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Abstract

Randle Reef is a nearshore area located in the southern portion of Hamilton Harbour and
contains the most contaminated sediment within the harbour. Sediment contamination at
Randle Reef, particularly with polycyclic aromatic hydrocarbons (PAHs), has been a
concern for decades. Historical industrial discharges created the contaminated sediment
site which contains a high concentration of coal tar. There have been at least 6 sediment
sampling events at Randle Reef, spanning over 25 years. This has included grab
sampling, gravity coring, and borehole coring. The sampling events and the
concentrations of PAHs measured are described. The precise extent of sediment
contamination at Randle Reef is not fully known. Enough information has been obtained,
however, to define the most severely contaminated sediment in the wclmty of Randle
Reef, within an area of about 10 ha.
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E“chantillonnage de sédiments au récif Randle dans le port de Hamilton
A.J. Zeman et T.S. Patterson .

Résumé

Situé prés du rivage dans la partie sud du port de- Hgmilton, le récif Randle contient les
sédiments les plus contaminés de la zone portuaire. Depuis des décennies, on se
préoccupe de la contamination de ces sédiments, en particulier par des hydrocarbures

‘aromatiques polycycliques (HAP). Des rejets industriels historiques sont responsables de

la forte contamination des sédiments par le goudron de houille. Depuis plus de 25 ans,
des échantillons ont été prélevés 4 au moins six reprises au récif Randlé au moyen des

‘méthodes suivantes : échantillonnage ponctuel, carottage par gravité ét carottage par

forage. Les concentrations d"HAP et les prélévements d’échantillons sont décrits dans ce
rapport. L’étendue précise de la contamination des sédiments du récif Randle n’est pas
connue. Cependant, on posséde suffisamment de renseignements pour établir quels sont
les sédiments les plus coritaminés & proximité du récif, 2 I'intérieur d’une zone d’environ
dix hectares.



NWRI RESEARCH SUMMARY

- Plain language title )
Sediment Sampling at Randle Reef, Hamilton Harbour

What is the problem and what do sicentists already know about it?

Hamilton Harbour is one of the most polluted bodies of water in the Great Lakes. The
most contaminated area of Hamilton Harbour is at a location close to the south shore,
known as Randle Reef. Randle Reef sediment has for decades been highly contaminated
with polycyclic aromatic hydrocarbons (PAHSs). This is a result of historical industrial
-discharges. PAHs are toxic to benthic invertebrates, fish, and other aquatic life. PAHs

are also toxic to humans.

Why did NWRI do this study?

Randle Reef is the most sampled area of Hamilton Harbour, with sampling events for
sediment contamination dating back to the mid-1970s. There have been at least 6 sets of
sediment samples retrieved from Randle Reef from the mid-1970s to 1999. The nature of
sampling during this time frame has varied (e.g. grab sampling, gravity coring, and
borehole coring). This report details the sediment sampling events by date, quantity of
samples, PAH concentrations, etc., so that a comprehensive summary of sampling studies
and results exists. :

What were the results?

The results show that Randle Reef continues to remain highly contaminated with PAHs.
The contamination is very heterogeneous (variable) both in horizontal and vertical
dimensions. Contamination extends below the sediment-water interface as much as 3
metres or more in some areas. An area of approximately 10 ha is considered to be
significantly contaminated.

How will these results be used?

These results may be used by other Hamilton Harbour researchers who require specific
data on sampling locations, dates, and PAH concentrations. This information may be
used to plan any potential clean-up initiatives of Randle Reef, which are expected to’
commence at a future date.

Who were our main partners In the study?
The Great Lakes Sustainability Fund
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Sommaire des r‘eéherchos de I'INRE

Titre en langage clair
Echantillonnage de sédiments au réc1f Randle dans le port de Hamilton

Quel est le probléme et qlieSaV‘ent les chercheurs & ce sujet? -

Le port de Hamilton constitue un des plans d’eau les plus pollués dans les Grands Lacs.
Situé prés de la rive sud, le récif Randle est la zone la plus fortement contaminée du port.
Depuis des décennies, les sédiments du récif sont fortement contaminés par des
hydrocarbures aromatiques polycycliques (HAP) en raison de rejets industriels. Les HAP
sont toxiques pour les invertébrés benthiques, les poissons et d’autres organismes
aquatiques. De plus, ils sont toxiques pour les humains. '

Pourquoi I'INRE a-t-il effectué cette étude?

Le récif Randle est la zone du port de Hamilton qui a été la plus échantillonnée; du milieu
des années 1970 jusqu’en 1999, on y a prélevé des échantillons de sédiments contaminés
3 au moins six reprises. Durant cette période, les méthodes d’échantillonnage ont varié
(échantillonnage ponctuel, carottage par gravité, carottage par forage, etc.). Ce rapport
contient la date des pfélévemerits, le nombre d’échantillons et les concentrations d’HAP,
et constitue une synthése globale des études sur les sédiments et des résultats
d’échantillonnage.

Quels sont les résultats?

Les résultats montrent que le récif Randle est encore fortement contaminé par des HAP.
La contamination est trés hétérogéne (variable), sur le plan tant horizontal que vertical.

Dans certaines zones, la contamination s’étend 2 au moins trois métres sous 1’interface
sédiments-eau. Une zone d’environ dix hectares est fortement contaminée.

Comment ces résultats seront-ils utilisés?

Ces résultats peuvent étre utilisés par d’autres chercheurs qui étudient le port de Hamilton
et qui ont besoin de renseignements précis sur les stations et les dates d’échantillonnage,
et sur les concentrations d’HAP. Ils peuvent servir aussi a planifier de futures initiatives
d’assainissement du récif Randle. '

Quels étaient nos principaux partenalres dans cette étude?
Le Fonds de durabilité des Grands Lacs
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1.0 INTRODUCTION

Randle Reef'is a nearshore area located in the southern portion of Hamilton Harbour.
Sediment contamination at Randle Reef, particularly with polycyclic aromatic
hydrocarbons (PAHs) has been a concern for decades. Historical industrial discharges
created the contaminated sediment site which contains a high concentration of coal tar.
Sediment containing coal tar can be a source for long term contamination to the water
column, due to the slow release of organic solutes (Environment Canada, 1999). In the
late 1990s, a geographic area containing the most highly contaminated sediment in the
vicinity was mapped out, and is known as the “hot spot” or “fish tail” (Fig. 1). Mapping
of the hot spot was completed with reference to a polygon map of sediment PAH
concentrations which was produced using linear interpolation between adjacent points.
The hot spot was delineated on the map based on sediment PAH concentrations of 800
pg/g and higher. Although the hot spot is generally referred to as “Randle Reef”, it
should be noted that the actual geomorphic feature is located to the north-west of the hot
spot. The hot spot is generally considered to contain the most contaminated sediments in
Hamilton Harbour.
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Figure 1: Randle Reef Site Map

The stratigraphy of Randle Reef is very mixed and complex. Sediment cores retrieved
just metres apart from each other have often been found to be significantly different in
composition, texture and layering. This suggests a man-made origin of the deposit and
combination of sediment deposition, mixing and disturbance that will not likely ever be
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fully understood. The widely differing geotechnical and chemical data extracted from the
first few sets of cores retrieved resulted in the continuation of sediment sampling in more
closely spaced core and grab sample sets. The varying sets of sediments samples
collected over the years has led to Randle Reef being the most sampled area of the
harbour to date.

All of the known sets of sediment samples conducted at Randle Reef are herem

sediment measm'ed from cores, and the concentranons of PAHs found in the sample sets.

* The historical sequence of sampling along with the varying methodologies used is also

described.

2.0 HISTORICAL CONTEXT

The pre-industrial shoreline near Randle Reef was comprised of marshes. This
marshland was filled in to make room for industrial properties during the period between
1862 and 1926 (RAP, 1992). An additional 1,000 acres of landfill for commercial use
was created in 1957. The present day shoreline both to the south and east of Randle Reef
is now used for industrial purposes and is comprised of landfill.

Steel mills on the south shore began operating in 1910. Industrial discharges into the
harbour from these and other industries increased over the decades until the late 1970s.
Environmental awarenéss, fore stringent legislation, and an improvement in effluent
controls resulted in a marked decrease of industrial wastes being discharged into the
harbour. The sediment at Randle Reef contains the most heavily contaminated
accumulation of these historical discharges, particularly for PAH contamination, and i in
some areas is deeper than 3 metres.

The joint Canada-US body known as the International Joint Commission (IJC) ratified a
water quality agreement in 1987 which recognized 43 highly contaminated areas within
the Great Lakes, called Areas of Concern (AOCs). Hamilton Harbour is among the
AOCs with a high priority for sediment remediation. With this distinction, funding for
cleanup has been directed towards the harbour from both the federal and provincial
governments. More funding has been directed towards Randle Reef than any other area
of the harbour.

Each AOC was provided with committees of representatives from government,

businesses and private citizens that have some concern for the environmental health of

the AOC. The committees involved are known as Remedial Action Plan (RAP)
committees, and were commissioned with creating reports describing problem definitions -
and recommended solutions. The Hamllton Harbour RAP produced two reports in 1992
concerning theése issues.



In 1995, the Hamilton RAP Strategy for Contaminated Sediment identified a portion of
Randle Reef as a “high priority zone”. As a result of this designation, the RAP :
recommended removal of the sediment. In 1997, a plan was proposed to incinerate the
sediment removed from Randle Reef in a sinter plant blast furnace (Hamilton Harbour
RAP Implementation Office, 1997). This plan was abandoned due to health and
environmental concerns. The most recent plan to date, introduced in 2002, is to build a
containment facility/land form around the most contaminated sediment at the site, with
the capacity to store additional sediment to be dredged up from areas close to the
containment facility. The newly created land is to be either an island, or an attached land.
form to the adjacent industrial land.

3.0 SEDIMENT SAMPLING
3.1 Early Sampling

The Ontario Ministry of the Environment (MOE) conducted sediment sampling in
Hamilton Harbour for trace organics as early as the mid-1970s. A study from 1975
showed that out of 6 samples taken from throughout Hamilton Harbour, a sample taken

sediment study showed that “severe pollution” of sediments existed at Randle Reef
(MOE, 1977).

Murphy et al. (1990), collected 12 Ekman dredge grab samples throughout 1988, and 81

sediment cores during April and July, 1989, in the Randle Reef area. PAH and bioassay

measurements were conducted on some of these samples. They found that tarry/oily
sediment at the hot spot existed deeper than 40 cm below the sediment/water interface.
One grab sample collected in the hot spot contained PAH concentrations of greater than

1,400 pg/g. . :

A set of 31 sediment cores was collected at Randle Reef during October and November,
1994. These cores were also analysed for PAH concentrations and were reported to
“confirm” the data obtained from the cores retrieved in 1989 (Murphy et al., 1995).

3.2  Gravity Cores, May 1996

In May 1996, 41 benthos gravity cores were taken at 50 t grid intervals using a 100 kg
weight on the corer. The cores were taken by Technical Operations, NWRI, in
cooperation with Environment Canada, Ontario Region (EC-OR). The grid interval was
based on an extended area in and around Randle Reef (about 12 ha). This area was in turn
based on a mapped area of PAH toXicity taken from Murphy et al. (1990).
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Figure 2: May 1996 Core Locations

The core tubes used for sampling were made of acrylic and had a 3 in. diameter. The
lengths and coordinates for all cores were carefully noted to the nearest metre using a
Differential Global Positioning System (DGPS). EC-OR inspected, logged and sub-
sampled the cores. These cores were later analysed for polycychc aromatic hydrocarbon

(PAH) content.

The May 1996 cores were sub-sampled for PAHs at varying intervals. This was based on
two things: First, it was assumed that Murphy et al. (1990) had already analysed the top
40 cm of area sediment for PAH concentrations, so sampling was generally done at 40 cm
and below (although there are some cores from this set with the upper 40 cm sampled).
Second, varying horizons of sediment were examined in each core. Initially, one horizon
per core was sampled before it was determined whether another horizon should also be
sampled, based on how contaminated it appeared to be. The majority of cores had only
one continuous section sampled (i.e. A “strip” of sediment was subsampled vertically
along the core sample by scooping out a shallow groove which was usually between 10
and 40 cm long). The remaining cores had two sections sampled, with the exception of
Core 6 which had three. The sampled sections vary in both length and core depth. There
were 23 cores sampled from sections that include the top of the core. Intervals taken st
40-50 cm are also common.



33  Gravity Cores, December 1996

The May 1996 map of PAH toxicity was determined to be improperly geo-referenced,
thus another core grid was mapped and sampled in December 1996. This newer grid had
25 m sampling station intervals, as opposed to 50 m, for greater mapping resolution than
the sampling grid used in May. There were 75 cores taken by Technical Operations,
NWRI, and EC-OR using an 80-kg weight on the same corer as the May set. Positioning,
sub-sampling and logging of the cores were completed using the same methodology as for
the May set. A notable exception was the fact that only the top 20 or 25 cm of each core
was sampled and analysed for PAH levels. This was to make up for the lack of sampling
of the upper sections of cores in the May set, where sampling of the upper core sections
was deemed not to be necessary at the time.
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Figure 3: December 1996 Core Locations

Physical data from both the May and December 1996 cores were plotted in.a graphics
software program (Freelance). A template was drawn up, showing a scale of 10'cm
intervals, totalling 2.4 m, with 32 core station numbers per page (Appendix A). The May

and December cores were plotted under the same station numbers, showing a maximum -

of 4 cores per station (several pairs of Dec. 1999 cores were taken at the same station).
An outline of the length of each core taken was drawn on the template, then coloured



\ .

‘according to appearance and general sediment type observed in logging notes taken by

EC-OR. Homogeneous layers of sediment were given a colour according to their
d&scnptmns Where a sediment type was mentioned, such as clay or sand, it was given a
pattern in addition to the colour. A graph haghhghtmg the interface between clean and
contaminated sediment was also created, using a connecting red lme from core to core
(Appendix C).

Both the May and December 1996 core sets were sampled for PAH concentrations. After
satipling, the data were plotted, showing total PAH concentrations, excluding
naphthalene, from 15 different PAH compounds (Appendix D). Three different colotrs
were used to show the differences in PAH concentrations for various sub-sections of each
core. Green was used for concentrations below 700 ng/g, yellow for 700 - 1000 pg/g, and
red for concentrations greater than 1000 pg/g. Boundaries between sub-samples within
the same core, and classified Wwith the same colour were marked with a dark line.

3.4  Borehole Samples, April 1999

Nine geotechnical boreholes (Fig. 4) were put down at Randle Reef in April, 1999 by
Trow Consulting Engineers Ltd. (Stoney Creek), referenced by a differential global
positioning system (DGPS). A report by Trow described the logged boreholes, the results
of in-situ tests, and boreholé samples taken (Trow, 1999). Descriptions in the report
included sediment appearance, texture, resilts of the Standard Penetration Tests, and the
shear strength measured using a field vane and pocket penetrometer. The borehole
sampl&srangedmlengthfrom24to49mandweretakenﬁ'omadnllngadaptedfor
soil sa.mplmg, which was mounted on the front of a spud barge
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Figure 4: April 1999 Borehole Sample Locations
3.5  Gravity Cores, December 1999

In December 1999 27 benthos cores were taken from 21 sites at Randle Reef by Technical
Operations, NWRI, in co-operation with EC-OR. A 60 kg weight was used for the first
two cores taken (T22, and 10). The remaining cores were taken with an 80 kg weight for
greater penetration. These cores were taken at some of the same sites as the 1996 core

_ series, but were based in and around the “hot spot™. In most cases, the coordinates for
these cores were within 5 m of the original 1996 core coordinates.
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. Figure 5: December 1999 Core Locations

The December 1999 cores were sub-sampled in a different manner than the 1996 cores.
Sampling was mainly conducted on core sections where the upper 5 cm of the clay base
were perceived to be. These sections were used for the analyses of all 27 cores analysed.
Two cores (6B and 7A) were also sampled at the lower 5 cm of the clay base, since very
high PAH values (>5,000 pg/g) were found in the upper 5 cm of the clay base. Core 7A
also had a third sample taken where a black streak was obvious on the core tube, but the
clay at this depth (9 cm) contained a very low PAH concentration (2 pg/g).

All of the December 1999 gravity cores were X-radiographed to reveal layering and
density of sediment. The X-ray prints were reviewed and logged. The notes were
recorded in a Lotus file, and a black and white dxagram of each core was electronically
drawn up (Appendix B).




40 RESULTS
4.1  Gravity Cores, May and December 1996 -

Sedimment texture and appearance (including colour) were somewhat mixed from both the
May and Decembet sets of cores, although most cores had black fine sediment in the
upper portions, with clay or sand underlying (sometimes referred to as a “plug”). Thin
black bands of sediment mixed with lighter shades were also common. Some cores had
shells. One core (well outside of the hot spot) was noted to contain zebra mussels on the
surficial sediment. Cores with the deepest clay or sand layers were mainly found in two
areas, namely, the central part of the hot spot and the off-shore area south-west and just
outside of the hot spot. :

The cores containing the highest PAH concentrations were mainly found within the hot
spot boundaries next to the Stelco dock. Only two cores with PAH concentrations above
1,000 pg/g were found outside these boundaries. There were three cores with
concentrations between 700 to 1,000 pg/g also outside the boundaries.

The recorded PAH levels for the set of 41 cores taken in May 1996 were generally below
700 pg/g (32 cores), comprising 78% of the set. There were 5 cores between 700 and
1,000 pg/g (12%) and 4 cores had levels over 1,000 ug/g PAHs (10%).

Of these 75 cores from the December set, 64 had maximum PAH concentrations below
700 pg/g (85%), 6 cores had concentrations between 700 .and 1,000 pg/g (8%), and 5
cores had greater than 1,000 pg/g (7%). ‘

4.2 Borehole Saniples, April 1999

Samples from four of the Trow boreholes (154, 6,18, and 22) were submitted for PAH
analysis to NWRL. Samples from Borehole 6 were not analysed sifice it appeared obvious
that the core was heavily contaminated by coal tar. Borehole 18, sub-sampled in three
sections, was found to be heavily contaminated with PAH concentrations over 4,000 pg/g
in the mid section. Both Borehole 6 and Borehole 18 were well within the hot spot.
Boreholes 22 and 154 were either at or just outside the hot spot boundaries and were each
sub-sampled in two sections. Both boreholes had PAH concentrations of under 700 jg/g.

43  Gravity Cores, December 1999

For the December 1999 set of cores, the upper sediment at the top of the cores was not
sampled, since sampling of the surficial sediment was considered to have been adequately
conducted with the May and December 1996 core sets. The mid and lower core sections
were sampled, where deemed appropriate. Most sampling was conducted on the lower,
denser sediment which often existed towards the bottom of most cores. The lower
sections of the cores were generally comprised of natural pre-industrial sediment, thus
PAH concentrations tended to be miich lower than values from the 1996 core sets where
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the upper, softer sediment was sampled. Almost all of the cores (24) were found to
contain less than 700 pg/g PAH concentrations (89%). There were no cores with values
between 700 and 1,000 pg/g, and 3 cores (11%) above 1,000 pg/g (all 3 were in fact
above 5,000 pg/g). '

The X-radiographs taken of the cores revealed a very complex layering of sediment (see
Appendix B). Cores that were within metres of each other were often found to bave-
significantly different denser, natural sediment depths. The sediment was usually mainly
clay material, although sand or sandy clay was common. Shells were sometimes present.
Cores with the deepest natural clay or sand layers were generally found in the south
central portion of the hot spot.

CONCLUSIONS

It is obvious that sediments at Randle Reef are highly contaminated by PAHs. The
contaminant trends are highly irregular, as layers of sediment within core samples only
metres apart were sometimes mgniﬁcantly different in PAH concentrations. Sediment
appearance descriptions and radiographs also show many variations in colour, layenng,
density and consistency (see Appendices A,B.C and E).

The heterogeneous layering and irregular occurrence of high concentrations of PAHs in
layers of sediment several metres deep suggest contamination from industrial sources
over a time span of several decades. More specifically, the PAH concentrations found
suggest coal tar contamination which is a common byproduct of steel manufacturing.

Despite the numerous sediment sampling events at Randle Rseef, spanning about 25 years,
the precise extent of sediment contamination is not fully known. Enough information has
been obtained, however, to define the most severely contaminated sed1ment in the vicinity
of Randle Reef, within an area of about 10 ha. ‘ _
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APPENDIX A
Sediment Characteristics of Gravity Cores Taken in May and December 1996

Al Cores 1 -32
A2  Cores33 -64
A3 Cores 65 - 90

‘Notes:

Station numbers appear at the top of each column and apply to both sets of 1996 cores.
Where only one core for each of the two months (May and December) exist under the
same station number, the May 1996 core is depicted in the first vertical half of the
column, and the December 1996 core is depicted in the second half the column.

‘Where two or three cores were taken in either month, core depictions appear narrower,
and the December core (if taken) may appear in the first half of the column to the right of
the May core. The additional core(s) appears-to the right of these first two cores and is
identified by the first letter of the month the core was taken. (i.e. Cores taken in May
1996 are labelled with an “M” at the base of the depicted core. Cores taken in December
1996 are labelled with a “D”).

Where documentation exists stating that a core was taken, but no data were found, an
uncoloured outline of the core is depicted.
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APPENDIX B

Bl  Radiographs of December 1999 Gravity Cores
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~ APPENDIX C

Cl  December 1999 Gravity Cores, Depth to Denser Sediment



Depth, m

Notes

" |mg6 - May 1986 (Benthos)
D96 - Dec. 1988 (Benthos)
- {AB9 - Apiil 1999 (Trow split-epoon)
D99 - Dec. 1989 (Benthos)
Numbsers in.() at the:base. of the cores show the

!
i
n
!

fll Black or undefined
(presumed to be:
contaminated)

Figure C1

B Dark Brown

' ?hmm immmmeommw wweorsat | @F“?ua'a‘t&'a’ ‘Baseat24m. Baseai4.9m Baseat24m | Ba seata.n;
|the:same n. 0.0) (1.0) 1) 20 {1.0)
Base of Basal sediment Bl Reddish Black Clay
ase : 'sedime , , |
contaminated | (non-contaminated?) = g:?’?;:h B?;:x‘ Clay 2:::)! mud
sediment | B8 Light Brown |
E B Medium Brown
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APPENDIX D
December 1999 Gravity Cores, PAH Concentrations
D1 Cores 1 - 32
D2 Cores33-64
D3  Cores 65 - 90 (additional cores included)
Note:

The grey areas in cores 1 - 4 are program errors.
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~ Dec. 1999 unique locations

0 81 82 83 84 85 86 87 88 89 90 aondse T21 4h1e2 T18

Depth, m

Total PAHs minus Naphthalene Note:

Unique locations may bear the same
— Horizon boundary station number as 1986 cores, but have
BE <700 ppm 70010 1,000 ppm [N >1,000 ppm  Ccompietely diferentcoordnetes
Figure D3
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APPENDIX E
April 1999 Borehole Samples
Three Dimensional View of Sediment Appearance

PAH Concentrations of Cores 154, 22 and 18
Sedimerit Characteristics of Cores 154, 22 and 18
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APPENDIX F

Table 6f Gravity and Borehole Sarples: 1996 - 1999

Includes: Station numbers, coordinatés, lengths and general description of underlying
denser sediment
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Benthos Cores: May, 1996, corer weight- 100 kg.

Easting Northing Length, m Depthto  "Clay-plug" description
UTM NAD83, m ’

Core

Site

584654
594669
594714
594729
504743
594757
594771
594752
594723
594708
594632
504674
594689
594655
504626
594612
594508
594583
594569
504520
594535
594549

594564
594592

594559
594529
594515
504501
504487
594473
594438
594480
594433
504376
504404
594666

4791507
4791556

14791622

4791670
4791717
4791766
4791813
4791922
4791827

4791779

4791696
4791839
4791887
4791949
4791852
4791805
4791756
4791708
4791660
4791673
4791721
4791769

4791816

4791912
4791973
4791877
4791829
4791781
4791733
4791686
4791746
4791890
4791902
4791710
4791807
4791634

0.90
0.66
1.73
2.05
1.00
1.10
143
0.80
0.64
1.88
0.86
0.99

0.50 -
. 0.69

0.52
0.35
1.10
0.58
1.37
1.35
113
1.37
0.77
0.70
0.43
0.54
0.80
0.69
0.84
1.10
0.79
0.84
0.78
1.05
0.94
1.70

“clay plug”

~ reddish brown, clay?
066 -

red brown, clay?
0.77 grey

reddish or light grey
0.64 red brown
red brown or light brown
1.88
0.63 light grey
0.87 red brown
0.5 grey sandy

0.34 red brown
0.26 red brown

0.98

1.3

1.2 grey brown
0.94 grey

1.28 grey

0.6 brown and grey
0.59 red-brown
0.31 red grey
0.47 red brown
0.7 grey
0.52 grey
0.72 grey
0.98 grey
0.63 grey

0.6 red grey
0.5 brown
0.89 grey

0.7 grey

1.26 grey



Benthos Cores: Dec, 1996, corer weight- 80 kg.
Core Easting Northing Length, m Depthto  “Clay-plug” description

Site UTM NAD83, m “clay plug®

1 594648 4791503 1.20 grey-green organic

2 594668 4791558 1.20 0.7 sand ‘

3 594699 4791622 148 hard sand

4 594726 4791669 220

5 594742 4791718 1.00 red-brown sand

6 594756 4791765 1.40 :

7 594778 4791811 0.90 0.35 sand

9 594723 4791826 0.45 045

10 594709 4791778 1.45

11 594694 4791731 205 1.9

12 594678 4791685 1.29 1.3

13 594611 4791697 2.15 2.15

14 594646 4791743 1.10 -
16 . 594660 4791791 1.00 brown grit/sandy clay/green organic
16 594674 4791838 0.75 0.75 '

19 594627 4791853 0.40 0.32 sand

21 594598 4791756 1.06 0.4 grey-green grit .

22 594581 4791708 1.20 sand, clay layer at 1.2 m

23 594588 4791660 1.40 coarse grit

25 594532 4791720 0.90 -

26 594548 4791770 0.75 0.75

27 594562 4791815 0.60 sandy clay

30 694528 4791876 0.60

31 594511 4791827 0.87

32 594596 4791779 0.90

32A 594496 4791779 0.89

33 594489 4791733 0.70 07

34 594474 4791686 0.60

35 594435 4791744 0.96

36 594605 4791650 150 1.32 clay plug, 1.32-1.4 m, soft black below
39 594375 4791711 0.90 stiffer, sandy?

40 594402 4791810 0.50

41 594663 4791638 1.37 1.37

42 594805 4791836 0.80 0.3 sand

43 594788 4791780 0.80

44 594772 4791730 1.60 base of record sheet missing
45 594757 4791683 1.40 sandy

46 594787 4791857 '0.74 0.5

48 594754 4791841 0.70 0.7 hard clay

49 594740 4791795 1.70 1.7 hard sand

50 594723 4791747 1.32 1.32 stiff black

51 594708 4791699 0.72

52 594694 4791653 1.75 1 hard sand (how penetrated?) .
53 594680 4791605 1.40

54 594662 4791532 0.32

55 594734 4791871 0.55 0.55

56 594645 4791590 0.80 base of record sheet rissing
58 594690 4791809 1.20 grey-green clay, shells, sandy clay at 807
59 594675 4791762 1.20 base of record sheet missing
60 594662 4791710 0.65 0.65

61 594648 4791668 0.80 sandy

63 594641 4791821 095

64 594626 4791768 1.10

65 594612 4791727  1.00 1 .

66 594594 4791681 140 1.4 grey-green clay

67 594593 4791836 0.59 '
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‘Benthos Cores: Dec, 1996. (continued)
Core Easting Northing Length, m Depthto  “Clay-plug” description

Site UTM NADS3, m . “clay plug”
68 594575 4791786 060

69 594565 4791738 1.20 -1
70 594547 4791703 0.90

72 594575 4791869 0.20

73 594548 4791845 0.58 04
74 594531 4791797 0.55 0.55
75 5045156 4791748 0.90 0.8
76 594500 4791700 0.95 095 grey
78 594494 4791857 0.59

79 504480 4791810 0.60

80 594465 4791765 0.77

81 594450 4791715 0.90 0.45
82 594436 4791669 042

83 594458 4791840 0.67

85 594417 4791704 1.07 05
86 6594428 4791822 0.42

87 594415 4791775 . 0.89

88 594401 4791730 0.40 0.2
a0 594391 4791759 0.50 0.7

Benthos Cores: Dec, 1999, corer weight- 80 kg. (except Cores T22B and 10 which had a 60 kg welght)
Core Easting Northing Length, m Depth to

Site  ~ UTMNAD83, m *clay plug"
December 17, 1999 :

- T22B 594694 4791811 0.62 0.49
10 594708 4791781 1.17 1.06
49A 594741 4791757 0.19 0.12
498 594740 4791756 . 0.70 0.59
9A 594722 4791827 0.49 0.23
9B 594727 4791827 0.72 0.72
7A 594779 4791811 0.38 0.17
7B 594777 4791812 041 0.34
60 594663 4791712 0.58 0.49
12 594676 4791681 0.61 0.3
51 : 594707 4791700 0.62 0.39
5 594743 4791716 - 0.97 0.65
61 504647 4791666 0.66 0.19
14-1 594646 4791743 0.61 0.52
14-2 594646 4791743 0.92 . 075
T21 594746 4791873 0.49 0.35
48 594754 4791841 0.53 0.39

8 594753 4791929 0.41 0.29
™ 594692 4791888 043 0.24
59 594674 4791762 0.64 0.52
December 20, 1999 C .
6A 594756 4791765 0.61 None
6B 594756 4791765 1.07 1.04
50 594725 4791747 223 2.08
T6 . 594692 4791734 0.97 0.7
T18 594749 4791796 0.60 0.44

65 584614 4791731 067 059



Borehole Samples: Apr, 1999
Coring Easting Northing Length, m Depth to
Site UTM NADS3, m “clay plug”
6 594692 4791734 4.60 3.2
11 594692 4791887 240 0.8
13 594793 4791783 3.70 Complex
14 594779 4791724 400 25
18 594750 4791792 5.00 34
21 594746 4791875 240 12
22 594694 4791812 3.10 1.8
28 594856 4791977 250 None
154 594604 4791678 3.70 22

See the following report for more details:

Geotechnical Sampling of Sediment Dredging
of Hamilton Harbour, Pier 16,
Hamilton, Ontario '
Trow Consulting Engineers Ltd.
August 10, 1999
Report # HAGE-0053319-A
428 Millen Road

Stoney Creek, Ontario. L8E 3N9

(905) 664-3300
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APPENDIX G

PAH Data for Benthos Cores (1996 - 1999) and Borehole Samples (1999)

Note:

“1977 Samples” refers to the December 1996 core set




= 1996 Sample Data )
£
e /& &
 JoF & D
/3 i ég 4 & Qi /2
s [ JE fE <
Uy M uglg . M
SEL :'% NA NA | 1340 ] 1440 [ 320 | 130 | 320 [j10000 { ; ,
Is1-1 | odoem | 5221 3.27 18. i 15:7) 4] 18] 07| 278 778} 374] 322 10.80} 507| 884] 0.9
I2-1 [ odoem | 63.1] 288] 877 AT7__ 4T 2.7|_6.78] 18.3] 134] 2.93] _10.8f 454 3711 13.100 550[ 688| 0.7
1832 {40-50em|| _197] 1.51]_ 051 0.93|_4.65] 3 4.23] 068] 1.34] 1.45] 05| 1.301 57| 8.20 714] 1.7
SA2 | 4050cm uzol 1.7]_4.43 652 44. 274|427 1658] 9.78] 5.46| 6. 1885 a85]0.80[ 670] 728] 2.1
1552 [4050em|| 653 2.27] 0.97] 20. 57| _7.59 357] _076] 2.07] 1,35 0.4 1. 721] 68| 8.041 717| 743] 1
"I862 | 40-50cm| 31800 204] 62.3] 247| €28| 18| 269 909 26.7] 74.8] 50.6] 11.2] 42.1) 34085k 2285] 30.00] 768| 767}
S6-3 | 50-80cm | 38400] 188} 47.7]  175] S834| 73| 337 138 4al _112| 74.2| 135] _ 81} A1783}% 2383 5
? 60-100cml 48200]  159| 38, 58] 482|148 127 1431|3065 113 72.8] 152] 62:1| 40444|z2244] , 1.1‘
S7-1 | 0-40cm || 55300] 15.3] 15.6] 87.8] 122! 30.8] 66.2 38{ _13.3] 332] 23.8] 4.62] 21, 0f _640] 9.94|813] 771]__°
I 3260] 202] 4.73| 425 67.2 19.2l 432 122| 3.65] 8.97| 5.88] 1.42] 4.7 1883 293 X
81.7] _6:52] 14.8| 54.8| 1313] 34| 121 49.5] 15.9] 43| 3a.8] 7.31] 326 760| e98] 0.83] 922| 752] 0.8
8080] 74.7] 478|683 3200] 519 2490 207] __493| __315| _82.4] 309) 21091|-12214] 10:20] 827| 723
0920] _159] 569| 949] 4540] 785] 3300| 790] _ 511] 80.2 21224 0.6
2600 220] 4.1 o105 2.7 48] 159] 88| 6.Ja| 10| 3214 24| 62| 770( 708] 1.5
3570] _5.39 : 76.9] 165| 558] 43.1] 13.8] 442 4422 18:30] 731] 695
7780] 311 13 68.6] _10.4 27 3 .7 10.8] _24.7|| 8721]muso%] 13.40| 683] 680,
1 32] A 12.3] 4.22 J5] 5.3 1 297|
9200 34' 1 305 92 25| 1&1 10003 }x-803] 11.60] 696] 632] *
555 8:.19] 1. 6.48] 2.18] .86 673|118 0.9]
13800] 8.26] 55.8 14615] & 14.80] 743] 648
18500| 28.9 16868} 368} 9.28] 791] 660,
" 9410] 64126 87.5] 262 9896] __466] 11:60| 839] 674
3820] _3.88] 111 532 8.3 602 4212] _392| i0.10) 867) @88} 1
a00|__1.03[ 3.15 335] 834 463|685 105
523 38| 552 14.7] 572 360 338) 6.13] 048] 655} 0.7
1230]_2.61] 4.88} g 18.3) ; . Sil 1402[  172f a4.681| 852] 628] *
[237[<4_|<4 0.66] 0.49|<4  |<A 18.57 |<14:2 | . 105
[2320] 397 184 18] 14.7] 2.63] 1285|| 2694] 374 8.71] 805 e12| 0.4
mool 8.18]__47.4 30.9] 21| 524l 7.1l 14822 722| 17.40] 756] 598] _°
{1 56700 56{ 32 .8}, 26:2] 173] 4.28] 13.50.57309] 609 1]
22| 1.78] o0.83 [ 4.92 4] _0.97] 2. 94f 72| 6.38] 708} 563 u.eJ
,'_'I'_ns F"I_Js, 4'—"—7_2 ; 3| 388| 253] 5.55[ 218 taas| 590l 14.60] 650[ 560) 1.4}
N 2480 1.84] 1.568] . zssl 2.13] _0.51] 1. 308] 57| 7.31] 673] 520] 1.4
‘ . . v . v o Pagal
MDAlemshd- 8/26/98 4:14 PM




~48400 7 172 3.2 . : 15.3]) 40424 ]i:1024] 535
W 9470 10.7] 8731 113| 81.8 6.1 46.4] 21. 7, . 2691 7.5] 1985 X
2| 40-50cm || 21500 71__.60] 308 4 T 75 862 308| 244] _28.8] 2.8 _13.7] 39| 9.52 22382 11.90] 769] 549) 1.4
1] 0-40cm | Z7] 10.3] 69.4] 40.5| 6.81] 41.5] 31.3] 21.7] 18] ‘2.3 82| 13.8] 3.02] 113 a152] 322] o.80] 816( 564] 0.8
S28-1] 040cm ||_784] 3.05] 868) 19.) 448} 107] 53.1] 40.7] 243 21.1] _26.8 1.3] 18.8] 2771 13.6] 389] 311] 9.87)812} 502] 0.7
S3iem | 6.08] 0.85,, 2| 26.5] 13.4| 3.08] 134 10.3] 7.08] S5.88] 6.2f 6521 2911 0.77] 21| 108] 101] 6.88] 67| 550] 0.4
| 0-40cm || _3830] 3.89] 104 122 452] 835 47.8] 34| 301 18.f 20.7 48] 0.8 82] 11.8] 4030| 400) 12.50]:877] 629]
2| 4048em | 2.84]<0.4__|<0.6 2.58] 2.46] 1.03] 288| 243| 1.83] 1.54] 1.6 231 0.79|<0.4 0.64l<26.47 |<22.63 0.5
531-1] 0=40cm | 142 2.04] 157] 7.72] 3.28] ©6.24] 7.01 5l 4.7] 4.89 .42] 5.85] 1.04] 3 83|18 :829] 515 0.8]
2l 2052em | 30.4]  3.23] 4.80] 5:9] 2181 7.8f 18] 1331 7.04] 842] 8.51 “51]_3.48]_ 085 2.45] 116] 105] A.78) 781| 501] 0.7
2| 40-50em}y o1, 24] ©0.13] 28.7| 528| 128 3l 42.8]  255| 21.8] 269 26| _165] 3.14| 14.5] 437 345) 11.10] 733) 487| 0.8
834-2] 40.80cm ) 23.7) 0.71] O, 162 8. 0.08] 48.8| 5.03] 3.92] 403] 4.33 '268] 189 0.52] 1. 78] 55] 7.12].686] 473} 1.1}
- ; .4 831 20.8] 30.2] 0.24] 49.8] 37.8] 232| 19.8] 27.4] 1.4] 18.4] 3.20] 14:1| 398] 307] 9:84| 748} 438] 0.8[
S536-1] 0-40em § 3980] 13.8] 10.1] 78] 95.2| 18.6| 73] 51.5] 38.1| 24.8] 294 .'r.g'l_—l_m 6.41]  0.7| 2555] 575] 12.00}:647} 618 ;
<1} 0-40cm | 71 847] 5.38] 208! 329] 106] ai.2l 31.3| 18.7] 17.5] 229 s1| 7.7) _168] 3.77| 12.9] 3 261]_6.86] 620 480] 0.8}
W 0doem I 55,91 %88] 178] 6| 154] 202 27.6] 21.5| 13.5] 12.3[ 162| 47e| 128| {0a| 214 & 187] __161]_6.98] 802 433} 0.6]
A 040cm 167 3. [ '624] 49 5] 425] 31.5] 18.3] 158 18.1] 4.17] 13.7] 11.8] 203| @& 473]_308] 9.31] 710] 376 1.1
1840 640em I 9171 0.88] 1.76] 14.5] 11.8] 2.34] 142] 10:8| 7.09] 6.34] 6.98] 2.18] 8.34] 4.52 1| 3.46) 105 _ 04] 3.78} 607] 404] 0.9
4-1] 040cm | 8470] 12.8] 53] 188f 107] 20.7] 83.7] 64.8] 44.3] 31.8 8|_727] _262] 20.1] 6.08] 15.7) 6138 683} 13.60] 634| 666[
1 1670 Bl 11 , 57.1 B 13| 23.7] 87| 21.8] 10.7] 3:17] 8.95] 2440} 570
mean 1.1 24.915 - 11.02' 235, 168 17202 12538 104 16.013 45.075 31.054 7.6751 20.405 8479.9 1082 10.53 765 604
‘median 1380 5.005 7485 6515 5305 1535 S58 4175 2815 2105 2625 625 1825 1355 353 11.3 1624.9 36284 9.665 768 615
mwmmmmmmmm;me«mmmsmfamm
* additonal samples st the same location.
MDA Consulting Ltd.
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Tabse of 1997 Samples - All Available Data

fﬁ

& 28,

1 394 0.68 6.84 71.85 29.7 9.;9r 239 16.6 10.8 8.7 | 9.14

2 144 1.52 14.2 13.9 45.5 19.4 583 372 29.8 174 | 1837

3 568 665 6.3 979 | 333 132 1 38-] 264 20.9 13.1 | 153

4 482 | 695 528 1.9 46.9 18.5 5 65.5° 459 28.4 213 | 233

5 | 54500 | 209 70.5 124 284 879 | 182 124 i1 70.5 57 61.7 K

6 503 | 163 203 20.7 97 243 105 76.8 36.5 28.5 337.6 A .

7 1070 | 231 55.5 582 203: 304 133 952 | 35.1 23.5 32.7 A . R . ! .
9 || 10300 | 45.1 441 576 4060 | 424 3240 | 2370 | 757 673 839 259 724 538 | 679 524 12.8 045 | 15538 ] 826 723
10 § 5070 | .39 43 284 | 92.8 274 102 69 40.9 29.3 43.5 142 352 | 369 | 529 323 157 1 145 601581 778 709
11 | 2580 | 25.5 166 126 516 148 781 567 369 261 348 | 122 | 260 358 45.1 313 112 205 44056 731 694
12 § 23%0 14:1 74 113 61.6 20.6 592 40.2 259 16:6 17.5 637 | 125 129 239 11.1 9.66 129 142736 685 678
13 j| 10800 16 19.7 | 268 87.3 26 84.9 56.9 379 253 31.6 103 21.6 30.7 4.38 253 15 2,15 [ 50468| 697 611 |
14y 32 12 | 136 | 121 51.6 144 54.5 38.8 27.3 18:6 23.7 8.6 17.9 27.7 3.29 239 10.8 1.1 337191, 743 646 .
15 § 3530 186 | 223 21 768 | 21.6 912 64 376 4 31.890 | 392 § 126 324 24.5 4.3 29 12.6 1 504.151 791 660
16 || 18700 | 3.16 39.5 | 26.6 827 | 264 85.1 59.6 353 305 42 11.3 332 22,7 442 21,2 14.5 075 |523.68) 838 674
19§ 5170 1.61 158 1 123 542 16.9 68.3 49.4 30.1 242, 322 947 264 188 | 334 1841 11.3 04 ]38L12] 853 627
21 364 2.1 16.5 16.5 80.5 23.2. 95.6 70.8 377 318 4.5 13.9 36.1 274 441 24,7 10.6 1.06 |52571] 7% | 598
221 19200 | 479 | 162 | 394 103 36.5 81.3 56.8 362 29.1 29.1 8.37 24.6 13.6 3.57 131 16.7 12 153874 708 581
23 | 2170 331 | 277 259 382 36.3 141 101 534 48.7 69 226 55.7 45.1 6.93 -392 12.7 14 1713.74] 660 588
25 1 5430 4.87 12,7 13.9 454 16 59 413 28.7 24.1 277 6.63 22,1 144 3.66 142 12.4 0.9 133466] 720 532
26 || 268 1.221 923 8.76 38.6 12.5 51 37 23.1 19.5 262 694 20.3 15.1 2.87 153 103 0.75 1287.623] 770. 548
27 21 .12 | 237 3.12 14.7 4.97 244 18.5 134 112 15.7 5.86 1.6 197 1.67 9.01 6.8 0.6 145.59 ] 315 562
300 1280 1.63 129 782 | 383 142 4713 | 342 26.1. 21.5 232 947 184 12,2 3.04 127 1 138 06 1353.34] 876 528
31 91 123 5.97 529 | 254 8.56 429 | 317 21 17.8 232 5.35 185 14.3 2.7 13.6 7.92 0.87 1 237.5 827 1 51
32 169 14 8.68 8.23 35.5 104 482 36.1 22.5 18.5 26.3 196 20.3 17.1 3.07 17 8.51 09 |281.74] 779 596

32-a)l 43 1.68 4.08 4.36 20.5 6.72 339 25.7 18.4 15 202 6.72 154 12.4 225 12.6 8.06 0.89 779 | 496
33 73 124 6.03 594 34 635 { 35538 42.6 28.6 216 31.1 9.04 238 24.5 272 17.6 9.81 07 310921 733 | 489
M 102 ] 135 5.76 5.79 32.2 806 || 487 36.4 26.8 195 | 30.1 8.36 219 23.3 2,75 163 | 146 06 ]28727| 686 | 474
. MDA Consulting Lid. - Data from: WTI:Sample Analysis (May 1997) and Data provided by EC (location:and depth to refusal) 521199 9:40 AM
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‘Tabie of 1997 Samples - All Available Data.

N .
Y
f’ x 4 f& @ &
/4 /3 3
& SIS 2l
63 829 | 479 277103 744 | 435
567 19 | 549 3308 | 650 | 605
5.88 746_| 487 21176 | 711 | 375
. 269 3.02 | 846 569 | sto | 402
396 65.1 | 138 180991 | 638 | 663
153 251 | 849 40544| 3% | 805
303 435 | 257 1293.69] 780 | 788
288 285 | 142 s1512] 730 | T2
329 28 | 121 67491 | 683 _| 757
139 176 | 887 9175|857 | 787 |
9.8 107 | 412 24363 | 536 | 695 |
1535 102 | 68 39226 | 841 | 754
] 26 25 | 138 71455 [ 795 | 740
106 105 | 7 392181 741 | 123
983 119 | 108 597.52| 699 | 708
19.7 198 _|° 100 55235| 653 | 694
102 148 | 65 3446 | 605 | 680
64 353 | 174 (9771 | 532 | 662 _
172 34 | 1% 99504 | €71 | 734
5.0 84 | 36 8 | 19285] se0 | 645
287 408 | 325 i84.8 | 7809 | 690
6224 - 651 | 457 253574] 762 | 675 |
26 419 | 189 102003 710 | 662 _
293 87 | 401 8 | 21674 668 | 648
' M| 767 874 | 659 95 |134248] 821 | 641
64 970 35 | 251 193 | 112 J (161123 768 | 626
6SH 148 | 202 | 758 901 | 34 ;310.35:'? 7 | 612 _
66 2330 | 2:03 | 111 114 | 709 {3n4r] et | 5%

MDA Consulting Ltd. Data from: WTI Sample Analysis (May 1997) and Data provided by EC (location and depth to refusal) ' 5/21/99 9:40 AM



Tabse of 1997 Samples - All Available Data

i1.95 9.16 | 1746 0.59 3123} 836 593
[ 243 | 109 | 756 | 06 |15541]| 786 | 575 |
"376 [ 147 | 138 | 12 | 32525| 738 | 565
4.01 13.1 | 153 0.9 |.4006 | 703 547
2:59 10.7 8.88 02 |211.55] 869 575
0.59 2.59 135 0:58 | 44.52 | 845 548
2.18 9.83 1.1 | 055 ]175.191 797 531
3.46 16 102 0.9 1309471 748 518
j 4 12:8 11.8 095 |357.18) 700 | 500
; v 1.38 6.19 6353 | 059 | 87.05 | 857 494 ¢
N 2.1 9.56 7.98 06 | 165751 810 430
80} 583 1.76 4.09 533 24 7.15 38.1 29.6 204 16.2 2.56 13,5 | 9.63 0.77 | 228.02:| 765 465
81| 464 1.17 | 3.08 294 192 5.17 294 23 17:8 13.7 2.21 11.9 6.33 09 187921 .71 450
82} 0.09 0.01 0.03 0.04 {1 0.01 0.1 0.12 | 0.08 0.05 002 | 0:828. | 042 | 0.59 669 436
83| 91.1 | 158 5.73 5.75 285 8.74 342 27 22 17.9 2.59 12.6 12 0.67 | 22564 | 840 458
88| 290 | 3.85 18.5 154 634 20.5 | 502 313 | 30 2.5 2.83 10.7 113 1.07 | 3368 | - 704 417
86 || 18.1 1.13 1:.08 134 104 2.4 16.6 13.5 14 10.5 144 771 7131 042 {11737} 822 428
874 525 | 135 2.67 26 16.1 4.52 23.8 18.8 174 134 1.76 10.1 7.16 089 |159.58] 775 415 |
88 433 | 059 2.48 243 12 3 12.5 9.71 9.52 6.92 0.88 3.67 1:81 04 8437 | 730 | 401
90 28 | 179 2.12 2.62 16.3 4.73 28.6 2.9 18.5° 15.3 2.16 124 ] 7.68 0.5 | 184.98] 759 391
MDA Consulting Ltd. Data from: WT1:Sample.Analysis (May 1997) and Data;provided by EC:(loeation-and depth to refusal) 5121799 9:40 AM
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Borehole
Number

18
18
18

22

)

154
154

Depth
(m)

12-18

1.8-24
24-3.0

0.6 - 1-2
1.2 = 1.8

06-12
12-1.8

Toﬁl PAH (pg/g)

~ With Naphthalene

2,570
5.110
2,250

590

530

2,130

875

Source: Chris Ma_rvin, NWRI

- PAH Values of Three Borehole Samples Taken in April 1999

Total PAH (ng/g)
Without Naphthalene
1,470

4,020

1,580

450
440

650

610



R10080

PAH Concentrations for December 1999 Cores

BETO Group #:10080 Reported: 3/30/2006
cew
867 Lakeshore Road Mar-00 :
Burington ON  L7R4A6 RBA-A R7A-A R7B-A R8-A ROA-A RT11-A R12-A RT18-A R48-A R51-A RS59-A RB0-A RT22A-AR49B-A

49-54 9-14 17-22 24-29 1520 17-22 47-52 4247 2429 30-35 4550 4762 8285 59684
'Hamilton Harbour-Randles Reef

813 20-26 2530 4651 32-37 51-56

R6A-A R7A-A R7B-A RB-A ROA-A RT11-A R12-A RT18-A R48-A RS51-A RS59-A R60-A V RT22A-A R49B-A
Parameter Units Resuit Result Result Result Result Result Result Resuit Result Result -Result Result Result Result
‘Naphthalene uglg 38100 - 2290 68.5 1.69 131 273 1.33 15.2 21.3 237 9.06 325 38.1 3040
Acenaphthylene uglg 1740 107 381 0.03t 1.53 0.11t 001t . 0.18 0.12 0.09t 0.10t o010t 0.8 67.2
Acenaphthene uglg 68.8 154 7.79 0.34 3.74 0.36 0.01t 002t 057 0.06t 1.34 0.38 0.13 §.17
Fluorene ug/g 1250 330 3.24 033 6.01 0.68 0.04t 0.27 0.15 0.15 1.09 0.656 0.28 €3.1
Phenanthrene ug/o 2130 1250 565.3 1.06 . 294 0.64 0:14t 0.61 0:84 0.7 1.12 1.07 1.16 175
Anthracene ug/g 1000 301 14.3 0.31 441 0.71 0.05t 047 " 033 021 027 0.26 042 457
Fluoranthené uglg 1260 1160 38.3 0.34 21 1.78 01 0.14 0:43 0.74 0.43 0.28 ‘ 0.78 63.4
Pyrene uglo 855 855 27.3 0.22 © 162 1.25 0.08t 008t 0.3% 0.69 0.31 0.17 0.53 48.9
Benzo(a)anthracene ugl/g 449 292 9.49 0.08t 4.86 0.83 0.07t 0.04t 0.16t 0.36 ‘ 0:21t 0.02t 0.3 25
Chrysene ug/g 385 287 8:55 0.09t 475 0.77 006t 002t 02 047 0.22 0.11 0.26 19.6
Benzo(bjfluoranthene uglg 317 303 - 107 0.00t 6.2 0.8 0.06t 0.02t 0.18t 0.6 0.1t 0.03t 0.18t | 15.6
Benzo(k)fluoranthene:ug/g 168 88 249 0:05t 2.58 0.42 0.04t 001t 0.19 024 008 001t 014t 8.5
Benzo(a)pyrene ug/g 2097 264 8.25 0.06t 3.67 0.58 004t 001t o008 037 009t 001t 0.4 14.5
lndeno(1».2.3-c.d)pwelug/9 156 178 6.67 0:03t 336 043 002t 001t 007t 036 006t 001t 008t 761
Dibenzo(a,h)anthrace ug/g -39.8 29.3 1.08 0.01t- 0.57 0.08t 0.0t 001t  0.02t 0.06t 0.01t 0.01t 0.04t 1.91
Benzo(g,h,i)perylene uglg 124 182 6.71 0.04t 4.05 0.38 0.29 0.01t 000t -05 0.09t 001t 011t 7.16
Total - Napthalene 10238.6 5§780.3 202.98 2.6 11133 9.63 0.39 1.37 3.24 ’ 5.19 4.78 292 4.17 564.7
Total PAHs 48338.6 8070.3 27148 4.29 24233 1238 1;ﬁ 1657 2454 7.56 1384 3542 4027 3604.7

Page 1
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Please do not remove |
this date due slip.
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P0 Box 5050
867 Lakeshore Road
Burhngton Ontario
L7R‘4A6 'Canada '

' S LIR4AG Canada.
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