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MANAGEMENT PERSPECTIVE '

l 

Port Hope Harbour, one of the 17 Areas of Concern on the Canadian 
side of the Great Lakes, is located at the north shore of Lake 
Ontario, approximately 100 kilometres east of Toronto. The harbour 
sediments have been contaminated by effluents from uranium and 
radium refining operations since 1933. p" i 

‘V 

As part of a Remedial iAction Plan study, the National Water 
Research Institute of_Environment Canada was requested.to determine 
the present contaminant loading rates to sediments of Port Hope 
Harbour. This report summarizes the study and gives information 
on the potential of recontamination of harbour 'sediments, by 
present day sources, if the contaminated sediments were removed. 
Based on the findings, the recontamination is possible by all 
compounds (nutrients, metals, and radionuclides) analyzed, and some 
PCB congeners, (tri— and tetrachlorobiphenyls). -

~
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PERSPECTIVES DB LA DIRECTION “ 

-

v 

Le havre de Port Hope, qui constitue l'Un des V17 secteurs 
préoccupants du cote canadien des Grands Lacs, est situé sur la 
rive nord du lac Ontario, a environ 100 kilometres a l'est de 
Toronto. Les sédiments du havre sont contaminés, depuis 1933, par 
les effluents de raffiinage de l'uranium et du radium. 

Dans le cadre d'une étude du ,Plan de mesures correctives, 
l'Institut national_ de recherche sur‘ les eaux~ d'Environnement 
Canada a été chargé de mesurer les taux actuels de dépét-s ~de / '

. contaminants dans les sédiments du havre de Port Hope. Ce rapport 
résume l'étude et fournit des renseignements au sujet des risques 
de recontamination des sédiments du havre par des sources de 
pollution actuelles si ces derniers étaient éliminés. D/aprés les 
résultats de l'étude, il y a possibilité de recontamination par 
tous les composés analysés (éléments nutritifs, métaux et 
radionucléides) et ocertains 'congénéresA de BPC (tri-" et 
tétrachlorobiphényles). ”

\
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§BDIMENT LOADING IN PORT HOPE HARBOU3 
by

_ 

F. Rosa and A. Mudroch 
ABSTRACT t 

Drfedgi-ng has been considered as-a remedial action for contaminated 
sediments in Port Hope Harbour, ‘Lake ontario. The dredging of the 
harbour will involve theremoval and disposal of 90,000 "ma of 
sediments contaminated mainly by radionuclides. To assess the 

,
I 

potential of reconta-mination of the harbour after removal of the 
sediments, a_ "survey was carried out in the summer of 1988.\ 

Sediment traps were deployed at strategic sites inside and outside 
of the harbour. Bottom sediments were sampled at four stations in 
the harbour, and sediment and associated contaminant concentrations 
in the “effluent at the main outfall (U02/U03 plant, "A") were 
measured. The trap content was freeze-dried and weighed to 
determine the accumulation "rate (g-m'2-d'1) in the traps at each 
site. The total trapped matter (TTM) , particulate matter collected 
from the effluent, and bottom sediment samples were analyzed for 
different organic and inorganic contaminants (nutrients, metals, 
and '-I'¢PCBs) and seven radionuclides (2‘°Pb, 22°Ra, 2380, mTh,' ma‘ a, 
'_37Cs, 7Be) . Particulate matter in the traps and in the effluent was 
also analyzed for trace elements to be used later, as tracers for 
sediment transport. I The uranium refinery operated by CAMECO LTD. 
discharges directly into the harbour (turning basinand west slip) 
at a mean rate of ~20.5x103.m3 per day (Port Hope Harbour Remedial



Action Plan, Stage 2, 1989). ‘Based on effluent concentration, 
37x10° ng or 37 g of z“U are being discharged into the harbour each 
day. The accumulathmm rates of TTM and z”U, as measured by 
sediment traps, show some differences within the harbour, but there 
is a distinct decreasing trend as distance increases from the 
source, "A". ’All other contaminants showed a similar trend. iThe 

mean concentration of z”U (207i22 pg-g4) in the trapped matter for 
sites near the source was lower than the concentration of ZBU (237 
gg-g“) in particulate matter collected from the effluent; Based on 
the results of this study, the possibility of recontamination of 
Port Hope Harbour is very likely for all contaminants analyzed, 
except TPCBs (Total PCBs). A

’ 

KEYWORDS: Radionuclides, contaminants, resuspension, 
effluent, accumulation rate, transport, 
settling, tracers.
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On'a envisaqe le dragage comme mesure pour remedier au probleme de 
sediments_contamines dans le havre de Port Hope, dans le lac 
0ntario.. Cette mesure consistera a enlever et eliminer 90 000 nP 
de sediments contamines principalement par des.radionucleides. 
Pendant l'ete de 1988,(on a effectué une etude afin\d'evaluer les 
risques de recontamination 'du havre apres 1'elim1nation des 
sediments. Des pieges a sediments ont ete installes aides endroits 
strategiques 5 l'interieur et a l'exterieur du havre, Des 
echantillons des sediments de fond ont ete preleves en quatre 
emplacements dans le havre, et on a mesure les concentrations de 
contaminants dans les sediments" proprement dits et -dans les 
effluents du principal point de"rejet\(usine de {Kg/U03, "A"). Le 
contenu des pieges a été lyophilise et pese afin de determiner.le 
taux d'accumulation (q/ma/j*) dans tous les pieges installes. On 
a ensuite analyse les matieres totales piegees (MTP), 1es_matieres 
partiCulaires recueillies dans les effluents et des echantillons de

< 

sediments de fond afin de determiner les concentrations des divers 
contaminants organiques et inorganiques (elements nutritifs, métaux 
et BPCT) net septradionucleides .(2‘°Pb, ”°Ra, mU, mTn, mRa, mCs, 
7Be). On a aussi analyse les matiéres particulaires prelevees dans 
les pieges et les effluents afin d'y deceler la presence d’elements 
traces qui serviraient, plus tard, comme traceurs pour etudier la 
migration des sediments. La raffinerie d'uranium, exploitee par la 
CAMECO LTD., libére’directement.ses effluents dans le havre (bassin 
de virage et cale de halage ouest) 5 une vitesse moyenne d'environ 
20,5xJ1P/mP/jour (Plan de mesures correctives de Port Hope, phase 2, 
1989). D'apres les concentrations mesurees dans les effluents, 
37x1d’ug cu 37 g de ”%Isont"liberes dans le havre tous les jours. 

, _
. Les tauxfl d'accumulation de MTP et de '”U, selon les mesures 

effectuees ,dans les sediments pieges, revelent certaines 
differences relevees dans le havre meme, mais on a observe une 
tendance decroissante distincte des concentrations au fur et 5 
mesure qu'on sleloigne de la source ("A"). Une tendance similaire 
a ete observee ‘pour -tous les autres contaminants. Les 

' 

\ 
~ '

,



\

\ 

.concentrations moyennes de ?”U (207i22 ug.g“) dans les matieres 
piégées dans les sites situés pres de la sourée Ge Contamination 
étaient infériegres que les concentrations »de 2"U (237 ug.g“) 
mesurées dans les matiéres particulaires’ recueillies dans les 
effluents. D'aprés les résultats de cette étude, les risques de 
recontamination des sédiments dans 1e.havre de Port Hope sont trés 
élevés, pour tous les contaminants analysés, 5 l'exception des BPCT 
(spc totaugq. ~ 

" 

- 

'
' 

_ \ 

MOTB CLEB : Radionucléides, contaminants, remise en suspension) 
e - .effluent, taux d'accumu1ation, migration, 

décantation, traceurs. " 
- -
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\
. INTRODUCTION 

L 

_ V 

Lakes and harbours are often considered to be one of the final 
sinks for soluble and particulate contaminants released to the 
environment. Harbours, in particular, are often characterized by 
wide variations in concentrations and high levels of contaminants 
due to localized, direct inputs,_and as a result of physical mixing 

'1 I l 0 I -- processes. Contaminants entering a harbour or lake in soluble form 
eventually associate with particulate matter either by adsorption, 
or biological uptake. This material settles but can be recytled 
back into the water column through resuspension induced by physical 
mixing processes, The most important process by which particulate 

. 

‘

I matter is removed from the water column is_through sedimentation. 
An -understanding of the pathways- and‘ fate of Vcontaminants in 
aquatic ecosystems is critical for assessing their potential danger 
to the environment. This discussion is confined to the physical 
fate of contaminants through the transport and 'mixing. of 

' 

\ . - particulate matter to which contaminants have become associated by 
biological-and chemical processes. 

t
" 

The dredging of contaminated sediments in Port Hope Harbour has . _ \ 

been considered a solution.for restoration. Port Hope Harbour is 
located on the north shore of Lake Ontario, approximately 100 

\ 
' 

-
I kilometres east of Toronto. Sediments of Port Hope Harbour are 

contaminated by uraniumiand-thorium-series radionuclides,,heavy 
metals, and PCBs (Port Hope Harbour Remedial Action Plan Report, 
Stage 2, 1989). On the basis of sediment contamination, Port Hope 
Harbour ‘has been defined as an Area iot concern by the, IJC

5

\»
\



Great Lakes Water Quality Board. Due to the radionuclide content, 
sediments (90,000 cubic metres) of the turning basin and west slip 
need to be removed for placement in a federally licensed low level 
radioactive waste disposal facility.. It is essential to assess the 
potential“ of” sediment recontamination* after the removal of 
contaminated sediments from the harbour. A study was initiated in 
the summer of 1988 to.assess recontaminationfof harbour sediments 
based on presentéday loadings. ~ 

MATERIALS AND rm-:'i'i1onsy ‘ 

'

\ 

»A study was carried out in the summer of 1988 to measure the 
suspended particulates settling out of the water column, in order 
to assess sediment loading to the harbour. From 20 July to 22~ 

September 1988, cylindrical sediment traps were deployed at seven 
different locations (sites) in Port Hope Harbour, and in Lake 
Ontario (Fig. 1). The trap mooring configurations used are shown 
On Fig. '2, Three traps were positioned different levels in the 

. - \\ 

water column (Fig. 2a) at site #1. The remaining sites had only 
one trap each as shown on Fig. 2b. The collection efficiency of 

. .

I 

these traps has been proven by experiments conducted by Bloesch 
and”Burns (1980). All traps were equipped with bottom baffles to 

. , 
‘

. 

minimize any resuspension of settled material, due to high energy 
.

\ 

flow conditions. The traps were carefully retrieved so as to 

minimize resuspension of settled material. The supernatant was 
drained off through drain holes (Fig. 2a), and the sediment samples 

, 

‘
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were taken from the remaining sediment-water mixture. Particulate 
matter discharged into the harbour through the CAMECO Ltd. effluent 
. 

/ _ 

"A" (Fig. 1) was collected on two consecutive days,(Julyi19 and 20) 
by centrifuging 600_ 1 of effluent) using a continuous flow 

, 
' 

\_ 

centrifuge at a flow rate of 6 1/min; ‘The effluent was sampled 
directly from the mouth of the CAMECO water pipe (% m in, from the 
end). Bottom sediments were collected-at four stations (1,_3, 5 
and 6, Fig. 1), using‘ a [modified K-8 corer.‘ iEach_ core _was 
subsampled into Sxcm sections down to 20 cm sediment.depth.

A ‘ 

1 .

\ All trap samples were homogenized and subsampied for the required 
chemical analyses. Subsamples were filtered through precombusted 
(500°C) and preweighed Whatman GF/C glass‘ fibre filters 
(approximate pore size-1—2 p) for total trapped matter (TTM). 
Total trapped matter was gravimetrically measured after the sample 
was dried at 100°C. ~ The inorganic) trapped matter (ITM) was 

, . 

_ 
e

. 

gravimetrically measured after the sample was combusted at 550°C. 
The organic trapped matter (OTM) was calculated by difference (TTM 

. » 

\ . - ITM). The particulate phosphorous (PP) was measured by filtering 
a subsample through a -Sartorius SM’ 11106 0.45 u filter and 

- \ 

digesting_the sample filter in 50 ml of acidified water (0.5 ml 30% 
rgsog/so_nu.r5o). For the analysis of phosphorus and other chemical 
constituents, refer to Philbert and Trayersy (1974).V The remaining 
trap content was freeze—dried and analyzed (see below). oselected 
trace elements-were analyzed by Neutron Activation Analysis (NAA), 
according to Attas (1987). _w- ~ 

I

/
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The radionuclide contents of the dried samples were derived by 
. 

\ 
. ~ 

high—resolution gamma-ray- spectrometry using 1Aptec 'hyperpure 

germanium detectors in ,p1anar..or coaxial configuration.' Ihe 
detector characteristics, associated electronics, and calibration 

y _ ,
. procedures have been described earlier (Joshi, 1985). The detector 

background, particularly around the 90+keV X—ray region, has since 
been significantly reduced by using additional shielding material 
comprised of steel, aluminum, tin, cadmium and copper. Described 
procedures were used for derivingficoncentrations of z”Th (Joshi, 

1985), 2wPb, z§Ra (Joshi, 1987a), and z”U (Joshi,-1987b); The 
concentrations of z”Ra were inferred via the 338—keV gammaéemission 
of its daughter, 2281-\c, whilethose" of 7Be and 137Cs were obtained via 
their 478- and 662—keV gamma-ray peaks, respectively. h ' ' 

_

' 

The concentration of As, Pb, Zn and Cu in all freeze-dried bottom 
and suspended sediment samples and particulate matter from the 
effluent were determined by X-ray fluorescence'spectrometry using 
the method described by Mudroch (1985), and the concentrations of 
PCBs were determined by glass Tcapillary column gas chromatography 
with Electron Capture Detector (ECD) using_the method described by 
Carey and Hart (1986). National Research Council, Canada, standard 
material CLB—l was used as the standard in the analyses. ,The 
accuracy of the determination of PCBs was confirmed by analyses of 
Sediment Reference Material for Total Polychlorinated Biphenyls 

obtained _from Quality Assurance and. Methods section, NWRI, 

Burlington, Ontario (Lee and Chau, 1987). ~

i 

, ,

V
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assume DI8CU88ION 

The uranium refinery operated by CAMECO LID., discharges directly 
into the harbour at a mean rate of z2O.5x1O3n§ per day (RAP, 1989). 
Atea mean concentration of 7.6 g-m“ (by centrifuging 600 1. of 
effluent on two consecutive days, Table»1),bCAMECO is discharging 
a daily load as 155 ‘kg of particulate matter into the harbour-. 
This particulate matter has a mean $”U concentration of 237 pg-g4) 
Thus 37x106 pg of ZBU are being discharged into the harbour each 
day, based on the z£U concentration in the particulate portion of 
the effluent,‘ Sediment traps catch material settling out of\the 
total water column plus any material that is resuspended and 
redeposited (Chambers and‘Eadie, 1981; Rosa etd, 1983; and Rosa, 

' 

J
. 

1985).‘ A total of seven trap sites were established inside and 
outside of the harbour, and the traps were exposed for a period of 
64 days. Site #7 (Fig. 1) was used'as a control site located in 
the nearshore zone of Lake Ontario directly outside the harbour, 
at a water depth of 21 m. 5 To assess if resuspension of bottom 
sediments was contributing to the material collecting in the traps, 
an array of three traps at different levels (Fig, 2a) was deployed 
at site #1,' iiThe array of traps at site #1 would only be 
representative of sites #1 and #4, and not representative of the 
whole harbour. if resuspension of bottom sediment is occurring, 
the traps closer to the bottom sediments should accumulate (or 
collect) more material than the traps above (Chambers and Eadie,

9

I



\ 

4 
‘ 

‘ 
I, 

l98l; Rosa etaL, 1983). Such an observation was not apparent at 
. _ \ site #1. Moreover, the surface trap seems to have retained more 

material, which implies that the particle source was from above and 
not from bottom sediments. ‘Although if resuspension of bottom 
sediments is occurring in the harbour, it would be highest at these 
two sites due to the high energy conditions caused by the 
discharge. Also, if this turbulence would reduce trap efficiency, 
(Bloesch and ,Burns, .1980) the _top trap would ‘be the least 
efficient, and’ retain ‘the least ~amount of ‘material. The 
accumulation rates of TTM and z”U, as measured by sediment traps, 
are shown in Fig. 3. There ‘are. some differences_ in the 
accumulation rates (Table 2, Fig. 3), and concentrations of z”U 

(Table 3, Fig. 4), within the harbour, but there is a distinct 
decreasing trend as distance increases from the source (site #1, 
Rig. 1). Other radionuclides“ show asimilar trend (Table 3, 

- 
~ 

» \ 
Fig. 5)." The mean concentration of z”U (207i22 pg~g“) in the 
trapped matter for sites #1 and #4 near the effluent pipe, was 
lower than the concentration of (237 ug-g'1) in the effluent. 
The highest.accumulation rates and concentrations were observed at 
site #2. Although this may be related to additional discharge from 
outfall B (Fig; 1), it may be more likely related to a higher 
sedimentation rate due to the site location. 'Moving water masses 
within the harbour may become static at that site due to current 
reversal, allowing the SuSPended material from the outfall A to 
settle out for longer periods, and thus _result_i;ng in a higher 

1' 10 
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accumulation rate in the trap. Thus the higher accumulation rates 
at this site may not be due to additional discharge, but probably 
_are due to some hydrodynamic artifact, as explained above. These 
higher rates may also be a-result of sediment focusing. The 
possibility of these higher rates caused by entrained sediments 

. 
1 - 

from the confluence area iSln¢t likely since the z”U concentrations 
V

\ 
' 

‘

1 at site #2 are equal to the effluent concentrations. 
. If the 

‘entrainment was occurring, then, the less contaminated sediments 
would have resulted in a lower ZQU concentration by‘di1ution. - 

\
, 

There is evidence of entrainment ,occurring only on site #6, 
.resulting in a higher sedimentation rate than site #3, and #5, with 
a corresponding lower z“U concentration (Fig. 3). Concentrations 
of all radionuclides were highest at sites nearest to the main 
outfall A, except for 7Be and “wCs (Fig. 5), which are a result of 
material fallout from the atmosphere. This observation is further 
strengthened by the_fact that 7Be and ‘wCs are highest at the 
control site #7, out in the lake. ‘ 

d 

_- .

“ 

'

\ Concurrent to this study, other research on sediment transpOrt 
. 

‘ 

. 
- 

7 4 

using trace elements, as tracers, was being conducted along the 
north shore of Lake Ontario, just outside the Port Hope Harbour 

(Coakley,' 1989).» A large quantity of sediment. tracer 
containing 25% cesium (Cs) (Attas, 1987) was placed at the sediment 
surface, just outside the Port Hope Harbour pier, in early July. 
Moving water masses from the_lake into the harbour would contribute 
to sediment loading to thewharbour if sediment resuspension and 
transport would occur. These processes could easily be identified

11
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\

1 

by analyzing the trap and effluent samples for the cesium tracer. 
Other trace elements, which aided in the data interpretation were 
also determined in the same samples, Table 4. The lowest Cs 
concentrations were found in the effluent, and’at site #7._ All 
other samples contained substantially more Cs. With the exception 
of minor deviations, there seems to be a\decreasing concentration 
in Cs from outside to inside the harbour (Fig. 6). This shows that 
the lake is contributing to the sediment loading to the harbour. 
At present, this transport cannot be quantified. 

n 

*

- 

POLYCHLORINRTED BIPHENYLS ‘ 

~ au. 
_

' 

Many organic and inorganic contaminants, such as PCB, and metals 
are hydrophobic, persistent, non-degradable, and toxic. Metals are 
strongly chemically associated with suspended particulates 
(Rosa etaL, 1983), especially with fine—grained sediments (Férstner 
and Patchineelam, 1980).‘ The rapid adsorption of PCBs to living 
and non—living particulates has been shown by Clayton-maL (1977) 
and*JTu_lp and Hutzinger ‘(197‘8)4. Mcflaughtu (1982) has shown that 
levels of contaminants in zooplankton increased as detritus was 

- 

- 1 . 

added to water. Thus both the concentration of particulate matter, 
and the quantity of organic matter are important in assessing the 
transport, pathways, and fate of organic contaminants, ‘Replicate 
analyses- of '% LQI _shqw‘ thatv there is good' agreement‘ among 
duplicates, since.the coefficient of variation-(G;V.) is less than 
7%, Table 5. Selected Port Hope samples were analyzed for TPCB 

. 
. 

I ‘ 

. 
. \ 
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(Table 6) and priority congeners (Table 7)-_ The selection of 
priority congeners was based on results from Clarke etaL (1989). 
"The total PCB concentrations show an opposite trend to the other 
contaminants (Fig. 7). The lowest concentrations were found in the 
harbour traps, and the highest concentrations (0.816, and 0.765 
pg-g*) were in the control trap (site #7T) and in the particulate 
matter in the effluent, respectively. Increased concentrations of 
PCBs in the sediment trap at site #7 (about 1.6 km from the shone 

' 
~ 

'

/ in-Lake Ontario) is probably due to inputs of PCBs from other 
Sources along the north shore; or to the transport of sediment from 
the offshore area of the lake into this nearshore site. Greater 
concentrations of PCBs in jparticulate matter 'in the effluent 
appears to be due to the input from CAMECO Ltd. since the 
concentration at the intake, site #6, is lower by-a factor of five. 
The concentrations ‘of individual PCB congeners determined .in 
effluent's particulate matter and in material from sediment the 
trap at station #7 showed different.patterns (Fig. 8). The results 
indicated different origins of PCBs at these two sites: sediment 
trap material from site #7 contained greater concentrations of more 
persistent PCBs with a higher number of chlorine atoms (penta— and 
hexachlorobiphenyls) than the effluent which contained a greater 
concentration of more degradable lower chlorinated PCBs (tri- and 
tetrachlorobiphenyls).‘ The sediments in the depositional basins 
of Lake Ontario contain mainly highere chlorinated biphenyls 
(Oliver, unpublished data, 1987). Consequently, our results 

. 

K, 
V

_ 

13 .-



K

\ 

suggested_ that the trap 'at, site' #7 contained, mainly’ material 
transported, from' the offshore ‘area of Lake Ontario, and the‘

\ 

particulate matter from the effluent was contaminated by less 
degraded PCB congeners from a different source; * 

V

. 

METALS - 
- 

_ _ 
\ 

_ 

-

i 

The concentrations of As, Zn, Pb and Cu in the uppermost 5 cm 
layer of bottom sediments (Table 8) collected at stations #1 and 

. 

_ » 

. » 
\

- 

#3, and As and Pb at station #5, exceeded the OMB dredged material
\ 

classification criteria for open water disposal (Table 9).
i 

With ’the exception of As andv Cu at stations #7 and #6, 

(respectively, the concentrations of As, Zn, Pb and cu<ih suspended 
sediments collected by the centrifuge (effluent) and sediment traps 
(Fig. 9) exceeded the OME dredged materia1.classification criteria 

. 

/ 

.
_ 

, . 

for open water disposal. In most bottom and_suspended sediment 
samples, the concentrations of As, Zn, Pb and Cu exceeded the OME 
dredged material classification\criteria'for unrestricted land use, 
and in some‘ cases, the criteria. fore restricted bland use, in 

particular for As and Cu (Table 9). 

CONCLUSIONS 
\ . 

'

. 

The potential for recontamination of Port Hope Harbour cannQt be 
/

. 

easily assessed by only measuring the amount of particulate matter 
settling out of the water column. This is probably the most 
important variable but,j along with this _there must be other 

- v ' 

- 
. 

' '

~ 
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measurements made in the physical and hydrodynamic characteristics 
of the Harbour/River/Lake mixing zone. Only then can one begin to 
assess the movement of water masses in and out of the Harbour/Slip 
area, and associated suspended matter to arrive at an approximate 
mass-balance calculation to determine sources and sinks_ of 
suspended matter and associated contaminants. At present, it is 
very difficult to estimate loadings into the harbour from the 
Ganaraska River and Lake Ontario, Loading estimates,» during 
different times lof the year, may vary due to different 
meteorological and hydrodynamic conditions} Based on the results 
of this study, the possibility of recontamination is very likely 
yfor all contaminants analyzed, except TPCBs. .Special emphasis is 
placed on ZQU since the concentration in sediments at the control 
site is 1.5 pg-g“, which is 160 times less than vthe $53 
concentration in the effluent. V " 

The results of the study suggested:
, 

1) Accumulation rates of particulate matter and associated 
contaminants in the harbour are 60 — 100 times greater than at 

the control site. ‘“ 

2) A11 material retained in the traps originated from external 
inputs (i.e., effluent, etc.) and not from bottom sediments. 

3) Results of this study indicated the potential of 
recontamination of Port Hope Harbour by radionuclides, metals, 
and some PCB congeners. 

/,
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_

4 

Concentration_of particulates in the effluent, mgil“ (collected by centrifuging-600 l‘of water). 
\\ 

_

‘ 

Accumulation rate (gwmékdfi), of snspended particnlates in the traps, at different sites, in and outside of Port Hope_Harbour¢ 
. 

X , 

Concentrations of“ radionnclides (Bq-gq) in the particulate fraction of Port Hope Harbour samples. 
_ Q

A 

Concentration of.trace elements (pg-g4) in the Particulate fraction of Port Hope Harbour samples; \ 
" 

_

, 

Replicate Loss On Ignition (LOI) Analysis, on selected samples, showing, Mean, Standard Deviation (S.D;) and Coefficient of Variation (C.V.). 
V 

“ 
' 

. 
, 

-
< 

. 
. 

p \ Concentration of total PCBs (fig-g4) and % Loss On Ignition, in the-particulate fraction of Port Hope Harbour samples. , 

Concentration of priority PCB congeners (pg-g“) in the
A particulate fraction Qf‘the effluent, and the trap at site #7. 

C 
. l 

, ,. v. 
1

X 

Concentration of metals (pg-g4) in the particulate i 

»fraction of.Port Hope Harbour samples.L‘V “" 
‘Ontario Ministry of the/Environment dredged material ] classification criteria (mg-kg“ dry weight).
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SAMPLE 
ci 
c2 
l¢ (MEAN) 

STN/s#. 

1-aw’ 
l—2T 
l-1T 
2T 
3T 
4T 
ST 
6T 
7T 

DEPTH 
( ) 

TABLE 1 

Concentration of particulates in the effluent, mg-1“ 
(Collected by centrifuging 600 1 of effluent water) 

TTM 

\l@O\ 
III‘ 

O\e§\l 

Accumulation rate of particulate nutrients (g-m4-d4) 

ITM 

O\\lUl 

I~.I 
POM 

TABLE 2 

OTM 

I-‘I-'0-l 
U'l|I>Ul 

POC PN % 

0.88 0.097 
0.82 0.087 ' 

0.85 0.092 

(A11 units in grams, except CHLA, in mg) 

TRAP 
m 1 

I-' 

ml-‘l-‘I-'0-‘F-‘I-‘I-‘CD 

IOIO 

IIIQO 

OUUUUWMUQ 

361 
264 
175 
606 
130 
206 
147 

J 

308 
3.8 

319 , 

233 
155 
559 
114 
181 
130 
277 
3:6 0 

42 
31 
20 
47 
16 
25 
17 
31 
94 

TTM1 ITM2 OTM3 GHLAU4 CHLAC5

0 

34 
20 
11 
27 
17 
27 
16 
27 
.78 

TPP6 

0.70 
0.36 
0.20 
0.39 
0.075 
0.29 
0.15 
0.37 
0.080 

LOI 

22I5 
16.9 
19.7 

POC7 

19 
15 
10 
29 

8.7 
13 

7.7 
15 

9.72

/ 

PN8 

Ol—*Ol—'Ok)Ol-*l—* 

i—*->\lQJ(ZIO\ObJ® 

LJ 

O3 

KO 

I-J 

-(>0-)l\)l-' 

TTM 
ITM 
OTM 
CHLAU 

total trapped matter 
inorganic trapped matter 
organic trapped matter 
uncorrected chlorophyll 

'20 

@\lO\UI 

CHLAC 
TPP 
POC 
PN 

corrected chloarophyl-l 
total particulate phosphorous 
particulate organic carbon 
particulate nitrogen

\



\ 

STN/s# 
1-3T 
l—2T 
1-1T 
2T 
3T 
4T 

3ST 
6T 

- 7T 
'18 
3S 
SS 
6S 

C1" 
C2 

ALGAE 

STN/s# 
l-3T 
1-2T 
l—1T 
2T 
3T 
4T 
5T 
6T 
7T 

C2 

TABLE 3 

Concentration of radionuclides (Bq-g“), in the particulate fraction of Port Hope Harbour samples 
T(Trap), 8(0—5cm Bottom Sediment), and C(Centrifuge) 

321 

4.997 
5.277 
5.111 
9.610 
3.575 
5.121 
2.075 
0.472 
0.289 
9.123 
4.324 
0,404 
0.058 
2.100 
0.720 
14597 

Concentration of trace elements (pg~g4), particulate fraction of Port Hope Harbour

U 
205 
214 
222 
254 
209 
227 
163 

30.3 
2.7 

181 

z5Ra z”U ' znTh
\ 

227Ra '37Cs 7Be 

0.951 2.393 0.022 0.062 0.014 0.020 
0.966 2.495 0.074 0.075 0.014 0.013 
0.888 2.485 0.028 "0.084 0.008 0.046 
3.537 2.895 0.017 0.182 0.010 '0.072 
0.573 2.244 0.032 0.077 0.012 0.021 
0.895 2.657 0.030 0.084_ 0.014 0.030 
0.389 1.989 0.019 0.037 0.012 0.013 
0.087 '0.288 0.016 0.020 0.005 
0.044 0.018 0.018 0.026 0.032 
5.269 2.113 0.039 0.113 0.084 
0.705 3.646 0.018‘ 0.056 0.009 
0.083 0.441 0.014 <0.004 0.009 
0.028 0.056 0.011 0.010 0.005 

0.279 1.940 0.020 0.081 0.015 

Th 

(J-bO\@\lO\\lQ\I IQIOQIOII OOOOOUOOO 

6.0 

T(Trap) & C(Centrifuge). 

Co 
21.0 
19.0 
18.0 
21.5 
14.0 
18.0 
13.0 
7.0 
5.0 

15.0 

TABLE 4 

CS 

11.0 
12.0 
10.0 
24.5 
10.0 
.8.0 
16.0 
21.0 
2.0 

<1.0 

21 

0.310 3.853 0.034 <0.043 <0.010 
0.154. 2.003 0.030 .0.044 0.008 

Sc 

U'l\l\'l@\lO\\l@N 

IIIIIIIUI 
OUIOOOUIOOO 

6.0 

0.012 
0.067 

<0.011 
30.012 
0.013 

<0.003 
<0.055 
<0.037 
<0.0l2 

in the 
samples

1



Replicate Loss on Ignition (LOI) Analysis, on selected samples, showing, Mean, Standard Deviation (S.D ), and 
Coefficient of Variation (C.V.) 

STN/s.# » % LOI MEAN s .- 0 

1—2T 
2T_ 
4T 

. 6T 
7T

a 

1S 
3S 
SS 
6S 

in the’particulate fraction of Port Hope Harbour samples 
T(Trap),'8(O-5cm Bottom Sediment), and §(Centr1fuge) 

STN/s# 
1—3T 
1-2T 

, 1-1T 
2T 
3T 
41* 
5T 
6T 
7T 

4 1s 
3S 
5S 
6S 

C1 
_‘C2

2 

V 'T(Trap) & 8(O—5cm-Bottom Sediment)
1 

.‘/ 

REP1 
10.6 

4 "s.s 
10.1 
QI8 

26.8

4 

l—' 

‘Fm!-iO\ 

0_ 

0 

0‘: 

Ob=\lG\ 

Concentration of total PCBs (pg-g“), and 

REP2 
12.0 
9.4 

11.1 
9.5 

25.9 

I-' 

uh\OlUO\ 

OIIII UUUIO 

-TABLE 5 

11.3 
9.0 

10.6 4 

9.7 
26.4 

.l-' 

nb@MG\ 

I_ 

0 

0

0 

,N\OPO\ 

TABLE 6

\ 

0.70 
0.45 
0.50 
0;l5 
0.45 

0.0 
0.40 
0.45 
0.15 

. _c.v. 

Hrepcnm 
IOIOI 

\lO\\lON

I
\ 

b)Ul(-0,0 

0 

0 

op. 

O\l-‘U-7° 

% Loss on Ignition (LOI), 

.TPCBs 

0.107 
'0.099 

~ 0.098 
0.324 
0.341 

, 0.289 
0.429 
0.154 
0.816 

. 0.589 
- 0.232 

0.163 
» 0.042

. 

0.710 
0.820

w
\ 

%_LOi 
12.0 
12.0 
12.0 
9.9 

12.5 " 

12.4 
11.9 
10.2 
24.50

F 

I-' 

eh@NO\ 

.'C_I

I 

M\OPO\' 

22.5 
_1s.9 

; 22
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# 

31 
44 
49 
52 
60 

. 77 
- 101 

118 
138 * 153 
170 
1180

\ 

CONGENER 

TABLE 7 

Chlorobiphenyl (GB) 

2,4',5=TriCB 
2,2',3,5'—TetraCB 
2,2§;4,5'—TetraCB 
2,2',5,5'-TetraCB 
2,3,4,4!-TetraCB 
3;3',4,4'—TetracB 
2,2',4,5,5'-PentaCB 
2,3',4q4',5-PentaCB, 
2,2',3,4,4',5'—HexaCB 
2,2',4;4',5,5'-Hexacn 
2,2',3,3',4,4',5—neptacB 
2 I12 ' L3 :34 r 4115 1 ' -Hep'ta.C.B

\ wanna a 

Concentration Of priority PCB congener$ (#q'94), in the particulate fraction of the effluent, and the trap at site #7 

' CONCENTRATION 
Effluent 

0.024 
0.094 
0.009 
0.095 
0.020 
0.103 

"_0.07s 
0.036 
0.030 
0.055 

V 0.018 
.0.011 

\ 
- Concentration of.meta1s (pq-g“),.in the 

Site #7T 
0.012 
0.031 
0.021 
0.070 
0.005 
0.005 
0.054 
0.042 

. 
0.086 
0.128 
0.027 
-O»052\ 

particulate fraction of Port Hope Harbour_samp1es' 
T(Trap), 8(0-5cm0Bottom Sediment), and C(Centrifuge)\ 

STN/s# 
1—3T 
1-2T 
121T 
2T 
3T 

. 4T'. 
ST 
er 

;\7T 
1s 
as 
5S 
-es 

-'c1 
5 C2 

As 
37 
52 
-41 
72 
28 
43 
26 
11
8 

2l4 
" 59 

17
8 

73 
25 

Zn 
166 
153 
171 
311 
151 
157 
137 
102 
250 

133 
171 
89 
62 

256 
193 

Pb 

262 
268 
272 
358‘ 
218 
294 
127 
71 
53 

410 
270 

21 

230 
102 

A 

23 

Cu . 

.75. 
82 
86 

155 
69 
81 
52 
25 
60 

_156 
82 ' 

21"
4 

746- 
_ 

155



‘TABLE 9 

Ontario Ministry of the Environment dredged material 
classification criteria (mg-kg4'dry weight) 

' 

_Q 'Disposa1 Land Use 
"Parameter 

W 
Open Water finrestricted Restricted 

Land Use
1 

' Quei 
. 

'

§ 

Lead ' 50 
PCBS 1 

. 0.05 
‘

- 

Loss of Weight 6000 
on Ignition

_ Total Phosphorous 1000 
Group 2 

Arsenic 8 Copper 25 
Zinc L 100 

so. <

2

\ 

14 . 

100 
' 220 

500
2

Y 

20 
100 
500

/

\

w

K

}
4
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1. Sampling Stations (sites) in Port Hope Harbour, area. 
25<-Port Hope Harbour trap Moorings, Configuration. / 

3. Accumulation rate of Total Trapped Matter (TTM,ig;m4.d4) and 
, u-zsa '(pq.‘m".a"’)‘. V 

»

, 

4. iconcentration of‘U-Z38 (pg-g“), in the trapped material, at the seven trap sites- ' 

;, 

5. Concentration of radionuclides (Bgeg“), in the trapped . 

- _material, at the seven trap sites. ~

‘ 

6. Concentration of trace elements (pg-g4), in the trapped, 
' material, at the seven trap sites, and in the centrifuged 4 

materia1.' » 

' ' 

,

" 

7. Concentration of total PCBs (pg-g4), in the trapped
p material, at the seven trap sites, and in the centrifuged 

C material. n _ , 

1' '

_ 

8. Concentration of priority PCB congeners (pg~g“), in the 
‘particulate fraction of the effluent, and in the trap at 

9.' Concentration of metals (gg~g4), in the trapped 
_ material, at the seven trap sites, and in the centrifuged- 
material.
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