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ABSTRACT

'Frequehbies, concentrations, and annual loadings of 51
selected persistent toxic substances in urban runoff have been studied
in the Niagara area. Toward fhis end, samples of urban runoff and
sediment have been collected at 15 sites in Fort Erie, Niagara Falls,
and Welland. The collected samples have been analyzed for

polychlorinated biphenyls, organochlorine pesticides, polyaromatic

hydrocarbons, chlorinated benzenes, and trace elements. For each
substance studied, frequencies of occurrence and mean event concentra-
tions have been determined. Using such data and the calculated annual
runoff volumes and sediment yields, estimates of annual loadings of
toxics transported by urban runoff and sediment have been prOducéd for

-the Niagara area.

SOMMAIRE

Les fréquences, les conqentfations et les charges annuelles
de 51 substances tbxiques persistantes choisies dans le ruissellement
urbain ont fait 1'objet d'une &tude dans 1e secteur de Niagara. Dans
le cadre de celle-ci, on a prélévé deé échantillons d'eau de
ruisseTlement urbain et de sédiments en 15 endroits 3 Fort-Erig,
Niagara Falls et Welland. On a analysé des &chantillons prélevés a
recherche de biphényles ‘polychlorés, de pesticides organochlorés,
d‘hydrocérbures polyaromatiques, de chlorobenzénes et de métaux 3
1'état de trace. On a détermin&, pour chaque substance ®tudite, la
fréquence de présence et les concentrations moyennes. Ces données et
le calcul des volumes de ruissellement annuel et de la quantité de
sédiments ont permis d'évaluer 1les charges de produits toxiques
transportees annuellement par les eaux de ruissel]emehtrurbain et les
sédiments dans la région de Niagara. |



 MANAGEMENT PERSPECTIVE

" The Niagara River has been identified by the International
Joint Commission (IJC) as one of the "areas of concerns" characterized
by severe pollutional prqblems. Most of these probléms are caused by
~ persistent toxic Substances originating from various sources which
were identified by IJC. To develop an effective strategy for control
of sources of toxics, it is necessary to evaluate the strength of
-various sources. The repoft that follows quantifies the
concentrations, occurrences, and annual loadings of more than 50
selected persistent toxic substances in one of their principal sources
- the urban runoff. ' : '

The reported data should'be viewed in relation to those for
other sources, including municipal and industrial discharges, waste
disposal sites, cdmbined sewer overflows, agricultural runoff, and
in-place pollutants. When writing this report, evaluations of the
other sources have not been available and thus the assessment of the
significance of urban runoffs as a source of toxics entering the
Niagara River will be delayed until all the sources are evaluated.

_ The results and methodologies presented here can be used in
comparative studies of sources of toxics and in general studies of
toxics in urban runoff. '

T.M. Dick
Chief
Hydraulics Division
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PERSPECTIVE-GESTION

Le riviere Niagara a &té désigne par la Commission mixte
internationale (CMI) comme un "secteur de préoccupations" en raison
des graves problemes de pollution que 1'on y retrouve. La majorité de
ces probl®mes sont attribuables 2 des substances toxiques persistantes
provenant de diverses sources qui ont &té définies par la CMI.  Si
1'on veut @tablir un plan d'action efficace pour le contr8le de ces
" substances toxiques, il est nécessaire d'évaluer 1'inf1uence de leur
diverses origines. Le rapport qui suit décrit les concentrations, les

fréquences et les charges annuelles de plus de 50 substances toxiques
persistantes dans 1'une des principales sources de pollution: les
eaux de ruissellement chargtes d'effluents urbains. ’ | '

Les données présentées dans 1le rapport devraient &tre
considérées parall®lement 3 celles d'autres sources de pollution, dont
le déversement d'eaux usBes urbaines et d'eaux résiduelles
iindustrielleé, les sites d'enfouissement des déchets,?le déversement
des &go0ts unitaires, 1'entratnement par les ruissellement de produits
utilisés en agriculture ainsi que les polluants enfouis dans le sol.
Au moment de 1'établissement de ce rapport, 1‘éva1uation des autres
sources de pollution &tait impossible 3 obtenir et i1 faudra donc
attendre qu'elles afent toutes &té& &tudides avant de pouVoir
déterminer 1‘importance relative des eaux de ruissellement chargées
d'effluents urbains comme source de produits toxiques déversés dans 1a
rividre Niagara. | |

Les résultats et les méthodes de recherche exposés dans le
rapport peuvent ttre utilisés dans le cadre d'études comparatives de
diverses sources de' substances toxiques ou encore"d'études plus
générales sur les substances tbxiques dans les eaux de ruissellement
chargées d'effluents urbains.

T.M. Dick
Chef
Division de 1'hydraulique
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1.0  INTRODUCTION

Many toxic substances are known to produce - adverse
environmental and human health effects. FUrthermdre,»some of these '
substances are bioaccumalative and pass through the food chain in
increasing concentrationé. The stability and persistence of many
toxic substances contributed to their widespread distribution in the
environment, generally in fairly Jlow levels. Although the
environmental and human health effects of relatively low levels of
concentration of toxic substances are not sufficiently well
understood, a conservative stance should be adopted.

_ Since 1974, the Water Quality Board has been reporting on
Great Lakes water quality to the International Joint Commission (I1JC).
IJC noted that many pollutional problems have been repeatedly reported
for certain areas which have been then identified by IJC as “areas of
concern". One.of_such areas of concern is the Niagara River on both
sides of the border between Canada and the U.S.A.  The  concerns
regarding the Niagara River quality, as reported by IJC (6)*, are
summarized below. -

| Water, sediment and fish from the Tonawanda Channel of the
Niagara-River are severely contaminated. Extensive contamination was
also found in the lower Niagara River. Almost all sediments from the
Tonawanda Channel are heavily contaminated with conventional
pollutants, heavy metals, and PCB's in  excess of acceptable
concentrations for opeh-water disposal of dfedged materials. High
contamination by other organic substances of industrial origin was
also found in many samples.

Sediments from the Tlower Niagara River were generally
contaminated by heavy metals. Many organic substances have been found
in sediment and water samples collected in the river near ihdustria]
landfills.

* Reference Number, see Section 9.0
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~ Numerous organic  chemicals of both industrial  and
agricultural origin have been found in fish. High concentrétions of
“some of these substances lead to restrictions on fish comsumption.

The 1JC repbrt further states that some Agreement or Ontario
objectives have been exceeded in some water samples, from the
Tonawanda Channel and the Tlower Niagara River, for PCB's,
aldrin/dieldrin, ‘DDT and its derivatives, endrin, phenolics,
heptachlor/heptachlor epoxide, endosulfan, fecal and total coliform,
and some heavy metals. |

Generally high levels of pollution then led to disruptions of
benthic fauna in the Tonawanda Channel and in the lower Niagdra
River. Toxicity was a limiting factor along the 'shorel;ine of the
upper Niagara River and also presented problems in the lower Niagara
River. - |

To address the environmental and human health concerns
related to the Niagara River, the Canada-U.S. Niagara River Toxics
Committee has been established and further charged with responsibility
to develop a monitoring and remedial program for the area of concern.

‘ Beside the remedial measures program, the Canédian
contribution includes evaluation of various sources of toxics reaching
the Niagara River. Such sources fall generally in the folTowing six
categories (6): |

Municipal and industria1'discharges
Waste disposal sites

Combined sewer overflows

Urban land runoff

Agricultural land runoff, and
In-place pollutants.

The report that follows investigates one of these six sources
- Urban land runoff.
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The terms - of reference of “the study may be summarized as

follows:

(1) Establish frequencies of selected persistent toxic
. substances in urban runoff in the Niagara area.

(2) Establish the annual loadings of selected persis-
tent toxic substances 1in _urban runoff in the
Niagara area.

It should be mentioned that thé combined sewer overflows have
not been specifically eva]uatéd in this “study. - The 1loadings. in
overflows represent the sum of loadings in urban runoff (discussed
here) and loadings in the municipal sewage contained in overflows.
The later loading can be evaluated using information on toxics . in
municipal wastes.  Such. information was not available during the
preparation of this report.s | . ‘_ i , ‘

' | To estimate freqUencies;‘ céncentfatjons,, and loadings of
toxics in urban land runoff, a field program was initiated . in the
study area. ‘Ihe main objective of this program. was to sample
representatively urban runoff and bsediment and, from analysis of .
col]écted samples, to determine typical frequencies and mean
concentrations of toxics for individual runoff events. Such mean
concentrations can then be _u‘sed in conjunction with the computed

annual runoff volume to produce annual loadings of toxics.
2.0 ‘STUDY AREA

The study area represents the Canadian basin of the Niagara
River. Basic characteristics of the area are described in this
section. Such characteristics include water fesources, demographic
data, land use,‘and climatology.



2.1 Hater Resourcés

_ The Niagara River and its tributaries drain a large part of
the Niagara Peninsula in Southern Ontario. Drainage boundaries of the
CanadianiNiagara River basin are shown in Fig. 1. These boundaries
were replotted. from a map provided by the Niagara Conservatidn
Authority (13). : |

The tota] area of the (Canadian) }Niagaré River basin was
determined as 1,360 kn®>. In general, the basin extends about 70 km
west of the Niagara River and 'slopes gently in the easterly
direction. The main tributaries, which are also shown in Fig. 1,
include the Welland River, with its main tributaries Oswego, Forks and
Lyons Creeks, and Baker, Bayers, Black, Frenchman, Miller and Usshers

Creeks in the Fort Erie area. The creeks in the Fort Er1e area more or- -

less serve as municipal drainage ditches. ‘

~ The Welland River, the largest tributary, has a drainage area
of about 1,150km and 1is characterized by a shallow grad1ent
CoﬁSequently, its‘water level is affected by the operation of control
- devices of the power plants at Niagara-Fal]s-and'the river flow is.
partly diverted to the power canal which then d1scharges into the
Niagara River. ’

The welland Sh1p Canal and The Old we11and Canal pass through
fhe study area. In general, these canals do not serve for surface.
drainage, because most streams pass under. their grade levels via pipes
and siphons.

For the purpose of this study, the total bas1n was divided
into four sub-basins which are defined according to the location of
the runoff discharge point. These sub-basins are listed in Table 1.

2.2 Demographic Data and ;and Use

Characteristics of the hydrologic cycle and surface water
quality are closely related to the basin population and land use. It
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TABLE 1. Study Sub-Areas

Sub - Basin . Cbnfrxbu§1ng Level of Urba- Diééﬁérge '
Area (km ) . nization Point
Fort Erie Area| 26 High at Fort Erie
Black Creek | 166 Low Downstream of
' ' : | ' Fort Erie
Niagara Falls | 1,153 Medium at Niagara Falls
Niagara-on- 15 | Low Downstream of
the-Lake Niagara Falls

For further details of water resources in the study area see Ref. 13

IWas therefore of interest'to,collect information on population and

land use in the study area

v The interest in urban popu]at1on of a basin stems from the
fact that_such population and its density determine the imperviousness
of populated areas. The 1argef the urban population and its density,
the greater portion of precipitation wi1ﬁ be transformed into surface
runoff because of high 4imperviousness of popuiated areas.
Furthermore, the density of population also affects the composition of
surface runoff. -

Estimates of population of the study area were produced on
the basis of the 1981 Population Census (16). Such estimates are only
approximate because of the differences in political and drainage
boundaries. Demographic data are generally available for counties, or
other adminis;ratiye units. To determine the population in the study
afea, it was neceséary to divide the population of some counties into
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the parts inside and outside of the study area. Similar problems were
~ encountered in the cities of Niagara Falls and Welland which extend
outside of the study area.”  Furthermore in urban areas, it is
necessary to consider not only surface drainage to determine drainage
boundaries but also the discharge points of subsurface drainage.
Recognizing the uncertainties involved, the total population
‘of the study area was estimated as 148,000‘persons and this population
‘includes 113,550 ‘persons living in urban centres and the remaining
34,450 1living in rural areas. Thus- about 77% of the total area
“population” live in urban centres. Furthermore, the urban population
is_concentrated in three major centreé- Fort Erie, Niagara Falls and
Welland. The definition of urban population was adbpted from‘ the
Statistics Canada as the popd]ation living in centres with population
greater than 1,000 persons and the density greater than 400 persons
per km? . , : | o
' Basic data on urban population in the study area-afé g%ven in
Table 2. | |

TABLE 2. Population of Urban Centres in the HNiagara Areé

Urban Total Urban |Urban Popul-| Urban Area | Population
Centre | Population jation Within| Within the |  Density
(persons) jthe Study Study Area v(pergons/
~ Area g " km“)
(persons) (km*)
Fort Erie 24,096 16,925 16.38 1,033
Niagara Falls{ 68,845 58,077 | 64.83 896
Welland 45,448 38,548 27.99 1,377
Reference 16 S : - ---
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'The‘location‘of the three major urban centres is shown in
Fig. 2. S |
The fact that the urban population in the study area fis
concentrated in the three centres has important implications for the -
sampling program which should concentrate on these three areas.

Local surface runoff volumes and runoff composition are also
affected by land use. For this reason, the urban areas were classi-
fied -into several 1land use categories- residential, commercial,
industrial, institutional, and open land. The names of 1land use
categories are selfexplanatofy, except for the open. land which
represents parks, recreational areas, and undeveloped land within the
urban political boundaries. ,

Information on the three major .urban.centres in the study
area was collected and presented in Table 3. o

TABLE 3.  Urban Land Use Within the Study Area

LAND USE

Residential|Commercial|Industrial|Institutional| Open

Are % | Arga | % Aregv % | Arga | % | Arga %f
City '(km ) | (km“) (km®) (km“0 § - (km“0

Fort Erie| 3.57| 21.8| 0.94 {5.7 0.95 | 5.8 0.75| 4.6 |10.19]62.2

Niagara ‘ : .
Falls 14,13} 21.8) 2.88 |4.4{5.31 | 8.2 * - 42.51)65.6

Welland 8.77| 31.4]0.70 }2.5{2.38 | 8.5 1.63} 5.8 }14.51}51.8

* Institutional land included in the residential land

It can be inferred from Table 3 that all three cities have
a large portion of open land. For the remainder the predominant
land use is residential, followed by industrial and commercial.




- 10 -

The distribution of urban land use has some implications for
the composition of runoff and, consequently, for the sampling program
as well. Earlier studies(11, 24, 25) of toxics in runoff from Ontario
~municipalities indicated that the highest frequencies and concentra-
tions of toxics were found in stormwater and sediment samples from
industrial areas. Thus it is desirable to ensure good coverage of
industrial areas in the sampling program.

The typés of industry in the study area were surveyed and
classified according to the Standard Industrial Classification (SIC)
(14). The results of this survey are presented in Table 4 which
includes 19 types of industries in the study area.

It can be inferred from Table 4 that the greatest number of
manufacturing firms is in the field of fabricated metal products,
followed by food and kindred products, and machinery.

2.3 Climate Characteristigs

Whenever the rainfall rate exceeds the rate of water infil-
tration into the ground, water accumulates on the catchment surface
and starts to fill surface depressions. .After such depressions have
been filléd, water starts to flow across the catchment surface as
surface - runoff which. is conveyed by various channels or conduits
comprising the catchment drainage system. Thus the surface runoff is
formed as a result of interaction of precipitation and of the catch-
‘ment surface. Consequently, one is interested in some aspects of the
ciimate in the study.area. Among these aspects, only precipitation,
temperatures and wind direction are discussed here. Other types of
information can be found elsewhere(2).
| There 1is a'number of precipitation gauges within or near the
- study area. A screening of their records revealed only minor
variations between stations and, consequently, the precipation record
from the Niagara Falls station was adopted as characteristic for the
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TABLE 4. Classification of Industries in the Study Area

Sténdard Industrial

Numbef'of Manufacturing Firms*

Classification Fort | Niagara | Welland whole
: Erie Falls Study Area
Fabricated Metal Products 12 28 8 v48 V
Food and Kindred Products 24 6 32
Machinery (Except 15 8 28
Electrical) .
Printing, Publishing and 6 13 3 22
Allied Products |
Chemicals and Allied 7 13 1 21
Products
Electrical Machinery 5 12 4. 21
Equipment and Supplies : :
Stone, Clay and Glass 3 14 4 21
Products :
Miscellaneous Manufacturing 7 7 1 15
Industries ' . ;
Primary Metals Industries 2 5 8 15
Transportation Equipment 6 7 0 13
Rubber and Plastic Products 4 3 4 11
Lumber and Wood Products 0 6 4 10
(except. Furniture)
Leather 1 4 0
|Professional, Scientific 1 3 1
and Controlling Instruments
Apparel . 1 2 1 4
|Furniture 1 1 0 2
Paper 1 1 0 2
Textiles 0 1 1 2
Petroleum 0 0 0 0

-* Some firms may be classified under two categories
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study area. This station is operated on the year-round basis and
produced the longest precipitation record. o
‘ The mean annual precipitation for the Niagara Falls station

is 942.3 mm. The monthly precipitation 1is distributed fairly
uniformly throughout the year. In fact, the minimum and. maximum
monthly precipitation are within 17% of the mean monthly precipation
- of 78.5 mm. It follows therefore that the annual runoff will be also
fairly uniformly distributed with the exception of winter months.

The maximum 24-hour rainfall depths, observed during the past
50 years, reach about 10% of the annual precipitation. The three
greatest 24-hour rainfalls were reported in August, February and
July. With regard to urban runoff, this indicates that for a 50-year
return period, about 10% of the annual runoff can be concentrated in a
single 24-hour period. Such an event may occur almost any time during
the year. ‘

The annual mean temperature is 8.9°C. During the peridd from
‘December to February, the monthly temperatures drop below the freezing
point.  Even during these three months, rainfall occurs fairly
_frequeht]y (30% - 50% of all precipitation events) and runoff can be
éxpected although in smaller quantities than during the rest of the
year. : o 4 _ -
Precipitation and temperature data from bthe Niagara Falls
Station'are summarized in Table 5. Monthly precipitation is plotted
in Fig. 3. o

Wind direction data were also obtained for the study area,
from the Niagara Falls Grass Island Station. Such data were plotted
in Fig. 3 and indicated the highest incidence of winds from the west,
southwest, and south. The wind direction gives some indication (not

very precise) of ~storm movement and local pollutant transport
direction.
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Fig. 3. Precipitation and Wind Direction Data
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TABLE 5. Niagara Falls Station Temperature and Precipitation

MONTH  |JAN.|FEB. [MAR. |APR. |WAY |JUNE|JULY[AUG. [SEPT.[oCT- [Nov_ [oEC. [VEAR

Daily , ’
temper- -4.61-4.0{0.6 {7.2 {13.5|19.3}22.0121.4(17.3 j11.1]4.6 }-1.2|8.9
ature(°C) '

Years of _
Record N 25 to 39 YEARS —

Total Prec , _
ipitation : ' : : '
(mm) 78.0(68.4179.3]75.8{72.4{81.3|66.1{92.1|89.7 |77.0{74.1]88.11942.3

Greatest
Rainfall _
in 24 hrs.| . ' 3 I

(mm) 38.1{82.8143.9(51.1|47.8{75.2|81.0/95.3{81.5 162.2]43.2171.9195.3

Years of ‘ . . ; ' o ”
Record 44 | 48 ) 48 | 46 | 48 | 48 } 50 | 50 | 50 48 | 50 | 48

3.0 FIELD PROGRAM

The field program represented a méjor effort in the study of
toxics in the Niagara area. This program was operated from March, 1982
to December, 1982. The main objective of the program was to collect
representative samples of urban runoff and sediment from various sources.
Such a program was designed on the basis of understanding of pollutant
pathways in urban areas as obtained from the earlier studies and the
Jliterature. | .

Various sources and pathways of wurban runoff pollutants are
described first, followed by details of the field program procedures. O
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3.1 Sources and Pathways of Urban Runoff Pollutants

In order to design an effective sampling. program for
investigations of urban land runoff pollution, it is necessary first
to examine the sources and pathways of runoff pollutants in urban
areas. - Although 'such processes are very complex, considerable
simplifications are acceptable for 'the purpose of this study.
Detailed discussion follows.

" The sources of toxics in urban runoff are quite numerous and
include atmospheric sources and sources related to 1land use
activities. The atmospheric sources may be of local or remote origin
and contribute to runoff pollution. through both dry and wet
precipitation.. . C ‘

' Dry precipitation results . in accuﬁulation of particle
depbsits on the catchment surface and these deposits are then washed
off during the periods of runoff. To invéstigate this source and
possible source controls, -it is of interest to collect -samples of
street surface depbsits, as done in this study. Their composition may
vary depending on the local sources of pollutants and the direction
and intensity of their transport. Pollutants fran~reﬁote sources are
1hported to the catchment and their characteristics do not necessarily
correlate well ‘with local land use and other conditions. Onvt‘he other
~hand, local air pollution also contributes to pollutant accumulation
and such a contribution will be related to the distance from local
sources and prevailing wind directions. , _

Another source of toxics is wet precipation. vIt has been
noted in the literature that many toxics are transported over large
distances and reach the ground in the form of wet precipitation. Thus
such substances are imported and do not necessary relate well to the
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local 1land use,‘.Agafh, it is of interest to_sampleuthis sourée by

“collecting rainwater samples. Findings of earlier studies (24)
. indicated only minor variations in concentrations of toxics - in

rainwater within an urban area..

Other sources of toxics are those related to land use
activities. Such sources include applications of pesticides in urban
areas, release of toxics during dindustrial operations, spills, etc.
Such activities determine the composition of runoff in the affected:
areas and seem to be particularly pronounced in industrial areas. 1In
most cases, toxics accumulate on the catchment surface and are
subsequently washed off during wet weather. To sample these source,
one needs to collect samples of deposits and stormwater.

During the periods of runoff, the rainwater, which is already
contaminated by toxics, reaches the catchment surface and washes of f
and transports substances accumulated on the catchment surface. Such
processes are pafticular1y inténse on impervious parts of the
catchment where pract1ca]ly all the ra1nwater runs off and the flow
ve10c1t1es and the resulting transport ‘rates are fairly high. On
pervious areas, the rainfall rate is smaller than the rate of losses
(i.e. - infiltration and surface storage) for long segments of the
storm and, consequently, the rate and volume of runoff areb rather
small. Exceptionally, during rain storms of high intensity, or in the
case of poorly drained soils, pervious parts of the catchment may
contribute appréciab]y to the catchment runoff. Thus the monitoring
activities should concentrate on impervious areas 'whose extent is
closely related to land use and the population density;

The rate of pollutant transport during individual storms is
not generally constant, but varies depending on the runoff rate, the
amount of pollutants remaining on the catchment surface, and some
other factors.
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'In some catchménts,' the so-called first-flush was reborted for
conventional pollutants. This term is used to describe pollutographs
which exhibit the highest concentrations during the early parts (more
or less coinciding with the rising hydrograph limb) of the runoff
events when the greatest quantities of pollutants are available on the
catchment surface. Considering the high costs of toxics analyses, it
is infeasible to collect sequential samples and to characterize toxics
concentrations'variations during storms. If the primdry interest is
the substance loading, it fis preferablé to collect composite samples
for individualvevents. Ideally, the sample composition should be flow
proportional.

Earlier studies indicated (11, 24) that toxics are associated
with urban sediment in concentrations two to three orders of magnitude
higher than those found in stormwater. Thus it is desirable to sample
both urban sediment and stormwater. Urban sediment -samples can be
obtained by collecting street deposits Samplés or by filtering out
solids which are transported by stormwater. Stormwater_%amﬁ]es may'be
-collected in varioué-transport elements of the drainagé syStem.'

~ Thus it follows from the above discussion that the sampling
pfogram shbuld, be designéd on the basis of the follohﬁng
considerations: '

Sediment as well as 1liquid samplies should be
collected in -areas with various land use (with
emphasis on industrial land use).

Sediment samples should be collected during both
dry and wet periods.

Liquid samp]es should be collected as
flow-proportional composite samples.
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3.2 Selection of Stggx qu-Areas

The selection of study sub-areas was governed by the
distribution of the urban popu]ation in the basin and by the need to
determine the toxics loadings for areas related to those used by
others in studies of point sources. From the population point of
view, it was desirable to cover the three major population centres,
Fort Erie, Niagara Falls, and Welland. The runoff discharge from
these three centres could be attributed to two points - the discharge
at Fort Erie and the combined discharge, from Welland and Niagara
Falls, at Niagara Falls. It should be noted that the other two
sub-areas, identified in the section on water resources as the Black
Creek sub-area and the Niagara-on-the-Lake sub-area, do not contain
any urban land and may be eliminated from further considerations.

3.3 Samp]ing,LocatiOns

Eight permanent sampling stations were established and
mbnitored in three urban centres during the study period. These
stations were further supplemented by some temporary sites. The
characteristics of the sampling stations are listed in Table 6 and the
locations of stations are shown in Fig. 4. _ _

Among the eight permanent stations, four were in Niagara
Falls, three in Welland and one in Fort Erie. Such a distribution re-
flects the relative distribution of population in these three cities.

In terms of land use, two residential and six industrial
areas were investigated, thus reflecting the primary concern about
pollution from industrial areas. The information from the residential
areas was further supplemented by data from other Ontario
municipalities. Earlier studies showed little variation in toxics in
urban residential runoff from different locations as opposed to larger
variations in the industrial runoff composition.




- 19 -

IN3IWIG3IS 03¥31714 - SA .
diNd JI1VISTY¥3d JTIVWOLNY -  dd TYIJYIWWOI - "WOD
dINYITD WANJYA - DA IWVIINIQISH - "SI
Y31dWYS NISYEHILYD - <S80 ¢ TYIYLSNANT - "ONI "1

n 1 “WWOJ Pue|[3M "3S SsSOu4)

" 1 N3d0 <PUB||3M dIdM

W " 14 “ONI A3 uelg /auo3s plesoy)

SAVYl SSvY19 NIVY 4 N3d0 --= 9143 3404 oAy euebeyy
sajdues utiey

X X X X X St "SI vuN "1$ u031buLXa7/3343uLy

X X X _ X X w €1 “ONI EIN A3|ueys/au03s piedoyl

X X X _ X X 1T “ONI ¢IN "1S uoy| LueH/ylunod

X X X X X 0T “ONI TIN "BAy sewoyj |[4e3
: S|le4 euebeiy

X X 1 “ONI === *3S Oidejug/rueg eue)

X X 1 “SH === "1S 39npanby /yd4ny)

X X. 1 S === "IS P4RYI4Q/19Luaey

X X X X X el S 12} Aae12wa) sSO4) A|OH

X X X X X 11 “ONI EINn *3S .90Yy0) /uos4alieg

X X X X X X X £l “ONI TIM "3S uod]/otuelug
_ pue| | oM

X X X X X ST “ONI 114 "IS LL3ssny
v 9L4] 404

Sd | dd | JA | S8) | ¥3M3IS | INIWIG3IS | 440NNY
"~ | wyois avoy avoy 0371dWyS Y3GWNN
: SIN3A3 40 | 3SR ANV LIS SNOTLVJ07
z0OH1IW INT1dWYS J3HWNN

334N0S 3 1dWVS

SPOWIaW pue suoi1edo] bupjdues ‘9 31gyl



- 20 -

Permanent SaﬁpTing Station
Rain Gauge

Location of Wind Direction
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Lake Erie

Fig. 4 Location of Monitoring Stations
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At each site,. from 10 to 15 events were samp]ed.‘ In this
connection an event represents e1ther a runoff event, or a dry
- weather period for solids accumulation. The average number of - runoff
events sampled at each site was 10. Est1mat1ng the total number of
runoff events per year as 70, approximately one in seven runoff events

per year was sampled at each site. The number of runoff events per
year was estimated from the total number of days with precipitation
greater than 1.25 mm. '

- Various sources of urban runoff and sedlment were sampled.

In most cases, the sampling was limited to road runoff and street
surface sediment - the major sources 1in terms of . volumes énd
loadings. At four sites, samples of stormwater in storm sewers were
also collected and, by filtration of such samples, samples of
suspended solxds were obta1ned Such samples reflect contributions. of
" various sources. At two sites, a few grab samples of road snow and
ice were also ‘col1ected Further sthdies of snowmelt quality were
prevented by the study timing. '

Besides the eight permanent stations, several temporary sites
were used to collect rainwater and stormwater samples. ‘

In total, 110 events were sampled at 15 sites within the
study area. The most of these events, 100, were sampled at the eight
permanent sites which were described earlier.

Note that the number of events for which analytical data were
available when writing this report was less than 110. This was caused
mainly by delays in sample analysis. '

3.4 Sample Collection Methods

Flow measurement and sampling methods for studies of urban
runoff have been established for conventional pollutants (21). In
such studies, the pollutant concentrations are fairly high and the
sample cross-contamination is limited. 'The.methodology for monitoring
of toxics in urban runoff is not well established and many procedures .
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used in this study were developed on the basis of general recommenda-
tions of the U.S. Environmental Protection Agency (21) and the Water
Quality Branch of "Inland Waters Directorate. It should be also
emphasized that the study budget and schedule did not. allow acquisi-
tion of sophisticated equipment. Descriptions of various sample
gathering methods follow. | ' '

Sewer Inlet Sampler

The sewer inlet sampler is a simple custom made device which
serves for collection of road runoff samples. Basically, the sampler
consists of a large stainless steel funnel, which fits under the inlet
grate, and of a sample container. The funnel diverts a small fraction
of the total inflow via a teflon tube into the sample container which
is either a glass bottle or a stainless steel vessel. The bottles
used for storage had a capacity of 22 litres, the stainless steel
vessel had a capacity of 15 litres. '

The sewer inlet samplers were used to co]lect about 75% of
all water samp]es

Automatic Wastewater Samplers

At three sites in Niagara Falls and Welland, some stormwater
samples were collected by means of automatic wastewater samplers which
were operated in the sequential mode. Sequential samples were then
composed proportionally to the flow rates measured by an electro-
magnetic flow recorder (Marsh - McBirney Model 265).

~ The automatic sampler originally employed was the ISCO Model
2100 which has been recommended for toxics monitofing in the U.S.A..
It is a sequential - sampler which collects samples by means of a
peristaltic pump. To avoid sample contamination, all the internal
plumbing is made of stainless steel or teflon, with the exception of a
short piece (0.6 m) of tubing in the peristaltic pump. This tubing
must be fairly flexible for good pump operation and, consequently, a
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medical-grade s111cone rubber tubing is used for this purpose. The
‘particular brand used in the ISCO sampler is referred to as the Dow
Corning medical grade Silastic. The sampler manufacturer states that
this brand of tubing will not contribute any organic material to
samples (7). In field operation, up to 24 sequential samples 'of
stormwater were - collected and : used ~ to produce a single
flow-proportional composite sample.- : .

In a later. phase of the study, another automatic sampler, the
Sigmamotor 6201, was also used. A standard Model 6201 was modified
for the monitoring of toxics in a similar way as done in the ISCO -
sampler. Again a medical-grade silicone rubber tubing was used in the
sampler peristaitic pump. The sample distribution system which could
contaminate samples was bypassed us1ng teflon tublng and samples were
composed in a single glass container.

- Concerns about the poss1ble contamination of samples by -
various types of tubing led the Env1ronmenta1_ Protection Service,
Ontario Region, to initiate tests of three'types of tubing (3). The
test results were released in June 1983, thus too late to be implemen-
ted in this study. These results may be helpful in future studies and
thus the EPS findings are briefly summarized below.

~Two types of tests were ‘conducted.  In the first series,
3-metre sections of silicone, teflon dnd tygon tubing were immersed in
nine litres of deionized water for a period of four days. In the
second series, a 0.3 m section of tubing was pretreeted and then used
in a peristaltic pump to collect 9-1itre, 24=hour composite samples.
This second series seems to simulate more closely the actual field
conditions observed in this study. Under such conditions, up to 24 of
350 ml samples were collected. The collection df,these 24 samples
would require about 2.8 minutes of the peristaltic pump operation.
The average residence time of samples in the tubing was seven seconds.

The EPS study indicates that, for the severe test conditions
employed, some sample contamination may be caused by both silicone and
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tygon tubing. It should be mentioned that the silicone tubing has not .
been properly jdentified in the draft report (3) and subsequent
enquiries have not clarified the tubing origin. In'particular,,two
substances, ethoxy butoxy ethanol and dichlorobenzoic acid, appeared
on the spectrum printout in an area where certain priority pollutant
could appear. If such priority pollutants were of low concentration,
they would be masked by the leached substances. It was recommended to
pretreat the silicone rubber tubing by flushing with deionized water
at pH2, for 16 hours prior to the use, to minimize contamination.
Although the possibility of sample contamination in automatic
samplers with peristaltic pumps cannot be completely discountéd, the

danger of such contamination can be reduced by using a proper tubing

material. and by pretreating the tubing. No evidence has been found

‘that the silicone rubber tubing in the ISCO sampler contaminates

samples. . . ‘ .
After every event, the sampling equipment was cleaned.

Rainwater Collectors

» Rainwater was qollected at several temporary sites ‘using a
set of glass trays with capacity 2 litres each.

Collection of Sediment Samples

Two collection methods were used to obtain sediment samples.
In the first one, suspended solids samples were obtained by filtration
of stormwater samh]es which were typically collected by means of sewer
inlet samples. Standard laboratory equipment was uSed' to filter
stormwater samples. The filtration process was aided by vacuum, or
for large volumes, by compressed gas; The filter used was the
MILLIPORE type LS with the pore size of 5.0 um (0.005 mm). To obtain
a sufficent quantity of solids, from 5 to 15 litres of stormwater had
to be filtered; Filtered solids were placed in glass jars and
submitted for analysis. ' '
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~Samples of street surface sediment were dgenerally collected
by dry vacuuming. A household vacuum cleaner was used for this
purpose. Collected solids were place in glass jars and transported to
the laboratory for analysis. Some fractions of such samples were
further analyzed for particle size distribution.

3.5 Transport and Preservation of Samples

A1l field samples were removed from sampling devices as soon
as possible after the sampled event and placed in transport
containers. Glass bottles or jars w1th their top covered by aluminum
foil were used for such a purpose. , . ,

In the laboratory, the samples were transferred from tran-
~sport containers into laboratory bottles, preserved and submitted for
analysis. For organics analyses, two 1-1itre samples in glass bottles
were submitted. Samples for trace metals analysis were p]aced,1n 250
ml plastic bottles and preserved by,adding 1 ml of 50% HN03. Samples

for mercury analysis were submitted in 100-m1 brown glass bottles.. .

Such samples were preserved by adding 1 ml of concentrated H2504 and 1
“ml of 5% potassium dichromate solution (dithizone-extracted).

Sediment samples were delivered in glass Jjars t0  the
ana}yticai laboratory and subsequently were frozen.

3.6 Cleaning Procedures for Sample Containers

For cleaning sample containers, the procedures recommended by
the Water Quality Branch, IWD, Ontario Region, were used. According
to these procedures, containers were washed with soap and hot water,
rinsed several times with hot water and then rinsed several times with
distilled water. After draining water from the 'container, it was
rinsed two or three times with analytical grade acetone and petroleum
ether, followed by two or three rinses with pesticide residue grade
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ethyl acetate and, finally, the container was rinsed with pesticide
residue grade hexane. The volume of each rinse was 2-3% of the
container volume. |

Clean bottles were capped with solvent washed aluminum foil.

4.0 SAMPLE ANALYSIS

Field samplés were delivered to analytical laboratories for
detai]ed‘ and extensive analyses. A list of substances studied is
presented first followed by a summary of analytical procedures.

4.1 Toxic Substances Studied

The selection of toxic subStancesvstudied was initially based
on the U.S. Environmental - Protection Agency list of priority
pollutants. This list was further modified and the finél selection
of 51 sUbstances was more or less given by the availability of
anlaytical procedures in the laboratories employed. These substances
can be divided into five groups: Polychlorinated biphényls (PCB's),
organochlorine pesticides (OCP's), polyaromatic hydrocarbons .(PAH'S)
chlorinated benzenes (CB's) and trace elements (TE).

PAH's analyses could not be performed on all samples because
6f COéxtractéd interfering compounds. |

A detailed listing of substances in individual groups and the
detection limits for ana1ysés employed are presented in Table 7.

Information on the toxic substances studied can be found in
Ref. 22.
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TABLE 7. Substances Studied and Detection Limits

Substance

Detection Limits

Water (ppb] ~ Sediment (g

" PCB's

Organochlorine Pesticides

Hexachlor benzene
a - BHC

Lindane
Heptachlor

Aldrin

Heptachlor epoxide
Y - chlordane

a - chlordane

a - Endosulfan
p,p' - DDE
Dieldrin

Endrin

o,p' - DDT -
p,p' - TDE

pap" = DDT '

B - Endosulfan
Mirex
Methoxychlor

Polyaromatic Hydrocarbons

Indene

1,2,3,4 tetrahydronaphthalene
2, methylnaphthalene
Quinoline

1, Methylnaphthalene
B - chloronaphthalene
Acenaphthylene
Acenaphthene

Flourene

Phenanthrene
Flouranthene

Pyrene

Total polychlorinated biphenyls

0.009

.0004
.0004
.0004
.0004
.0004
.0004

.0004
.0004
.0004
.0004
.0004
.0004
.0004
.0004
.0004
.0004
.0004

.0004

.02

.001
.001

.001

.001
.001
.002
.002

.002

.002

.004

.005
.005
.005
.004
.005
005

.09

.004
.004 .
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004

.02

.005,.5
.005

* WD Labdratoky
** MOE Laboratory
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Substance

Detection Limits

Cblorigateq Benzenes

1,3 dichlorobenzene
1,4 dichlorobenzene
1,2 dichlorobenzene
1,3,5 trichlorobenzene
1,2,4 trichlorobenzene
1,2,3 trichlorobenzene
1,2,4,5 + 1,2,3,5
tetrachlorobenzene
1,2,3,4 tetrachlorobenzene
pentachlorobenzene
Hexachlorohenzene

. |Trace Elements

Arsenic
Cadmium
Copper
-Cobalt

~ Chromium
Lead
Mercury
Nickel
Selenium
Zinc

0.005
0.005
0.005
0.001
0.001
0.001

0.001
0.001
0.001

* % %

%

%* 0 *

Ot O e b O

0.05
- 0.05
. 0.05
0.01  0.005
0.0l  .0.005
0.01  0.005
0.01 = 0.005
0.01  0.005
0.01  0.005

0.0004 0.001 - 0.004

(o8]
S
o .
o ‘
o

0.2,10 10
10,20 10
20,40 10

10 0.5
60 0.5
- 0.1
30 10,30
1,30 0.05
1.0 0.1

Naterr(ﬁgb) Sediment‘gagg}

0.001

1 .
w

OO0 O0O0O0OoOWO

NON WWNHOO
W

* For several samp1e§; the detection limit was 10 ppb.
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4.2 | Laboratory Procedures

Sample analyses wére done by two analytical laboratories -
The Laboratory of the Water Quality Branch of IWD, Ontario Region. and
by the Analytical Laboratory of the Ontario Ministry ~of the
Environment. Although the use of two laboratories which may employ.
different analytical prbcedures is not generally desirable, such a
solution was necessitated by the fact that neither laboratory had a
spare capacity to analyze all the samples.

4.2.1 IWD laboratory procedures

_ Details of analytical methods used by the IWD laboratory can
be found elswhere (23). A brief description of general procedures
follows.

Trace Elements. Atomic absorption spettroscopy was used for
determination of metals in stormwater sémples. The main advantages of
this technique follow from its ease of operation, sensitivity, and
applicability to a large number of metals in a wide variety of waters,
including surface watef, domestic wastes and industrial wastes.
Further details are given in Ref. 23.

Several methods were used to determine total metals and other
inorganics in sediments. ' o ‘

Mercury in sediment was detemined by cold vapour atomic
absorption. Arsenic and selenium were determined by flameless atomic
absorption. The remaining'analyses were done by means of the bomb
digestion method. In this method, the sample decomposition is carried
out in a sealed teflon bomb. Sample solutions are then analyzed by .
atomic absorption spectroscopy. This method was used for cadmium,
chromium, coba]t, copper, lead, nickel, selenium and zinc.

Traqe_Organics; A1l water samples were extracted using the

methylene chloride water extraction method which was described
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elsewhere (18). The sediment Samp]es were extracted by ultrasonic
extraction. (18). Because of high amounts of coextracted interfering
compounds present, an additional clean-up step involving gel
permeation chromatography was added. Further information on this
procedure, which is not among standard procedures, can be obtained
from the IWD laboratory. ; '

The analysis of extracts was performed using gas
chromatography. For PCB's and organochlorine pesticides, high

‘resolution gas chromatography with two columns was used. For PAH's

and CB's, one column gas chromatography was used. The detectors used
were a flame ionization detector for PAH's and an electron capture

- detector for the remaining substances.

4.2.2 MOE laboratory procedurgs

A déscription of laboratory procedures was supplied by the

MOE laboratory (9, 12). Such procedures are summarized below.

'Trace Eleﬁents

Heavy metéls  in/ wafer 'samp1es were analyzed' by means of
either atomic absorption‘spectrometers or inductively coupled plasma
atomic emission 'spectrometers. Both types of instruments produce
equivalent, unbiased data.
| For sediment samples, the samples were first digested with
aqua regia and then analyzed using the same instruments as for water
samples.

 Arsenic and selenium in both water and sediment were
determined by first digesting appropriate aliquotes with sulphuric,
nitric acid mixture in a hot block to fumes. The digestate was then
analyzed by automated hydride generation, flameless atomic absorption.
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Trace Organics

Water samples were extracted by the methylene chloride
extraction' method. Sediment, samples were extracted by ultrasonic
extraction, referred to as the Sonifier method. Extraction was
followed by a cleanup procedure using adsorption chromatography on
Florisil. |

Sample analysis was done by gas chromatography using Hewlett
Packard 5700 series gas chromatographs equipped with electron capture
detectors.

5.0 ANNUAL VOLUME OF URBAN RUNOFF AND DISCHARGE OF SOLIDS

Field studies of toxic substantes in urban runoff indicate
that there are.two mechanisms for transport of toxics from the catch-
ment surface. The first mechanism is transport by funoff‘water and
the second one is by means of solids suspended in ‘stofmwater, or
transported as bed load. Thus, the’total loading of toxics in urban
runoff can be conceptually divided into the loading atfributed to the
liquid phase and the 1loading attributed to the solid phase. To
estimate such 1oad1ngs; on an annual basis, it is reduired to estimate
the annual runoff volume and- the annual discharge of solids. Such
quantities are fhen‘multiplied by mean toxics concentrations to obtain
annual loadings of toxics. ' o '

Computations of annual runoff volume and solids production
follow. '

5.1 Annual Volume of Runoff From the Study Area

The annua1 volume of runoff can be calculated from the
contributing area and the annual rainfall ‘excess, which equals the
fraction of annual precipitation converted into runoff.

For runoff computations, the precipitation record from the
Niagara Falls station was used. This was the only station in the
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study area for which hourly rainfall data were available for at 1ea$t.
a part of the year (April to October). Daily prec1p1tat1on was
‘available for the entire record length of 25 years.

To ‘reduce the volume of computations, runoff was computed for
one year only. For this purpose, the 1978 data were used because the
"annual precipitation for that particular year ‘was within 1% of the
long-term mean precipitation. To simplify computations, snowfall was
replaced by equivalent rainfall. Such a simplification may distort
runoff distribution during the winter months, but it shou]d not affect
much the computed runoff volumes.

The runoff computations were done separately for impervious
and pervious parts of the catchment, in order to account for different
abstractions occurring in each of these parts. Without any calibra-
tion data, the magnitude of such abstractions had to be estimated.
Whenever practical, the sensitivity of computed runoff depths or
volumes to variations in the assumed abstractions was determined.

5.1.1 Runoff from impervious areas

Rainwater falling on the impervious surface fills minute
surface depressions and once such depressins have been‘filled, surface
runoff commences. Generally, the depression storage represents a
combination of such losses as those due to interception, surface
wetting, surface ponding, and evaporation. _ ‘

The depression storage is averaged over the contributing area
and then expressed as the depth of storage. Various estimates of the
depression storage depth can be found in the literature, with typical
values ranging from 0.5 mm to 1.6 mm. -

For a record of N events, among which S events have the total
rainfall depth smaller than the depression depth, the total depression
storage abstraction, Hyg», may be expressed as

S
Hg = 1 Py + (N-S) by | (1)
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where hd is the assumed depression storage depth, and_ P1 is the
total rainfall depth for events with P < hy. '

Eq. 1 was applied to seven months of hourly rainfall data for
several values of hy and the results were then extrapolated to the
- full record length of 12 months. The values of hq ranged from 0.5
mm to 1.5 mm. The results of such calculations are presented in Fig.
5 where the annual depression storage abstraction is plotted Versus
the depression storage depth. ‘

To estimate the annual depression storage abstraction, three

values of the depression storage depths were selected on the basis of
the literature data (1). The minimum value was taken as 0.5 mm, the
maximum value as 1.5 mm, and the best estimate as 1.18 mm. The best
estimate was derived from the default values in the Storm Water
Management Model (4). In this model, the impervious dépreésidn
storage - is 1.575 mn for 75% of the total impervious area. The
remaining 25% of the area have zero storage. Thus the combined value
is 0.75 x 1.575 = 1.18 mm. _ ‘
_ " The annual depression storage abstractions, derived from the
Niagara Falls data, were adopted for all three cities in the study
area and used to calculate the annual runoff volume, V, from the
following formula: | | '

Vimp = Aimp (P - Hgs) | (2)
where ‘Ajpp is the contributing impervious area and P is the annual
precipitation. The results of such calculations are summarized in
Table 8.

5.1.2 Runoff from pervious areas

Whenever  the rainfall rate exceeds the rate of water
infiltration into the soil, water starts to accumulate on the surface
of a pervious' area and fills surface depressions. After such
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 (A) Abstractions on Impervious Areas

200 4

150 -

100 A

Best Estimate
Max. Value

Annual Depression Storage Abstractibn(mm]

50 ORCHRPEEV S - “:1
0.5 1.0

Depression Storage Depth (mm)

(.-
(7}

(B) Annual Runoff From Pervious Areas(After SCS, CN=74)

100 J

Annual Runoff (mm)
Min. Value
Best Estimate

10 15 20
SCS Initial Abstraction (mm)

o
U+

Fig. 5. Supporting Data for Runoff Computations
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TABLE 8. Volumes of Annual Runoff from Impervious Areas

Depression :
_ Storage Runogf Vo]ume
Impervious{Annual Abstractions [10° x m”]
City - Area |Precipi- (mm]

‘[km®] |tation : - :
- [mm] Mini-| Best |[Maxi-|Mini-] Best |Maxi-
mum |Estimatejmum |mum |Estimate|mum

Fort 2.95 995.0 | 68 137 170 §2.43 2.53 {2.75
Erie : _ ‘ '

Niagara| 10.82 942,3 68 137 170 |8.36 | 8.71 ]9.46
Falls o :

Welland| 5.37 938.0 | 68 137 | 170 |a.12 | 4.30 l|4.67

depressions have been filled, water starts to flow across the catchment
surface as surface runoff. Thus' two important abstractions occur
during this pfocess»— soil infiltration and depression storage.

Computations bf runoff from pervious areas aré fairly complex
and usually require field data for calibration of fvarious prbcess
parameters. For the purpose of this study, it was desirable to employ
a simple, practical, well established procedure which did not require
any calibration. Such criteria were met by the Soil Conservation
Service (SCS) method (20). . |

In the SCS method, the soil water storage capacity, S [mm],
Can be éxpressed in metric units as

. CN :

where CN is the soil cover complex number listed in handbook for
various soils and land use or cover. For the conditions in the study
area, which were characterized by the hydrologic soil group C and open
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spaces with good grass cover,vCN was selected as 74 and the soil water
storage capac1ty was then calculated from Eq. (3) as S = 89.2 mm.
The accumulated runoff, R [mm], can then be expressed as

(P-1,)2 -
s PoI_*S | ()

where P is the accumulated rainfall since the beginning of the storm
period and I, is the. initial abstraction which equé]s the sum of
abstractions for interception, depression storage, and infiltration
prior to the start of runoff.

A]though the initial abstraction has been estimated from the
SCS data as 0.2S, there is some evidence indicating that Tower values
may be more appropriate, especially in urban areas (8). ‘Consequently,
the initial abstraction was expressed here as I3 = pS where 0.05 < p
< 0.2. After substitution into Eq. (4), the final expression can be
written as:

(P-ps)? '
P+(1-p)S (5)

To estimate the depth of runoff from pervious areas, Eq. (5)
wasvapp1ied to all events in the 7-month hourly rainfaTl record and to
the daily equivalent rainfall for the remaining five months. Eq. (5)
was applied with.three different values of p and the resulting values
of the runoff depth R were p]otted in Fig. 5.

For computat1on of pervious area runoff volume, three values
of the parameter p were selected. The minimum value was p = 0.05 (I3
= 4.46 mm), the maximum value was p = 0.2 (I, = 17.85 mm); and the
best estimate was p = 0.071 (I, = 6.34 mm). For the best estimate,
the initial abstractin equals the value recommended in the literature
for urban areas.

The volume of runoff from pervious areas, Vper’ is then
expressed as
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Vper = Aper R | B (6)

where Apef is the contributing pervious area. Computations of runoff
from pervious areas are summarized in Table 9. _

| Finally, the total runoff volume is taken as the sum of
and Vper - A1l the computations are summarized in Table 10.

It can be inferred from Table 10 that the upper and lower
limits of the estimated runoff volumes are within 15% of the mean. It
will be shown later that uncertainties in calculated runoff volumes are
relatively small compared to other uncertalntxes 1n the computat1on of

Vimp

toxics loadings.

5.2 Annual Discharge of Solids in Urban Runoff

In urban .areas, solids which are found in wurban runoff
or1g1nate from dust and debris accumu]ated on the catchment surface and
also from soil erosion. Solids are of importance from the viewpoint of
water quality in that they directly interfere with sunlight penetration
as well as other processes and, indirectly, they serve as transport
media for other substances, in@]uding toxics. Consequent1y; it is of
interest to establish characteristicé and loadings of solids in urban
runoff from the study area. The term solids 1is used here for both
suspended solids as well as ‘soH‘ds transpofted ‘as bed load.

5.2.1 Inyestigations of street sediments

Sediments accumulate on the surface of urban catchments and
they are subsequently washed off during the periods of runoff. Thus it
is of interest to investigate accumulation rates and characteristics of
street sediments.  Towards this end, eleven experimental sites were
established and used for collection of sediment samples.  Sediment
samples were collected by vacuuming. The collected samples were
weighed and subsahples were submitted for chemical analysis and
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TABLE 9. Volumes of Annual Runoff from Pervious Areas

S Annual Runoff . ~ Annual Ru off3
Pervious Depth : Volume [10°x m
City Areg [mm]
[km® ] S —
_ Mini- Best Maxi- | Mini-| Best Maxi-
mum | Estimate {mum | mum Estimate mum

Fort 13.43 | 23 65 79 0.31 0.87 1.06
Erie _
Niagara| 54.01 | 23 65 79 | 1.28 ) 3.51 | 427
Falls
Welland| 22.62 23 65 79 | o052 1.47 | 1.79

TABLE 10. Volumes of Annual Rdnoff from the Study Area

Annual Runoff Volume [106 x m>]

Minimum Best Estimate Max imum

Estimate Estimate
[Fort Erie | 2.74 3.0 3.79
[Niagara Falis| 9.60 12.22 13.73

Welland 4.64 5.77 6.46
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particle size analysis. Results of these investigations are presented

below.

Accumulation Rates

~ Street sediment accumulation - rates were studied at two
residential and six industrial sites. The observed rates varied
significantly from 1.4 kg/curb-km/day to 30.3 kg/curb-km/day. For each
land use studied, mean accumulation rates were established. In
residential areas, the accumulation rate was established as 4.6
kg/curb-km/day and the rate for industrial -areas was 11.2
kg/curb-km/day. It was recognized that these rates may represent low
éstimates because of possible sediment removal by street cleaning for
which records were.not available.

Particle Size Analysis

_ The interest in particle size distribution is twofold.

Firstly, many pollutants are associated with sediment particles of
certain sizes. For example, some earlier studies (15) indicated that
up to 85% of pesticides, 95% of lead, and 60% of other heavy metals are
found in sediment particles smaller than 0.84 mm.  Secondly, the
interest 1in particle size distribution stemé from the viewpoint of
pollution control. In general, smaller particles are more difficu1t to
remove by such processes as settling,'or street sweeping.

The results of particle size analysis dre sumarized in Table
11 and plotted in Fig. 6.

It can be inferred from Table 11 that there was practically
no difference between size distributions in residential and industrial
areas. The commercial site samples exhibited higher percentage of fine
particles which may be caused by more frequent street cleaning and the
associated removal of larger particles. It was noted that up to 82% of
sediments from residential and industrial areas and 95% of sediments
from commercial areas were finer than 0.84 mm.
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‘Sediment Composition

~ Chemical composition of street sediment was also studied and
“the results are discussed in the next chapter.

5.2.2 Annual loadings of solids

‘Computations of annual loadings of solids involve 1large
uncertainties and consequently, it is desirable to use several computa-
tional approaches to verify the computed loadings. Therefore, three
different methods were applied to the study area. The first approach
was based on the annual unit loading rates adopted from the literature.
The second approach was based on accumulation rates ‘of solids along
curbs in urban areas. The third approach was based on mean concentra-
tions of solids in runoff and the annual rUnoff volumes. As in the
previous sectlon, it was of interest to provwde the 1ow, high and best
estimate. Details of computat1ons follow.

5.2.2.1 Loading estimates from annual unit 16edings

The use of annua]vunit pollutant loadings, for evaluation of
urban runoff pollution, has been described in the literature. Such
unit loadings are defined as the pollutant weight which is conveyed by
urban runoff from a one-hectare area, of a specific land use and sewage
system, over the period of one year. Such unit loadings were developed
by the American Public Works Association (17) and later modified, for
the use in Ontario, by eliminating precipitation as one of the indepen-
dent variables and by taking into consideration some local data (10).;

The annual So]ids'1oading, L, can be expressed as

k

L = 12=1U'LK AK : ' | (7)
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~ where UL is the unit solid loading (kg/ha/yr), A is the areavwith a
particular land use, and the subscript K denotes various land use
types;' A1l the computations were done for separate storm sewers.

‘Using Eq. (7), the annual loading of solids were produced for
each urban area and presented in Table 12.

TABLE 12.. Annua]vSolids Loadings Derived from Unit Loadings

Urban Area | _7 >- AnndaT Loading of Soiids (fondes)
|Fort Erie T T o8
Niagara Fafls ‘ 3,131
Welland . = " 1,573

5.2.2.2 Loading estimates from daily aceumulation rates

Urban runoff quality models, such as the SWMM and STORM
models (4,19), use the concept of dust and _dirt accumulation for
quality mode]lihg. According'to this concept, ‘dust and dirt accumulate
along curbs at daily rates which depend on land use. This concept was
derived from extensive field studies of solids accumulations in urban
areas (17). Because of the widespread use and acceptance of both
models, it was decided to use the concept of dust and dirt accumula-
tions to produce an estimate of solids loading in the study area. |

The annual loading of dust and dirt, Lpp, in an urban area
can be expressed as

K

Lpp = 365 '21 Wy CD; A, (8)
]:

where W is the daily accumulat1on of dust and dirt (kg/curb km/day), CD
is the curb density (km/kmz), A is the area, and the subscr1pt i (i=
1,...K) denotes various types of land use.
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The computation of annual loadings of dust and dirt 1s‘_
‘presented in Table 13. In this computation, the daily accumulation
rates and typfcal curb densities were adopted from the 1iterature (17).

Accumulations of dust and dirt need to be converted to
accumulations of various pollutants by specifying the composition of
dust and dirt. For this purpose, composition factors are supplied in
both the SWMM and STORM models. In the case of the SWMM, the weight of
accumulated solids equals 1.1 times the weight of dust and dirt. In
“the STORM model, solids represent only 0.122 of dust and dirt. The
largé“difference between both composition factors is apparent. It
should be stressed, however, that in both models, the composition
factorsA are used as calibration parameters which are adjusted in
simulation runs. The larger composition factor in the SWMM model may
be acceptable because in the event model, the accumu]atibn period is
typically short and the resulting accumu]ations'will ndt be - excessive.
On the other"hand,' STORM is a continuous model in which high
accumulation rates could lead to excessive solids accumulations over
long periods. |

It was of interest to compare the solids loading. rates from
the study area (Section 5.2.1) to those used in SWMM and STORM.. . The
results of such comparison are shown in Table 14, '

TABLE 14. Comparison of Solids Accwnﬁlation Rates

Solids Accumulation Rates (kg/curb-km/day)

Mean of Storm
Observed Storm SWMM . and SWMM

Residential 4.6 1.9 17.5 | 9.7
Industrial | 11.2 8.4 75.5 | 41.9
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It can be inferred from Table 14 that the observed rates which may be
A'poss1b1y underestimated (see Section 5.2.1) fall between the rates for
STORM and SWMM. Consequently, it was dec1ded to use the STORM composi-
tion factor as the lower limit, the SWMM factor as the upper limit, and
the mean of both factors as the recommended value. The computations of
annua) solids accumulations- are presented in Table 15.

5.2.2.3 Loading estimdpes from mean solids_conpentrations

The last estimate of solids loading was obtained by consider-.
ing the computed annual runoff volumes and mean concentrations of
solids in stormwater. Because such concentrations vary with land use,
it was necessary first to calculate annual runoff volumes for various
land use types and then to app1y the appropriate solids concentrations
to thése volumes. The computation of runoff voTumes is presented in
Table 16 and the computation of solids loadings is given in Table 17.
In Table 17, the mean solids concentrations in stormwater, proposed by
the American Public WOrks Association (17) were employed. By consider-
ing three estimates of runoff volumes, three estimates of solids
loadings were obtaxned. No variations in solids concentrations were
considered because of lack of data on such variations.

It was attempted to verify the APWA solids concentrations
against the data collected in the study area. Towards this end, mean
solids concentrations were determined for 47 large stormwater samples,
which were collected in the study area, and presented in Table 17. The
observed concentrations were smaller than the APWA concentrations for
residential stormwater, but they were larger than the APWA concentra-
tions for industrial runoff. By considering both the residential and
industrial loadings together, a good agreement (5-20%) between the
observed and computed values was obtained.
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5.2.2.4° Summary of solids loading estimétes

A1l the solids loading estimates are summarized in Table 18
and Figure 7. The least of all estimates was taken as the minimum
estimate and the hiéhest value was taken as the maximum estimate. The
best estimate was taken as the mean of the recommended estimates
produced by each of the three methods.

| - It can be inferred from Table 18 that the minimum and maximum
estimates were obtained in all cases from the computations of solids
accumulations ‘using STORM and SWMM default composition factors,
respectively. The best estimates represent about,87% of the mean of
all three estimates given in Table 18 for each City. |

6.0  RESULTS AND DISCUSSION
Resu]fs of analysis of the collected samples are presented in
this chapter and further described in terms of frequency of occurrence

above the detection 1imits, mean toxics concentrations in water and
sediment, and annual loadings of toxics in urban runoff.

6.1 ' Ana]ytita] Results

The collected samples were analyzed for up to 51 substances
which wefe lTisted in Chapter- 4. A1l the analytical results which were
available when writing this report were listed in the Appendix.

It should be reiterated that all the concentrations reported
in the Appendix represent mean concentrations for individual sampled
events. Instantaneous concentrations will vary about such means. The
extent of such variations has not been investigated because of prohibi-
tive costs. To determine time variations in toxics concentrations,
sequential samples would have to be collected at relatively short time
intervals (say 5 to 10 minutes). Such procedures would increase
analytical costs by an order of magnitude.



- 50 -

sburpeoy spL|0S |enuuy J0 mmnms_pmm !

‘b4
s|ie4 aLa3
- pue||3M eaebepN 3404
N o
N »
«oEN
, N
N
” :
N *

N
N
N
N
N
N
N
mw
N
N
N
N
A
N

spoyjauw {e J40j 3rewy3sa sbuipeop 159§ »
sbuppeo| jiun penuue woay djew)3sd buipeol o
poyjaw uaALb e aoy 3jewy3sa sburpeol 31589 @

. mco..umbcou:cu,:cm___so.c
paje|nojed sbuipeo| spiLLos jo dbuey _ul._

._o_ue?__suumﬁ%\uw:vsot ﬂ
pajenoed sbuipeo| spLios jo abuey RY

0002

000t

0009

(4A/s3uu0l) spuipeo] spL|0S [enuuy

0008



- 51 -

Assuming that the time distribution of toxics concentratiohs
during an event is similar to that of conventional paraméters, the
| maximUm_toxics concéntration would occur in the early phase of runoff -
(the rising limb of the runoff hydrograph) and would exceed the mean
concentration by a factor generally varying from 2 to 10. Thus at
runoff discharge points, short-duration concentrations,- which could be
up to an order of magnitude larger than those given in the Appendix,
can be expected.

6.2 Frequencies of Occurrence Above the Detection Limit

The anaiytical results listed in the Appendix were further
analyzed for frequencies of  occurrence of concentrations - above the
detection 1limit. Provided that. the runoff events monitored are ‘
representative samples of urban runoff in the study area, the frequency'
statistics can be used to estimate the number of events for which the
mean concentration will be above the detéction limit. Further
inferences about the volume and duration of discharge, associated,With
such events, can be also made fom the reported frequencies and the-
annual volume and duration. of urban runoff. The annual volume of
runoff was described in detail in Chapter 5, the annual total duration
of runoff (including snowmelt) is estimated here as 500 hours/year.

The frequency analysis was somewhat complicated by several
detection limits reported for some substances. Such variations in
detection limits were caused by employing different techniques in the
two 1aboratories supporting this study. To avoid any ambiguities, the
frequencies reported here represent the percentage of all samples with
the mean event concentration above the highest detection limit_uséd by
either laboratory. Whenever a different detection limit was uséd,-it
is specified in the discussion. . .

The highest detection limits and the associated frequencies
of exceedance in both water and sediment samples are liéted in
Table 19 and plotted in Fig. 8. Further discussion follows.
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 TABLE 19. Frequencies of Occurrence of Toxic Substances Above the
Detection Limit

Water Samples Sediment Samples
Substance Detection*{Frequency|Detection*|Frequency
Limit(ppb) (%) Limit(ppm) (%)
PCB's
Total polychlorinated 0.02 . 11 0.09 74
biphenyls
Organochlorine Pesticides
Hexachlor benzene 0.001 20 0.004 13
“a - BHC - 0.001 98 0.004 53
Lindane 0.001 87 0.004 23
Heptachlor 0.001 3 0.004 9
Aldrin ‘ 0.001 -0 0.004 0
Heptachlor epoxide 0.001 19 0.004 0
Y - chlordane . 0.002 3 0.004 40
a - chlordane : 0.002 2 0.004 50
o - Endosulfan 0.002 5 0.008 | 0
p,p' - DDE 0.001 2 0.004 59 ®
Dieldrin ] 0.002 3 0.004 3
Endrin 0.004 5 0.004 0
~o,p' - DOT -t 0.005 0 0.005 21
'p,p' - TOE : 0.005 2 0.005 17
p,p' - DDT - 1 0.005 0 -0.005 - 35
R - Endosulfan 1 0.004 -3 0.004 3
‘Mirex 0.005 0 0.5 0
Methoxychlor -1 0.005 8 0.005 0
Polyaromatic Hydrocarbons
Indene - - 0.05 0
1,2,3,4 tetrahydro- - 0.05 . 0
napthalene '
2, methylnaphthalene - - 0.05 0
Quinoline - - 0.05 0
1, Methylnaphthalene - - 0.05 0
R - chloronaphthalene - - 0.05 0
Acenaphthylene - - 0.05 0
Acenaphthene - - 0.05 0
Flourene - - 0.05 0
Phenanthrene - - 0.05 14
Flouranthene - - 0.05 14
Pyrene - - 0.05 14

* The highest value of all detection 1imits used o ’
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Water Samples

Sediment Samples

Substance Detection |Frequency|Detection [Frequency
Limit(ppb) (%) Limit(ppm) (%)
Chlorinated Benzenes
1,3 dichlorobenzene 0.005 29 0.05 7
1,4 dichlorobenzene 0.005 22 0.05 27
1,2 dichlorobenzene 0.005 68 0.05 40
1,3,5 trichlorobenzene 0.01 0 0.005 40
1,2,4 trichlorobenzene| 0.0l 0 0.005 40
1,2,3 trichlorobenzene 0.01 .0 0.005 27
1,2,4,5 + 1,2,3,5 0.01 0 ~0.005 7
tetrachlorobenzene ‘
1,2,3,4 tetrachloro- 0.01 0 0.005 &7
benzene ; '
pentachlorobenzene 0.01 0 0.005 7
‘Hexachlorobenzene 0.001 8 0.001 7
Trace Elements

Arsenic 30.0 0 0.05 100
Cadmium 10.0 0 10.0 -0

Copper 20.0 13 10.0 100 -
Cobalt 40.0 0 10.0 44
Chromium 10.0 0 3.0 97
Lead 60.0 4 3.0 100
Mercury 0.05 100 - 0.1 81
Nickel 30.0 2 30.0 56
Selenium 30.0 0 0.05 100
Zinc 1.0 100 2.0 100
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,Po]ych]orinated_Bippepyls

_ PCB's were found in 74% of all sediment samples in concentra-
tions exceeding the detection limits. The frequency in water samples
was only 11% and did not seem to be affected by the location, or land
use. The frequencies in sediment samples agree with earlier findings
in other Ontario cities (24). The frequencies in water samples are
somewhat smaller than those reported earlier (11, 24).

Organochlorine Pesticides

Frequencies of organochlofine pesticides in water samples
were, on the,éverage;'lower than those for sediment samples. The most
widespread'pesticides in water samples were a-BHC and lindane, which
had frequencies of 98% and 87%, respectively. Three pesticides,
aldrin, o'p-DDT and p,p'-DDT, and mirex have not been detected in any
water samples. The remaining pesticides were detected in water samples
with frequencies rang1ng from 2% to 20%.

~ In sediment samples, intermediate frequenc1es were noted for
‘ p,p'-DDE (59%). a-BHC (53%), a-chlordane (50%), y-chlordane (50%), and
p,p'-DDT (35%). No detections were reported for aldrin, heptachlor
epoxide, a-endosu}fan, endrin, mirex, and methoxychlor. The remaining
pesticides were detected with frequencies ranging from 3% to 23%.

Polyaromatic Hydrocarbons

PAH's data are available only for seven sediment samples from
the study area. Difficulties with sample contamination and . the need
for extensive sample clean up led to discontinuation of these analyses.
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However, fairly extensive data were available from other locations in

_ Ontario (24) and such data are therefore used to make inferences for

the study area.

Considering the detection 1limits for PAH's in water between
1 pbb and 5 ppb, no detections have been made for mpre than fifty
stormwater sampies from a number of sites in various cities. Recently,
new analytical procedurés with a considerably lower detection 1limit
(0.05 ppb) have been introduced. The corresponding frequency would be
about 20-25%. |

'Frequencies of PAH's in sediment samples from the study area
were alSo rather 1ow.‘ In fact, only three hydrocarbdns (phenanthrene,
flouranthene and pyrene) were found in one sample from a Welland
1ndustr1al area. ‘ o

When ana]yz1ng samp\es from other areas, the frequency of
PAH's exceedance of detection limits was on the average 12%. The
highest frequenc1es were found in industrial areas in the case of

' f]ouranthene, phenanthrene and acenophthylene.

" Chlorinated Benieges;'

Four chlorinated benzenes were detected in water samples with

frequencies from 8% to 68%. .
In sediment samples, all chlor1nated benzenes were detected.

The frequencies of occurrence ranged from 7% to 40%.

Trace Elements

Trace elements, particular]y, heavy metals, were by far the
most w1despread toxics in both water and sediment samples. In general,
the frequencies in water samples were lower than those in sediment
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samples. The most widespread metals in water samples were zinc and
mercury which were detected in all samples. Note, however, that the
detection 1limit for mercury was extremely low (0.05 ppb). The
frequencies reported for the remaining elements were affected by the
magnitude of the detection 1imits which were used by both laboratories.
For example, if one considers the detection 1imit of 1 ppb (used
" predominantly by the IWD laboratory), the frequencies for copper and
lead are 73% and 98%, respectively. If one considers the higher limits
employed by the MOE laboratory (20 ppb for copper and 60 ppb for lead),
the corresponding frequencies are reduced to 13% and 4%, respeétiver.
The average frequency of trace elements in sediments was
78%. Arsenic, copper, lead, seleniun and zinc were detected in all
samples. The lowest frequanéy (0% at 10 ppm) was reported for cadmium.

6.3 Mean Concentrations

Estimates of mean concentrations were produced for all the
substances studied. Such estimates involve appreciable uncertainties
which were caused by the data below the detection limit. There are no
established procedures for the treatment of such data. For large sets
of samples (N > 50), with high percentage of data above the detection
1imit, attempts have been made to fit a particular distribution to the
data'pbove the limit and then to extrapolate this distribution below
the detection 1imit. Such an approach could not be adopted here
because the data sets are usually small and often contain many values
below the detection 1imit. Consequently, a simplified procedure was
used here to estimate the upper and lower limits as outlined below.

Assume a set of n samples, in which r samples have
concentrations above the detection limit. Note that the detection
frequency is then r/n. The lower concentration limit (Cpi,) is then
obtained by assuming zero concentrations in samples uﬁthAconcentrations
below the detection 1imit:
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r
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|
min n
where ¢ s the concentration and the subscript § (i = 1,2,3,...r)
denotes individual samples.
The upper concentration limit, Cmax» 1S obtained by
assuming that the concentrations below the detection limit are equal to
the detection 1imit:

. 1 : |
“max = ;-[(n-r) ‘o *E o4l (10)

i=1
where cq) denotes the detection 1imit.

The beét estimate of mean concentrations was then taken as
the mean of the upper and lower limiting values:

= _fF17T = (n-r) : «
be [; LRSI (11)

Eqs. (9) to (11) were used to estimate mean concentrations for indivi-
dual substances. Note that the most meaningful results are obtained
for r = n (i.e., l00% frequency of detection). 1In that case, all three
esti@ates of mean concentrations are equal to the mean of the data
set. The highest uncertainties in concentrations are encountered when
r =0 (i.e., all data below the detection limit). In that case, Egs.
(9) to (11) are simplified to Cnin= O» Emax =y and Ebe = 0.5 ¢y
Thus the concentration estimates are controlled by the detection limit.

For some substances, several detection limits were used in
the study. In that case, Egs. (9) to (11) had to be modified by

expanding the term (n-r)cqy as follows: '
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| N _
(n-r)_cdl = ‘.Zl-tj 413 | | - (12)
| j= ‘ _

where tj is. the number of concentrations below the detection limit
Cd1j and the subscript j (j=l...m) denotes the various detection
Timits. , o _

It was hoted.that in the case of multiple detection 1limits,
some unusually high limits (sometimes two orders of magnitude greater
than the lowest 1imit) strongly affected the calculated mean concentra-
tions. Consequently, the mean of all detected concentrations ‘was -
compéred to all detection limits. Whenever a particular detection
1imit exceeded the mean, the correspondxng concentrations be]ow this
detection limit were omitted from final computations. ‘

Finally, the estimates of mean concentrations for all
substances studied are given in Table 20. In the case of PAH's, the
limited data from the‘study area were supplemented by data from other
Ontario municipalities. |

6.4 Annual Loadings

Calculations of toxics 1oadings were undertaken for
stormwater, sediment, and the sum of both components. Detailed
loadings for water and sediment in individual cities are given in the
Appendix. For brevity, only the total loadings are presénted here for
Fort Erie, Niagara Falls, Welland and for the whole urban area (see
Tables 21, 22, 23, and 24). Further discussion follows.
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TABLE 20. Estimates of Mean Concentrations of Toxics in Water and

Sediment Samples

Substance

Mean Concentrations in Water Samples (ppb)

Lower Estimate*

Upper Estimate*

Best Estimate**

PCB's

Total polychlorinated
biphenyls -

Organochlorine Pesticides

Hexachlor benzene
a - BHC

Lindane
Heptachlor

Aldrin _
Heptachlor epoxide .
Y - chlordane

a - chlordane

a - Endosulfan
p,p' - DDE
Dieldrin

Endrin

o,p' - DOT

apap' - TDE

p,p' - DDT

g - Endosulfan
Mirex
Methoxychlor

|Polyaromatic Hydrocarbons

Indene

1,2,3,4 tetranydro-
napthalene

2, methylnaphthalene

Quinoline

1, Methylnaphthalene

B - chloronaphthalene

Acenaphthylene

Acenaphthene

Flourene

Phenanthrene

Flouranthene

Pyrene

.007000

.000410
.013876
.005063
.000084
.000012
.000619
.000278
.000108
.000356
.000044
.000165
.000571
.000015
.000563
.000059
.000978
.000024
.000960

.000182
.000182

.007455
.000909
.003273
.006545
.013636
.003091
.000364
.004909
.013818
.013091

.017813

.000732
.013892
.005171 .
.000653
.000402
.001143
.001192
.001054
.001225
.000647
.001098
.002222
.000405
.000813
.000439
.001208
.000415
.002970

.049273
.049273

.047455
.049091
.048727
.048364
.054545
.045818
.048545
.051273
.056545
.054000

.012406

.000571
.013884
.005117
.000369
.000207
.000881
.000735
.000581
:000790
.000345
.000632
.001397
.000210
.000688
.000249
.001093
.000220
.001965

.024728
.024728

.027455
.025000
.026000
.027455
.034091
.024455
.024455
.028091
.035182
.033546

* Lower and upper est1mates are produced only for data sets with some

concentrations below the detection limit
*% The best estimate equals the mean of the lower and upper estimates
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TABLE 20. Estimates of Mean Concentrations of Toxics §n Water and
Sediment Samples
Mean Concentrations in Water Samples (ppb)
Substance

Lower Estimate*

Chlorinated Benzenes

1,3 dichlorobenzene
1,4 dichlorobenzene
1,2 dichlorobenzene
3,5 trichlorobenzene
2,4 trichlorobenzene
2,3 trichlorobenzene
+2,4,5 + 1,2,3,5
tetrachlorobenzene
+2,3,4 tetrachloro-
benzene :
pentachlorobenzene - .
Hexachlorobenzene

1
1
1
1
1

Tféce Elements

Arsenic
Cadmium
Copper
Cobalt
Chromium
Lead
Mercury
Nickel
Selenium
Zinc -

002985
.002722
.038585
.000402
.001122
.000127

.000190

.000024
.000024
.000323

- 11.052
.875
.327

7.191

1.120

Upper Estimate*

.006522
.006624
.040171
.001134
.001878
.001029

.001024

.001000
001000
.000873

11.943
1.656
1.093
8.577

1.195

Best'EStimate**_‘

.004754

.004673
.039378
.000768
.001500
.000578

.000607

.000512
.000512
.000598

.800
.300
11.498
1.266
710
7.884
6.100
7.200
1.158
57.400

* Lower and upper estimates are produced only for data sets with some

concentrations below the detection 1imit

** The best estimate equals the mean of the lower and upper estimates
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centrations of Toxics in Water and

Substance

Mean Concentrations in Sediment Samples (ppm)

Lower Estimate* Upper Estimate*

Best Estimate**

PCB's

Total polychlorinated
biphenyls -

Organochlorine Pesticides

Hexachlor benzene
a - BHC

Lindane
Heptachlor

Aldrin

Heptachlor epoxide
Y - chlordane

a - chlordane

a - Endosulfan
p,p' - DDE
Dieldrin

Endrin

o,p' - DDT

P,P' = TDE

p,p' - DDT

'8 - Endosulfan
Mirex
Methoxychlor

Polyaroma;ic Hydrocarbons

Indene

1,2,3,4 tetrahydro-
napthalene

2, methylnaphthalene

Quinoline

1, Methylnaphthalene

B8 - chloronaphthalene

Acenaphthylene

Acenaphthene

Flourene

Phenanthrene

Flouranthene

Pyrene

.001620
.006460
.005120
.000565
.000000
.000000
.031250
.046650
000000
.010735
.000267
.000000
.003429
.001333 -
.011241
.000200
.000590
.000000

.000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.418571
.571429

2.428571

.003220
.007993
.006820
.002418
.002324
.002100
.032983
.048383
.002733
.011265
.002933
.004000
.006576
.005133
.014035
.004067
.004310
.004633

.050000

.050000
.050000
.050000
.050000
.050000
.050000
.050000
.050000
.461429
.614286
2.471429

.308000

.002420
.007227
.005970
.001491
©.001162
.001050
.032117
.047517
.001367
.011000
.001600
.002000
.005003
.003233
.012638
.002133
.002450
.002317

.025000

.025000
.025000
.025000
.025000
.025000
.025000
.025000
.025000
.440000
.592857
2.450000

* Lower and upper estfﬁates

concentrations below the detection 1imit
** The best estimate equals the mean of the lower and upper estimates

are produced only for data sets with some
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TABLE 20. Estimates of Mean Concentrations of Tbxics in Hater and
Sediment Samples : :

Mean Concentrations in Sediment Samples (ppm)

Substance _
o Lower Estimate*|Upper Estimate*|Best Estimate**
Chlorinated Benzenes

1,3 dichlorobenzene .004000 .050667 .027333
1,4 dichlorobenzene .044000 .080667 . .062333
1,2 dichlorobenzene .246000 .276000 .261000
1,3,5 trichlorobenzene 1.038520 1.041520 1.040020 - -
1,2,4 trichlorobenzene .011947 .014280 .013113:
1,2,3 trichlorobenzene .033467 .037133 .035300
1,2,4,5 + 1,2,3,5 _ : :

tetrachlorobenzene .002400 007067 .004733
1,2,3,4 tetrachloro- ' -

benzene .000867 .005200 .003033 :
pentachlorobenzene .000333 .005000 .002667 -

‘ Hexachlorobenzene .000629 .002629 .001629
Trace Elements

Arsenic - - 9.90
Cadmium - - 2.00
Copper - - 139.60
Cobalt 10.08 13.31 11.70
Chromium. - - 305.20
Lead - 0 971.40
Mercury .162 .181 . 171
Nickel 139. 38 141. 60 - 140.49
Selenium .400
Zinc - - 834 8

* Lower and upper estimates are produced only for ‘data sets w1th some
‘ ~ concentrations below the detection limit
** The best estimate equals the mean of the lower and upper estimates



- 64 -

TABLE 21. Annual Total Toxics Loadings in Urban Runoff from Fort Erie,

Annual Total Loadings in Water and Sediment .
» (kg/yr)
Substance
: Lower Estimate |[Upper Estimate | Best Estimate
PCB's
Total polychlorinated 0.0873 0.6789 0.3055
biphenyls . :
Organochlorine Pesticides
Hexachlor benzene 0.0015 0.0092 0.0040
a - BHC - 0.0394 0.0685 0.0534
Lindane 0.0150 0.0331 0.0225
Heptachlor 0.0004 0.0073 0.0025
Aldrin - 0.0000 0.0061 . 0.0017
Heptachlor epoxide 0.0017 - 0.0085 0.0039
Y - chlordane 0.0077 0.0700 0.0300
a - chlordane 0.0106 -0.1000 0.426 '
a - Endosulfan 0.0010 0.0101 = 0.0039
p,p' - DDE 0.0025 0.0248 0.0106 .
Dieldrin - 0.0005 0.0100 : 0.0035
Endrin 0.0016 0.0164° | 0.0065
o,p' - DDT 0.0008 0.0146 0.0050
p,p' - TDE 0.0018 0.0133 0.0051
p,p' - DDT 0.0026 0.0295 0.0117.
B - Endosulfan 0.0027 0.0127 0.0055
Mirex 0.0002 0.0101 = . 0.0028
Methoxychlor 0.0026 0.0205 0.0087
Polyaromatic Hydrocarbons _
Indene » 0.0005 - 0.2860 0.1055
1,2,3,4 tetrahydro- ‘
" napthalene 0.0005 0.2860 0.1055
2, methylnaphthalene 0.0204 0.2791 0.1147
Quinoline 0.0025 0.2853 0.1064
1, Methylnaphthalene 0.0090 0.2839 0.1098
B - chloronaphthalene 0.0179 0.2825 0.1147
Acenaphthylene 0.0374 0.3060 0.1373
Acenaphthene 0.0085 0.2729 0.1045
Flourene -0.0010 0.2832 0.1045
Phenanthrene 0.1060 0.1103 0.4717
Flouranthene ' 0.1641 1.4337 0.6265
Pyrene _ 0.5726 5.1104 2.2088
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Annual Total Tbxics Loadings in Urban Runoff from Fort Erfe

TABLE 21.
Annual Total Loadings in Water and Sediment
_ (kg/yr)
Substance . , : » ——
Lower Estimate fUpper Estimate | Best Estimate
Chlorinated Benzenes
1,3 dichlorobenzene 0.0091 . 0.1253 0.0395
1,4 dichlorobenzene 0.0172 0.1852 0.0692
1,2 dichlorobenzene 0.1601 0.7001 0.3570
1.3 5 trichlorobenzene 0.2306 2.0717 0.8918
1,2,4 trichlorobenzene 0.0057 . 0.355 0.0163
1,2,3 trichlorobenzene 0.0077 0.076 0.0321
1,2,4,5 + 1,2,3,5
tetrachlorobenzene 0.011 0.0179 0.0061
1,2,3,4 tetrachloro- :
. benzene 0.0003 0.0141 0.0043
1 pentachlorobenzene 0.0001 0.0137 0.0040
- Hexachlorobenzene 0.0010 0.0085 0.0034
Trace Elements
Arsenic 4.4 1 22.7 11.2
Cadmium 1.2 5.1 2.7
- Copper 61.2 322.4 158.5
Cobalt 4.6 32.7 14.3
Chrom{um 68.4 609.9 263.4
Lead 234.4 1960.7 857.4
Mercury 16.7 - 23.5 20.9
Nickel 50.5 308.4 144.6
Selenium 3.2 5.3 4.2
Zinc- 341.8 1874.6 909.0
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TABLE 22. Annual Total Toxics Loadings in Urban Runoff from Niagara Falls ‘
Annual Total Loadings in Water and Sediment
. (kg/yr)
~Substance ~ : —
Lower Estimate |Upper Estimate | Best Estimate
PCB's _

Total polychlorinated 0.3235 2.3370 1.1985

biphenyls : ' :

Organochlorine Pesticides
Hexachlor benzene 0.0053 0.0342 0.0152
a - BHC 0.1386 - 0.2507 0.1942
Lindane 0.0529 0.1222 0.0828
Heptachlor 0.0013 , 0.0271 - 0.0096
Aldrin A : ~.0.0001 0.0230 0.0065
Heptachlor epoxide 0.0059 0.0315 0.0143
Y - chlordane , 0.9287 0.2640 0.1181
@ - chlordane 0.0399 0.3777 0.1686
a - Endosulfan 0.0034 10.0373 '0.0143
p,p' - DDE . 0.0094 0.0935 0.0416
Dieldrin ' 0.0018 0.0370 0.0132
Endrin : 0.0055 0.0605 0.0239
o,p' - DOT o 0.0030 0.0549 0.0196
p,p' - TDE 0.0065 0.0497 0.0197
p,p' - DDT - 0.0099 0.1114 0.0460
B8 - Endosulfan 0.0096 0.0471 0.0206
Mirex . 0.0007 0.0381 0.0110
Methoxychlor - 0.0092 0.0756 0.0319
Polyaromatic Hydrocarbons ; : (

Indene 0.0017 1.059 - 0.3872
1,2,3,4 tetrahydro- 0.0017 -~ 1.0519 0.3872

napthalene
2, methylnaphthalene '0.0716 - 1.0270 0.4205
Quinoline -0.0087 1.0494 0.3905
1, Methylnaphthalene 0.0314 1.0444 0.4027
B - chloronaphthalene 0.0628 1.0394 0.4205
Acenaphthylene 0.1309 1.1243 0.5016
Acenaphthene - 0.0297 1.0045 0.3838
Flourene : 0.0035 1.0419 0.3838
Phenanthrene 0.3954 4.1684 1.8388
Flouranthene 0.6081 5.3884 2.4450
Pyrene 2.1462 19.2969 8.7375
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‘ TABLE 22. Annual Total Toxics loadings in Urban Runoff from Niagara Fal‘ls

~ Annual Total Load1ngs in Water and Sediment
(kg/yr)

Lower Estimate Upper Est1mate Best Estimate

Substance

Chlorinated Benzenes

1,3 dichlorobenzene 0.0320 0.4700 0.1510
1,4 dichlorobenzene 0.0627 0.6966 0.2690
1,2 dichlorobenzene 0.5751 2.6238 1.3683
1,3 5 trichlorobenzene 0.8679 . 7.8353 3.5444
1,2,4 trichlorobenzene 0.0207 0.1330 0.0629
1,2,3 trichlorobenzene 0.0291 0.2929 0.1270
1,2,4,5 + 1,2,3,5 :
tetrach]orobenzene‘ 0.0038 0.0671 0.0235
1,2,3,4 tetrachloro- N
benzene 0.0010 - 0.0528 0.0166
,pentach]orobenzene 0.0005 0.0513 0.0153
Hexachlorobenzene 0.0036 0.0317 0.0128
Trace Elements
‘ Arsenic 15.9 . 85.3 43.5
Cadmium 4.6 19.1 10.5
Copper 222.3 1212.1 615.0
Cobalt 16.8 . . 122.6 - 55.3
Chromium 257.0 2306.4 1046.1
Lead v 877.2 7411.1 3398.1
Meréury - 58.7 85.2 75.1
Nickel 185.0 1162.0 565.5
Selenium 11.1 19.4 - 15.6
Zinc 1245.5 7055.9 3538.9
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TABLE 23. Annual Total Toxics Loadings in Urban Runoff from Welland ‘

 Annual Total Loadings in Water and Sediment
: - (kg/yr)

Substance — — — -
Lower Estimate |Upper Estimate { Best Estimate
PCB's
Total polychlorinated 0.1539 1.2097 0.5853
biphenyls :
Organochlorine Pesticides
Hexachlor benzene 0.0025 0.0162 0.0075
a - BHC ‘ 0.0669 - 0.1181 0.0922
Lindane 0.0255 0.0576 0.0395
Heptachlor : 0.0006 0.0128 0.0046
Aldrin . 0.0001 0.0109 0.0031
Heptachlor epoxide 0.0029 0.0148 0.0068
Y - chlordane 0.0136 ‘ 0.1249 0.0578
~a = chlordane .- 0.0189 0.1788 0.0826
a - Endosulfan 0.0017 0.0176 0.0068
p,p' - DDE . 0.0044 0.0442 0.0203
Dieldrin 0.0009 0.0175 0.0063
Endrin 0.0026 0.0286 0.0114
o,p' - DDT 0.0014 0.0260 0.0096
p,p' - TDE 0.0031 0.0235 0.0994
p,p' - DDT 0.0047 0.0527 0.0225
B - Endosulfan 0.0046 0.0223 0.0099
Mirex 0.0003 0.0180 0.0054
Methoxychlor 0.0045 0.0356 0.0152
Polyaromatic Hydrocarbons
Indene 0.0008 : 0.4960 0.1844
1,2,3,4 tetrahydro- . ‘
napthalene _ 0.0008 0.4960 0.1844
2, methylnaphthalene '
Quinoline -0.0346 _ 0.4843 0.2001
1, Methylnaphthalene 0.0042 0.4948 0.1860
B - chloronaphthalene 0.0304 0.4901 0.2001
Acenaphthylene 0.0633 0.5301 0.2384
Acenaphthene 0.0143 - 0.4737 0.1828
Flourene 0.0017 0.4913 0.1828
Phenanthrene 0.1877 1.9711 0.8960
Flouranthene 0.2893 2.5485 1.1919
Pyrene 1.0176 9.1323 4.2802
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‘ TABLE 23. Annual Total Toxics Loadings in Urban Runoff from Welland

Annual Total Loadings in Water and Sediment
| (kg/yr)
Substance

Lower Estimate |Upper Estimate | Best Estimate

Chlorinated Benzenes

1,3 dichlorobenzene 0.0154 0.2222 0.0737
1,4 dichlorobenzene 0.0300 0.3295 0.1309
1,2 dichlorobenzene 0.2760 - 1.2404 0.6626
1,3,5 trichlorobenzene 0.4110 3.7089 1.7392
1,2,4 trichlorobenzene 0.0099 0.0629 0.0305
1,2,3 trichlorobenzene
1,2,4,5 + 1,2,3,5 v
- tetrachlorobenzene 0.0018 0.0317 0.0114
1,2,3,4 tetrachloro- ,

benzene , 0.0005 0.0249 0.0080
pentachlorobenzene 0.0002 0.0242 0.0074
Hexachlorobenzene 0.0017 0.0150 0.0062

Trace Elements =

’ Arsenic 7.6 40.4 21.1
Cadmium 2.2 9.0 5.0
Copper 106.3 573.3 299.2

Cobalt 8.1 . 58.0 26.8

Chromium 121.8 1091.8 513.2

Lead 416.1 3507.8 1665.8

Mercury 28.4 40.0 35.5

Nickel 88.3 549.8 275.8

Selenium 5.4 9.1 7.4

Zinc 595.2 3337.7 1723.7
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TABLE 24. Annual Total Toxics Loadings in Urban Runoff from The Study Area ‘

Annual Total Loadings in Water and Sediment
(kg/yr)
Substance S— : .
Lower Estimate |Upper Estimate | Best Estimate
PCB's
Total polychlorinated - 0.5647 - 4,2256 2.0893
biphenyls _ .
Organochlorine Pesticides
Hexachlor benzene 0.0093 0.0596 0.0265
a - BHC 0.2450 0.4374 0.3398
‘Lindane : 0.0934 0.2130 0.1448
Heptachlor 0.0022 0.0472 0.0167
Aldrin : 0.0002 0.0400 0.0113
Heptachlor epoxide 0.0105 0.0548 0.0251
Y - chlordane - 0.0499 0.4589 0.2059
a - chlordane 0.0693 0.6565 0.2938
a - Endosulfan 0.0060 0.0650 0.0250
p,p' - DDE 0.0163 0.1625 0.0725
Dieldrin 0.0032 0.0644 0.0230
Endrin 0.0097 0.1055 0.0417
o,p' - DOT 0.0052 0.0955 0.0341
p,p' - TDE 0.0115 0.0865 0.0339
p,p' - DDT 0.0173 0.1936 0.0802
B - Endosulfan 0.0169 0.0820 0.0360
Mirex ' 0.0013 0.0662 0.0192
Methoxychlor 0.0163 0.1317 0.0558
Polyaromatic Hydrocarbons ,
Indene 0.0031 1.8339 0.6770
1,2,3,4 tetrahydro-
napthalene 0.0031 1.8339 0.6770
2, methylnaphthalene '
Quinoline 0.1266 1.7903 0.7353
1, Methylnaphthalene 0.0154 1.8296 0.6828
B - chloronaphthalene - 0.0556 1.8208 0.7042
Acenaphthylene 0.1111 1.8121 .0.7353
Acenaphthene 0.2315 1.9603 0.8773
Flourene 0.0062 1.8165 0.6711
Phenanthrene 0.6890 7.2498 3.2065
Flouranthene 1.0615 9.3705 4.2634
Pyrene 3.7364 33.5397 15.2264
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‘ TABLE 24. Annual Total Toxics Load%ngs fn Urban Runoff from the Study Area

Annual Total Loadings in Water and Sediment
(kg/yr) :

Substance — v - ~
Lower Estimate |[Upper Estimate | Best Estimate
Chlorinated Benzenes
1,3 dichlorobenzene 0.0565 0.8174 0.2636
1,4 dichlorobenzene 0.1099 1.2113 0.4691
1,2 dichlorobenzene 1.0111 - 4,5643 2.3879
1,3,5 trichlorobenzene 1.5096 \ 13.6159 6.1754
1,2,4 trichlorobenzene |  0.0363 0.2313 0.1097
1,2,3 trichlorobenzene 0.0506 0.0506 0.2214
1,2,4,5 + 1,2,3,5
~ tetrachlorobenzene 0.0067 0.1168 0.0410
1,2,3,4 tetrachloro-
benzene 0.0017 0.0918 0.0289
pentachlorobenzene - 0.0009 0.0892 - 0.0267
Hexachlorobenzene 0.0064 0.0552 0.0224
Trace Eleménts :

‘ Arsenic 27.9 148.4 75.7
Cadmium 8.0 33.3 18.2
Copper 389.7 2107.8 _ 1072.6
Cobalt 29.5 213.4 96.4
Chromium 447.2 4008.1 1822.6
Lead 1527.7 12879.6 5921.2
Mercury 103.8 148.7 131.5
Nickel 324.0 2020.2 986.0
Selenium 19.6 30.8 - 27.1
Zinc 2182.7 12268.1 6171.5




- 72 -

In general, the toxics loadings transported by solids
exceeded those transported by stormwater. This was particularly
pronounced for trace elements (mostly metals). For other substances,

both loading components were generally of the same order of magnitude
and in some cases, the loadings 1in stormwater exceeded those in

sediment.
| The highest loadings (more than 16.3 tonnes/yr) were found
for heavy métals, particularly in the case of lead (5.9 t/yr), zinc

(6.2 t/yr), chromium (1.8 t/yr), nickel (1.0 t/yr) and copper (1.1
t/yr). The two highest loadings, zinc and lead, accounted for 75% of
the total metal loading. The widespread occurrence of lead and zinc in
urban runoff is generally recognized and it is linked to the operation
of motor vehicles. o

The next highest loadings were observed for polyaromatic
hydrocarbons (29 kg). Because of the limited number of samples, these
loadings contain brobably the highest uncertainties in the whole group.
Among PAH's the highest 1loadings were found for pyrene (15.2 kg),
flouranthene (4.3 kg), and phenanthrene (3.2 kg). These three
substances accounted for almost 80% of the total PAH loading.

The loading of chlorinated benzenes was estimated at about
10 kg/yr. Two substances, 1,3,5 trichlorobenzene (6.2 kg/yr) and
1,2 dichlorobenzene (2.4 kg/yr) accounted for almost 90% of the total
loading.

The total PCB's loading was estimated at 2 kg/yr.

The loading of organochlorine pesticides was estimated at
1.5 kg/yr. More than half of this amount was contributed by a<BHC
(0.34 kg/yr), a-chlordane (0.29 kg/yr) and y-chlordane (0.21 kg/yr).

7.0 SUMMARY

Urban runoff contribution of toxics to the Niagara River has
been evaluated in a selected study area. The study area which
represents the (Canadian) drainége basin of the Niagara River contains
three major urban centres - Fort Erfe, Niagara Falls, and Welland. The

'
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total population of these centres has been estimated as 140,000
persons. " ' -

~ "Although the general list of priority pollutants established
by the U.S. EPA includes 129 substances, only some of these could be -
studied using the available analytical laboratories. In total, 51
substances representing polychlorinated biphenyls, organochlorine
pesticides, polyaromatic hydrocarbons, chlorinated benzenes, and trace -
elements have been studied. - : "

‘To determine the 1evels and frequencies of the substances
studied, field investigations of urban runoff were undertaken at a
number of sites in all three urban centres. Using mostly custom made
sampling equipment, samples of stormwater and urban sediments were
collectedgdeCUmented, and submitted to the‘IWD and MOE laboratories
for analysis. The stormwater samples ‘represented f]ow-proportional
compos1te samples for entire storm events. :

For est1mates of annual toxics loadings, it was necessary to
calculate the annual ~volume of runoff and the annual discharge of
solids transported by runoff. Runoff volume computations were based on
local precipitation data and estimates of rainfall abstractions from
the literature data. The soil infiltration was computed:by~the Soil
Conservation Service Method. Using such procedures, the annual runoff
from the study area was determined as 21 x 106vm3/yr,

To determine the solids loading, three different approaches
were used and the mean value was then used in further computations.
The loading of solids in urban runoff from the study area was estimated
as 6,000 tonnes/yr.

Analytical results were further processed and analyzed with
regard to the frequencies of exceedance of detection limits, estimates
of mean concentrations, and annual toxics loadings.

Frequencies of studied toxics were affected by the detection
limits. In general, the frequencies for sediment samples were higher
than those for stormwater samples. -

In sediment samples, the most widespread substances were
trace elements (100% frequencies observed for As, Cu, Pb, Se, and In),
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PCB's, some organochlorines pesticides (p,p'-DDE - 59%, a-BHC - 53%,
a-chlordane - 50%, y-chlordane - 40%, and p,p'-0DT - 35%), and several
chlorinated benzenes (1,2 dichlorobenzene - 40%, 1,3,5 trichlorobenzene
- 40%, and 1,2,4 trichlbrobenzene - 40%). Polyaromatic hydrocarbons
were rarely detected. . |

In stormwater samples, the h1ghest frequenc1es were found for
some trace metals (Hg - 100%, Zn - 100%), two pesticides (a-BHC - 98%,
lindane 87%), and 1,2 dichlorobenzene (68%). The remaining substances
and elements were observed with very low frequencies. It should be
emphasized that some frequencies were related to relatively high
detection limits and this affected the results. Very low frequencies
of PAH's were observed in water samples for other cities.
| ~ The next_step was to determine mean concentrations for the
entire data set. Such concentrations were determined by considering
all the data above detection limits and_the'fréquencies of exceedance.
To acc0unt for concentrations below the detection 1imit, the lower and
upper estimates were produced “For the lower 11m1t the concentrations
below the detection limit were set equal to zero and for the upper
1imit, they were set equal to the detection limit. Where all data
exceeded the detection Timit, only the mean concentration was produced.

In general, the mean concentrations of ~toxics in water
samples were several orders of magnitude lower than those in sediment.
In water samples, the highest concentrations were observed for trace
metals (Zn, Cu, Pb, Ni, and Hg), followed by 1,2 dfch]orobenzene,
polyaromatic hydrocdrbons, a-BHC, and PCB's. It was noted that none of
the trace metal or pesticide concentrations exceeded the (1977) 1JC
Water Quality Objectives (5). The data presented here are means of
mean event Concentrations and their exceedance for individual events,
or during individual events, will occur.

In sediment samples, the highest concentrations were observed
for trace metals (Pb, Zn, Cr, Cu, and Ni), followed by some polyaroma-
tic hydrocarbons (pyrene, flouranthene, and 'phenanthrene), some
chlorinated benzenes, and PCB's.
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The highests annual 1loadings were computed for trace
elements, more than 16.3 tonnes/yr (Pb - 5.9 ty/yr, Zn - 6.2 t/yr, Cr -
1.8 t/yr, Ni - 1.0 t/yr, and Cu - 1.1 t/yr). Other loadings were 22
kg/yr of polyaromatic hydrocarbons, 10 kg/yr of chlorinated benzenes, 2
kg/yr of PCB's and 1.5 kg/yr of organochlorine pesticides.
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TABLE AA. Codes Used for Paraﬁeter Names

Substance Code Substance Code
PCB's Chloriated Benzenes
Total polychlorinated TPCB 1,3 dichlorobenzene M-DCB
biphenyls 1 : 1,4 dichlorobenzene P-DCB
Organochlorine Pesticides 1,2 dichlorobenzene 0-DCB
T 1,3,5 trichlorobenzene TCB135
Hexachlor benzene HXB 1,2,4 trichlorobenzene TCB124
a - BHC : BDH 1,2,3 trichlorobenzene TCB123
Lindane LIN 1,2,4,5 + 1,2,3,5
Heptachlor HEP tetrachlorobenzene 124/35
Aldrin ALD 1,2,3,4 tetrachloro-
Heptachlor epoxide HEX ~ benzene 1234
Y - chlordane CHC pentachlorobenzene P5CB
a - chlordane CHA Hexachlorobenzene HEXB
a - Endosulfan EMX _
p,p' - DDE DDE Trace Elements
Dieldrin HEO ‘ ‘
Endrin END Arsenic AS
o,p' - DOT DDO Cadmium CD
p,p' - TDE TDP Copper - Cu
p,p' - DDT DDP Cobalt co
" B - Endosulfan EMY Chromijum CR
. Mirex MIR Lead PB
.Methoxychlor ° - MEY Mercury HG
_ , Nickel NI
Polyaromatic Hydrocarbons Selenium SE
T ) . : N
Indene ' IND
1,2,3,4 tetrahydro- '
napthalene THN
2, methylnaphthalene 2MN
Quinoline QUIN
1, Methylnaphthalene 1IMN
B - chloronaphthalene CHN
Acenaphthylene ANY
Acenaphthene AN
Flourene FLE
Phenanthrene PHN
Flouranthene FLN
PYR

Pyrene
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F11A
FI1B
WI1A
W13A
WRA

WRB

WiA

F11D
W13c
WI3D
NI2C

NI2D

WIic
WILD
WRAC
NItC
NI1G
NI2A
NI2B
- WR4A
WI1B
WI3B
NIL1A
NI3B
NI2F
WILF
WI3F
NI3D
NR4D
NI3C
W136
WR4D
NIID
NILF

HXB

. 9040
L .@e40

.e820

. 9030
L .ee40

.peze

. 0820
(- -]
Cce.0e000
C9. 9000
Co.esed
ce.0009
Ce.oe20
ce.eeeo
Co.0000
C2.0200
L .eeap

.0210

. 0830
L .0040

. 0e3e

. 2040
L .@e240
L .eede
(- W-T-L.T-]
cP. 2000
ce.opae
ce.eea0
Co.eoee
ce.epee
€e. o000
co.oe00
ce.aeee0
ce.op00

BDH

Ce.oe0e

- Co. 0000

C0. 0000
ce. 2200
L .8040
L .eB4@
L .8040
. 8280
.e980
.ee9e
.ge9ge
. 0038
.e810
.0210
.9120
. 8068
. 8040
. 88402
. 8840
.ee4@
. 8040
. @940
. 9040
. .@e40
. 8180
.8210
.0168
. 8078
. 8348
. 0060
.8110
. .P878
.eese
.8100

- r

rrerrrrrrer

LIN

C0.2009
ce.e00e
ce.ep00
c9. 2000

L

L
L

rrreerrrrCCcre e

r

.2840
. 2840
. 8040
.8178
.B160
.0010
.8410
.9310
.8010
.8010
.0199
.0149
-T-Tt}
. 0048
.80840
. 2040
. 9840
.0840
.0049
. 8048
. 9018
.0018
.0010
.006a
.2019
.ee30
.0820

.02

.0010
.0810

rr

rrrrecrrerrrrrrErr e

rreeErrrerrrrrr
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HEP

. 8048
. 2048
-es80
. 0040
. 8040
-ee3e
. 0040
.e010
.0810
.0810
.9918
.e018
.ee1@
.ee1e
.2010
.9210
.8040
.284p
. o042
. 0048
.2248
. 2240
. 0240

- .8040

.9910
.2018
.9@10

..00810

.e010
.9010
.e812
.9810
.e810@
.8e10

ol ol ol ot ol ol o ol ol ok ol ol ok o ol ol ol ol o ol ol o ol ol off ol ol o o ol ol ol o

ALD

. 9840
. o040
. 8049
. 09840
. 8040
. 8040
. 9040
.e010
.8g10
.e010
.esa1e@
.0010
. 0010
.e010
.e010
.9810
. 8849
. 0942
. 8848
. 0048
. 8040
.8840
. 8840
. 8840
.0010
.0810
.0010
.8810
.e910
.0010
.8910
.@210
.@10
.8910

[l ol ol el ol ol el ol aall ol ol ol il Y il ol

HEX

Ce.oe0e

Ce.09000 -

ce.peee
co. 0000
| . 2840
-, 0048
.0840
.8810
.0019
.00818
.8018
.0810
.0010
.0e10
.e012
.ee10

.9848
.2840
. 9042
.0840
. 9840
. 8040
.0042
.e010
.12
.e010
.e018
.e010
.paige
.0010
.0010
.2010
.e01@

..0840

rrrrrrree

CHC

Co.ooa0e

Co.0008

Co.eoeo

L
L

L

-r

' C@.e000

.B048
2040
. 2040
.8390@
.220
.0220
.0100
.pe7e
0820
. o820
. 9440
.8028
. o842
. 2940

. 0040

. 8049
. 2040
. 2040
. 2042
.2040
.8189
. 2060
.e270
.2370
. 0020
.2258
. 8140
. 6900
.e9820
. 2038

rfrrerrrErrrrr

CHA

Co.oeeee
Co.0800
Co.p000

ce. o000

L .0e840
L .B240
L .88402
. 8428
. 9062
. 8262
.e130
.9108
.esze
.eeze
. 9540
.8020
.@e4d
. 0040
. 2848
.ee4qg
. 0040
. 9040
. e840
. 8040
. 0850
. 00482
.ezee
. @520
L .eeze
. 0340
.822e
1.10090
. 0050

. 8860

re

EmMx

Co.0000
€9.088002
CcP.e208
co.oecee
. e840
. 8042
. 0048
. 90208
.e8ze
.ee2e
.es2e
.8820
. 0028
.ee2e
.onze
.9820
. 8848
. 0840
. 0842
.0840
. 8040
.ep4e
. 2040
. 9040
.0020
N-1-FC
.0020
.e082e
. 0028
. eeze
.eeze
.ea2e
. 0028
.80z

Lt ool et Il ol e Al L I I L O rreerrr e

rrerc

DDE

. @390
. 0090
.8198
.0158
. 80302
. 0882
. 0830
.2812
. 0830
.0es8e
. 8188
.823e
. 2830
.pean
.9018
. 8e7e
. Be4e
.0170
.p6e3e
.0@49
. 0300
.@300
.2190
. 2840
.ee1e
.0018
.ee10
. 9880
.@040
.00z0
.0120
.0010
.80308
. 8240
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JRGANOCHLORINE PESTICIDES SEDIMENT (MG/KG) CONTINUED

HEO END - DDO TPP DDP EMY MIR MEY

F1iA Ce.eeee CO.09880 .8158 Ce.oeoe .8898 CP.0000 L .68040 CO.0208
FI11B C@.@02Q C@.P808 .e@38 C0o.0200 ,8118 C0.0000 L ,0040 CO.0000
WiiA C@.92e2 CO.8089 .8148 CO.0000 .8200 CO.8900 L 0040 CO.2000
WISA CP.eP@P CP.Q2@8 'L .8@40 CO.0908 L .@@40 C@.0900 L .2042  CO.0000
WRA L .e@4e L .0p48@ L .84 L .8248 L .0042 L .0042 L .@242 L .eede
WRB L .@@48 L .@B4D .2028 L .8242 L .8040 L .@040 .2970 L .8040
WIA L .2@42 L .2040 L .2042 L .0840 L .0240 L .@042 .@918 L .0049
FI1D .8088 L .0849 .8300 . 9159 . 9450 .0060 L .See@ L .eese
WI3C L .e@28 L .@e4® L .08S0 L .0e5e .@05@ L .284P L .S@08 L .eese
Wiap L .ee2@ . L .@840 L .@@50 L .@ese L .eesa L .@042 L .SR08 L .@8S0
NI2C L .ee28 L .@24® .8100 .eese .9828 L .@@dd L .S@e8 L .eese
NIZD L .@e20 L .BB40 ;9109 .e950@ .30 L .B942 L .5080 L .05
Wiic L .P@28 L .@@4® L .@050 L .08Se .910@ L .0240 L .S@08 L .@eeSe
"WIiD L .e828 L .B8048 L .0@58 L .@ese L .pese L .9B4e L .Sees L .eese
_WR4C L .2020 L .@040 L .0050 L .8@50 .18 L .84 L .S@ee L .esSe
NIIC L .P220 L .0040 L .00S0 .e19¢ L .P85@ L .8@4® L .5008 L .0258
NIL1G L .04 L .0249 .ee32 L .@B48 L .8e4@ L .9B40 L .baae L .@e4B
NIZA L .0040 L .@842 .@248 L .@048 L .9043 L .9040 L .BR42 L .BB4D
NIZB® L .8042 L .B040 .020@ L .8P40 L1150 L .8@49 L. .0@4B L .@epa0
WR4A L .P@4B L .0948 L .8@4® L .824@ L .0040 L .B@4d L .84 L .09048
Wiip L .e@4@ L .@@40 L .@@48 L .9@48 L .BR49 L .0@48 L .0848 L .@840
WI3B L .8840 L .084B L .0042 L .0040 .08S@ L .@e4@ L .9040 L .09040
NIIA L .PP4@ L .9949 L .9B42 L .04 L .8@40 L .@e42 L .P84D - L .0B4d
NI L .8048 L .B940 L .8049 L .8@840 L .8@42 L .0048 L .B240 L . 8848
NIZF L .0020 L .BR4® L .00%S8 .08s58 .9108 L .98428 L .See@ L .eese
WItF L .e@28 L .8B4@ L .0850 L .eese L .8@Se L .e@4d L .5080 L .0050
WIBF L .Q020 L .BP40 L .@@Se L .e@se .93 . L .@@34@ L .S@00 L ,80850
NI3D L .@@2¢ L .@@4® L .003@ L .@0@58 L .BesSe L .0840 L .05 L .0050
NR4D L .P@2@0 L .984P L .@850 L .@956 L .@e53 L .e@48 L .eese L :@es@
"NI3C L .0020 L .B84@ .8@62 L .005@ L .Pe5@ L .Bp4@ L .@PS@ L @059
WISG L .9920 L .84 L .0@SR L .eese L .ease L .0oe4d .e85e L .epse
WR4D L .@028 L .@842 L .9@5@ L .@eese L .ease L .9e4d L .0058 L . @050
NI1D L .0@20 L .@@4B L .9@858 L .@95@ L .@@50 L .@ede L .@85e L .@esd
NIIF L .@e2® L L .e@5@ L .9058 L .0eSe L .eedd L L .9e59

. 0849 . 0e5e
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PCB’S AND PAH’S SEDIMENT (MG/KG)
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PCB’S AND PAH’S WATER (UG/L)
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4EAUY METALS SEDIMENT (MG/KG)

[2)
c
0
o
Is)
]
k.|
w .
I
o
z
-
I3
m
N
z

AS cp
WRA c e.0 .4 11. ¢ 0.8 1.7 €05.0 .1 6.6 C 0.0 2@8.2
WRB ¢ .0 .5 2e.e2 C 8.0 4.6 z48.8 C 2.9 13.8 € @.e zps. 8
WiA c ©.0 .3 6.5 C B©.8 7.1 39.8 . 12.6 C 9.8 ez.e
FI1A ¢ ©.2 C ©.8 ¢ @8 ¢ 6.2 ¢ 9.8 C 0.0 .5 € 8.8 C ©.8 C 0.9
FILB 7.8 L 10.0 52.3 L 18.0 37.6 426.0 .2 21.4 .5 212.0
WItA 14.9 ¢ 9.8 C @@ C ®©8.8 C 8.8 ¢ 9.0 .4 ¢ 9.0 .7 ¢ o.0
Wizl 1.4 ¢ 9.8 C 9.8 -C 8.8 ¢ 8.2 ¢ 0.0 .3 Cc o.8. 1.1 Cc ©.0
NIZA 7.7 L 12.9 76.6 L 10.90 64.6 - - S14.8 - .2 L 1.0 .5 477.9
NIZB 7.8 L 1@.@ 75.7 L ie.e 55.1 442.0 .2 L 10.e 5 456.9
WR4h C ®©8.@ € ®©.2 C 8. ¢ @.@ ¢ 0.8 Cc e.e .3 C 8.8 € 8.2 C ©.0
WI1B 19.9 L 10.0 168.2 L 10.0 2¢8.9 3118.0 .4 38.3 .3 3690.0
WI3B i7.6 L 10.@ 190.0 42.3 1430.0 692.0 .2 447.0 .1 996.0
NIlIA C 9.0 L 18.0 186.8 L 10.0 1060.0 411.8 C .9 S43.8 C 8.8 1680.0
NIIBE C 8.8 L 10.9 217.@ 46.3 696.0 3s7.8 ¢ o.e 533.8 € 8.9 1670.0
FI11N 2.9 .9 48.0 3.0 21.0 640.2 .t ¢ 18.0 .2 37e.0
WILN 10.2 3.9 700.8 9.5 150.0 4190.2 L .1 120.0 .2 . 168@.®
WRAN 4.7 2.4 3s.0 4.5 31.8 742.0 L .1 18.9 .3 230.8
NIN 7.4 .6 68.2 5.5 130.0 ase.e L .1 as.o .6 240.0
N13N 7.0 1.1 04.0 4.5 110.0 630.8 L .1 14.0 . .8 430.0
NR4N 3.9 1.4 41.0 2.8 25.9 2sa.@ L .1 8.5 .1 278.8
NI2N 5.5 .9 z10.8 3.8 3z2.0 sse.e C 0.0 13.0 .4 340.0
WI3N 8.6 6.5 €9.0 16.@. 9902.0 eze.2 . C 9.9 320.0 .5 360.8
WILE ¢ 8.8 € ©8.8 ¢ .8 Cc @.8 ¢ @8 ¢ 2.0 .8 C ©.8 € ©8.2 ¢ B.8
WItF € ©.8 L 18.9 194.0 L 10.0 239.0 2s93.6 € @.0 94,2 C 0.0 2403.0
NITF C 2.8 4& .18.0 225.0 av.e 670.@ 315.2 ¢ ©.8 413.8 C 0.8 2479.9
WIE € @.8 L 12.9 150.0 26.0 1566.0 572.9 ‘ .2 spa.e C 0.9 650.0
NIME ¢ 9.8 L 10.9 285.0 33.@ 1525.8 359.6 C 8.8 gss.8 C 9.0 23908.0
NIZE € @.0 L 18.0 131.8 L 1@.@ 62.0 456.0 .3 ’s.e C - 8.0 473.0
NI3A € 9.8 L 0.0 140.0 2z.0 185.9 920.0 .2 at.e € 0.9 671.0
NR4B 11.¢ L 1e.e 9.8 L 18.9 36.0 429.0 .1 49.@ e 409.0
"NIB € ©.8 L 1@2.8 iie.e - 14.8 90,8 721.@ .2 L 3@8.8 C 8.0 $8S5.0
FITF € ©.0 L 18.2 145.8 L 10.0 8s.e 1191.8 ¢ 0.8’ 60.8 C 0.8 643.0
NIZF 8.7 L 10.9 188.8 L 10.0 48.@ s27.@ € 9.8 L 30.8 .4 412.0
NI3E 8.7 L 1ie.e 137.e¢ L 1@.9@ 1e1.@ 963.0 .1 S6.0 .5 591.9
NRGE C B.8 € ®©8.,8 € .8 € ®e.B Cc ©@.e c o.0 .4 € ®.8 € ©8.8 € 0.0
NR4F € ©.8 L 10.0 173.0 14.0 126.9 821.0 C 0.0 s5.0 C 0.8 433.0
NI3F Cc 2.9 Cc 8.8 c 8.9 c 2.8 [ 0.0 c 8.0 .1 C 0.2 c 8.9 [of 8.0
F110 S.4 © 2.4 120.9 4.4 4ap.0 2588.2 C 2.8 66.@ .2 550.0
WI30 7.5 2.1 133.0 16.8- 1280.90 g4B.®8 C 8.0 420.9 .2 z90.8
WI10 44.9 2.3 470.9 11.0 1%0.0 3ge@.2 C 8.8 199.0 . .5 zspe. 2
WR40 3.4 z.e 43.0 3.5 26.8 766.8 € 9.0 2z.0 .2 360- 8
NIZO 5.9 1.6 76.0 2.2 3s.e 15é8.8 € ©.8 14.0 .3 a18:0
NIZO € 9.8 3.8 120.0 7.0 72.@ 12e8.2 C ©,@ 2s.8 ¢ @.8  418.0
NR4O 4.1 1.3 69.0 21.0 29.0 918.2 C 9.0 26.0 ¢ ©.9 310.2




HEAUY METALS WATER (MG/L) =3HG IN
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TABLE A. Annual Toxics Loadings in Stormwater From Fort Erie ‘
’ ‘ ~ Annual Loadings in Stormwater (kg/yr)
Substance —~ —t—— : —
Lower Estimate |Upper Estimate |Best Estimate
1PCB's
Total polychlorinated
biphenyls 0.0192 0.0675 0.0422
Organochlorine Pesticides
Hexachlor benzene 0.0011 0.0028 0.0019
a - BHC 0.0380 . 0.0527 0.0472
Lindane ' ‘ 0.0139 0.0196 0.0174
Heptachlor 0.0002 0.0025 0.0013
Aldrin 0.0000 0.0015 0.0007
Heptachlor epoxide - 0.0017 -} 0.0043 | o0.0030
Y - chlordane - - 0.0008 0.0045 0.0025
a - chlordane 0.0003 0.0040 0.0020
a - Endosulfan 0.0010 0.0046 0.0027
p,p' - DOE 0.0001 0.0025 0.0012
Dieldrin » 0.0005 0.0041 0.0021
Endrin 0.0016 0.0084 0.0047
o,p' - DDT 0.0000 0.0015 - 0.0007
p,p' - TOE 0.0015 0.0031 0.0023
p,p* - DDT 0.0002 0.0017 0.0008
8 - Endosulfan 0.0027 0.0046 0.0037
Mirex 0.0001 0.0016 0.0007
Methoxychlor 0.0026 0.0113 0.0067
Polyaromatic Hydrocarbons
Indene = , 0.0005 0.1867 1 0.0841
1'\2;§5ﬁh§$:;2hy‘_"’° 0.0005 0.1867 | 0.0841
2, methylnaphthalene 0.0204 0.1799 0.0933
Quinoline 1 0.0025 0.1861 0.0850 -
1, Methylnaphthalene 0.0090 0.1847 0.088
B8 - chloronaphthalene 0.0179 0.1833 0.0933
Acenaphthylene - 0.0374 0.2067 ' 0.1159
Acenaphthene 0.0085 0.1737 0.0831
Flourene . 0.0010 0.1840 -0.0831
Phenanthrene 0.0135 0.1943 -] 0.0955
Flouranthene 0.0379 0.2143 0.1196
Pyrene _ 0.0359 0.2047 0.1141




"TABLE A. Annual Toxics Loadings in Stormwater From Fort Erie

Annual Loadings in Stormwater (kg/yr)
Substance . ‘ :
' Lower Estimate |Upper Estimate | Best Estimate

Chlorinated Benzenes

1,3 dichlorobenzene 0.0082 0.0247 0.0162

1,4 dichlorobenzene 0.0075 0.0251 0.0159
1,2 dichlorobenzene 0.1057 0.1522 0.1339
1,3,5 trichlorobenzene 0.0011 0.0043 0.0026
1,2,4 trichlorobenzene 0.0031 0.0071 0.0051
1,2,3 trichlorobenzene 0.0003 0.0039 0.0020
1,2,4,5 + 1,2,3,5 ‘ ‘

tetrachlorobenzene 0.0005 ' 0.0039 0.0021
1,2,3,4 tetrachloro-

benzene 0.0001 0.0038 0.0017
pentachlorobenzene 0.0001 - 0.0038 0.0017

Hexachlorobenzene. ' 0.0009 0.0033 0.0020
Heavy Metals

Arsenic 2.2 3.0 2.7
Cadmfum .8 1.1 1.0
Copper 30.3 - 45.3 39.1
Cobalt 2.4 6.3 4.3
- Chromium .9 4.1 2.4
Lead 19.7 32.5 26.8
Mercury 16.7 23.1 20.7
Nickel 19.7 27.3 24.5
Selenium 3.1 45.3 3.9

157.3 217.5 195.2

Zinc




TABLE B. Annual Toxics Loadings in Sediment from Fort Erie

Annual Total Loadings in Sediment (kg/yr)

" Substance
Lower Estimate Upper Estimate Best Estimate
lpc's |
Total polychlorinated '
Organochlorine Pestlcvdes
Hexachlor benzene 0.0004 0.0064 0.0021
@ - BHC ' 0.0014 0.0159 0.0062
Lindane 0.0011 0.0135 0.0051
Heptachlor ~ 0.0001 0.0048 0.0013
Aldrin o 0.0000 - 0.0046 0.0010
Heptachlor epoxide 0.0000 0.0042 0.0009
Y - czgorgane 0.0069 ~ 0.0655 0.0275
: - E d°r_$ge 0.0103 - 0.0960 0.0406
el ggg an . 0.0000 0.0054 - 0.0012
B?Pld-i S 0.0024 0.0224 0.0094
E‘g ir n ~ 0.0001 0.0058 0.0014
=narin bOT 0.0000 0.0079 0.0017
0,p - TDE 0.0008 10.0131 0.0043
PsP - oo 0.0003 0.0102 0.0028
g.p E-d - 0.0025 0.0279 0.0108
M'-’ ndosuitan ' 0.0000 . 0.0081 0.0018
~1r:X hlor 0.0001 0.0086 0.0021
Methoxychlor 0.0000 - 0.0092 0.0020
Polyaromatic Hydrocarbons
Indene :
1,2,3,4 tetrahydro- 00000 ' 0.0993 0.0214
naptha]ene , 0.0000 0.0993 0.0214
2, methyInaphthaIene 0.0000 0.0993 0.0214
Quinoline 0.0000 0.0993 0.0214
1, Methylnaphthalene 0.0000 0.0993 0.0214
8 - chloronaphthalene 0.0000 0.0993 0.0214
Acenaphthylene 0.0000 0.0993 0.0214
Acenaphthene : 0.0000 0.0993 0.0214
Flourene - 0.0000 . 0.0993 0.0214
Phenanthrene 0.0925 0.9159 0.3762
Flouranthene 0.1263 1.2194 0.5069

Pyrene | o0.537 4.9058 _2.0948
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i

’ - TABLE B. Annual Toxics Loadings in Sediment from Fort Erie

Annual Loadings in Sediment (kg/yr)

 Substance — ——
Lo - Lower Estimate |Upper Estimate | Best Estimate

Chlorinated Benzenes

3 dichlorobenzene

1, '

1,4 dichlorobenzene 8'3883 8'128? g'gggg
1,2 dichlorobenzene 0.0544 0.5479 0.2232
1,3,5 trichlorobenzene 0f2295 '2.0674 0.8894
%,2',4 _trich]orobenzene 0.0026 ' 0.0283 0.0112

,2,3 trichlorobenzene ) ’ )
1022.5 + 1,2,3,5 0.0074 0.0737 0.0302

. tetrachlorebenzene - 0.0005 0.0140 0.0040
1,2,3,4 tetrachloro- ‘ : /

- benzene ' 0.0002 0.0103 0.0026
pentachlorobenzene -
Hexachlorobenzene 8'8881 8'8833 .8'88§Z

Trace Elements
‘ - Arsenic - ,
P - 2.1879 19.6515 - | . ~ 8.4645
® 223’323’" o 0.4420 3.9700 1.7100
 Cobalt _ " 30.8516 ~ 277.1060 119.3580
Chromium -~ = 2.2277 - 26.4204 . - 10.0035
Lead ‘ 67.4492 605.8220 260.9460
Mercury _ - 214.6794 1928.2290 830.5470
Nickel” o .0.0358 0.3593 . 0.1462
Selenium - 30.8030 281.0760 120.1190
A v ' 0.0884 0.7940 0.3420

ne 184.4908 | 1657.0780 713.7540
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“TABLE C. Annual Toxics Loadings in Stormwater from Niagara Falls .
' Annual Loadings in Stormwater (kg/yr)
Substance j — — — et

: ' Lower Estimate |Upper Estimate |Best Estimate
1PCB's
Total polychlorinated '
biphenyls 0.0672 0.2446 - 0.1516
|Organoghlorine Pesticides ’
Hexachlor benzene 0.0039 0.0101 0.0070
~a - BHC 0.1332 0.1907 0.1697
Lindane 0.0486 0.0710 0.0625
Heptachlor 0.0008 0.0090 0.0045
Aldrin 0.0001 .0.0055 0.0025
Heptachlor. epoxide 0.0059 0.0157 - 0.0108
'Y - chlordane 0.0027 0.0164 - 0.0090
a - chlordane 0.0010 0.0145 0.0071
a - Endosulfan 0.0034 0.0168 - 0.0097
p,p' - DDE 0.0004 0.0089 0.0042
Dieldrin 0.0016 0.0150 0.0077
Endrin 0.0055 0.0305 0.0171
+ o,p' - DDT. 0.0001 0.0056 0.0026
- p,p' - TDE 0.0054 0.0112 0.0084
p,p' - DDT 0.0006 0.0060 0.0030
B - Endosulfan 0.0094 0.0166 0.0134
Mirex 0.0002 0.0057 0.0027
Methoxychlor 0.0092 0.0408 0.0240
Polyaromatic Hydrocarbons
Indene 0.0017 0.6765 0.3022
1’2525:h§$§;:“’df° 0.0017 0.6765 0.3022
2, methylnaphthalene 0.0716 0.6516 0.3355
Quinoline 0.0087 0.6740 0.3055
1, Methylnaphthalene 0.0314 0.6690 0.3177
B - chloronaphthalene 0.0628 0.6640 0.3355
Acenaphthylene 0.1309 0.7489 0.4166
Acenaphthene 0.0297 0.6291 0.2988
Flourene 0.0035 0.6665 0.2988
Phenanthrene 0.0471 0.7040 0.3433
Flouranthene 0.1327 0.7764 - 0.4299
Pyrene 0.1257 0.7414 0.4099




TABLE C. Annual Toxics Loadings in'Stormwater from Niagara Falls

Substance

Annual Loadings in Stormwater (kg/yr)

Lower Estimate |Upper Estimate

Best Estimate

Chlorjqated Benzenes

1,3 dichlorobenzene 0.0287 0.0895 0.0581
1,4 dichlorobenzene - 0.0261 0.0809 0.0571
1,2 dichlorobenzene 0.3704 0.5515 0.4812
1,3,5 trichlorobenzene 0.0039 0.0156 0.0094
1,2,4 trichlorobenzene 0.0108 0.0258 0.0183
1,2,3 trichlorobenzene 0.0012 0.0141 0.0074
1,2,4,5 + 1,2,3,5 |

tetrachlorobenzene 0.0018 0.0141 0.0074
1,2,3,4 tetrachloro- o

benzene 0.0002 0.0137 0.0063
pentachlorobenzene 0.0002 0.0137 0.0063
Hexachlorobenzene 0.0031 0.0120 0.0073

Heavy Metals

Arsenic 7.7 11.0 9.8
Cadmium 2.9 4.1 3.7
Copper 106.1 164.0 140.5
Cobalt . 8.4 22.7 15.5
Chromium 3.1 15.0 8.7
Lead 69.0 117.8 96.3
Mercury 58.6 83.8 74.5
Nickel 69.1 98.9 88.0
Selenium 10.8 164.1 - 14.2
Zinc ' 551.0 788.1 701.4
| -]




TABLE D. Annual Toxics Loadings in Sediment from Niagara Falls

Annual Loadings in Sediment (kg/yr)
Substance - . = —— —
‘ Lower Estimate |Upper Estimate |Best Estimate
1PCB's

Total polychlorinated ,

biphenyls 0.2563 2.3125 1.0469
Organochlorine Pesticides
Hexachlor benzene 0.0013 0.0242 0.0082
‘@ « BHC ' 0.0054 - 0.0600 - 0.0246
Lindane 0.0043 0.0512 0.0203
Heptachlor , 0.0005 0.0182 0.0051
Aldrin 0.0000 . 0.0174 - 0.0039
Heptachlor epoxide 0.0000 0.0158 0.0036
Y - chlordane ¢ 0.0260 0.2476 0.1092
@ - chlordane 0.0386 0.3633 0.1615
a - Endosulfan - 0.0000 0.0205 - 0.0046
P,p' - DDE ‘ 0.0089 0.0864 0.0374
Dieldrin : 0.0002 0.0220 0.0054
Endrin 0.0000 0.0300 0.0068
o,p' - DDT 0.0029 - 0.0494 . 0.0170
P,p' - TDE 0.0011 - 0.0385 0.0110
p,p' - DDT 0.0094 0.1054 0.0430
B8 - Endosulfan 0.0002 0.0305 0.0073
Mirex 0.0005 0.0324 0.0083
Methoxychlor 0.0000 ‘ 0.0348 0.0079
Polyaromatic Hydrocarbons
{ngege4 tetrahyd . 0.0000 0.3754 0.0850
[ X XY etra ydro- ‘ .

“napthalene 0.0000 0.3754 0.0850
2, methylnaphthalene 0.0000 0.3754 0.0850
Quinoline 0.0000 0.3754 - 0.0850
1, Methylnaphthalene 0.0000 0.3754 0.0850
8 - chloronaphthalene - 0.0000 0.3754 0.0850
Acenaphthylene 0.0000 0.3754 0.0850
Acenaphthene _ 0.0000 0.3754 0.0850
Flourene - 0.0000 0.3754 0.0850
Phenanthrene - 0.3483 3.4644 1.4956
Flouranthene 0.4754 4.6121 2.0151
Pyrene 2.0206 18.5555 8.3276




- A21 -

TABLE D. Annua1‘ToX1c§'Load1ngsgfﬁ‘Sediment from Niagara3F611s

..~ Annual Loadings in Sediment (kg/yr)

. Substance

Lower Estimate |Upper Estimate | Best Estimate

Chlorinated Bgnzgpes

1,3 dichlorobenzene 0.0033

0.3804 0.0929
1,4 dichlorobenzene 0.0366 0.6056 0.2119
{ 1,2 dichlorobenzene 0.2047 2.0722 0.8871
- 1,3,5 trichlorobenzene | . 0.8640 . 7.8097 3.5356
1,2,4 trichlorobenzene 0.0099 0.1072 .0.0446
1,2,3 trichlorobenzene 0.0278 0.2788 0.1200
1,2,4,5 + 1,2,3,5 1] : } o
“tetrachlorobenzene | - 0.0020. 0.0531 0.0161 -
1,2,3,4 tetrachloro- - . ,
benzene ' ' 0.0007 0.0390 0.0103
pentachlorobenzene :
ooms | oo | oo
Trace Elements
‘Arsenic | 8.2368 |  74.3292 33.6501
gadmium | 1.6640 15.0160 6.7980-
ngg?: _ ' : 116.1472 1 1048.1168 474.5004
. Chromium 8.3866 99.9315 39.7683
Lead ' 253.9264 2291.4416 1037.3748 -
ereury 808.2048 7293.2712 3301.7886
Nickel 0.1348 1.3589 } 0.5812
Selenim 115.9642 1063.1328 477 .5255
Zinc | 0.3328 .3.0032 1.3596
i 694.5536 6267.6784 2837.4852
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TABLE E. Annual Toxics Loadings in Stormwater from Helland

- Annual Loadings in Stormwater. (kg/yr)
Substance - - , - — e
Lower Estimate |Upper Estimate |Best Estimate
PCB's
Total polychlorinated P
biphenyls | 0.0325 0.1151 0.0716
Organochlorine Pesticides
Hexachlor benzene 0.0019 0.0047 0.0033
a - BHC 0.0644 0.0897 0.0801
Lindane 0.0235 0.0334 0.0295
Heptachlor 0.0004 0.0082 0.0021
Aldrin 0.0001 0.0026 0.0012
Heptachlor epoxide 0.0029 0.0074 : 0.0051
Y - chlordane 0.0013 0.0077 0.0042
a - chlordane 0.0005 0.0068 0.0034
a - Endosulfan 000017 0.0079 0.0046
p,p' - DDE 0.0002 0.0042 0.0020
Dieldrin - , 4 - 0.0008 - 0.0070 0.0036
Endrin . : 0.0026 0.0144 0.0081
o,p' - DDT 0.0001 0.0026 0.0012
p,p' - TDE 0.0026 0.0053 0.0040
- p,p' - DDT. : ' 0.0003 0.0028 0.0014
B - Endosulfan 0.0045 0.0078 0.0063
Mirex - ' 0.0001 0.0027 0.0013
- Methoxychlor ‘ 0.0045 0.0192 0.0113
Polyaromatic Hydrocarbons
Indene - 0.0008 0.3183 0.1427
1 -2,;35:,,;?;;;“ dro 0.0008 0.3183 0.0827
2, methylnaphthalene 0.0348 0.3066 0.1584
Quinoline 0.0041 0.3171 0.1443
1, Methylnaphthalene 0.0152 0.3148 0.1500
B - chloronaphthalene 0.0304 0.3124 0.1584
Acenaphthylene 0.0633 0.3524 0.1967
Acenaphthene. 0.0143 0.2960 0.1411
Flourene B 0.0017 0.3136 0.1411
Phenanthrene . 0.0228 0.3312 0.1621
Flouranthene 0.0641 0.3653 0.2030
Pyrene 0.0607 0.3488 0.1936




"TABLE E. Annual Toxics Loadings in Stormwater from Welland

‘ : Annual Loadings in Stormwater (kg/yr)
, Substance

{Lower Estimate {Upper Estimate | Best Estimate

Chlorinated Benzenes

1,3 dichlorobenzene 0.0139 . 0.0421 0.0274
1,4 dichlorobenzene 0.0126 - 0.0426 0.0270
1,2 dichlorobenzene - 0.1790 0.2595 0.2272
1,3,5 trichlorobenzene 0.0019 0.0073 0.0044
1,2,4 trichlorobenzene 0.0052 0.0121 0.0067
1,2,3 trichlorobenzene 0.0006 0.0066 0.0033
1,2,4,5 + 1,2,3,5 ,

tetrachlorobenzene 0.0009 0.0066 0.0035
1,2,3,4 tetrachloro-

benzene 0.0001 0.0065 0.0030
pentachlorobenzene 0.0001 0.0065 0.0030

Hexachlorobenzene: 0.0015 0.0057 0.0035

Heavy Meta]s

Arsenic 3.7 5.2 4.6
Cadmium - 1.4 1.9 1.7
Copper 51.3 77.2 66.3
- Cobalt 4.1 10.7 7.3
Chromium 1.5 7.1 4.1
Lead - 33.4 55.4 45.5
Mercury 28.3 39.4 35.2
Nickel 33.4 46.5 41.5
Selenium 5.2 77.2 6.7
Zinc 266.3 370.8 331.2
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TABLE F. Annual Toxics Loadings in Sediment from Welland

Annual Loadings in Sediment (kg/yr)
] Substance - » —_
1 Lower Estimate |Upper Estimate |[Best Estimate

“IrcB's

TOtZ}pﬁ2;§$2]°r’"ated 0.1214 1.0946 0.5137

,Organochloring Pesticides

Hexachlor benzene 0.0006 0.0114  0.0040
a - BiC 0.0025 0.0284 0.0121
Lindane 0.0020 0.0242 0.0100
Heptachlor 0.0002 0.0086 0.0025
Aldrin 0.0000 0.0083 0.0019
Heptachlor epoxide 0.0000 0.0075 0.0018
Y - chlordane 0.0123 0.1172 0.0536
a - chlordane 0.0184 0.1720 0.0793
e - Endosulfan 0.0000 0.0097 0.0023
P,p' - DDE 0.0042 0.0400 0.0183
Dieldrin o - 0.0001 0.0104 0.0027
Endrin 0.0000 0.0142 0.0033
o,p' - DDT | 0.0014 0.0234 0.0083
P,p' - TDE 0.0005 0.0182 0.0054
p.,p' - DDT 0.0044 0.0499 0.0211
8 - Endosulfan 0.0001 : 0.0145 0.0036
Mirex 0.0002 0.0153 0.0041
Methoxychlor , 0.0000 0.0165 0.0039
|Polyaromatic Hydrocarbons
Indene - 0.0000 0.1777 0.0417
+¢,3,4 tetrahydro- o
1 E strahydro 0.0000 0.1777 0.0417
Z, methylnaphthalene 0.0000 0.1777.. 0.0417
Quinoline , 0.0000 0.1777 £.0417
1, Methylnaphthalene 0.0000 0.1777 1 0.0817
8 - chloronaphthalene '0.0000 0.1777 0.0417
Acenaphthylene 0.0000 0.1777 0.0417
Acenaphthene 0.0000 0.1777 0.0417
Flourene 0.0000 0.1777 0.0417
~ Phenanthrene 0.1649 1.6399 . 0.7339
Flouranthene 0.2251 2.1832 0.9889

Pyrene - 0.9569 8.7835 4.0866
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TABLE F. Annual Toxics Loadings in Sediment from Welland

Substance

Annual Loadings in Sediment (kg/yr)

Lower Estimate Uppéf Estimate | Best Estimate

‘|Chlorinated Benzenes

1,3 dichlorobenzene
1,4 dichlorobenzene
1,2 dichlorobenzene
1,3,5 trichlorobenzene
1,2,4 trichlorobenzene
1,2,3 trichlorobenzene
1,2,4,5 + 1,2,3,5
tetrachlorobenzene
1,2,3,4 tetrachloro
‘benzene '
pentachlorobenzene
Hexachlorobenzene

Trace E]emgnts

Arsenic
~Cadmium
Copper
.Cobalt .
Chromium
Lead
Mercury
Nickel
Selenium
Zinc

0.0016 0.1801 0.0456
0.0173 0.2867 0.1040
10.0969 0.9809 0.4353
0.4092 3.7016 1.7351
0.0047 0.0508 0.0219
0.0132 0.1320 0.0589
0.0009 0.0251 0.0079
0.0003 0.0185 0.0051
0.0001 0.0178 0.0044
0.0002 0.0093 0.0027
3.9006 ¢ 35.1846 16.5132
0.7880 7.1080 3.3360
55.0024 496.1384 232.8528
3.9715 47.3037 19.5156
120.2488 1084.6808 509.0736
382.7316 3452.3556 . 1620.2952
0.0638 0.6433 0.2852
54.9157 503.2464 234.3373
- 0.1576 1.4216 0.6672
328.9112 2966.8792 | 1392.4464
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TABLE G. Annual Toxics Loadings im Stonmwater from the Study Area

‘Annual Loadings in Stormwater (kg/yr)
Substance . : — S
: Lower Estimate [Upper Estimate |Best Estimate
|PCB's
Total polychlorinated ‘ ,
biphenyls : 0.1189 0.4272 0.2654
Organochlorine Pesticides '
Hexachlor benzene 0.0070 0.0176 0.0122
a - BHC 0.2356 0.3331 0.2970
Lindane 0.0860 - 0.1240 0.1095
Heptachlor 0.0014 0.0157 0.007
Aldrin 0.0002 0.0096 0.0044
Heptachlor epoxide 0.0105 0.0274 0.0188
Y - chlordane 0.0047 0.0286 - 0.0157
a - chlordane '0.0018 0.0253 0.0124
a - Endosulfan 0.0060 0.0294 0.0169
p,p' - DDE 0.0007 0.0155 0.0074
Dieldrin 0.0028 0.0261 0.0135
Endrin 0.0097 0.0533 0.0299
o,p' - DDT 0.0003 0.0097 0.0045
p,p' - TOE 0.0096 0.0195 0.0147
p,p' - DDT 0.0010 0.0105 0.0053
B - Endosulfan 0.0166 0.0290 0.0234
. Mirex ‘ 0.0004 0.0100 0.0047
Methoxychlor 0.0163 0.0712 0.0420
Polyaromatic Hydrocarbons v ‘
Indene 0.0031 1.1816 0.5289
1'?5253h§$222"’dr° 0.0031 1.1816 10.5289
2, methylnaphthalene 0.1266 1.1380 0.5873
Quinoline 0.0154 1.1772 0.5348
1, Methylnaphthalene 0.0556 1.1685 0.5561
B8 - chloronaphthalene 0.1111 1.1598 0.5873
Acenaphthylene ' 0.2315 1.3080 0.7292
Acenaphthene 0.0525 1.0987 0.5231
Flourene 0.0062 1.1641 0.5231
Phenanthrene 0.0834 1.2295 0.6009
Flouranthene 0.2346 1.3559 0.7525
Pyrene 0.2223 1.2949 0.7175




" TABLE 6. Annual Toxics Loadings in Stormwater from the Study Area

Substance

Annual Loadings in Stormwater (kg/yr)

Lower Estimate

Upper Estimate

Best Estimate

Chlorinated Benzenes

1,3 dichlorobenzene

1,4 dichlorobenzene

dichlorobenzene
trichlorobenzene

L Bk
1

’ 5+ 1,2,3,5
tetrachlorobenzene
+2,3,4 tetrachloro-
benzene

pentachlorobenzene
Hexachlorobenzene:

1,2
1,3
1,2
1,2
1,2
1,2

Hgavy Metals

Arsenic
Cadmium
Copper
Cobalt
Chromium -
Lead
Mercury
Nickel
Selenium
Zinc

5

»4 trichlorobenzene.
»3 trichlorobenzene
»4,

0.1564
0.1588
0.9633
0.0272
0.0450
0.0247

0.0246
0.0240

0.0240
£ 0.0209

24.8.
1227.8
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" TABLE H. Annual Toxics Loadings in Sediment from the Study Area

Annual Loadings in Sediment (kg/yr)

- Substance
Lower Estimate |Upper Estimate |Best Estimate
PCB's
Total polychlorinated 1
biphenyls , 0.4456 | 3.7984 ~1.8240
Organochlorine Pesticides ‘
Hexachlor benzene 0.0023 - 0.0420 0.0143
a - BHC. ' 0.0093 0.1043 - - 0.0428
Lindane : 0.0074 - 0.0890 0.0354
Heptachlor ‘ 0.0008 0.0315 : 0.0088
Aldrin - 0.0000 0.0303 - 0.0069
Heptachlor epoxide 0.0000 0.0274 0.0062
Y - chlordane 0.0452 0.4303 0.1902
@ = chlordane . 0.0675 0.6313 0.2814
a - Endosulfan - - 0.0000 0.0357 . 0.0081
p,p' - DDE ‘ 0.0155 0.1470 0.0651
Dieldrin : - 0.0004 0.0383 -1 0.0095
Endrin _ 0.0000 0.0522 0.0118
o,p' - DDT 0.0050 0.0850 0.0296
p,p' - TDE - 0.0019 0.0670 0.0191
p,p' - DDT 0.0163 0.1831 0.0748
8 - Endosulfan ' 0.0003 0.0531 0.0126
Mirex 0.0009 - 0.0562 . 0.0145
Methoxychlor ; 0.0000 - 0.0604 8.0137
Polyaromatic Hydrocarbons
{ngene4 ‘ , 0.0000 0.6524 ~0.1481
»2,3,4 tetrahydro- . A
napthatene - 0.0000 0.6524 0.1481
~ 2, methylnaphthalene 0.0000 0.6524 ' 0.1481
Quinoline ) 0.0000 0.6524 0.1481
1, Methylnaphthalene 0.0000 0.6524 0.1481
B - chloronaphthalene 0.0000 0.6524 0.1481
Acenaphthylene 0.0000 0.6524 0.1481
Acenaphthene _ 0.0000 . 0.6524 0.1481
Flourene 0.0000 0.6524 0.1481
Phenanthrene 0.6057 6.0203 2.6057
Flouranthene | 0.8269 . 8.0146 3.5109
Pyrene 3.5141 32.2447 14.5089
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‘ TABLE H. Annual Toxics Loadings in Sediment from the Study Area
Annual Loadings in Sediment (kg/yr)
Substance . — — — ,
5 _ Lower Estimate |Upper Estimate | Best Estimate |

th]orinated Benzenes

1,3 dichlorobenzene 0.0058 : 0.6611 0.1619
1,4 dichlorobenzene 0.0637 1.0525 0.3691
1,2 dichlorobenzene 0.3560 3.6010 1.5456
1,3,5 trichlorobenzene 1.5027 13.5887 6.1590
1,2,4 trichlorobenzene 0.0173 : 0.1863 0.0777
1,2,3 trichlorobenzene - 0.0484 0.4845 0.2090
1,2,4,5 + 1,2,3,5
1 tetrachlorobenzene 0.0035 0.0922 0.0280
,2,3,4 tetrachloro-
benzene 0.0013 9.0678 0.0180
pentachlorobenzene ' 0.0005 0.0652 0.0158
Hexachlorobenzene . 0.0009 : 0.0343 0.0096
- |.Trace Elements _ .
Arsenic 14.3253 129.1653 - 58.6278
‘ Cadmium .‘ 2.8940 . 26.0940 11.8440
Copper 202.0012 1821.3612 826.7112
Cobalt ‘ 14.5858 173.6556 69.2874
Chromium _ 441.6244 3981.9444 1807.3944
Lead 1405.6158 12673.8558 5752.6308
Mercury 0.2344 2.3615 1.0127
Nickel ' 201.6829 1847.4552 831.9818
Selenium 0.5788 5.2188 .2.3688
Zinc : _ 1207.9556 - 10891.6355 4943.6856
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