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SUMMARY

In 2002, Environment Canada sampled 19 sites in Thunder Bay North Harbour where elevated
levels of sediment mercury had been observed. The impact of this elevated sediment mercury on

benthic invertebrate communities, sediment toxicity, and the bioavailability of this mercury to

resident benthic invertebrates and its potential for effects on fish and wildlife through
biomagnification was assessed. Results showed that sediment mercury concentrations were

elevated above sediment quality guidelines and above reference conditions at most sites and

~ mercury concentrations in the resident benthos were also elevated compared to reference

conditions. Sediments were found to be toxic at several sites and benthic communities were
generally different than those at Great Lakes reference sites. There were several sites where

potentially adverse effects due to mercury biomagnification were observed.

The objective of this study was to fill existing data gaps in the areas of Thunder Bay North
Harbour that showed toxicity and/or the potential for mercury biomagnification from the 2002
study. In 2005, 15 sites were sampled focusing on two areas: (a) in the vicinity of the paper mill
where toxicity and potential for biomagnification were observed, and (b) in the vicinity of the
Current River mouth, where potential for biomagnification was observed. Sediment, overlying
water, and benthic invertebrétes were collected for: (a) chemical and physical analysis (sediment
and overlying water), (b) measurement of tissue concentrations of total and methyl mercury
(resident benthic invertebrates), and (c) laboratory sediment toxicity tests. A decision-making

framework for sediment contamination, developed under the Canada-Ontario Agreement

fespecting the Great Lakes Basin Ecosystem, was applied to data from both studies (total of 34

sites) to determine whether contaminated sediments were dégraded.

Sediment mercury concentrations 'range“ﬁ'rom 0.04 to 7.6 pg/g and 4 of the 15 test sites are above
the provincial Severe Effect Level. (With both studies .combined, total mercury ranges from 0.03
to 39.7 ug/g.) Total mercury tissue concentrations in one or both of the resident invertebrate taxa
collected at all Thunder Bay sites except one are elevated above those at reference sites; methyl
mercury tissue concentrations in one taxon (chironomids) are elevated above those at reference

at 10 Thunder Bay sites. Three sites are either toxic or severely toxic and these sites are in



similar locations to where toxicity was observed in 2002. Toxicity is related to metal
coritaminants; however, there may be ﬁnmeasured stressors ipvolved as» well as substrate related
factors with respect to paper material found at some sites. In 2002, toxicity to the mayfly
Hexagenia could be partially explained by sediment methyl mercury; however, there are no

effects on Hexagenia in the current study.

* According to the decision-making framework, required management actions are indicated for 3

sites due to elevated mercury, sediment toxicity, benthos alteration, and in 2 of the 3 cases, the
potential for mercury biomagnification. Benthic community structure was not assessed in the
current study. However, if it is assumed that benthic communities for the 2005 sites are likely
different from reference conditions (as observed for 17 of the 19 sites from the 2002 study), then
the assessment outcome will éhange for a number of sites. Primarily, management actions would
be indicated for 7 sites as opposed to 3. With respect to the “potential for biomagnification” line
of evidence, significant biomagnification can be determined when there is .site specific evidence,
such as from fish advisories or previous research in the area. Currently, there are fish
consumption advisories in the Thunder Bay Area of Concern due to mercury; however, the last
fish survey that took place in the sampling area adjacent to the paper mill was in 1998.
Inforfhation frofm a new fish survey wotild reduce uricertainty in the assessment of the risk of

miercury biomagnification.
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Abstract

Elevated levels of mercury in sediments of Thunder Bay North Harbour; Lake Superior,
have led to several investigations by Environment Canada. The impact on invertebrate
communities, sediment toxicity, and the bioavailability of this mercury and its potential
for effects on fish and wildlife through biomagnification was assessed in 2002, The
purpose of this study was to fill data gaps in two critical areas of the harbour that were
determined from the 2002 study: (a) in the vicinity adjacent to the paper mill where
toxicity and potential for biomagnification were observed, and (b) in the vicinity of the
Current River mouth, where potential for biomagnification was observed. In June 2005,
overlying water and surficial sediment samples were collected at 15 sites for: (a) chemical
and physical analysis of surficial sediment and overlying water; (b) measurement of tissue
concentrations of total and methyl mercury in resident benthic invertebrates; and (c)
laboratory sediment toxicity tests. A decision-making framework for sediment
contamination, developed under the Canada-Ontario Agreement respecting the Great
Lakes Basin Ecosystem, was applied to data from both studies (total of 34 sites) to

determine whether contaminated sediments were degraded.

This study involved (a) comparisons of benthic toxicological response in laboratory
toxicity tests to those established for Great Lakes reference sites using multivariate
techniques (ordination) (b) comparisons of total and methyl mercury concentration in
sediment and benthic invertebrates (oligochaetes and chironomids) from Thunder Bay to
those from Lake Superior reference sites, (c) analyses of the relationships of total and
methyl mercury concentrations in invertebrates to those in sediment (regression analysis),
and (d) predictions of concentrations of methyl mercury in repr'esentative consumers of
benthic invertébratés and their predators (White Sucker, Yellow Perc‘h5 Walleye, Great
Blue Heron, Mink) using screening-level trophic transfer models with biomagnification

factors obtained from a review of pre-existing studies.

Sediment mercury levels are high in some cases (range 0.04 to 7.6 ug/g), exceeding the



resident chironornids are elevated above those at reference at 10 of the 15 Thunder Bay
sites. Toxicity is observed at 3 sites; these sites are in similar locations to where toxicity
was observed in 2002. Toxicity is related to metal contaminants; however, there may be
unmeasured stressors involved as well as substrate related factors with respect to paper
material found at some sites. According to the decision-making framework, management
actions are indicated for 3 sites due to elevated mercury, sediment toxicity, benthos
alteration, and in 2 of the 3 cases, the potential for mercury biomagnification. Benthic
community structure was not assessed in the current study. However, if it is assumed that
benthic communities at the 2005 sites are likely different from reference conditions (as
observed for 17 of the 19 sites from the 2002 study), then management actions would be
indicated at 7 sites as opposed to 3. Information from a new fish survey in the sampling

area would reduce uncertainty in the assessment of the risk of mercury biomagnification.
Résumé

Les concentrations élevées de mercure dans les sédiments du havre nord de Thunder Bay,
au lac Supérieur, ont donné lieu 4 plusieurs études d’Environnement Canada. Ainsi, les
impacts sur les communautés d’invertébrés, la toxicité des sédiments, ainsi que la
biodisponibilité du mercure et les effets possibles de sa bioamplification sur le poisson et
la faune ont été évaluées en 2002. Notre étude visait a combler les lacunes dans les
données sur deux secteurs du havre jugés préoccupants dans 1’étude de 2002 : a) les
environs de I’usine de papier ot ’on a observé de la toxicité et un potentiel de
bioamplification et b) les environs de I’embouchure de la riviére Current ol ’on a observé
un potentiel de bioamplification. En juin 2005, nous avons recueilli des échantillons de
sédiments superficiels et d’eau sus-jacente a 15 sites pout effectuer : a) ’analyse de leurs
caractéristiques physicochimiques, b) le dosage du mercure total et du méthylmercure
dans les invertébrés benthiques et ¢) des essais de toxicité des sédiments en laboratoire.

. Nous avons appliqué aux données des deux études (34 sites au total) le cadre décisionnel
en matiére de contamination des sédiments, élaboré en vertu de I’entente Canada-Ontario
sur I’ ecosysteme du bassin des Grands Lacs, afin de déterminer si les sédiments

contaminés sont dégradés.



Notre étude a consisté 4 : a) comparer, au moyen de méthodes d’analyse multivariée
(ordination), les résultats d’essais de toxicité effectués en laboratoire sur des invertébrés
benthiques & ceux obtenus pour des sites de référence dans les Grands Lacs, b) comparer
les coﬁcentrations de mercure total et de méthylimercure dans les sédiments et des
invertébrés benthiques (oligochétes et chironomiides) des sites de Thunder Bay et des sites
de référence dans le lac Supérieur, c) analyser par régression les relations entre les
concentrations de mercure total et de méthylmercure darns les invertebrés et celles dans les
sédiments, et d) prédire les concentrations de méthylmercure dans des conéommateurs_
représentatifs d’invertébrés benthiques et dans leurs prédafeurs (meunier noir, perchaude,
doré, grand héron et vison) a I'aide de modeles de transferts trophiques d’évaluation
préalable et des facteurs de bioamplification établis dans le cadre d'études antérieures.
Les concentrations de mercure dans les sédimerits sont élc‘vées dans certains cas (elles
varient de 0,04 & 7,6 ng/g), dépassant a 4 des 15 sites le seuil d’effet grave établi par la
_province. A 10 des 15 sites de Thunder Bay, les concentrations de méthulmercure dans les
chironomides sont supérieures a celles mesurées pour les sites de référence. De la toxicité
a été observée 2 trois sites situés & peu prés aux mémes endroits ou elle avait été constatée
dans ’étude de 2002. La toxicité est associée a des polluants métalliques, mais d’autres
facteurs de stress non mesuiés pourraient également y jouer un role, tout comme des
facteurs liés au substrat dans certains sites ol ’on a trouvé du papier. Selon le cadre
décisionnel en matiére de contamination des sédiments, des mesures de gestion s’imposent.
pour trois sites en raison des concentrations élevées de mercure, de la toxicité des
sédiments et de 1’altération du benthos, et dans deux des trois cas, en raison du potentiel de
bioamplification du mercure. La structure de la communauté benthique n’a pas été évaluée
dans notie étude. Toutefois, si I’on présume que les communautés benthiques des sites de
2005 sont différentes de celles des sites de référence (comme il a été observé a 17 des
19 sites de ’étude 2002), alors des mesures de gestion devraient étre appliquées a sept
sites plutdt que trois. Les données qui seront obtenues dans un nouveau relevé des
poissons dans 1’aire d’étude réduiront sans doute 1’incertitude de I’évaluation du risque de

bioamplification du mercure.



TABLE OF CONTENTS

s'UMMARY

ACKNOWLEDGEMENTS

TABLE OF CONTENTS

LIST OF TABLES |

LIST OF FIGURES

ABBREVIATIONS, ACRONYMS AND SYMBOLS

1 INTRODUCTION
1.1 Background

1.2 = Study Objective

2 METHODS

2.1  Sample Collection

2.2 Physico-Chemical Analyses

23 Sediment Toxicity Tests

24  Data Analysis
241  BEAST analysis = toxicity »
242  Sediment toxicity and contaminant concentrations
2.4.3  Potential for mercury biomagnification

2.5  Quality Assurance/Quality Control

2.5.1  Field replication
2.5.2 Laboratory

3 RESULTS

3.1  Sediment and Water Physico-Chemical Properties
3.11 Overlying water
3.1.2  Particle size
3.1.3  Sediment mercury
3.1.4  Sediment trace metals and nutrients

3.2  Sediment Toxicity Tests

33  Toxicity-Contaminant Relationships

v

Vi

Vi

Vil

N [V RV 7 8 A wWW

0 OO N &

11




34

Biomagnification Potential

3.4.1  Invertebrate mercury levels

34.2 Biota-sediment accumulation factors

3.4.3 Relationships between mercury concentrations in benthic invertebrates and sediment
34.4 Predictions of méthyl mercury concentrations in réceptors

35

. 3.6

4
4.1
4.2
4.3
44

4.5

5

Quality Assurance/Quality Control

Decision—-Making Framework for Sediment Contaminationi: 2002 and 2005 data

CONCLUSIONS
Mercury Levels
Benthic Commu_n:ity Structure
Toxicity ’
Potential for Biomagnification

Decision-Making Framework for Sediment Contamination

REFERENCES

APPENDIX A: Comparison of 2002 and 2005 Reference Site Mercury Levels

APPENDIX B: Toxicity Ordinations

APPENDIX C: Toxicity — Contaminant Relationships

APPENDIX D: Quality Assuiance/Quality Cortrol

14
14
15
16

17

18

19

22
22

23

24

24

25

26

50
53
56

62



Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.

Table 8.
Table 9.
Table 10.
Table 11.

Table 12.

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.

Figure 7.
Figure 8.
Figure 9.
Figure 10.

Figure 11.

LIST OF TABLES

Thunder Bay North Harbour 2005 site positions, depth and visual description of sedimerit.

Environmental variables measured at each site.

Characteristics of Thunder Bay and reference site overlying water.

Physical characteristics of Thunder Bay and reference sediment. -

Total and methyl mercury concentiations in Thunder Bay sediment.

Trace metal, nutrient and major oxide concentrations in Thunder Bay sediment.

Mean percent survival, growth and reproduction in sediment toxicity tests and BEAST
difference-from-reference band. ‘

Total mercury concentrations in resident bénthic invertebrates.

Methyl mercury concentrations in resident benthic invertebrates.

Prediction of whole body concentrations of total and methyl mercury in two invertebrate taxa.
Predicted methyl mercury concentrations in receptor species for Thunder Bay and Lake
Superior reference sites.

Decision matrix for weight of evidenc_e'categorization of Thunder Bay sites, 2002 and 2005.

LIST OF FIGURES

Location of sites in Thunder Bay North Harbour, 2002 and 2005.
Sediment total mercury concentrations.

Sediment methyl mercury concentrations.

Relationship between methyl mercury versus total mercury in sediment.
Rélationship between total mercury and total organic cafbon in sediment.

Thunder Bay sites that show toxicity and potentially adverse effects due to mercury

" biomagnification (2002 and 2005).

Benthic invertebrate total mercury concentrations.

Benthic invertebrate methyl mercury conceritrations.

Biota-sediment accumulation factors for Thunder Bay and Lake Superior reference sites.
Relationships between total mercury in benthic invertebrates and total mercury in
sediment.

Relationships between methyl mercury in benthic invertebrates and methyl

mercury in sediment.

vi



- ABBREVIATIONS, ACRONYMS AND SYMBOLS

adj ‘adjusted

AOC " Area 6f Concern
BMF : biomagnification factor
. BSAF biota-sediment accumulation factor
dw - dry weight ‘
EC , Environment Canada
FCM i food chain multiplier
GL Great Lakes _
GLWQA Great Lakes Water Quality Agreement
Hg _ mercury; used where form (MeHg or THg) is unspecified
HMDS hybrid multidimensional scaling
1iC ' International Joint Commission
mv " invertebrate .
LEL lowest effect level
max ~ maximum.
MeHg ‘ methyl mercury
mn ° minimum
MOE Ministry of the Environment
NWRI National Water Research Institute
PCA - " principal components analysis
QA/QC quality assurance/quality control
RAP ' Remedial Action Plan
rec ' receptor
ref reference
RPD relative pefcent difference
" sed sediment
SEL severe effect level i
THg total mercury
[KN total Kjeldahl nitrogen
N total nitrogen
TOC total organic carbon
TP total phosphorus
TRG tissue residue guideline
- wt weight '
ww wet weight
[x]i concentration of substance x in matrix

vii



N | . t .
\- - - - Y- -‘ !

1 INTRODUCTION

1.1 B.a'c'kg‘round

In 2002, Environment Canada assessed the impacts of elevated sediment mercury (Hg) in
Thurnder Bay North Harbour on benthic invertebrate communities, sediment toxicity, and the
bioavailability of this mercury and its potential for effects on fish and wildlife through
biomag‘niﬁcatidn (Milani and Grapentine 2005). Nineteen sites in Thundet Bay North Harbour
and 20 reference sites (north shore of Lake Superior) were sampled. ' '

This study involved:

- (a) Comparji_sons of benthic invertebrate communities to those established for Great Lakes (GL)

reference sites, . .

(b) Comparisons of laboratory toxicological response to those established for GL reference sites,
(c) Comparisons of total and methyl Hg concentration in sediment and benthic invertebrate tissue
from Thunder Bay North Harbour to those from Lake Superior reference sites,

(d) Analyses of the relationships of total and methyl Hg concentrations in invertebrate tissue to
those in sediment, and

(e) Predictions of concentrations of methyl Hg in representative consumers of benthic

invertebrates and their predators using screening-level trophic transfer models.

Results showed elevated levels of Hg in the sedimerit and benthos compared to reference
conditions at most sites, with the highest Hg concentrations found along ihe northern shore of the
study area, and at the sites that contained white paper fibres. The spatial pattern of these results
showed strong evidence for a local (as opposed to regional) source of Hg to the area. There was
acute toxicity at five sites, most of which were located along the northern shore of study area.
Increased sediment methyl Hg concentration was found to partially explain toxicity to the '
mayfly; however, there may have been unmeasured stressors involved as well as substrate related

factors with respect to paper fibres found at some sites.

Benthic invertebrates were shown to accumulate Hg; whole body [Hg]s at test sites for -
chironomids were elevated above those at reference sites. Additionally, sediment [Hg] was found .
to affect invertebrate [Hg]. Under “average” conditions, five sites were prédicted to have

receptor (fish) methyl mercury concentrations abové tissué residue guidelines for the protection



of fish-consuming wildlife and above predicted maximum reference site concentrations.
Génerally, benthic invertebrate communities were very different from reference conditions,
mainly characterized by the absencé ofa predominani reference site amphipod species ‘
(haustoriid) and the enrichment of ofhér taxa such as tubificids, chironomids and sphaeriids.

Enrichment was found to be associated with increased total organic carbon in some cases.

Risk management evaluation Wa's rec‘or'hmended for 9 sites. For 8 of the 9 sites, this was due to
the potential for Hg biomagnification and for one site it was due to elevated sediment mercury
with co-occurrence of sediment toxicity and benthic alteration. Sampling efforts in 2002

, pfovided adequate coverage to distinguish two critiéal areas (where toiicity and pote‘htial for Hg
biomagriification occurred). Refinement of these areas would aid in further delineating the extent

of the problems.

1.2 S'tudy Objective

The objective of the current study is to fill ekistifng data gaps in the areas of Thunder Bay North
Harbour that showed toxicity-and/or pot_enﬁal for biomagnification from the 2002 study. There
were two fpéu‘s areas: (a) in the vicinity adjacent to the paper'mil_l, where toxicity and potential
for biomagniﬁ'cation were scén, and (b) the vicinity of the Current River mouth, where potential
for biomagnification was observed. Fifteen test sites were sampled to further delineate these
areas. Five Lake Superior reference sites were also sampled (4 of which were sampled in 2002).
Because benthic communities at sites sampled in 2002 were generally different from reference,
sampling efforts in 2005 did not include the benthic community as it was deemed that this line of
evidence would provide little additional valuable information for delineating the extent of

sediment contarination within the two focus areas.

2. METHODS

2.1 Sample Collection |

Fifteen stations were:sarnpléd_June 10 - 15, 2005 in Thunder Bay North Harbour (Figure 1) and
5 reference sites were sampled m Lake Superior (outside Thunder Bay). Station positions, site
depths, and a visual description of the sediments are provided in Table 1. Site positions were

obtained using a differentially corrected global positioning receiver (MX300), with the exception
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of two sites (S05-05 and S05-13). Corrections were received from a shore reference station in -

the area (Bare Point).

At each site, overlyihg water and surficial (top 10 cm) sediment samples were collected for: (a)
chemical and physical analysis of surficial sediment and overlying water; (b) resident benthic
invertebrates for measuring tissue concentrations of total and methyl mercury; and (c) laboratory
sediment toxicity tests. A visual description of the sediment was noted. Two separate taxa
(chironomids and oligochaetes) were collected at all test and reference sites. Details on sampling

techniques and methods for sample collection are provided in Milani and Grapentine (2005).

2.2 Physico-Chemical Analyses

Analytes measured in each compartinent (water, sediment and biota) are listed in Table 2.

~ Analytical procedures are provided in Milani and Grapentine (2005). Sediments were analyzed

for (a) total and metliyl mércury, (b) particle size (percents sand, silt, clay and gravel), (c) trace
meétals and major oxides, and (d) nutrients (total phosphorus, total Kjeldahl nitrogen, total
organic carbon). Overlying water (0.5 m from the bottom) was analyzed for alkalinity, total
phosphorus, total Kjeldahl nitrogen, nitrates -+nitrites and ammonia. Temperature, conductivity,
pH, and dissolved oxygen in the overlying water were measured on-site using HYDROLAB
water quality instruments. Resident ‘benthic invertebrates were analyzed for total and methyl

mercury.

2.3 Sediment Toxicity Tests

Four sediment toxicity tests were performed: Chironomus rzpariﬂs 10-day survival and growth
test, Hyalella azteca 28-day survival and growth test, Hexagenia spp. 21-day survival and |
growth test, and Tubifex tubifex 28-day survival and reproduction test. Sediment handling

procedures and toxicity test methods are provided in Milani and Grapentine (2005).

2.4 Data Analysis

2.4.1 BEAST analysis — toxicity

Test sites were assessed using BEAST methodology, a predictive approach for assessing
sediment quality in the Great Lakes using the ordination technique Hybrid Multidimensional

Scaling (HMDS) (Reynol_dsdn et al. 1995, 2000; Reynoldson and Day 1998). Toxicological



responses from Thunder Bay sites were compared to those established for reference sites
(sampled from uncontaminated areas in the Great Lakes over a three year period). A complete

description of BEAST data analyses is provided in Milani and Grap_entine (2005).

2.4.2 Sediment toxicity and contaminant cohcentrations

Relationships between sediment toxicity and sediment contamination for the Thunder Bay sites,
were assesscd_ graphically (site data were ordinated again by HMDS, as a single gfoup aﬁd
without the reference site data) and by regression analysis. Data analyses are described in Milani

and Grapentine (2005).

2.4.3 Potential for mercury biomagnification

Sites in which concentrations of Hg in invertebrates ([Hg]is) were significantly elevated above
background levels for the study area were identified by comparing [Hg]iny for the test sites to the
upper 99" % percentile for the Lake Superior reference sites. Relationships between

concentrations of Hg in sediment and invertebrates were determined using regression analysis,

separately for each invertebrate taxon. Concentrations of MeHg in the tissues of receptors

((MeHg]rec) were predicted by multiplying measured body concentrations in the resident

invertebrates ((MeHg]inv) by a relevant food chain multiplier (FCM):
[MeHg]iec = FCM x [MeHglinv

The FCM represents the cumulative biomagnification of a substarice from one trophic level to a
higher trophic level (USEPA 1997). Whereas a BMF applies to only one trophic level transfer, a
FCM refers to one or more, and may be a rn’ult'iple of more than one BMF. Thus, FCM = BMF,
x BMF, x BMF3 x ... x BMF;,, where 1, 2, 3,..., n are transfers of one trophic level.

Biomagnification factors were obta‘incd previously from a literature review (see Milani and

* Grapentine 2005 for details on literature review). For each site, minimum, intermediate and

maximum concentrations of MeHg for each receptor were predicted by using corresponding low,
medium and high [MeHg];,v and FCMs. Complete methodology is provxded in Mllam and
Grapentine (2005)



2.5 Quality Assurance/Quality Control

2.5.1 Field replication

Triplicate overlying Water and sediment samples were collected at one test site (S05-05) and one
reference site (5103) for the determination of within-site and ambng-sampie variability.
Variability in a measured analyte was expressed as the coefficient of variation (CV = standard

deviation / mean x 100).

2.5.2 laboratory

Quality control procedures for Caduceon Environmental Laboratory involved coritrol chaiting of
influences, standards, and blanks. Reference material was used in each analytical run. Calibration
samples, while duplicates were run 1 in 10 samples. Sample duplicate measurements of sediment
metals, major oxides and nutrients were expressed as the Relative Percent Difference (RPD):

RPD = (x1 -x2)/ ((x1+%2)/2) x 100

- Flett Research Ltd. conducted determinations of total and methyl mercury in sediment and

sample duplicates and repeats, and recovery of matrix spikes, quality control samples, and
certified referénce standards. For sediment samples, sample duplicates or repeat aliquots were
analyzed at least once every 10 samples, and matrix spikes were performed on every tenth
sediment sample to determine mercury recové‘ries; The quality control samples “MESS-2”;
“OPR”, “IAEA 405 and “Alfa” were concurrently digested and analysed total or methyl
mercury. For biota samples, sample duplicates were analyzed at least once every 20 samples and
“DORM-2”, “OPR” and “Alfa” refererice materials were concurrently digested for total or
methyl mercury. The mercury reference standards (Hg STD 1 to 5) were analyzed for total

mercury in each digestion.




3 RESULTS

3.1 Sediment and Water Physico-Chemical Properties

- 3.1.1 Overlying water |

Conditions of oveflying water 0.5 m above the sediment are generally similar across Thunder
Bay sites (Table 3). The ranges of dissolved oxygen, pH, conductivity, alkalinity, temperature,
NH;, NO3/NO,, total Kjeldahl nitrogen, and total phosphorus across Thunder Bay sites are:
2.2mg/L, 1.4 pH units, 26uS/cm, 8.1 mg/L, 10.6°C, 0.09mg/L, 0.09mg/L, 0.19mg/L, and
0.02mg/L, respectively. Sites S05-08 and S05-07 (located in most southern part of sampling

~area near the brezik wall opening, Figure 1) are cooler in temperature due to greater depths (see
Table 1); site S05-08 also has the lowest conductivity; total Kjeldahl nitrogen and total
phosphorus. Dissolved oxygen is >9.6 mg/L at all sites and pH ranges from 7.5 to 8.9.

3.1.2 Particle size

Percents sand, silt, clay, and gravel for Thundet Bay sediment are shown in Table 4. Thunder
Bay sediments consist mainly of silt (ranging from 6.6 to 70.7%, median 52%), and clay
(ranging from 4.0 to 49.5%, median 25%), or of sand (r"angjing'.from 0.6 to 83.6%, median 14%),
and silt/clay. Site S05-10, located at the mouth of Curtent River, is mostly sand (84%), and S05-
10, S05-14 and S05-15b, have the coarsest sediment, with gravel ranging from 0.3 to 9.7%.

There is no gravel present at any other site.

A visual inspection of the sediment at the time of saimpiing noted the presence of paper fibres at
sites S05-01 and S05-11 (located in close proximity to each other at northeastern end of
sampling area, Figure 1); a sulphur odour was also detected at these two sites (Table 1). An oily
résidue became éppar‘ent at sites S05-04 and S05-14 when the sediment was stirred up from

sampling.

3.1.3 Sediment mercury

Total mercury

Total inercury was analyzed by two laboratories (Caduceon and Flett laboratories). Results are
provided in Table 5 and Figure 2; Thunder Bay [THg]s tange from 0.04 to 7.6 pg/g. The Severe
Effect Level (2.0pg/g - Persaud et al. 19/92) is exceeded at 4 sites (results from both labs

6
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considered): S05-01, S05-03, S05-04, and S05-11. These sites are located in the northern part of
the sampling area. On a dry weight basis, lower [THg]s are found in the Lake Superior reference
sediments (range 0.009 to 0.022 pg/g); "The Lowest Effect Level (LEL) for THg (0.2pg/g) is not
exceeded at reference site, while it is exceeded at all Thunder Bay sites except 805-08, S05-10,
and S05-14. Higher sediment [THg]s were observed at 2002 Thunder Bay sites (range: 0.03 to
39.7 ng/g - Milani and Grapentine 2005), but the area of highest [Hg] for both studies is along

the northern shore of the sampling area (sites closest to paper mill).

Four of the five reference sites sampled in 2005 were re-sampled in 2002: 5101, 5103, 5108 and
5109. Mercury concentrations from both studies for these reference sites are provided in
Appendix A; Figure Al. Total [Hg] are generally similar to what Wa’s found at these sites in 2002
(range: 0.005 to 0.083 pg/g) with the exception of 5103, Total Hg was ~5x higher at 5103 in
2002 than in 2005. This could be due to difference in sampling location (<10 m), and likely

reflects small scale natural heterogeneity.

Comparison Qf sediment mercury at test sites to reference sites

All test sites are above the 99% percentile of the Lake Superior reference sites (Figure 2). Most
Thunder Bay sites are 1 to 2 orders of magnitude higher in [THg] than the maximum [THg] of
the reference sites. The median [THg] of the Thunder Bay sites ~35x the median of the
reference sites. In the 2002, Thunder Bay sites were 1 to 4 orders of magnitude higher than the
reference sites and the ﬁedim [THg] of the Thunder Bay sites was ~37x the median of the

reference sites (Milani and Grapentine 2005).

Methyl mercury _
Thunder Bay [MeHg]s range from 0.8 to 27 ng/g (Figure 3, Table 5). The highest concenf_rations
slightly lower than those seen in 2002, where [MeHg] ranged from 1.5 to 49.8 ng/g (Milani and
Grapentine 2005). Methyl ndé_rcury concentrations are lower at Laké Superior refercnce sites,
ranging from 0.03 to 0.2 ng/g-. Comparisons of methyl [Hg] at reference sites sampied in both
2002 and 2005 are shown in Appendix A; Figure Al. As with total Hg, methyl [Hg] is generally
similar (range: 0.08 to 0.36 ng/g) with the exception of 5103, which~ was 12x higher in 2002.



Comparison of sediment methyl mercury at test sites to reference sites

- All test sites exceed the upper 99™ percentile of the reference sites by 1 to 2 orders of magnitude

(Figure 3). The median [MeHg] of the Thunder Bay sites is ~83x the median of the reference -
sites. In 2002, all test sites exceeded the upper 99 percentile of the reference sites by 1 to 4
orders of magnitude and the median [MeHg] of the Thunder Bay sites was 110x the median of

the reference sites (Milani and Grapentine 2005).

Methyl mercury-total mercury relatlonshlp

The relationship between methyl mercury and total mercury in the sedimernt (log-transformed) is
shown in Figure 4. A significant strong positive correlation (P<0.001, 1 =0.91, slope = 0.957)
exists between the methyl and tbtal mefcixry concentrations in the sediment. This is similar to the

relationship in the 2002 study (P<0.001, r* =0.84, slope = 1.066) (Milani and Grapentine 2005).

3.1.4 Sediment trace metals and nutrients

Sediment trace metal, nutrient and major oxide concentrations for Thunder Bay sites are
provided in Table 6; data for Lake Superior reference sites are provided in Appendix A; Table
Al Excludmg mercury, metal concentrations are below the SEL for the Thunder Bay sites
(Table 6). There are, however, exceedences of LELs atup to 15 sites for up to 9 metals,
including arsenic (As - 1 site), cadmium (Cd - 9 sites), chromium (Cr - 15 sites), copper (Cu - 15
sites), iron (Fe - 11 sites), manganese (Mn - 1 site), nickel (Ni - 14 sites), lead (Pb -4 sites) and
zinc (Za - 9 sites) (Table 6). The LEL is exceeded for 7 metals at sites S05-01, S05-03, and S05-
04 (As and Mn do not exceed the LEL at these 3 sites). Metal conceritrations at reference sites

are low, either below LELSs or just abové for most metals (Appendix A; Table Al).

Total organic carbon (TOC) at Thunder Bay sites is high generally, ranging from 0.7 to 13.6%
(median 4.1%), exceeding the SEL at S05-01 (Table 6). Total nitrogen.'r':anges from 383 to 4550
ug/g (median 1530pg/g) and total phos_phorus ranges from 486 to 1130 pg/g (median 694p.¢/g).
High TOC (up to 25.7%) was observed in 2002 as well, especially at sites which contained the
paper fibres (along the northern part of the sampling area), similar to the current study. Thete is a
s1gn1ﬁcant positive relationship between total organlc carbon and total mercury in sediment

(logged, Figure 5; R%=0.898, p< 0.001), which was also found in a 1998 study performed in the



same area (Stantec 2003). The highest TOC is consistently found along the northern part of the
study area. Reference site sediment nutrient concentrations are lower than those at Thunder Bay
sites. Mean TOC, total Kjeldahl nitrogen and total phosphorus concentrations are 0.65%
564pug/g, and 550ug/g, respectively (Appendix A; Table Al).

3.2 Sediment Toxicity Tests
Mean survival, growth and reproduction are shown in Table 7. The established numerical
criteria from Reynoldson and Day (1998) for each category (non-toxic, potentially toxic and

toxic) for each species are included.

There is acute toxicity to Hyalella (survival: 27 and 48%) at fW'o sités (S05-01 and S05-16) and
acute toxicity to Chironomus (survival: 13 and 49%) at two sites (S05-01 and S05-11) (Table 7).
There is potential toxicity to Hyalella (63% survival) at S05-13. In 2002, acute toxicity to
Hyalelld and/or Chironomiis was observed at 4 sites, including one site near Site S05-01 and one
site near Site S05-16. There is no toxicity to Hexagenia or Tubifex; however, Tubifex young
production is lower at sites S05-11 to S05-16 (no. young per adult: 17.7 to 21.6) compared to
remaining sites (1i0. young: 24.3 to 39.4) and the reference control mean (29.0). Comparing
current toxicity results to those from the 2002 study, a major difference is the lack of acute
response in the mayfly Hexagenia in the current study. In the 2002 study, there was acute
toxicity to Hexagenia at 3 of the 19 sites (sites with paper fibres present; survival: 12 to 44%)
(Milani and Grapentine 2005), while in the current study mayfly survival is high (296%; Table
7), even at sites that contain some paper fibres. The amount of fibrous material present at sites in
the 2002 study was generally greater though. (Sediments at 2 of the 3 sites that showed acute
toxicity to Hexagenia consisted almost entirely of paper fibres and as a result particle size

analysis was not possible.)

BEAST assessment of toxicity

Results of the BEAST toxicity evaluation are summarized in Table 7. Ordinations are shown in
Appendix B; Figures Bl and B2 (stress < 0.10). Each figure represents a separate ordination of a
subset of 7 and 8 Thunder Bay 2005 sites. Six of the 10 endpoints are significant (p< 0.05) in
each ordination; Hyalella survival and Chironomus survival are the most significant endpoints in

the ordinatiohs (® 2 0.82). The relationship between toxicological response and habitat variables
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was examined by correlation of the ordination of the toXicity data and the habitat information.

There are no high correlations’ @ <0.24).

Thunder Bay sites fall into the following bands (Table 7):

Band 1 (non-toxic): 11 sites
" Band 2 (potentially toxic):  1site (S05-13)
Band 3 (toxic): - 1site (S05-16)

Band 4 (severely toxic): 2 sites (S05-01 and S05-11)

The majority of Thunder Bay sites are non-toxic. The 3 sites in Bands 3 and 4 are associated
with decreased Hyalella survival (sites are logated along the same vector line as Hyalella in the
opposite direction — Figure A1), or with decreased Hyalella or Chironomus survival (Figure A2).
Sites S05-01 and S05-11 are most toxic, located farthest from the reference centroid in
ordination space; S05-01 is-associated with decreased Hyalella survival and S05-11 is aséociated
with decreased Chironomus survival. Site S05-16 is associated with decreased Hyﬁlella survival
and site S05-13, which is potentially toxic, has slight decreased Hyalella survival. The cause of
toxicity may differ depending on the site. For example, there is no toxicity to Hyalella at S05-11
but S05-01 is acutely toxic to Hyalella. These sites, however, are within close proximity to each
other and both have paper fibres present. Sites that fall in Band 3 and 4, as well as sites showing

toxicity from 2002 study, are shown in Figure 6.

Elevated sediment mercury and total organic carbon (TOC) concentrations are associated with
sites S05-01 (Figure B1) and S05-11 (Figure B2), although cofrelations are not high (Hg =
0.093, 0.24; TOC r’=0.095, 0.11). Sites S05-01 and S05-11 have the highest total organic
carbon (13.6 and 8.5%, respectively) and high sediment [Hg] (7.6 and 4.2 pg/g, respectively;
Table 6). These two sites have paper fibres present and there was a sulphurdus odour to the
sediment (Table 1); sites are located in close proximity to each other in the northeastern part of

the sampling aréa (see Figure 1). '
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3.3 Toxicity-Contaminant Relationships

HMDS and principal axis correlation

The ordination of the multiple measurements of sediment toxicity by HMDS for the Thunder
Bay sites ﬁrod_uc,ed two descriptors of sediment toxicity (Appendix C; Figure C1). The resultant
axes represent the original 10-dimensional among-site resemblances well (stress = 0.06), ‘
Principal axis correlation produces a vector for each toxicity endpoint along which the
projections of sites in ordination space are maximally correlated. Hyalella survival is negatively
correlated with Axes 1 and 2; therefore, the greater the toxicity to amphipod survival, the higher
its score for Axes 1 and 2. Chironomus survival is positively correlated with Axis 1 and
negatively correlated with Axis 2; therefore, the greater the toxicity to midge survival, the lower

its score for Axis 1 and the h.igher its score for Axis 2_.

Principal components analysis (PCA) | ,

The concentrations of 8 metals (Cr, Cu, Fe,'Hg, Mn, Ni, Pb, and Zn) were ordinated by PCA.
The first and second principal components (PC1 and PC2) acecount for 71.5% and 22.4% of the
vatiation and the remaining components each account for <2.8%; therefore, most of the structure
in the data is capturéd in two components or dimensions. Copper, mercury, lead and zinc are
negatively loaded for PC1; sites elevated in these metals and nutrients score low for PC1 (simiilar
to that seen in 2002 study). Overall, the magnitude of the negative loadings are similar, r,angiﬁg
from —0.212 (Pb) to —0.340 (Hg). These principle components — denoted as “metPC1” and

“metPC2”- are considered fair descriptors of general metal contamination.

Toxicity-contaminant relationships

The integrated descriptors of sediment toxicity (Axis 1 and 2 scores from the HMDS) and the
most sighificant individual toxicity endpoints (survival of Hyalella and Chironomus) were
ploﬁed against the metal contaminant descriptors “metPC1” and “metPC2” (Appendix C; Figure
C2). Relationships among individual measurement variables were also evaluated by plotting the
integrated toxicity descriptors (HMDS Axes 1 and 2) as well as the two toxicity endpoints
against individual concentrations of metals and nutrients and grain size distribution (Appendix C;
Figures C3 to C5). '
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General contaminant descriptor relationships

For the integrated toxicity descriptor HMDS Axis 2 (¢ ToxAxis 2’ ), the contamlnant descriptor
(“metPC17) accounts for f44% of the variability (P =0.004 for the regressnon) (similar to that
found in 2002 study). There are no significant relationships for the HMDS Axis 1 toxicity
descriptor (“ToxAxis 17). | | |

ToxAxis2 = - 0.000 - 0.226 metPCl1

A stronger relationship is found between the individual toxicity endpoints and the integrated
metal contaminant descriptors (Figure C2). For Chironomus survival, the regression is -

significant for metPC1 at P< 0.001; the model accounts for ~75% of the variability. There is no

significant relationship for Hyalella survival.

Chzronomus survwal 0.826 + 0.0594 metPCl 0.105 metPC2

Individual contamznant relattonsths

Best subset regressions of HMDS Axes 1 and 2 and the individual toxicity endpomts and the

individual measurement contaminant, nutrient, and grain size variables show some significant '

relationships (PS0.00I) (Figures C3 to vC5). The following model explains ~83% of the variance

in the Axis 1 toxicity descriptor:

ToxAxis 1 =-34.8 -5.39 log Cr + 6.25 log Mn + 10.9 log Zn - 2.02 Silt + 24.1 NO3/NO,
(R%= 82.8%, P< 0.001) '
Predictors are significant at P<0.017; predictors with positive regression coefficients are

potentially toxic to Hyalella survival.
For the Axis 2 toxicity descriptor, the following model explains 75% of the vari_e,_mgc:
ToxAxis 2 =23.8 - 6.56 log Ni - 5.241og TP + 1.16 log TOC .

Predictors are significant at P<0.033; predictors with positive regression coefficients are

potentially toxic to Hyalella and Chironomus survival.
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For individual endpoints, a significant relationship for Hyalella includes sediment nutrient
variables (total phosphorus, tbtal organic carbon). Similar results were found in the 2002 study,
where most of the variation in Hyalella survival (36%) was explained by sediment nutrients
l(total Kjeldahl nitrogen and total phosphorus) (Milani and Grapentine 2005). A significant .
relationship was also found with total mercury (which is significantly correlated to TOC);
however, the relationship is weaker than that seen with TOC. For the Chironomus model, the
predictors (methyl Hg and Ni) have positive regression coefficients, which indicate a decré,ase in

toxicity with increase in contaminant concentration. This does not suggest a causal relationship.

Hyalella survival = - 4.83 + 2.05 log total phosphorus - 0.598 log total organic carbon
(R? o= 60.5%, P = 0.002)

Hyalella survival = - 3.46 + 1.47 log total phosphorus - 0.298 log total Hg
(R? .= 31.0%, P = 0.043)

Chironomus survival = - 3.06 + 0.188 log methyl Hg + 2.64 log Ni
(R? 4= 83.2%, P< 0.001)

Overall, toxicity is best explained by the measured metal contaminant (not Hg) and/or nutrient
variables. Individual contaminant descriptors explain more of the variability than the integrated
contaminant descriptor. The weakest relationship between toxicity and sediment contaminant
concentration for individual endpoints is for Hyalella survival (R%,4 = 61%). Regression of
Chironomus survival and individual metals produce a stronger relationship (Rzadj = 83%).
However, predictors with coefficients indicating decrease in toxicity with increase in
contaminant concentration do not suggest causal relationships. These include the positive
coefficients for the survival variables. After excluding predictors not indicative of toxicity
relationships, it is not clear what is causing toxicity to Chironomus or Hyalella, as neither is
associated with any metal contaminant. (Hyalella toxicity is most strongly associated with
decreased total organic carbon.) There may be unmeasured stressors involved as well as
substrate related issues with respect to the paper fibre at some sites, simjlar to what was

concluded from the 2002 study. Iricreased methyl mercury may have partially explained toxicity
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to the mayfly Hexagenia in the 2002 study; hoWever, in the current study, there are no effects on

Hexagenia.

3.4 Biomagnification Potential

3.4.1 Invertebrate mercury Ievéls

Total mercury | _

On a whole-body, uncleared-gut, dry weight basis, total ngaccumulation in chironomids and
oligochaetes is similar across sites (chironomids: 209 to 545 ng/g, median 302 ng/g;
oligochaetes: 142 to 691 ng/g, median 389 ng/g; Table 8). However, oligochaetes have slightly
higher [THg]s than chironomids at 11 of'Al,S test sites and at 4 of 5 reference sites. (Similar
results were found in 2002.) Logged concentrations of THg in chironomids and oligochaetes

(test and reference sites) are significantly correlated (1=0.73, P=0.0002).

Comparison of total Hg in benthic invertebrates at test sites to reference sites

Figuie 7 shows the concentrations of total mercury in chironomids and oligochaetes at test sites

compared to the Lake Superior reference sites.

Chironomids 9 test sites are above the 99™ percentile of the reference sité concentratidns (SOSI-A
01 is just slightly above) (Figure 7). Excluding reference, the lowest total Hg accumulation in |
" chironomids is at S05-10, S05-11 and S05-15, which show vefy similar concentrations (209 to

218 ng/g). The greatest accumulation occurs at Sites S05-03 (545 ng/g) and S05-12 (507 ng/g).-

Oligochaetes 14 of 15 test sites are above the 99" percentile of the reference site concentrations
(Figure 7). Excluding réferencc; the lowest total mercury accumulation in oligobhaetes is at SO5-
10 (142 ng/g), and the greatest accumulation is at $05-13 (691 ng/g) and S05-05 (615 ng/g),

which are similar in concentration.

Methyl mercury | | ,
Oligochaetes show a greater range of methyl Hg acéumulation across Thurider Bay sites (0.2 to
51 ng/g; median 2.2 ng/g) compared to the chironomids (5.3 to 78 ng/g; median 32; Table 9).

However, chironomids have higher [MeHg]s than oligochaetes at all sités except one (~1 order
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of magnitude higher in some cases), different than that seen for THg (oligochaete [THg] is
higher at most sites). Logged concentrations of MeHg in chironomids and oligochaetes are

significant correlated (R=0.57, P=0.0086).

Comparison of methyl Hg in benthic invertebrates at test sites to reference sites
Figure 8 shows the concentrations of methyl mercury in chironomids and oligochaetes at test
sites compared to the Lake Superior reference sites.

Ch_ironom_ids 10 test sites are above the 99‘th percentile of the reference site concentrations
(Figure 8). Excluding reference, the lowest methyl mercury accumulation in chironomids is at
S05-01 (5.3 ng/g) and S05-02 (7.0 ng/g), and the greatest accumulation occurs at S05-07 and
S05-08, which show similar concentrations (78 and 76 ng/g, respectively).

Oligochaetes 3 test 'sites are above the 99™ percentilg for the reference site concentrations
(Figure 8). Among test sites, the lowest methyl mercury accumulation is at S05-02 (0.2 ng/g)

and the greatest accumulation is seen in oligochaetes at S05-14 (51 ng/g).

3.4.2 Biota-sediment accumulation factors :

Biota-sediment accumulation factors (BSAFs) for total and methyl mercuty are shown by area
(reference and Thunder Bay) for each taxon in Figure 9. For THg, BSAFs for Thunder Bay sites
(based on whole-body, uncleared-gut concentrations) are similar for both taxa, ranging from 0.08
fo 4.9 (median 0.5) and from 0.09 to 4.27 (median 0.9) for chironomids ar‘id(oligochaetes,
respectively. Total Hg BSAFs dre >1 for 6 of the 15 sites. For MeHg, BSAFs are higher than
those for THg. Chironomid BSAFs, ranging from 0.6 to 70.9 (median 6.5) at test sites, are higher
than those for oligochaetes, which range from 0.04 to 56.7 (median 0.4). Higher methyl Hg
BSAFs were also observed for chironomids in the 2002 study, which had a similar BSAF range
(1.2 to 51.1; Milani and Grapentine 2005). Methyl Hg BSAFS are >1 for 14 of the 15 test sites. -
Sites S05-07, SOS—'O8§ S05-10 and S05-14 have the highest BSAFs for total and methyl Hg,
Reference site BSAFs for THg and MeHg are all >1 and much higher than those for the test sites,
especially for MeHg. For THg, BSAFs range overall from 2.7 to 20.2, and for MeHg range
overall from 37 to 680 for reference sites. Tissue concentrations do not increase as much as

sediment concentrations at highly cofitaminated sites; therefore, higher BSAFs observed for the
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reference sites are not unusual, and was also observed in the 2002 study. Gut contents are
included in the mercury analyses of the biota, which could obscure true BSAFs. As the amount
of sediment in the gut increases, the measured BSAF will converge to 1. A true BSAF < 1 will
be overestimated because the concentration in the sediment is greater than the tissue
concentration, whereas a true BSAF >1 will be underestimated because sediment concentrations

are lower than that found in the tissue (Bechtel Jacobs 1998).

- 3.4.3 Relationships between mercury concentrations in benthic invertebrates and
sediment o
Total mercury
Concentrations of THg in each invertebrate taxon vs. THg in sediment are plotted in Figure 10,
with fitted fegr'esjsion line'é using sediment [THg] alone as the predictor (Model A) The slopes
are similar for the two taxa (Table 10) and the relationships are significant (chife'nomid: P<
0.001, R? = 0.524; oligochaete: P < 0.001, R* = 0.525) (Figure lO,'Table 10). Predictions of
[T.H_g]inv are improved for the chironomids with manganese (Mn), clay and dissolved oxygen
(O,) in the model and for the oligochaetes with iron (Fe) as an additional predictor (Model B)
(Table 10); Rzadj values are increased to 0.816 and 0.759 for the chirdnomids and oligochaetes,
respectively. For both taxa, [THg]sea is the strongest predictor (P< 0.001) in the Model B

scenarios; ¢oefficients for Mn and Fe are positive and clay and dissolved oxygen are negative.

Methyl mercury
The relationships between MeHg in benthic invertebrates and MeHg in sediiment are not
significant for either taxon, and the slope is negative for the oligochaete model (Figure 11, Table
10). With [MeHg]sq alone as the predictor (Model A), the Rzadj are 0.072 and 0.051 (P=0.134
‘and 0.173) for chironomids and oligochaetes respecfi‘v’ely For the chironomide the regression
 accounts for more variability in [MeHg]chir Wlth total orgamc carbon, total Kjeldahl mtrogen
(water), alkahmty, conductivity and dissolved Oz in the model (P< 0.0001, RzadJ O 772) (Model
B). All additional coefficients are negative except dissolved O, and MeHg is the strongest
predictor (P < 0.0001) in the model. For the oligochaetes, the regressiofi becomes significant
with sediment total nitrogen in the model (P< 0.0001, Rzé_dj =0.550). (This is the same as seen in
the 2002 study.) The coefficient for total nitrogen is negative. For both taxa, low nutrient
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conditions are important in the uptake of MeHg; low nitrogen conditions are important for

oligochaetes and low TOC and nitrogen conditions are important for chironomids.

3.4.4 Predictions of methyl mercury concentrations in receptors

Presentation of model outcomes

Predicted concentrations of methyl mercury in each receptor species at each sampling site,
calculated by multiplying observed methyl mercury concentrations in invertebrates (wet weight
values — from Téble 9) by the appropriate FCMs are provided in Table 11. Reée‘pt_‘or MeHg
concentrations are presented for minimum (min), intermediate (med) and maximum (max) levels
of mercury exposure and uptake sceénarios. In Table 11, three criteria are marked: (1) sites that
are above the tissue residue guideline (TRG) for the fishes, (2) sites that are above the 99™
percentile of the predicted [MeHg]:.. for the reference, and (3) sites that are above both. The
TRG applies only to the fish receptors and it refers to the concentration of MeHg in the diets of
wildlife that consume aquatic biota. The TRG used for MeHg is the loweét of the reference
concentrations derived by Environment Canada (2002) for the protection of wildlife receptors in
the AOC that consume aquatic biota: 92 ng/g ww. This pertains to the A_mcri_cén mi_nkA(Ta'ble 12
of Environment Canada 2002). The recommended TRG for the protection of all wildlife species
— 33 ng/g ww — was not considered appropriate because it is based on the referencé concentration

for the Wilson’s Storm Petrel, which is not native to the Thunder Bay area.

Exceedences of criteria

Methyl Hg — minimum

The low predictions of [MeHg]y. result in 3 Thunder Bay sites exceeding the 99" percentile for
the reference sites (Table 11a). Of these, 1 site (S05-14) exceeds the TRG for 'per‘ch. There are

no exceedences of the TRG predicted for any receptor for the reference sites.

Methyl Hg — intermediate

The medium predictions of [MeHg]s. result in 4 Thunder Bay sites exceeding the 99" percentile
for the reference sites (Table 11a). Of these, 3 sites (S05-07, S05-08, and S05-14) exceed the
TRG for perch and 4 sites (S05-07, S05-08, S05-11, and S05-14) exceed the TRG for Walleye.

There are no exceedences of the TRG predicted for any receptor for the reference sites. Figure 6
N
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shows the 2005 and 2002 sites where potential for adverse effects due to mercury
‘biomagnification occurs (based on the intermediate exposure and uptake scenario or “average”

conditions).

Methyl Hg — maximum

The maximum predictions of [MeHg]r. result in 6 Vsites exceeding the 99 percentile for the
rreference sites (Table 11a). Of these, 5 sites (SOS-O4, S05-07, S05-08, S05-11, and S05-14)
exceed the TRG for petch and all 6 sites (S05-03, S05-04, S05-07, S05-08, S05-11, and S05-14)
exceed the TRG for Walleye. However, all refer’eﬁce and Thunder Bay sites exceed the TRG for'
walleye. In comparison, there are no reference site exceedehc_es of the TRG predicted for the

sucker or perch under the maximum exposure and uptake scenario.

3.5 Quality Assurance/Quality,Coritr'ol

Three replicate van Dom and mini=ponar samples were collected at test site S05-05 and reference
site 5 103.I Variability among site replicates in a measured analyte has three soiirces: natural _
withih—Site heferogene’i‘ty in the distribution of the analyte in sediment ot water, differences in
handling among samples and laboratory measurement error. Among tnpllcate variability
1nd1cates the overall “error” associated \mth quantifying cond1t1ons ata site based on a single

sample.

Variability among field-replicated sites, expressed as the coefficient of variation (CV), is slmwn
in Appendix D; Table D1. The CVs range from 0.3 to 128 % (median 6.1%), not uncommon for
field-replicated samples (samples were taken from three separate box core df'ops); most CVs
(85%) are below 20%. Differences in variability are seen among sites and among parametefs for
the same site. The highest variability is rloted for total Kjeldahl nitrogen’l(overlying water) and

total organic carbon for site 5103.

Laboratory duplicate measurements for sediment and overlying water variables and
corresponding analyses of reference materials for Caduceon Laboratory -are provided in
Appendix D; Tables D2 and D3. There is good agreement between sample duplicates. The

overall mean relative percent difference (RPD) for sample duplicates measurements is low
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(3.2%, range: 0 to 22.2%; Table D2). Overall mean recovery for three reference materials
(LKSD-3, GS89-2 and WHg9-1), is 88%, ranging from 30 (molybdenum in LKSD-3) to 107%

(Table D3). Recovery in reférence materials is good for most parameters measured (>80%)).

For Flett Laboratory, sample duplicates and repeats for sediment and biota samples and are
shown in Tables 5 and 8, respectively. Percent mercury recoveries for sample spikes, quality
control samples, and reference standards are provided in Appendix D; Tables D4 and D5. For
sediment samples, there is good agreement between sample duplicates and repeats, with the RPD
ranging from 1.8 to 25.0 (mean = 10.4). The percent Hg recovery for sample spikes ranges from
80.8 to 105.0% (mmean = 96.0%); the mean RPD for sample spikes is low, ranging from 0.1 to 4.0
(Table D4). Percent recoveries for quality control samples (Mess-2, OPR, IAEA 405, Alfa)
range from 66.6 to 116.6% (overall mean = 96.5%), and percent recovery for mercury reference
standards (Hg STD 1 to 5) range from 98 to 102 (overall mean = 100%). For biota samples,
there is very good agreement between sample duplicates; with the RPD ranging from 0.2 to 1.3.
The percent Hg recovery for sample spikes ranges from 90.3 to 108.8% (mean = 99.2%); the
mean RPD for sample spikes ranges from 1.0to 1.8 (Table D5). Percent recoveri'és for quality
control samples (Dorm-2, OPR, Alfa) range from 90.9 to 117.7% (overall mean = 98.5%), and
percent recovery for mercury reference standards (Hg STD 1 to 5) range from 96 to 102 (overall
mean = 100%). Overall, recoveries are good, indicating confidence in the Hg values reported for

sediment and biota samples.

3.6 Decision-Making Framework for Sediment Contamination: 2002 and 2005 data

A risk-based, decision-making framework for the management of sediment contamination was
recently developed by the Canada-Ontario Agreement Sediment Task Group using four lines of
evidence (sediment chemistry, toxicity, community structure and poteritial for biomagnification).
This decision framework was developed from the Sediment Triad and BEAST frameworks, arid
is described in Chapman and Anderson (2005). The overall assessment of a test site is achieved
by integrating the information obtained both within and among the four lines of evidence. This
framework was applied to the Thunder Bay North Harbour studies (2002 and 2005 data). The
community structure component of the framework was not conducted in the 2005 study;

therefore, the assessment for 2005 sites is based on three lines of evidence.
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The decision matrix for the weight of evidence categorization of Thunder Bay sites is shown in
Table 12. Substances exceeding SELs are indicated. For the sediment chemistry column, sites
with exceedences of a sediment quality guideline (SQG) — low ate indicated by “@”; sites with

~ SQG-high exceedences by “@”. For the toxicity and benthos alteration columns,‘sitcs
determined from BEAST analyses as toxic/severely toxic or different/very diffe_rent' from
reference, respectively, are indicated by “@®"; and sites determined as potentially toxic or possibly
- different from reference by “@”. Sites with no SQG exceedences, no sediment toxicity, or |

benthic communities equivalent to reference conditions are indicated by “O”.

Management actions )
Management actions are indicated for 3 sites: P1, P6 and P12 (2002 sites). This is due to elevated

Hg concentrations, altered benthic communities and sediment toxicity at all 3 sites and also due |
to the potential risk of mercury biomag'niﬁcation at P6 and P12. Whereas assessments of 2002
sites are based on four 11nes of evideénce, 2005 assessments are based on three lines of evidence
(benthic community structure was not assessed). In 2002, 17 of the 19 sites had different benthic
communities from reference. If the assumption is made that benthic communities would most
likely be different from reference for the 2005 sites, the assessment outcome would change for a
number of sites. In additioﬁ fo Sites P1, P6 and P12, management actions would also be _ |
indicated for S05-01, SOS-l'lz, S05-13, and S05-16, due to elevated sediment mercury, sediment

toxicity and benthos alteration. (Site S05-11 also has potential risk of mercury biomagrliﬁcation.)

Determine redson for benthos alteration
This is required for 14 of the 19 sites sampled in 2002. Sediment [Hg] is above the LEL or SEL
at all sites except P22 and P23. Sites P22 and P23 also require the need to fully assess risk of

biomagnification (see below). If the assumption is made that benthic communities are different
from reference for the 2005 sites, then determining the reasons for benthos alteration would also

be indicated for S05-02 to S05-08, S05-12 and S05-15.
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Determine reason for sediment toxicity -
This is required for 6 sites: P3, P7, S05-01, S05-11, S05-13 and S05-16. Sediment [Hg] is above
the LEL (2 sites) or SEL (4 sites) and there is no benthos alteration at 2002 (P3, P7) sites.

Communities may have acclimated/adapted or there is insufficient stress to cause population- -
level responses. There is, however, the potential for adverse effects at these sites and thus the
benthic community should be monitored for change in status. Toxicity may be related to paper
matter visually observed at 4 of the 6 sites. Sites P7 and S05-11 also require full risk assessment
for biomagnification (see below).

\
F ullf assess risk of biomagnification _
This is required for 7 sites: P7, P22, P23, S05-07, S05-08, S05-11 and S05-14. Sediment [Hg] is
below the LEL at 4 of these sites (P22, P23, S05-08 and S05-14). Significant biomagnification

can be determined when there is site specific evidence, such as significant evidence from fish
advisories or previous research in the area. If sufficient evidence exists, significant
biomagnification is indicated by a “@®” (replacing “©”’), and management actions would be

required.

The Sport Fish Contaminant Monitoring Program includes regular collections of Walleye, Lake
trout and White sucker (as well as other fish species) from the Thunder Bay AOC (Inner and
Outer Harbours). Sport fish consumption restrictions for total mercury begin at levels above 610
ng/g and total restriction is advised for levels above 1840 ng/g for the general popﬁlation
(OMOE 2005). For the sensitive population, restrictions begin at levels above 260 ng/g, and
there is complete restriction for levels above 520 ng/g (OMOE 2005). The most recent survey of
sport fish contaminant levels included collections from the Inner Harbour in 2002 (OMOE
2003).

Currently, there are consumption restrictions (4 meals per month) due to Hg for Walleye >60 cm
long (general population) and complete restriction for Walleye >55 cm (sensitive population)
(OMOE 2005). For the White sUckef, consumption restrictions (4 meals per month) due to Hg
start at fish >40 cm long and complete restriction at fish >50 cm (sensitive population) (OMOE

2005). There are also consumption restrictions due to Hg for Northern pike, Round whitefish
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(sensitive population) and Ling (sensitive population) for the Inner Harbour (OMOE 2005).
These observations of [Hg] in receptor species residing in the Thunder.Bay AOC suggest that
mercury is accumulating in tissues of higher trophic level members of aquatic food webs.
However, ﬁsh}ccv)l.lectiohs occurred around the mouths of the Kaministiquia and Mission Rivers,

which are approx.imatel_y 6-8 km south of the sampling area.

In 1998, young-of-the-year White sucker and adult Walleye were collected from the study area '

adjacent to the paper mill (Stantec 2003). Total Hg levels were reported as ranging from 11 to
86 ng/g ww for the young-of-year sucker and from 170 to 850 ng/ g ww for the adult Walléye
“(length 40 — 56 cin). All Walleye values were above the TRG for the protection of fish R
consuming wildlife (92 ng/g), and in some cases; values were above consumption restriction
levels (>610 ng/g). For the sensitive population, some Walleye values were above the complete
restriction level (>520 ng/g). A more recent fish survey in the study area may be warranted to
compare Hg levels in fish to_thé 1998 levels and to confirm that biomagnification is occurring in

the sampling area. This could have implications on assessment outcomes for sites that show

potential for biomagnification. The information from a new fish survey would reduce uncertainty -

in the assessment of the risk of mercury biomagnification.

4 CONCLUSIONS

4.1 Mercury Levels

Sediment (2002) | |
Sediment total and methyl Hg levels were elevated above reference at all 19 Thunder Bay sites.
Total mercury ranged from 0.03 to 39.7 pg/g and exceeded the provincial Severe Effect Level at

7 sites. The highest mercury concentrations were found along the northern shore of the study

area, and at the sites that contained the white fibrous paper material. The spatial pattern of these -

results was strong evidence for a local (as opposed to regional) source of mercury to the area.

Sediment (2005)
Thunder Bay total mercury concentrations range from 0.04 to 7.6 ug/g, exceeding the provincial
Severe Effect Level at 4 of the 15 sites. Visual inspections at the time of sampling noted the

presence of paper fibres at two sites (S05-01, S05-11), and total organic carbon is significantly
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related to total mércury concentrations. Sediment total and methyl Hg levels are elevated above
reference coriditions at all Thunder Bay sites. The highest Hg concentrations are found along the

norther shore of the study area, and at the sites that contain paper fibres.

Benthic Invértebrates (2002) _

Total and methyl mercury concentrations in 1 of the 2 resident invertebrate taxa assessed
(chironomids) at the majority of Thunder Bay sites were elevated above those at reference sites.
This indicated that bén_thio invertebrates accumulated Hg. Methyl mercury in sediment was
significantly predictive of methyl mercury in chironomids indicating that sediment [MeHg] was

affecting invertebrate [MeHg].

Benthic Inveitebrates (2005) ' |

Total mercury concentrations in the tissues of 1 or 2 of the resident invertebrate taxa assessed at
all sites except one are elevated above those at reference sites. Methyl mercury concentrations in
the chironomids are elevated above those at reference éites at- 10 of the 15 sites.

There is a significant relationship between total mercury in the sediment and total mercury in the
tissues of benthic invertebrates. For methyl mercury, with sediment [MeHg] alorie as a predictor,
there is no significant relationship for either taxon. For the chironomid model, the addition of
sediment total organic carbon, and overlying water total Kjeldahl nitrogen, conductivity,
alkalinity, and dissolved oxygen results in a significant strong relationship (Rzadj =(.772). For
the oligochaete model, the addition of sediment total nitrogen results in a significant relationship
(R%,4=0.550). This indicates that other variables (both water and sediment variables for the
chironomids and a sediment variable for the oligochaetes) are important in the ‘uptak,e of MeHg

in invertebrates.

4.2 Benthic Cominunity Structure

In 2002, most Thunder Bay sites (17 of 19) had different communities than reference sites,
generally due to either: (a) increased diversity and the absence of the pollution-sensitive
haustoriid amphipods and enrichment of more tolerant organisms such as tubificids and
chironomids, or (b) to decreased taxon diversity and increased abundance of more tolerant
organisms such as tubificids and chiroﬂbm‘ids. Enrichment is likely asSociated with increased

total organic carbon in some cases. Benthic community structure was not assessment in 2005.
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4.3 Toxicity

2002 | |

There was acute sediment toxicity-at 5 of the 19 sites. Four of the five sites are located along the
northern shore of the sampling area. Increased methyl mercury may partially explain toxicity to
the mayfly; however, there may be unmeasured stressors and/or substrate related factors

involved.

2005

. Three sites are toxic/severely toxic; sites are located ih the northern and in the central part of it‘hc
sampling area (Figure 6). Acute toxicity is evident to Hyalella and Jor Chironomus. There is no
toxicity to Hexagenia, in contrast to that observed in the 2002 study, where acute toxicity to
Hexagenia was evident at three sites along the northern part of the sampling area. Metal

- contamination (as either the integrated metal descriptor “metPC1” or individual metal *
concentrations) appears to be most strongly related to toxicity; significant individual endpoiht -
individual contaminant relationships do not indicate mercury as a potential cause of toxicity.

Unmeasured stressors or substrate related factors may be resporsible for toxicity.

4.4 Potential for Biomagnification

2002 |

Under the intermediate mercury-exposure and uptake assumptions, 5 sites have predicted
V[MeH'g]s in receptors higher than the TRG and the 99" percentile of the reference site [MeHg]rec.
_ This indicated that mercury could bioaccumulate in Yellow perch and Walleye to levels that

were not protective of adverse effects at 5 sites. (See Figure 6 for the location of these sites.)

2005

Under the intermediate exposure and uptake scenario (“average” conditions), 4 sites have
predicted [MeHg] in receptors higher than the TRG and the 99™ percentile of the reference site
[MeHg]rec.- This indicates that mercury could Eioaccumulate in Yellow perch and Walleye to
levels that are not protective of adverse effects at 4 sites. (See Figure 6 for the location of these

sites.)
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4.5 Dé‘cision-Making Framework for Sediment Contamination

2002 and 2005 .

The decision-making framework described in Chapman an Anderson (2005) was applied to data
from 2002 and 2005 Thunder Bay studies. Management actions are indicated for 3 sites. Eight
sites require no further action. For remaining sites, detenﬁi‘ne reasons for benthos alteration or
sediment toxicity, and/or fully assess risk of inercury biomagnification are indicated. If benthic
commupities are assumed to be different from reference for the 2005 sites, then managément

actions would be indicated for an additional 4 sites for a total of 7.
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Figure 2. Sedlment total mercury concentration (ug/g dw) in Thunder Bay (TB) sites
(black/grcy) and referenqe (Ref) sites (green) in 2005. Flett and Caduceon (Cad)

laboratory results are shown.
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Figure 3. Sediment methyl mercury concentration (ng/g dw) in Thunder Bay (TB) sites
(grey) and reference (Ref) sites (green) in 2005.
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Figure 6. ’Th_under Bay 2002 (green) and 2005 (red) sites that show toxicity (Band 3 or 4 from BEAST assessment) and
potentially adverse effects due to mercury biomagnification (based on intermediate or “average” conditions).
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Table 1. Thunder Bay 2005 site¢ positions (NAD83), site depth, and sediment description.
Site | Site Depth | Northing | Easting * Visual Description (on site)
m
1S05-01 (23) 5369070.6 | 339800.8 | silty mud with paper fibres/organics present/wood chips; sulphur odour
S05-02 | 42 | 53687946 | 339463 2_ _brown silt over grey mud; wood debris .
S05-03 3.1 5369103.5 | 339187.5 | 5ot brown mud; plants
805-0_4 |43 53989f1? 339‘714,9-1 light brown over grey mud (clay); oil came up with ponars _
S05-05° 4.2 5368633 | 339136 | jight brown mud over grey; some plant material
S05-06 5.7 5368348.1 | 339208.3 | prown silt over grey mud; plants
S05-07 7.4 5368225.5 | 338957.8 | brown mud over grey clay
S05-08 8.5 5368338.6 | 338769.3 | fight brown mud over grey clay/fine sand )
S05-10 | 2.0 5368733.6 | 338576.5 | sand/ gravel + small amounts of mud
5369039.8 | 339867.4 | white paper fibres with some brown mud; wood chips and wood debris;
S05-11 31 | | .. |sulphurodour
S05-12 4.5 5368746-3 339323-6 light brown mud over grey with plant material
i S05-132 52 5368537.5 33924;9.1’ brown silt over grey mud -
S05-14 5.5 5368766.8 | 33‘8953 4 —sand, gravel and grey clay; oil came up with ponars
S05-15 43, 5368453.6 | 338931.1 | fine silt over grey mud '
SO 5-16 48 5368529.3 339027.7 | ﬁmﬁi Browﬁ S,il-t over grey mud
5101% 12 | 5407909 |. 445305 | prown silt over clay and sand
5103% 17.0 5405899 444996 brown silt over grey clay
5108 23.0 5361458 | 382222 | prown silt over clay and sand
5109 | 80 | 3369584 | 382123 | [ight brown silt over grey mud and fine sand
51LS* 3.5 5406938 444499 brown silt over grey clay/sand, Plant material

2 no corrections received (Broadcast GPS); thereforé, boSitions are in Datum WGS84

Table 2. Environmental variables measured at €ach site.
_ Field  Overlying Water Sediment (top 10 cm) Resident Biota
Northing Alkalinity Total and Methyl Mércury |~ Total Mercury
Easting Conductivity Trace Metals / Major Oxides Methyl Mercury
Site Depth Dissolved Oxygen | ~ Total Phosphorus
pH Total Kjeldahl Nitrogen
~ Temperature Total Organic Carbon R
| Total Kjeldahl Nitrogen Loss on Ignition
Nitrates/Nitrites % Clay, Silt, Sand and Gravel
Ammonia .
Total Phosphorus
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Table 3.

Characteristics of Thunder Bay and Lake Superior reference site overlying water

(2005). Values in mg/L unless otherwise noted. -

Site

Alkalinity

Conductivity
uS/cm

Dissolved
0,

NH;

pH

Temp

°C

Total

Kjeldahl
N

“Total P
pg/L

S05-01

42.2

1000

96

1 0037 |

0280 |

85

186

0.299

0.021

S05-02

42.7

104.1

102

0.038

0.275

1.6

11.6

0.221

0.018

S05-03

43.0

1900

_103

0.064.

0288 |

8.3

16.6

0.240

0.029

S05-04

43.0

900

107

0.063

_0.286

89 |

16.1

0.285

0.023

S05-05

41.6

106.3

10.7

0,035

0303

711

111

0.303

0.013

805-06

38.2

1059 |

10.2

0027 |

0.250

79

110

0.309

0.015

S05-07

41.6

994

118 |

0.010

0331 |

79 |

89 |

0.141

0.009

S05-08

~43.1

80.0

11.0

0012 |

0.341

15

8.0

0.137

0.007

S05-10

35.0

90.0

10.2

0.045

0319

85

185

0335

0.018

S05-11

414

90.0

10.1

0.021

- 0.264

8.6

18.1 |

0.188

0.013

S05-12

42.6

104.7

11.1

0.036

0.302

7.7

112

0.169

0015

S05-13

413

105.2

10.5

0.019

0.303

7.6

10.2

0.186

0.009

S05-14

426

90.0

10.7

0.095

0.299

8.5

14.6

0.238

0.015

$05-15

42.7

90.0

115

0.025

0.327

8.5

16.8

0.154

0.007

805-16

43.1

90.0

10.7

0.039

0.321

8.6

15.5

0.201

0.020

5101

474

900

116

0011 .

_0.300

86 |

150

0.121

_0.005

5103

430 |

800

ETER

0,010

0.385

Y

8.7

0509 |

0.005

5108

424

1089

126

0007

© 0.385

13

.55

0113

- 0.004

5109

44.1

109.0

117

0.012

0343 |

6.9

54

0116

0.005

51LS

11.8

Table 4.

30.8

100.0

0023

0276 |

8.5

136

1 0197

0013

Physical characteristics of Thunder Bay and Lake Superior reference 2005 |
sediment (top 10 cm). ' . .

N G S L N - am aw e

Site % Sand % Silt % Clay % Gravel
S05-01... .| .06 499 1 495 | ... 00 _
'S05-02 23 66.7 31.0 0.0
S05-03 14.1 62.4 235 0.0
_S05-04 234 524 24.2 0.0
$05-05 . 1L5 ] 659 T 226 | 0.0
S05-06 154 36.8 47.8 0.0
S035-07 20.2 41.5 377 0.6
S05-08 2.1 53.5 44.4 00 .
S05-10 . 836 | 6.6 40 | 5.9
'S05-11 6.5 644 | 292 | 00
S05-12 53 70.7 24.0 0.0
S05-13 7.8 66.4 259 | 00.
S05-14. 52.6 13.7 24.1 9.7
S05-15 467 | 350 18.0 0.3
S05-16 _ 259 | . 496 . 246 0.0
5101 70.7 106  16.2 2.6
5103 18.5 17.6 59.0 49
5108 586 30.3 110 0.0
5109 12.2 41.5 46.3 0.0
51LS 98.0 2.0 0.0 0.0
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Table 5. Total and methyl mercury concentrations in Thunder Bay and Lake Superiot
reference sedlment in.2005 (ug/g dry weight). Values > the Severe Effect Level
(2 0 ng/g) are thhhghted
Total Hg (Flett) Total Hg (Caduceon)| Methyl Hg (Flett)
___Area |  Site (ng/g) _(ng/g) (ng/g)
Thunder Bay |S05-01 2.47 7.6 83
S05-02 1.36 1.81° 55
S05-03 3.00 5.15 T140
1S05-04 3.72 3.27 270
S05-05 0.59 (0.58)" (0.61)* 067073 (0.77° | 3.6 GOr G 4
S05-06 054 ' 063 1702
S05-07 | _0.18(0.19" 021 | 11
- [S05-08 | 016 019 _ 16(1 4)
~ IS05-10 - 004 0.1 0.8
_IS0s-11 4.98 4.15 8.2 (8.6)°
L ~|S05-12 0.88 1.01 5.2
] 1805-13 0.81 0.88 39
] S05-14 0.10 - 0.12 0.9
S05-15 - 0.33 0.39 2.0
S05-16 L 0.44 0.40 1.9 (1.7°
Reference (5101 |~ 0.010 0.018 0.1 v
5103 0. 017 (0,020 (0. 019) (o 014) "0.031 (0.029)° (o 031)* | - 0.03 (0.03)* (0.02)*°
5108 L0009 0.016 70.02%(0.03)°
5109 0 [ 0 0.020 0,022 0.04
_I5ILS 0.018 0.021 02

®field replicate; bduplxcatc repeat ahquot L below official detection limit for this analyte in this matrix
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| Table 6. Sediment trace metal, nutrient and major oxide concentrations in Thunder Bay 2005 sediment (Caduceon laboratory results).

- Values > the Severe Effect Level (SEL) are highlighted.

[Parameter Units LEL | SEL. | 505091 ] S05-02 §05-03 $05-04 :505-08- $05-05-2 | S05-05-3 ] $05-06 $05-07b $05-08 S05-10 | $05-11 | S05-12 | S05:13 ] S05-14 S05-15b S$05-16
Aluminum % - 4 107 - 111 -0.977 0.834 1.04 1.05 i 1.03 | 1.12 1.2 1.13 0.879 0808 !]. 1.12 112 | 121 | 0889 1.03
i{Antimony ua/g . <6 <5 <5 <5 <5 <is i <5 | <5 <5 <5 <5 <56 1 <5 <5 <5 <5 <5 -
HArsenic [0} 6 33 | <5 <5 © <5 <5 <6 <5 , <5 i [ <5 <5 <b. <§ | <b <5 . 7 . <5 <5
‘|Barium o/ . © 398 708 62.9 52 712 - 717 . 702 | 80.8 102 926 ~56.8 371 ] 744 75:;7 | 898 68 713
‘|Beryliium pg/o ) 02 ] .03 0.2 0.3 0.3 03 i | 0.3 : 04 0.5 0.4 03 <02 0:3 03 . 0:5 0.3 03
|Bismuth pg/g |l <5 | <5 <5 <5 <6 <5 ] <5 <5 <5 <5 <5 <5 | - <B <5 . <5 <5 <5
Boron lpg/g- 38 ‘86 I 7 7.3 9.8 . 10.1 ' 96. . 105 13.6 11:5 10.6 3.8 i 101 10.6 16.2 10.3 - 104
Cadmium -lug/o 0.6 10 12 |- 11 1.4 0.8 0.6 06 0.7 : 0.7 <05 <05 <0.5 1 1 08 . 0.8 <05 | <05 <0.5
Calcium % 3.55 673 | 525 5:88 7.89 8.1 8.1 ] 9:54 16 20.9 422 | 309 1 764 9:38 129 | 733 7.55
Chromium ug/o 26 ] 1101 389 | 476 | 568 .40.6 -52.9 46.9 469 50.2 '64.6 47.6 49.3 291 50 46.8 49.2 . 455 45.1
Cobalt '] 5 11 i1 12 10. 12 12 12 12 15 13 13 4 - 12 12 15 12 13
-{Copper pala 16 110 87.1 626 ‘87 66.5 .48.1 50.8 51 55.1: 416 43.7 33:9 535 i| 687 54.9 391 | 457 473
Iron % 2 4 0.962 2.02 . 1.7 1.86 2.39 241 235 245 2.81 - 2.5 2.78 0918 { 234 2.45 3.44 2.39 243
Lead polg .1 31 | 250 37.0° 30 -89 48 . 20 33 29 .26 25 14 19 22 30 33 15 f 28 29

gnesi % :3.92° 6.77 * 5 6.2 8:04 8.28 824 C 933 13.8 16:5 6.33 321 i} 781 908 | 136 | 808 . 7184
|Manganese g 1] 460 | 1100 104 215 ] . 189 -203 298 2985 290 294 442 - -373 -326 . 829 | 274 321 531 | 295 297
P ly m 2 <1 1 <1 <1 <1 <t <1 <1 <1 <1 1 . <1 <1 <1 | <1 <1
Nickel 75 19 . 26 31 24 : 28 28 28 29. 33 31 31 15 28 28 33 \ 28 29
‘|Phosphorus i 800 880 820, 610 650 670 650 1 780 670 560 470 660 | 760 740 510 | 630 590
‘|Potassium 1.03: 1.51 -1.18 1.16 ' 1.62° 1:56 -1.63 173 2:98 234 1.08 0:85 16 1:64 . 2:39 1.56 1.51
{Silicon 903 1220 1160 1000 1430 1440 - 1380 1350 1730 1800 1360 970 | 1260 1340 1880 1 1350 1340
{Sitver i <05 <05 <05 <05 <05 < 0.5 <05 <05 <05 <0.5 <0.5 <05 | <05 <05 <05 | <05 <0.5
Sodium 0.88 1:22 1:23 147 . 1.22: 1:42 - 123 149 1.18 1.4 0.96 08 | 129 1.52 1 107 | 124 1.31
Strontium 11:5 19:1 18.7 16.3 i 19.3 19.6 191 208 -24.3 253 14:1 ‘9.8 20:2 20:2 21.1- ) 18.1 18.5.
Tin <10 <10 20 <10 <10 <10 <10 C <10 . <10 <10 <10 |. <10 {4 <10 <10 ] <10 | . <10 <10
Titanium 391 680 634 841 872 805 870 837 1200 1010 ‘814 365 [ 866 897 926 975 (YAl
Vanadium j ‘38 638 596 77.6 823 85 .B22 80.2 ~_ B80S 745 76.9 283 | 791 | 813 I' 645 83.2 © 856
Zinc 820 241 178 - 167 153 ! 124 133 -~ 432, 143 | 95.5' 89.2 90 163: ] 149 j40 | 775 | 985 - 115
Zirconium. 1 2 2 3 : 3 3 3 3 - 13. - 10 4 <1 2 3 - 13 T 5 4
‘JAluminum- (AL O5) 176 134 135 137 123 1 107 11.2 - 108 125 11.3 43 | 1 107 | 122 |- 10 T 1214
Barium.(BaQ) 0.023 :0.037 0.039 -0.039 | .0.041 : 0:036 0.034 -0.037 0.040 " 0.046- 0.043 0:021._} 0.034 0.035 0.049 | - 0.036 ' .0.042
Caicium (CaO) 1.68 3.34 3.77 4.1 4.25 3.73 3.62 36 3.93 564 - 375 151 b 324 3:567 397 | 35 4.33
Chromium (Cr,03) 0.01 0.01 0.02 0.02 || 0.02 0.01 0.01 -0.0t - 0.01 T 001 0.02 001 | 001 001 | o002 | .001 0.02
iron (Fe;03) 273 525 5.55¢ 59 | 6.85. 591 &71 5.57 '6.01 6.58 7.78 278 |- 522 538 822 6.8 6.93
-{Magnesium:(MgO) B8 1.75 272 26 313 | 3.28 2.86 279 278 . 3.24 4.41 31 174 25 27 | 387 ° 283 | 332
Manganese (MnO) Y : 0.03 0.08 0.07 0.08- | 0.08 1.05 1.02 ‘0985 1.16 - 009 [] 0:38 | 089 098 011 |  1.08 0.09.
{Phosphorus (P,05) % ! 0.21 0.22 02 - 046 7 0.16. 198 . 18 218 . 1.69 - 014 01 3 | 232 2.07 0:13 1.55 014
[Potasium (k;0) Izn ; 101 157 | 15 167 | 177 324 313 3.28 374 241 1.94 191 | 305 343 23 328 | 18
J|Silica (Si05) % 381 50.9 529 588 -58:3 53.7 524 522 50:9 567 65.9 367 | 502 504 . 602 [ 831 60
’]Sodlum (Na,O) % . 1:.07 1.52 1.96- 204 - 2143 5.4 518 '65.25 5,02 2:09 224 244 | 495 5.05 203 | 522 215
i[‘ﬂ'itaniumf(T i02). % ; 14 o0.98 105 . 0.97 0.85 212 207 204 173 0.73 071 331 ] 211 2 | 056 | 2 0.81
-|Whole-Rock Total % “99.9 08:5 100 101 98.5 -99.9 97.4 99.5 97.4 99 . 101 983 | 969 96:3 - 996 | 966 -89.3:
|Loss on ignition % ) 34.3 184 17.1 '9.98 8.5 8.8 . 875 - 104 : 9.08 7:98 4.11 302 ] 114 10:3° 582 | 803 | 758
‘| TotaliPhosphorus Ha/g ] 600 } 20007 713 1010 8711 1 694 624 657 665 770 607 564 503 1130 | 945 768 486 - 655 629
ITotal:Nitmgen ] 560 | 4800 4550 2780 2880 1570 1430 ‘15680 1470 1920 ) 930 649 - 591 4320 | 2320 1810 383 . 1290 . 1130
{Total Organic Carbon % by wt 1. 10 | 138 78 72 38 - 2:9 2.7 29 1.9 : 1 07 07 | 856 { 4 3 0.8 ¢ 2 3



Table 7. Mean percent survival, growth (mg dry wt) and reproduction in Thunder Bay 2005 sediments and BEAST difference-

from-reference band. Toxicity (based on numerical guidelines) is highlighted red and potential toxicity is highlighted yellow.

C. riparius C. riparius H. azteca || H. azteca Hexagenia | Hexagenia T. tubifex * T tubifex T tubifex T tubifex BEAST
Site %Survival Growth %Survival |  Growth %Survival - Growth %Survival No. Y%Hatch No. ' BAND
_ Cocoons/adult . . Young/adult
‘ GL reference | 87.1 0.35 856. [ 050 96.2 3.03 97.9 99 - 57.0: 29.0 =
| mean '
1 '| S05-01 49133 0419 |ER6 0.141 100 5.76 100 107 60.9 394 Severely toxic
- S05-02 98.67 0.377 8833 | 029 98 430 | 100 10.5 ; 60.1 - 30.9 - Non-toxic
S505-03 96.00 0.339 88.00 0338 | 96 5.18 . 100 9.7 i 60.3 313 - Non-toxic
1 S05-04 94.67 0.371 70,67 | 0418 | 100 324 | 100 10.1 629 | - 321 " Non-toxic
1 S05-05 . 91.99 0.309 81.67 0.369 100 3.18 | 100 ‘ 10.2 | 605 27.8 Non-toxic
S05-06 92.00 0.397 90.00 0.384 100 432 | 100 107 -} 629 32.6 Non-toxic .
| §05-07 . 89.33 0.335 76.00 0.492 - 98 372 | 100 101 5 67.8 27.2 - “Non-toxic
1 S05-08 92.00 - 0.321 93.33 0.437 100 294 | 100 92 [ 674 24.3 | - Non-toxic
1 505-10 78.67 0.490 91.11 0.542 98 548 | -100 11.8 [ 62.1 259 . Non-toxic -
» S05-11 g 0424 | 90.67 0.294 .98 2.87 100 9.1 536 21.6 Severely toxic
S05-12 78 | 0428 | 86.67 0.537 100: 460 | 100 105 [ 578 ¢ 209 . Non-toxic
S05-13 | 86.67 | 0529 | 6267 0.473 100 [ 478 | 100 10,66 | 58.1 18.7 Potentially toxic
S05-14 1 96.00 | 0434 | 80.00 0.426 100 4.18 100 -89 672 174 Non-toxic
S05-15 | 8933 | 0426 | 85.00 0.304 100 . 4.62. | 100 10.1 : 62.8 ! 194 Non-toxic
S05-16 » 9333 | 0409 [EEE48100 0.278 100 4.10 | 100 90 © | 65.6 ! 17.7 Toxic
Non-toxic || 2677 | 049=-021 [ >67.0 0.75-023 | >855  {-5.0-09 >88.9 124-72 | 78.1-38:1 | 463-9.9 .-
Pot. toxic | 67.6—58:8[-0.20-0.14 | 66.9-57.1 | 0.22-0.10 | 85.4-80.3 0.8-0 88.8-84.2° 7.1-59 ['380-281 | 9.8-08 -
Toxic: ' <588 | <014 | <571 [ <010 | <803 [ negative <842 <59 <281 | <08 -

‘Note:. The upper limit for non-toxic category is set'using 2 x SDof the mean and indicates excessive growth or reproduction.
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Table 8.

weight — recovery corrected) (Flett laboratory results). Wet weight values were converted from

Total mercury concentrations in resident benthic invertebrates in 2005 (ng/g dry

dry weight values (see text).

B ____ Chironomid | Otigochaete
__Area Site _ng/gdrywt | ng/gwetwt | ng/gdrywt | ng/gwetwt
Thunder Bay 1S05-01 | 277 5880 289 | . 3926
S05-02 367 (366)° 4890 304 . 4231
S05-03 545 70.91 276 26.85
S05-04 303 | 3926 433 66.38
1805-05 | = 302 47.17 . 615 95.83
) S05-06 255 - 4254 511 88.22
S05-07 251 39.96 389 61.27
S05-08 247 33.12 308 - 5136
S05-10 218 29.31 142 2324
S05-11 209 3278 | 321 | 4893
S05-12 507 71.94 446 | 7219
|S05-13 - 313 - 48.65 691 100.41
S05-14 366 64.82 444 66.14
S05-15 217 34.70 434 68.18
B |S05-16 325 | 5101 | 362(355)° 56.86
Reference 5101 759 | 16.08 840 15.76
15103 282 5226 106 15.64
5108 - 688 9.36 188 32.71
5109 56.7 998 | 107 1524
51LS 500 " 8.46 58.5 9.49
T S W, 5.0 -
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Table 9. Methyl mercury concentrations in resident benthic invertebrates in 2005 (ng/g dry
weight — recovery corrected) (Flett laboratory results). Wet weights were converted from dry
weights (see text).
, Chironomid __Oligochaete
_Area |  Site ' | ng/gdrywt | ng/gcwetwt | ng/gdrywt | ng/gwetwt
Thunder Bay [S05-01 5.3 1.13 1.3 0.18
S05-02 7.0 [ 093 02 0.03
1S05-03 | 41 533 2.8(2.3) 0.25
S05-04 45 | 583 | 12(1.7F 022
S05-05 | 17 | 266 14 0.22
S05-06 11 1.84 - 0.500.6° | 0.9
S05-07 78 T 1242 | 54(5.6) 0.87
S05-08 76 10.19 16 | 267
[S05-10 32 430 |10 1.64
~ [S05-11 48 7.53 1.9 029
S05-12 | 3832 4.97 S22 | 036
~ |S05-13 2] 3.26 1.0 (1.1)° 015
S05-14 a4 | 719 | 51 | 7160
~ I805-15 S 359 | 512 53 0.83
S05-16 32 502 | 55 0.87
Reference  [5101 25 530 | 49 0.92
15103 53 | 098 2.2 0.32
- 5108 17 231 | 571 099
5109 - 6.9 122 | 200.5)P 0.25
~|51LS 16 (20)° 3.05 - 74 | 120

? duplicate ° repeat aliquot
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Table 10. Prediction of whole body concentrations of total and methyl mercury in two
invertebrate taxa based on sediment mefcury concentration alone (“A” models), and sediment
mercury concentration + other physico-chemical variables (“B” models) from 2005. The groups
of multiple predictors listed are from the models that best predicted [Hg]iny using sediment and
water variables. [Hg]sed was retained in all models. All variables in the models shown were

transformed: arcsine-square root (x) for the particle size variables; log(x) for the others.

Response Predictor . P , P
(M) | Mo0 ([X]) Coefficient | (predictor) | R’ | R’y | (regression)
Total Hg A ~ Total Hg - 0.2445 "< 0.001 0.524 | 0.498 . <0.001
Chironomid B | . TotalHg 0.3461 <0.001 0.855 | 0.816 | . <0.001
‘Manganese 0.7426 <0.001 .
Dissolved O, -0.1463 0.025
L Clay, -0.4914. | 0.021 | . .
‘Total Hg 1 A ~TotalHg | 02443 | <0.001 | 0525 ] 0499 | <0.001
Oligochaete B Total Hg 0.3367 <0.001 0.784 | 0.759 <0.001
) __Tron 11826 |- <0001 | | | |
Methyl Hg A -Methyl Hg 0.1393 0.136 0.121 | 0.072 | 0.134
Chironomid | B | MethylHg 0.4883 <0.001 0.844 | 0.772 <0.001
~ Total Organic C -0.4517 0.013-
" Total Kjeldahl N | -0.8717 0.015
Conductivity - -3.5010 | 0.007
Alkalinity -3.6010 0.032
Dissolved O, | 0.2599 0.033 , ,
Methyl Hg A . MethylHg | -0.1881 0.173 0.101 | 0.051 | 0173
Oligochaete B - MethylHg | 0.3208 <0.001 0.597 | 0.550- <0.001
Total Nitrogen -1.7648 0.039 ’ '
\
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Table 11a.

species for Thunder Bay sites and Lake Superior reference sites for 2005. Bolded values exceed

Predicted methyl mercury concentrations (ng/g wet weight) in fish receptor

the 99™ percentile for the reference sites. Yellow highlighted values exceed Envifonment Canada
(2002) tissue residue guideline (92 ng/g ww) applicable for fishes. Bolded and highlighted

values exceed both the TRG and the 99™ percentile for the reference sites.

" Receptor White sucker Yellow perch. __Walleye
Reference 99" percentile . | 4.09 | 1053 | 1787 | 2044 | 52.66 '89.36 4.58 80.05 578.83
Area | Site | min | med max min | med "max | min | med | max
~_Reference ' | 5101 3.16 10.67 1818 | 1578 | 5334 | 90.90 353 | 81.08 | 588.83
5103 | 1100 | 223 336 | 549 | 1LIS 16.81 1.23 16.95 108.88
.| 5108 | 3.40 566 | 792 16.98 28.30 3962 | 3.80 | 43.02 | 256.64
3109 0.86 2.52 4.18 429 | 1261 | 2092 | 09 | 19.16 135.54
51LS 4.12 729 | 1046 | 20.58 36.44 5231 | 4.6l 55.40 338.86
Thunder Bay | 80501 | o062 | 225 | 3.8 3.09 1123 | 1938 | 069 | 17.08 | 12554
77| S05-02 0.10 1.65 3.19. 0.51 8.23 1595 | 012 1251 . | 103.32
S05-03 0.86 9.57 1828 | 429 | 47.85 91.41 096 | 7274 | 592.16
S05-04 075 | 1038 20.00 3.77 51.88 9998 | 0.84 78.86 | 647.71
"S05-05 0.75 4.94 9.12 3.77 2470 | 45.62 0.84 37.54 | 295.53
S05-06 0.31 3.31 631 | 154 | 1655 31.56 0.35 2516, | 204.42
S05-07 298 | 2279 | 42.60 14.92 113.96 | 213.00 | 3.34 | 173.24 | 1379.86
S05-08 9.16 22.05 34.95 45.79 11027 | 174.76 10.25 167.63 | 1132.11
| 805-10 5.63 10.19 1475 | 2813 | 5094 | 7395 | 6.30 7743 | 47173
S05-11 099 | 1341 | 2583 497 67.06 129.14 1.11 | 101.93 | 836.58
S05-12° | 123 9.14 17.05 617 | 4570 | 8524 | 138 69.48 552.17
| S05-13 0.51 5.85 1118 | 257 | 2924 | 5591 0.58 44.45_ | 362.19
1505-14 | 2607 | 2639 | 2672 | 13034 | 131.97 | 133.60 | 29.18 | 200.61 | 86547
S05-15 "2.85 | 1020 17.56 1423 | 5102 | 87.81 3.19 77.56 568.83
S05-16 208 | 1010 | 1722 | 1492 50.51 36.09 334 | 7678 | 557.72
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Table 11b. | Predicted methyl mercury concentrations (ng/g wet weight) in bird and mammal
receptor species for Thunder Bay and Lake Superior reference sites fqr 2005. Bolded values

exceed the 99 percentile for the reference sites.

~ _Receptor | Great Blue heron — Mirik

Reference 99" percentile 1738 | 9823 | 60749 | 695 | 15117 | 89352

. Area Site min med max | min | med | max
Reference 5101 . 13.41 9949 .| 617.98 536 | 153.11 908.95
5103 |- 467 | 2079 | 11427 1.87 3200 | 168.07
5108 1443 | 5278 | 26935 | 577 | 8123 | 396.17

5109 3.65 23.51 | 14225 1.46 3618 | 20923

. |51ILs | 1750 | 6798 355.63 7.00 104.61 523.08
Thunder Bay | $05-01 - 2.62 2095 | 13176 1.05 | 3225 193.80
S05-02 | 044 1536 | 10844 | 017 | 2363 | 159.50

'S05-03 | 365 | 8925 | 62148 | 146 137.35_ | 914.10

S05-04 321 | 9677 | 67978 | 128 | 14892 | 99985

.| S05-05. 3.21 46.07 31016 | 128 | 7089 | "456.19
180506 | 131 | 3087 21454 | 052 4751 315.56.
S05-07 12.68 212,57 | 1448.17 | 507 - | 32713 2130.03

- S05-08 38.93 205.70 1188.15 | 1557 | 31655 | 174759
S05-10 . | 23.1 95.01 50138 | 9556 < | 14621 .| 737.45
S05-11 | 423 | 125.08 878.00 1.69 192.49 1291.40
S05-12 525 | 8525 | 57950 | 210 | 13120 | 852.36

1S05-13 | 219 5454 | 38012 0.87 83.94 | 559.09
S05-14 110.81 | 246.16 | 908.31 44.31 378.82 1335.99
S05-15 12.10 95.17 | 59699 | 484 | 14646 878.08
'S05-16 1268 | 9421 585.33 507 | 14498 860.93
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‘Table 12. Decision matrix for weight of evidence categorization of Thunder Bay sites (2002 and 2005 data). The assessment for 2005 sites is based on 3

lines of evidence. For the sediment chemistry column, sites with exceedences of the Severe Effect Level (SEL).are indicated by “®, and sites with exceedences of
the Lowest Effect Level (LEL) by “©”. For the toxicity and benthos alteration columns, sites determined from BEAST analyses as toxic/severely toxic or
different/very different from reference, respectively, are indicated by “@; and sites determined as potentially toxic or possibly different from reference by “®@”.
Sites with no SQG exceedences, no sediment toxicity, or benthic communities equivalent to reference conditions are indicated by “O”. Substances exceeding

SELs are listed. ,
- Site ~ Year Sediment | Toxicity Benthos Biomagnification > SEL Assessment
' Chemistry Alteration® ipotential™
Pl 2002 ® . @ ® O Hg, TKN, TOC, TP | Management actions required
P2 2002 ® O ® O Hg, TKN ' Determine reasons for benthos alteration®
P3 2002 " ] @ (9] O Hg, TKN, TOC - Determine reasons for sediment toxicity
P4 2002 [+ | O ® O ) Determine reasons for benthos alteration?
, PS5 2002 ® f O ® O - il Hg Determine reasons for benthos alteration”
‘ P6 2002 ® ® [ (-] 1 Hg, TOC Management actions required :
‘ P7 2002 ® ® O ) | Hg, Cu, TOC Determine reasons for sediment toxicity and fully assess. nsk of biomagnification:
1 P8 2002 [+ ] ) ® O | Determine reasons for benthos alteration’
P9 2002 ('« ] 1{ O ® O 1 Determine reasons for benthos alteration”
P10 2002 ® ' O ® O | Hg - Determine reasons for benthos afteration?
P11 2002 o O ® (@) -Determine reasons for benthos alteration
P12 2002 (-] ® @ Q@ Management actions required
P13 2002 Q O ® [} ‘Determine reasons for benthos alteration®
P16 | 2002 ® 0] @ O Determine reasons for benthos alteration?
| P17 1 2002 [-] O @ O ‘Determine reasons for benthos alteration™
P18 1 2002 -] @) @ O Determine reasons for benthos alteration”
1 P22 <2002 O O © o | ‘Determine reasons for benthos alteration® and fully assess risk of biomagnification
1 P23 . 2002 O O ® (-] Determine reasons for benthos alteration and fully assess risk of blomagmf' cation
| 1B2 2002 o O ® O 1 Determine reasons for benthos alteration”
1 s05-01 2005 ® ® - @) Hg, TOC Determine reasons for sediment.toxicity
1 s05-02 2005 © o - O , No further-actions:needed
S05-03 2005 @® O - O Hg No further actions:needed:
S05-04 2005 ® O - @) Hg No furtheér actionsineeded:
S05-05 2005 [ O - O ) No further actions:needed.
S05-06 2005 [-] O - @) No further actions needed
S05-07 2005 <] @) - [+ Fully assess risk'of biomagnification
S05-08 2005 O (O - © Fiilly assess risk of biomagnification
S05-10 2005 O O - (@] No further actions:needed:
'S05-11 2005 ® @ - o Hg - Determine reasons for sediment toxicity and fully. assess nsk of biomagnification
S05-12 2005 (-] [@) - @) No further actions-needed
S05-13 2005 O © - (@) Determine reasons for sediment toxicity
S05-14 -2005 O O - [} | Fully assess risk of biomagnification
S05-15 2005 [ O - O 1 No further actions needed,
S05-16 2005 (-] - ® - O Determing reasons for'sediment toxicity .
* benthic community structure assessment performed in 2002. only; *based on step 3 in Chapman and Anderson (2005); vbased on the intermediate éxposure and uptake:scenario
4 benthos alteration may be due to-other factors, either natural (e:g., -competition/predation, habitat differences) or human-related (e.g., water column contamination) (Chapman and Anderson 2005)
TKN=total Kjeldalil nitrogen, TOC=total organic carbon, TP=total phosphorus
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APPENDIX A: Comparison of 2002 and 2005 Reference Site Merciry Levels
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Figure Al.  Comparison of total and methyl Hg concentrations from reference sites collected

in 2002 and 20035.
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Table Al.

reference sediment, 2005 (Caduceon 1aborat0‘r‘y results).

Sediment trace metal, nutrient and major oxide concentrations in Lake Superior

Parameter Units | LEL | SEL | 5101 | 5103-1 | 5103-2 | 5103-3 5108 5109 51LS
Aluminum 1% 0.772 1.05 1.01 0.998 0.876 0.977 1,03
Antimony ug/g <5 <5 <5 <5 <5 <5 <5’
Arsenic pa/g 6 33 <5 11 12 8 <5 <5 <5
Barium _______ualg 487 | 423 425 317 62.4 58.4 86.5
Berylium Hglg” 0.2 0.5 0.5 0.4 0:3 0.3 05
Bismuth Ho/g. <5 <5 | <5 <5 | <5 <5 <5
Boron pa/g 7.3 15.9 156 | 13.8 11.4 9.6 12.8
Cadmium ug/g 06 10 <05 | 05 0.6 <05 | <05 | <05 <0.5
Calcium’ % | | 188 | 787 | 755 751 13.8 15.7 60.8
Chromium ualg 26 | 110 38.7 42.3 39.3 40.6 53 324 | 436
Cobalt ug/a 8 18 18 15 16 10 | 10
Coppér ualg 16| 110 201 29.7 268 | 247 32.4 273 | 229 _
on, . .. %. 2 4 1.56 2.98 | 3.06 267 | 284 | 201 2.03
Lead ug/g 31 | 250 5 14 12 10 | 11 8- 8
Magnesium % 1.1 1 95 19 | 186 18 10.5 141 | 179
Manganeseé _ po/g | 460 | 1100 | 252 4030 3900 2850 711 394 429
Mercury bglg_ | 02 | 2 | 0018 | 0.081 0.029 0.031 0.016 0.022 0.021
Molybdenum wgla | | <1 <1 <1 <1 <1 <1 <1
Nickel “[ua/g 16 1 75 | 18 | 31 ] 29 .26 50 24 23
Phosphorus Hg/g | | 320 | 570 | 580 530 630 "580 400
Potassium % 152 3.06 274 | 269 | 1.15 1.57 3.28
Silicon_—_ 1g/g 1790 1670 1490 | 1330 | 1190 1080 1380
Siver lig/g <0.5 <05 <05 | <05 | <05 <05 <05
Sodium %_ 1.04 0.84 09 | 072 115 ~1.33 0.79
Strontium aglg 21.4 60.3 56.2 54.9 225 | 2%.7 | 50 _
Tin ualg | ~ <10 | <10 <10 <10 | <10 | <10 | <10
Titanium Holg = 1330 1510 | 1300 1270 2800 1310 | 1240 _
Vanadium Ha/g , ] 368 | 527 | 505 T 467 97.4 708 | 415
Zinc ligfg 7120 | 820 | 334 62.2 58.7 56.6 56.3 458 | 513
[ Zirconium uola | 14 [ 16 15 15 20 10 | 22
Aluminum (A,O;) % ~ 845 [ 873 | 846 862 | 923 105 107
[Barium (BaO) 1% 0.036 | 0069 | 0071 | 0.061 | 0.031 0035 | 0046
Calcium (Ca0)  |% 4.16 957 | 957 | 9.71 547 4.96 109
[Chromium (Cr, 05y |% 0.02 0.01 <001 | <001 | o_‘os‘ 0.07 0.01
Iron (Fe,05) % 386 518 | 539 | 483 | 7.2 502 451
Magnesium (MgQ) % | 2.59 3.03 3.02 2.98 3.9 3.7 3.58
Manganese (MnO) |% T ~0.05 7.01 689 | 52 201 | 1.18 0.07
Phosphorus (P,0s) [% 008 | 164 | 166 | 142 | 1.72 " 161 0.1
Potasium (Kz0) % 1.8 3.76 363 3.82 259 3.09 225
Silica (Si0,) % 71 426 | 405 422 51.4 533 535 |
Sodium (Na,0) % 177 | 421 | 42 | 411 | 606 | 6.1a 179 |
Titanium (TiO,) % 048 | 128 | 119 119 327 1.89 0.46
Whole Rock Total . |% ~ 69.1 101 99.2 985 | 96.8 96.9 101
Loss on Ignition % 479 | 141 14.6 144 | 3093 5.43 129
Total Phosphorus  [ug/g | 600 | 2000 | 297" 568 647 590 688 620 .| 443
Total Nitrogen pg/g | 650 [ 4800 [ 419 [ 524 519 540 456 871 | 618
Total Organic_____ |% by 1 1 10 0.4 <0.1 0.4 08 [ 11 [ 08 04
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APPENDIX B: Toxicity Ordinations
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Figure B1.  Assessment of a subset of test sites using 10 toxicity test endpomts summanzed
on Axes 1 and 3, showing 90%, 99%, and 99.9% probability ellipses around refererice sites.
(Reference site scores are not shown.) Endpoints contributing significantly to the site scores, and
environmental variables most correlated to the scores, are shown. Arrows indicate the most.
important relationships. Hasu = Hyalella survival; Crsu = Chironomus survival; Crgw =
Chironomus growth; Ttsu Tubifex survival; Ttht = Tubzfex hatch; Ttyg Tubzfex young. Stress
level = 0.098..
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Axis 1

Figure B2.  Assessment of a subset of test sites using 10 toxicity test endpoints, summarized
on Axes 1 and 3, showing 90%, 99%, and 99.9% probability ellipses around reference sites.
(Reference site scores are not shown.) Endpoints contributing 51gn1ﬁcant1y to the site scores, and
environmental variables most cottelated to the scores, are shown. Arrows indicate the most
important relationships. Hasu = Hyalella survival; Crsu = Chironomus survival; Crgw =
Chironomus growth; Ttsu= Tubzfex survival; Ttht = Tubzfex hatch; Ttyg = Tubifex. young. Stress
level = 0.10. '

55




Al T N E G G A N S s &

_ -X .- _ ‘-

APPENDIX C: Toxicity — Contaminant Relationships

56




2 — @ S05_01
505_11
§ _ ) Crgw
$05_16
(o] ®
(]
<
4 “Crsu
-2 — i}
I | [
-2 -1 0 1

Figure C1.  Toxicological response of Thunder Bay 2005 sites represented by 2-dimensional
HMDS (stress = 0.06). The direction of maximum correlation of Hyalella and
Chironomus survival endpoints (Hasu, Crsu) with sites are shown as vectors.
High values for Axes 1 and 2 correspond to sites with high relative toxicity to
Hyalella survival and low values for Axis 1 and high values for Axis 2
corresponds to sites with high relative toxicity to Chironomus survival.
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Figure C2.  Thunder Bay sediment toxicity relationships to contaminant concentrations based

on integrated toxicity descriptors (HMDS axes 1 and 2) and Hyalella and
Chironomus survival endpoints (Hasu, Crsu) and the integrated metal descriptor
(see text for derivation of variables). Sites are colout-coded by toxicity class as
determined by BEAST assessment with reference sites. High values for Axes 1
and 2 correspond to sites with high relative toxicity to Hyalella survival and low
values for Axis 1 and high values for Axis 2 corresponds to sites with high ,
relative toxicity to Chironomus survival.
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Figure C3.  Thunder Bay sediment toxicity relationships to contaminant concentrations based

on integrated toxicity descriptors (HMDS axes 1 and'2) and Hyalella and
Chironomus survival endpoints (Hasu, Crsu) and total and methyl mercury (see
text for derivation of variables). Sites are colour-coded by toxicity class as

‘determined by BEAST assessment with reference sites.
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Thunder Bay sediment toxicity relationships to contaminant concentrations based -
on integrated toxicity descriptors (HMDS axes 1 and 2) and Hyalella and
Chzronomus surv1val endpomts (Hasu Crsu) and 1nd1v1dual metal concentratlons

reference sites.
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_ Figure C5. . ‘Thunder Bay sediment toxicity relatlonshlps to contaminant concentrations based

" on integrated toxicity descriptors (HMDS axes 1 and 2) and Hyalella and
Chironomus survival endpoints (Hasu, Crsu) and sediment nutrient concentration

~ and grain size. Sites are colour-coded by toxicity class as deterrmned by BEAST
assessment with reference sites.
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APPENDIX D: Quality Assurance/Quality Control
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Table D1. Coefficients of variation for field-replicated samples.

. |Parameter 5103 | S05 05
Al (%) 27 1.0 -
A203 (%) 16 75
Alkalinity (mg/l.) 1.0 0.5
As (ppm) 201 =
B (ppm) 7.5 26
Ba (ppm) 15.9 1.1
BaO (%) 7.9 9.7
Be (ppm) 12.4 -

Ca (%) 26 1.5
Ca0 (%) 0.8 8.7
Cd (ppm) 40.1 9.1
Clay (%) - - 101
Co (ppm) 10.2 -

Cr (ppm) 3.7 71
Cr203 (%) 43.3 43.3
Cu (ppm) - 9.3 3.3
Fe (%) 7.1 1.3
Fe203 (%) 5.5 9.9
Gravel (%) - -

[Hg (ppm) 3.8 7.0

K (%) 7.1 . 14
K20 (%) 26 | 302 |
LO! (%) 1.8 . 18
(Mg (%) 27 16
MgO (%) — 09 | 89 _
Mn (ppm) 18.0 14
MnO (%) 159 | 758
NH3 (mg/L) 158 | 743
Na (%) 112 [ 87
Na20 (%) 213 | 431

Ni (ppm) | 88 | -
No3No2 (mg/L) 0.3 1.0
P205 (%) o 8.5 76.4
PSize mean (Microns) - 17.8
PSize 25% (Microns) - 14.9
PSize 75% (Microns) - 16.5

Pb (ppm) 16.7 7.6
Sand (%) - 298
Si (ppm) 1.4 3.1
Si02 (%) 2.7 57
Silt (%) T 46
Sr (ppm) .49 1.3
TKN (mg/L) 1281 38.9
TN (ppm) 21 4.5
TOC (%) 901 | 441
TP(Sed) (ppm) 68 | 34
TP(Wat) (mg/L) 36 |. 41
Ti (ppm) 9.6 22
TiO2 (%) 4.3 428
V (ppm) 6.1 _ 1.9
Whole Rock (%) 1.3 __1.3
Zn (ppm) 48 | 38
Zr (ppm) 3.8 _-
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Table D2. Relative percent difference (RPD) for sample duplicates (Caduceon).
| Reference. |- I RS C ~ : : R .
s Units M.OL.  |Method  |' 505.01 !|S05 01Dup]. RPD. | 505 07b [S05 676Dup] RP.D. | 05.08. 80510 _|s05 10Dup| R.P.D. 510301 | 510301 |- RPD. | 510302  |5103020up| RP.D.
A 1o/g 1Q[EPAG010_].- 10700 || 10800 ] 1 12000 11300 8790 8810 0.2 10100 i 9980 10200 2.2
A Hg/g. EPA'6010 _ <5 <5 0 <5 <5 <5 <b 0 - <5 <5 <5 []
Arsenic ng/g q:EPA 6010 <5 <5 [ <5 <5 <5 5 0 12 8 10 22.2.
Barium nglg 0.1]EPA 6010 398 | 401 03 102 2.6 56.8' 565 0.5 435 37 320 0.9 -
[Beryllum v/ 0. : 02 | 02 0 05 0.4 03 03 05 0.4 05 222
Bismuth 4a/g <5 <5 0 <5 <5 <5 <§ <5 <5 <5 0
Boron Ho/g 38 40 . (X 13.6 115 106 106 156 13.8 139 0.7
C -Juglo. 1.2 12 [] <0.5. ‘< 0.5 <05 <0:6 [ 06 <056 <05 0
[Caicum lpegle 3550 3600 14 15000 _ 20900 _ 3220 4250 0.7 75500 75100 76100 1.3
[Chromium _|uglo 39.9 407 2.0 646 476 453 49 0.6 39.3 40.6 421 36
.[Cobalt ua/n 5 5 0 15 13- 13 13 0 18 15 15 0
Copper ug/g A 863 0.9 416 43.7 33.9 331 2.4 26.8 247 255 32
{{tron ) : 0620 9700 0.8 28100 ~25100 27600 27600 1.9 . 30600 26700 27100 1.5
|Cead vg/g 2|EPA 6010 37.0 367 0.8 25 14 19 23 19.0 12 10 1 8.5
i[Magnesium ugfg 10JEPABOT0 | 3920 3840 05 73800 16500 6330 6270 1.0 18600 18000 18300 1.7
™ ug/g 0.1|EPA 6010 104 104 0 442 373 ; 326 326 0 3900 2850 2670 0.7
|Mercury ug/g 0.005|EPA 747T1A| 76 61 21,9 0.207 0.193 ' 011 0:10 9.5 0.029 -0.031 0.026 175
- [Moly /g 1|EPA 6010 2 7 [] <1 <1 <1 <1 0 <1 <1 <1 0
" {Nickel pala 1[EPA 6010 19 19 [ 33| 31 31 30 3 20 26 27 3.8
}r_’nosphoms vg/g TO[EPA 6010 | 800 786 05 570 | 560 470 457 0.6 580 ~ 530 535 0.9
[Polassi uglg SO/EPA 6010 1030 1060 29 2980 2340 1080 1060 18 2740 2690 2840° 54
Silicon glg 908 585 8.7 1730 1800 1360 1300 2.5 1490 1330|1310 1.5
[Sitver ug/g ‘<05 <0.5 0 <05 . <05 <0:5 <0.5 [ <05 <05 <0.5 0
Sodium Wglg 880 927 532, 1180 |, 1400 960 1070 10.8 800 720 895 2.0
[Strontium ug/g 0:A[EPA 6010 115 1.6 0.9 243 253 141 137 2.9 56.2 549 56.4 2.7
Tin Ho/g <10 <10 0 <10 <10 <10 <10 0 <10 < 10 <10 []
Tianium hglg 391 412 5.2 1200 1010 B14 782 2.0 1300 1270 1317 36
\ i ugig “0.5EPA 6010 36 36 [ B0.5 745 76.9 76.6 [ 50.5 5.7 _47.7 2.1
Zinc 1g/g 241 240 0.4 955 89.2 90 93 33 58.7 566 57.8° 2.1
Zirconium vglo 1 2 €6.7 13 10 4 3 o 15 15 14 6.8
Aluminum (ABO3) % 0.01}IN:HOUSE 17.6 108 107 09 125 13 8.46 857 13 8.62
Barium (BaO) % 0.001)IN-HOUSE | 0.023 0.040. 0039 25 0.046 0.043 0.071 T0.072 1.4 0.061
|Caicium (Ca0) % 0.01JIN;-HOUSE 168 393 385 2.1 5.64 3.75 "9.57 S [X 9.71
Chromium (Cr203) [% 0.01|IN-HOUSE | _ 0.01 0.01° 0.01 ~ 0.0 0.01 0.02- <0.01 0:01 0.0 <0.01
Tron (Fe203) % 0.05IN-HOUSE | 2.73 6.01 5.76 42§ 656 7.78 5.39 544__| 0.9 4383
Magnesium (Mg0) _|% 0.01}IN-HOUSE 175 324 3.16 25 441 315 3.02 3.05 0. 298
~ [Manganese (Mn0) _|% 0.01]IN-HOUSE|__0.03 1.16 A3 26 -0.09 01 6389 680 0.0 52
. [Phosphorus (P205) [% 0.03{IN-HOUSE | - 0.21 168 1.62 0.8 0.14 0.1 1.66 — 162 2.4 142
Potasium (K20) % 0.01]IN-HOUSE] __ 1.01 374 3.67 1.5 2.1 194 3.63 369 16 3.82
- [Shica(sio2) % 0.01]IN-HOUSE | 38.1 50.9 502 | . 1.4 | 6.7 559 40.5 (X 1.2° 422
Sodium (Na20)- % 0.01IN-HOUSE.| 107 5.02 487 1.0 2.09 224 42 424 _ 0.8 411
Titanium (1i02) % 0.01]IN-HOUSE 14 1.73 166 218 0.73 0.71 119 121 7 119
Whole Rock Total % IN-HOUSE | 909 974 §5:8 7 [ . 101 99.2 99.9 0.7 985
Toss oniignition % 0.05IN-HOUSE[ 343 9.08 7.98 —8.05 " 0.8 _ 411 146 1464 0.3 144
*|Phosphorus-Total__|uglg’ "0.01|EPA 3654 | 718 607 564 503 647 590
- { Total Kjeldahl : i f
Nitrogen /g O.DSIEPA 3512 4550 930 . 649 591 519 640
Total Organic ) -
Carbon % by wt 0.4|LECO 138 ) 1 i o1 0.7 04 0.8
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Table D3. Percent recovery for reference materials (Caduceon).

] Raw Data (ug/g) QC Sample Recovery
LKSD-3 ~  QCResult Reference Value Lab Mean % Recovery | Control Limits
Silver 24 24 2.3 88 s 5T
Arsenic 219 23 23.4 95
Barium = 158 N/A 173 91
Beryllium 05 N/A 0.5 100 -
Cadmium 0.4 0.6 0.6 67
Cobalt = _ 26.6 30 29.5 89
Chromium . 46 51 48.1 90
Copper 305 - 34 34.7 90
Iron . 27043 35000 ‘30340 77
Manganese . 1125 1220 1282 92
Molybdenum 0.6 2 1.2 30
Nickel 39.9 44 436 91
Lead 27.8 26 " 252 o 107
Strontium 24.2 N/A 265 91
Titanium 870 N/A 1007 | 86
Vanadium 45 55 498 . 82
Zinc 123 139 . ] 1379 88
GS89-2 B o
Mercury 1.99 208 ) 96
lWH89-1 p o
Aluminum (Al203) 11.0 121 ] T 91
Barium (BaQ) 0.27 029 92
Calcium (Ca0) 5.29 59 90
Chromium (Cr203) 0.03 - 0.03 100
Iron (Fe203) . 6.18 6.9 3 90
Magnesium (MgO) 3.16 35 90
Manganése (MnO) 1.16 1.38 84
Phosphoris (P205) 2.38 248 96
Potasium (K20) 4.01 ~ 451, 89
Silica (8i02) 59.7 "60.5 99
Sodium (Na20) 3.63 40 . 91
Titanium (Ti02) 2.1 257 82
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Table D4.  Percent recoveries for sample spikes, quality control samples and reference
standards for sediment samples (Flett Research).
TOTAL MERCURY - SEDIMENT
"Sample Spike Recovery " Quality Control Samples - Standards
-Sample No.  Recovery (%) Mess-2 (92 ng/g) Standard Recovery (%)
$05_0500 101.2 Sample No.  NetTHg (ng/gdw)  Recovery (%) Hg STD 1 98 ’
$05_0500 102.4 ! 95 103.7 Hg STD 2 101
RPD 33 2 95 , - 103.2 Hg STD 3 98
, 3 91.3 99.2 HgSTD 4 101
$05_10 103.0 Mean 102.0 Hg STD 5 102
$05_10 99.0 : Mean -100
RPD 3.7 OPR (solids) (1 ng/mL) ’
Sample No. Net THg (ng/mL) Recovery (%) Hg STD 1 100
5108 97.5 1 , 0.99 T894 Hg $TD 2 98
5108 97.2 2 101 101.0 Hg STD 3 100 -
RPD 0.1 3 1.0 85.9 Hg STD 4 101
) _Mean. . 98.8 HgSTD § 101
PH15 98.7 ’ Mean 100
PH15 103.6
RPD 4.0
METHYL MERCURY - SEDIMENT
~ Sample Spike Recovery | , Quality Control Sampies
Sample No.  Recovery (%) IAEA 405 (5.49 + 0.53 ng/g) :
S05_01 . 894 Sample No.  Net CH3Hg (ng/g dw) Recovery (%)
$05_01 903 1 4.11 74.9
$05_07b 80.8 2 4,58 83.4
$05_07b 92:3 3 4.23 77.0
5118 105.0 4 4.21 . 76.7
51LS 83.4 5 496 90:3
Mean 90.2 6 3.66 66.6
Mean 78.15.
Alfa (200 ng/L.)
Sample No. Net CH3Hg (ng/L) Recovery (%)
1 210 105.1
2 233 116.6
3 198 98.9
Mean 106.9
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Table D5. Percent recoveries for sample spikes, quality control samples and reference
standards for biota samples (Flett Research).
TOTAL MERCURY - BIOTA
Sample Spike Recovery “Quiality Control Samples . Standards
Sample No.  Recovery (%) DORM-2 (4640 ng/g) Standard Recovery (%)
: 4521 96.2 Sample No. Net THg (ng/g dw) Recovery (%) HgSTD 1 100
4521 95.8 1 . 4312 92.9 Hg STD 2 101
RPD 16 2 4454 ' 96.0 HgSTD 3 101
. 3 4607 99.3 Hg STD 4 100
4532 .95.6 4 4540 97.9 HgSTD 5 98
4532 94.5 Mean 96.5 Mean 100
RPD 1.6
. Hg STD 1 102
4514 962 OPR (solids) (1 ng/mL) HgSTD 2 101
4514 94.9 Samplée No. Net THg (ng/mL) Recovery (%) Hg STD 3 101
RPD, 1.0 1 0.98 h 98.4 Hg STD 4 100
‘ 2 0.96 95.5 HgSTD 5 96
4502 ©100.0 3 0.97 ) 96.9 Mean 100
4502 99.3 4 0.97 97.4
- RPD 1.8 Mean 97.1
METHYL MERCURY - BIOTA
Sample Spike Recovery - -Quality Contiol Samples
Sample No. Recovery (%) Dorm-2 (4.4720.32 mg/kg) _ '
4500 108.8 Sample No. Net CH3Hg (ng/g dw)  Recovery (%)
4500 105.5 1 4327 96.8
4510 91.7 2 4701 105.2
4510 90.3 3 4063 90.9
4520 103.4 4 4145 - 927
4520 108.6 5 4801 107.4
4530 10241 6 4583 102.5
4530 103.6 .7 4257 95:2
Mean 101.8 8 4284 95.8
9 4446 99.5
10 4409 98.6
1 4576 102.4
Mean 98.8
Alfa (200 ng/L) _
Sample No. Net CH3Hg (ng/L) Recovery (%)
1 - 234 117.0
2 183 91.4
3 197 - 983
4 188 94.2
5 184 91.9
6 235 : 177
Mean 101.8
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