditions and recovery rates (separate EC study). 

III!IfI;l:lI1!Z“jlZr'-‘ilijiiliji
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Figure 2. Dioxin and fiiran (PCDD/F s) toxic equivalent (TEQ) concentrations in Nipigon Bay 
sediment (2009). For congener values that were below detection limits, the detection limit itself 
was used in the calculation of the upper TEQ‘; values were assigned a zero for the lower TEQ. 
The red solid line represents the Probable Effect Level (PEL) for dioxins/furans (21 ._5 ng 
TEQ/kg).
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Figure 4. Change in (a) tubificid, (b) chironcmid, and (c) pontoporeiid densities between 2009 
and 2003 sampling years. Bars represent abundance for 2009 minus abundance fort2'003 with 
decreases are in red and increases in green. An asterix denotes a significant difference in 
abundances between 2009 and 2003 (paired t-test, confidence level = 9-5%).
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Figure 5a. Ordination and assessm_ent_of upstream (n=2) and midwest (n'=‘1) sites using benth_i_c 

invertebrate community data (family abundance). Site scores are summarized on Axes 2 & 3, 
with 90% (smallest ellipse), 99% (middle ellipse), and 99.9% (largest ellipse) probability ellipses 
around Great Lakes reference sites (reference site scores shown as cross hairs). Stress = 0.152.
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Figure 5b. Ordination and assessment 

of south of the mill sites (n=4) using 
benthic invertebrate community data 
(family abundance). Site scores are 

summarized on Axes 1 & 3 (top) and 2 
& 3 (bottom), with 90% (smallest), 99% 
(middle), and 99.9% (largest) 
probability ellipses around Great Lakes 
reference sites (reference site scores 

shown as cross hairs). Stress = 0.152.
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Figure 5c-._ Ordination and assessment of southwest baysites (n=4) using benthic invertebrate 

community data (family abundance). Site scores are summarized on Axes 2 & 3, With 90% 
(smallest ellipse), 99% (middle ellipse), and 99.9% (largest ellipse) probability ellipses around 
Great Lakes reference sites (reference site scores shown as cross hairs). Stress = 0.148.
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Figure 5d. Ordination and assessment of Kama Pt (n=2) and east bay (n=2) sites using benthic 
invertebrate community data (family abundance). Site scores are surmnafized on Axes 1 & 2, 
with 90% (smallest ellipse), 99% (middle ellipse), and 99.9% (largest ellipse) probability ellipses 
around Great Lakes reference sites (reference site scores shown as cross hairs). Stress = 0.162.
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Figure 8a. Ordination and assessment of upstream (n=l), south of the mill (n=4) and southwest 
bay (n=1) sites using 10 toxicity test endpoints, summarized o'n Axes. 1 and 3, with 90%, 99%, 
and 99-.-9% probability ellipses around Great Lakes reference sites (reference site scores shown as 
cross hairs). Most significant endpoints and habitat variables are shown. Those correlated to site 
positions are shown as vect_ors.- Hasu, =Hyalella survival; Tthtch, Ttyg = T ubzfex percent 
cocoons hatched, no. young/adult; Crsu = Chironomus survival. Stress = 0.12.
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Axis 1 

Figure 8b. Ordination and assessment of Kama Pt (n=2) and east bay (n=1) sites using 10 
toxicity test endpoints, summarized on Axes 1 and 3, with 90%, 99%, and 99.9% probability 

ellipses around Great Lakes reference sites (reference site scores shown as cross hairs). Most 

significant endpoints and habitat variables are shown, Hasu = Hyalella survival; Tthtch, Tt'yg =_ 
'- 

Tubzfex hatch, young; Crsu = Chironomus survival. Stress = 0.11. 
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Figure 9a. Spatial distribution of "2009 sites indicating the level of toxicity compared to Great 
Lakes reference sites,
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Table 1. Nipigon Bay sampling positions (UTM Zone 16) and depth for 2009 and 2003 studies. Sitesjn the same row are" in the same 
or similar locations. 

2003' ' 
' 2009 

Sampling Site Northing Easting Sampling Site Northing Easting 
Site Device Depth (In) 

' 

Site Device Depth (m) 
6974 Ponar 8.7 5425917 40821 1 6974 Ponar 1 1.5 5425917 408213 
R1 Mini‘-box core 15.9 5423366 409045 ‘ R1 Mini-box core 14.2 5423382 409042 
R4’ Mini’-box core 14.6 . 542024'1 412301 R4 Mini-box core 15.2 5420241 412308 
E4 Mini-box core 3.9 5420504 409663 , FA Mini-box core 7.7 5420503 409666 
E5 Mini-box core 17.0 5420275 4 10027 E5 Mini-box core 1 92 5420270 '4 110028 
E6 Mini-box.core 0.9 5419419 411 03 82 E6 Ponar 0.9 5419413 410384 
E8 Mini-boxfcore 4.7 5418389 410902 E8 Mini-box core 5.3‘ 54-18386 410906 
E12 Mini-box cote 32.9 5414993 412007 E12 Mini-box Core . 33.0 5414965 412001 
E14 Mini-boxcore‘ 49.0 5411739 415713 E14 Mini-box core 49.4 541 1'695 415720 
E15 Mini-box core 49.3 5407651 418569 E15 Mini-box core 49.0 5407638 418576 
E16 Mini-box» core 60.8 5405334 4119721 E16 Mini-b0X=C0re 60.0 5405305 419725 
R7 Mini-box cone 10.1 5425544 -4251109 ‘ R7 Mini-box Core 9.8 5425552 4251 19 
R8 Mini-.box core 20.6 

_ 
5424324 424958 R8 Mini-b0X:c0r6 20.4 5424349 1 424981 

R9 Mini-box Core _36.4 “ 5415343‘ 432422 R9 Mini-boxcore 3817 5415360 432415 
R10 Mini-box core 395 5413982 434842 R10 Mini-box Core 39.4 54113972 434823



Table 2. Environmental variables measured/analyzed at each site (2009). 

F1614” "0 " " 
’”é>“v¢}1ying‘ 

5

’ 

Water 
. . . ._ 

Northing Alkalinity Trace Metals + Major Oxides
. 

Easting Conductivity Total Kjeldahl Nitrogen 

Site Depth Dissolved Oxygen Total Phosphorus 
pH Total Organic Carbon 
Temperature Loss on Ignition 
Tota_l Kjeldahl Nitrogen Sand, Silt, Clay, Gravel 
Total Phosphorus PCBs, PAHs 
Ammonia-N Dioxins/Fuirans 

Ni_t_ra_tes + Nitrites-N 
Oil and Grease 
Petroleum Hydrocarbons 

Table 3. Characteristics of sampling site overlying vvater (2009). Values are in mg/L unless 
otherwise noted. 

Al_l_(a_li.n_ity '"<:g§1i&u‘ct1vity Dissolved NH: NO3INO2 TKN pH 
5 

‘Total 
Site uslcm 0; °C P

_ 

6974 w69.‘8 "134 11.2 0.039 0.042 0.686 8.1 ‘ 
5"I‘2_.6 0009 

R1 68.1 131 10.6 0.015 50.074 0.221 8.1 12.7 0.011 
R4 60.5 118 "10.4 0.009‘ 0.188 0.184 8.1 12.7"? ‘0032 
1-34” "69‘.'9 

' 

130 11.1 0.012 0.084" 0.225 8.1" 12.7‘ 0.008 
135 68.8 132 11.2 0.019 0.079 0.234 8.1 12.6 0.008 
E6 67.7 133 11.4"°‘0.019 0.060 0.205 8.2 12.7’ ’0.009 
138 59.1 118 11.1 0.009 0.188 0.418 8.1" 

A 

12.7 0.012 
E12 54.1"‘ ’ 5115 10.4 0.025 0.254" 0.174 8.2 12.6 0.013 

71514’ 
5 

‘P 

62.4 
' 

124 9.6 0.010 0.179 0.2921 8.2 12.0 0031“ 
E15 60.2 144 97.2 ‘0.006 0.216 0.176 8.3 12.4"" “ 

0.013 
E16 61.1 

5 '”124 9.0 0.007 0.2165 0.183 8.4 12.8 0.014 5' 

1178 54.1 119 10.1 0.006 0.246 0.156 8.1 
5 

5132 
5‘ 

0.009 
R8 154.4 

5 ’ ‘“‘1‘1‘3 10.0 0.009 0.261 
‘ 

01260 8.0 13.4 0011" 
1'19’ 

8 

56.3 121 9.9" 
' 

"0.007 0.237 0.162 8.0 13.1‘ 
‘ 

0.015 
R10 47.9 

A 5 A 

103” 10.0 0.005 0.324 0.131 8.0 11.6 0.0085
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Table 4. Physical characteristics of Nipigon Bay surficial (0-10 cm) sediment (20.09). 

% % % % Particle 

Site Sand Silt Clay Gfavel si"ze ‘mean 

6974 98.1 0.0 1‘.§"” ‘ 6 

2 

"o "46; 
R1 1.3 53.7 45.0 .0 93 
R4 1.2 40.7" 58.1 0 74 
E4 1.1 56.0 42,0 0 98 
E5 2 

3.6 57.4 39.0 0 11.7 
E6 79.4 7.7 12.9 0 1306 
E8 3.0 57.5 39.5 0 .121 
E12 

_ 
2.32 37.4 60.3 0 69 

E14 0.9 34.1 65.0 0 .V 6.0 
2 E15 ‘ 0.3 32.3 67.5 0 53 

’ 

-E16 1.2”’ 39.7: 59.1 0 
8:1 

R7 6.8 42.3 50.9 0 109 
R82 2.0 42.0 56.0 0 7-9 
R9 - 1.1 

I 

36.4. 62.6 0 73 
R10 0.6 40.0 59.4 . c 6]

44



Table 5. Trace metal and nutrient concentrations in Nipigon Bay sediment (2009). Values exceeding the Sediment Quality Guideline Severe 
Effect Level (SEL) and Lowest Effect Level (LEL) are highlighted red and blue, respectively. 

as 
as 
as 
as 
as 

as 

as 
as 
as 
as 

" mean of sample duplicate 

MDL = method detection limit; 
LEL. SEL =sLowest;Effect;Leve|. Severe Effect Level (Fletcher et al?.- 2008)
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Table 6. Concentrations of oil and grease, petroleum hydrocarbons, -and .PCBs (mg/kg dw) in Nipigon Bay ‘sediment (2009). 
Values below detection limits are indicated by “<“; [detection limits- are provided in Appendix A, Table A8]. 

Area Upstream Mld.W Bay South of Mlll Southwest Bay Kama Polnt East Bay’ 

Slte 6974 51 R4 E4 E5‘ E6 E8 E1200 E1201 E1202 E14 E15 E16 R700 R101 R702 R8 R9 R10 W and.GI'aase, Total. <500 <500 <500 3420 1610 <500 <500’ 630 
I 

<500‘ <500 <500 500 <500 . <500 <500 <500 <500 
1 

; 

600 <500
’ 

Volatile Organic compounds _ 

A 

.

‘ 

Benzene <O;050 <O;050‘ <O;050’ <0.05O <0.05O <O;050 <0.05O - <0.05O <0.05O <0.050 <0.050 <0.050 <0.050 <O;050 <0.05O <O;050 <O;050 I 

' <0.05O <0.05O ‘ 

<0.05O <0.05O <0.05O <0,050 <0.05O <O;050 <0.050 <0.050 <0.05O <0.05O <0.050 <0.050 <0.050 <0.050 <0.05O <0.05O <0.05O <0.05O <0.05O ‘ 

-<0.05O <0.05O <0.05O <0.05O <0.05O <0£O50 <0.05O <0.05O <0.05O <0.05O <0.05O <0.05O <0.050 <0.050: <O;050 <O;050 <0.05O <0.05O <0.05O
_ 

<O;050 <0.050‘ <0.050 <0.050 <0.050 <0.050 <0.050 3 

‘ <0.05O <0.050 <0.050 <0.050 <0.05O <0.05O <0.050‘ <O;050 <O;050 <0.05O <0.05O <0.05O 
<0.10 <0.10 <0.»10 <0.10 <0.10 <0.10 <0;10 

_ 

<0.10 <0.1O <0.10 <0.10 <0.,10 <0.-10 <0.10 »'<0.10 -<0.10 <0.10 - <0.10 <0.10 
<0.15 <0.15 <0.15 <0,15 <0.15 <0;15 <0.15 

2 

<0.15 <0.15 <0.15 <0;-15 <0.15 <0.15 <0.15 <0.15. <0;15 <0.15 ' <0.15 <0.15 

<5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0" <5.0 <5_.0 <5,o <5.0 <5.0 <5-.0 <5:0 . <5;0 <5.0 
Q 

<5.0 <5.0 
<5.0 <5.0 <5.0 <5.0 <5-.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5‘;0 <5:0~ <5;o <5.0 <5;0 <5.0 
<20 <20‘ <20 <20 <20 <20 <20 <20 <20 <20 <20 :<20 <20 — <20 <20 <20 <20 <20 <20 

- - <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 
_ 

<20 <20 
<100 <1oo <100 350 210 <100 <1oo 110 <100 <1oo <100 <1oo <1oo <100 <1oo <100‘ <100 ’ <1oo <100 
‘\ - - <1oo 350 210 <100 <100 110 <100 <100 <100 <1oo <100 <1oo - <100 <100 <_100 <1oo <100 
.<10o~ <100 <1oo <1oo 

' 

<100 <1o_0 <100 <100 <1oo <,100 '<100 <100- <100 <100 <1oo <100 <100 <100 <100 
<1000 <1000 <1ooo <1500 <1000 <1aooo <10o_0 <1ooo <1ooo <1000 <aooo <1ooo <1000 <1ooo <500 <500 <500 <500 <1000 
<100 <100 <100 350 210 <100 <100 110 <1oo <100 <100 <100' ‘<1v00 <100 <10O <1oo <100 <100 <100 

chromatogramto baseline atncso Yes Yes Yes Yes Yes- Yes Yes Yes Yes Yes Yes Yes Yes- Yes‘ Yes Yes Yes Yes Yes 3 

Polycyclicmwomatlc , 
' 

-

, 

Acenaphthene <O;050 <O;050 
' 

<0£050 <0;10 <0.050 <0.050 <O;050 <O;050 <0.05p <0.05O <O;050 <0.05O <0.05O <0.10 <0.05O <0.-10' '<0.10~ =<0a10 <0.10 Y, 

Acenaphthylene <O;050 <0.050 <0.050 <0;_1O <0,050 <0.05O <O;050 ‘<O;050 <O;050 <O;050 <O;050 <0.050 <0.050 <0.—fl0 <O;050 <0.10 <0.10 <0.10 <0.1O
; 

Acfidine <O.80 <0.80 ~<0.80 -<1.6- <0.80 <O.80 <0.80 <0;80 <0:80 <0;80 <0.8O <o.eo <0,80' ' <1.6 <0.80 .<1.6 <1.6 <1.6 <1.6 ; 

Anthracene <O;050 <O;050 <0.05O <0.10 <0.050 <0.050 <0.05O <O;050 =<0.050r »<0.050 <O;050 <0.05O <0.05O <0.10 <O;050 <0.10- <0;10‘ <0;10 <0.10
; 

Benm(a)anthraeene <0.050 <0.050 <O;050 <0.10 <0.050 <0.050 <O;050 <O;050 <0.050 '<0.050 <0:050 <0.05O <0.05O <0.10 <0.05O <0.10 <0.10 490.10 <0.10 ‘ 

e Benzo(a)pyrene -<0.020 <0.020 <0;020 <0.040. <0.020 <0,020 <0.020 <0.020‘ <0:020- <0;020 <0:020 <0.020. <0.020 <0.040 <0.020 <0.040 <0;040 <‘0;0_40 <0.040_l, 
Benzo(b)fluoranthene <0.050 <0.050 <O;050 <0.10 -<0.050 <0.050 <0.050 <O;050 <O;050; <O;050 <O;050 <0.05O <0.05O <0,10 <0.05O <0.10' ~<0;10. <0i10 <0.'10 ' 

Benzo(g,h,i)peryIene <0.05O <O;050 <0.05O <0.10 <0.05O <0.05O <O;050 <0.05O <O;050 <0.05O <O;050 <0.050 <0.050 <0.10 <0.05O <0.10 <0.10 <0.10 <0.10 . 

Benzo(k)fluou-anthene <0.020 <0.020 <0.020 <0.040 <0.020 <0.020 <0.020 <0.020 <0.020 <0;020 <0;02O <0.020 <0.020 ,<0.040 <0.020 <0.040 <0.04O '<0.040 <0.040;j 
Chrysene <0.05O <O;050 <0i05O <0.10 <0.05O <0.05O <0._050 <O;050 <0.05O <O;050 <O;050 <O;050 <0.05O <0_.10 <0.05O <0'..‘I0- <0;10: <0:10 <0.10 

i

’ 

Dibenzo(ah)an1hracene- <O;050 <0.050’ <O;050 <0.10 <0.05O <0.05O <0.05O <0.050 <0.050 <O;050 <O;050 <0.050 <0.050 ‘ <0,10 <0.05O <O.10 <0.10 <0;10‘ <0.10 
Fluoranthene <0.05O <0.050= <0.05O <0.10 <0.05O <0.05O <0.05O <0.050, <O;050 <0:050 <O;050 <O;050 <0.05O 

I 

<O.10 <0.05O <0._‘|0 <0.,10 <02_10 <0.10 
Fluorene 

' <O;050 <0.050 <0.050 <0._10 <O;050 <0.05O ‘<0.05O <0.050’ <O;050 <O;050 <0.05O <O;050 <0.05O <0.1'0 <0.05O <0.10 <0.10r <0.10- <0.10' 
!ndeno(1,2,3~ed)pyrene <0.05O <0.05O <0.05O <0.10 <0.050 <0.050 <0.050 <0.050' <0.050 <O;050 <O;050 <O;050 <0.05O 

, 
<O.10 <0.05O <0.10 <0;10 <0:10 <0.10' 

A1-Methylnaphthalene <0.050 <0.050 <0.050 <0.10 <0.05O <0.05O <0.050 <0.050 <0.05O ..<0'.050‘ <O;050 <O;050 <0.050< <0.10 <0.05O <0.10 <0.1O <0.10 <0i103 
2:Methylna'phthaIene <0,050 <0,050 <0.05O <0.10 <0.050 <0.070 <0.050 <0.05O <0.050 <0.050 <O;050 <0.05O <O;050‘ <0.10 <0.05O <0.10 <0.10 <0.;10- —<0.10 ' 

Naphthalene 
> 

<0.010 <0.010 <0,010 <0.020 <0;010 <0.010 <0.01O <0.010 <0.010 <0.010 <0s010 <0.010 <0.010 <0.020 <0.01O <0.020 <0.020 <0.020 <0;020 
|Phenanthrene <0.030' <0.030 <0.03O <0.060 0.032‘ <Oi030 <0.030 <0.030 <0.030 <0.030 <0;030 <0:030 <0i030i <0.060 <0,030 <0._060 <O:060» <0:O60 <0;060 

j 

Pyrene _ 
<0,050 <0.05O <0.05O <0.10 <0.050 <0.050 <0.05O <0.05O <0.05O <0.05O <0.05O <0.050 <0.050- <0.10 <0.05O <0.fl0 <0.10 <0.10 <0.10

; 

§Quinoli'ne <0.050 <0.050 <0_.O50 <0.10 <O;050 <0.050 <0.050 ;<0.050 <0.050 <0.05O <0.050’ <0.050 <0.050; <O.10 <0.05O <0.10 <0.1O <0.10 <O.10. 

Polychlorfnatedfalphenyls w ‘ -

' 

rooIor1242 <0.050 <0.050 <0.050 <0.10 <0.050 <0.050 <0.050‘ <0.050 <0.050 <0.050 <O;050» <O;050 <O;050‘ <0.10 <0.05O <0.-“10 <0.10 <0.10~ <0;10 
rocIor1248 ' <0:O50 <O;050 <0.05O <0.10 <0.050 <0.050 <O;050 '<0.050 <0.050 <0.050 <O;050‘ <O;050 <O;050 <0;10 <0,050 <0.:10 <0.10 <0.10 <02,10‘ 
roclor 1254 <0.05O <O;050 <0.05O <0.10 <O;050 <0.050 <0.050 <0.050 <0.05O <0.050 <0.050 <0.050 :<0;050~ <0:1O <0.05O <0.10 <0..1O <0.10 =<0.10 
rocIor1260 <O;050 <0.050 <0.050 <0.10 <O;050 <O;050 <0.05O .<0.050 <0.05O <0.050 <0.050 <O;050 <0.05O <0.10 <0.05O <0.10 <0.10 <0.10 <0;10. 
otaIfPCBs <O;050 <O;050 <O;050 <0:10 <0:050 <0.05O <0:050 <0.05O <0.05O <0.050 <0.050 <O;050 <0.05O <0:10 <0.05O <0.10 <o.no <0.10 ‘<'0.10 
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1,. 

Table 7. Dioxin -and furan concentrations (pg/ g dw) in Nipigon Bay sediment (2009). Values below detection- limits -are indicated by “<“. 

Area Upstream‘ Midwestern Bay South of Mill 
site 6974 6974 rerun R1 R1 rerun R4 R4 rerun E4 E4 rerunl E5 E5 rerunl E6‘ E6 rerunl - E8 E8 Dup 

Talzget Al'|3lYt€5 P9/9 P919 P919 P9/9 ' P919 .' P919 P919 P9/9 
2,3,7,8-TCDD <O.26 <0.064 <0.50 0.121 <0.050 <0.11 <0.15 <0.17 <D.31 <0.11 <0-.18 <0.028 <0.20 <0.24 

1.,2,3,7,8-PGCDD <0.087 <0.065& <0.23 <0.24 <v0.4.1 0.562 0.653 <0.55; 0.301 <O.26 ' <0=.079 0.0969 0.206 <0.,16 
15.2.3.4,.7‘,8-HXCDD. <0.‘072 <0.050" .<0.15 <0.25 <»0.33 0.236 <0.56 <0.6'5: <0.28 <O.26 <0.0,93 <0.037 <0.14 <0.18 
1,'2,3,6,7,8-HXCDD <0.078 0.106 ' <0.76 0.867 <O.97 1.10 6.53‘ 7.74 2.45 1.51 <0.099 0.228 <0.18 <0.29 
1,2,3,7,8,9-HXCDD8 <0.075 <0.085 

, 

01.371 0.590 0.828 0.787 1.59 . 2.41} <0.52 <0.49 <0.097 <0.098 <0_.20 <0.19 
1V,2,3,4,_6,7,8-HpCD'D : <O.97 0.869 <6-.16 8.69 1-5.0 13.3 94.2. 110: 36.3 24.5 <1.4 1.38 5.75 12.0 OCDD' 5.87 4.93 38.7 47.2 . 96.7 76.4 757 7461 282 152 9.93 8.13 31.5[ 105 

2,3,7,8-TCDF <0.21 <0.15 <0.24 <0.39 0.497 0.537 1.01 0.998 
V 

<0'.47 <0.43 <0.13 <0.068 <0.2~3- <0.21
j 1,2,-3,7,8-PGCDF <0.035 <0.046 0.299 <0.39 <0.21. 0.362 <.0.3'1 0.507 ‘ <0.25 0.199 <0.0'38 0.0669 0.-108' <0.13 . 

2,3,4,7,8-PeCDF <0.032 <0.063“ <«0.22 <0.34 <0.37 0.426 <0.32 <-0.66‘. <0.25’ 0.251 <'0.058 0.0923 <0.14 <0..12
, 

'1,2,3,4,7,8-HXCDF 0.222 <0.23 0.394 0.500 0.432 _ 
0.439’ <1.1 <0.95 <0.38 0.410 <0.049 <0.074 0.334 <-0.13 

1:,2,3,6,7,8-HXCDF <0.060 <0.086 0.358 0.342 0.432 0.4265 <0.42 <0.54 ' <0.32 <0.20 <0.049 <0.053 0.189 <0.12 3 

2,3,4,6,7,8-HXCDF <0.060 <0.062 0.22-5 <0.27 0.324 <0.27 <0.56 <0.67 0.377 <0.28 <'0.056 0.0513 <0.15 <0.13§ 
1,2-,3,7,—8,9-HXCDF <0.079 <0.025 <0.087 <0.089 <0.10 <0.15‘ <0.-61 <0.38 <0=.31 <0.27 <0.063 <0.041 <0.20= <0.18 ‘ 

1.,2.3.4,6,7,8-HpCDF 1.12 1.05 2.651. 2.89. 3.66 3.11. 11.0 11.2 . 5.39 3.55 <-0.31 0.313 1.55 <1.3; 
1,2.3,4,.7,8,9-HpCDF <0.12 0.0924 <0.1-1 0.156: <0.18» <0.11, 1.33 0.716 <0.49 <0.23 <0.087 0.0615 <0.13 <0.32; OCDF 1.90 2.07 2.42 2.55 3.43 3.11 

j 
30.2 24.4 13.4 8.27 <0.42 0.411 1.80 1 1.83

f 

Homologue Group Totals 99/9 99/9 99/9 p9I9 99/9 99/9 99/9 99/9 7 

Total-TCDD ' <O.26 <0.064 2.55 1.79 L 3.31 2.44 ' 2.63 1.71 1.13 0.780 <0.18 <0.028» 1.02 <0.24‘ 
Total-PeCDD <0.-087 0.146 1.95. 3.28 . 4.34 3.26 4.51 4.11 3.18 1.26 0.193 0.324 1.34 1.50 ‘ 

Total-HXCDD, 0.357 0.292 0.371 6.72 11.1 9.51 31.1 45.5 13.0 2.90 0.985 0.228 1.95 2.68 ; 

Total-HpCDD 1.28 2.03 9.05" 19.0 1 29.8 26.3 164 254 65.8 . 47.4 <0.11 2.85 11.3 12.0 
Total-TCDF1 <0.21 0.0731 2.08: 4.67 4.13 6.07 6.95 6.97 1.16 0.787 <0.13’ 0.228 1.06 0.958 

Total-PeCDF <0.035 <0.046 3.40 1-.16 ' 4.10 5.26 7.79 6.68 3.69 2.78 0.247 0.227 0.935 0.798
. 

Total-HXCDF ' 0-.366 <O.*O25 3.09 1.17 ' -4.32 2.66 24.1 16.4 8.65 4.08 0.0771 0.352 1.64. 1.32 
Total-HpCDF 1.12 - 1.67 2.61 5.02 6.45 5.46 45.5 40.1 18.6 11.7 <0.087 0.375 2.88 <0.32 

Toxic Equivalency WHO 
Lower Bound PCDD/FTEQ 0.034 0.014: 0.147 0.264 0.214 1.096 1.081 0.483 0.483 0.268 0.001 0.160 ’*0.288 0.023; 
Upper Bound PCDD/FTEQ 0.469 0.251; 1.098 0.874 1.056 1.249 1.955 2.112 1.205 0.871. 0.3731 0.227 -0.680’ 0.667
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Table 7. Continuevd/. 

Area Southwestern Bay Kama Pt East Bay 
sate E1200- E1201 E1202 E14 E15 E16! R700 R701. R702 R8! 7 R9 R10 

Target Analvtes 99/9 99/9 .99/9 99/9 99/9 99/9 99/9 99/9 99/9 99/9 99/9 99/9 

2,3,.‘/,8-TCDD <-0.082 <0.15 <0.146 <0.I4 6<0.35 -<0.12 <0.27 <0..17 <0.23_ 0.330 <0.19 <0.20 6 

1,2,3,7,8-PeCDD <0.23 <0.27 0.250. <0«.32 <0.23» <0.28 0.687 0.727 0.637 1.15 1.17 <0.76 
1,2,3,4»,7,8-‘HxCDD' <o.22 «<0.24 0.356 0.318 <0-.32 <0.10 <0.60 0.823 0.731 <1.3 .<0.94. <0.78 
1,2,3,6,7,18-‘HXCDD 1.20 1.18 <0.77: <-0-.79 <0.55 0.335 1.89 '<1.6 <1.7 <2.6 2.65 2.4.8 
1,2,3*,7,8.9-HxCDD 0.877 0.674 0.3691 0.562 <0-.33 <0.16 1.68 <1.2 <1.2 2.42 2.58 1.94 

1,2,3,4,6,7,8-HpcDD 11.6 12.8 10.6 9.93 7.22 3.98 19.1 20.4 20.5 31.3 31.2 27.7 
OCDD 84.0 91.8 66.1: 69.6 39.0 25.2. 103 .111 .107 172 154 144 

2.3.7.8‘-TCDF <0.48 <0-.37 <0.225 0-.587 <0.27 <0.26 . 1.39 1.12 1.38 2.24 <1.7 2.10 
1,2,3.7,'8-PeCDF 0.349 0.310 0.256 <0.24. 0.309 <0.16 _<0.48 0.478 0.613 =<0.80 0.824 0.808 
2.3,4,7,8-'PeCDF 0_.375 0.246 <,0.22 <0.30 0.265 0.159 0.638 <0'.62 0.712 -<0.90 1.05. 1.05 

1,2,3,4,7,8-HxCDF <o.40 0.421 <0.44 -0.389 <0.29 <0.18-. 0.906 0.888 0.848 <1.1 1.25 1.15 
1,2,3,6,7,8-HxCDF <0.37 0.416 <0.31 <0.40 0.354 <0.20 <-0.57 0.730 0.790 1.06 1.17 0.868 
2,3,4.6,7.8-HxCDF 0.307 <0.27 <0.28 <.0...15 0.283 <0.079; 0.729 <0.55 <0.»64 1.04 1.13 0.891 
1,2,3,67,8,9-Hx.CDF: <0.08-1 <0.064 <0.23 <0..14. <0.16 <o.10 <0.091 <0.064 0.226‘ <‘0.29 <0.-30 0.204 

1,2,3,4,6,7,8.-HpCDF = 3.18 3.3-7 3.19 3.37 2.75 1.71 5.57 4.83 5.41 8.41 <7.1 7.75 
1,‘2,3,4.,7,8,9.-HpcDF 0-.169 <o.22 <0.20 J<0.‘095 <0.4o <0.11. <0.13 0.476 <0.23 <0.59 <0.63- <0.098 

OCDF; <3.2 3.28 3.29 2.70 1.65 1.161 4.27 4.45 4.64 7.79 6.08 5.46 

Homologue Group Totals 99/9 99/9 99/9 99/9 99/9 99/9_ 99/9 99/9 . 99/9 99/9 99/9 99/9 

Total-TCDD 3.36 0.872 1.90 3.99 3.52 1.55 5.25 3.91 3.75 6.54 5.89 9.16 
Tota|=PeCDD 2.46 5.61 4.87 5.51 1.37 2.08 7.78 9.00 6.38 16.1 12.3 11.5 
1TotaI-HXCDD 11.3 5.65 7.35 8.09 5.18 5.13: 20.3 17.5 18.9 30.3‘ 27.1 31.4 
Total-HpCDD 23.9 26.6 21.2 21.9 14.7 - 9.13 40.9 43.0 43.2 -68.2 i 67.8’ 61.3 
Total-TCDF 4.11 1.75 2.72 4.80 -2.46 1.66 12.3 8.50 13.6 16.0 

, 

12.7 19.3 
Total-PeCDF 2.95 2.98 4.121 4.61 1.75 1.65 5.59 

_ 

5.64 10.5 12.6; 10.6 13.2 
Total—'HxCDF 4.30 3.18 1.45 . 4.24 3.54 1.23 3.96 7.10 6.57 10.3 ' 6.06 11.2 
Total-HpCDF 5.92 5.71 3.19 5.05 2.75 1.71 5.57 7.45 8.36. 11.86 3.188 10.4 

Toxic Equivalency WHO — 

Lower Bound PCDD/F TEQA 0.310 0.297‘ 0.494 0.284 0.250 0.107 1.360 1.465 1.730 1.960 2.191 1.146 
Upper Bound PCDD/F TEQE 0.841 0.891 0.891; 0.984 1.062 0.636 2.022 2.035 2.056 3.270 3.043 2.497



Table 8. Mean abundance of dominant macroinvertebrate families (per 33 cm2) and taxon diversity for 2009 and 2003 Nipigon Bay sites (based on 
38--family bioassessment model) and‘ overall BEAST results. Familiies expected to be at test sites that are absent are highlighted yellow. The 
Reference Group 5 taxa means and percent taxa occurrences are provided. 

Gp. 5 Gpp-5 '- Upstream Midwest 
j 

South of the Mill 
Family Mean. Occur. (%) 7 

' 

Bay 1 

Site - - 6974 R1 {R4 . E4 4 E5 E6 ' E8 
Xear(s) 

1 

1991-93 - ‘2009 2003 2009 ' .2003 2009 2003 ' 2009 2003 
i 

L 2009 2003 2009 2003 20091 2003 
No.Taxa (iSD) 6: 2 - — ’ 13 19 8 9 5 11. 9 11 

9 
7 4 21 19 10 1'1 

T=‘6r'fi6E6r'éi'i&§é7 ."1'?§IT":l'_”£t'4.'.?5 
"""" "b """" "6 """ "'63-'""'6""7"7T6”'"1'}i"""6'"'"""6‘"'*'"6 """" "()"""""()'j."i “““ '63:’ """ "6 """" ‘b'.‘1’"" 

i 

Tubificidae° 
: 4.5 16.6 22.0 54.4 9.8 20.0 

V 

3.2 7.7 1.0 33.4 41.4 225.8 21.8 62.4 3.0 8.4 
Sphaeriidae 3.1 111.5 7.8 10.6 2.0 4.4 

. 

1.4 2.1 1.2 0.6 1.8 -0 14.2 18.2 
1 

2.0 2.1 
Chironomidae 2.7 9.9 33.3 72.2 12.0 16.4 

I 

4.2 6.1 7.0 19.2 18.2 6.4 14.0 17.6 13.8 14.1 
Lumbliculidae 13.8 6.8 1.3 4.0 0 0 

V 

0 0 0 0 0 0 0.7 
A 

0.2 0 0' 

Enchytraeidae. 1.4 -5.3 0.6 2.3 
i 

0 0 0 0 O . K0 0 0 0 ‘ 0 -' 0 
Naididae 0.5 1.9 

7 

2.1 2.2 2.6 0.4 1.4 0.7 0.2 0.2 2.4 25.8 5.1 0.2 1.4 1.3- 

BEAST-BAND“ - - - 

L 3 4 
V 

3 2 1 
5 

2 4 3 3 
, 

- 4 3 3 I 4 3 
"=QAlQC:site: vaI'ue.repr_esent» the mean ofthree field replicates: " includes ‘immatures "with and without chaetal hairs 
":HMDS of a subset of 4-6 sites with Great Lakes reference group.5 sites (n=75).

7
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Table 8. Continued. 

' Gp. ~5 Gp 5 Southwest Bay V Kama Point ‘ East Bay 
Family 

' 

Mean ’ Occur. (%) 
‘

Q 

.Site 
: 

- - E12 E14 E15 E16 R7 R8 5 R9 R10 

VYear(s) ".1991-93 - 2009 2003 2009 2003 2009 2003 2009 2003 
.; 

2009 ‘2003 2009 ' 2003 '7 2009 2003 2009 2003 

,No'. taxa (1 SD) 6»: 2 - 10 6 6 6 5 6 8 5 
‘ 

10 10 . 6 8 
g 

7 7 4 5 

i='6i&6E6Eéii&§é" ‘"132? 
""" 

“«'12f.Z3 
"""" "272 """ "d."6"'f "'65 ““ '"OT£1"'.""b """ ‘bile’ "" "6 """ "65 "" "'2'.T7"' "bis" "" '_'4I.'2' "" "2.'é""7"1’1'..'é "" "§'.'2"' "1"2'.‘2‘. """ 7'6"’ 

Tubificidae” 4.5 16.6 22.2 66.8 1 119.0 120.4. 146.2 214.2 1-83.2 138.8‘ ‘_ 13.7 15.0 1.4 2.4 3.6 3.8 4.2 1.2 

Sphaeriidae 3.1 11.5 4.9 3.0 , 
8.2 6.2 3.2. 3.3 5.8 2.4 1.5‘ 2.6 1.6 2.0 0 6 0.2 0 0 4 

Chironomidae ‘ 2.7 9.9 9.7 4.0 
, 

5.2 
A 

4.4 48.4 33.3 4.8 ‘2.0 9.6 118.4 4.4 2.8 1.4 1.0- 1.6 0.8 

Lumbriculidae 
8 

1.8 
, 

6.8 0.1 0 0 0 0 V 0 0 0 0 0 0 11.2 3.8 3.2‘ 0 0 

Enchytraeidae 1.4 5.3 
' 

0.1 0 0 0 0 0 0.2 0 0 0 0 0.2 5.4 9.8. 5.0 2.2 

Naididae 0.5 At, 1.9 ' 1.5 1.6 9.4 0.2 31.4 8.8 11.6 20.4 11.1 312 4.6 7.4 1.0 0 0 0 

BEAST BAND“ - - 2 3 3 
. 

4 4 4 4 4 2 2 
_ 

2 2 - 1 

‘ QA/QC site; value represent the mean of three field’ replicates: "includes immatures with and without chaetai hairs 
"‘HMDS of.a subset of 4-6 sites with Great Lakes Reference Group 5 sites (n=75).

' 
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Table 9. Comparison of 2009 and 2003 benthic community composition for Nipigon Bay. 
Abundancesi are per 33.14 cm2 (area of core tube). 

A ’ 
2009 ' ’ ‘ 

2003 
No. families (maeioiii§e}iebra1es)' 

. 5 — 25 5 — 29 
Ne; raiiii1ies (38-family model) 5-21 ’ 4'_1‘9““ 

No. families (total) 
0 i 

41“ ‘ 

42 
No. tubificid species 

" ' ‘ 

9 13 

No. genera - 43 
0’ Z 

36 
U 0 

No. sphaeriid species 
I 

0' 

T1‘ 
0"

8 

Total abundance (maeroinvenebiaies) 
‘ 

13.6 -2314 12.2 — 325.1 
Tubificid abuiidaaee 

0 
’ ‘ 

1.0 — 183.2 1.2 — 22518 
Chironomvittiiabundance 1.4 -48.4 

in “ ‘ ‘ 

0.8 — 72.2 ~ 

Pontoporeiid abundance 
0 M V 

‘X H 0- 122 0-9.2 

Table 10. Probabilities of Great Lakes faunal group membership for Nipigon Bay sites (2009). 
' 

'81 
, Probability ofGrou‘p Membership" 

Site Group 1 Group 2 ‘Group 3 Group 4 Group 5 
6974 

_ 0.047 0.005 0.000. 
b. 

> 

0.001 0.948 
R.1 0.045 0.003 0.000 0.001 ;j*"0,.9§s1

A R4 
0.04? 

b 

0.003 0.000 0,000“ 70.950 
.E.“_ 0.144 0.004 . 0.000 0.000 00.352 

0020 0.002 0.000 0.001 00,070
_ E6 0.177 o.o'1,0__ 0.001 0.000 ,W.0..81_217 

E? 0.131 . _ .___0.007 0.001 0.000 1 4 0.862. 
512 0.0005 0.001 0.000_._.____ 0001 000.9930 \ 

E14 
_ 0.001 0.000 _,.__-0.0_0o 0.020 

, 
10.9‘?-9,...

. 

.515 0.001 0.000 
_ 

0.000 0.014. f 
0.009 0.000 0.000- 0.051 
0.094 0.003, 0.000 0.000, 

R8 0028 0.001 0.0000 0.000 R9 
. ._ 

_. 
0.003 0,000 0.000 0.002 R” 
0.003.- 

H 
0.000 0.000, _ 

A 

0.001
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Table 11. Mean percent survival, growth (mg dry weight) and reproduction per individual in sediment toxicity -tests for 2009 and ‘2003 (9 co- 

locatedf sites) and overall BEAST results. Based on the numerical guidelines- (Reynoldson and Day 1998), toxicity is indicated in red’; potential 
‘toxicity in blue. (Grey shading is for ease of comparison.) 

. C. -riparius 1 H. axteca Hexggeniaspp. T. tubi ex 
Site % survival» growth 3 

% survival growth % survival growth % survival No. cocoonsl % hatch‘ No. youngl BEAST 
- 

' adult 
' 

adult Band” 
GL-reference Year 87.1 0.35 1 85.6 2 0.50 

_ 

96.2 3.03 97.9 9:9 57.0 29.0 

Mean“ ' 

i

E 

"R1 i2°°9 
92.0 I 0.34 93.3 

5 

0.25 . 100 3.52 _ 
100 10.6 58.8 22.0 1 

2°°3 94.7 
’ 

0.38 
I 

98.7 
g 

0.64 ;_ 
g 

100 3.32 - 100 6.5 
g 

80.1 24.4 _

2 

‘E45; 200.9 
. 

88.0 0.40 M 
3 

61.7 0.22 100 2.76 "T ‘100 ‘ 

10.3 Q? 55.8 
' 

23.6 ‘V "-7 

. 

.— 
2°03 

. 97.3 0.35 812.3 1 -0.32 .1 100.’ 2.99 
‘ 

100 7.1 V. 39.9‘ 31.6 
'

1 

E5 ' 2°°9 80.0 0.42 82.7 0.35 100' 4.12 100 ‘9.9 49.3 ‘l6-.6 ‘ 

2°°3 85.3 0.39 85.3 
V 

0.42 100 3.86 100 11.0 55.0 30.6 1 

E6 2°°9 
V 

94.7 0.43 68.0 
' 

. 0.24 
V 

100 . 
4.77 100 

i 

10.6 
5 

56.5‘ 23.5 
i

1 

2°°3. 90.7 0.54 — 93.3 0.27 - 100 
, 3.8.4 100 » 

- 11.1 53.2 25.9 1 

E8 2°°9 89.3 0.43. - 57.3 
f 

0.33 100 _: 2.78 5 100 ‘% 9.9 58.7 20.9 2 

2°°3 89.3 . 0.49 60.0 0.33 100 2.37 100 i 

g 

10.4 73.8 28.3 2 

E” 2°°9 ' 

"90.7 0.34 90.7 0.24- 
V 

100 ‘C 
8 

3.72 
‘ 

100 
' 

9.6 . 54.3 7 17.5 
8

1 

. ; 

2°03’ 
. 93.3 0-.38 92.0 0.52 100 3.10 100 . 8.8 .. 6.0.7" 

' 

24.9‘ .1
: 

R70 2°°9 84.0 0.35 88.0 0.34 100 2.74 100 10.4 
' 

62.4 25.9 1 ” 

2°°3 82.7 0.43 13.3 0.58 98 2.66 100 9.3 
h 

62.9 
i 

19.5 
4'

; 

R8 ' 2°°9 947 0.26 94.7 0.29 100 2.91 100 . 10.6 .» 60:6 7 ‘ 27.1 "1 7 

2°03. 
L 86.7 0.39.‘ 8.0 0.20 100 

‘ 

2.84 
A 

100 — 9.7. . 60:6 
‘.1 

17.3 ‘ 

R9 2°°9 » 86.7 0.24 89.3 0.33- 
§ 

100 2.85 100 10.5 =- 61.7 i 24.9 1 

2°°3 83.9 0.39 30.7 0.40 98 2.98 ‘ 100 9.8 59.5 I 21.4 4 

Non-toxic‘ - 267.7 0.49-0.21 267:0 0.75-0.23 _>_85..5 5.0--0.9 
j 

288.9 g12.4%—7.2 78.1-38.1 
7 

463-99 .- 

Pot. Toxic - 67.6-58.8 
1 

0.20-0.14 
. 

66.9-57.1 0.22-0.10 85.4-80.3 0.89—0 
- 

88.8-84.2 7.1-5.9 38.0-28.1 9.8-0.8 - 

Toxic - 
i 

< 58.8 < 0.14 < 57.1 
_ 

< 0.10 < 80.3 negative < 84.2 < 5.9 < 28.1 < 0.8 - 

"Environment Canada, unpublished data: " HMDS of=a subsetvof 3-6’ sites with Great Lakes reference sites (n=136).
I 

"The»upper*limit for non-toxic: category is set using 2 x standard deviation ofithemean and indicates excessive growth:or reproduction 
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Table 12. Decision matrixtable for weight-of-‘evidence categorization of Nipigon Bay sites (2009 and 2003) based on three lines of evidence. For the 
sediment chemistry column, sites with metal exceedences of the Severe Effect Level (SEL) organic contaminant exceedences of the Probable Effect Level 
(PEL) are indicated by “II”; sites with exceedences of the Lowest Effect Level‘ l(LEL) “”. For the toxicity column, -sites that had multiple endpoints 
exhibiting major toxicological effects were indicated by “II”; sites that had multiple endpoints exhibiting minor toxicological effect and/or one endpoint 
exhibiting a major effect by “D”. For the benthos alteration colunm sites determined fiom BEAST analyses as different/very different or toxic/severely toxic 
are indicated by “I”; sites determined as possibly different or potentially toxic by “DI”. Sites with. no SQG exceedences, benthic communities: equivalent to 
reference conditions, or non§toxic «sites are indicated by “El”. Some ‘sites show benthos alteration but were-not recommended for further action (see text for 
explanation for these sites). 

Site Year Sediment 
_ 

Toxicity 
_ 

_ Benthos Meta|(s) - 

_ Assessment 
Chemistry 5 

I Alteration "exceeding. LEI‘ . 

g Upstream 
I 

2009 Di -“ Ii” Cd 
; 

No further actions needed" 
6974 2003 DI U [I Cr. Cu. Ni Determine reason(s) for benthos alteration 

2009 In El [lb Cd. Cr. Cu. Fe. Mn. Ni No further actionsneeded 
R1 .2003 U , 

Cl Db Cr. Cu-. Fe. Mn. Ni 
_ 

No further actions needed 
Midwest Bay 

2009 -"‘ D Cd.-Cr. CU. Fe. Mn. Ni No further actions needed 
R4 ’ 2003 U D flb 

V 

lCr. CU.=Fe.. Mn.Ni No further actions needed 

_ 

’ South ofithe Mill 
I 

K 

2009 U D " Cd. Cr. Cu. Fe. Ni 
. Determine reason(s) for toxicity 

E4 2003 U C] I] CI’. CU. Ni Determine reason(s) for benthos alteration 

2009' El III Cd. Cr. Cu. Ni ‘ 

\ 

Detennine reason(s) for benthos alteration 
E5 

. 2003 .3 Ci ll Cd. Cr. CU. Fe. Ni ~ Determine reason(s) forbenthos alteration 
' 2009 

I 

D ill I Cd 
i D.etermine reason(s)~for benthos‘ alteration 

E6‘ 2003 E» III I Ni Detennine reason(s) foribenthos alteration. 

2009 E. El Ii’ Cd. Cu. Ni No further actions needed, . 

E8 2003 El .-3’ 
; 

Cr. Cu. Ni -No further actions needed.
I
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Table 12. Continued. 
Site Year Sediment Toxicity Benthos Meta|(s) ‘ Assessment 

Chemistry 
.1 

Alteration 
exceeding LEI’ 

Southwest Bay 
2009 E El fli’ Cd. Cr. Cu. Fe. Mn. Ni No further actions needed. 

E12 2003 U D I Cr. Cu. Fe. Mn. Ni Determine reason(s) for benthos alteration 

2009 U -8 ] Cd, Cr. Cu, Fe. Mn, Ni" 
iv 
Detennine reason(s) for‘benthos alteration -’ 

E014 2003' ID] D I 0|’. CU. Fe. Mn. Ni ii Detennine reason(s) foribenthos alteration
E 

i 2009 DI -3 II 
' Cd. Cr. Cu. Fe.'Mn. Ni ‘i Determine reason(s) for benthos alteration 

E1-.5 2003 D D [I ‘_ 
Cr. Cu. Fe. Mn‘. Ni 1 Detennine reason(s) for benthos alteration 

2009 U -“ III Cd. CI’. CU. Fe. Ni’ 
' 

Determine ‘reason(s).for benthos ‘alteration 

E16 2003 D D II! 0|’. CU. Fe. Mn. Ni Detennine reason(s) for benthos alteration 

§ 
Kama Pt- 

2009 D D " As. Cd. Cr. Cu. Fe. Mn. Ni No further actions needed 
R7 2003 D U Di’ Cd. Cr. CU. Fe. Mn. Ni Determine reason(s) for sediment toxicity 

R8 2009 E El fli’ As. Cd. Cr. Cu. Fe. Mn. Ni No further actions needed 

2003 ‘fl Di’ AS. Cd. Cr. Cu. Fe. Mn. Ni..Zn Detennine reason(s) for sediment toxicity 

East Bay 
.. 2009 E! El . 

AS. Cd. Cr. CU. Fe. Mn. Ni No further actions needed‘ 
R9 i 2003 D U‘ E] 

s 

I 

As. Cr. Cu. Fe. Mn. Ni. Zn Detennine reason(s) for sediment toxicity 

2009 D -3 Ci 3 AS. Cd. Cr. Cu. Fe. Mn. Ni No further actions needed 
R10 2003 D U i AS. Cd. Cr. ‘Cu. ‘Fe. Mn. Ni. Zn Determine reason(s) for sediment’ toxicity 

3 toxicity tests not perfonned; ‘i benthic community not deemed impaired basedion taxon diversity and abundance,
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Table A1. Coefficient of variation (CV) for trace metals and nutrients in field-replicated 

samples and relative percent difference (RPD) for laboratory duplicates (Caduceon, 
Environmental Laboratory data). “<” = below method detection limit (2009). 

medlan 2.1 4.3 3-7 2.6
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Table A2, Coefficient of variation (CV) for organic contaminants in field-replicated sample 
(CS9) (ALS Laboratory Group data). “<” = below method detection limit (2009). 

Sample ID E1200 E1201 E1202 CV ' “R700 3 

R701 R702 CV 
Matrix SE—DIMENT SEDIMENT SEDIMENT SEDIMENT ‘SEDIMENT SEDIMENT 

Sampling Date 3-Oct-0.39 3-Oct-09- 3-Oct-09 4~Oct-09 4.-Oct-09 4-Oct-09 
Extraction Date 29-Dec-09 29-Dec-.09 29-Dec-09 29-Dec-09 29-Dec-09 29-Dec-0:9 

Tarsemnalvtes P919 9919 99/9 99/9 9919 99/9 
2.3.7.8-TCDD <0.082 ' <O.15 <0.14 NIA <0.27 <0.-17 <0.23 ' 

. N/A 
1 ,2.3,7,8-PeCDD <0.23 <0.27 0.25 N/A 0.687 0.727 0.637 6.6 

1.2,3,4,7,8-HxCDD <0.22 <0.‘24 
_ 

0.356 
_ 

N/A <0._60 0.823 0.731 8.4 
1 ,2,3.6,7,8-HXCDD 1 .2 1 .~18 <0.77 1.2 1 .89 <1.6 <1.7 N/A 
1,2,3.7.8,9-HXCDD 0.877 0.674 0.369 40.0 1.68 \<1.2 <1.2 - N/A 

1,2,3.4,6,7,8-HpcDD 11.6 12.8 10.6 9.4 19.1 20.4 20.5 3.9- OCDD 84 91.8 66.1 16.3 103 111 107 3.7 

2,3.7,8-TCDF <0.48 <0._37 <0.22 N/A 1.39 1.12 1.38 11.8 
1,2»,3,7,8-P7eCDF 0.349 0.31 0.256 15.3 <0.48 0.478 0.613 17.5 
2—,3.4.7,8-PeCDF 0.375 0.246 <0.22 29.4 0.638 <o.62 0.712 7.8 

1.2v,3,4,7,8-HxCDF <0.40 0.421 <0.44 N/A 0.906 0.888 0.848 --3.4 
1.—2-.3,6,7,8-HxCDF <0.37 0.416 <0.31 N/A <0.57 0.73 0.79 - 5.6 
2-.-3.4.6,7,8-HxCDF 0:307 -<0.27 <0.28 N/A 0.-729 <0.55 <0.64 N/A 
1 .2.-3,7,8,9-HXCDF 

' 

<0.081 <0.064 <0.23 N/A <0.091 <0.064 0.226 N/A 
1,2.3,4,6,7,8-HpCDF‘ 3.18 3.37 3.19 3.3 5.57 4.83 5.41 7.4 
1.2,3,4.7.8.9-HpCDF 

. 0.169 <0.22 <0.20 N/A <0.13 0.476 <0.23 N[A 
. ,. _. OCDF <3.-2 3.28 3.29 

3 

0.2, .4.27 4.45 4.64. 4.2 

Mi." 0&2 
Max 40.0 17.5 

, Median 12.4 
. , 

' 

6.6
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Table A3. Sample recoveries for laboratory standards and reference material (Caduceon 

Environmental Laboratory data) (2009). 
CADUCE6N E'NV|'R'ON_lyl_ENTAL.LA£ORATOR|ES, 2_§78 HOLLY LANE, OTTAWA, ONTARIO, K1V 7P1 

QC l.D.: Various 
’ ' A ‘ ' ' ' 

CL|ENTi Enyironrnent Canada 
SAMPLE MATRIX: Sediment BATCH NUMBER: B1002364 
DATE SUBMITTED: 27-Jan-10 DATEANALYZED: Various 
DATEREPORTED: 24-Feb-10 REPORT TO: Danielle Milanl 

Lab Mean 

max 133 
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Table A4. Relative percent difierence (RPD) for sample replicates for organic contaminants 
(ALS Lab‘ora_tory Group data) (2009). 

sample 1:) Mag-ix ALS lp Analyte Replicate 1 Replicate 2 Units RPD 
Aggregate Organics A

' 

L831 1 13-1 Soil - WG1029191‘-4 Oil and Grease. Total 4500 4760 mg/kg - 

Polycyclic Aromatic Hydrocarbons
V 

L831 1 13-1 Soil WG10256,57—4 Acenaphthene <0.10 <0.10 mg/kg N/A 
L831 1 13-1 Soil WG1025657-4 Acenaphthylene 0.20 0.18 mg/kg - 

L831113-1 Soil WG1025657-4 Acridine <1.6 <1.6 mg/kg N/A 
L8311 13-1 Soil WG1_025657-4 Anthracene 0.22 0.22 mg/kg - 

L8311 13-1 Soil WG1025657-.4 Benzo(a)anth_racene 0.77 0.79 mg/kg - 

L831 1 13-1 Soil WG1025657—4 Benzo(a)pyrene 0.777 0.800 mg/kg 3.0 
L831 1 13-1 Soil WG1025657-4 Benz_o_(b)fluoranthene 0.92 0.89 mg/kg - 

L831 1 13-1 Soil WG1025657-4 Benzo(g,h.i)perylene 0.55 0.54 mg/kg - 

L831 1 13-1 Soil WG1025657-4 Benzo(k)fluoranthene - 0.591 0.61 1 mg/kg 3.3 
L831 113-1 Soil WG1025657-4 Chrysene 0.76 0.77 mg/kg - 

L831113-1 Soil ‘WG1025657-4 Diben"zo(ah)a'nth‘rac‘ene 0.11 0.11 mg/kg - 

L831 1 13-1 Soil WG1025657-4 Fluoranthene 1 .07 1 .13 mg/kg 5.2 
L831 11 3-1 Soil WG1025657-4. Fluorene <0.10 <0.10 mg/kg N/A 
L831 11 3-1 _Soil . WG1025657—4 indeno(1 ,2,3-o‘d)pyrene 0.69 0.70 mg/kg - 

L831 1 13-1 Soil WG1025657—4 1-Methylnaphthalene <0.10 <0.10 mg/kg N/A 
L831 1 13-1 Soil WG1025657-4 2-Methylnaphthalene <0.10 <0.10 mg/kg NIA 
L831 1 13-1 Soil WG1025657-4 Naphthalene 0.51 1 ~ 0.436 mg/kg 16 
L831 1 13-1 soil WG1025657-4 Phenanthrene 0.521 0.536 mg/kg - 

L831 1 13-1 Soil WG1025657-4 Pyrene 0.89 0.93 mg/kg - 

L831113-1 Soil WG1025657-4 Quinoiine <0.10 <0.10 _mg/kg N/A 

Po_lych_lo_rijnated Biphenyls 
L831 113-1 . Soil WG1023287-4 Aroclor 1242 <0.10 ’ 

. <0.10 mg/kg N/A 
L831113-1 Soil WG1023287-4 Aroclor 1248 . <0.10 <0.10 

' 

mg/kg NIA 
L831113-1 Soil WG1023287-4 Aroclor 1254 <0.-10 <0.10 mg/kg N/A 
L831 1 13-1 Soil WG10232_87-4 Aroclor 1260 <0.10 <0.10 . mg/kg N/A 
L831 1 13-1 Soil WG1023287-4 Total PCBs <0.10 <0.10 mg/kg N/A. 

Physical Tests 
L831 113-21_ Soil WG1023282-3 % Moisture 66.9 66.5 % 0.63 

Aggregate Organics 
L831 1 13-21 Soil WG1030476-4 Oil and Grease, Total , 12800 11000 mg/kg 15 

Volatile organic Compounds 
L831 1 13-30 Soil WG1023028-2 Benzene <0.050 <0.050 mg/kg N/A 
L831 1 13-30 Soil WG1023028-2 Ethyl Benzene <0.050 <0.050 mg/kg N/A 
L831 1 1 3-30 Soil WG1023028-2 Toluene <0.050 <0.050 mg/kg N/A 
L831 1 13-30 Soil WG1023028-2 o-Xylene <0.050‘ <0.050 mg/kg N/A 
L831 1 13-30 Soil WG1023028-2 m+p-Xylenes <"0.10 <0.10 mg/kg N’/A 

Aggregate Organics T 

L631 1 13-41 Soil WG1030479-4 Oil and Grease. Total <500. <500 mg/kg N/A 

Physical Tests 
L831 1 13-42 Soil WG1023286-3 % Moisture 55.5 54.3 % 2.1

1 

Aggregate Organics 
WG1029191-2 Soil WG1029191-3 Oil and Grease, Total 98 % 4.3 WG1030476-2 Soil WG1030476-3 Oi_l and Grease, Total 94 % 4.0 
W.G.1.‘030479-2 Soil WG10,3:Q4?.9-3 Oil and Grease. Total 90 % 0.67
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Table Continued. 

sample ID Malrlx ALSID Analyto Re'pueana1 Re'p|l¢'ata2 Units. RFD 
Polycyclic Nbmatlc -

5 

WG1023287-2 Soil WG10232B7-3 Aoenaphthene 99 °/. 3.4 
WG102_3664-2 Soil WG1023664-3 Aoenaphthene 83 % 1.6 
WG1025465-2 Soil wG‘1025465<s Aoenaphthene 97 .% 7.2 
wG1026349-2 Soil wG1o26349-a Aojenapmhene 98 % 14 
we1o2'71o4.2 Soil we1'o_27‘1o4;s Aoenaphthene 95 % 2.9 
WG1027627.-2 Soil wG1027627-a Aeenaphthene 97 % 4.4 
we1o27719-2 sou WG1027719-3 Acenaphmeire 91 % 5,9 
WG1023287-2 son wG1o232a7-3 Aoenapnmylene 93 % 0.54 
w<_31Q23664-2 Soil WG1023664-3 Aoenaphthylene 70 % 9.9 
wG1025465-2 Sdll WG1025465-3 Aoehaphthylerie 90 % 5_._a 

WG1026349-2 Soil WG1026349-3 Aqenaphthylene 98 % 0.-27 

w<31o27104-2 s_o_iI .w'G1'0271o4—3 Acenaphthylene 94 % 3.7 
WG1027627-2 Soil WG1027627-3 Aoenaphthylene 96 % 4.1 

WG1027719-2 son wG1o27719-3 Adenaphthylene 
, 

89 7. 6 
we1.o232a7-2 son wG1_q232s7-3 Acfidine 101 % 3.9 

wG102_3664-2 S_oi| WG1023664-3 Acridine 86 °/. 6.4 
WG1025465-2 Soil WG1025465-3 Acridine 102 '70 5.8 
WG1026349-2 soil WG1026349-3 Acnidine 96 % 1.1 

WG1027104-2 Soil wG10'27104'_-3 Aqridine 99 % 5.6 
wG1027627'—_2 Soil we1027627-3 Acridine 99 % 1.8 

WG1027719-2 Soil we1027719-3 Acridirie 99 % 6.5 
WG1023287-2 Soil WG10232B7-3 Anm;_ac_e_ne 94 % 3.3 

WG1023664—2 Soil WG1023664-3 Ammaoene 78 °/. 11 

WG1025465-2 Soil wG‘1025465—3 Anthracene 90 "A/. 5.1 

wG1o26349-2 Soil wG1026349-3 Anthracene 91 % ’3.1 

we1o271o4-2 Soil wG10271o4-3 Anthracene 94 % 3.6 
wG10_27'627-2 ‘sou WG102762T-3 Anthraeene 96 % 5.8 
wG1o'277‘19-2 Soil WG1027719-3 An'th'r'adene 

1 

69' % 9.1 

WG1023287-2 son wG1023267<a Ben;_o(a)_an1hracene 108 % 6 
wG1o23664—2 Sqil WG1023664-3 Benz0(a)anthracene 97 % 12 
WG1025465-2 Soil wG1o25465-3 aenzo(a)'antn1ac'ene 

A 

101 % 3.5 

wG1o26349-2 Soil WG1026349-3 Benzo(a)anthracene as % 1.2 

WG1027104-2 Soil wG1027104-3 Benz0(a)anth1acene 93 % 2.5 
wG102762‘7-2 sou wG10276273 9enzo(a)anuuacene 96 %V 1.8 
’wG1‘0‘27719-2 Soil WG1027719-3 B'eriz'o(a)anthracene 95 % 8.6 

WG1023287-2 Soil wG1o23297-3 Benz_0(a)pyrene 107 % 3.6 

WG1023664-2 Sojl WG1023664-3 Benzo(a)pynene 87 % 1:2 

WG'1'O2"5465-.2 Soil wG1025465-3 BenZd(a')pyr'ene 106 % 6.4 

WG1026349-2 Soil WG1026349-3 Benzo(a)pyre_r_1e 106 °/.. 1.1 

WG1027104-2 Soil wG102_7‘1o4-3 Benzo(a)py1ene 101 % 18 
WG10A276’2_7-_2_ Soil 

’ WG1027627=3 Benzo(a)pynane 103 % 2 
w‘G1o27719-2 Soil WG1027719-3 Benzo(a)pyrene 107 % 6.9 

we10232a7-2 Soil we1o23297—3 Benzo(b)fluoranthene 91 ' % 4.1 

WG1023664-2 Soil WG1023664-3 Benzo(b)fluo1anthene T1 ‘/6 10 
WG1025465-2 ‘Soil WG10254653 Benz'o(b)f_l_qoj_'ant1j1en6 101 % 2.7 

wG1o26349-2 sou wé10'263499 Benzo(b)fluoranthene 86 P1: 2.4 

wG1o271o4—2 son WG1027104—3 Benzo(b)fluo‘ranthene 90 % 15 
WG1027627—2 Soil WG1027627-3 Be_nzp(b)fluo_ranthe_n_e 84 % 1 

WG1027719-2 Soil wG10'27719—3 Benzo(b)flu0ran1hene 83 % 5.4 

WG1023287e2 Soil WG1023287-3 Be'nzb'(g,h,i)peryle'nfe 99 % 2.5 

WG1023664-2 Soil we1o23664-3 aenzo(g,n,i)pe_ry1ene 72 % 12 

WG1025465-2. Soil wG1‘025465a Benzo(g,h,i)perylene 90 % 7.1 

WG1026349—2 Soil WG1D26349-3 Ben’z'o(g.h.i)‘p'e1ylené 95 % 2.4 

WG1027104-2 S0i| WG1027104-3 Benzo(g,h.i)pe1ylene 91 % 3.8 

WG1027627-2 Soil WG10_2"[62_7-,3 B9nzo(g.h.i)perylene 93 % 1_.1 

WG1027719-2 Soil wG1o27719-3 Benzo(g,h,i)pe}ylene 99 % 2.6 

WG1023287-2 So_i| WG1023287-3 Ben2'o(k)flu'oranthene 02 °/. 1.7 

WG1023664-2 Soil WG1D23664-3 B_enzo(k)flu_o1anthene 76 % 15 

WG1025465‘-2 Soil wG1o25465—3 Benzo(k)fiu0ranthene 78 % 11 

WG"|O26349-2 Soil WG1026'349-3 Benzo(k)flu0ranthene 109 °/g 0.81 

WG1027104-2 Soil WG1027104-3 Benzo(k)nuoran1hene 94 . % 1.5 

w'<31_o2_7627—2 Soil WG1027627-3 B€nzo(k)flu0[a_qthepe 97 % 2.3 

WG1027719-2 Soil wG1027719-3 B_e_n;0(|_<)fluq1anthene 89 % 6.6 

WG1023287-2 Soil we10232_a7-3 chrysene 90 % 4.3 

WG1023664-2 Soil WG1023664-3 Chrysene 79 % 11 

WG1025465-2 Soil wG1o2546_53 Chrysene 91 °/. 51 
WG1026349—2 soil wG1o26349-3 Chrysene » 96 °/.. 3.5 

wG1o27104-2 son WG1027104-3 chrysene 92 % 1.3 

WG1027627-2 son WG1027627-3 Chryse_ne 97 7, 3,5 

WG1027719-2 Soil WG1027719;-3 chrysene 90 % 6.5.
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Table A4. Contlnued. 
I sample ID Matrix ALSID Ana_Iyte Repl|cete1 Replicate: ‘units RPD 

Poly'c'y"i:lll: Afohlatic Hydroéérbdns 
w<§1o2_32a7-2 Sojl wG1o232a7—3 Diben’z'0(ah)§hth"r'ac'ene 97 % 3.4 

I wG1o'23664.2 Soil wG1o'23564-3 Dlbenzo(ah)an1hr_acene 79 °/. 12 
wG1_025465-2 Soil WG1025465-3 Dibenz'o(éh)anthracen'e 1100 % 4.9 
wG1026fi34'9-42 soil wG1o26349-3 Dibenz'o(ah)'anthracene 89 % 0.49 
WG1027104—2 Soil WG1027104-3 Dlbenzo_(ah)an1hracene 94 % 5.5 
WG1021627-2 Sbil WG1027627-3 Dibenzo(ah)anthlacene 97 % 2.2 
wc;'1o’247'?71_9-2 Sojl wG1o27719-3 Dlbenz‘o(ah)'anm'r9ce'ne 93 "I. 1.5 
wG1'0232a7-2 Soil w'G10‘23z_97-3 F|l,lomr_1th_e_ne 95 % 4 
WG1023664-2 Soil ws1o23664-3 Fluoranthene 

' 

78 °/_. 11 
we1o25465—2 s_oll WG1025465-3 l=luo1-anthene 91 1/. 5:2 

U WG1026349-2 soil W<3102_634f9-3 Fluo_l_an_thene 39 % , 1.3 
WG1027104-2 Soil WG1027'1_04-3 F|uoranthe_ne 92 % 4.9 
WG1027627-2 Séil wG1027627-3 Fluoranthene 93 % 1.2 

,. WG102"I_7'1_9-_2_ Soil WG1027719-3 F|uo'rahthe'ne 93 % 6.5 
_ 

WG1023287-2 soil wG'102329f7-'3 Fluorene 
. . 

99 % 3.4 
WG1023664-2 Soil . wG1o23664-3 Fluorene 79 % 9,9 
WG1025465-2 S_oiI WG1025465-3 Fluorene 95 % 3.7 
WG1026349:2 Soil WG10263493 l'=lu_oren_e 99 % 11 
WG1027104-2 Soil WG102710453 Fluorene 94 9/. 3.7 
W<_3102762‘I-2 . soll wG1027627—3 Fluonene 96 ‘*4 4.4 
WG102771942 $9-‘I 

. WG1027719-3 l=luto1ene 99 % 6 
WG1023287-2 Sciil WG1023287-3 lnc_lenq(1,2,3cu)pyrene 119 % 13 
WG1023664-2 Soil WG1023664-3 lrldeno(1,2.3~cd)pynene 91 % 1.1 

wG1'o25465-2 sell WG1025465—3 Inidenb'(1,2,3-cd)pyre'ne 106 % 3.1 
wG1026349-2 Soil w<;_1"0_26'3_49-3 l_n_de_no(1,2,3-cd)pynane 89 % 2.2 

.. w<;1o271o4-2 Sdil wG'1o271049 |ndeno(1,2,_3-cd)pyrene 90 P1. 1_6 
w<;1o_2j7627-2_ S_oil_ WG1027627-3 lndéno(1,2,3-cd)pyrene 90 % 4.3 

3 wG1027719.-2 .soil wG1"027719-3 |,n,d,eno(1,2,3-cd)p'y‘rene 107 % 1.6 
WG1023287-2 soil wG1o232ar3 1—Methylnaph1hale_ne 104 9/. 1.9 
wG10'_2_'3664-2 soil WG1023664-3 1-Methylnaphthalene 31 % 11 
WG1025465A2 Soil wG10254659 1-Methylriaphthaléné 95 % 5.4 
WG1026349-2 Soil WG1‘02>634'9-3 1-M4e,thyl_r_l§phth_ale_r_l_e » 78 % 33 
wG10271o4-2 Soil wG10271o4-3 1-Methylnaphthalene 96 7. 1.7V 

I wG1o27627-2 Sojl WG1O2762743 1-Meth'yln"aphtha|ene 99 =/.' 4.3 
we-102771992 Soil 

' wG1o277'19—3 '1-I\AethY|Anaphth'alejn'e_ 39 % 7 
WG1023287-2 Soil WG1023287-3 2-Meihylnaphfhalene 

_ 

106 °/.. 3.1 
wG1023664-2 soil WG1023664-3 -2—Methylna‘phthalene 79 '°'/'.. 19 
WG1025465-2 Soil W_G10_254‘65-3 2-Methylnaphthalene 93 % 8.2 
wG1o26349-2 soil .wG1o2634943 2-Me1hylnap_h1hglen_e 90 % 15 
w"-31027104-32 Soil WG1027104-3 2-Methylnaphlhalene 94 % 2.9 

‘ 

WG1027627-2 Soil WG1027627-3 2-Methyinéphthaléne 94 % 2_._7 
W_G_1027719-2~ Soil w‘G’1027719-3 2-Me_t'f_1ylnabhfllaI_ene as %_ 5.5 

I WG1023297-2 Soil WG1023287<i Naphthalene‘ 1 95 % ,4» 

wG1o236'64-2 S_oi'l’ WG1023664~3 Naihuialene 
' 

76 % 19 
wG1o25465-2 Soil wG10f25465-3 "Naphthalene; '96 % 7.2 

» WG10_26349—2 Soil WG1026349-3 Naphthalene 105 “/2 48 
WG1Q§71_04—2 Soil wG1o27104-3 Naphthalene 95' % 32 
WG1027627-2 spil W,G10,27627_-3 Nébhthalene 99 % 2,2 
we1oV27-719_-2 Sojl WG10277-19-3 Naphthalene ' 37 % 4.1 
wG1‘o‘23297-2 Soii we1o232a7-3 Phenan'th'l"eh'é_ 91 °/.. 2.5 
WG1_O23664-2 Soil wG1o‘23664—3 P.'hen§nth_re_r_lje 78, % 11 

U w<451o425465'-2 Sojl 
‘ WG1025,465-3 Phenanthrene . 90 % ‘ 6.0 

WG1026349=2 Soil wG1o2634,9-3 Phenanth'réne 95 % 1.1 
wG1o27104-2 Soil WG1027104—3 Phenanthrene 93 % 3.2 

. we'1027“6‘27'-2' 's_o_ll WG1027627-3 Phenanthrene - 93 % 0.89 WG102T719-2 soll wc_1”o_z7‘_719<s Phenanthrene 91 °/_. 7.1 
w‘G10,23_2s7-2 Soil WG1023287-3 Pyrene 96 % 4.2 
WG1023664-2 sell WG1023664-3 Pyfene 79 % 11 
WG1025465-2 soil WG1025465-3 Pyrene 92 % 5.5 
WG1026349-2 Soil wG1o26349—3 l=yre_n_e 91 %' 1,7 

I - WG1;0_2_7'104-2 Soil wG10271o43 Pyrene 93 % 5.3 
WG1027627.-2 sojll wG1o27627-3 Pyr'ene 96 % 2.5 
wG1027719-2 soil wG1027719-3 Pyrene . 

* 
95 a/., a_4 wG1o232a7-2 Soil wG10232_6'7-3 qulnqline 113 % 2.1 

wG1j02_3664-_2 soil WG1023664—3 ouinoline 94 % 11 
. WG1025465-2 So_i| WG1025465-3 Quinoline 106 °/.. 12 

wG1026349-2 Soil WG1026,3_49-3 Qulnollne 113 % 34 
V WG1027104-2 Soil w’G102'7104-'3 Quinoline 109 % 2.1 ' 

we1o276'2_7-2 Soil WG1027627-3 Quinoline 109 </.. 1.7‘ 

I WG1027719-2 ,___..Soil_ . . WG1027719-3 Qulnollne 100, . °/.. 4.1



Tablé A4. Continued. 

Samplelb Matrix ALSID Analyte RepIicate1 Repncatez Units 
Pelyemorinated Bipnenyls 

b

' 

W,G1023287-2 sou WG1023287-3 A_roc_lor1242 80 % 4.5 
WG1023664-2; Soil wG102a664-3 Arbc|o'r1242 70 4% 15 

A WG1025465-2 Soil wG1025465-3 Aroclor1242 101 as 2.3 
wG102j6j3492 So_iJ WG1026349-3 Aro_cl_or1242 91 % 9.9 
WG102-7104-2 Soil WG1027104—3 ArocIor1242 85 %. 3.4 
w.G1027627'-2 soi'I wG1027627-3 Aroc_Ior1242 93 % 0.45 
WG1027-719-2 So_i_I wG10277-19-3 Aroclor1242 86 '% 0.0 
WG1023287-2 Soil WG1023287-3 Ar0olor1248 89 

' % 0.0 
WG.‘lO23664~2 Soil WG1023664-3 A_roc_[or1248 81 % 0.0 

WG1025465-2 . S_0i_I WG1025465-3 Aroc|or124'8 98 % 0.0 
wG1026349-2 Soil wG102'6349-3 ‘Ar0c|or124',8 94. 7. 0.0 
WG1027104-2 Soil wG10271o4-3 Aro0|or1248 90 % - 0.0 

we10_27627-2 Soil WG1027627-3 Aroc|or1248 93 %. 0.0 
WG1027719-2 Soil . WG1027719-3 A_roc|or1;248 85 % 0.0 

wG1023287-2 Soil w<_310_232_87-3 A_roclor1254 75‘ % 3.8 

WG1023664-2 soil ‘w‘G10236‘64-3 Aroclor1254 67 % 18 
wG102'5465-2 soil WG’1025465-3 A_roc_lor1_254' 97. % 4.2 

wG1_0_2634_9-2 H sen WG1026349-3 Aroclor1254 87 % 7.3’ 

wG1027104-2 Soil wG102'71o4-3 A_mc|or1-254 81 % 2.6 

WG1027627-2 Soil wG1027627-3 Ar9cJor1254 90 % 1.5 

WG1027719-2 Soil 'wG1027719-3 Arocl0r1254 87 7, 1.1 

WG1023287-2 soil WG1023287-3 Aroclor 1260 76 % 2.6_ 
WG1023664-2 Soil wG1023664-3 Aro’c|or126O 

’ 70 % 18 
WG1025465e2 soil WG1025465-3 Aroc|or1260 94 % 0.56 
wG102634‘9.-2 Soil WG1026349—3 A_rocJ0r 1260 87 % 6.3 

WG1027104-2 $911 WG1027104-3 ArocIor1260 79 % 5.3 

WG1027627-2 Soil w'G1027627-3» ArocIor1260 94 % 0.66 
WG1027719-2 Soil wG1_027719.3 Aroc|or1260 91 % .2 

wG1023_287_-2 Soil WG1023287-3 Total PCBs 80 °/. 27 
WG1023664-2 Soil WG1023664-3. Total _PCB§ 72 % 13 
WG1025465-2 Soil WG_1025465-‘3 Total PCBs 97 % 1.8 

wG1026349—2 " 

Soil‘ wG1’02634’9-3 Total Pcas 90 % 5.7 

WG1027104-2 Soil WG102710.4-3 T0t,a_VlPCVBs 84 % -23:7 

v'VG102_7f6j27-g Soil wG1027627—3 T6talPCBs 93 % 0.097 
WG1027719-2 Soil wG10277193 T9ta|PCBs 871 % 0.79 

Volatile Orfiahic Compounds 
L831113-50 Soil wG1o23032-12 Benz'e'ne <0.050 <0.050 .rng/kg N‘/A 

L_8311_13-50 Soil wG1o230j32-2 Et_hyl_Benzene <0.050 <0.050 mg/kg N/A 
L831113-50 Soil wG‘1023032-2 Toluene <0.050 <0.050 mg/kg N/A 
L831113-50 son wG1023o32-'2 o_-xylene 7 <0.050 <0.050. mglkg N/A 
L831113-50 soil wG1023032-2 m+p-xylenes <o.1o <'0.10 mg/kg N/A 

Physical Tests 
L8_31113-63 Soil wG1023288-3 %Moisgure 56.5 570 °/. 0.88 

Volatile Organic Compounds 5

V 

_|,_831113-70~ Soil wG_102.3,035-2 Benzene <0.050 <0.050 mglkg N/A 
L831113-70 Soil WG1023035-2 Ethyl Benzene <0.050 <0.050 mglkg ._ 

N/A 
L8’31113_7o , S_o_i| w‘G1023o352 Toluene <0-050 <0-050 mglkg N./A 

L_831113-:70 ‘Soil WG1023035-2 o-Xylene <0.050 <0.050 mg/>kg N/A 
L.8;3,1,1:_1_3~70, Soil ‘WG1023035:2‘, rn+.p->@1,es <o.1o <0.1o _ ._,..r.n9l\|<._9_ H N/A 
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Table A4. Continued. 

Sample ID Matrix ALS ID Analyte R9p,lic_a_t,e 1 Replicate 2 Units RPD 
Polycyclic Aromatic Hydrocarbons 
L831113-71 Soil WG1027719-4 Acenaphthene <o.1o <o.1o mglkg N/A 
L831113-71 Soil WG1027719-'4 Acenaphihylene <0.10 <0.10 mg/kg N/A 
L831 113-71 Soil VWG1027719-4 Acridine <1 .6 <1.6 mg/kg N/A 
L831 1 13-71 Soil WG1027719-4 Anthracene 

V 
<0.10 <0.10 mg/‘kg N/A 

L831113-71‘ Soil WG1027719-.4 Benzo(a)anthraoene <0.10 mg/kg NIA 
L831 113-71 Soil WG1027719—4 Benzo(a)pyrene <0.04O <0.040 mg/kg N/A 
L831 1 13-71 Soil WG1027719-4 Ben;o(b)fluora_nthene <0.10 <0.10 mg/kg N/A 
L831 1 1-3-71 Soil WG102771 9-4 Benzo(g,h,i)pefy|ene <0.10 <0_.1 0 mg/kg NIA 
L831 1 13-71 Soil WG1027719-4 Benzo(k)fluoranthene <0.040 <0.04O mg/kg N/A 
L831113-71 Soil WG1027719-‘4 Chrysene <0_.10 <0.10 mg/kg N/A 
L831 1 13-71 Soil WG102'771 9-4 Dib’e'nzo(ah)'a'nthracene <0.1 0 <0.10 mg/k9 N/A 
L831113-'71 Soil 

‘ 
WG10_2__7719-4 Fluoranthene <o.1o <o.1o mg/kg N/A 

L8311 13-71 Soil WG1027719-4 F|u'o'rene <0_.10 <0.10 mg/kg N‘/A 
L831113-71 Soil WG1027719-4 lndeno"(1,2,3-cd)py'rene <o.1o <o.1o mg/kg N/A 
L831 1 1 3-71 Soil WG1027719-4 1eMethyinaphthaiene <0.10 <0.10 

> 

mg/kg N/A 
L831 1 13~71 Soil WG1027719—4 2-Methyinaphthalene <0.10 <0.10 mg/kg N"/A 
L831 1 13-71 Soil WG1 02771 9-4 Naphthalene <0.020 <0.020 mg/kg _N/A 
L831 1 13-71 Soil WG1027719e4 Phenanthrene <0.06O <0.06O mg/kg NIA 
L831 1 13-71 Soil WG1027719-4 Pyrene <0.>10 <0>.1_0 mg/kg N/A 
L831 113-71 Soil WG1_Q27719—4 Quinoline <0..10 <0.1O mg/kg ‘N/A_ 

Polychlorinated Biphgnyls - 

L8311 13-71 Soil WG1027719-4 Aroclor 1242 <O;10 <0.10 mg"/kg N/A 
L831113-71 Soil WG1027719-4 Aroclér 1248 <0.10 <0.10 mg/kg N/A 
L831113-71 _Soiv| WG1027719-4 Aroclor 1254 <0.10 <0.'1O mg/kg N/A 
L831113-71 . Soii WG1027719.-4 Aroolqr 1260 . <0.10 <O.10 mg’/kg N/A 
L831113-71 Soil W,G_102‘771'9-4 Total PCBs <o.1o <o,1o 

’ 

mglkg. N/A 

Overall Min » 0 ' 

Max 48 
Median 4.
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Table A5. Surrogate recoveries (ALS Laboratory Group data) (2009). 

Samglalo 6974 R1 R4 E4 ‘E5 E6 E8‘ E1200 E1201 E1202 E14 E15 E16 R100 R101 R702 R8’ R9 R10 min max med 

Volatile Organic Compounds » 

Surrogata.2,5f“ motoluena 101 91 90 93 87 84 83 83 '82‘ 72 81 79 78 75 82 85 82 '78 82 72 101 82 

-Hydrocarbons
_ 

S ,, .Octaeosane 95- 95' 93 94 105 94 96- 96 11 104 102 103 95 92 105 101 106 99 94 71 107’ 96 

‘Polycycllchromatli: 
Hydrocarbons 

V
‘ 

Surrogata.2-Fluorabiphenyl 102 99 97 108 102 .1-16 120 104 B5 117 94 100 98 98 101 95" 95 99 99 B5 120 102 
Surrogate. p-Tetphenyl 1114 109' 108 100 103 102 106 106- 105 . 97 101 102 103 -107 106 100 96‘ 95 .99 104 

fr‘o1ych|odnatsd‘BIphany1s 
- 

_ 3 

:|Su5r3gata: d1-1-Te_rEheng 109 100 106 1 12 101 1.10 102 97 B7 89 95 99 95 99 94 93‘ 83 87 96 83 1 12 96 

Table A6. Laboratory extraction standard recoveries for Nipigon Bay samples (ALS Laboratory Group data) (2009). 

lsampleflamo 6974 R1 R4 E4 E5 E6 E8 E8 DUP E1200 E1201 E1202 E14 E15 E16 R700 R101 R702 R8 R9 

Extraction standards 'I. Rec ‘I. Rec 7. Rec "/. Rec °/u Rec ‘lo Rec ‘I. Rec % Rec ‘I. Rec ‘I. Rec? ‘I. Rec‘ ‘/dRec °/.:Rec ‘A-Rec % Rec 7. R31: '/. Rec ‘I. Rec‘ ‘ %’Rec‘ 

13C12-2.3,7,8¢TCDD 75 76 '82 76 86 80 103 96 99 73 ' 102 99' 92 
I 

101 100 101 98 91 98' 

13C12-1.2.3.-7.84PeCDD 100 101 95 67 76 89 105 88 99 75 102 104 72 97 96 96 90 76 B4 
13C12-1.2,3.4.~7,8-HXCDD 80 82 77 81 79 74 1 01 93 98 78 98 95 95 104 «94 102 90 94‘ 92- 

13C.12-1.2.3.6.7.8~HxCDD 74 82 16 73 78 77 -93 99 88 75‘ 92 94 96- '96 100 99 97 89 95' 

13012-1.2‘.3,4.6,7,84HpCDD 77 82' 77 74 76 69 91 72 88 63 84 95 83 84 ‘B3 98 84 88 90 
13C12-OCDD 68 74 65 .64 57 58 80 150 68 46 63 76 68 58 60 83 63 62 66 

13012-2.3.7.8-TCDVF' 88 91 89 72 84 77 1,13 102 92 72 97 99 90 95 95 95 90 90 94 
13C12-'1,2;3.7.8-PeCDF 96' 99 95 76 83 92 112 94 103 84 110 113 86 104 102 103 100 87 95 
13C12—2.3.'4.7.8-PeCDF 97 100 93 66 75 89 100 '88 98 77 103 104 75' 96 95 95 89 79 65' 

13C12-1.2.3.4,7;8—HxCDF‘ 92 94 88 90 88 85' 114 111 106 92 11.1 110 123 1:19 1.14 118 108 105 107 
13C12-1.2.3.6.7;8-HXCDF 79 85‘ 80 62 82 60 100 106 94 84 105 101 1,13 109 105 107 101‘ 96 101 
13C12-2_,‘3.4;6,7;_8-HXCDF‘ 82 87 81 76 82 79 99 99 99 82 101 101 106 105: 102 102 98 97 98' 

13012-1;2.3;7!3;9-HXCDF 60 85 81 76 80 78, 97 92 95 77 100 100 '1 02 104 102 103 99 94 99 
13012-1.2.3.4.6.7.8-HpCDF 77 79 

7 

77’ 79 77 76 96 78 91 72 97 102 97 99. 96 101 93 98 98' 

13C12-1.2.3.4;7,9,9-H'p(;DF 76 80 78 78 73 73 94 70 88 65 85 102 89 93 90 106 90 97 
3 ;:I'eanup»sa'andam 

: 1 ’37Cl4-2.3.7.8-TC DD 76 75 87 ' 79 89 84 105 -98 95 104 98 108 94 99 106 102 103 108 94'
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Table A7. Laboratory control sample (LCS) target analyte and extraction standard recoveries 
(ALS Laboratory Group data) (2009). 

Sample Name LCS LCS 
V _ 

' LC3 9' 

_ 

' ‘T ' " ' '7 H 1 

Analysis Method Mod. 1613B_/1668A Mod. 1613B/1668A Mod. 1613B/1668A 
Analysis Units % Rec "/9 Rec % Rec 
Instrument - Column ,, .HRMS,-1 .. _ , . -_ _ . 

' HRMS:-1. HRMS-1 
— Ret. Rat. Rat.- 

Target Analytes Tliire % Rec Limits 11me ‘_'/. Rec Llmlts Tlme % Rec Limits 
2-,3,7.8-TCDD 28:01 94 67-158 27:55 107. 67-158 27:51 104 67-158 

1v,2,3‘,"7,8-PeCDD 32:39 104 70-142 32:37 107 70-142 32:36 107 70-142 
1 ,2.3,4,7,8-HXCDD 34:59 '1 04 70-164 34:57 98 70-164 34:55 102 70-164 
1 ,2,3,6.7.8-HXCDD 35:04 118 76-134 35:01 105 76-134 ' 

' 34:59 106 76-134 
1 .2,3,7,8.9-IHXCDD 

‘ 

35:15 107 64-162 35:12 98 64-162 -35:10 104 64-162 
1,2,3,4,6.7,8-HpCDD 37:08 107 70-140 37:05 108 70-140 37:03 109 70-140 

OCDD 39:1 1 106 78-144 
I 

39:08 99 78-144 39:06 101 78-144 
2.3.7.8-TCDF 26:43 119 75-158 26:37 1 11 75-158 26:33 112 75-158 

1,2.3,7,8-PeCDF 31 :49 95 80-134 31:46 109 80-1 34 31 :45 111 80-134 
2,3.4,7,8-PeC'DF 32:28 97 68-160 32-:25 110 68-160 3224 111 68-160 

1 ;2,3,4,7,8-HXCDF 34:27 95 72-134 34:24 109 72-134 34:2_3 1 09 72-1 34 
1-,2,3,6,7,8-HXCDF 34:32 95 84-130 34:29 112 84-1 30 34:28 1 12 84-130 
2—.3,4,6,7,8-HXCDF 34;_54 95 76-130 34:52 1 1 1 78-130 34:50 107 '78-1 30 
1 ,2,3',7,8,9-HXCDF 35:29 95 70-156 35:27 112 70-156 35:25 109 70-156 

1.2,3,4,6.7.8-HpCDF 36:26 102' 82-122 ' 36:23 1 1 1 82-122 36:22 1 12 821-122 
1;2,3,4.7,8,9-HpCDF 37:32 100 78-.138 37:28 104 78-138 37:27 111 78-138 OCDF 39:22 97 63-170 39:18 99 63-170 39:17 99 63-170 

Median 1 07% 
Extraction standards % Rec Llmlts °/o Rec Llmlts % Rec l.7i_m’its 

13C12.-2,'3,7.8-TCDD 27:59 65 20-1 75 27:53 90 20-1 75 27:49 69 20-1 75 
13012-1 .2.3,7,8-PeCDD 32:39 70 21-227 32:36 92 21 -227 32:35 79 21-227 

13C12-1.2.3,4,7.8-HXCDD 34:59 72 21-193 34:56 89 21-193 34:55 75 21 -1 93 
13C12-1 .2,3.6,7.8-HXCDD 35:03 73 — 25-163 35:00 92 25-163 34:59 74 25-163 

.1-3C12-1 ,2.3;4,6,7,8-HpCDD 37:07 72 26-166 37:04 72 26-166 37:03 77 26-166 
13C12-OCDD 39:1 1 60 13-138 39:07 50 13-138 39:06 69 13-138 

13C12-2_-,3,7,8-'l_'CDF 26:41 65 22-152 26:35 102 22-152 26:31 68 22-152 
13012-1,2,3,7,8-PeCDF ' 31:48 76 21-192 31 :46 101 21-192 31:44 77 21-192 
13C1»2-2,3.4,7,8-PeCDF -32:27 72 13-328 32:25 94 13-328 32:23 75 13-328 

13C12-1 ,2,3,4.7,8-HXCDF 34:26 82 19-202 34:24 104 19-202 34:22 76 19-202 
13C12-1,2,3,6,7,8-HXCDF 34:31 78 21-159 34:29 97 21-159 

7 
34:27 70 21-159 

13C12-'2_-,3‘,4,6.~7.8-HxC_DF 34:53 74 17-205 34:51 _91 17-205 34:49 71 17-205 
13C12-1 ,2,3,7,8.9-HXCDF 35:29 72 22-176 35:26 85 22-176 35:24 70 22-176 

13C12-1v.2.3,4,6,7,8-HpCDF 36:26 32 2-1-158 35:23 so 21-158 36:21 . 73 21-153 
13C12-1,2,3,4.7,8,9-HpCDF 37:31 78 20-186 37:28 72 20-186 37:26 76 20-1 

Median 76%
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Table A8. Detection limits: for organic contaminants (ALS Laboratory Group data) (2009).

~ 

Sample ID 6974 R1 R4 ' 

-E4 ‘E5 E3 E_B 
’ E1200 E1201 E1202 E14 E15 E16 R700 R701 R702 R8 R9 R10‘ 

Date Sampled 0'? 09 B? 09 09 09 09 09 09 09 09 09 09 09 09 09 09 0'5 09 

OII and Grease, Total" 500 -500 500 500 500 500 500 500 500 500 500 500 500 500 500 -500 500 500 500 

Volallla Organlc Compounds 
Benzene 0.050 0.050 0.050 0.050 0.050 0,050 0.050 0.050 0.050 0.050 0.050: 0.050 0:050 0.050 0.050 0.050 0.050 0.050 0.050 
Ethylaenzene 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
Toluene 0.050 0.050 0.050 0.050 0.050 0.050 0050 0:050 0:050 0.050 0.050 0.050 01050 0.050 0.050 0.050 0.050 0.050 0.050 
o-Xylene 0.050 0.050 0:050 ‘0:050 0.050 0.050 0050 0:050 0:050 0.050 0.050 0.050 02050 02050 0.050 0.050 0.050 01050 0.050 
m+p-xylenes 0.10 0.10 0.10 0.10 0:10 0.10 0.10 0.10 0.10 0.10: 0.10 0.10 0210 0.10 0.10 0.10 0.10 0:10 0:10 
: ylene. (total) 0.15 0.15 0.15 0:15 0.15 0.15 0.15 0.15 0.15 0.15 0.15‘ 0.15 -0:15 0.15 0.15 0.15‘ 0.15 0515 0:15 
Surrogate. 2:5-Dibromotoluene - - - - - - - - - - - - - - - - ~ - ‘ - 

Hydrocarbons. 
F1 (C6-C10) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5:0 5.0 5.0 5.0 5.0 510 5.0 5.0 5.0 5.0 510 
‘F1-BTEX - 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 510' 5:0 5.0 5.0 -5.0 510 5.0 5.0 5.0 15.0 -510 

F2 (C10-C16) 20 20 20 20 20 20 20 20 20 '20 20 20 20 20 20 :20 20 20 20 
. F2-Naph1h - - 20 20 20 20 

V 

20 20 '20 '20 20 20 20 20 20 20 20 20 20 
F3 (016034) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
F3-PAH - - 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 ' 

100 
F4(C34-C50) 100- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
F4G£SG (GHH-Silica) 1000' 1000 1000 1500 1000 1000 11x10 1000 1000 1000 1000 1000 1000 1000 500 500 500 500 1000 
Totaliflydrocamons (C6-C50) 100 100 100 100 100 100 100 100 100 100 100 

V 

100 . 100 100 100 100 100 100 100 
Chromatogram to baseline at nC50 - - - - - - - - - - - - - - - - - 

, 
- «- 

Slurogatezyoctacosane - - - - - - - -. - - ~ - - - - - - - ~ 

Polycyclic Aromatlcfflydrocarbons ’ 

Aoenaphlhene _ 
0:050 0.050 0.050 0.10 0.050 0:050 0.050 0.050 0.050 0.050 0:050 0.050 0:050 0.10 0.050 0.10 0.10 0.10 0.10 

Acenaphthyléne 
‘ 0.050 0.050 0.050 0.10 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.10 0.050 0.10 0.10 0.10 ‘0.10 

Acfidlne ’ -0.80 0.80 0.80: 1.6 0:80 0.80’ 0.80: 0.80 0.80 0.80 0.80 0:80 0:80 126 0.80 1.6 1.6 1.6 1.6- 

thracene 0.050 0.050 0.050 0.10 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.10 0.050 0.10 0:10 0.10 0.10 
Bonzo(a)anthraeene 0.050 0.050 0.050 0.10 0.050 0.050 0.050 0.050 0.050 0:050 0050 0.050 0.050 0.10 0.050 0.10 0.10 0.10 ’ 0.10 
Benzo(a‘ we ’ 0.020 0.020 0.020 0.040 0.020 0.020 0.020‘ 0.020 0.020 0:020 0020 01020 0.020 0.040: 0.020 0.040- 0.040 0.040 0:040 
Benzo(b)fluoranmene 0.050 0.050 0.050 . 0.10 0.050 0.050 0.050: 

_ 

0.050 0.050 0.050 0.050 0:050 0.050 0.10 0.050 0.10 0:10 0.10 0.10 
Benzo(g,h.i)perylene 0.050 0.050 0.050 0.10 0.050 0.050 0,050: 0.050 0:050 0:050 ‘0.050 02050 0.050 0.10 0.050 0.10 0:10 ‘0.10 0.10 
Benzo(k)fluoran1hene 0.020 0.020 0.020 0.040 0.020 0.020 0.020 0.020 0.020 0020 0:020 0.020 0.020. 0.040 0.020 0040 0040 0.040 0.040

_ 

Chrysene - 0.050 0.050 0.050 0.10 0.050 0.050 0.050 0.050 0.050 0:050 -0:050 0:050 0.050 0.10 0.050 0:10 0510 0.10 . 0.10,, 
lJIbenzo(ah)anthraoene 0.050 0.050 0.050 0.10 0.050 0.050 0.050 0.050 0.050 0050 0.050 0.050 0.050 0.10 0.050 0310 0:10 0.10 0.10. 
Fluoramhene 0.050 0.050 0.050 0.10 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.10 0.050 0.10 0.10 0.10 0.10 

‘ 0.050 0.050 0.050 0.10 0.050 0.050 0.050‘ 0.050 0:050 0:050 0.050 0.050 0.050 0.10 0.050 0.10 0110 0.10 0.10 
_ 

1 

‘ 11.2.3-od)pyrene 0.050 0.050 0:050 0.10 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.10 0.050 0.10 0.10 0.10 0.10 
A 1-Methylnaphthalene 0.050 0:050 0.050 0.10 0.050 10.050 0.050 0050 -0.050 0.050 0:050 0:050 0.050 0.10 0:050 0310 0.10 0.10 0.10 
‘I2-Memylnaphmalene 0.050 0.050 0.050 0.10 0.050 0.070 0.050 0.050 01050 0.050 0.050 0.050 0,050 0.10 0.050 0.’ 10 0:10 0.10 0.10 
1,‘ ” ' 0.010 ‘0.010 0.010 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.020 0.010 0.020 0.020 0.020 0.020 

. 

I“ 0.030 0.030 0.030 0.060 0.030 0.030 0.030 0:030 0.030 0.030 0.030 0.030 0.030 0.060 0.030 0.060 0.060 01060 0.060 
_ 
Pyrane 01050 0.050 0.050 0:10 0.050‘ 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.10 

_ 
0.050 0.10 0.10 0.10 0.10 

Qulnollne 0.050 0050 0.050 010 0:050 0.050 0.050 0.050 0.050 0.050 01050: 0.050 0.050 0.10 0050 ‘0:10 0.10 0.10 0.10 
' 

Sun’ogata:;2-Fluoroblphenyl - - 
. 

- - - - ' ' ' - - - - - - - - - - 

Surrogate: p-Terphenyl d14 - - - - - - - - - - - - - - - - - - - 

Polychlorlnatewflliihenyls " 
> 

.\ 

Aroclor 1242 0.050 0.050 0.050 0:10 0.050 0.050 0:050 0.050 0.050 0.050 0.050 0.050 0.050 0.10 0.050 0.10 0.10 0.10 0.10: 

Aroolor1248 '0:050 0.050 0.050 0.10 0.050 0.050 0:050 0.050 0.050 0.050 0.050 0.050 0.050 0.10 0.050 0.10 0.10 ' 0.10 0.10 
‘ ' 1254 0:050 0.050 0.050 0.10 0050 0.050 0.050 0:050 0:050 0050 0.050 0.050 0.050 0.10 0:050 0.10 0.10’ 0.10 0.10 
Aroclor 1260 0.050 0.050 0.050 0.10 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.10 0.050 0.10 0.10 0.10 0.10 
otal PCB: 0.050 0.050 0.050 0.10 0:050 0:050 0:050 0:050 0:050 02050 0.050 0.050 0.050 0:10 0.050 0.10 0.10 0.10 0.10. 

Sun'ogéle;d14’—Terphenyl - - - - - - - - - - - 
. 

- - - - - '- - - 
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Figure A1. Assessment of fields-replicated QA/QC site E12, summarized on Axis I and 2. The 
three separate box cores are indicated by‘ E1200, E1201 and E1202 and the mean by E12avg. 
Stress = 0.15. 

4 1 

I -I 

Axis 1 

Figure A2. Assessment of field-replicated QA/QC site R7, summarized on Axis I and 2. The 
three separate box cores are indicated by R700, R701 and R702 and the mean by R7avg. Stress =\ 
0.16.

1
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Appendix B - Benthic invertebrate -abundances,
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Table B1. Family level invertebrate abundances (per 33 cm2) (abundances area adjusted for sampl-ing device-where-necessary) (2009). 
Site 6974 T11 R4 E4 E5 E6 E82 E12 . E14 E15 E16 R7 Ea R9 1% 

Arrenuridae 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 
. 

Asellidae 0.00 0.00 0.00 0.00 0.00 3.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 
Bosminidae 0,00 0.00 0.00 0.00 - 0.00 0.46 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 
Caenidae 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0-.00 

Ceratopogonidae =1.17 0.20 0.00 0.80 1,00 1.23. 0.60 0.00 0.00 0.00 0.40 0.07 0.20 0.00 0.00 
Chironomidae 33.23 12.00 4.20 7.00 13.20 14.02 13.80 9.67 5.20 43.40 4.80 9.60 4.40 1.40 1.60 

Chydoridae 0.10 0.00 0.20 0.00 0.00 0.00 0.20 0.00 0.20 0.40 7.40 0.00 0.00 0.00 0.00 
Cyolopidae 0.06 0.20 1.60 0.20 0.00 3.43 1.00 0.47 3.00 3.20 3.60 1.07 0.00 1.80 1.20 - 

Daphnildae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.00 
Empididae 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Enchytraeidae 0.64 0.00 ~ 0.00 0.00 0.00 0.00 0.00 0.07 0.00 _0.00 0.20 0.00 0.00 5.40 5.00 
Ephemeridae 0.10 0.00 0.00 0.80 0.00 0.34 2.20 0.13 0.00 0.00 0:00 0.07 0.00 0.00 0.00 
Enpobdellidae‘ 0.00 0.00 0.00 0.00 0.00 0.60 - 0.00 0.00 0.00 0.00 0.00 0.00_ 0.00 0.00 0.00 
Gammaridae 6 0.25 0.00 0.00 0.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Glossiphoniidae . 0.00 0.00 0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00‘ 0.00 0.00 
Halacaridae 0.00 0.00 0.00 0.00 0.00 0:00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0-.00 
Hyalellidae 0.00 0.00 0.00 0.00 0.00 9.43 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 
Hydridae 0.00 0.00 0.00 0.00 0.00 0.10‘ 0.00 -0.00 0.00 0.00 0.00 0.00 0.00 0.00 

’ 

0.00 
Hydroblldae 0.00 0.00 0.00 0.40 0.00 4.95 1.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 

Hygrobatldae 0.00 1.00 0.40 0.30 0.20 0.14 0.00 0.13 0.00 0.00 0.00 0.67 0.80 0.00 0.00 
‘Lebertiidae 0,00 . 0.20 0.00 0.00 0.00 0.23 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Leptoceridae 0.10 0.00 0.00 0.00 1.00 0.79 0.20 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 
Limnesiidae 0.00 0.00 0.00 0.00 0.00 0.48 ‘0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Lumbriculidae 1-.25 0.00 0.00 0.00’ 0.00 0.69 . 0.00 0.07 0.00’ 0.00 0.00 0.00 0.00 3.80 0.00 
Lymnaeidae 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0:00 0.00 0.00 0.00 0.00 0.00 

Macroblotidae 0.00 0.00 0.00 0.00‘ 0.00 0.00 0.00 0.00 4.60’ 2.20 3.00 0.00 0.00 0.00‘ 0.00 
Macrothricidae 0.00 0.00 0.00 0.00 0.00 10.13 0.00 0.27 4.40 10.20 16.20 0.33 0.20 0.80 0.00

. Mideopsidae 0.00 0:00‘ 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 3. 

Naididae 2.09 2.60 1.40 0.20 2.40 5.07 1.40 1.53‘ 9:40 31.40 11.60 11.07 4.60 ‘1.00 0.00 L 

Pionidae 
' 

0.00‘ 0.00 0.00 0.00 0.00 0.13 0.00 0.13 0.00 0.00 0.20 0.13 0.00 0.00‘ 0.00
‘ 

Plagiostomidae 0.00 0:00 0.00 0.00 0.00 0.00 0.00’ 0.00 0:00 0.00 0.00 0.00 0.00 1.00 0.20
‘ 

Planorbidae 0.-00 0.00 0.00 0.00 -0.00 0.40 0.00 0:00 0:00 0.00 0.00 0.00 0.00 0.00’ 0.00
, 

Polycentropodidae 0.31 0.00 0.00 0.00 0.00 0.00 0.00‘ 0.00 0.00 0.00 0.00 0.00 0.00 0.00‘ 0.00, ‘ 

Pontoporeiidae 0.00 0.60 7.00 0.00 0.00 0.68 0.00’ 2.20 0.20 0.00 ‘0.00 2.73 4.20 1i1.60 12.20
‘ 

Sabellidae 0.08 2.60 0.00 1.20 1.40 0.43 65.40 1.13 . 0.00 0.00 0.20 0.00 0.00 0:00 0.00 
Sphaerlidae , 7.81 2.00 1.40. 1.20 1.80 14.19 2.00’ 4.93 8.20 3.20 5.80 1.47 1.60 0.60 0.00. 
-Spongillldae 75.98 0.20 0.00 0.20 0.00 0.07 0:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tubificldae 22.04 9.80 3.20 1.00 41.40 21.77 3.00 22.20 119.00 146.20 183.20. 13.73 1.40 3.60- 4.20 

Unionicolidae .0.00 0.00 0.00‘ 0.00 0.20 0.00 ,7 0.00 0.00 0.00 0.00 0.00 0.00 0:00‘ 0:00 0.00 ' 

- Unionidae 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00’ 0.-00‘ 0.00 
1 Valvatidae 0.00 . ‘0.80 0:00‘ ‘0.20 0.00 12.77 3:20 0.53 0.00 0.00 0.00 0.27 0.00 0200 0.00

‘ 

’7o1aINo. 7.-Ta 17‘ 12 ea - 12 .9 29 14 14 10 8 13 17 s 10 6; 
Tot.-alAbund'ance 69.5 31.0 17.6 13.6 67.6 90.5 93.2 42.7 146.6 231.4 ‘209.4 41.2 17.2 20.4 23.24
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Table B2. Lowest level "invertebrate -abundances (per 33 cm2) (abundances adjusted for sampling device where necessary) (2009).. 
ugeam lfiiaw lag scum of MIII [1 Southwest B_ay I Kama Point | East 3 
6974 R1 1 R4. E4 E5‘ E6 E8|‘ E1200 E1201 E1202 E14 E15 E16] R100 R701 R102 R3] R9 ,R10 

Arnphipoda Pcaéitoporeiigae Egznusgslgzoreia 
0 2 

0.6 
1 

7.0 0.7 2.8 2.2. 1.6 0.2 v 5.4 0.4 2.4 4.2 11.6 12.2 
amman ae nus mmams 1

; 

(Species)-Gammams pseudolimna 3.6 
Hyalellidae (Genus) Hyalella 9.4 

Annelida Enchytraeidae (Genus) Enchytraeus 0.6 
' 

0,2]. (1.2 

(Genus) Mesenchytraeus 0.2 , 
; 

5_2 .5;o 

Erpobdellidae (Species) Nephelopsisobscura ‘0.6 ’ 

Glossiphoniidae (Species) Heldbdelia stagnalis 
' 0.6 

Lumbriculidee (Species) Slyiodriius heringia 1.3 07 0.2 3_3 

Naididae (Species) Arcteonais-lomondi 0.2 0.2 0.2 
(Species) Chaetcgasler diaphan 08 0:4

‘ 

(Genus).Dero ‘0.2 0.2
< 

. (Fami|y)‘Naididae 0.2 

§ 

(Genus).Nais . 0,2 
(SpecIes).NaisEbretscheri 

; 

0.1 
_ 

-

_ 

(Species) Ophidonais serpentin 
' 2.1 0.6 2.8 3.81 

‘

; 

(Species) Piguetielia blanci 
I 

0.9. I 
_ 

04 0.1 015' 0.6 0.2 0.2 0.2 0.4 
I

‘ 

(SpecIes)1F_'iguetiella michigan i I 0.3 
_ 

0.9 0.8 0.4 0.2 
(Species_)'Pristina aequiseta 

' 0:2 . 
- 

’

: 

(Species) Slavina appendiculat f 

7 0.2 3.0 11 3.4 0.4 0.4‘ 1.2 0.21; 

(Species) Specaria josinae 2:2 0.2 1 
1.7 0.6 0.6 0.2 ’ 

(Species) S1y1aria Iacustris 0.2 0.2 
(Species)'Uncinais uncinafa 

‘ 

_ 
0.2_ 

‘
_ 

(Species) Vejdovskyella comata 
‘ 0.8 1.0 o_s

' 

(Species) Vejdovskyeila-interm 0.7 0.2 1:2 1.8- 0.3 0.8 0.6 1.4 0.2 4.2 16.2- 4.2 2.4 10.8 12.6 3.6 1.0 

(Genus) Vejdowskyella . 

1 

. 2,0
‘ 

Sabeliidae (Species) Manayunkia speciosa 0.1 2.6 1.2 1.4 0.4 65.4 
‘ 

1.6 0.6 1.2 0.2
‘ 

Tubificidae (Genus) Aulodrilus : 0.4 
E 

1 
. : 

(Species) Aulodrilus americanus ; 

0.4 0.2 ' 0.2 I 

(Species) Aulodrilus Iimnobius 0.4 . 

’ 

5
_ 

(Species) Aulodrilus pigueti 1 

' 

0.2» ,[

5 

(Species) Aulodrilus pluriseta v 4.6 : 0.8 1 .2‘ 0.4‘ 2.8 1-.6 13.4
‘ 

(Species) Limnodnius hoffmeisteriv 0.6 . 

' 

0,2 0.2 
(Species) Limnodrilus udekemia 0.2 If

. 

(Species)'Po1amo1hrix vejdovsk 2.4 4 0.6 9.4 16:8 14.2 526 6.2 3.2 
1(Species):Quistradrilus;muI1is 1.0 0.6 - 4.4 0.2 
(Specles)~Spirospen'na ferox 2.2 02 7:4 0.4 0.4 '1.0 024 
(Genus)«immalur°'-‘ with cheatallhairs 0.8 0.2 0.2 14.4 2.0 0.4 2.8 2.8 3.6 59.4 104.4 63 0.2 13.2 0.2 3.6 1.6 

(Genus)Elmma1ures‘withcut chealal ha 18.9 7.2 3.2 0.6 16.8 109 1.8 3.2 4.0:‘ 5.6 4628 33.8‘ 10316 1126' 14:6 1.2 2.4 

Bivaivia Sphaeriidae (Genus)IMuscuIium 
L 

0.9 0.4 1.4 2.2 2.4 0.4 2.6 0.4 0.4 
(Species)xMuscuIium transversu 

‘ 

1 
0.7 

(Genus)‘Pisidium 
‘ 

5.7 1.2 1.4 1.2 1.4 8.2 1.4 2.8 13.4 2.0 5.6 2.6 0.4’ 1.4 1.8 1.6 0.6 
(Species)?Pisidium.casertanum 0.2 0.8 0.2 0.2 1.0 
(Species)‘Pisidiumicompressum . 0.1 0.2 
(Species)'-Pisidium fallax 

. 

, 
0.6 0.2 

(Species) Pisidium hensiowanum r 0.9 0.3 0.2 
(Species) Pisidlum mmum ' 0.2 

3 

‘, 

(Species) Pisldium nitidum 1.2 3.0
; 

(Species) Pisidiumsupiurn — 
. 

2.7 02
j 

(Species) Pisidium variable '1 

; 
0.2 0.2 1:8 1.4 0.2- i

3 

(Species) Pisidium venuicosum - 0.2 ‘

; 

(Species) Sphaeriumnsimile 
. 

0.1 0.2 
_ V 

i
, 

Unionidae (Family) Unionidae 0.1 
' 

’ 

'

‘ 

Dipiera Jeratopogonidae (Genus) Mailochohelea - 

1 I 

3 

0.4 
(Genus)-Pmhenia 1.2 O.2l- 0.8 1.0 1.2 0.2 0.4 0.4 1.0 1.2 0.2 -
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6974 R1 R4 E4 E5 E6 E8 E1200 E1201 E1202 E14 E15 E16 R700 R101 R102 R8 R9 R10
| Diptera Chimnomidae. (Genus):Ablabesmyie 0.1 0.2 0.2 012 0.4 i

I 

(Species) Ablabesrnyia(Asayia) 0.2 
5 

-

5 (Family) Chironomidae: 1:0 0.2 _0.2 0.1 0.4 0.2 ‘ 

(Genus)'Chironomus 0.6 0.2 0.4 0.6 1.4 0.2 0.2 
(Genus).C|adota_nytersus 0:5 ‘ 

0.2 . 1.5 -0.2_ 
‘ 

032 
(Genus) Conchapelopia 

I 

: 1:0 
. 

' 

5 

i 0.2 
(Genus) Cncotopus ' 

. 

, 
0.2 : 0:6 

‘, (Genus) Cryptochimnomus 
_ 

f 

0.6 0.2 2.5 0:4 . 0:2 0.8 
(Genus) Ciyptotendipes ' 0.6 0.2 0.4 0.2 0:4

\ 

(Genus) Demicryptochinonomus .- 0.2 0.2 
. 

‘ 

0.2 
(Species) Demicryptochinonomus cune 0.1 

Ij 

: 0.1 
‘ 

0.4 
(Genus) Epoioocladius ~ 0.2 
(Species) Epoloocladius flaven : 

. 

0.4 0.1 1.0
‘ 

(Genus) Hamlschia 0.1 02 
‘ 

0.2 0.2 0.2 
> 

'1.0 
(Genus) Heterotanytarsus 0.4 

, 

‘- 

(Genus) Hetemtrissocladlus 
. . 0.2 012 2.8 0.2 0.8 0.2 0.4 0.8» 2:6 1.4 2.0 

(Species) Heterotrissocladius changl 0.4 - 1.0 0.6 0:2 1.4 
(Species) Hetemtrissocladius marcidus gp 

; 
0:2 0.6 2.2 0.2 0.4 0.6 0.4 

(Species) Hetemirissocladius oIiven' : 0-4 0-5 0-3 
(Genus) Hydmbaenus 0:1 
(Genus)=Larsia 0:4 

‘ 

0.3 012 0.4 0:2 0:6 
(Species).Larsia canadensis 0.2 
(Species): Larsia decolorata 0.1 
(Genus) Micnopsectra 0.2 2.2 43.0 1.2 2.2 0:2 0.6 0.2 
(Genus) Microtendlpes 0.1 0.2 ' 0.2 . 

(Genus) Monodiamesa 0.1 0.1 0.2 0.2 
(Species).Monodiamesa depectin 1.6 
(Genus) Onhocladius 0.1 ‘

, 
- (Genus) Pagastiella 1.0 0.1 0.2 0.2 0.2 

' (G'enus)Parachimnomus 0.2 0.4 0.2 . 

I 

. (Genus) Paraciadqpelma 1.3 0.8 0.2 0.2 1.2 ‘0.3: 0.2 1.4 0:8‘ 0.6 026' 
(Specles)Paraciadopelma undin ‘ 1.2 0.2 0.8 0.2 ' 

1.2 
(Species) Paracladopelma winne 0.2 
(Cfinus) Parakiefferiella 0.2 0.2 0.2 
(Species) Paralauterbomiella nigrohalfl: 6.0: 0.6 0.2 1 .6 1.4 0.8 022 0.2 0.2 0.2 
(Genus) Paramerina 

I 

" 0.2 
(Genus) Paratanytarsus § 

1 

1.2: 0.2 
(Genus) Paratendipes " ' V0.2 

.

‘ (Genus) Phaenopsectra 021 ~

5 (Genus) Polypedilum 0.1 0.2 
‘ 

0.4 0.4 0.3 
: 

0:2 
(Species) Polypedilumavioeps 

1 

0.4
; (Species) Poiypedilumiscalaenu 16.3 0.6! ‘L 4 

0.6 2.6 0.1 0.2 " ' 0:2 0.2 
(Species) Potihastia Iongimana 0.2 ‘ 

i 0.4 0.3 0.2 0.2
i (Genus);ProcI'adius 0.1 5.2 28 - 1.2 3.4 0.8 4:8 118 1.6 2.6 0.6 1.6 0.8 

3 

4.0 1.8 2.8 1.6 0.4 0.4 
(Genus'):Pmtanypus ' 

, 
3 

V 

' 

I‘ 

‘ 

0.2 0.2 
(Genus)'Psec1mc|ad_ius ‘ 

. 0.1 ' 0.2
, 

(Genus)iRheo1a'nyiarsus~ . 
I 0.4 3 

* ‘

. 

(Genus)-Stempellina 0.1 0:2 . 0.2 0.2 0.2 0.4!. 0.2 ‘ 0.2 
(Genus):Sternpellinel|a 0.8 

0 

3 

. 
I 

:

V 

(Genus):Stictochironomus’ 
: 

. 
3.2 4.4 3.0 1.4’ 2 1.6 

-(Genus) Stiiociadius 1.8 ‘1.0 0.2 '02 0.4 1.1 0.2 ' 0.8 0.2 0.2 1.0 0.6 0.6 
(Species).Subiettea ooffmani 0.1‘ ‘

. 

(Genus) Tanytarsus 3.0 0.6 0.2 1.0 1.6 ' 0.3 ‘1.2 0:8 0.4 0.4 012 0.2
1 (Species) Tiibelos'jucundum , 0.3 0.2
1 

(Genus) Tvetenia 0.1 

Empididae (Genus) Hememdmmia 0:3 

71.
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6974 R1 R4 E4 E5 E6 E8 E1200 E1201 E1202 -E14 E15 E161 R100 "R701 R702 RBI R9 ‘R10 

~~~ ~ 

Ephemeroptera -Caenldae (Genus)-Caenis ' 

I 

. 

0.4 . 
i

: 

Ephemeridae (Genus).Ebhemera\ 0.3 0.2 
‘

' 

(Genus)«Hexagenia I 0.1 » 0.8- 2.2 0.2 0.2 

Gastropoda Hydmbiidae (Smcies) Amnieola Iimosus ' 
~ 

' 0.4 0.1 0.6
. 

(Species) Pyrgulopsis |ustn'ca 4.9 0.4 
_ 

0.2
; 

Lymnaeidae (Genus) Fossaria ‘ 0.4 1 

(Specles)»Pseudosuccinea colum 1.1
' 

(Species) Stagnioola catascopi 0.1 
Planotbidae (Species) Helisomaaneeps 0.4 - 

‘
1 

‘Valvafidae (S"pecias)Va1va1a‘lewisl 
\ 

0.6 0.2 
‘ 

0.2 0.4 0,2 0,2 1

* 

(SpecIes)'Valvata piscinalis , 
10.8 2.0 , 

.

' 

(Species)Valvata.sinoera 
_ 

I 

0.1 
; 1 

- 
=

6 

(Species) V_a|vata>tn'can'_nata’ 0.2 ’ 

. 
1.8 1.2 I 0.2 ‘0.4 ‘

. 

(Family)'Va|vatidae ' 

; 

' 

A 
0.8

‘ 

Hydmida ’ Hydridae (Genus) Hydra ‘ 

I 

0.1 
f

‘ 

Malaoostraca lsopoda (Genus) Caecidotea 3.0 
(Genus) Limeus 0.9 

Ostraooda (Ordef) Ostracoda 4.4 4.4 11.4 40.9 30.6 28.6‘ 23.2 14.6 21.6 45.2 44.2 53.2 9.4 5.4 9.0 

Nemata Nemata (Phylum) Nemata 2.7 13.2 5.0 2.0 13.4 61.8 37.8: 28.2 31.4 46.2 14 16.4 18.8 9.0 21.8 6.2 

Oribatei Halacaridae (Family) Halaearidae . 0.4 

flatyhelminthes Turbellana (Genus) Hydrolimai 
\ 

1_o 052 
(Class) Turbellaria 0.2 

‘ 

' 0.5: 0.2 0.2 0:4 

Porifera (Fam||y).Spongillidae 76:0 0.2 I 0.2 0.1 

Pmstigma1a Anenuridae (Genus) Anenufus _ 

0,2 
Hygrobatidae (Genus)Hygrdbates. . 1.0 0.4 0.8 - 0:2 0.1 0.2 0.2 0.4 1.6 0.8 

Lebertiidae (Genus) Lebertia . 0.2 0.2. 0.2 
Limnesiidae'(Genus) timnesian . 

L a , 
. 0.5 

Mideepsidae (Genus_)»Mideo_psis- , 
3 

0.2 0:21 0.4 
Plonldae (Genus) Eorelia < 

1 

' 0.2 022 0.2 
Plonidae (Genus)»Piona 

' 

0.1 0.2 0.2 , 

(Order):Pnostigma1a 
’ 

0.2 v 3.0 0.2 0.8. 0.6 '1 

Unionieolidaa (Genus) Unionicola 0:2 

Tardigrada 
‘ 

Macmbiotidae (Family) Macnobiofidae 
‘ ' 

' 

4.6 2.2 31 

Trichoptera Leptooeridae (Genus) Ceraclea 
1 

0.1 
(Genus) Myslacldes 1 o_2 
(Genus) Oecetis 1 

1.0 0,8 0.2 » - o;;2_ 

Polycentnopodidae (Genus) Polyeentmpus 0.3 

satanchlopoda ’CIadooera.(Fam|Iy) Bosminidae 3 
0.5 ' 

0:2 '

, 

(Family) Macnothricidae s I 0.1 0.8 4.4 10.2 16.2 I 0.6 0.4 0.2 3 0.6
' 

(Family) Chydoridae 0.1 0.2 
5 

' 0.2 0.2 0.4 7.4 
' ‘ 

(Family) Daphniidae _ . 

f 

0.4 
(

~ 

Maxillipoda Calanoida (Order) Calanoida 0.2 0.2 022 
Cyclopoida (Family) Cyclopidae 0.1 0.2 16 0.2 3.4 1.0 - 1.4 3 3.2 3.6 

‘ 

1.2 2.0 1.8' 1.2 
(Order) Cvclopoida 2 

as 
«Harpactiooida (Order) Haljpacflcoida 0.2 6.9 ‘27.2 . 3.8 8:8 14.0 

‘

J
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