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EXECUTIVE SUMMARY
Contaminant data collected by the Niagara River Upstream/Downstream Program were
analyzed to determine annual mean concentrations and loads, guideline exceedences,
potential sources and trends over both the 1986/87-2004/05 and 1996/97-2004/05 time
periods. For the analysis, consistent methods were used for calculating:


annual mean concentrations and loads using the Maximum Likelihood
Estimation method; and,



changes/trends in the concentrations and loads using a statistical model and
implemented using the SAS LIFEREG procedure.

Chemicals were divided into classes (eg. chlorobenzenes, organochlorine pesticides, etc.)
and discussed under these headings.
A comparison of the recombined whole water concentrations for those chemicals having
water quality criteria, to the strictest agency criteria indicated that a number of the chemicals
still exceeded their criteria. This represents a possible threat to aquatic life and the real or
potential impairment of beneficial uses.
Concentrations/loads calculated by the LIFEREG MODEL were used to determine the
change between base years (usually 1986/87 and 1996/97) and 2004/05. These results
were then used to calculate an index of change over the two periods. Although the pattern
of change was different for different chemicals, the results showed that most of the
chemicals for which a trend was discernible exhibited a significant decrease over the
nineteen-year period, but that this trend may be leveling off for many of the chemicals in
more recent years. The trend for several chemicals, particularly some PAHs, trace metals,
and neutral herbicides, actually increased while other chemicals exhibited no significant
change/trend.
The data showed that contaminant concentrations and, more particularly, loadings, are
strongly influenced by both phase distribution and soluble particulate matter concentration.
In addition, data analysis in this report indicates that Niagara River sources continue to
provide inputs for a number of compounds such as the chlorobenzenes and industrial byproducts while the principal source of others appear to be upstream or Great Lakes basinwide.
Finally, while considerable progress has been made in reducing the concentrations of toxic
contaminants in the Niagara River, much work is left to be done.
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1.0 INTRODUCTION
The Niagara River, responsible for more than 85% of the total tributary inflow to Lake
Ontario (Eadie and Robertson 1976) and about 50% of all incoming fine grained sediment
(Kemp and Harper 1976), has a significant influence on the lake. Because of this influence,
Environment Canada established a monitoring station in 1975 at the mouth of the Niagara
River at Niagara-on-the-Lake (NOTL) to estimate the annual chemical loads and
changes/trends in these loads from the river to Lake Ontario. Love Canal, and the
publication of numerous reports on the magnitude of the hazardous waste site problem on
the U.S. side of the river in the late ‘70s, further heightened Environment Canada’s concern
about the input of chemicals to the river and, subsequently, to Lake Ontario. A second
station was established at the head of the Niagara River at Fort Erie (FE) in October, 1983
to estimate the loads of chemicals to the river from Lake Erie. The “differential load”,
obtained by subtracting the loads of chemicals measured at FE from those measured at
NOTL, provided an estimate of the chemical load entering the river from Niagara River
sources.
This Upstream/Downstream Program, as it became known, was a key component of the
Niagara River Long Term Monitoring Plan recommended by the Niagara River Toxics
Committee (NRTC 1984). It was formally incorporated into the Niagara River “Declaration of
Intent” signed by the Four Parties - Environment Canada, the United States Environmental
Protection Agency (Region II), the Ontario Ministry of the Environment, and New York State
Department of Environmental Conservation - in February, 1987. Thus, what had begun as
an Environment Canada initiative became a component of the Niagara River Toxics
Management Plan (NRTMP).
The overall goal of the NRTMP is to achieve significant reductions of toxic chemical
pollutants in the Niagara River and the purpose of the Upstream/Downstream Program, in
both its original and NRTMP contexts, has been to report on concentrations, loadings and
trends of contaminants in the river, specifically in relation to implemented control measures.
In 1996, the Four Parties reaffirmed their commitment to the NRTMP with the signing of the
“Letter of Support” which identified new measurable milestones including:




Maintain downward trends in concentrations of chemicals that exceed U.S. or
Canadian water and sediment criteria, that cause fish consumption advisories,
and that are detected in sediment cores.
Achieve downstream concentrations that are statistically equivalent to those
upstream.
Maintain downward trends in concentrations of chemicals that are associated
with particular sources, so that remediation program success can be
demonstrated

While the NRTMP has primarily focused on 18 “Priority Toxics”, the Niagara River
Upstream/Downstream Program reports on a much larger suite of compounds made up of
organics, trace metals, nutrients, and major ions in both the dissolved and particulate
3

phase. This report summarizes the Upstream/Downstream Program chemical data,
including the 18 “Priority Toxics”, collected between 1986/87 and 2004/05. In addition, the
report also summarizes these same data over the shorter 1996/97 to 2004/05 time period in
order to compare and contrast both long-term and more “recent” trends.
Ultimately, the report:
 summarizes the changes/trends in the concentrations/loads of the Upstream
Downstream Program chemicals over the periods 1986/87 to 2004/05 and
1996/97 - 2004/05, at NOTL and FE stations;
 summarizes the annual mean concentrations and loads of the
Upstream/Downstream Program chemicals for these same periods, at NOTL
and FE stations;
 estimates the annual mean recombined whole water (RWW) concentrations
and their 90% confidence limits at both stations, and compares the upper 90%
confidence level RWW concentrations to water quality objectives;
 briefly discusses the most probable sources of the Upstream/Downstream
Program chemicals;
 briefly discusses possible reasons for the observed changes; and
 briefly discusses the implications of the Upstream/Downstream Program
results for Lake Ontario and the Niagara River, specifically, by comparing the
annual mean whole water concentrations to water quality objectives.
It should also be emphasized that this report utilizes consistent methods for calculating the
following:
 changes/trends in the concentrations and loads of Upstream/Downstream
chemicals over the period of record, for both the dissolved and particulate
phases, at both NOTL and FE using a statistical model developed by ElShaarawi and Al-Ibrahim (1996) and implemented using the SAS LIFEREG
procedure; and,
 annual mean concentrations and loads of Upstream/Downstream Program
chemicals, for both dissolved and particulate phases, at both NOTL and FE
using the Maximum Likelihood Estimation method (MLE; El-Shaarawi 1989).

2.0 THE UPSTREAM/DOWNSTREAM PROGRAM
2.1 Overview
The Upstream/Downstream Program measures the concentrations of chemicals in both
dissolved and particulate phases in water at the head [Fort Erie (FE)] and mouth [Niagaraon-the-Lake (NOTL)] of the Niagara River (Figure 1). Program results are reported based
upon Environment Canada’s fiscal year which runs from April 1 to March 31. Over the
eleven-year period 1986/87 -1996/97, sampling was conducted weekly while bi-weekly
samples were collected between 1997/98 - 2004/05. Sampling times at the two stations are
offset by approximately 15-18 hours to allow for the travel time of water between the head
and mouth of the river. While this does not account for the storage and release of water
from the Robert Moses and Sir Adam Beck power plant reservoirs, it does better
4

approximate the river’s hydrodynamic regime. Large-volume, 24-hour time-integrated
dissolved phase and particulate phase water samples for organic contaminants are
collected using a submersible pump, intake line, and Westfalia centrifuge assembly while
grab samples for whole water trace metal analyses are collected from the intake line.
LAKE
ONTARIO
Niagara
River

Niagara-on-the-Lake
Station

Fort Erie
Station
LAKE ERIE

Figure 1. Niagara River Upstream/Downstream Sampling Locations

Daily flow data are obtained from the Co-ordinating Committee on Great Lakes Basin
Hydraulic and Hydrologic Data. Loads for both the dissolved and suspended particulate
phases are calculated using the chemical concentrations, river flows and suspended
particulate matter (SPM) concentrations.
Sampling procedures, analytical methodologies, and quality assurance/control for the
Upstream/Downstream Program have been documented thoroughly (NRAP 1992; NRSP
1995; Data Interpretation Group 1997; Data Interpretation Group 1999, NRAP 2000, NRSP
2003, SOP 06-6001; Hill & Klawunn (2009)). These protocols, developed and agreed to by
the Four Parties, include the requirement for regular audits of Environment Canada field and
laboratory operations. The purpose of the audits is to ensure that the protocols are being
followed by Environment Canada’s field and laboratory staff. The program was designed,
and has been operated, by a single agency (Environment Canada) ensuring the consistency
of field and laboratory work and data management. Four Party audits were conducted in
1988, 1991, 1993, 1997, 2000, and most recently in 2005. In each case, the audit teams
concluded that the procedures generally adhered to those described in the sampling and
analytical protocol documents and should, therefore, result in the generation of data of
acceptable quality. A summary of field and laboratory protocol changes can be found in
Appendix A.

2.2 Target Analytes
The list of chemicals analysed in the Niagara River Upstream/Downstream Program has
undergone changes over the 1986/87 to 2004/05 period. The reasons for these changes
are outlined below. Furthermore, detection limits over this period changed as improvements
were made to analytical methods and instrumentation. Despite these improvements,
concentrations of many chemicals, particularly organic chemicals, measured in the Niagara
River are still often below the sensitive analytical detection limits used to measure them.
5

In some cases, results show that certain compounds, like toxaphene, chlorophenols, and
dioxins were always below the practical detection limit (PDL) in both phases and/or at both
stations; consequently, their analysis was discontinued (note that Niagara River dioxins,
chlorophenols, and toxaphene are still monitored through the Ontario Ministry of the
Environment’s Niagara River Mussel Biomonitoring Program). In other cases, the analytical
method was not sufficiently sensitive (i.e. mercury in water) or there has been evidence of
ongoing contamination problems during sampling and analysis (i.e. mercury and PCB in
water and phthalates in water and sediment) and therefore analytical results were suspect.
In the case of volatile organic compounds (VOCs), few compounds were above the PDL or
exceeded water quality criteria and, perhaps more importantly, quantifying loadings and
sources was very difficult due to significant losses attributed to the violent actions of water
moving over Niagara Falls.
For these reasons, this report will not focus on discontinued analytes whose results, as
described above, can be found in previous Upstream/Downstream reports; instead, it will
concentrate on the compounds which remain in the suite currently investigated by the
Niagara River Upstream/Downstream Monitoring Program (Table 1).
Table 1. Chemicals Analysed in the Niagara River Upstream/Downstream Program (1986/87 - 2004/05)
Chlorobenzenes:
1,2-Dichlorobenzene
1,2,3,4-Tetrachlorobenzene
1,3,5-Trichlorobenzene

1,3-Dichlorobenze
1,2,3-Trichlorobenzene
Hexachlorobenzene

1,4-Dichlorobenzen
1,2,4-Trichlorobenzene
Pentachlorobenzene

Industrial By-Products:
Hexachlorobutadiene

Hexachlorocyclopentadiene

Octachlorostryene

Neutral Herbicides:
Atrazine

Metolachlor

Organochlorine Pesticides and PCBs:
Aldrin
p,p-DDD
p,p-DDT
β-Endosulfan
α-HCH
Heptachlor Epoxide
PCB (Total)

α-Chlordane
p,p-DDE
Dieldrin
Endrin
γ-HCH
Methoxychlor
Photo-mirex

γ-Chlordane
o,p-DDT
α-Endosulfan
Endrin Aldehyde
Heptachlor
Mirex

PAHs:
1-Methylnaphthalene
Acenaphthalene
Benzo(a)pyrene
Chrysene/Triphenylene
Fluorene
Phenanthrene

2-Methylnaphthalene
Anthracene
Benzo(bk)fluoranthene
Dibenzo(ah)anthracene
Indeno(123cd)pyrene
Pyrene

β-chloronapthalene
Benz(a)anthracene
Benzo(ghi)perylene
Fluoranthene
Naphthalene

Trace Metals:
Aluminum
Barium
Chromium
Iron
Manganese
Nickel
Strontium

Antimony
Beryllium
Cobalt
Lead
Mercury
Selenium
Vanadium

Arsenic
Cadmium
Copper
Lithium
Molybdenum
Silver
Zinc
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3.0 STATISTICAL METHODS AND DATA CALCULATIONS
3.1 Calculation Of Mean Annual Concentrations/Loads Maximum
Likelihood Estimation (MLE) Method
Originally, the Upstream/Downstream Program reported estimates of the annual mean
concentrations and loads with their 90% confidence limits based upon the Maximum
Likelihood Estimation method (MLE) (El-Shaarawi 1989) for chemicals having at least 3
“trace” values; however, as detection limits improved, a revised MLE method requiring at
least 3 or more values above the PDL (Kuntz & Klawunn (2005) and Hill & Klawunn (2009))
was adopted by the Program. MLE results for this report are based upon the revised
method.
For the purposes of this report, data was categorized as follows:
 “measured” (i.e., values above the practical detection limit);
 “trace” (i.e., values below the practical detection limit, but still quantified);
 “censored” (i.e., values below the practical detection limit, and not quantified);
and,
 missing values (due to instrument failure or other reasons).
In addition, this report uses the paired contaminant concentration and SPM concentration
for each individual sample (rather than the annual means) along with annual mean
discharge to calculate the annual mean particulate phase loads as outlined in recent
Upstream/Downstream Program reports (Kuntz & Klawunn, 2005; Hill & Klawunn, 2009)
which provides a more accurate concentration and loading estimate.

3.2 Calculation Of Trends: The LIFEREG Model
To determine trends over time with known confidence for measured chemicals, a statistical
procedure was developed that dealt with “censored” and missing data, auto-correlation and
seasonality, as well as changing analytical limits of detection (El-Shaarawi and Al-Ibrahim
1996). A detailed description of the model was provided in the previous Niagara River
Upstream/Downstream trend report (Williams et al., 2000); however, in essence, the model
assesses the significance of the components: seasonality, trend, and unstructured variability
(i.e. errors) which contribute to data variability. The model then determines whether a trend
is present, whether the trend is statistically significant, and the shape of the trend.
The model was run individually on each of the chemicals, in each phase (whole water for
metals), at both stations, for both the 1986/87 - 2004/05 and 1996/97 - 2004/05 periods.
Contaminant concentrations, SPM concentrations and river flow were always included as
covariates.
It is important to note that the model’s reported percent change between the base year
(1986/87 for most chemicals in the “long term” analysis and 1996/97 for the “recent”) and
2004/05 was based on the annual means estimated by the model (i.e., the central
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tendencies of the model) running it over the entire period of record for which data were
available. As a result, these means are not directly comparable to, nor will they be the same
as, the means calculated for each year individually using the MLE method and reported in
the Niagara River Upstream/Downstream Monitoring Program Final Reports (Appendices B
& C).

4.0 RESULTS AND DISCUSSION
In 1986, the Four Parties signed the “Declaration Of Intent” with the goal of significantly
reducing toxic chemical pollutants from point and non-point sources to the Niagara River
taking into account applicable water quality and drinking water standards. Approximately 10
years later, the Four Parties signed the “Letter of Support” with the goals of maintaining
downward trends in toxic chemical concentrations and achieving downstream
concentrations that are statistically equivalent to those upstream. In both cases, the
Upstream/Downstream Program was identified as one of the primary means of determining
toxic chemical concentrations and loadings, evaluating reductions, and reporting progress.
Given the original goals and objectives of both the “Declaration Of Intent” and “Letter Of
Support”, it seems most appropriate to discuss the monitoring results in the contexts of
“Exceedences” of guidelines, “Trends”, and “Sources”.
Before presenting the results a few points should be emphasized. First, as previously
stated, reported percent changes in the long and short term trends are based on the annual
means estimated by the model; consequently, they are not directly comparable to, nor will
they be the same as, the means calculated for each year individually using the MLE
method.
Secondly, the percent change in the long and short term trends applies to each station
independently and provides no information on the magnitude of the change at either station
in absolute terms. For example, concentrations at FE may change from 0.1 to 0.05 ng/L,
and those at NOTL from 10 to 5 ng/L. Both represent a 50% decrease, but they are vastly
different in absolute terms. A 50% decrease at FE, therefore, does not necessarily translate
into a 50% decrease at NOTL (although it may contribute to the overall decrease). That is,
comparing the percent change at the two stations is rather meaningless without some
indication of what the starting points were at each station.
Thirdly, because the Niagara River Program examines concentrations and loadings in both
the dissolved and particulate phases, it becomes apparent that some compounds partition
disproportionately in one phase versus the other. This is primarily due to the water partition
coefficient of each individual compound, which is a measure of the compound’s
physical/chemical properties, including solubility. Table 2 shows the mean phase
distribution for each of the Niagara River compounds based upon data from 1986/87 to
2004/05.
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Table 2. Phase Distribution For Selected Niagara River Chemicals
Chemical

FE

NOTL
%
%
Dissolved
Particulate

%
Dissolved

%
Particulate

Chlorobenzenes
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2,3,4-Tetrachlorobenzene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,3,5-Trichlorobenzene
Hexachlorobenzene
Pentachlorobenzene

99
99
98
100
100
97
98
81
93

1
1
2
0
0
3
2
19
7

98
98
96
92
96
94
94
50
79

2
2
4
8
4
6
6
50
21

Industrial By-products
Hexachlorobutadiene
Hexachlorocyclopentadiene
Octachlorostyrene

60
100
n/a

40
0
n/a

84
84
12

16
16
88

Neutral Herbicides
Atrazine
Metolachlor

100
94

0
6

100
94

0
6

OC Pesticides & PCBs
Aldrin
α-Chlordane
γ-Chlordane
p,p-DDD
p,p-DDE
o,p-DDT
p,p-DDT
Dieldrin
Endrin
Endrin Aldehyde
α-Endosulfan
β-Endosulfan
α-HCH
γ-HCH
Heptachlor
Heptachlor Epoxide
Mirex
Methoxychlor
PCB (Total)**
Photomirex

0
44
59
51
37
26
24
96
98
0
98
66
100
100
n/a
99
0
17
0
n/a

100
56
41
49
63
74
76
4
2
100
2
34
0
0
n/a
1
100
83
100
n/a

0
53
69
71
46
30
17
95
97
n/a
94
73
99
99
0
99
0
22
0
n/a

100
47
31
29
54
70
83
5
3
n/a
6
27
1
1
100
1
100
78
100
n/a
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Table 2 (cont.). Phase Distribution For Selected Niagara River Chemicals
Chemical

FE
%
Dissolved

%
Particulate

NOTL
%
%
Dissolved
Particulate

PAHs
91
9
87
13
1-Methylnaphthalene
93
7
89
11
2-Methylnaphthalene
84
16
74
26
Acenaphthylene
26
74
42
58
Anthracene
12
88
12
88
Benz(a)anthracene
10
90
10
90
Benzo(a)pyrene
11
89
9
91
Benzo(bk)fluoranthene
11
89
11
89
Benzo(g,h,i)perylene
21
79
18
82
Chrysene/Triphenylene
4
96
16
84
Dibenzo(a,h)anthracene
36
64
34
66
Fluoranthene
87
13
83
17
Fluorene
11
89
12
88
Indeno(1,2,3-cd)pyrene
59
41
56
44
Naphthalene
64
36
64
36
Phenanthrene
26
74
35
65
Pyrene
* Trace metal samples are analysed in whole water
** PCB and Mercury values based on sediment contribution only (field blank studies indicate majority of dissolved phase
concentration is due to background contamination)

While Table 2 indicates that some compounds come close to an even split between phases
(or even an approximate 60/40 split), most tend to partition disproportionately in one phase
or the other. In fact, many Niagara River compounds show phase distribution ratios of
70/30 or higher and several are only found in one phase. Atrazine, for example, is only
found in the dissolved phase while Mirex is only found in the particulate phase. As a result,
the bulk of the Discussion section will focus on the predominant phase for each compound.
In the case of trace metals, samples are collected and analysed as “whole water” (with the
exception of Mercury); therefore, results and discussion will be presented accordingly. As
mentioned, concerns over contaminant issues in dissolved phase Mercury mean that only
particulate phase results will be discussed for this compound.
Given the partitioning tendencies for various compounds, it’s important to understand the
flow and suspended sediment regime of the Niagara River. This is particularly true for
particulate phase loadings which are dependent on both the SPM concentrations and the
flow; however, low dissolved phase concentrations can also have a significant impact on
loadings due to the high volume of Niagara River flow. Figure 2 illustrates both the
magnitude and consistency of the Niagara River discharge over the 1986/87 – 2004/05 time
period. Interestingly, SPM concentrations have undergone a notable decline during this
time (Figure 3) which should, intuitively, lead to a corresponding decline in contaminant
concentrations, particularly for those found predominately in the particulate phase; however,
results in this report illustrate that this is not always true as there are cases where
contaminant concentrations have increased over the period of record.
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Finally, some mention should be made of how well the upstream and downstream stations
represent actual conditions in the river. Investigations conclude that samples collected at
the Fort Erie station are representative of the water in eastern Lake Erie and that effluent
from Smoke Creek and the Buffalo River do not mix with water in the upper part of the
Niagara River (Ad Hoc Group on Physical Limnology and Hydraulics 1989;Williams et al
2003); however, there is some evidence that the upstream station may be influenced by
sources on the Canadian side of the Niagara River upstream and close to the FE station
(Williams et al, 2000).
Figure 2. Niagara River Mean Annual Discharge (1986/87 - 2004/05)
FE
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Figure 3. Niagara River Suspended Particulate Matter Concentration
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Downstream, a study funded by Environment Canada (Green/Seastar, 1988) indicated that
the distribution of contaminants in the Niagara River at Niagara-on-the-Lake is
homogeneous and significant mixing of the Niagara River as it passes over the falls and
through the rapids and whirlpools eliminate any of the nearshore effects observed at the
upstream station. It should be noted however, that, while there have not been any definitive
source inputs identified along the lower reach of the river, any contaminant inputs
downstream of the rapids would not be well mixed and would tend to flow along the
shoreline from which they were released.

4.1 Exceedences
In order to help the Four Parties meet the “Letter of Support” goal of achieving “ambient
water quality that will protect human health, aquatic life, and wildlife”, the Niagara River
Upstream/Downstream Monitoring Program is a key component used to identify toxic
chemical concentrations that exceed water quality guidelines.
The annual mean concentrations and loads for each chemical in both the dissolved and
particulate phases calculated using the MLE have been summarized for NOTL and FE
under separate cover in Appendices B and C, respectively. The particulate phase
concentrations are given both as weight of contaminant per weight of particulate and
equivalent water concentration (EWC), the latter of which were calculated by multiplying the
particulate phase concentration of the contaminant by the water column SPM concentration.
The EWC is needed to calculate the recombined whole water (RWW) concentrations (i.e.,
dissolved + particulate phase) which can then be compared with water quality criteria and
used to determine annual mean total loads.
For the purpose of this report, the upper 90% confidence interval for recombined whole
water concentrations (dissolved plus particulate phases) were compared to the current most
stringent agency criterion (Tables 3a and 3b) and exceedences were indicated by bold
highlighted numbers. Using the upper 90% confidence interval is a more conservative
approach to assess criteria exceedences than using the mean.
The current “most stringent agency criterion” cited in Tables 3a and 3b were taken from the
following sources:
1. Canadian Council of Ministers of the Environment (CCME). “CEQG Online”. Canadian
Environmental Quality Guidelines. 2009. CCME. July 14, 2009. < http://ceqg-rcqe.ccme.ca/>.
2. IJC: (1) Specific Objectives. Annex 1 of the Great Lakes Water Quality Agreement of 1978, as
amended 1987.
3. NY State: Division of Water Technical and Operational Guidance Series (1.1.1), June 1998.
New York State Department of Environmental Conservation, Albany, NY.
4. Ontario MOE: (1) Water Management Policies, Guidelines, Provincial Water Quality Objectives.
July 1994.
5. U.S. EPA: National Recommended Water Quality Criteria. Office of Science and Technology,
Washington, DC. May 21, 1999.
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Table 3a. Comparison of Upper 90% CI Concentrations with Most Stringent Agency Water Quality Criteria at FE

bold highlighted values represent Water Quality Criteria exceedences
blank fields = not measured or not detected
*NOTES:






Trace metal results represent “Whole Water” concentrations while the Water Quality Criteria for Metals are based on the dissolved phase (with the exception of mercury)
Aluminum criteria is based upon “clay-free” samples; however, trace metal samples were not filtered and; therefore may contain clay particles
PCB and Mercury values based on sediment contribution only (field blank studies indicate majority of dissolved phase concentration is due to background contamination)
Naphthalene values based on sediment contribution only due to poor and variable recovery of the analyte in the dissolved phase
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Table 3b. Comparison of Upper 90% CI Concentrations with Most Stringent Agency Water Quality Criteria at NOTL

bold highlighted values represent Water Quality Criteria exceedences
blank fields = not measured or not detected
*NOTES:






Trace metal results represent “Whole Water” concentrations while the Water Quality Criteria for Metals are based on the dissolved phase (with the exception of mercury)
Aluminum criteria is based upon “clay-free” samples; however, trace metal samples were not filtered and; therefore may contain clay particles
PCB and Mercury values based on sediment contribution only (field blank studies indicate majority of dissolved phase concentration is due to background contamination)
Naphthalene values based on sediment contribution only due to poor and variable recovery of the analyte in the dissolved phase
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Note that the concentration and loading values for Mercury differ from previous reports. In
the past, whole water concentrations were reported; however, more recent reports (Kuntz &
Klawunn, 2005 and Hill & Klawunn, 2009) have focused solely on the particulate phase due
to concerns over both the sensitivity of the analytical method and possible contamination of
the dissolved phase sample. In order to facilitate comparisons, historical data were reevaluated using the current method based solely on the particulate phase contribution.
It should also be noted that current analytical methodology does not distinguish between the
two PAH compounds Chrysene and Triphenylene, nor the two isomers Benzo(b)- and
Benzo(k)fluoranthene; therefore, results are reported as Chrysene/Triphenylene and
Benzo(b/k)fluoranthene. The criteria are applicable to Chrysene alone (i.e., there is no
criterion for Triphenylene), and to Benzo(b)- and Benzo(k)fluoranthene alone but, in keeping
with past practice, use of the upper 90% confidence interval provides a conservative
measure of exceedence which we are comfortable identifying due to the magnitude by
which these values exceed the respective criteria.
Also, we suspect that Chrysene is the contaminant that is being measured in the Niagara
River (as opposed to Triphenylene), given its potential sources. Chrysene is a ubiquitous
environmental contaminant that occurs as a product of the incomplete combustion of
organic compounds. Anthropogenic sources of Chrysene include gasoline, diesel and
aircraft turbine exhausts; coal combustion and gasification; emissions from coke ovens,
wood burning stoves, and waste incineration; and various industrial processes such as iron,
aluminum, and steel production. Chrysene is also a constituent of coal, oil, and their
distillates, such as coal tar, and creosote. Triphenylene, on the other hand, is a minor
constituent of gasoline and, while it is often found as a by product of industrial emissions, its
concentration levels are relatively low unless measured directly downstream from a point
source (Niagara River Secretariat; 2007).
At first glance, the results in Tables 3a and 3b look quite similar. With the exception of
Octachlorostyrene, Lead, and Mercury at Niagara-on-the-Lake, the same 18 compounds
(Hexachlorobenzene, α-HCH, Total Chlordane, p,p-DDD, p,p-DDE, p,p-DDT, Total DDT,
Dieldrin, Mirex, PCBs, Benz(a)anthracene, Benzo(a)pyrene, Benzo(bk)fluoranthene,
Benzo(ghi)perylene, Chrysene/Triphenylene, Indeno(123cd)pyrene, Aluminum, and Iron)
exceed strictest agency criteria at both Fort Erie and NOTL and the stations share some of
the few compounds that exceed their water quality criteria every year including p,p-DDE,
Total DDT, Dieldrin, PCB, and Aluminum. Finally, neither station reports any exceedence
for compounds in the neutral herbicides class.
Closer inspection, however, reveals some important differences between the upstream and
downstream stations. For example, Hexachlorobenzene, Mirex, and Benzo(bk)fluoranthene
exceed strictest agency criteria for the entire period of record at NOTL but only for periods
at FE implying that sources for these compounds continue to exist along the Niagara River.
In more general terms, there were notably more exceedences in Chlorobenzenes, PAHs,
and Industrial By-Products from 1986/87 to 2004/05 at NOTL while the Fort Erie station had
fewer annual exceedences. In addition, Fort Erie has experienced a larger reduction in the
number of exceedences over the 19-year period relative to NOTL and, aside from the DDT
metabolites, the magnitudes of the exceedences are generally lower than those at NOTL.
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In the case of DDT and its metabolites; however, the exceedences were consistently larger
at Fort Erie in all but 5 cases (p,p-DDT in 1988/89, 1991/92, 1999/00, 2004/05, and Total
DDT in 2003/04). In this case, investigations suggest a local DDT source in sediments just
upstream and close to the FE station (Williams et al, 2000) which may account for higher
concentrations and exceedences at this location.
In looking at the upper 90% confidence interval data, it was interesting to note the dramatic
shift in 2000/01 PAH concentrations at the FE station. MLE concentrations rose uniformly
across this entire class and, while exceedences may have only occurred in 5 of the 17
compounds, most saw their concentrations double, triple, and, in the case of
Dibenzo(ah)anthracene, actually increase by more than 20 times the 1999/2000 values.
During the same time period, MLE concentrations at NOTL remained relatively unchanged.
Some preliminary investigations into this anomaly have been undertaken and, while the biweekly samples show that the annual MLEs were driven up by exceptionally high values in
May through August of 2000, a full explanation has yet to be developed.
It should also be pointed out that while aluminum exceeds the strictest agency criteria at FE
and NOTL for the entire period of record, this may be due, in part, to the fact that the
guideline is based upon a “clay-free” sample which does not reflect the current Niagara
River analytical method which uses whole water samples for trace metals.

4.2 Trends
In addition to identifying water quality criteria exceedences, the Niagara River
Upstream/Downstream Monitoring program is used to examine trends in the concentration
and loading of toxic compounds which can provide useful information on contaminant
sources to the river and the success of control measures and other management actions.
Table 4 shows the “long term” percent change in the annual mean concentrations and loads
of all chemicals, in both phases, at both stations, between the base year 1986/87 (varies for
some compounds) and end year (2004/05) as generated by the model. Table 5 shows the
same for the “recent” 1996/97 to 2004/05 time period. A dashed line in Table 4 and Table 5
indicates that the chemical either had too few data to run the model (less than three
“measured” or “trace” data points in each year over the entire period of record), or
insufficient data for us to have confidence in the model output (eg., mostly “trace” values). A
positive number indicates a significant increase, and a negative number a significant
decrease, in the model estimates of annual mean concentrations/loads while “NS” signifies
no significant change in the model estimates over the respective periods of record.
In producing the output for Table 4 and Table 5, the model also generated time series plots
(i.e., trends) of the dissolved and suspended particulate phase concentrations of all the
Upstream/Downstream Program chemicals for both NOTL and FE which have been
compiled in Appendix D for 1986/87 – 2004/05 and Appendix E for 1996/97 – 2004/05.
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Table 4. Trends in Niagara River Contaminant Concentrations and Loadings, 1986/87-2004/05

NS = no statistically significant trend
-- = insufficient data to generate trend
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Table 5. Trends in Niagara River Contaminant Concentrations and Loadings, 1996/97-2004/05

NS = no statistically significant trend
-- = insufficient data to generate trend
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4.2.1. Long Term Concentrations (1986/87 - 2004/05)
In general, Table 4 shows that most of the organic Upstream/Downstream analytes exhibit a
long term downward trend in both dissolved and particulate phase concentrations.
At Fort Erie, statistically significant reductions in dissolved phase dominant compounds
ranged from 32.21% in 1,3-Dichlorobenzene to 97.16% in α-HCH. Concentrations in
particulate phase dominant compounds underwent declines ranging from 24.85% in
Benz(a)anthracene to 84.68% in the DDT metabolite o,p-DDT.
At Niagara-on-the-Lake, concentration reductions in dissolved phase dominant compounds
ranged from 7.95% in Atrazine to 96.07% in α-HCH. For particulate phase dominant
compounds, the downward trends ranged from 56.64% in Mirex to as much as 93.71% in
the industrial by-product Octachlorostyrene.
Similarly, both stations also experienced reductions in some trace metal concentrations over
the 1996-2005 time period. Mercury concentrations at Fort Erie represent the smallest
decline at 4.7% and Cadmium concentrations at Niagara-on-the-Lake represent the largest
at 86.29%.
Despite the general downward trend in chemical concentrations in the Niagara River, results
also indicate that there are compounds which have undergone a statistically significant
increase in concentrations over the 19-year period between 1986/87 and 2004/05; however,
these upward trends were only observed in compounds from the neutral herbicide, trace
metal, and PAH classes and will be discussed in more detail on the following pages under
their respective class headings.
Chlorobenzenes
Long term downward trends are observed in all Chlorobenzenes with the exception of 1,3,5Trichlorobenzene at FE where there was insufficient data to produce a trend. Reductions
are fairly consistent between both stations and range from 50.48% in Pentachlorobenzene
to 93.61% in 1,2,4-Trichlorobenzene. For most compounds, reductions were slightly more
pronounced at the upstream station; however, NOTL experienced larger declines in
Pentachlorobenzene and Hexachlorobenzene. In the case of the latter, it is interesting to
note that the data shows phase distribution shifts from 80% dissolved phase at Fort Erie to
a 50% dissolved phase at NOTL. A similar shift in phase distribution occurs with
Pentachlorobenzene and, while the specific causes for these changes has not been fully
investigated, there is the possibility that they are related to increased inputs of hexa and
penta chlorobenzene contaminated sediment along the reach of the river.
Organochlorine Pesticides and PCBs
Interpretation of the organochlorine pesticide and PCB class is complicated by the broader
range and variation of phase distributions between both compounds and stations. It should
also be pointed out that the trend model was only run between 1986/97 and 1997/98 for
PCBs due to a change in analytical protocol. As outlined in the “Niagara River
Upstream/Downstream Monitoring Program Final Report 1999/00 & 2000/01”, the change
from an Aroclor based method to a congener specific method for the analysis of total PCBs
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make it impossible to directly compare PCB data from the method used prior to April 1998 to
those results after this date. In addition, only the sediment phase PCB data was considered
due to concerns of contamination of the dissolved phase data.
Regardless of phase distribution, virtually all of the compounds reported significant
downward trends of at least 50%; several had downward trends of greater than 75% (the
greatest reduction was observed in α-HCH which decreased by approximately 97% at both
FE and NOTL), and the magnitude of these trends appear to be fairly consistent between
the upstream and downstream stations for all compounds within this class. Interestingly, it
should be pointed out that the only compounds that didn’t have downward trends had
“insufficient data” to generate a trend at all. Approximately 9 of 20 OC compounds had
“insufficient data” in their dominant phase(s) indicating that the concentrations and, more
importantly, the frequencies of detection were not of notable concern.
Industrial By-Products
In the industrial by-product class, significant downward trends were only observed at the
NOTL site where Hexachlorobutadiene concentrations declined by approximately 79% and
Octachlorostyrene concentrations fell by almost 94% between 1986/87 and 2004/05 in their
predominant phases. There was insufficient data to calculate Hexachlorocyclopentadiene
dissolved phase trends at NOTL and for all three compounds at Fort Erie.
Neutral Herbicides
Of the two neutral herbicides measured in the Niagara River, only Metolachlor showed an
upward trend over the 1986/87 - 2004/05 time period when it increased by approximately
27% at Fort Erie and 6% at Niagara-on-the-Lake. Conversely, Atrazine concentrations did
not show any significant trend at the upstream site and declined by 7.95% at NOTL.
Trace Metals
For trace metals, the increases at Fort Erie ranged from 2.08% for Barium to 28.13% for
Molybdenum, the latter of which also had the only significant upward trace metal trend at
NOTL where it increased by 32.74%. Only one other compound, Selenium, exhibited an
upward trend and, like Barium, its increase was only significant at the Fort Erie site.
PAHs
Of all the compound classes, the PAH group has the largest number of significant upward
trends and the largest magnitude of increases. At Fort Erie, concentrations for 6 of the 17
PAHs increased by 83.63% to 170.22% (Benzo(bk)fluoranthene and Indeno(123cd)pyrene
respectively) while NOTL had 5 PAHs increase from 64.94% (Pyrene) to 363.38%
(Indeno(123cd)pyrene). With exception of fluoranthene, phenanthrene, and pyrene, upward
trends are only observed in those PAH compounds which tend to partition into the
particulate phase. Of the three exceptions, phenanthrene is typically found predominantly in
the dissolved phase whereas only 30-35% of fluoranthene and pyrene are found in the
dissolved phase. The reason for these increases are not fully understood at this point;
however, work by Howell et al. (1996) suggest zebra and quagga mussel colonization may
lead to greater adsorption of contaminants onto sediments due to the mussels’ impacts on
sediment grain size distributions. Evidence also suggests that the Niagara region may be
influenced by increases in urbanization (Van Metre et al., 2000), vehicular traffic at border
crossings (Beningo, 2006), and the use of coal for power and steel production (Simcik and
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Offenberg, 2006). Other dissolved phase PAHs either saw concentration declines, no
significant trends, or had insufficient data to evaluate. In general, it appears that PAH
compounds with an upward trend are increasing by a greater magnitude at NOTL than FE
and that PAH compounds with a downward trend show greater declines at the downstream
(NOTL) site.
4.2.2 Long Term Loadings (1986/87 - 2004/05)
In general, decreases in contaminant concentration should, typically, result in a decreased
load and vice versa. Table 4 demonstrates that this is true for most of the Niagara River
compounds; in fact, there is almost a 1:1 correlation between dissolved phase concentration
and loading trends at FE and NOTL. In the particulate phase, loading trends also tend to
follow the same general direction as their associated particulate phase concentrations;
however, the magnitudes of loading trends appear to be larger for downward trends and
smaller for upward trends. For example, a 61.38% decline in particulate phase
concentrations of PCBs at FE has a corresponding drop of 85.65% in particulate phase
loadings while a 114.46% increase in particulate phase Benzo(ghi)perylene concentrations
at FE corresponds to a 66.43% increase in particulate phase loadings. For a few particulate
phase compounds, loadings actually decreased where their weight of contaminant per
weight of particulate (ng/g) concentrations increased. In all these cases, the reduced
magnitude of the loading trends is due primarily to the fact that SPM concentrations in the
Niagara River decreased by as much as 72% over the 1986/87 to 2004/05 period (Fig. 3).
Trace Metals
Despite the few upward trends in trace metal concentrations, only Molybdenum showed an
upward trend (3.38% at FE and 7.18% at NOTL) in trace metal loadings. While several
compounds in this class did not exhibit a significant trend in either direction, most trace
metal loadings fell by 45% or more. The smallest loading declines were reported for
Selenium (down 6.64% at Fort Erie) which had an upward trend in long term concentrations.
Interestingly, Barium loadings were reduced by more than 17% at FE despite its marginal
(~2%) long term concentration increase. Cadmium experienced the largest reduction in
loadings dropping 87.96% at Fort Erie and 89.17% at Niagara-on-the-Lake. Vanadium and
Mercury loadings also underwent relatively large declines at Fort Erie; however,
corresponding reductions in NOTL loadings were smaller or not statistically significant, a
characteristic influenced by the general decline in suspended sediment concentration
highlighted earlier in this report.
Neutral Herbicides
Based on our analysis, the neutral herbicides are found primarily in the dissolved phase
(Table 2). As a result, they are less prone to the influence of changing suspended sediment
concentrations. In the case of Metolachlor, upward trends in loadings closely mirror upward
trends in concentration at FE and NOTL with the increases being somewhat larger at the
upstream station (FE loadings increased by 26% while NOTL loadings increased by 5%).
For atrazine, the downward trends in concentration and loading at NOTL were also very
similar in magnitude (8% and 9% respectively) while there was no significant trend in either
concentration or loading at FE.
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Chlorobenzenes
Like the neutral herbicides, chlorobenzene compounds are found almost exclusively in the
dissolved phase (Table 2); consequently, long-term loading trends tend to closely reflect
long-term concentration trends. Again, all of the statistically significant loading trends are
decreasing with the greatest reduction observed in 1,2,4-Trichlorobenzene at FE (94.84%)
followed closely by 1,2,3-Trichlorobenzene at NOTL (89.05%). Loadings of 1,3Dichlorobenzene at FE underwent the smallest change (45.31%) over the 1986/87 2004/05 time period; however, aside from that, long term loading trends were very
consistent between the upstream and downstream stations. In the case of
Hexachlorobenzene, which shifts from a predominately dissolved phase compound at FE to
an evenly distributed dissolved and particulate phase compound at NOTL, the influence of
SPM trend can be seen in the difference between the reductions in particulate phase
concentration (~70%) and loading trends (83%) at the downstream (NOTL) site.
PAHs
PAH compounds vary in their phase distributions (Table 2) with lower molecular weight
compounds associated more with the dissolved phase and higher molecular weight
compounds with the particulate phase. The data indicates that there is some similarity
between the dissolved phase compounds in this class and the neutral herbicides and
chlorobenzenes because they all show a relatively consistent relationship between
concentration and loading trends. For example, a 59.66% reduction in Acenaphthalene
concentrations at FE results in a 60.09% reduction in loadings and a 19.86% decline in
Fluorene concentration at NOTL results in a 20.73% reduction in loadings. It is interesting
to note that Phenanthrene is the only predominantly dissolved phase PAH with a long term
upward trend, a trend that is observed in both concentration and loading at NOTL. The
remaining dissolved phase dominant PAH compounds either had insufficient data to
determine a loading trend or the trends were not statistically significant.
PAH compounds with a dominant particulate phase distribution show a strong influence
from the long term reduction of SPM in the Niagara River. Compounds like Anthracene and
Benz(a)anthracene with a downward concentration trend exhibit an even larger downward
loading trend while upward loading trends are slightly smaller for PAHs with an upward
concentration trend like Benzo(a)pyrene (NOTL), Benzo(ghi)perylene, and
Indeno(123cd)pyrene. In the case of Benzo(bk)fluoranthene, Benzo(a)pyrene (FE), and
Fluoranthene, the influence of SPM reductions actually produces a downward trend in
loadings despite an increase in overall concentrations.
In general terms, it is interesting to note that the magnitude of loading reductions for
dissolved phase PAH compounds is greater at NOTL than FE while the magnitude of
particulate phase loading reductions at NOTL tend to be lower. Conversely, the increases
in particulate phase loadings are considerably higher at NOTL than FE and, with the
exception of Benzo(a)pyrene, tend to result from considerably higher NOTL concentration
increases.
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Organochlorine Pesticides and PCBs
The OC pesticide and PCB group tends to exhibit similar trends to those discussed in the
previous compound classes. This group is comprised of several dissolved phase dominant
compounds such as the HCHs, Dieldrin, Endosulfan, and Heptachlor Epoxide which not
only show consistent downward trends, but the same approximate 1:1 relationship between
concentration and loading. Again, the only dissolved phase compounds that don’t show a
downward trend are the compounds with insufficient data. In fact, regardless of phase
distribution, the only OC compounds that don’t show a downward trend are the compounds
with insufficient data.
For the particulate phase dominant compounds in this class, the influence of the SPM trend
increases the magnitude of the loading reductions similar to the PAH class and, again, the
declines are slightly larger at FE (Figure 3). In the case of those compounds which are
more evenly distributed across both phases, the downward loading trends appear to be
magnified slightly in both phases and, with the exception of PCBs, the declines are once
again slightly larger at the upstream (FE) station.
Industrial By-Products
The industrial by-product class presents two interesting cases, one of which is different than
any other compound in the Niagara River sampling suite. All three compounds
(Octachlorostyrene, Hexachlorocyclopentadiene, and Hexachlorobutadiene) have
insufficient data to generate concentration and loading trends at Fort Erie and
Hexchlorocyclopentadiene also has insufficient data to generate trends in its dominant
dissolved phase at NOTL. Hexachlorobutadiene comes close to showing to same
approximate 1:1 relationship between concentration and loading trends that has been
observed in most dissolved phase compounds; however, in this case the magnitude
difference between concentration and loading declines is slightly larger, perhaps due to the
fact that there is a slight difference in phase distribution between FE and NOTL and the
possibility that slightly more hexachlorobutadiene remains bound to sediments. More
interesting still is the fact that the magnitude of the downward trend in particulate phase
Octachlorostyrene loadings is virtually the same as the downward trend in particulate phase
concentration. In every other particulate phase compound, the long term reduction in
Niagara River SPM concentration has magnified the effects of falling concentrations on
loadings. It is possible that this is reflective of the fact that SPM concentrations at NOTL
have not declined as much as they have at FE but, at this time, the reason for this anomaly
is not fully understood and therefore warrants further investigation.
4.2.3 Recent Concentrations (1996/97 - 2004/05)
Similar to the long term concentration trends, most of the Niagara River compounds
underwent a significant decrease in concentration over the 1996/97 - 2004/05 time period in
both dissolved and particulate phase (Table 5). With the exception of relatively few (e.g. FE
PCBs), most compounds either experienced downward concentration trends between
1996/97 - 2004/05, did not show statistically significant trend in either direction, or did not
have sufficient data to generate a trend. Rates of decline varied from to 4.76% in Mercury
at FE to 83.57% for the organochlorine pesticide o,p-DDT.
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These results suggest that management actions have been successful in reducing the
concentration of most contaminants; however, results also indicate that there are some
remaining chemicals with Niagara River and/or upstream sources. As a result, a more
detailed analysis is required to assess the cost/benefit of further management to track the
sources of these compounds.
Organochlorine Pesticides and PCBs
Along with o,p-DDT, there are a number of compounds in the OC pesticide and PCB class
with significant downward trends between 1996/97 and 2004/05. In fact, the 21.92%
increase in PCB concentrations at FE is the only upward trend in this class. Concentrations
of the HCHs fell approximately 58-78%, Chlordane concentrations fell by approximately 4275%, and all of the DDT metabolite concentrations except p,p-DDT fell by approximately 2884% (p,p-DDT did not have a significant trend at either Niagara River sampling location).
Although the trends are fairly similar at both stations, it does appear that OC pesticide
reductions are slightly higher at FE than NOTL and it’s interesting to note that recent
downward trends at FE and NOTL are smaller than the long term trends. The other
interesting thing to note is that 5 compounds in this class reported non-significant trends in
their dominant phase and another 9 had insufficient data to determine a trend. Again, this is
considered to be a positive indication that these compounds are becoming less of an
environmental concern and that management actions in banning or limiting their use have
been effective.
PAHs
The PAH class also has a number of compounds showing no significant trend over the
1996/97 - 2004/05 time period, particularly at FE where 12 of the 17 analytes are
designated as “NS” in their dominant phase. With the exception of 1-methylnaphthalene
and 2-methylnaphthalene, the remainder of the PAH compounds all exhibit significant
upward trends in their dominant phase. The largest increase is found in
benzo(bk)fluoranthene at NOTL (64.18%) and the smallest increase is found in Anthracene
at NOTL (14.81%). It is suspected that the reasons for recent PAH trends, particularly the
increasing concentrations, are similar to those of the longer term trends described in section
4.2.1 (urbanization, vehicular traffic, coal for power and steel production, etc.). In general,
the increases in PAH concentrations are higher at NOTL (with the exception of fluorene,
phenanthrene, and pyrene) and the 1996/97-2004/05 trends are smaller in magnitude than
those in the longer term 1986/87-2004/05 period.
Industrial By-Products
Recent changes in concentrations for the industrial by-products, like those in the PAH
compound class, are notably smaller in magnitude than their associated long term trends.
There is still insufficient data for all three compounds at FE; however, Octachlorostyrene no
longer exhibits a statistically significant trend at NOTL and the 79% decline observed in
Hexachlorobutadiene concentration between 1986/87 and 2004/05 drops to 32.59% during
the 1996/97-2004/05 time period. Hexachlorocyclopentadiene does not show a significant
trend in its dominant phase (dissolved) over the more recent time frame.
These results indicate that trends in the industrial by-product class appear to be leveling off
which, again, implies a more detailed analysis is required to assess the cost/benefit of
further management to track the sources of these compounds.
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Trace Metals
Striking changes can be found in the recent trace metal concentrations as well. In addition
to a slight increase in the number of compounds reporting no significant trend, there are a
greater number of compounds with upward trends. Two of the three compounds that had
upward trends in the long term analysis (Barium and Molybdenum) actually have steeper
upward trends over the more recent time period. Along with Barium and Molybdenum,
increasing trends are now observed in Arsenic, Strontium, and Mercury and several of the
compounds with long term downward trends (Aluminum, Antimony, Chromium, and
Vanadium) are now reporting no significant trend. It should be pointed out that the recent
trend analysis for Arsenic was run from 1996/97 - 2002/03 due to the implementation of a
new analytical method for this compound in 2003/04 which would not allow for a meaningful
comparison with earlier data.
Neutral Herbicides
Similar to the trace metals, Atrazine and Metolachlor concentration trends change
considerably when looking at the most recent 9 years of data. Compared to the long term
concentration trends, the 1996/97-2004/05 trends for these two compounds change in
magnitude and, more importantly, in direction. There is still no significant trend for Atrazine
at FE but the long term reduction of approximately 8% at NOTL changes to an increase of
more than a 15% in the more recent time period. Conversely, the long term Metolachlor
increases observed at FE and NOTL become fairly consistent reductions of just over 31%
between 1996/97 and 2004/05.
Chlorobenzenes
Compounds in the chlorobenzene class continue to show many of the same concentration
characteristics in their recent trends as those observed in the longer term analysis. All but
one of the analytes (1,3-dichlorobenzene) reporting significant trends show a reduction in
concentration between 1996/97 and 2004/05 and even that single upward trend represents
and increase of less than 1% over the nine-year period. Also similar to the 1986/872004/05 results, the magnitude of recent downward trends tend to be greater at the FE site;
however, recent downward trends at the upstream location are very similar to the longer
term trends while recent reductions in NOTL concentrations are notably smaller than their
corresponding long term results.
4.2.4 Recent Loadings (1996/97 - 2004/05)
In most cases, the recent loading trends closely parallel the concentration trends in terms of
direction and magnitude; however, the loadings generally tend to have slightly reduced
upward trends and slightly increased downward trends, especially in the particulate phase
dominant compounds. Out of the 72 Upstream/Downstream analytes, only 12 report
significant upward trends between 1996/97 and 2004/05 and, while the increases ranged
from 1.28% for Indeno(123cd)pyrene at NOTL to 30.31% for Benzo(bk)fluoranthene at
NOTL, most tend to fall in the 5% - 20% range. Conversely, 37 compounds report a
significant downward trend and these range from approximately 2.8% for
benzo(ghi)perylene at NOTL to 89.60% for o,p-DDT at FE.
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PAHs
Of the 12 compounds showing statistically significant loading increases, 7 are found in the
PAH class. Interestingly, 6 of those 7 compounds (Benz(a)anthracene,
Benzo(bk)fluoranthene, Dibenzo(ah)anthracene, Indeno(123cd) pyrene, Naphthalene, and
Pyrene) only report upward trends at NOTL while the remaining PAH (Phenanthrene)
reports an upward trend at FE alone. All 7 compounds show no significant trend at the
other station except for Pyrene which actually shows a downward loading trend at FE. In
addition, the magnitude of recent loading trend is greater for each of the 7 compounds
except for Indeno(123cd)pyrene which reports a minor increase of only 1.28% at NOTL over
the 1996/97-2004/05 span.
At the same time, the magnitude of declines in PAH compounds such as 1- and 2methylnaphthalene and Pyrene are reduced over the 1996/97 - 2004/05 time period. In
other PAHs (e.g. Anthracene and Acenaphthalene), long term reductions are replaced by
non-significant trends in the recent period or, in the case of Benzo(b/k)fluoranthene, actually
replaced by a recent loading increases.
Conversely, Benzo(a)pyrene and Benzo(ghi)perylene loadings at NOTL shift from long term
increases to recent decreases while the long term reduction of Fluoranthene loading at the
downstream station increases in magnitude.
Organochlorine Pesticides and PCBs
OC pesticides and PCBs continue to show the same general loading trends between
1996/97 and 2004/05 as they do over the longer time period. None of the compounds
report a significant upward trend in loadings, 14 report either no significant trend or
insufficient data to generate a trend and 12 show a significant reduction, some as high as
89.60% (o,p-DDT). The influence of SPM concentration trends is still apparent in the
particulate phase compounds, particularly in the PCBs at FE where loadings fell by
approximately 13% despite a 22% increase in concentration; however, the effect appears to
have waned slightly, perhaps due to the fact that SPM concentrations were relatively stable
over the 1996/97-2004/05 time period. At the same time, dissolved phase dominant
compounds like HCH, Dieldrin, and Heptachlor Epoxide continue to show a 1:1 relationship
between concentrations and loadings. It should be noted that while the general loading
trends in both the 19- and 9-year periods are similar, reductions observed in the recent
loading trends are notably smaller than those observed over the longer time frame.
Chlorobenzenes
The chlorobenzene compounds mirror the OC pesticide and PCB class as they exhibit the
same downward trends starting with the 1996/97 base year as they did starting in 1986/87.
In addition, downward trends at NOTL tend to be notably smaller in magnitude than those at
FE. Exceptions to this include 1,2,3-and 1,3,5-Trichlorobenzene which report significant
downward trends at NOTL when none exist at Fort Erie and Hexachlorobenzene which
appears to be undergoing a more significant reduction at the downstream NOTL site relative
to FE.
Industrial By-Products
Recent loading trends for compounds in the industrial by-product class are also very similar
to their longer term results. All three analytes continue to have insufficient data to generate
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loading trends at Fort Erie and, while there is enough data for the model to run a trend for
the dominant phases of Octachlorostyrene and Hexachlorocyclopentadiene at NOTL, the
results indicate there is no significant trend at either site over this time period. In the case of
Hexachlorobutadiene, the reduction in loading falls from 83% to 39% with the shorter time
period.
Neutral Herbicides
Results for recent loading trends are relatively consistent with recent concentration trends
for one of the two neutral herbicides. The 30-40% reduction in Metolachlor loadings at FE
and NOTL closely mirror the concentration reductions. The interesting thing to note is that
these reductions stand in stark contrast to the upward trends reported for the long term
analysis of this compound. In the case of Atrazine, there is still no significant trend for either
concentration or loading at FE but, more importantly, the long term reductions reported for
loadings and concentrations of Atrazine at NOTL are both replaced by upward trends in the
1996/97 - 2004/05 time period.
Trace Metals
Similar to recent trends in trace metal concentrations, analysis of recent loadings show an
increase in both the number of compounds with no significant trend and the number of
compounds with increasing trends as well as a reduction in the magnitude of downward
trends. Between 1986/87 and 2004/05, only Molybdenum had an increasing trend for
loadings; however, the number increases to 4 (Arsenic, Barium, Molybdenum, and
Strontium) when looking at the 1996/97-2004/05 data, all of which are found at the FE
station. At the same time, the magnitude of significant long term downward trends for
Cadmium and Mercury at both stations along with NOTL Arsenic is reduced and the
downward trends for 10 other trace metals are no longer significant.

4.3 Sources
In addition to identifying exceedences and examining trends, the Niagara River
Upstream/Downstream Program provides a means of comparing concentrations at NOTL to
those measured at FE to identify chemicals with Niagara River sources. In the past, source
analysis focused on differential loadings. In this report, a Recombined Whole Water (RWW)
concentration ratio was calculated using the formula:
[MLENOTL]
[MLEFE]

A statistical analysis was used to determine if there is a significant difference between
NOTL and FE MLE concentrations (El-Shaarawi, pers. comm.). MLE ratios greater than
one indicate a higher concentration of the analyte at the downstream (NOTL) site while
ratios less than one indicate a higher concentration at the upstream site (FE). The
significance of the annual MLE ratio is determined by the range of values between the
upper and lower 90% confidence interval (CI). If the CI range includes unity (i.e. a value of
“1”), the upstream/downstream difference is NOT considered to be significant.
Historical MLE ratios for each compound have been tabulated and recorded in Appendix F;
however, Table 6 summarize this information for the most recent 5 years of
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downstream/upstream ratios of the annual MLE for Organic RWW and Trace Metal Whole
Water (WW) concentrations respectively.
Table 6. Statistically Significant MLE Ratios for Niagara River Contaminants
2000-2001

2001-2002

2002-2003

2003-2004

2004-2005

Chlorobenzenes
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2,3,4-Tetrachlorobenzene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,3,5-Trichlorobenzene
Hexachlorobenzene
Pentachlorobenzene

NOTL
NOTL
3.646
36.443
13.711
13.986
7.969
2.882
4.793

NOTL
NOTL
3.533
29.289
7.728
13.441
NOTL
3.454
5.033

NOTL
NOTL
4.331
28.474
11.801
15.527
NOTL
3.249
8.756

NOTL
NOTL
5.791
28.541
5.647
9.031
NOTL
2.791
5.710

NOTL
NOTL
NOTL
43.969
6.385
10.196
NOTL
4.279
9.465

Industrial By-products
Hexachlorobutadiene
Hexachlorocyclopentadiene
Octachlorostyrene

NOTL
NOTL
NOTL

19.757
NOTL
NOTL

NOTL
-NOTL

NOTL
1.464
NOTL

NOTL
5.913
NOTL

NS
NS

0.841
0.853

NS
1.029

1.135
1.065

NS
1.071

OC Pesticides & PCBs
Aldrin
α-Chlordane
γ-Chlordane
o,p-DDT
p,p-DDD
p,p-DDE
p,p-DDT
Dieldrin
α-Endosulfan
β-Endosulfan
Endrin
Endrin Aldehyde
α-HCH
γ-HCH
Heptachlor
Heptachlor Epoxide
Methoxychlor
Mirex
Photomirex
PCB (Total)

-0.838
0.813
0.721
0.610
0.335
0.392
0.794
1.509
12.025
NOTL
-1.240
1.083
-0.758
FE
NOTL
NOTL
1.372

-1.540
1.850
FE
NS
0.708
0.770
1.054
1.654
2.270
--1.376
1.162
-NS
-NOTL
-2.626

-1.837
1.510
FE
0.925
0.651
1.105
1.123
1.475
1.616
-1.205
1.435
1.193
-1.256
-NOTL
-3.148

-1.149
1.171
-0.908
0.895
0.824
1.154
1.407
1.414
--1.374
1.147
-1.350
-NOTL
-1.785

-1.259
1.218
9.831
0.688
NS
NS
1.165
1.354
NOTL
--1.244
0.971
-1.311
-NOTL
-2.633

PAHs
1-Methylnaphthalene
2-Methylnaphthalene
Acenaphthylene
Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Benzo(bk)fluoranthene
Benzo(g,h,i)perylene
Chrysene/Triphenylene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Napthalene
Phenanthrene
Pyrene

0.853
NS
NS
0.614
0.566
0.560
0.587
0.455
0.578
0.543
0.618
NS
0.412
0.516
0.871
0.700

1.370
1.363
2.487
2.927
2.456
2.211
1.937
2.154
2.027
2.926
1.909
1.608
2.217
1.229
1.844
2.274

1.624
1.427
2.684
3.282
4.940
4.692
4.171
3.962
3.632
5.681
3.133
1.698
4.154
5.253
2.510
4.699

NS
1.322
2.024
2.330
2.181
2.025
1.936
1.727
1.999
1.810
1.869
1.606
1.803
2.413
1.839
2.080

NS
NS
1.749
2.159
2.206
2.427
2.353
2.612
2.507
2.486
1.886
1.184
2.494
3.914
1.623
2.479

Neutral Herbicides
Atrazine
Metolachlor
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Table 6. Statistically Significant MLE Ratios for Niagara River Contaminants
Trace Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Strontium
Vanadium
Zinc

2000-2001

2001-2002

2002-2003

2003-2004

2004-2005

1.716
NS
NS
1.034
1.501
1.184
NS
1.863
1.103
2.161
1.790
1.182
1.558
1.304
NS
1.337
0.773
FE
NS
1.276
1.558

0.622
0.975
1.036
NS
0.841
NS
NS
0.773
NS
0.758
0.844
NS
0.704
1.410
1.035
0.812
NS
1.370
0.988
0.895
NS

1.301
1.023
NS
NS
1.526
1.163
1.540
1.578
1.150
1.574
1.442
1.140
1.558
1.641
NS
1.202
0.954
NOTL
0.991
1.195
1.506

4.722
2.852
1.507
1.957
2.192
1.192
2.399
NS
1.568
1.919
1.948
1.255
2.276
1.634
1.626
1.633
NS
3.355
3.075
1.906
1.464

2.504
1.075
1.168
1.089
3.219
1.882
2.366
2.736
1.468
3.007
2.222
1.251
2.714
1.381
NS
1.492
0.908
2.895
NS
1.728
3.033

NS
= non-significant ratio
FE = only detected at Fort Erie
NOTL = only detected at Niagara-on-the-Lake
-- = not detected

It is important to note that these ratios may differ slightly from those reported in the 2001/02
- 2004/05 Upstream/Downstream report. In that report, the ratios were based upon organic
RWW when a compound had 3 or more measurements reported above the practical
detection limit in both phases. If only one phase had 3 or more measurements above the
PDL, that phase was used as the basis for the RWW concentration, loading, and MLE ratio.
In this analysis, the MLE ratio is based strictly upon the “true” RWW and therefore may
contain the contribution of a phase which had less than 3 measurements above the PDL (an
approach that differs from the annual MLE values reported in Appendices B and C).
In 1986/87, the Upstream/Downstream program included 50 of the 72 compounds found in
the current suite of analytes. Of those 50 compounds, the MLE ratio analysis indicates that
28 analytes (56%) had significant Niagara River sources and another 7 analytes (14%) had
significant upstream sources. In the 2004/05 fiscal year, 49 of the 72 compounds (68%)
show evidence of significant Niagara River sources while only one (p,p-DDD) shows
evidence of significant upstream sources. In many cases, the ratio value has increased
(indicating a more significant Niagara River source) and the number of compounds found
only at the downstream station has increased slightly from 3 out of the original 50
compounds (6%) in 1986/87 to 7 out of 72 (9%) in 2004/05.
Neutral Herbicides
Examination of the MLE ratios for the two neutral herbicides shows a very small proportion
are statistically significant. In the case of both Atrazine and Metolachlor, the few significant
ratios that are reported are relatively small (i.e. >0.7 and <1.2) and waver between
indicating Niagara River sources and upstream sources.
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Trace Metals
Like the neutral herbicide class, many of the trace metal ratios can not be considered
statistically significant because the upper and lower confidence interval contains “unity”. In
addition, the ratios tend to show a relatively small difference between the upstream and
downstream MLE concentrations. Exceptions include Aluminum, Beryllium, Chromium,
Iron, Manganese, and Silver which all show fairly consistent ratios of 2.0 or greater particularly in the more recent years - indicating they have Niagara River sources.
Organochlorine Pesticides and PCBs
Despite the relatively small and uniform range of significant ratios in the OC pesticide and
PCB class, there are a number of compounds including Mirex, β-endosulfan, and γchlordane which tend to only appear at NOTL. In addition, PCB ratios tend to be above 2.5
for most of the period of record indicating MLE concentrations at the downstream station are
often more than double those at the upstream station. On the other hand, compounds such
as Aldrin, Endrin, Endrin Aldehyde have often only appeared at FE and the entire suite of
DDT metabolites show a predominant upstream source, the latter of which is consistent with
the previous discussion on local DDT sources found in section 4.1.
PAHs
The MLE ratio analysis results show that most, if not all, of the PAH compounds have
significant Niagara River sources. In fact, the 2000/01 fiscal year is the only period where
downstream concentrations were significantly lower than those upstream and, as mentioned
in Section 4.1, there is strong evidence to suggest that the FE station was influenced by a
significant local source of PAH which lead to unusually high upstream concentrations which,
in turn, dramatically reduced the MLE ratios. For the rest of the 1986/87-2004/05 time
period, MLE ratios for PAH compounds tend to fall within the 1.5 - 3.0 range indicating
downstream concentrations are often 2 to 3 times higher than those upstream with a few
PAHs having ratios as high as 5.086 (Anthracene) and 8.743 (Dibenzo(ah)anthracene).
Chlorobenzenes
Analysis of the chlorobenzene class shows nothing but significant MLE ratios, all of which
range from a low of 1.3 (1,2-dichlorobenzene) to a high of 43.97 (1,2,3,4tetrachlorobenzene). In addition, several of the chlorobenzene compounds including 1,2and 1,3-dichlorobenzene, 1,3,5-trichlorobenzene, and 1,2,3,4-tetrachlorobenzene are often
only found at NOTL. This analysis indicates that the chlorobenzene class has the most
predominant Niagara River sources signature of all the compounds in the current suite of
analytes.
Industrial By-Products
The industrial by-products class is similar to the chlorobenzenes in terms of Niagara River
sources. Over most of the period of record, Octochlorostyrene, Hexachlorobutadiene, and
Hexachlorocyclopentadiene have only been found at NOTL. In the two years when
Hexachlorocyclopentadiene was measured at both stations (2003/04 and 2004/05), the
ratios ranged from 1.464 to 5.913 and during the 7 years when Hexachlorobutadiene was
measured at both stations, the ratios ranged from 3.3 to 157.64.
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4.4 Modified Source Analysis
Based on the Recombined Whole Water MLE Ratio method in this report, it is clear that
there continue to be Niagara River sources for many of the organic and trace metal
compounds. Closer examination of this method of analysis, however, does draw attention
to some anomalies in the results. For example, the significant ratios for the DDT
metabolites may be misleading in terms of their suggestion of Lake Erie as a potential
source since, as previously mentioned in section 4.1, investigations suggest a local DDT
source in sediments. More significantly, based on this approach, Dieldrin appears to have
significant Niagara River sources despite evidence that suggest this compound is ubiquitous
in the Great Lakes environment (Stevens and Neilson 1989; L’Italien 1993; L’Italien 1996;
Williams et al 1998a; Williams et al 1998b; Williams and Kuntz 1999; Jorgenson 2001) and
that its consistent detection in air and precipitation throughout the Great Lakes basin
suggests the atmosphere may be its primary route of entry into the lakes (Chan et al 1994;
Hoff et al 1996; Cortes et al 1998; Hillery et al 1998).
Closer examination of Dieldrin data from the Niagara River Upstream/Downstream program
(Fig. 4) shows very little difference between FE and NOTL recombined whole water
concentrations; further evidence that there is not a significant Niagara River source for this
compound.
Figure 4: Recombined Whole Water MLE Dieldrin Concentrations (1986/87 - 2004/05)
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Using Dieldrin’s upper and lower 90% confidence intervals (1.283 and 0.742 respectively)
as a criteria for establishing statistical significance, the data was re-evaluated and the
results were compiled in Appendix G. Looking at the most recent 5 years (Table 7), it’s
clear that a number of analytes would be dropped from the list of compounds with
statistically significant ratios including Atrazine, Metolachlor, γ-HCH, and Lithium along with
several years of Heptachlor Epoxide, Antimony, Arsenic, Copper, Nickel, Strontium,
Vanadium, and, of course, Dieldrin.
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Table 7. Statistically Significant MLE Ratios for Niagara River Contaminants
(Modified Confidence Interval)
2000-2001

2001-2002

2002-2003

2003-2004

2004-2005

Chlorobenzenes
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2,3,4-Tetrachlorobenzene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,3,5-Trichlorobenzene
Hexachlorobenzene
Pentachlorobenzene

NOTL
NOTL
3.646
36.443
13.711
13.986
7.969
2.882
4.793

NOTL
NOTL
3.533
29.289
7.728
13.441
NOTL
3.454
5.033

NOTL
NOTL
4.331
28.474
11.801
15.527
NOTL
3.249
8.756

NOTL
NOTL
5.791
28.541
5.647
9.031
NOTL
2.791
5.710

NOTL
NOTL
NOTL
43.969
6.385
10.196
NOTL
4.279
9.465

Industrial By-products
Hexachlorobutadiene
Hexachlorocyclopentadiene
Octachlorostyrene

NOTL
NOTL
NOTL

19.757
NOTL
NOTL

NOTL
-NOTL

NOTL
1.464
NOTL

NOTL
5.913
NOTL

NS
NS

NS
NS

NS
NS

NS
NS

NS
NS

OC Pesticides & PCBs
Aldrin
α-Chlordane
γ-Chlordane
o,p-DDT
p,p-DDD
p,p-DDE
p,p-DDT
Dieldrin
α-Endosulfan
β-Endosulfan
Endrin
Endrin Aldehyde
α-HCH
γ-HCH
Heptachlor
Heptachlor Epoxide
Methoxychlor
Mirex
Photomirex
PCB (Total)

-NS
NS
0.721
0.610
0.335
0.392
NS
1.509
12.025
NOTL
-NS
NS
-NS
FE
NOTL
NOTL
1.372

-1.540
1.850
FE
NS
0.708
NS
NS
1.654
2.270
--1.376
NS
-NS
-NOTL
-2.626

-1.837
1.510
FE
NS
0.651
NS
NS
1.475
1.616
-NS
1.435
NS
-NS
-NOTL
-3.148

-NS
NS
-NS
NS
NS
NS
1.407
1.414
--1.374
NS
-1.350
-NOTL
-1.785

-NS
NS
9.831
0.688
NS
NS
NS
1.354
NOTL
--NS
NS
-1.311
-NOTL
-2.633

PAHs
1-Methylnaphthalene
2-Methylnaphthalene
β-Chloronaphthalene
Acenaphthylene
Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Benzo(bk)fluoranthene
Benzo(g,h,i)perylene
Chrysene/Triphenylene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Napthalene
Phenanthrene
Pyrene

NS
NS
-NS
0.614
0.566
0.560
0.587
0.455
0.578
0.543
0.618
NS
0.412
0.516
NS
0.700

1.370
1.363
-2.487
2.927
2.456
2.211
1.937
2.154
2.027
2.926
1.909
1.608
2.217
NS
1.844
2.274

1.624
1.427
-2.684
3.282
4.940
4.692
4.171
3.962
3.632
5.681
3.133
1.698
4.154
5.253
2.510
4.699

NS
1.322
-2.024
2.330
2.181
2.025
1.936
1.727
1.999
1.810
1.869
1.606
1.803
2.413
1.839
2.080

NS
NS
-1.749
2.159
2.206
2.427
2.353
2.612
2.507
2.486
1.886
NS
2.494
3.914
1.623
2.479

Neutral Herbicides
Atrazine
Metolachlor
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Table 7. Statistically Significant MLE Ratios for Niagara River Contaminants
(Modified Confidence Interval)
Trace Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Strontium
Vanadium
Zinc

2000-2001

2001-2002

2002-2003

2003-2004

2004-2005

1.716
NS
NS
NS
1.501
NS
NS
1.863
NS
2.161
1.790
NS
1.558
1.304
NS
1.337
0.773
FE
NS
NS
1.558

0.622
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.704
1.410
NS
NS
NS
1.370
NS
NS
NS

1.301
NS
NS
NS
1.526
NS
1.540
1.578
NS
1.574
1.442
NS
1.558
1.641
NS
NS
NS
NOTL
NS
NS
1.506

4.722
2.852
1.507
1.957
2.192
NS
2.399
NS
1.568
1.919
1.948
NS
2.276
1.634
1.626
1.633
NS
3.355
3.075
1.906
1.464

2.504
NS
NS
NS
3.219
1.882
2.366
2.736
1.468
3.007
2.222
NS
2.714
1.381
NS
1.492
NS
2.895
NS
1.728
3.033

NS
non-significant based on Dieldrin results
NS = non-significant ratio
FE = only detected at Fort Erie
NOTL = only detected at Niagara-on-the-Lake
-- = not detected

While this analysis is not scientifically rigorous, it did show that a modification of the
confidence interval window should be investigated as this modified approach did resolve
some of the apparent anomalies within the original source analysis.
As a result, investigations are underway to determine whether or not similar statistical
analysis conducted with 95% and/or 99% confidence intervals will provide a more realistic
assessment of the sources for contaminants in the Niagara River.
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5.0 SUMMARY
The objective of this report is to summarize contaminant data collected by the Niagara River
Upstream/Downstream Monitoring program by examining annual mean concentration and
loading trends, water quality guideline exceedences, and potential sources over both the
1986/87-2004/05 and 1996/97-2004/05 time periods.
In general, the results show:


a number of chemicals from various classes still exceed their most stringent water
quality criteria



most of the chemicals for which a trend is discernible exhibited a significant decrease
over the nineteen-year period, but that this trend may be leveling off for many
analytes more recent years



both long-term and recent trends for several contaminants, particularly in the PAH,
trace metal, and neutral herbicide classes actually increased



contaminant concentrations and loadings are strongly influenced by both phase
distribution and soluble particulate matter concentration



the presence of some chemicals in the river, such as the chlorobenzenes and
industrial by-products, is due primarily to inputs from Niagara River sources



the principal source of other chemicals may be upstream or Great Lakes basin-wide.

To provide a more detailed summary of the report findings, matrix tables were developed
which highlight status and trends for “long-term” and “recent” contaminant concentrations
and loadings at Fort Erie and Niagara-on-the-Lake (Tables 8 - 11).
The three rows of each table are based upon comparisons of the 2004/05 upper 90%
confidence interval MLE concentrations and strictest agency criteria. Compounds in the top
row did not exceed guidelines during the 2004/05 fiscal year; compounds in the middle row
only exceeded guidelines at NOTL; and compounds in the bottom row exceeded guidelines
at both NOTL and FE. It must be noted that designation of contaminants in the rows is
based on a given year of data and as such may be susceptible to change, particularly in the
case of those contaminants whose concentrations are close to the strictest agency criteria.
The three columns of each table are based upon trends in the predominant phase of each
contaminant. The first column corresponds to compounds with downward trends; the third
column to compounds with upward trends; and the middle column with those with either no
significant trend or insufficient data to calculate a trend.
Each compound has been physically placed in the column representing its “long term” trend;
however, they are colour-coded according to their “recent” trend. Compounds in black text
have the same “long term” and “recent” trends, compounds in green have recent downward
trends, compounds in red have recent upward trends, and compounds in orange have no
significant recent trend.
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Finally, each compound is classified according to the 2004/05 MLE ratios which provide an
assessment of its potential source. Compounds with statistically significant MLE ratios
greater than 1.0 are deemed to have Niagara River sources and are designated by square
brackets (“[ ]”); compounds with statistically significant MLE ratios less than 1.0 are deemed
to have local upstream sources (such as the DDT metabolites) and are designated by
square brackets with and asterix (“[ ]*”); and compounds with non-significant MLE ratios (i.e.
upper and lower confidence intervals that include “unity”) are deemed to have Great Lakes
basin-wide sources and are designated by curly brackets (“{ }”).
Long Term Concentration Trends
The most striking messages in the long term concentration trends for FE and NOTL (Tables
8 and 9) are that:
 most of the 72 Niagara River analytes have a downward trend and are not exceeding
strictest agency criteria
 PAH class makes up majority of compounds with upward trends.
 7 of the 12 compounds that exceed strictest agency criteria exceed at both stations
(i.e. they are primarily contributed from upstream sources) and, of those 7
compounds, 5 have downward trends
 only 5 compounds exceed at just NOTL and, of those, 3 have downward trends at
the downstream station
 NOTL appears to have a greater number of compounds with a downward trend
Long Term Loading Trends
In general, long term loading trends (Tables 10 and 11) tend to mirror concentrations:
 most of the 72 Niagara River analytes have a downward trend and are not exceeding
strictest agency criteria
 PAH class makes up majority of compounds with upward trends
 most of the compounds that exceed strictest agency criteria show downward trends
 NOTL appears to have a greater number of compounds with a downward trend.
Recent Concentration Trends
Looking at more recent concentration trends (Tables 8 and 9), the following observations
can be made:
 more compounds tend to exhibit no significant trend or insufficient data to calculate
one relative to long-term trends
 while more compounds exhibit upward trends relative to long-term trends, all but
Benzo(a)pyrene, Benzo(b/k)fluoranthene, Benzo(ghi)perylene, and PCBs continue to
fall below guidelines
 PAH and trace metals make up majority of compounds with upward trends
 NOTL continues to have slightly more compounds with a downward trend
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Table 8. Status/Trend Summary for FE Concentrations

No Longer Exceed Criteria
(in 04/05)

[Acenaphthalene]
[Anthracene]
[Benz(a)anthracene]
[a-chlordane], [?-chlordane]
[o,p-DDT]*, [p,p-DDD]*
[1,2-dichlorobenzene]
[1,3-dichlorobenzene]
[1,4-dichlorobenzene]
[a-endosulfan]
[a-HCH], [?-HCH]
[Heptachor Epoxide]
{1-MethylNaphthalene}
{2-MethylNaphthalene}
[Pentachlorobenzene]
[1,2,3,4-tetrachlorobenzene]
[1,2,4-trichlorobenzene]
[1,2,3-trichlorobenzene]

{Aldrin}
{Atrazine}
ß-chloronaphthalene
[Dibenzo(ah)anthracene]
[ß-endosulfan]
{Endrin}
{Endrin Aldehyde}
[Fluorene]
{Heptachlor}
[Hexachlorobutadiene]
[Hexachlorocyclopentadiene]
{Methoxychlor}
[Napthalene]
[Octachlorostyrene]
[Phenanthrene]
{Photomirex}
[1,3,5-trichlorobenzene]

[Antimony], [Cadmium], [Chromium]
[Mercury], [Vanadium]

[Arsenic], [Beryllium], [Cobalt]
[Copper], [Lead], [Lithium]
[Manganese], [Nickel], [Silver]
{Strontium}, [Zinc]

[Hexachlorobenzene]

[Chrysene/Triphenylene]
[Mirex]

Exceed Criteria at NOTL
(in 04/05)

[Fluoranthene]
[Indeno(123cd)pyrene]
[Metolachlor]
[Pyrene]
[Barium], [Molybdenum]
[Selenium]*

[Benzo(a)pyrene]

[Iron]

Exceed Criteria at NOTL & FE
(in 04/05)

[p,p-DDE ]*
[p,p-DDT]*
{Dieldrin}
[PCBs (86-98)]**

[Benzo(b/k)Fluoranthene]
[Benzo(ghi)perylene]

[Aluminum]
[ ]-NR source
[ ]*-Local Upstream source
{ }-Suspected Basin Source
**-Method change

Downward Trend
(86/87-04/05)

No Trend
(86/87-04/05)
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Upward Trend
(86/87-04/05)

Table 9. Status/Trend Summary for NOTL Concentrations

No Longer Exceed Criteria
(in 04/05)

{Aldrin}
[Benz(a)anthracene]
ß-chloronaphthalene
[Dibenzo(ah)anthracene]
{Endrin}
{Endrin Aldehyde}
{Heptachlor}
[Hexachlorobutadiene]
[Hexachlorocyclopentadiene]
{Methoxychlor}
{Photomirex}

[Acenaphthalene]
[Anthracene]
{Atrazine}
[a-chlordane], [?-chlordane]
[o,p-DDT ]*, [p,p-DDD]*
[1,2-dichlorobenzene]
[1,3-dichlorobenzene]
[1,4-dichlorobenzene]
[a-endosulfan]
[ß-endosulfan]
[Fluorene]
[a-HCH], [?-HCH]
[Heptachor Epoxide]
{1-MethylNaphthalene}
{2-MethylNaphthalene}
[Octachlorostyrene]
[Pentachlorobenzene]
[1,2,3,4-tetrachlorobenzene]
[1,2,3-trichlorobenzene]
[1,2,4-trichlorobenzene]
[1,3,5-trichlorobenzene]

[Fluoranthene]
[Indeno(123cd)pyrene]
[Metolachlor]
[Napthalene]
[Phenanthrene]
[Pyrene]
[Molybdenum]

[Barium], [Beryllium], [Cobalt]
[Copper], [Lead], [Selenium]*
[Silver], {Strontium}, [Vanadium]

[Antimony], [Arsenic], [Cadmium]
[Chromium], [Lithium], [Manganese]
[Mercury], [Nickel], [Zinc]

Exceed Criteria at NOTL
(in 04/05)

[Hexachlorobenzene]
[Mirex]

[Chrysene/Triphenylene]

[Benzo(a)pyrene]

[Iron]

Exceed Criteria at NOTL & FE
(in 04/05)

[p,p-DDE ]*
[p,p-DDT]*
{Dieldrin}
[PCBs (86-98)]**

[Benzo(b/k)Fluoranthene]
[Benzo(ghi)perylene]

[Aluminum]
[ ]-NR source
[ ]*-Local Upstream source
{ }-Suspected Basin Source
**-Method change

Downward Trend
(86/87-04/05)

No Trend
(86/87-04/05)
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Upward Trend
(86/87-04/05)

Table 10. Status/Trend Summary for FE Loadings

No Longer Exceed Criteria
(in 04/05)

{Aldrin}
{Atrazine}
ß-chloronaphthalene
[Dibenzo(ah)anthracene]
[ß-endosulfan]
{Endrin}
{Endrin Aldehyde}
[Fluorene]
{Heptachlor}
[Hexachlorobutadiene]
[Hexachlorocyclopentadiene]
{Methoxychlor}
[Napthalene]
[Octachlorostyrene]
[Phenanthrene]
{Photomirex}
[1,3,5-trichlorobenzene]

[Acenaphthalene]
[Anthracene]
[Benz(a)anthracene]
[a-chlordane], [?-chlordane]
[o,p-DDT ]*, [p,p-DDD]*
[1,2-dichlorobenzene]
[1,3-dichlorobenzene]
[1,4-dichlorobenzene]
[a-endosulfan]
[Fluoranthene]
[a-HCH], [?-HCH]
[Heptachor Epoxide]
{1-MethylNaphthalene}
{2-MethylNaphthalene}
[Pentachlorobenzene]
[Pyrene]
[1,2,3,4-tetrachlorobenzene]
[1,2,3-trichlorobenzene]
[1,2,4-trichlorobenzene]

[Molybdenum]

[Arsenic], [Beryllium], [Cobalt]
[Copper], [Lead], [Lithium]
[Manganese], [Nickel], [Silver]
{Strontium}, [Zinc]

[Antimony], [Barium], [Cadmium]
[Chromium], [Mercury],
[Selenium]*, [Vanadium]

Exceed Criteria at NOTL
(in 04/05)

[Indeno(123cd)pyrene]
[Metolachlor]

[Benzo(a)pyrene]
[Hexachlorobenzene]

[Chrysene/Triphenylene]
[Mirex]
[Iron]

Exceed Criteria at NOTL & FE
(in 04/05)

[Benzo(b/k)Fluoranthene]
[p,p-DDE ]*
[p,p-DDT]*
{Dieldrin}
[PCBs (86-98)]**

[Benzo(ghi)perylene]

[Aluminum]
[ ]-NR source
[ ]*-Local Upstream source
{ }-Suspected Basin Source
**-Method change

Downward Trend
(86/87-04/05)

No Trend
(86/87-04/05)
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Upward Trend
(86/87-04/05)

Table 11. Status/Trend Summary for NOTL Loadings

No Longer Exceed Criteria
(in 04/05)

[Acenaphthalene]
[Anthracene]
{Atrazine}
[a-chlordane], [?-chlordane]
[o,p-DDT ]*, [p,p-DDD]*
[1,2-dichlorobenzene]
[1,3-dichlorobenzene]
[1,4-dichlorobenzene]
[a-endosulfan]
[ß-endosulfan]
[Fluoranthene]
[Fluorene]
[a-HCH], [?-HCH]
[Heptachor Epoxide]
{1-MethylNaphthalene}
{2-MethylNaphthalene}
[Octachlorostyrene]
[Pentachlorobenzene]
[Pyrene]
[1,2,3,4-tetrachlorobenzene]
[1,2,3-trichlorobenzene]
[1,2,4-trichlorobenzene]
[1,3,5-trichlorobenzene]

{Aldrin}
[Benz(a)anthracene]
ß-chloronaphthalene
[Dibenzo(ah)anthracene]
{Endrin}
{Endrin Aldehyde}
{Heptachlor}
[Hexachlorobutadiene]
[Hexachlorocyclopentadiene]
{Methoxychlor}
{Photomirex}

[Indeno(123cd)pyrene]
[Metolachlor]
[Napthalene]
[Phenanthrene]
[Molybdenum]

[Barium], [Beryllium], [Cobalt]
[Copper], [Lead], [Selenium]*
[Silver], {Strontium}, [Vanadium]

[Antimony], [Arsenic], [Cadmium]
[Chromium], [Lithium], [Manganese]
[Mercury], [Nickel], [Zinc]

Exceed Criteria at NOTL
(in 04/05)

[Hexachlorobenzene]
[Mirex]

[Chrysene/Triphenylene]

[Benzo(a)pyrene]

[Iron]

Exceed Criteria at NOTL & FE
(in 04/05)

[Benzo(b/k)Fluoranthene]
[p,p-DDE ]*
[p,p-DDT]*
{Dieldrin}
[PCBs (86-98)]**

[Benzo(ghi)perylene]

[Aluminum]
[ ]-NR source
[ ]*-Local Upstream source
{ }-Suspected Basin Source
**-Method change

Downward Trend
(96/97-04/05)

No Trend
(96/97-04/05)
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Upward Trend
(96/97-04/05)

Recent Loading Trends
Looking at recent loading trends (Tables 10 and 11), the following observations can be
made:
 more compounds tend to exhibit no significant trend or have insufficient data to
calculate one relative to long-term trends
 trace metals make up majority of FE compounds with upward trends
 PAHs class makes up majority of NOTL compounds with upward trends
 none of the compounds exceeding criteria exhibit upward trends at FE
 NOTL appears to have greater number of compounds with downward trend
The summaries in Tables 8 - 11 not only provide a valuable assessment of the history of
Niagara River water quality, but a window onto future management action as well. For
those compounds in the “no longer exceeding criteria” and “downward trend” sections, there
is strong reason to believe that no further management action is required.
The “good news” is that very few compounds exceed at NOTL alone which, in turn, implies
that very few compounds are exceeding strictest agency guidelines primarily due to Niagara
River sources. In addition, most of these compounds show downward trends in both the
long and shorter term analysis. These facts alone provide evidence that existing
management actions are, in fact, working.
More worrisome are those compounds which have changed trend category in the more
recent time period; particularly those which have begun to show an upward trend. While
some remain below strictest agency criteria, the exceedence analysis performed as part of
this report has shown that many compounds are just below their respective guideline(s) and,
therefore, have the potential to exceed from year to year.
Unfortunately, the contaminants that present the greatest challenge to meeting objectives
are those that already exceed criteria entering the Niagara River. For these compounds,
management action within the Niagara River may satisfy the objectives of the NRTMP by
ensuring that downstream concentrations are equal to upstream concentrations; however,
unless these compounds can be managed on a broader scale, they will continue to impact
the Niagara River and downstream Lake Ontario ecosystems.
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