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ABSTRACT V 

_ 

-In 2000, the National Water Research Institute sampled sites in Hamilton Harbour in order- to 

provide an overall assessment of s.edirner'1t degradation based on biologfical. sediment guidelines 
4 according to the BEAST (Benthic Assessment of‘S_ediment) methodology. Results indicated that 

. forthe benthic community structure‘ component of this study, a large number of ‘test sites were 

not Well matched to Great Lakes reference sites based on natural habitat attributes. Additional_ly," 

there was the lack of correlation of sediment toxicity to any specific contaminant, mal_<_i_ng it 
difficult to set ‘clean up criteria based on sediment contaminant concentrations alone. It was 

concluded that the hazardous sediments should be identified by laboratory sediment toxicity 

tests, specifically_ the n1__ayfly(Hexagenz'a spp.), and amphipod (Hyalella azteca) tests, as these 

two organisms were found to be most strongly correlated to overall toxicity. In November 2002, 
l00‘sites were sampled in the Harbour with emphasis placed on the Randle Reef area (80 sites) 

i 

and Winderrnere Ann (20 sites). Toxic sites were identified using BEAST methodology, which 
involves the use of multivariate techniques using data on the physical and ,che;mical.attributes of ' 

the sediment and overlying water, and the functional responses of benthic invertebrates in 

laboratory toxicity tests. Data from test sites were compared to biological criteria developed for 

the Laurentian Great Lakes, 

Total polycyclic aromatic hydrocarbon (PAH) and polychlorinated biphenyl (PCB) ‘ 

concentrations in surficial sediment range from 1 to 9048 ugl g and from below detection (20 

sites) to 1.4 ug/ g, respectively. The highest PA_Hs are noted in the Randle*Reef area (along the 

Stelco Wall) and the highest PCB concentration is in the Windermere Arm (Stratheame slip). 
Several metals are elevated above the Severe Effect Level in both areas of the Harbour, including 

manganese, zinc-, iron, .l_ead, copper, and chromium. 

Thirty-one sites inthe Randle Reef area and 12 sites in Windermere Arm are toxic or severely 
toxic- There. is ‘potential’ toxicity at 19 sites in Randle Reef area and at5 sites in Windermere 

Arm. Toxicity is associated "With elevated levels of N03/N02 (overlying water), -phosphorus 

(overlyingwater and sediment) and one or more sediment trace metals (Cu, Cd, Fe, Hg, Pb, Zn).



The BEAST methodology doesnot ineiorfiorate infoiination: on organic contaminants; therefore, 
relationships between organic (PAHs and PCBS) as well as metal contaminant concentrations in 
the sediment and toxic response were evaluated using regression analysis. Physico-cheniical 

sediment. and water Variables were included as additional predictors. Toxicity of Randle Reef 

sediment is related to a group of sediment contaminants. Several metals and PAHS compounds 
(Fe, Pb, Cd, Cu, bfluorene and aeenaphthylene) and grain size account for up to 76% of the 
Variabilit-y in toxicity among sampling sites.
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Abstract 

0 

As part of the Great Lakes Basin 2020 Action Plan, the National Water Research Institut_e (N WRI) 
sampled 43 sites in the Hamilton Harbour in 2000. The primary objective was to provide an overall 
assessment" of sediment degradation based on biological sediment guidelines according to the BEAST 
(Benthic Assessment of Sediment) methodology. Results indicated that for the benthic community 
structure component of this study, a large number of test sites were not well matched to Great Lakes 
reference sites based on natural habitat attributes. Additionally, there was the lack of correlation of 
sediment toxicity to any specific contaminant, making it difficult to set clean up criteria based on 
sediment contaminant concentrations alone. It was therefore concluded that future sediment 
assessment work related to remedial efforts focus on toxicity tests, specifically the Hexageniiz spp. and 
Hyalella azteca tests, as these two organisms were found to be most strongly correlated to overall 
toxicity. In November 2002, the BEAST methodology (toxicity component only) was applied to 
selected areas of Hamilton Harbour to identify toxic sediment; emphasis was placed in the Randle Reef 
area (80 sites) and Windermere Arm (20 sites). Thirty-one Randle Reef 

_ 

sites are toxic or severely toxic 
and ,12 Windermere Arm sites are toxic or severely toxic. Toxicity is associated with elevated levels of 
N03/N02 (overlying water) and one or more trace metals (Cu, Cd, Fe, Hg, Pb, Zn). Further evaluation 
of toxicity.—contaminant relationships (incorporating organic contaminant data) reveals that toxicity of 
Randle Reef sediment is related to a group of sediment contaminants. Several metals and PAHs 
compounds (Fe, Pb, Cd, Cu, fluorene and acen_apl_1thylene) and grai_n size account for up to 76% of the 
variability in toxicity among sampling sites. 

Résumé 

Dans le cadre du Plan d’action du bassin des Grands Lacs 2020, l’In_stitut national de recherche sur les 
eaux (INRE) a échantillonné 43 sites dansle port de Hamilton en 2000. L’objectif principal étaitide 
foumir une évaluation -globale de la degradation des sédiments en fonction des recommandations 
relatives aux parametres biologiques dans les sédiments établies par la méthode BEAST (l_9_L'nthic 
/_1ssessment of §edimen I ou évaluation benthique des sédiments). En ce qui conceme la composante de 
l’étude ayant trait a la structure de_ la communauté benthique, les résultats indiquent que pour un grand 
nombre de sites d’essais nous n’avons pu établir de bonnes correspondances avec les sites de référence 
des Grands Lacs, en fonction des caractéristiques de l’habitat nature]. En outre, nous n’avons pu établir 
de corrélation suffisante entre la toxicité des sédiments et un contaminant en particulier-, ce qui 
contrarie l’étab1issement de critéres de nettoyage en fonction uniquernent des concentrations de 
contaminants dans les sédiments. Nous avons donc conclu qu’a I’avenir, le travail d’éva1uation des 
sédiments au service de l’a_ssainissement serait centré sur les tests de toxicité, surtout ceux portant sur 
les especes Hexagenia spp. et Hyalellq azteca, car c'est chez elles que l’on a trouvé la plus forte 
corrélation avec la toxicité globale. En novembre 2002, nous avons applique la méthode BEAST — la 
composante de toxicité seulement — a des zones choisies du port de Hamilton, afin d’y identifier les 
sédiments toxiques; nous avons mis l’a_cc_ent sur les zones du récif Randle (80 sites) et du bras 
Windermere (20 sites). 11 ressort que 31 sites du ré_cif Randle et 12 du bras Windermere étaient 
toxiques ou gravement toxiques. La toxicité est associée a des niveaux élevés de N03/N02 (eau 
recouvrant les sédiments) et at un ou plusieurs métaux traces (Cu, Cd, Fe, Hg, Pb, Zn). D’aut_res 
évaluations des rapports entre la toxicité et les contaminants (en intégrant des données de contaminants 
organiques) ont révélé que la toxicité des sédiments du récif Randle est associée a un groupe de 
contaminants des sédiments; Plusieurs métaux et composés HAP (Fe, Pb, Cd, Cu, fluoréne et 
acénaphtylene) et la granulométrie expliquaient 76 % de'l_a variabilité de la toxicité au sein des sites 
d’échant'illonnage.
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1 INTRODUCTION 

1.1 Background 
As part of the Great Lakes Basin 2020 Action Plan, the National Water Research Institute 
(N WRI) sampled 43 sites in the Hamilton Harbour Area of Concern at the western end of Lake 
Ontario in fall 2000. The primary objective was to provide an overall assessment of sediment 
degradation based on biological sediment guidelines according to the BEAST methodology of 
Reynoldson et al. (1995). The assessment process utilizes organisms present in the sediment 
(benthic invertebrates) as these animals are the most exposed and potentially most sensitive to 

contaminants associated with sediment. Decision on the spatial extent and severity of 

contamination is based on the type and number of species present in the harbour, and the 
response (survival, growth and reproduction) of these animals in standard laboratory tests. Study 

maps were generated that defined the areas where biological effects are observed and related any 
observed responses to specific contaminants. 

Results from the 2000 survey (Milani and Grapentine 2003) indicated that sediment from 21 sites 
was toxic or severely toxic. Most of these toxic sites were located in the Randle Reef and 
Windermere Ann areas. Examination of the relationships between organic (PAHS and total 
PCBs) and metal contaminant concentrations and toxic responses (including survival and growth 
or reproduction) showed that toxicity of Hamilton Harbour sediment was not clearly related to 
one contaminant or group of contaminants. Several compounds of PCBs and PAHs (and perhaps 
Cu) appeared jointly related the pattern of toxicity among sampling sites. Of the ten toxicity 
endpoints, amphipod (Hyalella azteca) and mayfly (Hexagenia spp.) survival and growth 
showed the strongest responses to Hamilton Harbour sediments. 

The lack of correlation of sediment toxicity to any specific contaminant makes it difficult to set 
clean up criteria‘ based on sediment contaminant concentrations alone. Additionally, analyses of 
benthic community structure revealed that many Hamilton Harbour sites were not well matched 
to Great Lake reference sites based on natural habitat attributes, which possibly biased the 
assessment of in situ biological conditions. It was therefore recommended that hazardous 
sediments in Hamilton Harbour be identified primarily by toxicological responses of benthic



invertebrates, specifically Hexagenia spp. and Hyalella qzteca, in laboratory sediment toxicity 

tests. 

In November 2002, selected areas of Hamilton Harbour were sampled to identify the areas of 
toxic sediment. Emphasis was placed in the Randle Reef area and Windermere Arm. This report 

presents the results of these investigations andprovides a spatial desc'ription of the degree of 

contamination and toxicity of sediments in these sections of Har"n'ilton'Ha'rbour.
R 

1.2 Objectives for Study 

The current study will supplement NWRI’s 2000 study in identifying toxic sites in the Randle 
Reef area (highest priority) and in the Winderrnere The sampling coverage in the Randle 
Reef area (where highest sediment contamination was found) in the 2000 study was minimal; 
therefore, additional sampling locationslwere needed to adequately define specific areas of 

toxicity. Sites that are identified as most severe with respect to toxicity and contaminant levels 

will be considered for containment in or removal to an Engineered Containment,Facility (ECF). 

The optimum sizing for the ECF will primarily consider the volume of toxic sediment from the 
Randle Reef area. 

Toxic sites will -be identified by the BEAST methodology using two toxicity tests: H. azteca 28- 
day survival and growth test and Haxagenia spp. 21-day -survival and growth test. The severity of 

the -toxicity response (non-toxic vs. potentially toxic vs. toxic vs._ severely toxic) will provide the 

_information to prioritize which sites within the areas should be considered for remediation. 

Chemical and physical characteristics of the sediments will be examined to aid site prioritization, 

which may be necessary ifthe volume of sediment identified for remediation by toxicity alone 

exceeds what the ECF can »accor’nr'noda_te. Maps will be generated indicating. priority sites within 
each area.



2 METHODS 

2.1 Sample Collection and Handling A 

Sediment was collected from 100 sites in Hamilton Harbour 12-21 November 2002. Site co- 
ordinates were obtained using a differentially corrected global positioning (RTK20) receiver. 
Corrections were received from a reference station, located on top of the Canada Centre for 
Inland Waters building on the eastern shore of the harbour, that was previously calculated (to 
within centimetres) by the Canadian Hydrographic Service. This provided survey accuracy 
within 20 cm. Station co-ordinates and site depth are given in Tables la and lb and site locations 

‘Randle Reef and Windermere Arm are shown in Figures 1 and 2, respectively. 

Prior to sediment collections, site depth was recorded using a depth -sounder and temperature, 
conductivity, pH and dissolved oxygen were measured in the water column approximately 0.5 m 
above the bottom using Hydrolab apparatus. Water samples were 'ther1' collected (for alkalinity 
and nutrients) from 0.5 m above the bottom using a van Dorn sampler. Total phosphorus 
samples (125 mL) were preserved with 1 mL of 30% sulphuric acid.» Water samples were stored 
at 4°C for later analysis. 

Sediment samples were collected for chemical and physical analysis of the sediment and for 
laboratory sediment ‘toxicity tests. Details on sampling techniques and methods for the collection 
of all samples is described in Reynoldson et al. (1995, 1998a). Environmental variables

I 

measured at each site are listed in Table 29. 

A mini§Ponar sampler was used to collect the top 10 cm of sediment (five grabs per site). At 
each site, a representative sample (200-300 mL) of each mini-Ponar was removed and set aside 
in a glass tray. The remaining sediment was placed in a plastic bag, sealed, and placed in a 
bucket. The sediment set aside in the glass tray was homogenized and distributed to containers 
for individual analyses. All samples were kept in coolers and stored at 4°C in the laboratory.



Ten sites were randomly selected as QA/QC stations. At these stations, duplicate samples of 
overlying water and sediment were taken and analyzed for the chemical and physical properties 

listed in Table 2. 

2.2 Sediment ‘Toxicity Tests 

Two sediment toxicity tests were performed in pre-sieved (250-pm mesh) sediment-: Hyalella 
azteca 28—d survival and growth, and Hexagenia spp. 2l—d survival and growth. Sediment 

sieving and handling procedures and toxicity test methods are described elsewhere ‘(Bo_rgr_n_a_n_n - 

and Munawar 1989; Borgmarm et al. 1989; Krantzberg 1990; Reynoldson et al.,l,998b). 

Water used for testing purposes was the City of Burlington tap water (Lake Ontario). Prior to 

use, the water was charcoal filtered aerated for a minimum of three days. Water 
characteristics included; conductivity _2_7_3 

— 347p.S/cm; pH 7.5- 8.5; hardness 120 - 140 mg/L; 
alkalinity 75 - 100 mg/L; and chloride ion 22 - 27 mg/L. 

Water chemistry variables (pH, dissolved oxygen (mg/L), conductivity (118/cm), temperature 

(°C), and total amrnonia (mg/L)) were measured in each replicate test beaker on day 0 (start of 

test) and at completion of the test (day 21 or day 28). Tests. were run under static conditionsin 

environmental chambers at 23°C :1 °C, under a photoperiod of 16L: 8D and an illumination of 
500 — 1000 lux. . 

2.2.1 Hyalella azteca 28-day survival and growth test 
The test was conducted for 28 days using 2 -10 day old organisms. On day 28, the contents of 
each beaker were rinsed through a 250:-um screen and the surviving amphipods counted. 

Amphipods were dried at 60 °C for 24 hours and dry weights recorded. (Initial weights were 

considered negligible.)
I 

2.2.2 Hexagenia spp. 2-1,-d_a_'y survival) and growth test 

The test was conducted for 21 days using pre-weighed nymphs (between 5 — 8 mg wet 
weight/nymph). On day 21, the contents of each jar were wet sieved through a 500-um screen 
and surviving mayfly nymphs counted. 

U 

Nymphs were dried at 60 °C for 24 hours and weighed.
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Initial mayfly wet weights were converted to dry weights using the following equation: Initial 

dry weight = (wet weight + 1.15)/ 7.35. (The relationship of mayfly wet weight to weight 

was previously determined by regression analysis.) Growth was determined by final dry weight 
minus initial dry weight. 

2.3 Sediment and Water Physico-Chemical Analyses 
Analyses‘ of ‘alkalinity, total phosphorus, nitrate+nitrite-N, ammonia—N and total Kjeldahl 
nitrogen in water sarnples were performed by NWRI’s National Laboratory for Environmental 
Testing (NLET) (Burlington, ON) by procedures outlined in Cancilla (1994) and NLET (2000). 
Freeze dried sediment was analysed for trace elements (acid extracted), major ox_ides-, loss on 
ignition (LOI), total organic carbon (TOC), total phosphorus (TP), and total nitrogen (TN) by 
Caduceon Laboratories (Ottawa, ON) using standard techniques outlined by the USEPA/CA 
(1981) or by in-house procedures. Particle size analysis was perfonned by the Sedinrentology 
Laboratory atNWRI (Burlington, ON) following the procedure of Duncan and LaHa_ie (1979). 

Total PAHs and total PCBs analysis were performed by PSC Analytical Services (Burlington, 
ON). Organic analyses procedures are provided in APHA (1.995). Total PCBs methods are those 
of USEPA SW846 -’ 8082 modified-, PAHs those of USEPA SW846 - 8270C modified, and» 
OCPs those of USEPA SW846 — 8081A modified. 

2_.4 Data Analysis 

2.4.1 BEAST 
Test sites were assessed using BEAST methodology (Reynoldson and Day 1998; Reynoldson et 
al. 2000). Toxicity data were analysed using the ordination technique hybrid multidimensional 
scaling (HMDS) of Belbin (1993), with Euclidean distance site x site association matrices 
calculated from standardized data. Principal axis correlation (Belbin 1993) was used to identify 
relationships between habitat attributes and toxicity responses. Significant endpoints and 
environmental attributes were identified using Monte-Carlo permutation tests (Manly 1991). 
Test sites were assessed by comparison to confidence bands of appropriate reference sites.



Test data were analysed in subsets to maintain the ratio of testrireference sites $0.10. Thus, with 

105 reference sites used in the analysis, no more than 10 test sites were analysed at one time. 

Probability ellipses (Figure 3) were produced using the software SYSTAT (Systat Software.‘ Inc. 
2002). HMDS, principal axis correlation, and Monte-Carlo tests were performed using the 
software PATN (Belbin 1993). 

Test site responses were also compared to numerical criteria previously established for each 

category (non-toxic, potentially toxic and toxic) and species from reference site data 

(Reynoldson and Day 1998). 

2.4.2 Sediment toxicity and contaminant concentrations 
As the BEAST assessment does not incorporate any information on organic contaminants in the 
sediment (organic contaminant concentrations were not measured in reference sediments), 

additional analyses of relationships between sediment toxicity (using all toxicity test endpoints) 

and contaminant concentrations for the Randle Reef sites were conducted. These should aid in 

identifying causes of toxicity (e. g., organic contaminants, inorganic compounds-, sediment grain 

size). 

Relationships between sediment toxicity and sediment contamination for the Randlel Reef sites 

were assessed graphically and ‘by regression analysis. Ijriitially, to examine general and dominant 

patterns in the data, comparisons between the toxicity responses and contaminant. conditions 

were made based on integrative, compound variables (fi'om either summation or multivariate 

ordination of measurement variables). After this, to better detect less dominant (though 

significant) relationships between two or a few variables, analyses were conducted using the 

original measurement variables (i-.—e., the four toxicity endpoints and concentrations of individual 

compounds). 

The sediment toxicity data for the Randle Reef sites were ordinated again by HMDS,’a's a single 

group and without the reference site data.‘ To identify relate the most important of the 

toxicity endpoints ‘to the HMDS axes, principal axis correlation was conducted. Concentrations 
in sediment of 10 metals (Cd, Cr, Cu, Fe, Hg, Mg‘, Mn, Ni, Pb-, and Zn) and 3 nutrients (total N,
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total organic C, and total P) were ordinated by principalpomponents analysis (PCA). Data for all 
variables were ln(x)-transformed. The eigenanalysis was performed on the correlation matrix. 
The PCB and PAH data were integrated by summing the concentrations of the individual 
congeners. For PCBS, seven of the nine compounds measured were largely below detection 
limits; therefore, total PCBs was determined primarily by Ariochlor-1254 and Arochlor-1260, 
which were detected at most sites. 

Both the integrated descriptors of sediment toxicity (axes scores from the HMDS) and individual 
toxicity endpoints (survival and growth of Hexagenia and Hyalella) were plotted against the 
integrated contaminant descriptors (from PCA and summation of organic contaminants) as well 
as individual 1n(x)-transformed sediment contaminant (10 metals, 2 PCBs and 16 PAHs), 3 

nutrient variables, and mean grain size. To determine whether toxicity was better explained by 
joint consideration of the contaminant descriptors, multiple linear regression involving the 

contaminant descriptors as predictors was calculated with each toxicity descriptor as the response 
variable. The degree to which individual sediment variables account for toxicity was assessed by 
fitting regression models using “best subset” procedures (Draper and Smith 1998; Minitab 2000). 
Models were fitted for (a) all combinations of metals and nutrients (b) PCBs, PAHs and mean 
grain size, and then (c) all combinations of the best predictors fiom the two groups. (This 
procedure was used to avoid computational difficulties arising from working with 32 predictors 
simultaneously.) The best models were those having maximum explanatory power (based on 
Rzadl-med), minimum number of nonsignificant predictors, and minimum amount of predictor 
multicollinearity. 

2.5 Quality AssurancelQuality Control 

2.5.1 Field duplicates 

At 10 randomly selected test, duplicate overlying water and sediment samples were collected for 
determination of within-site and among-sample variability. Variability in a measured analyte 
was expressed as the coefficient of variation (CV = standard deviation / mean x 100).



2.5.2 PSC Analytical laboratory 
PSC Analytical (Burlington, ON) analyzed sediment for PCBS and PAHs. Quality control 
procedures included matrix spikes, surrogate chemical spikes, sample duplicates, and the running 

of reference standards and method blanks. Sample duplicates, matrix spikes and surrogate spikes 

were -analyzed for one in every 10 samples.'Reference.material was used-in every analytical 

2.5.3 Caduceon laboratoryl 
Caduceon Environmental Laboratory (Ottawa, ON) analyzed sediment for trace metals, major 
oxides, total phosphorus, total nitrogen and total organic carbon. Quality control procedures 

included control charting of influences, standards, and b1_anl_<_s. Mercury reference material was used 

in each analytical run. Calibration standards were before and after each run. Run blanks and 
reference standards were 1 in 20 samples. Sample duplicates were analyzed. once every 10 

samples,. 

2.5.4 ‘ O_rga_ni'sm health and test precision 
Control sediment was included in each test set to ensure the health of the test organisms and 

consistency and precision of test results. This sediment was collected from Long Point Marsh, 

Lake Erie. The physico-‘chemical properties of this sediment have shown to produce hi 

survival and growth results for both species. All tests passed an acceptability criteria based on 

percent control survival in culture sediment before being included in a data set, i.e. 2 80% for‘ H. 
azteca (USEPA 1994; ASTM 1995); 280% for Hexagenia, spp. (Reynoldson et al. 1998b). The 
measured endpoints for each species in the control sediment were also plotted in warning charts. 

If control data fell below two standard deviations of the mean response, the test was repeated. 

Reference toxicant tests using Cu (as CuCl2~2H2O) were perfonned periodically throughout the 

test period to monitor the health of the test organisms. Procedures are described elsewhere 

(Reynoldson et al. 1998b). Median lethal concentrations were calculated using the trimmed 

Spearman-Karber method (I-_Ia‘mi1ton et al. 1977), and ‘plotted in warning charts for each species.



Ti; 
3 RESULTS AND DISCUSSION 

3.1 Quality AssuranceIQua|ity Control 

Two replicate sediment and overlying water samples were collected at 4 Randle Reef (RR) sites 
and 6 Windermere Arm sites: RR11, RRI4, RR27, RR5l, WA02, WA05, WA08, WAIZ, 
WA14, and WA19. Variability among site duplicates in a measured analyte has three sources: 
natural within-site heterogeneity in the distribution of the analyte in sediment or water,

_ 

differences in handling among samples, and laboratory measurement error. Among-duplicate 
variability indicates the overall “error” associated with quantifying conditions at a site based on a 

single sample. 

3.1.1 Field duplicates 

Coefficients of variation (CV) for total PAHs and PCBS, sediment particle size, trace metals, and 
sediment and overlying water nutrients for the field-replicated stations are shown in Appendix A; 
Table A1. The CVS are low overall, ranging from 0‘ to 86.7%_,_ with a median of 2.6%. The 
highest CVs are noted for ‘organic contaminant analyses, ranging from 3.1 to 86.7% (median 
14.9%). Differences in variability are seen among sites and among the parameters from the same 
site, although in general, differences are low. 

3.1.2 PSC Analytical laboratory 
Duplicate analysis (PAHs only), matrix ‘spikes and surrogate chemical spikes are shown in 
Appendix A; Table There is good agreement between duplicate analyses (8. sites), with 
mean CVs ranging from 1.5 to, 19.7% (median 9.3%), Matrix spikes were performed on total 
PCBs (sum of Aroclors 1016 and 1260) for nine sites and on total PAHs for four sites. Percent 
spike recoveries for total PCBs range from 60% to 170% (median 83%). Percent recoveries for 
two PCB surrogates (4,-4'-Dibromooctaflourobiphenyl and Decachlorobiphenyl) range from 55 to 
113% (median 80%). Percent spike recoveries for PAHs for a method blank range from_ 56 to 
1.00% (median 82%), For test sites, percent spike recoveries for some PAHs are low in some 
cases, ranging fiom < detection ‘to 150% (median 64%), and percent recovery for three PAH 
surrogates (Anthracene-__2Hl0, Chrysene+2H12 and Benzo(a)pyrene-2H12) range from 68 to 
125% (median 92%).



3.1.3 Caduceon laboratory 
Duplicate sample analysis and percent recovery of matrix spikes and mercury reference 

standards are shown in Appendix A; Tables A3 and A4, respectively. There is good agreement 
between duplicate analyses (Table A3), with mean CVs ranging from 0.02 to 47.1% (median . 

2.5%). Spiked matrix recoveries are very good, ranging from 89 to 109% (median 100%), and 
percent recovery of the three mercury’ reference materials is also good, ranging from 93 to ‘109% 

(median 100%) (Table A4). 

3.1.4 Organism health and test precision 
Long Point and reference toxicant warning charts for each species are shown in Appendix A; 
Figures Al to A4. Amphipod and mayfly survival in the Long Point control sediment fell within 
two standard deviations (SD) of the mean; therefore, all tests were included in the data set 
(Figures A1 and A2). Median lethal concentrations‘ for the 96-hour reference toxicant tests 

reveals that the response of the test organisms to be within a normal range of variabi_lity (i 2 SD 
of the mean), indicating that the organisms were in good health (Figures A3 and A4). 

3.2 Sediment and Water Physico-Chemical Properties 

3.2.1 Organic contaminants 

Total PAH and PCB concentrations in Hamilton Harbour sediments and the ?Severe Effect 

Level’ (SEL, normalized to percent total organic carbon; Persaud et al. 1993) are shown in 

Appendix B; Tables B1 to B4. Individual PAH and PCB Aroclors are provided in Appendix_ B; 
Table B5. Levels of PAHs.ar1d PCBS are shown in Figures 4 and 5. 

Total PAH concentrations in the Randle Reef sediments range from 1 to 9048 pg/g (median 87 
A 

pg/g, mean 320 pg/g), and in Windermere Ann range from 5.1 to 715 pg/.g‘ (median 24 pg/g,’ 
mean 67 pg] g). The highest PAHs in the Randle Reef area is at RR60, located along the Stelco . 

wall, and in the Windermere Arm at‘WA20, located at the bottom of the Strathearne slip (Figures 
4a,b). The SEL for total PAHs (normalized to TOC) is exceeded at 7 sites in the Randle Reef 
are‘a;:iRRl3, RR22,-RR55, RR56, RR57, RR59, and RR60 (Appendix B; Table B1), all located 
along the Stelco wall (Figure 4a). The SEL is exceeded at 1 site in Windermere WA20
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(Appendix B; Table B2), located at the base of the Stratlieame slip (Figure 4b). The dominant 
PAH varies between sites; however, overall the predomi_nant~PAHs.are fluoranthene, pyrene, 
naphthalene, and phenanthrene (Appendix B; Table B5). 8 

Total PCB concentrations in Randle Reef sediment range from below detection (20 sites) to 1.4 
ug/g (median/me'an 0.3 ug/g), with highest concentrations noted at sites R12 and RR3O (Figure 
5a). Total PCBs are higher in the Windermere Arm, ranging from 0.1 to 2.3 pg/g (median 0.9 
ug/ g, mean 1.0 ug/ g), with the highest concentration at WA19, located in the middle of the 
Stratheame slip (Figure 5b). The SEL for PCBs (normalized to TOC) is not exceeded at any site 
in the Harbour (Appendix B; Tables B3 and B4). The PCBS consist primarily of Aroclor-1254 
and Aroclor-1260, detected at most sites, and a lesser extent Aroclor 1248, which is detected 
at most sites in the Windermere Ann (Appendix B; Table B5). 

3.22 Trace metals
A 

Trace m_etals concentrations in Randle Reef and Winderrnére Arm sediments are shown in 
Appendix B; Tables B6 and B7, respectively. Maps showing levels of each trace metal in each 
area are also provided in Appendix B. Metals exceeding the SEL at Randle Reef (RR) and 
Windermere Arm sites (WA) include: Cr (3 RR, 11 WA), Cu (3 RR, 12 WA), Fe (21 RR, 13 ’

_ 

WA), Pb (8 RR, 6 WA), Mn (63 RR, 10 WA),iNi_ (2 RR) and Zn (27 RR, 14 WA). For Randle 
Reef sites, Mn ranges from 742 to 11019 pg/g (median 1400 pg/g), Zn ranges from 67_to 2520 
pg/lg (median 586 pg/g), Fe ranges from 1.2 to 15.7% (median 3.1%), Pb ranges from 17 to 611 
pg/g (median 103 pg/g)-,» Cu ranges from 17 to 708 pg,/g (median 47 pg/g) (Table B6). For 
Windermere Arm sites, ranges from 166 to 2190 pg/g (median 1094 ttg/ g), Zn ranges from 
149 to 2945 ug/g (median 1006 pg/g), Fe ranges from 0.7 to 7.1% (median 4.2%), Pb ranges 
from 28 to 469 pg/g (median 161 pg/g_), and Cu ranges from 24 to 293 pg/g (median 129 ug/g) 
(Table B7). 

'

‘ 

In the Randle Reef area, the highest levels of most trace metals occur in the same general 
location (Appendix B; Figures B1 to B10). For the Windermere. Arm, levels of certain metals 
(Cu, Pb, Zn) are highest in the Stratheame slip (Appendix B; Figures B11 to B20).
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Excluding Mn and Fe, 9 Randle Reef sites 13 Wi'ndermere sites have two or more trace 
metals elevated above the SEL. Concentrations of above mentioned metals are higher at test sites 

than at reference sites, with reference medians (where available) of -Zn 97 ug/ g, Cu 23 ug/ g, and 
Pb 37 ug/g-. 

3.2.3 Sediment particle size 
Particle size data for Randle Reef and Winderrnere Arm sediment are shown in Tables 3a and 3b, 
respectively. Overall, Randle Reef sediment consist mainly of silt (ranging from 18.9 to 69.5%, 

median 50.0%) and sand (ranging from 11.9 to 69.9%, median 34.2%), or silt and clay (ranging 

from 7 to 32.5%, median 16.0%)’ (Table 3a). Gravel is minimal overall(range 0 to 3.8%).
0 

Winderrnere Arm sediment consists mainly of silt (range 5.2 to 69.2%, median 55.5%) and clay 
(range 3.3 to 40.2% median 25}.;-2%), or silt and sand (range 4.1 to 91.5%, median 14.5%) (Table 

3b). Percent gravel ranges from 0 to 5.4%. In general, test sites are siltier and have less clay 

than reference sites (reference medians: silt 37.9%, clay 32.0%); percent sand is similar for test 

and reference sites (reference median 13.7%) for Windennere Arm sites, but Randle Reef sites 
are sandier than reference. 

3.2.4 Sediment nutrients 
Total phosphorus (TP), total nitrogen (TN), and total organic carbon (TOC) are shown in

_ 

Appendix B; Tables B6 and B7. For Randle Reef sites, -TN ranges from 577 to 3220 ug/g 
(median 1902 pg/g), TP ranges from 684 to 3610 Aug/g (median 1265 ug/g), and TOC ranges 
from 1.4 to 11.7% (median 4.7%) (Table B6). Overall, nitrogen and phosphorus concentrations 

are higher in Windermere Arm; TN ranges from 607 to 7750 ug/ g (median 3575 ug/g), and TP 
ranging from 722 to 7400 pg/lg (median 3000 pg/lg) (Table B7). The highest nutrient levels in 

Windermere Ann are at WAO1, WAI4 and WAI 7, located closest to the basin-, followed by 
WA20, located at the base of the Stratheame slip. (Total organic carbon at Windermere Arm sites 
range from 0.3" to 6.9% (median 4.0%), slightly lower than that found at Randle Reef sites. 

Overall, nutrient levels are higher at test sites than reference sites (reference medians for TN-, TP, 

and TOC = 1836 pg/g, 538 ug/g, and 2.0%, respectively).
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3.2.5 Overlying water

_ 

Conditions of overlying water 0.5 In above the sediment are shown in Appendix B; Tables B8 
and B9. In general, test sites have slightly higher alkalinity, phosphorus (TP) and nitrogen

' 

(TKN), and lower dissolved oxygen and pH values compared to reference. Conductivity and 
nutrients are higher in Windermere Arm than Randle Reef but the ranges of variables do not vary 
much across sampling sites within an area. Median values for Randle Reef and Winderrnere Arm 
sites, respectively, are: alkalinity 97, 99 mg/L; conductivity 470, 809 p.S/cm; NH; 0.2, 0.9 mg/L; 
N03/N02 1.6, 3.2 mg/L; pH 7.2, 7.6; TKN 0.4, 1.6 mg/L; TP 0.03, 0.08 mg/L. Dissolved oxygen 
is 216.8 mg/L and temperature (bottom and surface) is _>_ 96°C at all test sites. 

3.3 Sediment Toxicity Tests 
Sediment toxicity was assessed by comparing observed conditions at test sites with expected 
conditions from reference sites. Probability ellipses were constructed around the reference sites, 
and the departure of test sites from the reference centroid indicated the degree of sediment 
toxicity. The ordination plot (see example Figure 3) consists of four bands, which represent the 
level of toxicity derived for reference sites in ordination space. Sites located inside Band 1 

(within the smallest ellipse, which represents 90% probability) were considered equivalent to ' 

reference or non-toxic. Sites that fall in Band 2 between the smallestand next ellipse (99% 
probability ellipse) were potentially toxic. Sites that fall in Band 3 (between 99 and 99.9% 
probability ellipses) were toxic, and sites located in Band 4 (outside the third ellipse) were 
considered severely toxic. 

Mean species survival and growth are provided in Tables 4a and 4b. Also included are the 
established numeric criteria for each category (non-toxic, potentially toxic and toxic) for each 
species. Both the mayfly Hexggenia and the amphipod Hyaiella show reduced survival at a 

number of sites; however, the mayfly shows an acute and chrome response in Hamilton Harbour 
sediments at more sites than Hyalellq. Low mayfly survival and/or negative growth are evident 
at 25 sites in the Randle Reef area and at 9 sites in Windennere Arm, whereas low amphipod 
survival and/orreduced growth are evident at 12 sites in Randle Reef and at no sites in
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Windermere Six sites are acutely toxicity to both species (all located in the Randle Reef 

area): RR01, RRO7, R11, R30, R59 and 7039. 

_ 

3.4 BEAST Analyses: Comparison to Reference Sites 
The multivariate assessment (ordination) .of sites was performed using the integrated survival and 

growth toxicity test endpointspvon three axes. Stress values for the ordinations, which indicate 

how effectively among-site simiularities are represented by three axes compared to four variables, 
ranged from 0.04 to 0.10 (which is good). Ordination results for integrated endpoints (in subsets 

of S 10 test sites) are summarized in plots with two of the three axes in Appendix C. All four 

toxicity endpoints are significantly related to the ordination axes (ps 0.01). In general, endpoints 

are oriented opposite to test sites that are located outside of reference or the 90% ellipse, 
‘indicating low or poor survival or growth compared to reference -associated with these sites. Site‘ 

WA17, located in Band 3, is oriented in a similar direction to the Hyalella growth vector, 
indicating r_elat_ively high amphipod growth is associated with this site (Figure C6 [bottom]),_.— 

The relationships between the habitat variables, and toxicity responses are also shown in. each 

ordination plot in Appendix C. The number of habitat variables significantly‘ (p S 0.01) 

correlated to the ordination axes scores range from 5 to 19. Overall, the most significa’nt 

variables include the overlying water NO37NO2 and sediment metals such as Pb and Zn-. A habitat 
variable oriented in the same or similar direction to a test site indicates increased level of the 

variable associated with the site. Most sites located outside of reference are associated with 

increased N03/N02 and one or more trace metals (i.e. Cu, Cd, Fe, Hg, Pb, and Zn) compared to 

reference. Some sites are also associated with increased phosphorus in the sediment and 
overlying water (Figures C1 [bottom], C4 [bottom], and C6) and increased nitrogen in the 

overlying water (Windermere Ann sites — Figure C6). The BEAST assessment does not 
incorporate any information on organic contaminants in the sediment‘; therefore contributions 

from organic contaminants are not known. 

Site toxicity classifications from the BEAST assessment using inteyated endpoints are shown in 
Tables 5a and 5b and mapped in Figures 1 and 2. In the Randle Reef area, 30 sites fall in Band 1
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(non-toxic), 19 sites in Band 2 (potentiallyitoxic), 8 3 (toxic) and 23 sites in Band 4 

(severely toxic). In Windermere Arm, 3 sites fall in Band 1, 5 sites in Band 2-,5 sites in Band 3 

and 7 sites in Band 4. The corresponding PAH and PCB concentrations for each site are also 
shown in Tables 5a and 5b. There are toxic or severely toxic sites that have low PAH 
concentrations, and conversely, there are non—toxic or potentially toxic sites that have high PAH 
concentrations, For example, severely toxic sites RR01, RRO3, R16, 7038 and 7039 have PAH 
concentrations in the range of 5 - 15 ug/ g, whereas potentially toxic sites R56 and R60 have 
very high PAH concentrations (2474 and 9048 pg/g-, respectively). 

Mean survival and growth are displayed for sites in each of Bands 2, 3 and 4 in Figures 6 to 11. 
Each figure shows two horizontal lines (one for each species) that depicts the numeric criteria for 
the toxic category, Species survival and growth that fall below their respective lines indicate a 

toxic response. Figures 6 and 7 show survival and growth observed for the Band 2 (potentially 
toxic) sites. Survival is above the toxic line for both species at all 19 sites (Figure 6), and growth 
is below the toxic line for the mayfly at 3 of 19 sites (RR14, RR57 and R60) (Figure 7). 
Figures 8 and 9 show survival and growth observed for the Band 3 (toxic) sites. Survival is 

below the toxic line for Hexagenia at 2 of 8 sites (RR13_.and R32) and for Hyalella at 1 site 
(RR15) (Figure 8), and growth is below the toxic line for the m_ayfly at 3 sitesl(RR06, R13 and 
R17) (Figure 9). Figures 10 and 11 show survival and growth observed for the Band 4 

(severely toxic) sites. Survival is below the toxic line for Hexagenia at 19 of 23 sites and for 
Hyalellq at 7 of 23 sites (Figure 10). Growth is below the toxic line for Hexagenia at 14 sites, 
and below the toxic line for Hydlella at 2 sites (Figurel 1). Therefore, site movements from Band 
1 to 4 results in a shift from a chronic response (Hexagenia only) to an acute and chronic 
response (mainly for Hexagenia, but also for Hya_lella). 

3.5 Sediment Toxicity and Contaminant Concentrations 
3.5.1 Hybrid ‘mrultil-dimensional scaling of toxicity endpoints 
The ordination of the multiple measurements of sediment toxicity by HMDS for the Randle Reef 
sites alone produced two descriptors of sediment toxicity (Figure. 12). These axes represent the 
original 4-dimensional among-site resemblances well (stress = 0.112). Principal axis correlation 

1-5



produces a vector for each toxicity endpoint along which the projections of sites in ordination 
1. space are maximally correlated. Hyalella survivaland growth and Hexagenia‘ survival endpoints 

are negat’i'v'el‘y correlated to Axis 1. Therefore the’ greater the toxicity, the higher it_s score. for 

Axis 1 (Figure 12). Hexagenia survival and growth and Hyalella growth endpoints are positively 

correlated to Axis 2. Therefore the greater the toxicity, the lower its score on Axis 2. However, 

Hyalella s'urv”ival is negatively correlated with Axis 2, indicating greater Hyalella toxicity with 

higher Axis 2 score. Thus, sites scoring high values on Axis 1 «tend to show toxicity to both ’ 

species (three of the four endpoints). Sites scoring either high or low values on Axis 2 tend to 

show toxicity dependent on the specific endpoint. 

3.5.2 Principal components analysis of metal a_nd nutrient concentrations 
The first principal component (PC1) accounts for 58% of the total variation, whereas the 
remaining components each account for _<.11%. All measurement variables are negatively loaded 

for PC1. Loadings are also of a similar magnitude. Thus this component — denoted as “metPC1” 
— is considered a fair descriptor of general contamination and nutrient enrichment. Sites elevated. - .. 

in metals and nutrients score low for PC1. 

3.5.3 Toxicity-contaminantrelationships 

The integrated descriptors of sediment toxicity (Axes 1 and 2 scores “toxAxis1” and “toxAxis2” 

fiom the HMDS) as well as each of the four individual toxicity endpoints were plotted against 
the contaminant descriptors metPC1, total PCBs and total PAHs (the latter two of which were In- 
transformed to improve linearity) (Figures 13 and 14). 

Generaigontaminant descriptor relationships -

V 

Sediment. toxicity is related to sediment contaminant levels (Figure 13). Both of the two HMDS 
axes for toxicity are graphically related to metal and nutrient conditions (“metPC1”), total PCBs 

(“lnTotPCBs”) or total PAHS (“_1nTotPAHs”). Forthe Axis I toxicity descriptor, the three 
contalninant descriptors account for 36% of the variability in the multiple linear regressions (P 
<0.00l for the regression). “MetPC1” is the only significant‘ predictor (P = 0.006),. ‘Forthe Axis 

2 descriptor, the contaminant descriptors account for 60% of the variability (P<0.001 for the 

16 

-,

i 

_ 

‘-

‘

l



regression). Both “1nTotPAHs” and ‘*3rriiétP'C'1 ’ are predictors (P = 0.018 and P<0.001, 
respectively). 

_‘ 

Significant relationships are also found between the four individual toxicity endpoints and the 

integrated contaminant descriptors (Figure 14). 

For Hexagenia survival, the regression is significant at P <0.001, and accounts for 36.6% of the 
variability. ‘~‘metPCl’V’ is the only significant predictor (P = 0.003):

_ 

Hexagenia survival = 82.9 + 6.49 metPC1 — 2.16 lnTotPCBs — 0.20 lnTotPAHs
V 

For Hexagenia growth, the regression is significant at P<0.001, and accounts for 53.0% of the 

variability. “1nTot_PAHs” is the only significant predictor (P<0.001): 

Hexagenia growth = 2.68 + 0.106 metPC1 —— 0.534 lnTotPCBs — 0.541 lnT0tPAHs 

For Hyalella survival, the regression is significant at P = 0.026; however, the model. accounts for 
only 11.1% of the variability, and no predictors are /significant. 
Hyalella survival = 6 7.3 -F 2.63 metPC1 — 2. 92 lnT otPCBs + 2.59 InTotPAHs 

For Hyalella growth, the regression is significant at P < 0.001, and accounts for 43.3% of the 
variability. “metPC1” is the only significant predictor (P< 0.001): 
Hyalella growth 3 0.388 + 0.0351 metPC1 — 0.0273 lnTo_tPCB + 0.0055 lnTotPAH 

.Individual contaminantrelagtionships 

Best subsets regression of the toxicity descriptor HMDS Axis I and the measured contaminant, 
nutrient, and grain size variables produces a significant relationship (P<0.00I) with the following 

predictors explaining 63% of the variabrilityr:
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o. lnAs o !lnPhenanthrene 
o lnCr - lnPyrene 
o 1nCu - 1nBenzo(a)anthracene 
- lnFe- . lnBenzo(k)fluoranthene 
o lnPb o ' lnBenzo(a)pyrene 
o. 1nZn o l'_nIndeno(1,2,3-cd)pyrene 
9. Aroclor-1254 o lnDibenzo(ah)anthracene 
o lnF1uQrene 0 'lnmean'GrainSize 

However, only lnIndeno(1,2i,3-cd)pyrene is a significant predictor (P = 0.022),. Afier dropping 7 

terms with very high (>100) variance inflation factors (a measure of multicollinearity), and then 
dropping lnF e and lnZn (which had the next highest factors), the following model explains 58% 
of the variance in the Axis I toxicity descriptor: 

Axis] = ~ 1.24 + 0.127 lnAs — 0. 631 lnCr — 0.039 lnCu + 1.02 lnPb — 0. 029 lnAr0clor1254 + 
0.0201 lnFluorene — 0.313 lnmeanGrainSz'ze 

I
I 

The regression is significant at P <0,00l. Qnly lnC_r‘- (P=0.015) and lnPb (P=0.001) are significant 

as predictors, and based on the sign of the coefficient, lnCr does not show a.toxicologi_cal 
relationship (i.e., high survival and growth are aspsociated with high Cr concentration in 

sediment). 

For the Axis 2 toxicity descriptor, 84% of the variability is explained by the following predictors: 

.o. v1nAs o lnF1uorene 
. 

' lnCr o lnPhena'nthrene 
o lnCu o lnAnthracene 
o lnFe - lnFluoranthene 
o lnTN o lnPyrene 
. 1nTP o. lnBenzo(a)pyrene 
o Aroclor-1260 o lnInde‘no(1,2,3.—cd)pyrene 
o lnN'aphthalene o lnBenzo(ghi)perylene 
o lnAcenaphthylene o 1nmeanGrain.Size 

The regression is significant at P<0.001. However, most predictors are not significant. Afier 
dropping terms that were not significant (P>0.05) or had high (>10) variance inflation factors, 

the following model explains 76% of the variance in the Axis 2 toxicity descriptor: 
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~ 
Axis 2 = - 1.55 + 0.463 lnCu —' 1.10 0.0883 lI’l!v‘-"’l_Vli'Q:'7‘:"e:‘11,e + 0.303 lnm'eanGrainSize 

All predictors are significant at Ps0..002, and the regression is significant at P<0.00l. Predictors 

with positive regression coefficients (Cu, mean grain size) are potentially toxic to Hyalella 
survival, Whereas those with negative coefficients (Fe, Fluorene) are possibly toxic to Heicagenia 

survival and growth. 

Regression of the individual four toxicity endpoints and the individual measured contaminant, 
nutrient, and grain size variables also produce significant relationships (Figures 15-18). All 

individual endpoint regressions are significant at P<0.00l. After dropping terms that were not 

significant (P>0.05) or had high (>10) variance inflation factors, the models below explained the 
most variance of each toxicity endpoint. 

For Hexagenia survival, the following model explains 61% of the variation, with predictors 
significant at PS 0.003:

I 

Hexagenia survival = 25.0 — 17.0 lnCd 4- 23.6 lnCu — 83. 7 lr'zFe + 18.2 lnZni + 5.10 
lnBenzo(ghz)perylen_e 

For Hexagenia growth, the following model explains 68% of the variation, with predictors 
signi_ficar_1_t at PS 0.005: 
Hexagenia growth = - 4.80 + 1.04 lnCr — 1.53 lnFe — 0. 432 lnAcenaphthylene + 0.988 
ln_meanGrainSize 

For Hyalella survival, only Pb is significant (P-S 0.001), and only 14% of the variation is 
explained: 

Hyalella survival = 123 — 9.04 lnPb 

For Hyalella growth, the following model explains 36% of the variation, with predictors 
significant at PS 0.023: 
Hyalella growth = 0.932 + 0. 0989 lnCu — 0.206 lnPb + 0. 0236 lnBenz(a)anthracene
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Potential causes of toxicity 
Although bulk and extractable concentrations of contaminants in sediment are imperfect 

indicators of bioavailability (Luoma and Carter 1991), b'e'tter than 50%, and up to 76%, of the 

variability in toxicity of Hamilton Harbour sediments is ‘explained by most regression models.’ 

Statistics for the best regressions between toxicity and sediment contaminants are sumrnarized in 

Table 6. Overall, toxicity is best explained by the measured contaminant and grain size 

variables, except for Hyalella growth, where the integrated contaminant descriptors explain 

slightly more of the variability. The weakest relationship between toxicity and sediment 

contarninant concentration was for'Hyalella survival (R2=0.l4). Regression of the toxicity
, 

descriptor Axis 2 and individual contaminants and grain size produces the strongest relationship. 

Predictors with coefficients indicating decrease in toxicity with increase incontaminant 

concentration do not suggest causal relationships. These include negative contaminant 

coefficients for toxAxisl, and positive coefficients for the survival and growth variables. 

(Increase in values for toxAxis2 is asisociated with both increasing and decreasing toxicity, 

depending on the endpoint.) After excluding predictors not indicative of toxicity relationships, 

toxicity to Hexagenia is most strongly associated with rnetals (e.g., metPC1 for toxAxisl, 

( 
toxAxis2, and Hexagenia survival). The responsible metals could be.‘C.d (re Hexagenia 

survival), Fe (e.g., re toxAxis2, Hexagjenia survival, and Hexagenia growth), and/or Pb (e.g., re 

toxAxisl). PAHs are also indicated as potentially toxic in the regressions for toxAxis2 (as 
TotPAHs and fluorene), Hexagenia survival (TotPAHs), and Hexagenia growth 

(acenaphthylene). Toxicity to Hyalella is most strongly associated with metals (e.g., metPC1 for 

toxAxisl, -and Hya,lella_survival), possibly (e.g., re toxAxis 1., Hyalella survival, and Hyalella 

growth), and Cu (e-.,g.-,. re toxAxis2). PCBs are not significant predictors of toxicity in any of the — 

regressions. Grain size, which is known to affect sediment toxicity for both taxa, is significant 

for the toxAxis2 descriptor and Hexagenia growth. _ 

Metals and PAHs were concluded to contribute to sediment toxicity in previous studies with 
Hexagenia and other invertebrates exposed to Hamilton Harbour sediment based on laboratory 

tests, contaminant bioaccumulation (in both toxicity test- and field-collected orga.:ni,sm_s), and in 

situ benthic community structure (Krantzberg and Boyd 1992; Krantzberg 1994). Significant
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spatial and temporal variability in sedimerigtoxicity bioaccuinulation were 

observed. Not all highly contaminated sites were toxic, and sediments collected in autumn were 

generally more toxic than those from the spring. Seasonal hypolimnetic anoxia and sediment Fe 

and Mn oxide conditions were considered to be important factors affecting metal bioavailability. ‘ 

Borgmann and Norwood (1993) examined responses of Hyalella to sediment from most of the 
same sites as Krantzberg and Boyd (1992), Among 5 sites sampled 7 times in 1989-91, they also 
found high temporal variability in survival, but no correlation between toxicity to Hyalella and 
sediment concentrations of metals, PAHs or chlorinated organic compounds (for 1990 data). 

4 CONCLUSIONS 

4.1 BEAST Toxicity Assessment 
Randle Reef sites fall into the following categories of similarity to reference conditions; 

0 23 sites are severely toxic, 

0 8 sites are toxic, 

o 19 sites are potentially toxicity, and 
0 30 sites are non-toxic. 

Windennere Arm sites fall into the following categories of similarity to reference conditions: 
0 7 sites are severely toxic,

I 

0 5 sites are toxic, 

0 5 sites are potentially toxic, and 
‘ 0 3 sites are non-toxic. 

Correspondence in the pattern of nutrients such as N03/N02 and phosphorus in the overlying 
water, and sediment phosphorus and one or more trace metals (Cu, Cd, Fe, Hg, Pb, Zn) and the 
biological conditions of test sites (indicated in the ordination plots as shifis by certain test sites 
away from the reference sites in the same direction as these vectors) suggests that these Variables 
may be affecting toxicity.
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4.2 Toxicity-Contaminant Relationships 

Toxicity of Randle Reef sediment to the mayfly Hexageriia and the amphipod Hyalella is related 
to a group of contaminants. Metals, such as Fe, Pb, Cd, and Cu, PAHs (fluorene and 
acenaphthylene) and grain size jointly account for up to 76% of the variability of toxicity among 
sampling sites. For the individual toxicity endpoints, Héxagenia growth and survival were better 

explained by sediment conditions than Hyalella growth and survival.
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Table 1a. Randle Reef station co-ordinates (U TM Nad 83) and site depth (In). 

Easting Northing I)epth Site Easfing
. 
Naming I)epth 

2._2§93331 -2 4791985. 7 9;Z,“ R1941 , 
_593370 4792019 93 

593457 4792041 95_ RJ{42 5939877f 47919811 7‘_s3 

. 5593532..“ 4792067 2“ 185).“. R1943 - 594887 4792242 92 
5944867 4792108» 2M_54 RR44,”7 7 59482677 $7.51 

.._6593389_. 24792136 _2102 E33452 . 594088)) 4792045. .2 95 
594266 47919577 77 73 RIL46 

77 77593372777 47920737 “ 91127 

25943517 24791912 .¢_73 M. RRA7 593639 4791982 91 . 

594714 47921147 7771777 Ffl{48 
' ” 77 

5794492 
7 

4792274 74 
7 
7594716 4792021 RJK49 594138 6 4791981. 9J

7 

77"'5943267 “47918687 77 9157 RIKSO77 594198 4791961 3875 
4791823 91) I{R51“ ,5942007 4792036 

77594237” 4791843 88 ICRSZ 2 5946767“. _4792194M26 14. 
594823 4792113 85 IUR53 594152 7 479209677 ..93777 
7594183 4791927. 22.83” ,»594226? 4792112 
594177 4791859 85 1RR5577 7 5947647” 7747920157 

90
1 85 

7 

594123 
3 4791949.» 72:20) 10356 7 7594831 4792059 857 

594251 4791891 83 R1157 
77 

77594772 74792072 83,,- 
594576» 4792311“ &0. 71{R58 594811 1=4792142 

. 84 
594049 47919617 m_93. IUR59 

.. 
594810" 4792229.,MW 74. 

593993 ..4791908_ 2} 91) 
594974 47926887 f103

7 _j§360 594863 4792174 &9*27 
. 

I€R61 594832 24792327 tkzzis 
59482372 4792000, . 

91) 33:62 
7 594892 4792420 95 

5939107 47919326”7 7785 ]R63 .594915f 74792498 .97 
594911_ ,4792440 7102 594950"7 74792582 95 
5941147 7479187877 U 91) 

R1i64 
RI{65 2.594886 . 4792573 9J 

3594748 4792280 ,63 IUR66 71594744 
77 

4792393 2732. 
59402977 74792021 9A; IUR67. 594745 4792335 j67 
593760 47919577 93. R368 7594304 4792190 _83 
593771 4792007 913"’ R1169

7 

5947422- 4792193 ,156 
77594379 ‘ 4792006: HHI867 R1370 594658.’ 7 4792253“ 

7 

62 
. .594578 4792139. 32”“ 1{R71_ 594662.” .“4792359 75 
75949517 4792547 .96;“ R1572 5944977 ‘4792049 

77 
44 

593625 4792042 92 7IUR73_ ' 594829.. 4792495 . .85 
594875_ 64792346 89 RJ§74_.t; 594424 47920707 

77 751 
594487‘ 4792182 6J7_7 1RR757:7_ ” 594598 74792042 

_ 
45 

71uR36777 594399
6 .479224O 86 7o386* ”V59341777 4792112“ ..9£ 

E0337 594388 4792140 
7 

68 7039 
’7 

593685 479202377 7 
191) 

RPB87 22593903 4791992 927 704077 _6594054. 4791895 101) 
7RR39 -594296‘"7 4792113; 71)7 7043 _59491977” '4792616 995 
E5840 '594374 4792234 77éi97 25594219} 4792179 27 96 kpuocémnqr‘
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Table 1b. Windermere Ann station co-ordinates. (UTM Nad 83) and site depth (In). 

_Site Easting Northing Depth 
WA01 598750 4791441 

9 A H 
6.3

U 

WA02a 598365 4791597 .7.5
9 

WA03 598565 947915307 
M 

99.0
U 

WA04 598435 . 4791657 9.4
_ 

WAO'5f‘g 
’ 598515 4791738 98.85’ ' 

WA06 598236 . 4791980 ‘ 8.9 
>WA07 _ , 59850199 74791409

9 

WA08a 598127 4791890 7.5 
WA09 598235 

9 ___47_9Ml_980 
V 

9.3
9 

WA10 N 
598097 

“ 

4792358 8.8 
' _WA11 598011 4’792d2‘8‘0_,_ V _ 10.1 

oWA1_2*-‘_ _, 

9 

5978994 
'9 

4792182 8.3 
WA13 597758 4792064 

_ 
6.] N N 

WA14? 598675 47915519" 
9 in 

7.8 
TWAI5 598‘3‘2‘6 

9 4791819 9.1 
_ V 

WA16 
, 

598077” N 
4792111” 

9 '9 59.71” 

598665 4791524’: 82
_ 

WA18 598447 _ 
4.791293. 

5 V ‘M -8.3”" 
WA19a9 598393 4791058 8.8 
WAZO 598314 _ 4790777 8.0“ 
“QA/QC station. 

“ " " ' ‘ 

Table 2. List of environmental variables measured at each site. 

Field ’ Water Sediment 

Northing 
A 

' Trace metals 
9 A 9 

Easting Conduetiiiit}; site) Maj or OX./ide.s. 

Site Depth 
' 

Dissolved oxygefi (on site) Percents Clay, Silt, Sand, & Gravel 
p_H (ofisité) 

1 8 

Total Phosphorus 
5 5 

Temp‘erature.(on site) 
5 -9 

Total Nitrogen’ 
5 4 

Total VKje1dahl Nitrogen Total Organic Carbon, LOI 

N03/No; Total PCBS, PA'Hs
5 

7 
Total Phosphorus

5 

... 
I _' 7 7 

V 

,7 

77
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Table 3a. Physical characteristics of Randle Reef sediment (top 10 cm). 

% % % ' 

32.02 . « Reference 13.68 

20.64 
1 .

1 

16.52 

18.77 

:62 

.4 

.4 
64. 

5- . 

54.19 1 . 

. 1 ,. 

site (value represents the mean of three regilicates)
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Table 3b. 
_ V 

Physical characteristics of Windermere arm" sediment (tep 10 cm). 

. 

' % 
Reference ., 32.02 0.. 

.4 .3 

41:31 
. 1 

‘ 

57:07 

.55 

site (value represents the mean~
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Table - Mean percent and growth (mg dry wt) in ‘sediment toxicity-tests. for Randle 
Reef sites. The established numeric criteria for each endpoint are included. "Toxicity is highlighted 

yellow; potential toxicity is bo1de'd/italicized. 
.

‘

~ Hexagen.ia~ Hexagenia a;t.ec.a‘ .H.<zzteca 
V _ H. aztec_a « H. azteca 

Site . 

' 

, Growth sufviiial Growth Site 1 

’ 
' 3.0 - 

" O . 

5'1



Table 4b. 
V 

Meein percent —siJIviVa1 (mg Wt) in sediment toxicity tests for
i 

Windermere sites; The established Iiuinefic _criter1‘a for each endpoint are included. Toxicity is‘ 

highlighted yelloiév; potential tbxicity is bolded/italicized.
» 

. 
exage‘n'z'a azteca a_zteca

0 

0 . 

5.09 — 990 67.0 
0 — oi 66.9-57.1 

.1 -
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Table 5a. BEAST summary results for Randle Reef sites (n = 80 sites) and corresponding total 
PAH concentration (mg/kg). 

0» 

PAHs d 2 P . Band AHS Band 
. = 1 . . . n = 8 _ 

= Z3 
5.8 . RR05 . 6.2 1 RR02 12.5 1 

10. 8 * 

_ 
2.6 RR14 -27.. RR13 1104.7 4 

.. 8 
. 

254-.8 RR15 ' 

22~.0_ RR07 ' 

11 . 5 
‘ 

.1 . 1 3.4 
' 09 

9.8 
, RR39 40.6 0 RR3 324.1. RR10 

24 . 40 71.‘ 1. 3 11 11 ' 

6.1 RR47 120 - 45 ‘ .2 
A 

, 12. 

3 4 

Z 
. 

V 16 
20. 

1

. 

RR56 4.0 RR30 
0 . 1 

0 ‘ RR36

4 

20.8
V 

1 .8 

21.
' 

2.1 
648.9 
122.5 
120.0 
61 

48.4 
281_.-2 

0. 

3 .9 
.1 .6 

Value repres_e'nt$ the mean of replicates.
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>' Table 5b. . 
. 
'BE:AST~rcsu1tfbr:Windenn¢re Ann sites (11 = 2O,»sitVes‘) and corresponding total PAH 

' 

-' PCB concent1fati<‘)n(mg/k‘g_).~ " 

s Band 1 
n =3: 
WA12“ 

. Ttital 
PAHs/PCBs 

' 11.2/0.6 

Band. 
n = 5‘ 
WA04 

V 
' 

Tot‘a‘lV 
" ' 

PAIIS./PCBS
> 

1 1,5703 

Band .3 
n = 5 

Total 
PAJ:IS/PCBS _ 

Band 4 
,n=7 

Total 

>7 
’.25.3_/0C.:7[ Z. ;’i2iZ_Ad1.__ M - 

l’.A_HS/ECBS 
' 

26.0/0.-A5 

. 
WA14a 33.3/0.9 WA08?’ 7.“ WAQ7f 

“ 
71s9.."7_/1..-.1f

9 ‘W'A02"‘ 2 1 .9/0,6 
WA10“ ’ 

17:8/17.1} 
A 

. J ' 

53.2__/0;.;9 WA03 17.6/0.8 ’ WA18
H WA13 '. 

L 24.9] WA19‘ 190 .9/2,3 WA06 24.0/1.5 
"' 

. 
W/32155} WA20 715.4/1.7 WA09 A 22.9/0.9 

WAI1 8.5/0.3 
WA16‘ 32.0/ 1.8 

“QA/QIC site. the feplibates.

E



Table 6. Statistics for regressions of sedimenttoxicity against sediment contaminant concentrations and 
grain size for two invertebrate taxa from laboratory tests. Predictor and response variables were examined as 
(a) ordinated or surnrned "integrated descriptor" variablejs, and (b) unintegrated measured variables (usually 
log(x)-transformed). Groups of measured variable predictors are from best subsets multiple linear models 
that maximized response variance explained and predictor significance, and minimized predictor 

'‘ ' ' 

cant P-values >0.0 for .N 
Predictor 
Type 

~ ~~ multico ° 

Response Predictors 

descriptors lnT 
' ' 

l'o.i182 

measured 
variables 

toxAxis2 
descriptors 

measured 
Vafiaples

, 

suirvival descriptors 

. measured 
variables" 

growth descriptors 

‘measured 
variables 

survival descriptors 

measured 
variables 

growth descriptors 

measured 
variables 

TotPAHs 

T
T 

To'tPCBs 
c7>'tP 

92. 

.—9.04

1 
-o. 
o.oo55* 
o. 
-o 

* ‘sign not indicative‘ of toxicity relationship 

coefficient 

'ctors are not shown.
2 

0.36
' 

R adj P 
(regression) 

<0.001 

<o.oo1 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

0-0.26 

<o.oo1 . 

<o.oo1. 

- <0.001
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APPENDIX A 0 Quality AssuranceIQuality Control 

Table A1. Analytical variability in sediment and overlyinglwater samples expressed as the 

coefficient of variation. 

11 1 

Coefficient of Variation 
Variable 

M H 
R_R11 RR14 RR27 RR51 WAO2 WA05_ WA08 WA;_12 _WA1,4 WA19 

'11Q1;a_10PAH$____0_ 56.1 14.0 - 17.2 4.9 7.6 7.4 12.4 7.6 15.7 
Total 11’C1BS_ 25.1 44.2 - 24.2 25.3‘ 19.1 9.0 _ ;86,7__ _ M 3.1 

%c1ay 
. . . . . 1-.7. _ __ 0.6 _ 

7.6 3.3 
1 

6.5 12.31 
1 1 

11.4 0.5 5.9 
%1s1and1 11 1 11 

0.6 2.4 14.0 2.8 7.4 8.9 0;-011_ __ 1.9_ _ "7.1 
%Si1t 0.1 1,61 

_ 
2.8 115.5 

1 17 
0.011 

11 
1. 

1 

1.8 2.4 
Cd 

11 1 

71.16 
1 

12.16 
1 1 

20.411 3.7 4.4 12.0 47.11 84.9 6.3_ ‘_ 1Q_._0__
0 

C0 " 5.3 0.7 1.4 6,7 0.4 3.4 0.91 6.2 
1 

1.2 4.3 
Cr _ _ _ _ _0 0_ 

1.4 43.6 129.171 19.61 
, 

16.3 5.2 A 3.6 0.2 0.1 13.1 
1 Cu 0.5 2.0 1.9 3.9 

1 

1.8 V 2.3 2.5 2.6 
1 

21.2 
11 

1.71 

Fe ,_ 3,2 1.4 170 i0i5‘“” 0.9 2.7 2.4 1.4 . 0.7 
0 

5.-8. 

Hg 
11 7 11 1 

27.2 29.8 4.7 5.9 7,6 150,4. 0 101,9 25.2 2.5 
1 1 

161.81 

Mn 1-.-6 
_ 

4_.6 
0 A 1.5 0.1 

A 

1 

3.2 
1 

2.1 . 0.3 2.1 6.8 

Ni ' 

1 

114.4 
1 1110.9 19.6 0..-1 0.9 A 0;.:f5__ ,, 1Q..Q~__ 41.7 11.9 01.811 

Pb 1.8 0.4 4.1 ' 0.4 
11 

'1 

13.5 
1 

. 0.4 0.4 2.1 

Zn 0 _ 
. 

0.511 
1 

2.7 
1 

110.3 1.6 2.2 2.3 1.6 
_ _ __1,4 0.2 1.1111 

Tota1N 15.4 7.3 7.1 _V ___13._11 2.2 12.6111 115.611 
1 

6.5 6.3 17.1 

TOC H 
3.10 6.1.5 

11 
0.0 2.5 1.8 01.4,, _ 9.4 4.6 

Total1P 21.8 17.0 8.6 13.0 3.6 10.3 11161.5 7.1 9.3 3.2 

Alkalipity V 
0.4 0.6 0.0 

1 1 

111.11 0.5 0.7 0.1 0.7 1.7 
N03/N110; 2.1 1.2 2 

_ 0,0 “0.5 2.5 110.2 
1 

_1.7 0.3 0.2 
. 9,6 

TK1N(water) 0.0 14.4 111.2 11.8 
_ 

0.5 _ _ 
E6.»-3 1.6 2.1 0.81 

11 

TotalP(water) 1.3 3,3 0.6 0.2‘ 
‘ ‘ 

0.6. 2.9 ‘2.5 0.9” 1.7 M 16.0
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Table A2. -Method‘ Blanks, duplicate samples and matrix spike recoveries (Phillips). 

Method :Melhod_ Method - 

Oienllb: Blank Blank 
‘ 

Blank 70RR1401 70RR1_401 70RR_1401 70RR1401 70RR-1401 70RR1401 7.0RR26 70RR28 70RR28 70RR28 70RR28 70RR28 
Lab Na: 07828802 070288 02 076288 02 078302 02 078302 02 070302.02 076302 02 070302 02 078302 02 07631602 076316 02 07831602 078316 02 078316 02 078316 02 

’ Dale sampled: 1_3-Nov-2002 13-Nov-2002 13‘-Nov-2002 13-Nov’-2002 13-Nov-2002 13-Nov-2002 13-Nov-2002 13-Nov-‘2002 13-Nov-2002 12-Nov-2002 12-Nov-2002 12-Nov-2002 12-Nov-2002 12-Nov-2002 412-Nov-2002 
Component Mm. unit: ‘M. Spike MS %-Rec. . Duplicate 'M.AS'gike -.MS %!Rec. MS Dug 'MSD %IRec. Duplicate Muspike , 

MS'% Rec. MS3Dup ‘MSD.%IRec. 

Aruolor-1016 ' 0.038 uglgm < 0.34 84‘ < NA 0.260 73.000 0.330 89.000 <0.041 NA 0.230 52.000 :0.250 ;58.000 
- Aroolor-1221 0.015 " <- < ' < < NA < < < < ’ 

<0‘016 NA < < »< < 
Aroclor-1232 0.038 " <‘ < < < NA < < < < <0.041 _NA V 

< < < < 
Amolor-1242 0.038 " < .< < < NA — < < < < <0.041 NA < < < < 
Amclor-1248: 0.021 " <- < 4 0100 NA < < < < <o,o23 NA < < :< < 

_ Aroclo1'—1254 0.059 " < < < 0210 NA < < < < <o.o64 NA < < < < 
Aroclor-1260 0.031 " <: 0.32 80 0:'1.10- NA 0.340 -941000 0.390 110.000 <0.034 NA 0.310 71.000 0.390 68.000 
Aroolor-1262 o.o31 " < < < < NA < < < - < <o.o34' NA < < < < 
Arodor-1268 0.031 " < < < < NA < < < < <0.034 NA < < < < 
Total PCB 0.059 " <- 0.66 82 

' 

0.420» NA 0.600 84000 0.720 98.000 <_0.064 NA 0540 61:000 0.640 73.000 
Surrogate Recoveries % 

_ 
4.4’-Dib,r_omooctaflounobipheny1 69 79 79 60 NA 74 74 85 B5 90 NA 75 75 89 -89 
Decachlombiphenyl 87 87 87 77 NA 83 83 99 ' 

» 99 105 NA .88 BB‘ .107 107
/ 

, Naphlhalevge 0.010 mglkg '<- 0.22 56 6.10 6.10 - - - - 0.12 0.11 0.15 54.00 - - 

Aoenaphmylene 0.010 " < 0.29 71 0.31 0.34 - - - - 0.01 0.01 0.07 90100 - — 

Afianaflhthene 0.010 " < 0.29 72- 0.17. 0.19 - - - 
i 

- < < 0.05 76.00 - ' - 

Fluorena 
_ 

0.010 " < 0.31 77 1.30 1.30 — - - 
. 

- 0.03 0,02 0.08 83:00 - '- 

Phenanthrene 0.010 " < 0.33 . 81 2.20 2.30 - - - - 
. 0.10 0.08 0.13 — 59:00 - - 

Anthracene - 
' 0.010 " < 0.31 79 0.56 0.66 - - - ' 

-. 0.03 0.02 0.08 86.00 - - 
‘ Fluoranthehe 0.010 " 

_< 0.34 84 2.70 2.60 - - - - 0.13 0.11 0.17 87.00 ~ - 

P'yrene 0.010 " -< 0.33 83 2.00 2.00 . 
- - - - 0.11 0.10 0.16 86.00 - — 

Bu a)anthreoene 01010 " < 0.37 92 1.30 1.40 - - - - 0.07 0.05 0.11 84.00 - - 

Chrysene 0.010 " < 0.38 96 *1 .50 1.50 - - - ' 

~ ’ 0.07 0.06 0.11 68.00 - - 

Benzo(b)fluorant_hene 0:010 " < 0.35 87 1.40 1.60 - - - 
. 

- 0.09‘ 0.08 0.14 93:00 - - 

Benzo(k)fluananIhene . 0:010 ‘ "' < 0.40 100 1.40 1.30 — - - ‘ - 0.03 0.03 0109 93.00 - -
. 

Banzo(a)pyrene 0.010 " 
_ 
< 0.37 92 1.70 1.80 - - -- -. 0.07 0.07 0.14 100.00 - - 

. l‘nde_no(1,2,3-cdlpyrene 0.010 " 
_< 0.32 79 1.20 1.30 - - - - 

_ 
0.05 0.05 0.11 96.00 - - 

Dibenzo(ah)amhraoene 0.010 " < 0.31 7.8 0.30 0,30- ' - - - - 0.01 0.01 0.08 ' 100.00 - - 
' Benzo(ghi)perylene 0.010 " < 0.34 85 1.00 ‘1.00 - - - - 0.04 0.04 0.10 84.00 - 

i

- 

TOTAL PAI-IS V 

25.14 
_ 
25.69 0.97 0.84 1.76 

I 
§iurrogateIReooveries» ‘)6 

: Anthracene-2H10 '85 81 '81 83 67 - - - 
V 

- 86 99 98 98 - - 

Chrysene—2H12 '88 89 89 106 105 - - - - 78 79 80 80 - - 

B (a)pyrene—2H12 '90 93 '93 90 ‘ 88 - - - - 93 102 112 112. - -
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Table A2.r Continued. 

CIi¢ntlD: 70RR35 70RR35 70RR35 
‘ 

70RR35 70RR35 70RR35 70RR42 70RR42 70RR_5101 70RR5101 70RR5101 70RR5101 70RR5101 70RR5101 70RR56 
lab Na..' 07832302 078323 02 078323 02 078323 02 078323 02 078323 02 078330 02 078330 02 078339 02 078339 02 078339 02 078339 02 078339 02 078339 02 078344 02 

Date Sampled; 1,4-Nov-2002 14~N0v-2002 14-Nov-2002 14-Nov-2002 1'4—N_0v-2002 14-Nov-2002 13-Nov-2002 13-‘Nov-2002 14—Nov-2002 14-Nov-2002 14-Nov-2002 14-Nov-2002 '14-Nov_-2002 14-Nov-2002 14-Nov-2002 
1 Coma‘ nent MDL Units Duglicata M. Sgike MS % Rec. MS7Dug MSD %sRec. Duglicate Duglicate Mi Sgike MS:%-Rec. »MS Dug MSD % Rec." 
. 'ArocI0r-1016 0:030 uglgm <0.04_4 NA 0:360 73.000 0.320 60.000 < - <0.04e NA 0.460 01.000 0.550 91.000 <0.041 
Aroclor-1221 0.015 " <0.017 NA < < <' < < - .<0'.018 NA < < < —< <0.016 
Aroclor-.1232 0.088 ' <0.044 NA < < < < < - '.<0.046 NA < < < < ' 

<o,o41 
Aroclor-1242 0.038‘ ' 0.08;! NA < < < < < - -<o.0-13 NA < < < < <0.041 
Amclor-1248 0.021 " <0.02'4 NA < < < < < - .<0.025 N_A < < < < <0.023 
‘Aroclor-1254 0.059‘ " 0.150 NA < < < < 0.077 - 0.130 NA < < < <; 0.079 
Aroclor-1260 0.031 " 0.130 NA 0.410 841000 0430 81.000 0:048‘ - 0.110 * NA 0.570 99.000 0.570 95.00 0.073 
Amclnr-1262 0.031 " <01036 NA < < < < < ’ 

- <0.037 NA < < < < ((1034 
Aroclor-12.68 0.031 1 <0.036 NA < < < < < — <0.037 NA < < < < (9,034 
Total PCB 0.059 ' 0.350 .NA 0.7.70 79.000 0.750 70.000 0.130 - 0.240 . NA 1 000 90.000 1 100 93.000 0.150 
Surrogate R varies % 

' 

4,4'-Dibtornoocfaflourobiphenyi 69 ‘NA 77 77 68 68 03 - 92 NA 92 92 97 97 78 

‘ 

Decachlorobiphenyi 73 NA - 80. =80 _73 73 .73 - 98 - NA_ 95' 95 89 89 102 

Naphthalene 0.010 mglkg 8.70 - -. - - - 0.99 1.10 3.60 - 
. 

- - ' 

, 
_- - 150,00 

Acenaphfnylene 0.010 " 2.10 7 - - - - 0.07 0.09 0.25 - - - 
' 

- « 34;oo 
Acenaphthene 0.010 ' 1.20 - - - - - 0.05 0.05“ 0.11 - . - . 

‘ 

.— . capo 
Fluorene 0.010 " 1.70 - - - - - 0.21 0.20 0.38 - - - - - - 90,00 
Phenanthrene 0.010 ' 13.00 - - - - - 0.66 0170 - 1.20 - - - -' 

_ 

- 500.00
V 

Anthracene 0.010 " 4.70 - - 
. 

- - 
_ 

- ' - 0.17 ’ 0:17 0.48 - - - - — 1.11100
I 

Fluoranlhene 0.010 " ‘2B.00 - - - - - - 0.93 1.00 "‘2.20 > - - - - - 450.00 ' 

Pyrena ' 

’ 

0.010 " 23.00 - - - - ~ 0.75 0.85 1.90 - ‘ -. ' - -' - 350.00 
Benz(a)antl1racene 

> 

0.010 ” 11.00 - - - — — 0.52 0.58 1.30 - 
V 

- - - - 120.00 
Chrysena ' 0.010 "' 12.00 ' - - - - - — ’ 

0.58 0.66 1.30 - - - - ’ 

- 12o_oo 
Benzo(b)fluoranmene 0.010 " 16.00 - - - ' - - 0.58 0176 

' 

1.90 '- — - - - 130.00‘ 
B z0(k)flu0ranthene‘ 0.010 -" 7.30 - - ‘ - — - 0.48 0.45 0.67 

' 

- ' - » - - . 
_ 

54,00 = 

Benzo(a)pynane 0.010 ’" 15.00 - 
. 

- - .- - 0.80 0.70 1.60 - - - - - 
’ 

. ~ - 120.00 
V

‘ 

Indan0(1;2_," cd)pyvene 0.010 " 12.00 - - - - — - 0.44 . 0:51‘ 0.96 - - - :~ . 52_;oo -

' 

Dibenz0(ah)amhracen 0.010 ' 2.10 - - - — - 0.10 0.15 0.22 - - - - - — 15;oo 
Benzo(ghi)pery|ene 

‘ 
0.010 ' 11.00 - - - — - 0.37 

' 

0.45 0.75 - ' - - - . - 8_1,0_0 . 

TOTALrPA!lS- 166.80 _ 
7.48 8.42- . 18.31 

_ 
214,-]4;oo 

Surr0gate=Recoveries “lo . 

Anmracene:2H10 v as - - - - - as 07 110 - -~ - 
. 

- - 90 
cnrysene-21112 112 . . . . . — 90 89 as - . . . A — 115' 

- Benzo(a)pyrene-2H12 88: - - - - - -91 85 99 - - - - - - - 105
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Table A2. Continued. 

Olen! ID: 70RR56 70RR56 _70RR56 70RR65 70RR65 70RR65 70RR65 70RR65 70RR66 70RR66 70RR66 70RR66 70RR66 70RR70 70RR70 

~~~ ~~~ ~~~~~ ~~~~~ ~~ ~~ ~~~ ~~~~ 
Lab Na: 078344 02‘ 07834-4 02 078344.02 078353 02 07835302 078353 02 . 078353 02 078353 02 -07.0354 02 078354 02 078354 02 078354 02 078354 02 07835802 078358 02 .

_ 

_ 
D'a1¢Sa'mp!ed: -1'4-Nbv-2002 ‘14-Nov~2002 14-Nov-2002 15-Nov-2002 15-Nov-2002 15-Nov-2002 15-Nov-2002 15-Nov-2002 15-Nov-2002) 15-Nov-2002 15-Nov-2002 15-Nov-2002‘ - 15-Nov-2002 15iNov-2,002 15-N'ov,-2002; 

Cnm onuit ' MDL Units Du Iicate »M.‘S ike MS'% Rec. ‘M. S ika MS °/o-R60. MSDu MSD% Rec. M.rS ' 

. MSD%Rec. ‘Du licate 7 

4 Arudor-1016 
1 

0.038 uglgm ' - - I - <0.049 0.380 61.000 0.250 451000 <0.048' 0.340 541000 0.300 53.000 <0.04_5' - 

Aroolor-1221 0.015 " - - - <0.019 - <~ - < < < <o;o19 < < < < 
' 

<0;018 ‘ -
' 

Amdor-1232 0.038 " - - - <0.049 - =< < < < <0,048 < < < <. <0;045 -
V Arocior-1242 0.038 " - -- - <0_049 < < < < <0‘048 < < < < <0_045 -
: 

Amclor-1248 0.021 " - -, - <0,027 < . < < < <0,027 < < <. < <0_025 -
I 

Aroclor-1254 0.059 " ‘ ' 

- . - <0.077 <- < < < <0.075. < < < < <0.070 -
i 

Amdor-"1260 ' 0.031 " - -I - 0.056 0.500 80.000 0.460 75.000 -0.065‘ 0.520 83.000 0.470 84.000 0.089 -
, 

Anoclor-1262 ' 0.031‘ " - - - <0.040 < < < < <0_040 < < < < <0,037 - 
E

; 

Amc{or-1268 V0131 " - . . <0.040 < < < < <0.040 < < < . < <0.037 - 
z

, T0!“ P03 0.059 " - - - < 0.880‘ 70.000 0 740 60.000 0.065 0.850 68.000 0.780 68.000 0.089 - 1 

Surrogate Recoveries % . 
V I 

414'-DibT0m°°°143fl°U|'°biPh6flV1 ' - - 75 77 77 75' 75 65 79 79 74 74 72 -
‘ ' 7‘ ‘ } .‘ 

’ 

- - - - 91 --as as. 
V 

as 69 711 90 90 
_ 

so 90 91 - -

; 

' Naphthalene 0.010 _ mglkg 62:00 68.00 31200 3.80 - - - - 7.40 -. - - - 7:20 6.00 
Acenapbthy1ene 0.010 " 27.00 53.00 3.00 ' 0.76 - - — - 5.30 - - — - 4.70 3.90 

I. Aeenaphmene 0.010 ' " 45100 72.00 8.00 0.53 - - - ' - ' 13.00 - - -_ - 7.60 5.70 
.' Fluorene 0.010 " 51:00 94.00‘ 14.00 1.10 - ' - - - 15.00’ - - - ' - 8.10 6I40 
‘ Phenanthrene 0.010 " -350.00 600.00 53100 5.60 -- - - - 110.00 - - - - 58:00 46.00 
‘ Anthracene 0.010 " 100.00 180.00 4.00 2.30 - . - - - 34_00- -. - - ~ - 19.00 16.00 
Fluoranlhene 0:010 " 360200 590.00 32.00 7.50 - - - - 140.00 - - - — 87.00 73.00 
Pyrene 0.010 " 280.00 460.00 23.00 5.40 - -- - - -100.00 - - - - 69.00 57.00 
Benz(a)an1hra 0.010 " 95.00 150.00 9.00 3.50 -- - - - 45.00 - - - - 35.00 28.00

' Chrysene 0.010 " ' 96.00 160.00 7.00 3.60 . - . - 
' - 

. 45.00 - . . - 
' 

- 36.00 29.00 
Bsnzo(b)fluoramhene 0.010‘ " '1 10.00 170.00 7100 3:60 - - - - 40.00 - - - - 36l00 30:00 
Benzo(R)fluoramhane 0.010-' " 43:00 82.00 4.00 2:60 - - - - 30.00 - - - - 26:00 22100 

, ,,, mm 0.010 " 100.00 170.00 8.00" 3.30 - - - - 47.00 - - - - 39.00 32.00 
Indeno(1.2.3-od)pyrene 0.010 " 58100 110.00 5200 2.20 - - - - ’ 31.00 ‘- - - - 26.00 21.00 

_ 

Dibenzu(ah)anthracene 
‘ 

0:010 " 11.00 1600- < 0.65 - - - - -5.30 - - - v - 4.30 3.60 
Benzo(ghi)pery1ene =0:010- " 70.00 1.10.00 4.00 2.00 - - - - 30.00 - - - - 25.00 21.00 
TOTAL PAHS 1868.00 3085.00 48.44 704.00 487.90 400.60 

I 
Surrogatekeooveries “I.

. 

Anthrace_n_e-'2H1O 116 .125 125 86 - - - - - 71_ v - - - - 36 54 
Chryseno—2H12 125 99 99 79 - ’ - — - 87 - - - - 94 93 
8enzo(a\pvrene-2H12- 107 -97 97 73 - - - — — 82 - - - - 68 72 
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Table A2. Contlnued, 

Client 111,- 70wA04 70wA04 70wA0_4 70)/VAO4 70wA0_9 70wA09 70wA09 70wA09 70wA09 70wA13 70WA1 
Lu: Na._: 070372 02 - 070372 02 070372 02 070372 02, 073377 02 07037702 070377 02 07337702 070377 02 073303 02 073336 

Dqresampkd: 21-Nov-2002 21-Nov-2002 21_-Nov-2002 21-Nov-2002 21-Nov-2002 21-Nov-2002 21-Nov-2002 -21.-Nov-2002 21-Nov-2002 21-Nov-2002 21-Nov-200: 
. . .- MDL Units Dxglicate M. Spike MS °/o Rec. M. spike MS'% Rec MS Dug. MSD % Rec.‘ Duglicate 

Arooloy-1010 0.030 09'/gm <0_._039 - . . <0.043 0.450 30.000 0.360 59.000 .< NA 
Aroclor-‘1221 0.0.15 " < - ‘- - <0_019 < < < < < NA 
Aroclor-1232 0.038 " <_O.Q39 ' - - <0,p48 ‘< < < < < NA 
Aroclor-1242 0.030 " <0.039 . . . <0.04's < < < < < NA 
Aroclor-1248 0.021 ~ 0.070 - - - 0.130 < < < < < NA 
Aroolgr-1254 0.059 ~ 0.120 - - - 0.260 < < < < < NA 
Arooxor-1260 0.031 " 0.270 - - - 0.510 0.330 130.000 0.050 140.000 0.032 NA 
Ar0cI0r»1262 0.931 ' - - - <0,o39 <. < < < < 

1 Aroclor-1263 0. 031 " <0.032 - '- - <0.039 < < < < < NA 
Total PCB 0.059 ~ 0.470 - - - 0.900 1.300 99.000 1.200 90.000 0.130 NA 
Suyrogate Recoveries % 
4,4'-ciommooomnoumbipnenyl 57 - - - 55 35 65 59 59 93 NA 

- Docachqoropiphonyl 69 - - - 63 66 66 33 63 90 NA 

Naphthaléne 0.010 m'gll_1g 0.49 0.07 0.-72 < 1.90 - - - - 0.14 0.13 
Aconapmhyzene 0.010 " ' 0.19 0.25 0.34 » < 0.37 - - -- -1 0.05 0.03 
Aoonapmhene 0.010 " 0.10 0.10 025 130.00 027 - - - - 0.05 0.05 
Fluorene 0.010 " 0.14 0.17 023 120.00 025 - - - - 0.05 0.05 
Phenanthrene 0.010 " 0,50 0.72 0.70 < 1.00 - - - - 0.24 0.23 
A_n1hra;oejne 0.010 " 0.23 0.27 0.35 150.00 0.39 - - - - 0.07 0.09 
Fluoramhene 0.010 " 1.50 2.20 2.30 13.00 3.00 - - - - 0.35 0.35 
Pyrene 0.010 ' 1.30 2.00 2.10 3.00 2.50 - - - - 0.74 0.73 
B0nz(a)an1hra1:en0 0.01 O " 1 .00 1.50 1.60 -< 1.90 — - - - 0.52 0.52 
Chrysene 0.010 " 1.10 1.50 1.60 < 2.10 - - - - 0.52 0.53 

_0en2o(b)1Iuom 13111: 0.010 " 1.40 1.30 2.00 11.00 2.30 - - - - 0.50 0.50 
3enzo(k)nuoran1hene 0.010 ' 0.57 0.70 0.07 < 2.00 - - - - 0.34 0.40 
3en2‘o(a)pyron.- 0.010 " 1.10 1.50 1.50 < 2.20 - - - -. 0.43 0.50 
lnden0(1,2,3-0d)pyrene 0.010 " 0.53 0:77 0.02 < - 1.30 - - - -. 020 0.23 

Dibenzo(ah)an1r_iraoon_e 0.010 " 0.13 0.10 0.22 100.00 0.23 - - - - 0.06 0.00 
Benzo(ghDperylene 0.010 ' 0.50 0.34 0.33 140.00 1.10 - - - - 0.20 0.22 

01,11. nus" 11.49 15.13 1534 22.36 5.12 5.23 

Surrugate Recoveries % ._ V_ 

Amnraoene-2H10 107 100 115 115 
_ 

37 - - - - 90 92 
Chryssne-2H12 1'02 90 100 100 V 114 - - - - 102 105 
0onzo(a)pyrian'e-2H12 90 93, _ 95 ' 95 91 - - - 1- 91 92 

‘ won: 10. 70wA1s 7TvTA1_3 7?wA10 7'0wA1a -7'0'wA1902 70wA1902 70WA1902‘ 70wA190_2: 70wA1902 70wA1902 
Lab No. 073333 02 070300 02 073333 02 070336 02 073393 02 073'3'90 02 070393 02 070393 02 073396 02 073393 02 

pm Sampled. 21-Nov-2002 21-Nov-2002 21-Nov-2002 2_1-Nov-2002 21-Nov-2002. 21-Nov-2002 21-Nov-2002 21-Nov-2002 21-Nov-2002 21-Nov-2002 

MDL. . Unit": M 3 Ike Ms % Rec. Ms D MSD % Rec. Du Iicate M. 3 Ike Ms '1. Rue. Ms . MSD..% Rec. 

Aroolor-1016 0.033 uglgm 0.230 73.000 0.250 -71.000 _<0.044 NA 0.570 90.000 0.730 130.000 
Aruclojr-107201 0.015 " < < < < <0.017 ' NA < < < < 
Aroolor-1232 0.033 " < < < < <0.044 NA < < < < 
Aroclor-1242 0.003 " < < < < <0.044 NA < < < < 

Arocldr-1248 0.021 “ < < < < 9.750 NA < < < < 

Arodor-1254 0.059 ‘" < < < < 0.530 NA < < < < 

Arooeor-1230 0.091 " 0.370 1 10.000 0.330 92.000 0.910 0.940 150.000 1.300 210.000 
Amclor-11:32 0.031 " < < < <- <0.036 NA < <‘ < < 

Aroclor-1268 0.031 " < 5 5 I 

< <0.036 NA < < < ‘< 

Total PCB 0.059 - 0.330 39.000 0.530 32.000 2.300 NA 1.500 120.000 2.000 170.000 

surrogate Recoveries °/. 
0 H 

4,4’-Dibrcmooctkaflburobiphényll 101 101 91 . 91 B1 - NA 71 71 73 73 
ooeajosalomoipnonyl 113 113 90 93 00 NA 30 30 70 70 

Naphthalene 0.010 mglkg - - - - 3.10 2.30 2.30 < - - 

Acenaphthylene 0.010 " - - - - 0.58, 0.72 0,56 < ' - - 

Aoonaphmgno 0.010 " - - - - 5.90 4.90 5.00 < - - 

F1u0fene 0.010 " - - -. - 4.50 4.10 3.90 < - - 

Pr_1on'amnre'ne 0.010 " - - - - 20.00 13.00 17.00 < - - 

Anthracane 0.010 “ - - - - 5.40 5.59 4-.59 ‘ ' ' 

Fluoraigcngne 0.010 " - - - - 30.00 33.00 32.00 < -‘ - 

Pyrene 0.010 " - - - - 31.00 26.00 26.00 < - - 

Benz(3)an1!1rao0n_e 0.010 “ - - - - 12.00 11.00 1 1.00 < - - 

cmysona 0.010 ' - - - - 11.00 10.00 9.70 < - - 

Ber1z0(b)f'Iu0r9......-. .9 0,010 " - - - - 13-00 12-0.0 11-9° ‘ ‘ ' 

Benz0(k)fIu_0r’ant[1_ene 0.010 " - - - - 5,90 4-79 4-30 5 ' ' 

B0nz0(a)pynne 0.010 " ~ - - -. 9.70 9.00 8.50 < - - 

-1ndono'(1,2.3-oo)pyr_ene‘ 0.010 " - - - - 5.19 4,79 4.40 < - - 

.Dibenz0(ah)anthra0ene 0.010 ' - - - - 0.07 0.92 1.00 . 130.00 - - 

Benz0(ghi)peryiene 0.010 " — - - - 4-5° 4-3.0 40° ‘ v ' -‘- 

form, [>31-15 169.65 151.64 146.16 

Surmgate Recoveries % 
Anthréoene-2H10 - - 0- 

— 79 97 3° 8° - - 

Chrysene-2H12 - - r - 92 91 195 105 ~ 
' ' 

Benzo(a)pyren-7-2H12 _. - - - -- .85 . 18 . 
91 . 

91 - -



Table A3. Laboratory and field-duplicates (Caduceon).
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Table A4. Percent recovery ‘in matrix spikes and mercury reference standards (Caduceon). 

% Reference Expected Measured % 
1 LKSD-2/WI-I89-1 1 

Recovery Material 
‘ 

» Total Hg gggfgl Total Hg (pg/g) Recovery 
Ag 102 STSD-2 46 51 1 1 1 

As 100 STSD-12 46 49 - 107 
Cd- 100 STSD-2 46 51 1 1 1 

Co 94 STSD-2 46 44 96 
Cr 95 STSD-2 46 43 93 
Cu 100 STSD-2 46 43 93 

- Fe 89 STSD-4 930 865 93 
Mn 98 STSD-4 - 930 867 93 

4 M0 106 ‘STSD-4 930 1010 109 
Ni 109 STSD-4 930 876 94 
Pb 100 STSD-1 110 . 115 105 
V 91 STSD-1 110 ' 104 95 
Zn 101 STSD-1 110 I17 106 

Aluminum 98 STSD-1 110 117 106 
Barium 100 
Calcium 99 Mean 101 
Chromium 10.0 Median 100 

Iron 100 
- Potassium 94 
Magnesium « 99 
Manganese 100 
Sodium 98 

Phosphorus 106 
Silicon 103 

_ 
Titanium 96 

Loss on Ignition 96 
Whole Rock 101 

Mean 99
. 

Median , >100 _ 

0)IV
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APPENDIX B Chemistry Data 

Table B1. Total PAHs in Randle Reef ‘sediments. Concentrations higher the severe effect level 

(normalized to percent total organic carbon)»(Pers_aud et al. 1993) are highlighted.
' 

Site ite - ota1_ 

('70) 

230' - 

i 

1.6 

3 _ _ 
5.1 1 

.5 

1.6 

, 
so.
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Table B2. 

effect level (normalized to perceni total‘6i;<gaiiie cé1rbofi)‘(Pers_aud at al. 1993) is highlighted. 

Total PAHS ifi Wifidértnele .Sed1ment8.. tJOficel1tr‘8.tion higher than the severe 

lojc Site Total PAHs 3 SEL 
11$ (%). (Flag TOC) 

70WA01 26.0 6.9 
V 

690
_ 

70WA0201 21.1 _2.8 
_ 
280 

70WA0202 22.6 
‘ 

2.9 290 
70WA03 17.6 22.0 200 
70WA04 11.5 2.1 210 
70wA0501 23.9 3.8. . 380 
70WA0502 26.6 3.9 390 
70WA06 24.0 4.4 

’ 

440' 
70WA07 19.7 1.1 1_10 

70wA0801. 
_ 

28.0 5.0 500 
70wA0_802H_ ~ 31.1” 4.9 ’ ,49o 
70WA09 '_ 

M 2_ 22.9_ 3.8 380 
70__fWA10 17.8 4.1 410 
7OWA11 _ 

120 A. 

70‘w._4.1‘201 j _1_8.7_,g W 2 24.0. .400 
7foWA'1202 _‘ 

‘ 

2 22.3 3.5 350 
7oWA13 24.9 4.9 490 

. 70WAl401 2 H 31.5 
2 4.5 450 

70WA‘14O2_ ’. 635,1 
_ 

4.8 480 
7oWA15 _ 20.5 4.4 . 440 
Z7'(_)WA1'6_” _ 32.0 4.9 

. 49.0 

7’0WA1_7M _ _ 53.2 5.3 530
_ 

70WA‘18_ 
_ 5.1" 0.3 _3o . 

’70WAl_901‘ 
. 

‘ 

212.0. V 

4.0 400 
70wAr902 169.7 4.0 400 
70WA20 715.4 6.7 670
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Table B3. Total PCBs (sum of nine Aroclors) in Randle Reef sediments. 

Site Total PCBs ' TOC _ Site Total PCBs TOC 

RRO1 
70RR02 
70RR03 
70RR04 
70 5 
7o 
7ORR07 
7(_)RR08 
7o 
70RR10 
7ORR1‘101 

70 

.0.19. 

0.15 
0.07 
0.81 
.16 
.36‘ 

0.21 

0.71 

.93 

.40 

0.4 

‘.40 

0.15 

2.3 
3.1 

3.3 

7.2 
1.7 

4.1 
6.4 
6.0 
6.4 

3 

7.1 

4.8 
.6 

I

4 
1. 

0.3 
0. 3 

0.13
< 

0.15 
<0.060 

‘

< 
V< 

0 7 
. 0.3 

.34 

.2 

2. 

2.2 
6.3 
4.51 

1.4- 

2.2 
6.7_ 

5.2
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Table B4. 
' 

Total PCBs (sum of 9 Aroclors) Windermere Arm sediments. 

otal PCBs TOC SEL 

0.47 6.9 36.6 
0.66 2.8 14.8 
0.46. - 2.9 15.4 
0.80 2.0 10.6 
0.47‘ 2.1 
0.61 3.8 
0. .9 

1 4.4 
70WA07 1.10 . 

A 1 .00 5.0 
70 A0802 . 4. 

70WA09 
A
A 
A 1' 

. .1 

A13 
A 

. 1 

A1 
A1 0 

A16 
7OWA1 
70WA1 
70WA1901 
70WA1902 
70WA2O

I



Table B5. PAHs and PCBs in Hamilton Harbour :sediment. 
.S|'tz 11): v 70RR01 70RR02 70RR06 .-70RR04 70RR05 70RR06 70RR07 .70RR08 70RR09 70RR10 70RR1-1 70RR12 70RR13 

‘Date Sampled: 13-Nov-2002' 12-Nov-2002 13-Nov-2002' 14-Nov-2002 13-Nov-200213-Nov-2002. 13-Nov-2002 14-Nov-2002 14-Nov-2002 12-Nov-2002 12-Nov,-2002 .12-Nov-2002 15-Nov-2002 
? Component MDL ,Uniu_ 

' 

7

- 

Aroolor-1016 0.038 uglgm <01048 < < <01040 < < < < <0.039 <0.043 <0.039 < - < 
'Aroc1or.-1221 0.015 ' <0.019 < < <01016 .< <- < < <' <0.017 < < < 
Aroolor-1232 01038 " <01048 < < <0:040 < < < < <0.039 :<0.043 .<0j039 < < 

’ Aroclor-1242 0.038 " <0.048 < < <0;040 < < < < -<0.039 =<0.043 <0.'039 < < 
' Aroclor-1248 _ 

‘ 0:021" " <0.027‘ - < < 0.150 0.029 0.085: 0.120 . 0.046 0.110 0.180 0.100, < 0.067 
: 
»ArocIor-.1254 0.059 "' 0.110 0.083 < 0.330 0.078 0.180 0.200 0.096 0.230 0.340 0.390 1.100 0.130 
‘Amclor-1260 

_ 
0.031. " 01074‘ 0.066: ' 0.032. 0.330 0.056 0.094 0.100 0.068 0.120 0.180 03160 0.290 0.072 

: 

Aroclor-1262 0.031= " <0.039 < < <02033 < <- < < < <0.035 <0.032 < < 
. "Aroc1or-1268 0.031 " <0.039- < < <0a033 < < < 

‘ 

< ' < <0.035 <0.032‘ < < 
;'I'ota1 PcBs- " 0.059 " 0.190 0.150 0.011 0.810 0.180 0.360 0.420 0.210 0.460 0.710 0.850. 1.400 0.270 

': Naphthalene 0.010 mglkg 0.34 1.80 0:60 ' 7:20 0.50 13.00 32.00 7.80- 26.00 83.00 15.00 5.40 28.00 
. 
gkoermaphthylene 0:010 " 0105 0.11 0.04 . 1.50 0.05 _0.54 1.00 4.00 1.80 1.20 

_ 
0.75, 0:59 11.00 

.Aoenaphmene 0:010‘ " 0.07 4 0.10 0104 0585 0.04 - 0.29‘ 1.50 4:20 3.50. ‘1.70 .0.=7.7 0.34 26.00 
: Fluorene 0.010 " 0:23. 0.18 0109 1.90 0.08 1.90 19.00 4.40 5.80 22.00 .360 1.20‘ 26:00 
; 
Phenanthrene 0.010 " 0:56. . ~1.-10 . 0:50 ' 8.10 0.52 3.40 16.00 32.00 19.00 21.00 4.60. 3.30 200.00 
Amhmoene 0.010 " 0.12 0.25 «0.11 2:90 0.12 0.84 3.60 11.00 5.30 5.30 1.10 0.78 45.00 

.-Fluoranthene 0.010 " 0.68 1.40 -0.59 21.00 - 0:81 4.30 14.00 57.00 22.00 17.00 4.00 4.10 220.00 
Pyrene -0:010 " 0.58 1.20 0.50 17:00 0167 3.20 10.00 45.00 17.00 12.00 2.90 3:20 160.00 
,Benz_(va)anthraot-me .0.010 " .0142 0.94 0.30 8.90 0.48 2.40 -5.90 22100 8.90 7.10 1.90 2.00 58.00 
Chrysene . 0:010 " .0349 1.10 0:36 9.60 - 0.55 2.70 5.90 24i00 9.40 7.20 2:00 2.30 58.00 
Benzo(b)fluomn1hene 0.010 " 0:39 1.20. (0.43 -12.00 0.63 3.00 6:00 26.00 11100 7.30 1.80 2.70 61.00 
Benzo(k)fluoranthene =0.010 " 0.30 0.74 0.24 630 0:46 2.80 4.70 18.00 9.20 

V 

5.60‘ 1.70 2:00 45.00 
Benzo(a)‘,, .9 0010 " 0.36 1.00 -0.36 12.00 0.54 3.10 6.60 29.00 12.00 7.60 2.10 2.50 68.00 

- Indeno(1;2,3-od)pyrene -0.010 " 0.21 0.64. 0.25 9.30 0.36 ' 2.30 4.50 23.00 9.20 5.20 1.40 1.90 48.00 
DR>enzo(ah)an0Ireeene 0.010 " 0.05 '0.15» 0.06 1.90 0.08 0.49 1.-20 3.80 1.80 1.30 0:76 0.45 8.70 
Benzo(ghI)p_ery1ene 0.010 " 0.18 0.54 -0.23 8.10 0.32 2.10 . 3390 21.00 8.40 4.30 1.30 1580 42.00 
TOTAL PAH: 5.02 12.45 4.70 128.55 6.22 46.36 135.80 332.20 170.30 208.80 45.68 34:36 1104.70 

Sit:ID: 70RR14 70RR15 ' 70RR16 70RR17' 70RR18 70RR_19 70RR20 70RR21 70RR22 70RR23 70RR24 70RR25 70RR26 
Daresamplzd. 13-Nov-2002 12-Nov-2002 12-Nov-2002 12-Nov-2002 15'Nov-2002 '13Nov-2002 12-Nov-2002 15-Nov-2002 14-Nov-2002 12-Nov-2002 15-Nov-2002 12-Nov-2002 15-Nov-2002 

Component MDL Units ‘
' 

Anoolor-1016 0.038 ug/gm < <0.051 <0.041 <0.052 <0.049 <0.040 <0.043 <0.042 -<0.040 <0.051 < <0;046 <0.053 
Aroclor-1221 0.015 " < <0.020 <0.016- <0.020 <0.019 <0.016 <0.017 <01017 -<0.016 <0.020. < <0;018 <0.021- 

' 

, 
Anoclor-1232 . - 0.038 " 

- < <0.051 <0.041 <0.052 <0.049 <0.040' '<0.043 <0:042 <0.040 <0.051 < <0.048 <0.053 
Arooior-1242 ‘0.038 " < <0.051 <0.041 <0:052 <0.049 <0.040 <0.043 <0.042 <0.040 <0.051 < ‘ <0.046 <0.053 
Amclor-1248 0.021 " 05100 <0.028 <0.022 <O:029 <0.027 <0.022 <0.024 <0.O23 . <0.022 <0.028 < <0.025 $0.030

’ 

i Aroolor-1254 0.059‘ " 0210 0.260 0:100 0280 0.074 <0.063 0.120‘ <0.065 0.060 <0.080 < 0.250 0.081.’ 

Arocior—1260 0.031 " -0.110 .0.140 0.051 0.170 0.110 0.041 0.090: <0.034 0.038 0.060 0.041 0.100 0.090" 
Aroclor-1262 0.031 " < <0.041 <0.033 <0;042. <0.040 <0.033' <0.035 <0.034 <0.032 <0.042 <— <0.037 <0.044 
Aroclor-1268 0.031 " —< <0.041 <0.033 <0:042 <0.040 <0.033 <0.035 <0:034 <0.032 ‘ <0.042 < <0.037 <01044‘ 
Total-Pcas 0.059 " 0.420 

' 

0.400 0.150 0.450 0.180 < 0:210 <0.066 0.099 0.080 < 0.350 0.170 

. Naphthalene 0.010 mg/kg 6.10 5.00 1.50 15:00 5:20 0.58. 1.40 0.79 34.00 1.30 6280 2.30 6.70 ’

. 

‘Aoenapmhylene 0.010 " 0.31 . 0.28 0.12 0.44 3.20 0.08 0.14 0:06 11.00 0.10‘ 1.90 0.11 3.90 
Aoenaphthene 0.010‘ A " 0.17 0.13- 0.05 0.522 2.70 0.04 0:06 0.02 5.70 0.08 "1.20 0.05 3.80 
FIuorene' 0.010 " 

. 1.30 . 0:55 0.28 3:90 
' 

3:70 0.15 0.22 0209 19100 0.26 -2.60» 0.21 5:70 
Phenanthrene . 0.010 "' 2.20= 1140 0.75 4:00 28.00 0.45 0588 0:32 98.00 0.89 -16100 0.64 35.00 

. Anlhraoene 0.010 " 0.56 0.48 0.26» 1.00 11.00 0.15 0:27 0.09 36.00 0.25 5.70 0.22 1.1.00 
Ftuoranthena’ 0.010 " 

. 2.70: 2130 1.20‘ 5:40 47:00 0.79 1.40 0327 110.00 1.00 20.00 1210' 44.00 5 

' -Pyrene 0.010 " 2.00 1:90 1.10 4.50 37.00 0.71 1.20 0.21 84.00 0.87" 15.00 0.95 34:00
I 

Banz(a)anthracene 0.010 " 1.30‘. 1.40 0.65 3:10 19.00 0.41 0575 0.11 39.00 0.50 -6:90 0.56 18.00 ' 

Chryeene 0.010’ " 1.50 1.50 0.67 2.90 18.00 0.40‘ --0.78 0:11 35.00 0.51 -6.20 0.61 16.00
' 

‘Benzo(b)f|uomnthene 0.010 " 1.40 1.80 .0.97 3.90 23.00 0.58» 1.10 0.14 43.00 0.68 8.20 0.85 20.00 
1

i 

Benzq(k)f1qoranthene 0.010 " 1.40 0290 ‘ 0.37 1.40 8.70 0.23. 0.44 0.05 17.00 0.27 3330 0.34 ' 7.90 
'

3 

_ Benzo(a)pyrene ~ 0.010 “ 1.70 - 1E90 0.85: 3:50 22.00 0.53 0.94 0.13" 42:00 0.60 ;8;'10 0.76 19.00 .

3 

lndeno(1,2;3-od)pyrene' .0010 " 1.20 1.20 0.56 -2200 -13.00 0.35. 0.60 0209 26.00 0.41 4.80 0.52 1.1.00 
' 

F- 

Dibenzo(ah)anthracene _ 0.010 " 0.30 0.27 0.14 0.50 2.30 0.09 0:15 0.02 4.70 0.10 1:00 0.13 2.10 
;

’ 

Benzo(ghi)perylene 0.010 " 1.00 0597 0.47 1.60 1.1.00 0.30 0.49 0.08 22.00 0.34. 4.10 0.44 9.70 
j ; 

TOTAL P411: 25.14 21.98 9.94 53.36 254.80 5.84 10.82 2.58 626.40 .8.16 111.80 9.79 247.80’ '

71



Table B5.. Continued.

~ 

site ID: 70RR27 70RR28 70RR29 70RR30 70RR31 ' 70RR32 70RR33 70RR34 70RR35 70RR36 70RR37 70RR38 70RR39 
Dal: sanupled: 13-_Nov-2002 12-Nov-2002 13-Nov-2002 13-Nov-2002 14-Nov-2002 15-Nov-2002 13-Nov-2002.15-Nov-2002 14-Nov-2002 14-Nov-2002 14-Nov-2002;13-Nov-2002 14-Nov-2002 

Component MDL Unit: ' 

Amclor-1016 0.038 uglgm <0.045 <0.041 < <0.041 <0.069 < < <0.040 <0.044 :<0.053 - <0.044 < < 
Amclor-1221 

V 

0015 " <0.018 <0.016 < <0.016 < < < <0.016‘ <0I017 <0.021 <0.017 < '<
. 

Arootor-1232 0.038 " <0.045 <0.041 < <0.041 . <0.’039 < < <0.040 <0.044 <0.053 <0.044 < < 
Amolor-1242 

' 

0.038 "' <0.045 <0.041 < 0.490 
_ 

<0;039 < r 0.100 <0;040 0.068 <0.053 <0.044 <' < 
Aroclor-1248 0.021 " <0.025 <0.023 < <0;022 <0.{022 < * < V 

<0.022 <0.024 <0.029 <0.024 < < 
Aroclor-1254 0:059 " <0.070 <0.064 < 0.670 0.120 < 0.160 <0.063 0.150 0.230 =0.-220' . . 0.097 . 0.270 

' Amclor-1260 0:031 " 40.049 <0.034 < 0:240 0.130 < 0.09 0.036 0.130 0.210 0.130 0.049 0.22 
Aroclor-1262 0.031 " <0.037 <0.034 < <0.033 ' <0:032 < '<- <0.033 <0L036 <0.044 <0.036 < <- 

Aroclor-1268 0;031 " <0.037 <0.034 < <0.'033 <0I032 < < <0;033 <0;036 .<0.044 <0.036- < < 
Total Pcas 0.069 " < <0.06_4- < 1.400 0.260 < 0.360 -< 0.360 0.440 0.340» 0.160 0.400 

Naphthalene 0:010 ’ mglkg 0.70 0.12 0.24 -9.80 6.70 6.30 0.85 7:50 6.70 5.10 6.60 . 1.10 4:10 
A ,.‘thy|ene- 0.010 " 0.07 0.01 0.05 1.40 2:90 3.50 0.09 1.50 

' 

2.10 1.50 1.30 0.11 0.52 
Aoenaphmene 0.010 " 0.03 <4 0.03 » 2.10 2:00 6.20 0.07’ 5.60 1.20 0.98 0.49 0.05. 0.24 
Fluorena 0.010 " 0.1 1 0.03 0.06 43.00 2.40 8.20 1.00 4:60 1.70 1150 0.83 0.20 0.41 
Phenanlhnana 0.010 “ 0.36 0.10 0.36 33.00 19.00 68.00 1.20 

‘ 

25:00 13.00 12.00 5.80 0:72 2330 
Anthracene 0.010 " 10516 0:03 0.10 5250 6.60 17.00 . 0:18 . 7.40 L. 4.70 4.20 2.60 . ;0.21 1 0:89 
Fluoranthene 0.010 " 0.65 0:13 -0.63 21.00 45.00 63.00 

' 

-1.00 22.00 28.00 22.00 15.00 1.10 5.50 
Pyrene 0.010 " 0:57 0.11- 0.55 16:00 37.00 46.00 0.96 17.00 23.00 18.00 12.00 ~ 0.91 4:50 
Benz(a)anthraoe 0.010 " 0.46 0.07 0.37 9.60 17.00 16.00 0.88 ' 6.50 11.00 8.90 

, 
6.70 0.65 2.70 

Chrysene 0.010 " 0.48 0.07 0.44 8.70 18.00 16.00 1.00 6:30 12.00 9.20 7.20 ‘ 

-0:76 3.00 
Benzo(b)fluoranthene 0.010- " 0.57 0.09 0.39 7300 20300 16.00 0.95 6.70 16.00 12.00 6.40 0:95 3.40 
Benzo(k)fluoranthene 0.010 " 0.22 0:08 0.32 6.90 13.00 12.00 0.73 5370 7.30 7.80 6.00 0.59 2:60 
Benzo(a)pyrene. 0.010 " 0:50 0.07 0.37 , 

8.20 22:00 17.00 0.93 6380 ‘15.00 - 11.00 9.10 0.74 3.70 
Inde‘no(1,2_;3-cd)pyrene 0.010 " 0.36 0.05 0.24 5.10 17.00 14.00 

9 
0:71 5.60 12.00 8.90 7.60 0.52 3:00 

. 1)ibenzo(ah)anu1raceno 0.010 " 0.09 0.01- 0.05 1.40 2.90 1.90; 
1 

0:18 0.98 ' 2.10 '1.90_ 1.40 0.13 0.69 
' Benz0(ghi)perylene 0.010" " 0.31 0.04 0.21 4.00 16100 13.00 0.61 5.40 11200 ~ 8.60 7.10 0.46 ' 3.00 
, TOTAL PAH: 5.64 0.97 4.41 182.70 249.50 324.10 11.34 134158 166.80 133.58 98.02 9.20 40.55‘ 

I 

- SiteID.' 70RR40 70RR41 70RR42 70RR43 70RR44 70RR45 70RR46- ~70RR4,7 70RR46 70RR49 70RR50 70RR51 70RR52 
' 

1 Daze Sampled: 1_4-Nov-2002 13‘-Nov-2002 13-Nov-2002 15-Nov-2002 15-Nov-2002 13-Nov-2002 12-Nov-2002 12-Nov-2002 15-Nov-2002 13-Nov-2002 13-Nov-2002 14-Nov-2002 14-Nov-2002 
’ componenr » MDL Units 

' 
' 

- 

_ 

’

, 

‘ 
> 'Aroc1or-1016 0.036 ug/gm <0:055 * <0:041 <- < =<0.044 <0.039 < < <0.051 <0.040 <0.045 _<0.046 <0.042 
Arodor-1221 0.015 " <0.022 <0.016 <- < <0.017 < < < <0.020 <0.016 <0.018 <0.018 V <0.016_ 

« Aroclor-1232 «0.038 " <0L055 <0i041v < < <0.044 <0.039 <‘ < <0.051 ' <0.040 <0.045' <0;046 . <0.042" 
‘ Arocior-1242 0.038’ " <0;055 <0.041' < < '<0.044 <0.039 < < <0.051 <0.040 <0.045‘_ <0.046 <0.042 
Aroclor-1248 =0.021 " <0.030 <0.023 < '< <0.024 <. < .< <0.028 <0.022 <0.025 <0.026 <0.023 
Anoclor-1254 .0;059 " 0.250 0.067 0.077 < 0.067 <0.060 < < 0.310 0280 0220 0.130 0.095 
Aroclor.-1260 '0.031 " 0.140 0.062 0.048 0.052 0.078 <.0.032 < 

, 
< 0.260 ' 0.120 -0.120 0.110 0.110 

Aroolor-1262 0.031 " <0.045 ’<0L033 < < <0.036 <0.032 < < ’<0.042 <0.032. <0.037 ~ <0.037 <0.034 
Aroclor-1268 0.031 " <0.045 <0.033 < < <0.036 <0.03_2 < < <0.042 <0.032 .<0.037 <0.037 <0.034’ 
-'l'ota'l‘PcBs 01069 " 0.890 0.130 0.130 < ' 

0.150 <0.060‘ < < 0.610 0.390 ' 10.340 - 0.240 0.210 

' Naphthalene 0:010 mglkg 4.20 0.80 0.99 66.00 3.80 0.18 0.58 1.50 8.00 2.90 10.00 3:60 7.30 
\' Aoenaphthy1ene 0.010 " 2.20 0.05 0.07 4;00 0.76 0.02 0.08 0.25 2.80 0.18 0.31 0:25 4:20 
_‘ Aoenaphthene 0.010 . 

" 1.50 - 0.03 0.05 29.00 0.65 0.02 0524 5:50 1.70 0.16 0.21 ,0.11 5.10 
Fluorans 0.010 " 2.10 . 0.06 0121 19100 0.99 0.31 0:32 2.60 2.90 2.50 -2.70 0:36 5.90 

. Phenanthrena 0.010 " 15.00 0.37 0.66 93.00 5.60 0:15 r 360 1600 22.00 1.90 13.30 1.20 39.00 
’ Anthracene 0:010 " 6.30 ’_ 0.12 0:17 25:00 1.80 0.07 0:52 2.90 , 8.10 0.57 0.77 0.48 13.00 
; 

Fluoranthene 0.010 " 30.00 0.58 0.93 86.00 8.10 0.29 4.00 21.00 37.00 3.20 3:90 2220 70.00 
' Pyreno 

' 

0.010 " 25.00 0.49 0.75 66:00 6.30‘ 0.25 3.20 16.00 30.00 2.70 3.10 1.90 56.00 
. 

Benz(a)anthraoene 0.010 " 12.00 0.34 0.52 24.00 3.30 0.14 1.30 - 8.30 15.00 1.70 1.90 1.30 25:00 
; 

Chryseneo 0:010 " 12.00 0.39 0.56 25:00 ~ 3.60 0.15 1.50 9.00 15.00 1.50 ‘2.20 - 1:30 26.00 
Benzo(b)fluoranthene 0.010 " 13.00 0.44 0.58 29.00 4.40 0:1 7 1.70 11.00 20.00 -2.20 -2:50 1.90 ‘ 33.00 

j 

Benzo(k)fluoranthene 0:010 " 9.30 0,32 0.46 »1200 1.50 0.07 0.64 5.10 8.50 0:74 095 .7 0.67 14.00 . 

Benzo(a)pyrene 01.010 " 14.00 0.44 0.60 26.00 3.80 0:15 1.40 6:60 18.00 ‘ 1.70 2.10 1.60 30:00 
Indeno(1,2-,3-od)pyrene 0:010 " 12.00 0.34 0.44 18:00 2.60 0.09 0188 5.80 13.00 1.10 1.30 0.96 21.00 

7 Dibenzo(ah)anthracena 0.010 " 2.00 . 0.08 0.10 2.60 0.54 0.02 0.19 1120 1.80 0.25 0.32 . 0:22 3.00 
Benzo(ghi)perylene 0.010 " 11.00 0.29 0.37 17.00 2.50 0.07 0.66 5.50 12.00 - 0132 1.00 . 0.75 20.00 
TOTAL PAH: -171.60 5.16 7.48 541.60 50.44 2.16 20.83 120.25‘ 213.80 24.12 36.56 18.82 372.50
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Table B5; -Continued. 

Si:e'lD.-' 70RR53 70RR54 70RR55 70RR56 70RR57 70RR58‘ .70RR59 70RR60 70RR61 70RR62 7.0RR63 70RR64 70RR65 70RR66 
Date Sampied: 14-Nov.-2002 14-Nov-2002 14Nov-2002 14'-Nov-2002 1'4-Nov-2002 14-Nov-2002 14-Nov-2002 14-Nov-2002 15-Nov-2002 15’-Nov-2002 15-Nov-2002 15-Nov-2002 15-Nov-2002; 15-Nov-2002 

Component MDL Units 
Anroclor-1016 - 01038 uglgm < <0.043' <0.051 -<0.041- -<0.049 <0.043 < <0.043 <0;039 <0.044 < < .<0.049 <0.048 
Aroclor-1221 0.015 " < <0.017 <0.020 <0.016 <0.019 <0.017 < <0.017 < <0.017 < < <0.019 <0.019 
Aroclor-1232 0:038 " < <0.043 <0.051 <0.041 <0.049 <0:043 < <0.043 <0;039 <0.044 < < <0.049 <0.048 
Aruclor-12.42 0:038. " < <0.043 <0.0511 <0.041 <0.049 <0.043 < <0.043 <0;039 <0.044 <- < <0:049 <0.048 
Arodor-1248 ‘ 05021 " < <0.024 <0:028 <0.023 <0.027 <0.024 < <0.024 <0.022 <0.024 <- < <0:027. <0.‘027 

Aroclor-1254 0.059 " < 0.089 0.230 0.079 ' 0.160 0.095 0.07.7 <0.067 0.065 0.078 < < <0.077 <0.075 
Aroclor-1260 0.031 " <1 0:140 0220 0.073 0.130: 0.089 0.072 0.037 0.065 0.095 0055 < 0.056 0.065 
Aroclor-1262 0:031 " < <0.035 <0:042 ‘ <0.034 <0.040 <0IO35 < <0.035 <0i032 <_0.036 < < <0:040 <0.040 
Arooior-1268 0.031 " < <0.035’ <0.042 <0.034 <0.040 <0.035 < <0.035= <0.032 <0.036 < ' < <0.040 <0.040 
TotaI:PcBs 0.059 1" < 0.230 0.450 0.150 0.290 0.180 0.150 <~ 0.130 0.170 < < < 0.065 

Naphthalene ‘ ' 0.010 mglkg 0.28 4.40 100.00, 150:00 -36.00 27:00 15:00 39000’ 5:20 7.60 33.00 5.60 3.80 7.40 
Aoenaphthytene , 

01010 " 0.02 0.26 14.00 34.00‘ 12.00 7.10 7.60 270.00 1.40 1.50 7.40 5:50 0:76 5530 
Aoenaphthana 0.010 " 10.01 0110 24.00 68100 17.00‘ 17.00 22.00 120.00 2.50 2.40 17.00 2290 0153 

' 

13.00 
Fluomne - 0.010 " 0.07 0:34 33100 90.00 22.00 -16.00 21.00 320.00 2.80 3.10 17.00 6580 1.10 15:00 
Phenanthrena ' 0.010 " 0.12 1.20 150.00 500.00 150.00 98200 130.00 2000.00 15.00 18.00 100.00 43.00 5.60 - 110.00 
Anthraoe 0:010. " 0.05 0.49 50.00 ' 110.00 50.00 33.00 38.00 500.00 4280 5.40 35.00 14.00 230 34:00 
Fluoramhene " 

0.010 " -0:28 2.80 170200 450.00 170.00 110100 180100 150000 20:00 20.00 . 100.00 44.00 7.50 140.00 

Pyrené ' 05010 " 0.24 2.00 130.00 350.00 130.00 81.00 120:00 1100.00 15.00 14.00 79.00 34.00 5.40 -100.00 
Beflz(a)an'thraoene 0.010 " 0.17 1.30 58.00 120.00 68.00 41.00 58.00 500.00 8.70 7.30 38.00 13.00 3:50 45:00 
Chrysene ' 0:010 " 0318 1.30 57.00 120.00 68.00 40.00 57.00‘ 480.00 8.70 7.60 38.00 14100 3:60 45:00 
Benzo(o)fluoranthene 0.010 " 0:21 2.20 73:00 13000 62.00 38:00 53.00 440.00 9100 7.60. 3600 13:00 3.60 46:00 
Benzo(k_)f|uoran1hene 0.010 " 

I 
0.08 0:75 29.00 :54.00 50.00" 31.00 42.00 320.00 6:90 6.40 24.00 9.80 2:60 30.00 

Benzo(a);5yrene. 0.010 " 
- 0.19’ . 1.70 65.00 120.00 70.00 4.4300 -59.00 

’ 470.00 9.30 7.80 38.00 13.00 3.30 47.00 
‘lndeno(1,2,3-cd)pyrene ‘ ' 0;010 - 

" -0311‘ 1.00 46.00 82.00: 
' 50.00’ 31.00 40.00 30000 6:30 '5.30 23300 9:00 2:20 31:00 

Dibqnzo(ah)anthrawms 0.010 ’ " 0.03 -0.23 7.10 15.00 7.70 5380 6.90 48.00 1.10 0.94‘ 3.80 1:40 0.65 5.30 
Benzo(ghi)pery1ene 0:010 " 0.09 0.80 » 41.00 81.00 48.00 29.00 39.00 290.00 5.80 -5.10 23:00 8.7.0 2.00 30.00 
TOTALIPAI-In 2.13 20.87 1047.10 2474.00 1010.70 648.90 888.50 9048.00 122.50 120.04 

0 

612.20 237.70 48.44 704.00 

Silelb: 70RR67 70RR_68 70RR69 70RR70 70RR71 70RR72 70RR73 70RR74 70RR75 7038 7039 7040 7043 7061 - 

- Date Sampled. 15-Nov-2002 14-Nov-2002 1'4-Nov-2002 15-Nov-2002 15-Nov-2,002 13-Nov-2002 >15-Nov-2002 14-Nov-2002 13-Nov-2002113-Nov-2002 13-Nov-2002 12-Nov-2002 15-Nov-2002 14-Nov-2002 
Cdmponenl MDL Units

7 

Arodor-.1016 0.038 uglgm <0.047 <‘ < -<'0.045 <0.044 < < <0.D41 < < < '< <0.039 <0.040 
Aroolor-1221 0.015 " <0.019 <- < <0.018 <0.017 < < <0:016 < < < < < <0.0_16 

Aroclor-1232 0.038. " <0:'047 < < <0.045 <0.044‘ < < <0.041. < < < -< 
. <0.039 <0.040 

. Arodor-1242 ' 0.038 " <0.047 < < <0.045 <0.-044 < < <0.041. < < < < <0.039 - <0.040 
Arodor-1248 0.021 " <0.026 <- < '<0.025 <0.024 < < <0.023 < < < 0.220 '<0.022 <0.022 
Aroclor-1254 0.059: " 0:120 < < <0.070 <0.068: 0.110 < 0.360 0.120 < 0.200 0.180 <0.061 0.087 
Aroolor-"1260 -0.031 " 0.210 0.046 0.056 0.089 0.052 - 0140 <- 0.350 0.100 01037 0.130 0.110 <0.032 0.120‘ 

Aroclor-1262 0.031 " <0.038: < < <0.037 <0:036 < < <0L034 < < < < <0.032 <0.033 
Arodor-1268 

' 

0.031 " <0.038- <- < <0.D37 <0.036 ' < <3 <0.034 < < < < ?<0.032 <0.033
5 

.‘l'otal'PCBs 0.059 " 0.330 < < 0089 < 0250 <‘ 0.720 0:220 < 0.340 0.510 <_0.061 0.210 ‘K
I 

Naphthalene 0.010 mglkg 6:30: .4:20 6.20 7.20 3.90 12:00 2.20 11.00 13.00 0.64 0.75 0.51 3.30 11.80 
- Acenaphthyiene ‘0.010 " 2.80 0:91 - - 2:90 4:70 3.10 1.90 1.20. 1.40 1.60 0.07 -0.14 0.09 1.10 0.40 
Aosnaphthene 0.010 " 6:20 0.41 4.70 7.60 -2:90 0.93 0:78 0.68 1.10 0.07 0.11 0.07 1:20: 0.21 

Fluorene 0.010 " 5:80 0.73 4.70’ 8.10 4.00 1:80 1.80 3:00 2.40 0114 2.40 0.59 1.90 0.42 
Phenanthrane 0.010 " 35.00 5.00 29100 58.00 26.00 7.00 11.00 7320 7.80: 0:84 1.=10: 0.70 9.60 1.90 

Anlhraoene 0.0.10 " 12.00 1.80 10:00 19.00 10100 3.50 2:50 3150 3.50 0.20 0.41 0.23 3.50 0.80 
Fluoranthene 0.010 - 

" 52.00 9.70 50.00 87.00 41.00 25.00 12.00 22.00 20.00 1:40 1.90 120- 12.00 3.60 
Pyrene 

' 0.0103 " 39.00 7.70 40:00 6900 ~- 32.00 21:00 8.80 18.00 16.00 1.20 1.60 1.00 -9:50 3100 
Bonz(a)anthmoene 

_ 
‘0.010 " 21.00 5230 20:00 35.00:‘ 17.00 ' 12.00 3.80 11.00 8.90 0.53 1.20 0:52 4.80 1.70 

Chrysene ' 0.010 " 21.00 5.80 20:00 36.00 17.00 12.00 3:50 11.00» 9.60 0.63 1.20 0:53 5:00 1.90 

Benzo(0)11uoIan1hene 0.010 " 
» 19.00" 5.90 21.00 36.00 21.00 17500 4.50 . 14200 13.00 0.71 1.20 0:62 6:00 2.60 

Benzo(k)f|uoranlhene 0' 0.010‘ " 16.00 4.70 16:00 26.00 8.10 6.70 1.80 6.00 5.40 0:30 40.53 0527 2.50 1.20 
1 Benzo(a)p_yrene 

' 

0.0_10= " 22.00 6.20 23:00 39.00 19.00 15.00 » 3.90 12:00 
' 

12.00 0.53 0.92 0.52 5.40 2.10 
|hdeno(1,2,3.-od)pyrene ' 0.010 ‘ " 15.00 4.30 16.00 26.00 12.00 1000 21-70 8.40 8.70‘ 0.36 0.48 0.32 3.80 1.50 

Dibenzo(ah)arithraoene 0010- " 2.50 v 1.10 2.70 4:30 - 1.80 1.70 0.43 1.50 1.30 0.08 0.12 0107- 0288 0:30 

Benzo(g_h|)pery|enIa 
' o.o1o " 14.00 

‘ 

3.90 15:00 25.'oo 12:00 10.00 2.60 3.10 5.00 0.31 0.39 0.28 3:60 1.20 

T0TAl.'PAH.I ' 

' 289.60 67.65 281.20 487.90 230.80. 157.53 63.51 138.78 132.30 8.01 14.45 7.53 73.88: 24.63

73



Table B5. Contmued. 
Site In: 70wA01 70WA02 7owA03 7.0w/104 70WA05 7OWA06 70WA07 7OWAO8 70WA09 70WA10 

‘ 
Datesampled: .21-Nov-2002 21-Nov-2002-21-Nov.-2002 21-Nov-2002 21-Nov-2002 21-Nov-2002 21-Nov-2002 21:-Nov-2002 21-Nov-2002‘ 21-Nov-2002 

. Component MDL ‘Unit: 
‘ 

_
7 

Aroclor.-1016 0.030 uglgm <.0.005 s0;039 < <0:039 <0.044 <0.051 <0.040 <0.050 <0.040 <0;054 
Arq'4‘;l0r—1221 

4 
0.015 " <0.020 <- <- < '<0.017 <0.020 <0.010 <0.020 <0.019 <0.021» 

Aro¢lor—1232 0.030 <0.005 <0.039 < <0.039 <0.044 <0.051 . <0.040 <0.050 <0.040» <0.054 
Amcnor-1242 0.030 " <0.005 <o.039 < <0;039 <0.044 <0.051 <0.040 <0.050 <0.040 <0.054 
Amdor-1240 0.-021 " 0.093»_ 

_ 
0.100 0.190 0.070 0.110 0300 0:210 0.110 0.130 0.150 

Aroclor-1254 0.059 " 0.1302 0.210 0.210 0.120 0.170 0.370 0.310 0.270. -0:200 0.320 
Aroclor—1260 0.031. " 0.250 0.300 0.400 0.270 0.330 0.000 0:500 0.030 0.510 0.000 
Aroclor-1262 0.031 " <0.053— < < <0.032 <0.035 <0.041 <0.032 <0.041 <0.039 <0.044 
Atodor-1268 0.031 " <0.053« < <- <0.032 <0.030 <0.041 <0.032 <0.041 <0.039 <o;044 
Total Pcas 0:059 " 0.470 0.000 0:000 0470 0.010 1.500 _1.100 1.000 01900 1i..100 

Napnmauene 0.010 mglkg 0.30 1.00 0.59 0.49 0.90 1.20 0.04 3.40 1.90 2.00 
Aoenaphthylene 0:010 - 

" 0.20 0.29 0.24 0.19 0.20 0.44 0.10 0.47 0.37 0233 
Acenaphthene 0:010 " 0:11 0:24 0.21 0.10 0.10 -1.00 0.20 0.31 0.27 0:20 
Fluorene 0.010 1 0.12 0.21. 0.21 0.14 0.22 0.27 0.20 0.32 0.25 0:21 
Phananthrana 0.010 " 0.72 ' 1.10 0.90 0.00 1.20 1.10 0.00 1.40 1.00 0.07 
Anthracene 0.010 " 0.25 0.40 0.32 0.23 0.05 0.32 0.20 0.39 0.39 0.31 
Fluoranthene 0.010 1 3.90 3.40 3.20 1:50 3.50. 3.00 3.20 2.40 3.00 1.90 
Pyrene 0.010 " 3.00 3:20 2.00 1.00 3.10 3.20 2.00 3.10 2.50 1:70 
Benz(a)anthrec0ne 0.010 2.40 1.90 1.50 1:00 2.00 1.00 1.00 2.30 1.90 1.00 
cmyseno 0.010 " 2.00 2.00 1.00 1:10 2.30 2.00 1.90 2.50 2.10 2.00 
Benzo(b)fluoranth0na 0.010 " 3.00 2.50 2.00 1.40 2.50 2.20 2.20 3.10 2.30 1.70 

2 
Benzo(k)fluoranth0ne 0.010 " 1.00 0.95 0.90 0.57 1.00 1.70 1.40 2.10 2.00 1.40 
B0nzo(é)pyren0 0.010 

' " 3.00 1.00 1.50 1.10 2.40 2.20 2.00 2.00 2.20 1.00 
|nd'eno(1;2,3~od)pyrene 0.010 " 1.70 0.99 0.77 0.50 1.30. 1.40 0.90 1:00 1.30 0:03 
Dibenzo(ah)anthr -4.. 0.010 " 0.35 0.24 0.19 0.13 0.29 0.32 0:24 0.41 0.20 0.20 

* Benz0(ghi)peryIene 0.010 " 1.30 0.05 0.04 0:50 1:20 1.20 0:02 1.40 1.10 0:72 
TOTAL PAH: 26.01 21.07 17.57 11.49 23.86 23.95 19.72 28.00 22.86 17.83 

Site In;- 70wA11 70WA12 _70WA13 70wA14 70wA15 7DWA16 70WA17 70wA10 70WA19 7owA20 pm sampled: 21-Nov-2002 21-Nov-2002 21-N‘01i_-2002 21-Nov-2002 21-Nov-2002 21-Nov-2002 21-Nbv-2002 21-Nov-2002 21-Nov-2002.21-Nov-2002 
Component MDL 

_ 
Unit:

V 

_ 
Arocror-1010 0.030 uglgm < <0.052 <0;050 ‘<0:050 <0.050 <0.041 <o.002 < <0.042 <o:055 
Aroc1or-1221 0.015 " < <0.021 <0.020 <0.020 <0.020 <0.015 <0.025 < <0.017 <0.022 
Aroclor-1232 0.030 " < <0.052 <0.050 <0.050 <0.050 <0,041 <0:002 < <0.042 <o;055 
Aroclor-.1242 0.030 " < <0.052 <0.050 <0.050 <0.050 <0.041 <0;002. < <0.042 <0.055 
Aroclor-1248 0.021 " 0.043 0.110 0.077 0.100 0.190 <0.023 0100 < <0.023 <0.030 
Aroclor-1254 0.059 " 0.100 0.300 0.200 0.270 0.290 0.-490 0.210 < 0.900 0.900 
Aroclor-1260 0.031 " 0.170 0.010 0.040 0.540 0.730 1.300 0.570 0.002 1.300 0.040 
Aroclor-‘1262 0.031 " < <0;043 <0.041 <0:041 .<0.041 <0.034 <0.051 < 

, <0.034 <0.045 
Aroclor-1268 0.031 " < <0.043 <0.041 <0;041 <0.041 <0.034 <0.051 < <0.034 <0.045 
Total PcBs 0.050 -' 0.320 1.000 1.200 1.000 1.200 1.000 0.940 0.130 2.200 1.700 

Napimialene 10.010 mglkg 0.01 3.50 0.00 0:00 1.30 2.00 0.07 0.14_ 2.50 40.00 
Acanaphthylenev 0.010 " 0.21 0.30 0.43 0.30 0.37 1.20 0.50 0.05 0.90 «3.20 
Acenapntnene 

_ 

0.010 " 0.20 0.24 0.20 0.22 0.10 2.50 -0.21 - 005 4.90 30.00 
Fluorene 0.010 " 0.10 0.27 0.42“ 0:24 0.21 

V 

0.37 0.27 0.05 4.70 27.00 
‘Phenanthrene 0.010 " 0.44 1.10 1.70 1:20 0.95 1.00 1.40 0.24 27.00 130.00 
Anthraoene 0.010 " - 0.15 0.34 0.49 0:37 0.33 0.40 0.41 0:07 9.10 32.00 
Fluoranthene 0.010 " 1.20 1200 2:10 4.40 2.00 3.90 7:30 0:05 40.00 150.00 
Pyrene 0.010 " ‘1.00 130 1:00 3.00 2.40 3.20 0.40 0.74 37.00 120.00 
Benz(a)anthraoene 0.010 " 0.75 1.00 1.50 3.00 1.70 2.00 4.50 0.52 10.00 42.00 
Chrysene 0.010 " 0.00 1:30 .1.70 3.20 1.90 2.00 5.10 0.52 15.00 30.00 

:

J 

.__ . )fluorahthene 0.010 " 0.02 1:50 -2.00 3.70 2.30 2.70 0.70 0.50 10.00 35.00 "5 
; )fIuoranth0n0 0.010 " 0.53 1:20 1.00 2.00 1.50 1.00 400 0.34 0.40 14.00 

Benzo(a)pyrene 0.010 " 0.00 1.00 2.10 3.50 2.00 2.50 0.40 0.40 12.00 20.00 
|nd0no(1,2;3-cd)pyrene 0.010 " 0.30 0200 1.20 2.00 _ 1.30- 1.70 4.10 0:20 0.10 12.00‘ - 

Dibenzo(ah)anthrao0ne 0.010 " 0.09 0.22 0.30 0.40 0.29 0,44 0.00 0.00 1.10- 2.40 » I 

‘Benzo(ghi)pery|ene 0.010 " 0.31 0:73 1.10 1:50 1.00’ 1.40 3.00 0.20 5.201 9.00 
TOTAL PAH: . 8.47 18.66‘ 24.92 31.45 20.53 31.99 53.22 5.12 21198 715.40



.

A

I 

Table B6_. Metal and nutrient concentrations in Randle Reef sediment (top'10 cm). Values in p.g/ g dry 
W61 . .0 . 

ite 
‘ As 

RR01 . 

70. 

7o
1 

7ORR04 _ 
70RR05 

A 

70RR06 
70RR07 
70 
70RR09 
70RR1O 
7 RR1101 “ 

70RR1102 
70RR12. 
70RR13

_ 

7 1 

70RR1402 
70 1 5 
70RR16 
70RR17 1 

7 RR 8 
70RR19 
70 
70 

76 

Co‘ 

7.6 

.5

A 

10.1 

19.87_ 
‘ 200.03 
215.61 
1 .14 
8.13 
10.64 
10.75 ' 

13.05" 

.29 
16.35 
8.32 
6.91 
8 78 
6.18 

‘ ._7.21 
7.55 

A
4 
.88 
.79 

90.00 
1 . 9 

_
1 

111.4 
67.04 
35.35 
. 

.89 
2. 

53.37 
46.60 
78.03 
43.03 
29.11 
21.61 
53.24 
56.65 
82.32 ' 

48.87 
76.42 
50.5 

.00
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Tab_1e B6. 
it'_e 

Continued. 

A1203 AS 

1 .2 2.50‘ 

.4 

Cd

76



Table B6. 

Site 

Reference 

70RR2702 

Continued. 

1.28

77



Table B6. . Cor1ti11ued. 

T0t?ail"i5' 
' M 

Site Na2O‘ Ni P205 SiO§_’ 
" 
T102 Tb‘tal:N ‘TCC V V Zn 

(%??I.:. (%> 
. 

.1 W?) ‘ ("/9'5 " ' 

‘("/°) 
‘ 

. 

'- 

Reference_ 1.28. 
. 
29.00 0.16 - 37.00 -- 59.024 0.51 -‘ 1170000 - 1.86 644.00, 341.00 -q 97.00 

Median 
1 

. . . .. 
« 

. 

.

1 

70111141 1.39 10.33 0.23 34.74 54.63 0.40 .2030 2.10 1210 
_ 8.15 . 197.95 

70111142. 
' 

.1.54 12.55 0.24 45.39 59.28 0.37 1570 2.20 1300 
_ 

8.71 1 242.73. . 
.. 

70111143 .1.01- 
; 

9.30 0.22 86.37 44.00 0.31 1070 6.30 - 856 8.05 : 430.62 
70111144 ..1.14.. . 13.21 . 0.27 70.33 47.80 0.37. .1850 . . 4.50 1090 - 9.48 424.52»]f.T. 
70111145 ..1.34 1.85 0.20 31.51 51.56 0.39 2130 1.40 1070 6.71 133.93

‘ 

70RR46 1.39 . 7.63 0.27 53.11 55.70 0.39 784 2.20 _931 10.40., 181.90 
70111147 1.32 7.49 0.22 51.63 51.93 0.32 1910 6.70 1060 - 9.33 259.48. 
70111148 1.13 32.83 0.53 217.60. 49.25 0.43 .2047 5.20 2072 12.35 1709.62 
70111149 1.43 16.40 0.33 146.02 53.88 0.40 - 

. 1250 2.80 1110 10.06 . 766.03 
70111150 . 1.36 22.87 0.36 154.69 53.82 0.40 2170‘ 3.50 1540 10.61 797.91 
7011115101 1.40 . 18.20 0.35 . 108.56 54.14 .0.41‘.. 2120 3.00 

' 

.1490 10.82 
' 

593.01 
7011115102 1.40 18.16. 0.35 115.08 54.24‘ 0.42 g 1760’ 3.00 1240 10.89 60670 
70111152 1.25 20.52 0.36 135.76 . 48.65 0.38‘ . 

. 1590 5.40 1310. 8.35 1029.03 
70111153 1.61. 4.53 0.23 - 32.74 57.45 0.38 q 1015 1.40 771 6.37 198.12 
70111154 1.31 20.65 . 0.36 125.94 53.09 0.43 2201 3.20 1560 12.27 . 711.60 
70111155_ 0.75 39.00 0.38 

7 

284.74 39.43 0.37 2490 6.80 1390 . 10.58 1790.00. 
70111156 __‘_1_7(,).68 

_ 
1.93; .7 028 137.59 33.45 0.26 2280 .-10.30. 1330 10.51,. 586.36 

7011115777 
7 

-0.92 13.88 0.33 172.98 42.57 0.35 2180 5.10 1370 10.10 .. 979.79‘ 
701111587“ 0.93 

' 

7.67 0.30 109.67 41.09 0.32 1990 7.10 1310 8.74 
' 

652.18 
70111159 _ 71.237 9.03 0.27 

4 

113.01 46.50 0.31 1210 7.10 1012 6.86 872.07 
"70I11f1‘60 

_ 

._0.88' _8.0_0j 70.21 106.14 30.90 024 2440 9.00 1033 8.74 477.05- 

70111161 
8 

_ 

1.18 776.717" *__o.25 
7 1 

68.88. 46.07 0.33 . 1480 5.70 999 8.69 392.67 
E11162 f ’1.007 f;6.27 H 10.26 7775.36" 41.71 0.33 1650 7.80 1021 9.88 432.57 
70111163 0.91 

’ 

_ 3.97 970.25 66.80 40.08. 0.30 2070 7.60 986 10.12 358.37 
70111174 0.60 . 

_ 
8.00 

_7 
0_.19 39.45. 31.60 0.22 1540 5.30 706 9.13 

' 

182.00 
70RR65 1.28 86.43 0.30 

__ 
_51.48 50.34 .0.37_ 1420 2.50 1055 9.55 297.23 . 

7(')11i166_"”_ 
" 
"1129 

" 
16.914 

-' “0.30 132.85 50.70 0.38 1710 4.80 1380 9.46 1058.24 
70RR67 1.34 13.31 0.28 76.19 1 517.20" 0.3517 1504 5.10 1110 7.96 494.08 
7ORR68 1.17 29.81 0.54 215.68‘ 51.10 0.41. . 

2180 4.70 
7 

2640 11.30 _. 1602.36 
70RR69 1.29 

_ 

14.30 0.34 94.43 49.-11 0.35 - 1540 6.10 f 1210 
V 

"6.73 677.54 
70111170 1.30 . 20.12. 0.35 122.20 

“ 

50.03 0.37 1570 '_‘.5‘._'5_0 1750 8.29 986.74 
70111171 1.34 16.97 0.33 90.65 52.34 40.37‘ ’7‘__fj115_73_0 3.90 1430 9.66 - 604.70 
70111172‘ 1.27 '29-.-18 0.51 227.10 4-8.8'5’j_ 0.37 2140 6.90 2550 7.28 1765.23 

70111173 
‘ 

1.74 4 16.85 0.25 -1'27.0‘4’ 64.20 
4 

70.44 
_ 

577 2.00 858' 14.51 15:3.18 

70111174 1.23. 42.00 0.62 313.85 49.12“ ‘0.40‘_ 1830 
_ 

6.70 263.0. 7.74 2430.00 
70111175 1.24 21.47‘ 0.45 172.06 48.64 

' 

0.36‘ ‘1740’ 
_ 

6.40 A 1740 6.74 1163.54 

7038 1.58 18.22 0.271 85.06 60.-25 0.37’ 
‘ 1140‘ 2.10 

_ 
_.1160 1.39 287.72 

7039" 
A 

1.23 21.14 0.34 190.80 52.65 0.49 1910"‘ 5.20 1330 __11_.39 948.39 
7040‘ ‘ 

1.21 7.76 0.21 49.51 50.60 0.36 1930 3.30” “885 9.97 230.81_ 
7043 1.17 ’”8.00‘ 70.24 47.96 45.50 0.30 "1450 4.20‘ 818 88566‘ ‘277:29_ 

7061 1.42 24.73" 
8‘ 

0.47; 126.49 .-55.02 0.42 2480 3.30 2360. 12.18‘ ‘_7j7.5._49 

\l G)
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Table B7.

~ 

Reference 

Metals and nutrient concentrations in Windermere Arm sediment (top10 cm). Values in ug/g 

10.24- 

A-.5 

2.50 

4.1’
' 

0.80 11.00 39.00 23 .00 

86.76 

75.06 

30.86 
232.-6.1..

. 

1 1.2.. 

6 .48

6 

dry weight unless othefwise noted. Exceedences of SELS are highlighted. 

0.04 ' 

Mn

79



Table B7. Continued. 

Site N820 Ni P205 1’b SiO2 T102 Total N TOC Total 1’ V Zn 
(%) (%) (‘.’/o.) (%) ("/3.») 

Reference 1.28 29.00 0.16 37.00 59.02 0.51 1700.00 1.86 1 644.00 34.00 97.00 
Median 

' ' 

70WA01 0.69 34.65 1.55 7 44T1‘2" ""0f54"" "7750 7110 14.371” 977.81 
70WA0201 0.85 23.83 0.61 145.92 60.50 0.42 

8 

25507 
A 

2.807 
7 

2510 -9183 
“ 

871-4146. 

70WA0202 0.83 24.15 0.57 . 145.10 62.07 0.39‘ 2630" 2.90 2640 9.590 790f04' 
' 70WA03 0.85 24.49 0.53 118.06 56.21 0.47 2830-“ 2.00” A 2703-" V 

-12.18"
H 

70WA04 1.11 20.65 . 0.49 
' 

103.59 51.84” 0.52 200.0" 2.10‘ 1910 ,‘1‘3.9’9f 
‘ 

.602_._98. 

WWAOSOI ' 

1.06 25.65 0.79 151.88 52.59’ 0.48 
'7 “3271"0" ’ 3.80" 2880 i’1.1’7’_ 921.69 

70WA0502 0.90 25.47 0.79 144.55 52.23 0.50” ”3‘84f0'7 4' 

3.90" 3330 12.09’ 892.00 
70WA067 

, 0.71 42.13" 0.78 296.44 45.347 0.50 
7 1347017” 44.40" 3300 

V 

16.67__ 1902.50 
“WVA07 0.87 23.27 0.45: 132.60 66.40 0.32 2590 

’ 7 1.10"" 2890 7.15". 746.313" 

70WA0801 0.72 49.00 0.78 259.77" .42.64 0.48 3760 5.00 3030 11.59 1830.00 
70WA0802 0.72 49.00 0.75 258.13 41.70 0.46‘ 4690 4.90 3830 

' 

11.60 1790.00 
70WA09 0.93 24.93 0.62 _ 173.79 47.28 0.47 3540 3.80 2970 13.47 1055.73 
70WA10 . 0.86 18.34 0.53 

1 

158.99 47.42 0.62 3800 4.10 2880 . . 8.83 1000.04 
70WA1 1.12 8.04 0.27 64.98 54.42 0.33 1380 1.20 1200 6.38 3902.04 

0.85 16.19 0.42 169.14 45.52 . 0.37 2940 4.00 1890 9.35 1038.88 

70W_A1202 0.83 17.31 0.43 168.23 45.10 0.37 2680 3.50 1710 8.67 1060.02 
70WA13 0.65 43.00 0.54 279.61 ‘ 39.03 0.42 3481 4.90 

I 

2348 13.47 1960.00 

70wA1401 _ 
0.82. 29.92 1.07 160.32 51.67 0.52 4632 4.50 4721 11.83 961.84 

70wA_140‘2 _0.78 _30.71 1.09‘ 159.54 50.57 0.51 5060 4.80 5389 11.48 964.21 
70wA1_j5‘_ 0.93 28.07 0.78 201.68 48.93 0.48 

1 38251 4.40 3588 10.56 1218.38 

70wA16_ 
“ 

__ 0._9‘_6_____M54.00 
~ 0.75‘ 330.31 40.20 0.42 3945 4.90 4230 -13.71 2360.00‘ 

70WA1'-7; 
V 

0.65__ V 
31.19 1.36 161.83 45.51 0.52 6900 5.30 7400 11.37 1012.24 

’70WA18"‘ ‘ 

0.43] 7.01 
_ 

0.12 28.28 86.07 0.09 607 0.30 722 4.58 148.49 
70WA1'901 0.67 34,55 _ 0.71 308.48 50.48; 0.48 4600 4.00 4690 13.74 1744.48‘ 
70WA’1‘90'2' "0.67 

' 

34.92 0.76 299.37 49.59 _ 
0.46 3610 4.00 4480 11.89 1717.57 

70WA‘20"‘ ” 0.44“ ’ 

40.44 __0.89 468.47 35.90 0.45 5030 6.70 5140 20.25 2944.52 4

WO



. "Table B8. 

Site 

Measured environmental variables in Gverlying water (Randle Reef). Values in mg/L dry 

emp emp otal 
(Bottom) (Surface) Kjeldahl 

’ N 
.60 - 0,; 

NH; Alkalinity Conduct. DO 
(pS/cm) 

N03/N02 p
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Table B8. 
Site 

Continued. 

Alkalinity Conduct. 
(us/cm) 

pH Temp Temp Total Total P‘ 
(Bottom) (Surface) Kjeldahl 

9.97 
9.94

N 
.1: 

9.97 
9.97 
9.80 

0) l\)
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Table B9. Measuxed environmental variables in overlying water (Windermere Arm). Values in mg/L dry 
weight unless otherwise noted. 

Site Alkalinity Conduct. 
(us/cm) 

Do NH; ‘N03/N102 pH Temp
. 

(Bottom) 
(°C) . . 

Teiiipm
1 

(Surface) 

_ 
.<‘.’7C‘>. 

_- 

717515177777 

Kjeldahl
N 

7175011715‘ 

Refe_re_nce 
7' 

Median 
88 8.76 0.24 8.07 113.670 0.115" 7770.071

1 

70WA01 '_ 102 1050 6.81
' 7 

10.89 4.00 7.35 11.44 11.30 2.07
’ 

70WA020l 99 6357. 7.47 0-84 3.13 ‘7.66 10.37’ 7. 10.40 0.1.3 

70WA0202‘ 100 857 7.47 . 0.84 3.02 7.66 10.37 10.40_
7 

1 ..'_5.8 
_ 
0.13 

70WA03 103 854 7.83 0.94 3.32 7.5.0 1030 10-35 2.10 
6 

0.70 
70wA04 99 802» 

6 
3.07

_ _ 
0.33 3.02. 757 ~ 10.10 10.10 1.54

‘ 

70.12 
' 

70WA0501 ' 

102 873 7.80 0.94 73.40 7.60 10.51 10.55 1.73 0.13 
70WA0502 101. 873 7.80 

_ 

0.95 
A 

3.41 7.60 
' 

10.51 10.755 1.89 . 0.12 
70WA06

, 98 845 7.02 0.88 2.87 7.74 
A 

10.05 10.01 1.55 
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Toxicity Ordination Plots APPENDIX C 
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