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EXECUTIVE SUMMARY

The Algoma Slag Dump is an approximately 400 hectare Algoma Steel disposal site located

above the St. Marys Falls, at Sault Ste. Marie, Ontario, partially on land reclaimed from the river.

During August 16* - September 8*, 1989, the Ontario Ministry of the Environment (OMOE)
conducted a sediment contamination and biological monitoring assessment of the Algoma Slag

Dump nearshore. This study was a follow-up to sediment contamination and landfill leachate

problems identified by previous Ministry studies in 1984 through 1987. Leachate infiltration

from the dump to the river was identified in 1988.

The 1989 study involved the collecfion of sediment samples at 16 locations along the dump
shoreline to determine sediment quality; an additional upstream station in Point aux Pins Bay

served as upstream control. The samples were analyzed for persistent contaminants, including

arsenic, cyanide, heavy metals and polycyclic aromatic hydrocarbons (PAHs). Also, unionid

mussels (Elliptio complanata) in cages were exposed at these same stations for a period of three

weeks to determine the biological availability of these inorganic and organic contaminants to

aquatic organisms.

Sediments at many of the locations around the dump shoreline contained elevated concentrations

of organic carbon, arsenic, cyanide, several heavy metals and PAHs. Concentrations of most

contaminants were generally higher at stations located along the eastern half of the shoreline of

the dump (i.e., closer to the Algoma Slip). Arsenic, cadmium, chromium, copper, iron, lead,

manganese, nickel, zinc and total organic carbon concentrations exceeded the respective

Provincial Sediment Quality Guideline (PSQG) Lowest Effect Levels (LELs) at the majority of

stations sampled. Arsenic, iron, manganese, zinc and total organic carbon also exceeded their

respective PSQG-Severe Effect Levels (SELs) at a some stations. Levels of available cyanide

were above the Provincial guideline for open water disposal of dredged material at most stations.

Concentrations of Total PAHs as well as of 12 individual PAH compounds also exceeded their

respective PSQG-LELs.

Although mean concentrations of arsenic and some metals in the mussels were higher at a few of

the stations, these differences were not statistically significant from each other or from pre-

exposure concentrations. The spatial pattem of PAH bioavailability and hence, accumulation by

the mussels differed from that of metals, with accumulated concentrations being significantly

higher at the most easterly stations (i.e., closer to the Algoma Slip). Mussel tissues tended to

contain higher concentrations of the more water soluble PAHs (e.g., naphthalene), and very little

if any of the lower solubility/higher molecular weight/higher octanol-water partition coefficient

compounds (e.g., benzo(g.h,i)-perylene), which were nevertheless present in the sediments. This

suggests that the more bioavailable PAHs are those which are more water soluble and present at

higher concentrations. Of the 16 PAHs analyzed for, phenanthrene, naphthalene, fluoranthene

and pyrene were on average, present at the highest concentrations.



Based on preliminary data from this and other Ministry studies, the Cleanup and Restoration

Task Team of the St. Marys River Remedial Action Plan identified and prioritized a number of

areas of contaminated sediments and benthic invertebrate community impairment to be

considered for remediation and monitoring. As a result of this process, the Algoma Slag Dump
was ranked the third-highest in priority, just below the Algoma Slip and Bellevue Marine Park.
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1.0 INTRODUCTION

The Algoma Slag Dump is a large (approximately 400 hectare) area adjacent to the upper St.

Marys River that has been used since about 1910 for the disposal of slag from iron and steel

making. Over the years, the original shoreline has been changed considerably due to infilling

with slag and various wastes (Fig. 1). The disposal of waste materials including waste oil,

pickling liquor. Terminal Basins dredged material, coke oven wastes, and the storage of PCBs
has ocurred in specific areas of the dump (Fig. 2). The area immediately west of the Algoma Slip

is used for the stockpiling of coal and calcium carbonate used in coke production and steel-

making, respectively. Dust suppression on the dump roads has employed waste oil containing

coal tar. In 1986, an area near the western end of the dump was modified to accommodate

docking of vessels for the A.B. McLean sand and gravel operation (Fig 2).

Analysis of water samples from wells drilled on the Slag Dump during 1981-82 detected the

presence of a number of contaminants in a groundwater mound located under the site. These

included: chloride, sulphate, ammonia, phenol, mercury, solvent extractables, and the polycyclic

aromatic hydrocarbons (PAHs) fluoranthene, perylene, benzo(k)fluoranthene, benzo(a)pyrene,

benzo(g,h,i)perylene, indeno( l,2.3-cd)pyrene and pyrene (Geocon, 1983)

Previous Ministry studies of sediment quality and benthic invertebrate communities (McKee et

al., 1984; Burt et al, 1988) detected elevated concentrations of some metals and of PCBs along

the slag dump nearshore. In 1987, surficial sediments collected in the river near the eastern end

of the dump (OMOE, unpubl. 1987 data) contained elevated (above upstream background and

Provincial open water dredged material disposal guidelines) concentrations of cadmium, iron,

lead, magnesium, manganese, zinc, phenol, PAHs, solvent extractables and organic carbon

(Appendix A). These concentrations were possibly related to a back-eddy effect (i.e., upstream

flow) of the discharge of contaminants from the Algoma Slip, as well as to surface runoff and/or

leachate from the site. Also, an oily material on the sediment surface and surface oil slicks were

observed in Spring and Bennett Creeks in early 1987. (Bennett Creek discharges to the upper

end of the Algoma Slip). Investigation and sediment core sampling in these creeks (see

Appendix B, Fig. B-1) detected the presence of a fluid, oily substance, with a creosote-like smell

on the surface of the sediments and oil- or tar-saturated deeper layers with a similar odour

(Wager et ah, 1987). Analysis of samples revealed the presence of numerous unsubstituted and

substituted PAHs at elevated (high ppb to low ppm) concentrations in the oily layer and in

subsurface core sections (Appendix B). Based on Fourier-transform infrared spectroscopy of

some of the samples, the presence of coal tar was confirmed. These findings were followed up

by localized clean-up by the industries (OMOE, 1987), involving the vacuum removal of about

3000 gallons of coal tar, and subsequent hydrogeologic studies (Conestoga-Rovers, 1988;

Ganner Lee, 1988) and site remediation and the installation of collection systems.

Elevated concentrations of chromium, iron, magnesium, manganese, zinc, certain PAHs and

solvent extractables were also found in sediment from the western end of the dump in 1987

(which is far removed from the influence of the Algoma Slip), suggesting losses from the site as
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the main source. Groundwater seepage had been identified as coming from some areas of

riverbed or submerged slag adjacent to the site. However, the main constituents of this seepage

were calcium, chloride and sulphate, while no PAHs were detected (Lee & Welch, 1988).

Follow-up work was conducted during 1988-89 to determine (among other objectives)

groundwater flow pathways, the quality of groundwater migrating off the slag dump, and the

contribution of the slag dump inputs to contaminant levels in the St. Marys River and on-site

creeks. This indicated that lateral groundwater flow was generally towards the St. Marys River

and that discharge of groundwater contaminated by on-site wastes occurs along the St. Marys

River shoreline, into the West Davignon Diversion Channel, the ditch along Baseline Road,

Bennett Creek and Spring Creek (Fig. 2). Groundwater fluxes into the St. Marys River are

upward through the river sediments and the shallow sediment water is chemically similar to

shallow groundwater from nearby areas of the Slag Dump. Relative to point (effluent) and non-

point (stormwater) source loadings (UGLCCS, 1989), the estimated mass fluxes from the dump
site contributed: negligible amounts of the total load of phosphorus, cyanide, phenols, copper,

iron and zinc; 3 % of the total chloride load; and 15 % and 32 %, respectively, of the BTX
(benzene, toluene, xylenes) and PAH loads. Despite the low percentages, concentrations of

numerous contaminants, including phenols, cyanide, cadmium, nickel, zinc, were above PWQOs
in shoreline monitoring wells (Berry-Spark & Tossell, 1990).

2.0 OBJECTIVES

The overall objectives of this study were to:

(i) obtain more detailed information on the quality of river sediment adjacent to the Algoma

Slag Dump and identify the most contaminated areas; and

(ii) provide information regarding source areas of biologically available contaminants to the

St. Marys River.

3.0 METHODS

The 17 sampling locations were in part selected to update information from earlier studies. Also,

additional "infill" stations were added to provide better spatial coverage of the dump shoreline.

Descriptions and coordinates for the stations shown in Figure 3 are provided in Appendix C,

Table C-1.

3.1 Physical Measurements

Water temperature and conductivity were measured at each station at the beginning (August 16"^'

and end (Sepember 8'^) of the three week mussel exposure period, using the appropriate



calibrated meters. Due to technical problems with the meter, dissolved oxygen could only be

determined on August 16'^. Current speed was also measured on August 16*, with a Marsh-

McBimey meter, while the survey vessel was double-anchored.

3.2 Sediment Sampling

Samples of surficial sediment were collected at the 1 7 stations on August 1 6, using a clean

Shipek dredge of 0.05 m- sampling area. The stainless steel bucket was hexane (glass-distilled)-

rinsed before sampling at each sation. At 13 of the stations, the top 3 cm of sediment from at

least three grabs was composited in a clean (hexane-rinsed) Pyrex® glass tray, and thoroughly

homogenized with a solvent-rinsed stainless steel spoon. Two additional replicate samples of

sediment were collected at two randomly-selected stations to provide data on within-station

variability (i.e., local heterogeneity). Also, sufficient sediment was collected at two other

randomly-selected stations to permit the analysis of blind duplicate (split) samples and provide

information on sample handling/preservation effects and analytical variability.

After a known volume of each sediment homogenate had been weighed and the field (wet)

weight recorded, the remaining material was distributed among the prescribed sample jars and

preserved as required (OMOE, 1989a)

3.3 Mussel Biomonitoring

Mature Elliptio complanata (Lightfoot, 1 786; Family Unionidae) specimens were collected from

Balsam Lake on August 14, and placed in large (20 litre) food-grade bioassay bags containing

lake water for transport to the study area. The mussels were of a restricted size/age class, i.e.,

long-axis shell length between 6.5 and 7.2 cm; age between 7 and 10 years. In previous

Ministry studies, this species accumulated detectable concentrations of persistent environmnetal

contaminants such as organochlorines (Kauss & Hamdy, 1985) and PAHs (Kauss & Hamdy,

1991) within a short exposure period (Kauss & Angelow, 1988).

On August 1 7, the day after sediment sampling, mussels were placed in the river. At each

station, 12 clean mussels were placed in a clean (hexane-rinsed) galvanized wire cage (about 30

cm X 36 cm x 10 cm), which was then anchored to the bottom, using a rope tied to a concrete

block. In addition, at three of the stations (121, 127 and 197) an extra cage of mussels was

suspended at mid-depth using a submerged float.

Cages were recovered on September 8, after three weeks' exposure. Once on board, the mussels

were immediately shucked, the soft tissues rinsed with clean water, the fresh (wet) weight

recorded, and the soft tissues wrapped in the following materials and frozen on dry ice: for heavy

metals - 3 replicates, each in a plastic (food grade) Whirl-Pak bag; for arsenic, cyanide and
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mercury - 3 replicates, each in a Whirl-Pak bag; and for PAHs and lipids - 3 replicates, each in

hexane-rinsed aluminum foil inside a Whirl-Pak bag. Additional mussels were wrapped as for

PAHs and lipids and mainatined in short-term archival storage (at about -15 degrees C), pending

receipt of analytical data.

3.4 Analytical Methods

Based on results from earlier Ministry studies, sediment samples were analyzed for a number of

parmeters, including physical characteristics, oils and greases, arsenic, cyanide, heavy metals and

PAHs. Mussel tissue samples were analyzed for arsenic, selected heavy metals and PAHs.

Analysis for these parameters (see Table 1 ) was performed at the Ministry laboratories in

Etobicoke, according to documented procedures (OMOE, 1983; OMOE, 1989b).

Table 1. Sample analytical tests.

Parameter or Scan



referred to as the Minimum Reportable Value or "MRV" in the following discussion of results.

Between the MDL and the T value, there is a 99 % confidence that the value is not a false

positive; however, confidence in the actual concentration may not be as high. Above the T

value, there is a greater than 99 % confidence that the value is not a false positive and also a high

degree of confidence that the analyte concentration is accurate.

4.0 RESULTS AND DISCUSSION

Data for individual replicate or split sediment and mussel samples are provided in Appendix C
tables.

4.1 Physical and Chemical Characteristics of Water

At most stations, there was little difference between the surface or the mid-depth measurements

of water temperature, dissolved oxygen or conductivity, and the values were within applicable

Provincial Water Quality Objectives (PWQOs) for the protection of aquatic life (Table 2).

Table 2. Water quality characteristics during 1989 study. Underlined value in shaded

cell does not meet applicable Provincial Water Quality Objective.

Station

Number



Over the three week mussel exposure period, water temperature was relatively constant, differing

by less than a degree Celsius. At all but one of the stations, dissolved oxygen was quite high and

supportive of a cold water fishery. However, on August 16, dissolved oxygen was 0.9 mg.l"' at

Station 196 near the east end of the dump. This is far below the desired PWQOs of 4 mg.l"' for

the protection of warm-water fish or the 5 mg.l' for the protection of cold-water fish (OMOE,
1984; OMOEE, 1994). Conductivity was realtivley constant, only being slightly higher at

Stations 204, 203, 197 and 196 on September 8 (Table 2).

There was no measurable current at many of the sampling stations on August 16"' (Table 2).

However, at Stafions 205, 204, 203, 122, 200 and 197, current speed ranged from 0.05 to 0.14

m.s"'. These speeds are below the minimum required for the erosion of unconsolidated coarse

silt (about 0.15 m.s'). At Stations 202 and 121, the currents of 0.24 and 0.32 m.s"'. respectively,

were close to or just above the minimum of -0.30 m.s' required for the erosion of consolidated

coarse silt. (The coarse silt fraction is represented by particles ranging in diameter between 3

1

and 62 /um.).

4.2 Sediment Quality

4.2.1 Physical Characteristics

Sediment at the Point aux Pins "control" Station 52 was silty-sand in nature, with abundant wood
fibres (Table 3). The wood fibres are probably related to use of this area for log booming

(OMNR archives). In contrast, sediments adjacent to the Algoma Slag Dump tended to be more

sandy (gritty) in nature, at times also including stones, organic ooze, coke granules, iron ore and

oil droplets. Laboratory analysis showed that sediments from stations along the dump shoreline

consisted mostly of sand and "fines" (i.e., silt and clay - see Fig. 4).

4. 2.

2

Contaminants

Overall, the mean concentrations ofTOC (49 g.kg"'), LOI (43 g.kg') and solvent extractables

(567 mg.kg"') for the 16 slag dump stations were below the concentrations at the Point aux Pins

Bay control station (66 g.kg"', 140 g.kg"' and 1 106 mg.kg"', respecfively). In contrast, the

average slag dump sediment concentrations of arsenic (7.65 mg.kg"'), chromium (34 mg.kg"'),

available cyanide (0.397 mg.kg'), iron (34220 mg.kg"'), lead (35 mg.kg"'), magnesium (7642

mg.kg"'), manganese (1048 mg.kg'), nickel (14 mg.kg'), zinc (200 mg.kg"') and of each of the

16 polycyclic aromatic hydrocarbon compounds (PAHs) as well as of Total PAHs (23.8 mg.kg"')

were considerably above the concentrations in Point aux Pins Bay, by factors ranging from two-

fold for nickel to about 130-fold for benzo(a)anthracene (see Tables 3, 5 and 6).

Concentrations of sediment contaminants were compared to the Provincial Aquatic Sediment

Quality Guidelines (PSQGs) (Persaud et al., 1993). These guidelines replace the earlier Open
Water Disposal Guidelines (OWDGs) (Persaud & Wilkins, 1976) which were used to assess the
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Table 4. Provincial Sediment Quality Guidelines and their significance (Persaud et al

1993).

Contaminant Concentration
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groundwater or runoff input(s) from the dump. The 1988-89 sampling of shallow perimeter

monitoring wells on the dump (reflecting potential discharge to the St. Marys River) found the

highest concentrations of cyanide near Station 203, with somewhat lower levels in wells near

Stations 121, 197, 196, 195 and 127. Concentrations of cadmium in well samples were highest

near Station 121, whereas iron and zinc were highest near Station 124 (Berry-Spark & Tossell,

1990).

Sediment Total PAH concentrations exceeded the PSQG-LEL of 4 mg.kg' at nine of the 16

dump stations, with concentrations ranging from 4.17 mg.kg ' to 81.2 mg.kg ' in samples (Table

6). Also, concentrations of all 12 of the individual PAH compounds for which guidelines are

currently available were above their respective PSQG-LELs. These compounds included:

anthracene, benzo(a)anthracene, benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene,

chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene, indeno(l,2,3-cd)pyrene, phenanthrene

and pyrene. (None of the individual PAH compound or total PAH concentrations exceeded their

respective PSQG-SELs at any of the stations sampled during this study.) As with many of the

metals, concentrations of PAHs were highest near the eastern end of the slag dump (i.e.. Stations

198, 197, 196, 195 and 127, with concentrations peaking at 127 - see Fig. 6). During 1988-89,

monitoring of shallow monitoring wells installed around the perimeter of the dump detected parts

Total PAHs at parts per billion (/ig.l') concentrations (Berry-Spark & Tossell, 1990). The

highest concentrations were found at wells in the vicinity of Station 203, with somewhat lower

levels in wells near Stations 205, 196, 195 and 127 (see Fig. 3).

Of the 16 unsubstituted PAHs analyzed for in the present study, fluoranthene, pyrene, benzo(b)-

fluoranthene and phenanthrene were, on average, present at the highest concentrations (see Fig.

10). This pattern in sediments is consistent with that observed during a 1985 study (Kauss &
Hamdy, 1991). It was suggested that high-temperature combustion, which occurs during the

burning of coal and production of coke, was the major source of these compounds.

4.2.3 Relationships Between Contaminants

Correlation analysis (Appendix Table C-5) indicated that the proportion of silt and clay (i.e.,

"fines") in sediments only correlated significantly with copper concentrations, and iron

concentrations were not significantly correlated with those of other analytes. Magnesium,

chromium and Total PAHs concentrations correlated significantly (p < 0.05) with each other.

Levels of all 16 of the PAH compounds were significantly correlated (p < 0.05) with each other

(r = 0.91 to 1 .0) in the sediments, as well as with arsenic, copper, cyanide, lead, mercury, nickel

and zinc levels (r = 0.49 to 0.75), and with TOC content (r = 0.72 to 0.77). Consequently,

concentrations of these analytes were TOC-normalized, assuming that the contaminants were

only associated with the organic carbon particles in the sediments. The resultant concentration

patterns (Fig. 1 1) are somewhat different from those of non-normalized data (Figs. 5 and 6). The

highest arsenic, copper, cyanide, lead, mercury, nickel and zinc concentrations in sediment

organic carbon would seem to be at the southeastern end of Leigh Bay (Stations 205 and/or 123)

and at the middle of the south shore (Station 199). In contrast, the pattern for PAHs changed

18
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Figure 9. TOC-normalized concentrations of arsenic, cyanide, copper, lead, mercury,

nickel, zinc and Total PAHs in sediments.
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Table 7: Comparison of 1987 and 1989 polycyclic aromatic hydrocarbons

concentrations in surflcial sediments from the Algoma Slag Dump and Point

aux Pins Bay. Concentrations in mg.kg' (ppm), dry weight.

Station:

Compound Year:



Table 8. Comparison of contaminants concentrations in sediments from other priority

areas in the St. Marys River. Shaded cells contain the maximum value of the six

areas. All concentrations are in mg.kg ' (dry weight).

Parameter



only slightly from the non-normalized concentrations

4.2.4 Contaminants Temporal Trends

Arsenic, heavy metals and PAH concentrations in sediments sampled in 1989 as well as in 1987

at Stations 52, 124, 121 and 127 are summarized in Table 7. Changes in contaminant levels over

the two years were variable, with regards to both station location and contaminant. For example,

TOC and a number of the metals increased in concentration between 1987 and 1989 at Station

52, but decreased at the slagb dump stations. Sediment PAH levels in Point aux Pins Bay
(Station 52) and Leigh Bay (Station 124) were close to or below the MRVs in 1987 and 1989.

and concentrations (e.g.. Total PAHs) have not changed at these two sites over the two years

between surveys. In contrast, concentrations decreased about four-fold at Station 121 and

increased two-fold at Station 127 over the same period. This may be due to the natural

heterogeneity of sediments in this area. In this regard, the coefficients of variation for

concentrations in 1989 replicate grab samples were usually similar to or higher than the CVs for

split samples (see Tables 3. 5 and 6), suggesting that this variability was related to local spatial

heterogeneity of the sediments, and not to sample handling and/or analytical variability. Periodic

disturbance or movement of the sediments can occur from physical factors such as wind-induced

currents (storms), wakes, prop wash or dragging of anchors by large vessels using the nearby

Algoma Slip, ice scour. As shown by the sediment data summarized in Appendix A, there were

marked within-year differences in some sediment quality parameters at stations sampled along

the Slag Dump shore in 1987. Finally, the periodic addition of slag to the shoreline and

construction of the A.B. MacLean docking facilty has undoubtedly changed the nature and
distribution of sediments adjacent to some sections of the dump.

4.2.5 Comparison ofConcentrations With Other Areas

Sediment contamination associated with discharges from the Sault Ste. Marie area has been
monitored at other locations or areas in the St. Marys River. Table 8 compares inorganic and

organic contaminant concentrations in sediments with six other downstream areas. With few
exceptions, all of the maximum arsenic and heavy metal concentrations in sediments from this

group of locations exceeded the respective PSQG-LELs, and in some areas, also exceeded the

applicable PSQG-SELs (cf Tables 5 and 8). The maximum concentrations of Total PAHs and of

many individual PAH compounds in all areas also exceeded their respective PSQG-LELs,
particularly in the Slag Dump. Algoma Slip. Belleview Marine Park and Lake George Channel
areas (cf. Tables 6 and 8). Overall, the group maximum concentrations of cyanide, a number of

heavy metals and solvent extractables were found in Belleview Marine Park sediments, whereas

Algoma Slip sediments contained the highest maximum levels of all a6 of the PAHs analyzed

for. In contrast, only the arsenic, iron, magnesium aqd zinc maxima were found within the 1989

Algoma Slag Dump sediment data.
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43 Mussel Contaminant Accumulation

4. 3. 1 Contaminants Spatial Pattern

Tables 9 and 10 summarize concentrations of arsenic, metals and PAHs in musssel tissues after

their three week exposure to water and sediment along the Slag Dump shoreline. Unfortunately,

cages could not be recovered at three of the locations, including the upstream control in Point

aux Pins Bay. Therefore, comparisons are made to the pre-exposure (Balsam Lake)

concentrations in the mussels.

Although mean concentrations of arsenic and some metals in E. complanata were higher after

exposure at a few of the stations (e.g., Fig. 8), the majority of differences were not statistically

significant (p > 0.05) fi-om each other or from pre-exposure concentrations. Only the

concentrations of lead ^t Station 123 (0.94 mg.kg"') and magnesium at Station 127-M (352

mg.kg"') were significantly higher (p < 0.05) than concentrations in mussels at the other stations

(Table 9).

The spatial pattern ofPAH bioavailability and hence, accumulation by the mussels differed from

that of metals, with accumulated concentrations often being significantly higher (p < 0.05) than

pre-exposure at the most easterly stations (i.e., beginning at Stations 198, 197 or 196 - see Table

10 and Fig. 9). For example, the mean Total PAHs content of Stations 196 (2698 /Ug.kg-1) and

195 (2361 ptg.kg-\) mussels were significantly higher than at all other stations (see Table 10).

There was no significant difference (t-test and MANOVA-Tukeys HSD test; p > 0.05) between

the mean concentrations of Total PAHs or individual compounds accumulated by mussels

exposed only to water (at mid-depth) or to both sediment and water (on the bottom) at Stations

121 and 197 (Table 10 and Fig. 1 1). This indicates that, at least at these two stations, the primary

exposure route of for filter-feeding aquatic organisms is aqueous. There was however, a

significantly higher (p < 0.05) concentration of Total PAHs as well as the more water soluble

PAHs (acenaphthene, acenaphthylene, anthracene, fluorene, naphthalene and phenanthrene - see

Fig. 12) in mussels exposed to the sediment at Station 127, near the Algoma Slip entrance (Fig.

3). The reason(s) for this difference are presently unknown.

Mussel tissues tended to contain higher concentrations of the more water soluble and lower

molecular weight PAHs (e.g., naphthalene), and very little if any of the lower solubility/higher

molecular weight/higher K„^^ compounds (e.g., benzo(g,h,i)perylene and dibenzo(a,h)anthracene),

which were nevertheless present in the sediments (see Table 6). Of the 16 PAHs analyzed for,

phenanthrene, naphthalene, fluoranthene and pyrene were, on average, the dominant compounds

in mussel tissues (Fig. 10). This PAH abundance profile is similar to that observed during a

1985 biomonitoring study in the river (Kauss & Hamdy, 1991).

PAH accumulation by mussels may well be related to discrete inputs from the Slag Dump.

During 1988-89, Total PAHs concentrations in shallow perimeter groundwater monitoring wells
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on the slag dump ranged between 0.7 and 61 A^g.l"' (Berry-Spark & Tossell, 1990). The highest

concentrations were found at wells in the vicinity of Station 203, with somewhat lower levels in

wells near Stations 205, 196, 195 and 127 (see Fig. 3).

Correlation analysis on log-transformed replicate data showed that concentrations of most

individual PAH compounds in mussels were significantly correlated (r - 0.58 to 1.00; p < 0.05)

with each other and occasionally with lipid content, but only rarely with mercury levels

(Appendix Tables C-8 to CIO). Indeno(l,2,3-cd)pyrene concentrations did not correlate

significantly with those of other PAHs, probably due to the high frequency of non-detects for this

compound. Of the heavy metals, cadmium, magnesium, manganese and zinc concentrations

were significantly correlated with each other (r = 0.58 to 0.83; p < 0.05). Tissue arsenic levels

were not significantly correlated with any of the other contaminants analyzed for.

4.3.2 Contaminants Temporal Trends

Ministry biomonitoring studies for PAHs were also conducted in 1985 and 1987, using the same

mussel species and methodology. PAH compound concentrations accumulated by with EUiptio

complanata at Stations 124, 123, 121 and 127 in 1985, 1987 and 1989 are summarized in Table

1 1 . Trends in PAH concentrations over the two or four year period were variable with regards to

station location. For example, levels of Total PAHs at Leigh Bay stations (124 and 123)

increased four- to nearly seven-fold between 1985 and 1987 and 1985 and 1989, respectively. At

Station 121, concentrations were five-fold higher in 1987 than 1985, but were four-fold lower in

1989 than 1987. For all years, the greatest Total PAHs accumulation occurred at Station 127,

although 1989 concentrations were about half those in 1987. These year-to-year fluctuations

were also evident in the concentrations of individual PAHs (Table 11), and may be related to

temporally varying concentrations of these PAHs (particularly the more water-soluble

compounds) in the water filtered by the mussels. Such concentration differences may be related

to changes in the magnitude of loadings (i.e., groundwater inflow, surface runoff) fi-om the Slag

Dump.

4.4 Mussel-Sediment Contaminant Relationships

There was a significant correlation between Total PAHs in mussels and their lipid content

(although there was considerable scatter), but not between lipid-normalized concentrations in

mussels and TOC-normalized sediment levels (Fig. 13). The average PAH compound profile in

mussels also differed somewhat fi-om that in sediments (cf Figs. 7 and 10). This suggested that

the mussel PAH concentrations are not directly related to the filtering out and ingestion of

contaminated sediment particles. Rather, they are related to PAH concentrations in the water,

which are perhaps also responsible for the elevated sediment PAH concentrations. An earlier

biomonitoring study found no significant correlation between the concentrations of individual

PAHs in mussels and in sediments (Kauss & Hamdy, 1991).

Concentrations of Total PAHs in the mussels were compared with those in the corresponding
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sediments at each station to determine if there was any significant relationship. As shown by

Figure 13, this relationship was equally positive and strong (r^ = 0.75; p = 0.0001) whether the

mussel concentrations were expressed on a wet weight, or a dry weight basis (using

concentrations in mussels converted to a dry weight basis using the moisture content data in

Table 9). Consequently, biota-sediment accumulation factors (BSAFs) were calculated on a dry

weight basis (Table 12). The BSAFs were often less than 1 (indicating no bioaccumulation from

sediments), particularly for PAHs of lower water solubility and greater tendency to partition onto

organic carbon in the sediments, such as benzo(b&k)fluoranthenes, benzo(a)pyrene and

indeno(l,2,3-cd)pyrene (Table 12). Bioavailability was, however suggested by the BSAFs
(range: 1.1 to 14.7) for the more water soluble PAHs (i.e., acenaphthene, anthracene,

fluoranthene, fluorene, naphthalene, phenanthrene and pyrene) at some of the Leigh Bay/west

end of slag dump stations (numbers 205, 123, 204, 203). The maximum of this BSAF range is

somewhat greater than the range (< 0.0001 to 8.96) reported from a 1985 study (Kauss &
Hamdy, 1991).

5.0 CONCLUSIONS AND RECOMMENDATIONS

(i) Sediments at many of the 16 locations sampled around the Algoma Slag Dump shoreline

contained concentrations of persistent contaminants - including arsenic, cyanide, heavy

metals and polycyclic aromatic hydrocarbons (PAHs) - above levels at the upstream

control station in Point aux Pins Bay. Concentrations of most contaminants were

generally highest at stations located along the eastern half of the dump, adjacent to the St.

Marys River and close to the Algoma Slip (i.e.. Stations 199, 198, 197, 196, 195, 127),

with the peak concentrations usually occurring at Station 1 99. This may be related to

groundwater or runoff input(s) from the dump.

Concentrations of all 16 individual PAH compounds were significantly correlated with

each other in the sediments, with TOC content, and with arsenic, copper, cyanide, lead,

mercury, nickel and zinc levels. This suggests common source(s) of these contaminants.

When normalized to TOC content, the highest arsenic, copper, cyanide, lead, mercury,

nickel and zinc concentrations in sediments were at the southeastern end of Leigh Bay

(Stations 205 and/or 123) and at the middle of the south shore (Station 199). The pattern

for PAHs changed only slightly from the non-normalized concentrations (i.e., highest at

the eastern end of the dump shoreline).

Recommendation: Based on informationfrom this study, inputsfrom the dump should be

identified and controlled to prevent continuing adverse impacts on the St. Marys River.

(ii) Arsenic, cadmium, chromium, copper, iron, lead, manganese, nickel, zinc and organic

carbon (TOC) concentrations exceeded the respective Provincial Sediment Quality

Guideline (PSQG) Lowest Effect Levels (LELs) at the majority of stations sampled.

Arsenic, iron, manganese, zinc and TOC also exceeded their respective PSQG-Severe
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Effect Levels (SELs) at some stations. Levels of cyanide were above the Provincial

guideline for open water disposal of dredged material at most stations. Total PAH
concentrations exceeded the PSQG-LEL of 4 mg.kg' at nine of the 16 dump stations,

with levels ranging from 4.2 mg.kg'' to 81.2 mg.kg' in samples. Also, concentrations of

all 12 of the individual PAH compounds for which guidelines are currently available

were above their respective PSQG-LELs. Based on PSQG exceedences, sediments from

some of the slag dump stations were "marginally" or "grossly polluted". Such sediments

would have the potential to affect use by the more sensitive sediment-dwelling organisms

(marginally polluted) or significantly affect use by the majority of organisms (grossly

polluted).

Recommendation: Future surficial sediment quality surveys around the Algoma Slag

Dump should incorporate assessment ofthe status ofassociated benthic invertebrate

communities and sediment bioassays utilizing laboratory test species.

(iii) Trends in sediment contaminant concenfrations at four stations sampled in both 1989 and

an in 1987 were variable, depending both on station location and the specific

contaminant. This may be due to the natural heterogeneity of sediments in this area or to

changes in sediment quality due to physical factors, such as wind-induced currents, wakes

or prop wash from large vessels approaching the nearby Algoma Slip, and ice scour.

Recommendation: To obtain statistically valid informationfor the evaluation oflong

term contaminant trends in the sediments and hence, the efficacy ofany remediation

efforts, a subset ofthe stations sampled in 1989 should be periodically re-sampled (e.g.,

every 5 years or so), with replication.

(iv) Although mean concentrations of arsenic and some heavy metals in mussels were higher

at a few of the stations, these differences were in most instances not statistically

significant from each other or from pre-exposure concentrations, indicating either that

these elements are not biologically available to filter-feeding aquatic organisms or that

the exposure period was not long enough.

Recommendation: Future biological monitoring with caged mussels in this area should

incorporate longer exposure periods (e.g., 3 months or longer) to determine ifarsenic

and heavy metals are biologically available to aquatic organisms.

(v) Concentrations ofPAHs were significantly higher at the most easteriy stations (i.e., closer

to the Algoma Slip), indicating greater biological availability and higher concentrations

of PAHs in this area.. Mussel tissues tended to contain higher concentrations of the more

water soluble PAHs (e.g., naphthalene), and very little if any of the lower solubility and

higher molecular weight/higher octanol-water partition coefficient compounds (e.g.,
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benzo(g,h,i)-perylene), which were nevertheless present in the sediments. This suggests

that the more bioavailable PAHs are those which are more water soluble and present at

higher concentrations. Of the 16 PAHs analyzed for, phenanthrene, naphthalene,

fluoranthene and pyrene were on average, present at the highest concentrations in

mussels. Concentrations of most individual PAH compounds were significantly and

positively correlated with each other in the mussels and occasionally with lipid content,

but only rarely with mercury levels and not at all with arsenic or the other heavy metals.

This suggests a common source of the PAHs.

Recommendation: At locations with significantly higher PAH concentrations in mussels

inputsfrom the dump should be identified and controlled to prevent continuing impacts

on the St. Marys River.

(vi) Comparison to results for four of the 1989 stations also used in 1987 and 1985 indicated

year-to-year fluctuations in the concentrations of individual PAHs. These may be related

to temporally varying concentrations of these compounds (particularly the more water-

soluble compounds) in the water filtered by the mussels. Such concentration differences

may be related to temporal variability in the magnitude of inputs (i.e., loadings) from the

Slag Dump.

(vi) Concentrations of Total PAHs in the mussels correlated positively with those in the

corresponding sediments at the sampling/biomonitoring stations. Calculated mussel-

sediment bioaccumulation factors (BSAFs) for individual PAHs and stations were often

less than 1 (indicating no bioaccumulation from sediments), particularly for compounds

of lower water solubility, such as benzo(b&k)fluoranthenes, benzo(a)pyrene and

indeno(l,2,3-cd)pyrene. Bioaccumulation was, however suggested by the BSAFs (range:

1.1 to 14.7) for the more water soluble PAHs (i.e., acenaphthene, anthracene,

fluoranthene, fluorene, naphthalene, phenanthrene and pyrene) at some of the Leigh

Bay/west end of slag dump stations. There was no significant difference between PAH
levels in mussels exposed only to water (mid-depth) or to both sediment and water (on

the bottom) at Stations 121, 197 and 127.

There was a significant correlation between Total PAHs in mussels and their lipid

content, but not between lipid-normalized concentrations in mussels and TOC-
normalized sediment levels. This suggests that the mussel PAH concentrations are not

directly related to the filtering out and ingestion of sediment particles. Rather, they are

related to PAH concentrations in the water, which are perhaps also responsible for the

elevated sediment PAH concentrations.
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1987 Bennett Creek Sediment Core Data
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Table C-1. Station locations and descriptions for 1989 study.

Station

Number
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