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ABSTRACT 

Concerns about pollution of the St. Mary's River in Sault Ste. 

Marie led to the selection of this area as one of the demonstration 

sites under the MISA program. Consequently, it was required to 

characterize various point and nonpoint sources of pollution, 

including urban runoff, in this area. Runoff characteristics are 

presented for 17 water quality parameters and further used to estimate 

iannual pollutant loadings’ which were compared to those from point 

sources. It was found that the point sources predominated the total 

loadings of chloride, ammonia, phosphorus, zinc, mercury, oil and 

grease, cyanides, and phenols. Urban runoff produced comparable or 

predominant loadings of lead, copper, nickel, cobalt, cadmium, PAHs, 

PCBs, and HCB. The computed loadings are-suitable for use as loading 

inputs in the modelling of water quality in the St. Mary's\River.
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RESUME 

I 

La situation préoccupante relative 3 la pollution de la riviére 

St. Mary's a Sault-Sainte-Marie a motive la selection de la région 

comme site de démonstration du programme SMID. Il a donc été 

nécessaire de caractériser diverses sources ponctuelles et non 

ponctuelles de pollution dans la région, y compris le ruissellement 

urbain. Les caractéristiques du ruissellement, présentées en fonction 

de 17 paramétres de qualité de l'eau, servent en plus 3 estimer les 

charges annuelles -de polluants qui ont été comparées 5 celles des 

sources ponctuelles. On a découvert que les sources ponctuelles 

dominaient dans les charges totales de chlorures, d'ammoniaque, de 

phosphore, de zinc, de mercure, d'huile et de nmtiéres grasses, ge 

cyanures et de phénols. On a relevé dans le ruissellement Urbain des 

charges comparables ou dominantes de plomb, de cuiyre, de nickel, de 

cobalt, de cadmium, de HAP, de PCB et de HCB. Les charges calculées 

peuvent servir de données d'entrée en modélisation de la qualité de 

l‘eau de la riviére St. Mary's.
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MANAGEMENT PERSPECTIVE 

In spite of recent improvements in control of point source 

pollution by technology-based effluent limitations, in many waters, 

the water quality goals and designated uses are unattainable without 

some control of nonpoint source pollution. Consequently, the abate- 

ment of nonpoint source pollution is attracting more attention as one 

of major control options in water quality management. In the report 

that follows urban runoff is evaluated as a nonpoint source of pollu- 

tion and compared to urban point sources. The results and methodolo- 

gies presented are applicable in comparative evaluations of pollutant 

sources and planning-level studies of urban nonpoint source pollution.



PERSPECTIVE e ossnou 

En dépit d'améliorations récentes pour réduire, dans bon nombre 

de plans d'eau, les contaminants libérés par les sources ponctuelles, 

en limitant les effluents par des moyens technologiques, les objectifs 

de qualité de l'eau et leurs utilisations désignées sont irréelisables 

sans une certaine dépollution du milieu contaminé par les sources non 

ponctuelles. C'est ce qui explique l'attrait croissant de la lutte 

contre les sources non ponctuelles panni les principales options de 

dépollution en gestion de la qualité de l'eau. Dans ce rapport, le 

ruissellement urbain, source de pollution non ponctuelle, est évalué 

et comparé aux Sources ponctuelles urbaines. La méthodologie et les 

résultats présentés sont applicables 5 l'évaluation comparative des 

sources de pollution ainsi qu'aux études de pollution par les sources 

non ponctuelles urbaines, effectuées 5 des fins de planification.



INTRODUCTION 

' Under the Upper Great Lakes Connecting Channels (UGLCC) Study, 

various point and nonpoint sources of pollution were studied“ in 

several cities in the UGLCC area including Sault Ste. Marie. One of 

the sources investigated was urban runoff whose composition was 

characterized for selected parameters and the annual pollutant 
loadings conveyed by runoff were estimated. Following the completion 
of this study, further investigations of polynuclear aromatic hydro- 
carbons (PAHs) were conducted in the city during the period from 1986 
to 1988. The results of all such investigations of urban runoff and 
some comments on bacteriological characteristics of stormwater in 

Sault Ste. Marie are presented in the report that follows. 

CHARACTERISTICS OF URBAN RUNOFF IN SAULT STE. MARIE 

$tudy-Area 

The City of Sault Ste. Marie has a population of about 82,900 
inhabitants and is located along the St. Mary's River which represents 
the principal water body in this urban area. Principal uses of the 
river include navigation, power generation, water supply, wild life 
habitat, and transport of stormwater and wastewater effluents.
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Hater quality in the St. Mary's River has been of some concern, 

particularly the levels of polyaromatic hydrocarbons (PAH's) and some 

bother industrial chemicals. For that reason, the river has' been 

selected as one of the study sites under the MISA program currently 

conducted by the (Ontario) Ministry of the Environment. 

Surface drainage in the City of Sault Ste. Marie is provided by 

storm sewers which discharge either directly into the St. Mary's River 

or into one of several creeks draining into the river. Stormwater 

outfalls are shown in Figure 1. . 

Study Approach 

Urban runoff, in the fonn of stormwater discharges or combined 

sewer overflows, represents_a diffuse source of pollutants intermit- 

tently discharged into the receiving waters at~ numerous points. 

Consequently, it is impossible to monitor all the discharge points and 

runoff events, and other approaches ‘to estimating the pollutant 

loadings need to be taken. l

. 

Pollutant loadings in urban runoff can be generally estimated by 
one of several methods depending on the level of analysis and the size 

of the area. 

In detailed analysis of small catchments, the best estimates of 

runoff loadings are obtained from field measurements (Huber, 1986), or 

from detailed simulations with calibrated nmthematical models 

(Novotny gt al., 1985). In a planning-level analysis of large areas,
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the loadings are calculated from empirical load functions, in the form 

of unit area loading rates or mean concentrations, for various types 

of land use (Sullivan gt 31., 1978; U.S. EPA, 1983). Although the 

ability of general load functions to estimate loadings frmn specific 

areas may be questioned, such functions were derived' from large 

samples of data frmn many catchments and this contributes to their 

general applicability (U.S. EPA, 1983). ‘ 

Methodology for Loading Computations 

The goals of the loading computation method used in this study 
are to retain some simplicity of the methods based on general loading 
rates and, at the same time, to reflect local conditions. The annual 
loading of pollutant J in runoff from an area with a particular land 
use can be expressed as ' 

L5 = 
121 

‘Q1 C31 (1) 

where subscript 1 = 1,...N denotes individual events during the year, 
Q1 is the event runoff volume, and C31 is the event mean concen- 
tration. Eq. (1) can be further simplified by recognizing »weak 
correlation between Q and C, as found for example in the Nationwide 
Urban Runoff Program (NURP) (U.S. EPA, 1983), and introducing a mean 
concentration C3. Eq. (1) is then rewritten as '
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L3 = cj v (2) 

N . 

where V = Z Q1 is the annual runoff volume, and the annual mean con=
1 

centration C5 is estimated from field data as 

, 1 n 
cj = 

1&1 
(cji oi)/v = 3 ‘E1 cji (3) 

where n is the number of events actually sampled. The total loading 
for an urban area is then obtained by summation of contributions from 
individual land use types. 

The annual runoff volume V can be adequately estimated by 
approximate methods, including the runoff coefficient method 
(U.S. EPA, 1983), the Soil Conservation Service method (Kibler, 1982), 
and the STORM model (U.S. Anmy Corps of Engineers, 1977). The main 
difficulty in application of eq. (2) is the estimation of C3 by 
field sampling recognizing that, in the planning-level of analysis, 
the target accuracy may be as low as an order of magnitude and can be 
achieved with a relatively small number of samples. ‘ 

Field sampling should characterize three sources of variability 
in CJ'- during individual runoff events, between events, and among 
sites. Variability during events can be accounted for by collecting 
flow-proportional composite samples. 1
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Variability between events requires to sample a number of events 

at each site. Although the minimum number of events to be sampled 

cannot be specified a priori, it is possible to continue sampling 

until the uncertainties in the mean concentrations become so low that 

they do not. affect the outcome of relative comparisons of total 

nonpoint and point source loadings. _In the NURP Program, variability 

due to sampling was described by the coefficient of variation which 

typically attained values in the range from 0.5 to 1.0. The reported 

weak correlation between event runoff volumes and mean concentrations 

makes it acceptable to sample events of any nmgnitude, without a 

particular emphasis on large events (U.S. EPA, 1983). 

Finally, to characterize variability in C among sites, it is 

required to sample in areas with various land use and rates of export 

of pollutants. Representativeness of samples is increased by estab- 

lishing sampling sites with large contributing areas. 

Urban Land.Runoff Volumes 

lo 

Estimates of the annual volumes of runoff frmn the study area 
were produced by the STORM model (U.S. Army Corps of Engineers, 1977) 
which was run for one year with the annual precipitation approximating 
the long-tenn average. Although the model was not calibrated, the 

selection of model parameters was guided by a sensitivity analysis and 
the literature data. In the sensitivity analysis, model input data 
were varied within a practical range of values (Marsalek and Ng,
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1987). It was noted that among the input data, only the runoff coef- 

ficients for impervious and pervious areas had significant impacts on 

computed volumes. The adopted value of the runoff coefficient for 

impervious areas was verified against the literature data recognizing 

that the values of this coefficient are well established and may be 
transposed among various locations (Kibler, 1982). Therefore, the 

main source of uncertainty in runoff calculations is the runoff coef- 

ficient for pervious areas. 
~ From the point of view of pollution generation, contributions 

from urban pervious areas, generally represented by grassed areas, are 

relatively small, because runoff from such areas is much less polluted 
than runoff from impervious areas (U.S. EPA, 1983). Consequently, 
even significant uncertainties in volumes of runoff from pervious 

areas may be acceptable, because of their limited impact on pollution 

loadings.
_ 

Stonmwater discharges in Sault Ste. Marie were determined as 

13.0 million m3/yr. 

Runoff Com osition 

The list of constituents studied, which is shown in Table 1, was 
established by analysis of water quality problems in the study area 

(UGLCC Study Workgroup, 1988). All such constituents were deemed 
important for design of remedial measures.
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The study resources, in tenns of personnel, field equipment and 

analytical support, allowed the establishment of three sites for 

regular sampling of stormwater. These sites, shown in Figure 1, were 

distributed among residential, commercial and industrial areas. 

Additional sites, which were established for investigations of 

polynuclear aromatic .hydrocarbons (PAHs), are described later. 

Considering the relatively lmw accuracy required and the observed 

limited variability of runoff composition among sites, the total 

number of sampling sites was found adequate. ' 

Stormwater samples were collected by means of sewer inlet 

samplers which collect directly flow-proportional samples (Marsalek 

and Ng, 1987). This type of sampling does not reflect temporary 
variations in water quality caused .by storage in catch basins or 

sewers, which were considered unimportant over extended time periods. 

However, another limitation of sampling at sewer inlets should be 

recognized - it cannot detect illicit discharges from point sources 

into storm sewers (Schmidt and Spencer, 1986). Such discharges were 
not considered important in the nonindustrial parts of the study area, 
and in industrial parts, some storm drains with possible contamination 
from point sources were considered as point sources (UGLCC Study 
workgroup, 1988).
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RESULTS 

Sampling results were used to estimate mean pollutant concentra- 
tions for residential, commercial and industrial land. Using such 
mean concentrations and the corresponding annual runoff volumes, the 
pollutant subloadings were computed for individual land use types and 
then summed up to yield the total loadings for all individual consti- 
tuents except chloride (Marsalek and Ng, 1987). Chloride originates 
from winter road salting and its concentrations in urban runoff vary 
so much during the year that it was not feasible to characterize them 
by limited sampling. Consequently, the chloride loadings were esti- 
mated from road salt usage records assuming, Somewhat conservatively, 
that all salt is washed off by runoff. 

The mean concentrations of pollutants in stonmwater from the 
study area can be determined by division of the total loadings by the 
total annual runoff volume. Such concentrations are shown in Table 2 
together with some literature data (Marsalek. and Schroeter, 1984; 
u.S. EPA, 1983) and the hypothetical equivalent point source concen- 
trations, which were defined as the annual point source loadings 
divided by the annual volume of stormwater. The data in Table 2 can 
serve for verification of runoff characteristics against the litera- 
ture data and a quick evaluation of stormwater pollutant levels. The 
stormwater loadings are comparable to the point source loadings if the 
pollutant levels in runoff are comparable to the equivalent point- 
source levels shown in Table 2.
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Finally, the stormwater loadings were added to the point source 
loadings determined by the UGLCC Study Workshop Horkgroup (1988) to 

obtain the total loadings from all sources and the relative contribu, 
tions of various nonpoint and point sources. The distributions of 
total loadings among individual sources are presented in Figure 2. 

DISCUSSION OF RESULTS 

Discussion of results focuses on uncertainties in loading esti- 
mates, verification of stormwater composition data, comparison of 
sources,_and a general evaluation of the methodology used. 

Uncertainties in the nonpoint source loadings should be 
considered in the context of the primary use of such data for compari- 
sons of relative contributions of pollutant sources and development of 
cost effective remedial measures. For the majority of constituents 
studied, the total loadings are clearly dominated by point sources and 
even considerable uncertainties in nonpoint loadings may be acceptable 
as long as they do not affect water management decisions. 

Variations in mean concentrations in stormwater from individual 
cities are small for relatively common pollutants (Marsalek and Ng, 
1987). Consequently, a limited number of sampling sites is sufficient 
to obtain runoff characterization for these pollutants. Larger 
differences become apparent for less common substances, such as HCB, 
PAHs and PCBS. which originate from local industrial sources,-and more 
EXtEl'lSlVE sampling may b8 I‘EqU'|l"8d fOl" SUCH SUbSt&flCES. ‘
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For nine constituents listed in Table 1, the concentration data 
from the study area were compared to similar data, based on event mean 
concentrations, representing a wide range of urban areas (Marsalek and 
Schroeter, 1984; U.S. EPA, 1983). A good agreement was found for five 
fairly cmnnon constituents, total phosphorus, copper, lead, zinc, and 
nickel. For these constituents, the use of the literature data would 
have produced loadings fully comparable to those obtained from field 
sampling. For the remaining' four constituents, the agreement for 
cobalt, PCBs and cadmium was fair, and poor for HCB. It appears frmn 
these comparisons that the general data bases provided fairly reliable 
results for substances commonly occurring in urban areas, but their 
usefulness was reduced for less common substances occurring at very 
low levels and originating from local industrial sources. 

The initial experimental design of the sampling network was based 
on assumed significance of land use effects on runoff quality. Such a 
concept had been first proposed in the early studies of stormwater 
composition and later adopted in nmny urban runoff models (Huber, 
1986). Recent findings indicate that land use, described by general 
categories, does not offer a reliable basis for explaining differences 
in runoff composition at various sites (U.S. EPA, 1983). This follows 
from the fact that even though land use affects fluxes of pollutants 
produced at the site, it has a minimal impact on imports of pollutants 
from other areas. Furthenmore, general land use categories do not 
adequately describe the frequency and intensity of activities leading 
to production of pollutants.

'
9
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In planning-level analysis, it was of interest to test the feasi- 

bility of combining runoff quality data for various land use into a 

single data set and using its mean in loading computations. This 

simplified method produced loadings which were fully comparable to 

those obtained by summation of loadings for individual land use types 

and presented in Table 2. A perfect agreement would be obtained by 

defining the city-wide mean concentrations as weighted means of land- 

use-concentrations, where the weighting factor would be the relative 

contributions of areas with specific land use to the total volume of 

runoff. 

The comparisons of point and nonpoint source loadings indicate 

that for majority of parameters, the point source loadings predominate 

the total loadings. Considering the distribution plots in Figure 2, 

out of 17 cases, the point sources predominated in about one half of 

all cases, the nonpoint sources in 25%, and the remaining 25% were 

comparable. The predomination of point sources was particularly 

strong for ammonia, phosphorus, iron, phenols, cyanide, oil and 

"grease, and mercury. The nonpoint sources predominated the relatively 

low loadings of copper, cadmium, PCBs, and HCB. The results of these 

comparisons were not affected by uncertainties in nonpoint loadings 

which were discussed earlier. 

The source loading comparisons and particularly the equivalent 

point source concentrations "in Table 2 further suggest that the 

evaluations of point sources, which are straight forward, should be 

done before those of nonpoint sources. Examination of point source
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loadings and their equivalent concentrations would reduce the list of 
constituents that need to be evaluated for nonpoint sources. For 

example, the point source equivalent‘ concentrations of ammonia, 
phosphorus, zinc, cyanides, phenols, and oil and grease in Table 2 are 
so high that no field sampling of nonpoint sources would be required 
to reach conclusions that the loadings of these constituents are fully 
predominated by point sources. A 

Comparisons against the general data bases indicate that the 
proposed methodology for evaluation of urban runoff loadings is fairly 
effective and its main use would be for less common constituents which 
either are not included in general data bases or are so rare that mean 
concentrations from-data bases have a limited validity. 

If the planning-level analysis of nonpoint sources yields 
loadings comparable to those from point sources, further, more 
detailed investigations of nonpoint sources may be warranted. Such 
investigations should be limited to critical pollutants with 
comparable loadings and their main purpose would be to reduce uncer- 
tainties in estimates of nonpoint loadings. 

STUDIES OF PAHS 

The data on PAHs in urban runoff from Sault Ste. Marie, collected 
under the UGLCC study, very fairly limited in terms of the substances 
studied and scope of the sampling progrmn. In view of the strong 
interest in PAHs loadings in the St. Mary's River area and recognizing
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the limitations of the earlier collected data, it was decided to 

continue the investigations of PAHs in runoff frmn the study area. 

This study extension was done in two stages, firstly by investigating 
aerial depositions of PAHs in urban snowpack and, secondly, by subse- 

quent sampling of various runoff sources in the study area. The 
results of these investigations are presented in the chronological 
order. - f 

Investigations of PAHs in the Snowpack 

Urban snowpack functions as an effective trap of depositions of 
various conservative pollutants, including PAHs. It is therefore 
feasible to use the accumulated rates for estimating the deposition 
rates, as done in this study.d Details of such investigations, which 
were presented by Boom and Marsalek (1988), are briefly sunmarized 
below.

' 

Paramete St di d l"S U E 

THE, SE1ECt10|’I Of ‘U18 PAH SL|bStflflC£$ KO DE StUd1£d V135 I'8St~l‘1CtEdf 

by the available analytical support to the 17 PAH substances listed in 
Table 1. This list includes perhaps the most extensively studied and 
highly carcinogenic PAH substance, benzo[a]pyrene, the remaining five 
PAHs in the Borneff group, fluoranthene, benzo[b]fluoranthene, 
benzo[k]fluoranthene, indeno[1,2,3—cd]pyrene, and benzo[ghi]perylene;
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and 12 of the 17 PAHs included oh the EPA list of priority pollu- 
tants. Table 1 also shows the detection limits of the employed analy- 
tical procedures. ' 

Sampling Sites and Procedures 

In the study area, 20 sampling stations were selected in a grid 
centred around the steel plant property. The sampling grid points 
were spaced from 1.2 to 16 km from the centre. The greatest density 
of sites followed the east-west direction, which was the direction of 
the predominant winds during -the sampling period. The sampling 
stations had to be accessible, somewhat remote from the major traffic 
routes, and had to possess an undisturbed snowpack representing 
average conditions in the ulocal area. Ideal sites were found in 
parks, open land areas and backyards. Snowpack samples were collected 
by a stainless steel core sampler with a cross-section of 
0.15 x 0.15 m. 

PAH Concentrations and Frequencies of.Detection 

Analysis of the unfiltered melt-water samples yielded concentra- 
tions of individual PAH substances in the snowpack at the end of the 
snow accumulation period of almost 11 weeks. The observed concentra- 
tions are listed in Table 3.
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PAH concentration data in Table 3 show great variations, ranging 
frun values below the detection limit to ~7 ug/L. The frequency of 
detection varied among the substances studied from zero to 90%. The 
three undetected substances, indene, 1,2,3,4-tetrahydronaphthalene and 
;-chloronaphthalene, are of limited interest and, consequently, they 
were omitted from further analysis. Phenanthrene, fluoranthene and 
pyrene were detected in 90% of all samples. Their levels dropped 
below the detection limit only at remote stations in rural areas 
serving 'as background stations. The. most carcinogenic substance 
studied, benzo[a]pyrene, was detected in 30% of all samples. In 

general; the frequency of detection depended not only on the type of 
substance, but also on the sampling location. 'Hith regard to the 
location, both the distance frmn the grid centre and the direction 
were important. The highest concentrations were detected for fairly 
common substances, such as fluoranthene, phenanthrene and pyrene. 
Their concentrations were generally in the order of 1 pg/L. The very 
carcinogenic benzo[a]pyrene was detected at levels of one order of 
magnitude lower. 

PAH Loading Rates in the Snowpack 

The concentration data were used to calculate loading rates of 
PAHs stored in the snowpack. Such rates were calculated as m 5 CV/A, 
where m is the loading rate (ug m'3), C is the concentration (pg/L), V 
is the volume of melt-water (L), and A is the snowpack area sampled
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(m2). The calculated loading rates were approximated by isoloading 

contours shown in Figure 3. i 

The loading rates in Figure 3 correspond to an accumulation 
period of 11 weeks and range from 90 to 1600 pg m'Z. In calculations 
of these loading rates, the data below the detection limit were simply 
set equal to one half of the limit. This expedient somewhat increased 
the uncertainty in the reported data, but not significantly. The 
uncertainties caused by the above treatment of data below detection 
were described by their weighted average of 11%, when using the 

loading rate as a weighting factor. 

The isoloading contours in Figure 3 generally follow the outline 
of the urban area studied, except for the obvious elongation in the 
westerly direction. In the northerly and easterly directions, the 
areal loadings drop off very quickly below the detection limits but, 
in the westerly direction, the contours extend well outside of the 
city. This ‘observation implies air transport of PAHs from urban 
sources and such transport should be related to the distribution of 
wind directions during the period of PAHs accumulation. To verify 
this hypothesis, hourly wind directions recorded during the accumula- 
tion period were analyzed. After neglecting some minor snowfall early 
in the season, the accumulation period was taken from November 15, 

1986 to February 24, 1987. The frequency distribution of wind direc- 
tion for that period is shown in Figure 3 and clearly shows ‘the 

predominance of easterly winds responsible for the displacement of the 
loading contours in the westerly direction.
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The isoloading contours can be used to estimate the ‘total 

quantity of PAHs stored in the snowpack in the study area. For this 
purpose, the areas between the loading contours were integrated and, 
using the mean loading rates, the total loading of the PAHs studied 
was calculated as ~18 kg. The uncertainty in this estimate caused 
by the data below the detection limit was relatively low, ~10%. A 
similar calculation for the Borneff group of six PAHs produced their 
loading in the snowpack as 8 kg.

. 

The PAH accumulations in the snowpack could also be used to esti- 
mate annual depositions. Although the data on hand refer to winter 
conditions, Seifert and Lahmann (1980) showed that, in industrial 
urban areas, there are no seasonal variations in PAH depositions. 
Using this assumption, the annual PAH loading would be extrapolated 
from the 2.5 month accumulation as ~90 kg year'1. A large part of 
this loading will fall on pervious areas and may become immobilized. 

Evaluation of Observed Data 

Although the, PAH concentrations in the study area exceed the 
typical levels reported for other urban areas, the significance of 
such results needs to be evaluated using the existing Water quality 
criteria. Such an evaluation is hampered by the limited number of PAH 
substances studied and the-limitations of the existing water quality 
criteria, which are available for a limited number of individual PAHs 
or their groups, and some of these criteria are common for a number of
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substances of widely varying properties. Notwithstanding the above 

limitations, Some water quality criteria or standards were found in 

the literature for seven of the PAH substances studied and these are 
listed in Table 4.

A 

Toxicity criteria for freshwater aquatic life are listed in 

Table 4 for two of the substances studied, acenaphthene and fluoran- 

thene. For both substances, the highest levels observed were several 

orders of magnitude below the chronic toxicity criterion. The 

criteria for human health imply ingestion of contaminated water and 
organisms, at certain daily rates, over a lifetime period. Although 
it would be unrealistic to assume such an intentional use of urban 
stormwater, there may be a possibility of contamination of drinking 
water supplies by runoff and, in any case, these criteria offer some 
guidance in assessing the contamination level. with the above caution 
in mind, it is noted that the HHO and U.S. EPA drinking water 
standards, for the Borneff group of PAHs, are exceeded in snowmelt 
from the studyi area by more than six times. Similarly, the EPA 
carcinogenic criteria, at the 10‘5 risk level, would be exceeded by 
all four substances listed in Table 4. 

Summary of_Snowpack Study Finding; 

Urban snowpack accumulates depositions of PAHs‘ from various 
sources. Expedient surveys of such accumulations can serve to obtain 
an approximate evaluation of PAH depositions from diffuse sources and

-
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aid in determining areal distribution. Isoloading contours of PAHs 

stored in the snowpack reflect PAH sources in the area and predominant 

wind transport. The highest loading in the study area occurred 

immediately west of the steel plant. The average deposition rates 

calculated for the study area exceeded the typical data reported for 

urban areas and, consequently the concentrations of PAHs in the melt- 

water were also relatively high. Nevertheless, it was observed that 

the existing water quality criteria for aquatic life have not been 

exceeded by any of the PAHs studied. The EPA carcinogenic criteria, 

at the 10‘5 risk level, have been exceeded by acenaphthene, benzo[a]- 

pyrene, benzo[k]fluoranthene and fluoranthene. Similarly, the 

drinking water criterion of 0.2 pg/L'1 for the sum of the six Borneff 
PAHs has been exceeded. Realistically. as long as the urban snowmelt 
and stormwater 'do not directly contaminate the drinking water 
supplies, the excesses of the last two compounds are not alarming, 
because of large dilution in the receiving waters. 

STUDIES OF PAHs IN URBAN RUNOFF 1987*88 

One of the limitations of the initial PAHs investigations was the 
limited number of substances studied and the limited number of 

sampling sites. Consequently, such shortcomings were remedied by 
further investigations PAHs in surface runoff using the extended list 
of substances given in Table 1 and additional sampling sites. Data 
from these investigations are still being analyzed, but the essential 
findings are presented below.
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Procedures ' 

In this phase of the study, additional sampling sites were estab- 
lished and both unfiltered stormwater and sediment samples were 
collected at a number of sites. These sampling sites are listed below 
and shown in Figure 1. 

Site Number Location Medium Sampled 
SSMw.1 Metzger St. Surface runoff 
SSMw.2 Connaught Ave. -Surface runoff ' 

SSMw.3 Hill St. Surface Runoff 
SSMw.4 Algoma site Net-weather flows in E. Davignon Cr. SSMw.5 Railway Line Stormwater in a sewer 
SSMS.1 Hill St; 

_ 
Street sediment SSMS,2 wawanosh & Elmw. Street sediment 

SSMS.3 Connaught Ave. Street sediment 
SSMS.4 Metzger St. , Street sediment SSMS.5 Algoma site_ 

_ 
E, Davignon Creek sediment SSMS.6 Group of sites Street sediment atra number of sites 
during a single survey 

The collected samples were analyzed for 17 PAHs listed earlier in 
Table 1. It was noted that several of these substances were never 
detected above the detection limit and were of secondary importance, 
because they do not appear on the EPA list of priority pollutants. 
Consequently, these substances were deleted from further analysis and 
only 13 substances are reported on. Among these 13, the 6 in the 
Borneff (WHO) group, including benzoflajpyrene, are particularly impor- 
tant. A preliminary analysis of data indicated that a probabilistic 
approach to data interpretation will be most appropriate and further 
justifications of adopting this approach follow.
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PAHs in Urban Runoff - General Finding; 

PAHs are commonly found in urban runoff and may be transported in 
any of the following three modes - in the dissolved phase, adsorbed 
onto the sediment and dissolved in organic nntter adhering to the 
sediment (e.g., crankcase oil). These three modes of transport help 
to explain the field data collected in this study as well as those 
reported in other studies (Hernmann, 1981). 

PAHs transport by sediment is a particularly important means of 
transport. It was noted that water samples, which were filtered using 
a glass-fiber filter with pore size of 0.7 um, carried just about 10% 
of the PAHs load observed in unfiltered samples. Similar ratios were 
reported by Hernmann (1981) and Hoffman gt Q1. (1984). Thus, PAHs 
found in unfiltered stormwater samples are mostly carried by the 
sediment. The above water/sediment partitioning may also be affected 
by the level of PAHs in the sample; this ratio seems to decrease with 
increasing PAH levels. 

Analysis of sediment samples revealed that for street sediment, 
there is no strong affinity of PAHs to fine fractions. In fact, the 
total loads were almost equally divided among the fractions D < 45 um, 
45 < D 250 um and 250 um < D < 1,000 um, where D is the particle 
diameterfi In the E. Davignon Creek, the smallest particles (D < 45 

um) carried about 90% of the total load. It appears from the sediment 
data that large quantities of PAHs in street sediment are attached to 
the sediment by other means than sorption.

‘
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Assuming that the PAH levels are primarily associated with sedi- 

ment, correlations between the observed PAH levels and suspended 

solids levels in these samples and/or organic carbon were tested. The 

calculated correlations were rather low (r < 0.5) and indicate that a 

more complex relationship between PAHs and sediment, probably affected 

by particle size distributions and PAH levels in the sediment, exists. 

In summary, the levels of PAHs in unfiltered water samples seem 

to be affected by the presence of sediment, its particle size distri- 

bution, and the level of contamination of sediment. Under such 

circumstances, the PAH levels will not be necessarily correlated with 

land use, as reported before by Hoffman gt Q1. (1984). One of the 

reasons for this lack of correlation being that the sources of PAHs 

are rather numerous and dispersed throughout the urban area. In the 

case discussed, the primary sources of PAHs include emissions from the 
steel plant, vehicular traffic, and possibly domestic heating. Among 

these sources, the plant emissions may show a distinct spatial distri- 
bution, but the others are very much dispersed through the urban 

area. Consequently, it was decided to group all the PAH data together 
and adopt a statistical approach in their analysis. " 

Statistical Evaluation of Observed Data 

_ The newly collected data were used to calculate arithmetic means, 
geometric means, and 10 and 90% exceedance levels. Generally, it is 

recommended to use the arithmetic mean in loading calculations and the
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exceedance levels in evaluation of exceedance of water quality 

criteria. The arithmetic means were calculated for the group of 13 

PAHs studied, the six HHO PAHs (the Borneff group) and benzo[a] 

pyrene. Such data were then used to calculate the annual loadings. 

The arithmetic means were established as 5,900 ng/L for the 13 PAHs 

studied, 4,200 ng/L for the six HHO PAHs, and 570 ng/L for benzo[a]- 

pyrene. A summary of statistical data follows. 

Substance Concentrations in unfiltered stormwater (ng/L) 
T 10% u_.|..1 50% u.|.. 90% n.|.. Arithmetic mean 

Benzo[a]pyrene ' 

60 330 1,700 570 
s wnownus 480 2,400 11,200 4,200 
13 PAHs studied eoo 3,800 11,000 5,900 

1Non-exceedance level (e.g., in 10% of samples, the benzo[a]pyrene 
concentrations were equal to or less than 60 ng/L)

1 

It should be again emphasized that the reported concentrations corres- 

pond to unfiltered stormwater samples and most of‘ the reported 

loadings were carried by sediment. 

The above PAH levels can be used to estimate the annual loadings 

in urban runoff from the City of Sault Ste. Marie. For this purpose, 

the earlier estimate of the annual urban runoff volume of 13 x 105 

m3/yr is adopted. For this volume and the average concentration of 

suspended solids in the collected samples of 102 mg/L, the corres- 

ponding annual loading of solids is 1,300 t/yr. Estimates of annual 

PAH loadings computed in various ways are presented below.
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Annual Loading Estimates (kg/yr) 

_ 

From From From 
UGLCC ‘Unfiltered Sediment Snowpack 
Study Stormwater Samples Samples Data 

Benzo[a]pyrene -- 7 ' 

2 4 
s wno ‘PAHs -- 55 17 13 13 PAHs studied 122-2381 77 31 so 
1Extrapolated loading for 17 PAHs 

- The accuracy of the estimates produced in the UGLCC study was 
evaluated as within an order of nngnitude. The two values listed 
represent low and high estimates produced by high variability of 
data. Those estimates were produced from limited data for the top 12 
PAHs indicated in Table 1 and extrapolated to 17 PAHs using correla— 
tions from other areas. Although the UGLCC estimates seem to be high 
in comparison to other data in the listing of loadings, they are 
within the specified range of accuracy. Loading bias toward high 
values seems to follow from 6 small number of sampling stations and 
very high readings obtained at one of these stations. 

Loading estimates frmn the unfiltered stormwater samples repre- 
sent the best estimates. They were derived from a fairly representa- 
tive data set and further verified against the earlier work. It is 
recommended to use these loadings in further work. 

Loading estimates computed from the annual sediment flux and 
concentration of PAHs in sediment are probably underestimated. This 
follows from the fact that these loadings neglect any dissolved phase 
transport (which may represent 10 - 20% of the total) and they also
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neglect variations in PAH concentrations in dependence on particle 
size. 

The last estimate in the loading table was produced from snowpack 
accumulations and basically represents areal deposition loadings. It 

was produced from the deposition data and an assumption that only the 
PAH particles reaching impervious surfaces will be transported by 
urban runoff to the receiving water. The extent of impervious areas 
was estimated as 33% of the total developed area. Therefore, the 
annual deposition loading over the whole urban area would be about 
three times larger, but two thirds of this loading may be retained on 
pervious surfaces and would not reach the receiving water. 

In summary, the annual loadings of benzo[a]pyrene, 6 HHO PAHs and 
the 13 PAHs studied are estimated as 7, 50 and 80 kg/year, respec- 
tively. Most of such loadings are carried attached to the sediment. 
It is estimated that almost one half of such loadings originates from 
atmospheric depositions. 

Bacteriological Contamination 

During the summer of 1986, three sets of stormwater grab samples 
were collected in the study area and submitted for bacteriological 
analysis. These samples were collected at Hudson Street, Station 
Mall, and Georgina Street on July 4, July Z8 and August 28, 1986, 
respectively. The locations of these sites are shown in Figure 1. 

The results of bacteriological analyses are shown below.
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y 
Bacterial Counts per 100 ml 

Site/Date Total Coliform Fecal Coli. Fecal Streptococci 
Hudson s1./ 04.7.86 120 <4 750 

20.7.06 >3201 16 6.200 (est.) 
2a.a.a6 ca 20 440 

Station M./ 04.7.86 36 T »4 456 
26.1.06 .>3201 100 410 
20.0.06 100 120 96 

Georgina St./04.7.86 3,200 (est.) 140, 2,500 (est.) 
20.1.06 >s201 

_ 
11,000 21,400 (est.) 

1 2a.a.s64‘ 2,200 (est.) 644 240 
1Not fully quantified data 

The bacteriological data collected in the study area are 
insufficient to produce good estimates of bacteriological pollution. 
Recognizing that an inmortant source of bacteria in stormwater are 
cross-connections with sanitary sewers, or simply illicit connections 
of sources of sanitary sewage, it would be more appropriate to conduct 
bacteriological surveys at sewer outfalls. In the absence of such 
data, any inferences about bacteriological pollution should be based 
on the literature data (Dutka et g1., 1978). Bacteriological counts 
from several Canadian urban catchments show that total coliform counts 
in stormwater typically range from 1x104 to 1x105 and fecal coliforms 
range from 1x103 to 7x104, per 100 ml. These ranges were then used to 
estimate the bacteriological loads in stormwater in Sault Ste. Marie. 
Depending on concerns about the accuracy of such estimates, further 
verifications by field sampling would be desirable. 

Using the typical bacteriological counts, the annual bacteria 
loads in stormwater from Sault Ste. Marie were estimated as follows:
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Total Annual Loading Counts 
(number of organisms/year). 

Parameter Low Estimate High Estimate 

Total Coliform 
_ 

015 015 
Fecal Coliform 014 15 0-In-1 

O

I 
wu '><>< 

0-10- 
CO0-I 

I

I 
0-lb) XX 0-nu-I

O 

The limited field data seem to indicate lower levels of contami- 
nation than the literature data, but this comparison is insignificant 
because of the limited data scope. Before any field verifications are 
undertaken, it is recommended to use the literature data for loading 
estimates. 

concLus1ous 

Urban runoff from Sault Ste. Marie shows ,signs of pollution 
typical for runoff from industrial cities. Using a planning level 

procedure, the levels of selected pollutants in urban runoff and their 
annual loadings were estimated. The highest loadings were found for 
chloride, in the order of 105 kg/yr, followed by iron (105 kg/yr), oil 

and grease and ammonia (104 kg/yr), phosphorus, zinc and lead 
(103 kg/yr), copper, nickel, phenols, PAHs and cadmium (102 kg/yr), 
cyanides and cobalt (101 kg/yr), mercury and PCBs (10'1 kg/yr), and 
HCB (10'2 kg/yr). For estimating the bacteriological pollution of 
stormwater, the available data were clearly insufficient and the 
literature data had to be used. The low and high estimates of the 
annual total colifonn were computed as 1015 and 1015 of organismsl
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year, respectively. Similar estimates for fecal coliform ranged from 
1014 to 1015 of organisms/year. '

. 

A 

Loadings in urban runoff were compared to those from point 
sources. It was noted that urban runoff loadings exceeded or were 
comparable to those from point sources for the following parameters: 
.cadmium, cobalt, copper, lead, nickel, HCB, PAHs, and PCBs. In 

general, however, the loadings of such parameters were not excessive. 
Specific concerns about PAHs pollution led to further studies of PAHs 
in urban runoff. 

Follow up studies of -PAHs in urban runoff were done in two 
stages. In the first stage, depositions of PAHs from atmospheric 
sources and their retention by snowpack were investigated. It was 
noted that the steel plant was the main source of such depositions and 
their distribution was further affected by prevailing winds. Assuming 
that only depositions collected on impervious areas end up in runoff, 
they represent about 40% (30 kg/year) of the total flux of PAHs from 
the study area. 

In the second stage, samples of surface runoff and street 
sediment were collected and analyzed for the full list of 17 PAHs. 
Three modes of PAH transport by media were noted - in the dissolved 
phase, adsorbed to the sediment, and attached to the sediment by other 
means than sorption. The_dissolved loadings were the least signifi- 
cant, representing about 10 to 20% of the total. PAHs found in unfil- 
tered stormwater samples were carried mostly by the sediment. 
Analyses of sediment samples for various particle sizes indicated that
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the PAH levels did not decrease significantly with increasing particle 
size. This suggests that some part of the total loading is carried 
attached to the sediment by other means than sorption. 

The annual- loadings of PAHs in stonmwater were estimated as 

80 kg/yr for the group of 13 PAHs, 60 kg/yr for the six HHO PAHs, and 
7 kg/yr for benzo[a] pyrene. Hhen comparing the observed PAH levels 
to the existing water quality criteria, only the exceedance of the HHO 
drinking water criteria (ZOO ng/L for the sum of 6 HHO PAHs) was 
noted. " Realistically, as long as the 'urban stonmwater does not 
directly contaminate the drinking water supplies, such an exceedance 
is not significant because of large dilution in the receiving waters 
and the removal of PAHs with sediment settling. 
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Table 1. Urban Runoff Constituents Studied 

Detection 
Limit 

Parameter (mg/L) Parameter 

Detection 
Limit 

(ng/L) 
Ammonia (nitrogen) 
Phosphorus (total) 
Chloride 
Cadmium3 
Cobalt 
C0pper3 
Iron 
Lead3 
Mercury3 
Nickel 
Zinc3 
Cyanides (total) 
Oil & Grease 
Phenols (total) 

0.001 
0.001 
0.050 
0.001 
0.001 
0.001 
0.020 
0.001 
0.00002 
0.001 
0.001 
0.010 
¢¢ 

0

0 
$0-l

O ll‘ 

' DEtECt10I'l 
If - Limit (ng/L} 

(HCB)3 
Polychlorinated 9 Inden0(1,2,3-cd)pyrene2-3 

Polynuclear Aromatic 
Hydrocarbons (PAHs) 

Indenel 
1,2,3,4-Tetrahydro- 

naphthalenel 
2—Methylnaphthalene 
Ouinolinel 
1-Methylnapthalene 
2-Chloronaphthalenel 
Aeenaphthylene3 
Acenaphthene3 
Fluorene3

L 

Phenanthrene3 
Fluoranthenez-3 
Pyrene 

Benz0(b)fluoranthene2»3 
Hexachlorobenzene 0.4 Benzo(k)flu0ranthene3»3 

Benzo(a)pyrene 

,3 

Biphenyls 
A Benzo(ghi)perylene2»3 

(total PCBs)3
j 

50 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

100 
100 
100

' 

100 
100 

1Substance levels below detection levels, omitted in final loading calculations for 13 PAHs 
Zwuo (Borneff) group of PAHs 
3EPA priority pollutant



Table 2. Constituent Concentrations 

Constituent 

Mean Stormwater Concentrations Point Source Equivalent Annual Loading in 
(mg/L) Concentrations (mg/L)1 Stornwater (kg/yr) 

Sault Ste._ NHRI Data NURP Data 
Marie Base? Base3 

Sault Ste. Marie Sault Ste. arie 

Ammonia 
Phosphorus 
Chloride 
Camium 
Cobalt 
Copper 
Iron 
Lead 
Nickel 
Zinc 
Cyanides 
Oil & Grease 
Phenols 

0.744 
_0.300 

285.000 
0.0000 
0.00035 
0.0434 
0.90 
0.0360 
0.0313 
0.274 
0.0020 
2.52 
0.0151 

0.0015 
0.0040 
0.0270 

0.146 
0.022 
0.490 

0.330 

0.034 

0.144 

0.160 

18 

R! 

O IQ 

°$-PP$PPPPwr 

I

Q 

0-4.5 

N

N 

N

Q 

286 

Mercury 
Hexachlorobenzene 
Octachlorostyrene 
PCBs 
PAHs 

Mean Stormwater Concentrations Point Source Equivalent 
(pg/L) Concentrations (uglL) 

0.029 
0.00040 0.0009 

0.0269 0.131 
9.04 

Ill no 

ca 

5: 

ca 

ca 

.a-c: 

ca 

c: 

- 

cn 

tn 

en 

0» III 

10.000 
4,000 

3,700,000 
80
5 

560 
90,000 
13300 
400 

3,600 
26 

33,000 
200 

QC 
3

4 
Ob O O7 

0.4 
117

1 Concentrations calculated from point source loadings (Upper Great Lakes Connecting Channels Morkgroup 1988) which were divided by the annual volume of stormwater runoff 2Data from Marsalek and Schroeter (1984) 
3Data from U.S. Environmental Protection Agency (1983) 
4Only the first 12 PAHs listed in Table 1 were studied, the loading was extrapolated to 17 PAHs 5Ihe selection of PAH substances analyled for point sources somewhat differed from those listed in Table 1 

Conversions: 1 mg = 103 pg - 105 ng



OO__V 

@@N_° 

@©QiO 

OO__V 

OmQ_O 

OOq_V 

OO_iV 

OOfl_v 

OO__V 

@ON_O 

_o:o_%hQ&Afl:Mv°N=ofl 

OO__V 

RQN_O 

O%¢_O 

OOQ_V 

©O#_O 

OO__V 

OOfi_V 

¢O__v 

QO€_v 

Q_N_O 

o=ou“aAU°r@_N__V°=oU=% 

O°fl;V 

QOfi‘O 

ONMQO 

OO__V 

Q%fl_O 

OO__V 

OOfl_V 

OO_.V 

OOq_V 

OON_O 

°=ohh&A‘V°“cmQ 

OO__V 

O@N‘O 

QQm_O 

OO__V 

OOO_O 

DO__V 

OOq_V 

ODfl_V 

O@__O 

¢W¢_° 

~:°‘u:“u°=HNAxV°Naom 

OO__V 

O_fl}O 

SOm_O 

OO__V 

fi§©_O 

OQ_.v 

OO__V 

OO__V 

OO__v 

°Mm_O 

ou0gP:‘“°:fl%Anv°“=mfl 

m_~_O_ 

M°¢_O 

QNO_O 

QQ@_° 

Dnh_@ 

OO__O 

¢#"_O 

N__.O 

_Om_O 

ON©_q 

oaoukfl 

m_fl_O 

°nQ_O 

DQO_O 

OO@5O 

ONO_R 

_d@_Q 

O€N_O 

OO__O 

OM__~ 

OmQ_N 

‘no:u=u“°=_h 

OB“_Q 

EENJO 

QQO_O 

aOfl_O 

OQfi_@ 

ORN_O 

QO_!O, 

¢Q~_°‘ 

QW~_Q 

Q#fl__ 

oaougfiuunogm 

CmO_V 

mMfi_° 

O@OJ°> 

OmO_O 

BM§1O 

OMOQV 

OflO_V 

OW°_V 

MOO_O 

°=°u°:Hh 

O@O_v 

O@O‘V 

ODOQV 

OmO1V 

OOO_O 

OW°_V 

OmO_V 

O@O,V 

OWO_v 

NflO_D 

oflo:“:fi‘¢nu¢ 

OmO_v 

OEOEV 

QflG.V 

@QO_O 

M“#_D 

O@O‘V 

OMO_V 

OMOQV 

OmO!V 

OmO_V 

°:mHhgu:a~noo< 

O%O}V 

Om°_V 

DmO_V 

DmO_V 

OMOQV 

_DmO_V“ 

OMO‘V 

OmO_V 

OmO.v 

Ofl°_v 

o=mfi~:“nfl~a°“°Hnu|N 

Om°_V 

O@__O 

OOO‘O 

REO_Q 

O“__O 

_M0,0 

OmO_V_ 

OmO‘V 

°MO‘v 

@mO_OA 

oa°fi':U:a‘:Hh:Uo='_ 

O%O_V 

OmD_V 

OfiQ_V 

O@ObV 

°mO_V 

OMOlV 

OMO.V 

Om°]v 

ODOiV 

OflO‘v 

oaflfiogflao 

@%§_V 

N%R_Q 

O¢d_O 

@¢q_O 

O_N‘O 

flO¢_O 

_flQ_O 

OMO_V 

@©O_O 

OO__C 

°=oH“:a:g‘=Hh:UO=JN

/ 

CmQ_V 

QmO_V 

OmOAy 

°mO_V 

Omfiiv 

OmO‘V 

OmO!V 

O@O!V 

OmO}V 

O@O.V 

o=mfi‘:P=m‘a°uU“guhQ”H|€_M_N_Q 

°flO_v 

O@O_V 

OmO_V 

°%O_V 

O@O_V 

OmO_V 

OmQ_V 

Om°_V 

OmD_V 

OMOQV 

oq°Ufl% 

°fl 

0
‘

Q

N

Q

m 

Q_

N

V

a

_ 

aOfl“q“w

_

W 

OU=fl“Hn:m 

Afl\m:v 

DQOHHGHGGOUGOU 

=¢m 

Dflflaeflm 

xOOa,Ofim 

G“ 

w€Ofl“UH“IOUHOo 

:<~ 

M 
OHAUH



°°%_v 

m°?_° 

¢©_b° 

_°°%_V 

°°%,V 

°°%_V 

°°£_V 

>°°q_V 

°°%_V 

°%$_O 

°°%@V 

oéfila 

°°#_V 

°°%_v 

_°°é_V 

°°%!V 

°°H_VA 

°°Q_V 

°°q:V 

°°%_V 

°m%_° 

°°~@V 

°°%_v 

°°€_V 

°°#_V 

°°€_V 

°°i_V 

°°%_V 

BR__O @¢__O 

O°__V 

’R@$_° 

°°d_v 

°°#1V 

_°°_iV 

°°d_V 

°°__V 

O°€_V 

°°fi_v 

OO__V 

’@_'° 

OO€_V 

°°_qV 

C°__V 

°O__V 

D°q_V 

O°fi.V 

O°__V 

°°__° O@__° 

>O_N‘° 

R°O_° 

OQ¢!O 

nfi#_O_ 

°flO_v 

_RN_° 

OMOAV 

@QO_O 

©OM_° 

°RR__ 

§N©_° 

_N°_° 

_O%_° 

°m°_V 

_MO%_° 

°m°_V_ 

#m#!° 

s~m_° 

@O@_O 

NO<_~ 

¢O©_O 

qOQ_Q 

QO__O 

OMO_V 

Q@__° 

OmO_v 

OO~_O 

O@q_O 

O@O_V 

Efiqla 

OO__O 

4@©°bQ 

°M°.V 

O@O_V 

°mO_V 

°flO_V 

Om°_V 

OE°_V 

Q©O_° 

°%O!V 

°m°_V_ 

vOWO.V 

OmO!v 

OM°_V 

OWOkV 

OmO_V 

°fl°_v 

QmO!V' 

@©O_O4 

GOO_O 

QflO_O 

OmO_V 

_°WO_V 

OWOPV 

°mO_V_ 

O@O_V 

OmO_v 

OmO_V 

_Om°_V 

OmQ_V 

°mO_V 

O@O]V_ 

°m°_V 

O@O_V 

O@Q_V 

O@O_V 

OmO_V 

mflO_O 

flQ°ic 

RR__O 

Oma_° 

°%°_V 

°MOiV 

QflO_V 

O%°!V 

OmO_V 

Om°_V 

OmQ_V 

°MO_v 

¢§i_O 

°mQ_V 

OmO_V 

Omflwv 

Dm°;V 

_Om°_V 

O@OJV 

OGOJV 

_O%_O 

‘m¢#.° 

_mN‘G 

_O__O 

OBOFV 

OM°_V 

°mO_Vv 

OMO_V 

°mO_V 

O@Q.v 

°@O_V 

°@O_V 

O@°_V 

Om°_V 

Ofl°_V 

°mO}V 

OmO_V 

OWO]V 

MOM°_v 

OmO_V 

OflOuV 

°@°_V 

OmO_V 

OEOFV 

Om°iV 

Om°_V 

O@O_V 

OmQ_V 

QMOBV 

°%°‘V 
Ndflfia 

0GUHhUOaA“:mvONGvm 

OGOHhmKvU|m_N__VOGO‘GH 

OGOH“aAflVONGUn 

OflUgp:GHO9HHA#vONmUn 

OflU:uGUHO:HuAnVONfl0n 

Oflfikhm 

Qfl0:uGUUO:Hh 

UflOH:“GQGOgm 

'UGOHO:Hh 

_Oa°:ag%flflUO< 

OGOHh:9:mUGUO< 

OGOHQnagQUGOHOH:uI~ 

°G°fiG£“:mflGHhg“Uz|~ 

_ 

OflflflOGH5° 

Ofl°HQ:“:gUflHh:uo=|N 

UGOHGgu=aGflOHv“:UH“‘H'<_M_NJ_ 

OHUUGH 

CE 

V 

0% 

°€ 

5% 

0% 

mfl 

¢€ 

@% 

N% 

#€ 

I 

vq°_a‘um 

Afl\m:v 

W¢OfluUH“:QOGOU_=¢m 

OOGN“mA5m 

‘OQGQHGDU 

Dfiflasm 

v_O2_,O___m 

Q“ 

wGO_““_QHuGOUGOO 

Em 

M 
0_H_a_P____



Table 4. Hater Quality Criteria for the PAHs Studied 1 

HHO drinking U.S. EPA criteria (ug L'1)b water standard‘ " ~- M ‘ "8 
(pg L-1) Freshwater Human health - Ingestion 

aquatic life of contaminated water 
toxicity and organisms cancer 

risk level¢ - 

Acute Chronic 10'5 10‘5' 10-7 

Acenaphthene 1,700 520_ 0.028 0.0028 0.00028 Benzo[a]pyrene 0.028 0.0028 0.00028 Benzo[k]fluoranthene 0.028 0.0028 0.00028 Fluroanthene 3,980 620 ~0.028 0.0028 0.00028 Sum of six Borneff PAHs 0.200 
‘The World Health Organization standard for éuropean countries and the U.S. EPA standard. For the same group, the Dutch Basic Hater Quality Objective is 0.1 pg L-1 for the median value. - 

bAfter u.s. EPA (1981) l 

¢Cancer risk not determined for individual substances, but the above criteria are common for the whole group. Note also that the main human intake of PAHs is likely to be from the air rather than water.



_Hm_a_2 

_m_m 

gag 

E 
Ea 

mcismw 

u_‘_m>m___mt___o 

hmgmw 

E56 

__P 

gm 

\>I 

\\\\\ 

_IIIlI

> 

\\

Z 

\\

/ 
“Egon

_ 

_m___°:mc__2____

/ 

__w_____O 

55$ 

Ebofiw

>

\ 

/I 

\\

3

\ \\\ 

¢&Qu0%%W_

_ 

\~ 

gm“

W

,

\ 
ON
5
5 

_§__t_om% 

mmtm 

_m=o:$U_v< 

4 

“V 

‘J 

/I 

9 

1}‘

V 

mlzzmw

% 
_], 

V‘, 

u_9J 
u__ 

mHv“_ 

‘&_?_$ 

W 

’m* 

gm 

mE__QEMw 

I‘ 

UCQDQJ 

I/\ 

_w>_"_ 

£a_2__w 

mgg 

_\_3_>_$_ 

mu 

62$ N_3Z%%4 

‘QMH 
£3 32$‘ 

gm 

C831”

_ 

g__|_ 

208w 

__m_>_ 

cogw 

_N

> 

_6 

m___V_98_w 

_w 

2_O:80___ 

mC__aE_ww 

‘NM’SH ip 

m_____ 

E_F__

\

d 

25 

Am 
__ 

35

9OmWSN8



ve 

Conir 

but 

on 

(X) 

Rt-Par 

100 Chloride Grease NH3 M _V Fe TP Z_r_u_ Pb Cu Cyanides 

1°C-I 

Q] J 

SAULT STE. MARIE 
Oil 8 

“Phenols Ni Co __ _PAHs .Cd Hg V 
PCBs ' HCB 

Order ot Contributions— Storffiwater 
Municipal Point Sources " Industrial Point Sources A 

, A , 

F- 

Fig.2. Re1ative Contributions of Po11ution Sources in Sau1t Ste. Marie



@gO__U____U_£ 

EOEUUHHQ 

2:3 

Ea 

E__B__OU 

w___:50___ 

Ea 

M 
Sh 

___v_ 

_\ 

ll?

_ 

6
Y 

.<.w_: 

_

H

M 

\ 

\_]_) 

‘ 

_

’ 

_%v,.\

_ 

\\\_ 

_ 

/V 

I 

__g& 

m\ 

va 

Q 

‘__m_~_$/_/_H’Jr'_\_

_

E

i

\ 
_\\ 

8) 

‘K 

~_§\

H Y 
/_6\ 

_\ 

\_

_ 
§ 

_\\$§%N__§§N_

S 

O9 

§§% 

NE

. 

I_ 
my 

wz__n_<o\J_%_

M

_ __';°$___g__“_|'8_°zb 

(k 
___

_ 

I

‘
’ 

A4 

_v
_ 

_ 

ww_ozm_8m_E 

zo_5m_m_n_ 

n_Z_;_

‘


