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METRIC CONVERSION FACTORS

In this report some measurements are given in inch-pound units and some laboratory data are reported
in metric units. Conversion factors from inch-pound units to International System of Units (SI) are given below.

Multiply By To obtain
acres 0.4047 hm? (square hectometers)
ft (feet) 0.3048 m (meters)
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Other Abbreviations Used

meq/L milliequivalents per liter
mg/L milligrams per liter
ug/d micrograms per day
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Rainfall and Runoff Quantity and Quality Characteristics
of Four Urban Land-Use Catchments in Fresno, California,

October 1981 to April 1983

By Richard N. Oltmann and Michael V. Shulters

Abstract

Rainfall and runoff quantity and quality were monitored
for industrial, single-dwelling residential, multiple-dwelling
residential, and commercial land-use catchments during the
1981-82 and 1982-83 rain seasons. Storm-composite rainfall
and discrete runoff samples were analyzed for numerous in-
organic, biological, physical, and organic constituents. Atmos-
pheric dry-deposition and street-surface particulate samples also
were collected and analyzed.

With the exception of the industrial catchment, the highest
runoff concentrations for most constituents occurred during the
initial storm runoff and then decreased throughout the remainder
of the storm, independent of hydraulic conditions. Metal con-
centrations were high during initial runoff, but also increased
as flow increased. Constituent concentrations for the industrial
catchment fluctuated greatly during storms.

Statistical tests showed higher ammonia plus organic nitro-
gen, ammonia, pH, and phenol concentrations in rainfall at the
industrial site than at the single-dwelling residential and labora-
tory sites. Statistical testing of runoff quality data showed higher
concentrations for the industrial catchment than for the two
residential and commercial catchments for most constituents.
Total recoverable lead was one of the few constituents that had
lower concentrations for the industrial catchment than for the
other three catchments. The two residential catchments showed
no significant difference in runoff concentrations for 50 of the
57 constituents used in the statistical analysis. The commercial
catchment runoff concentrations for most constituents general-
ly were similar to the residential catchments.

Although constituent concentrations generally were higher
for the industrial catchment than for the commercial catchment,
constituent storm loads from the commercial catchment were
similar to the industrial catchment because of the greater runoff
volume from the highly impervious commercial catchment.
Between 10 and 50 percent of the constituent runoff loads for
the two residential catchments were attributed to the rainfall load,
with the percentages generally considerably less for the industrial
catchment.

Event mean concentrations (EMC) for most constituents for
all but the industrial catchment were highest for the first two
or three storms of the rain season after which they became almost
constant. Constituent event mean concentrations for the indus-
trial catchment generally did not show any pattern throughout
a rain season. Multiple-regression predictor equations for event

mean concentrations were developed for several constituents
for all sites. Average annual constituent unit loads were com-
puted for 18 constituents for each catchment.

The organophosphorus compounds, diazinon, malathion,
and parathion were the most prevalent pesticides detected in rain-
fall. Diazinon was detected in all 54 rainfall samples. Parathion
and malathion were detected in 49 and 50 samples, respectively.
Other pesticides detected in rainfall included chlordane, lindane,
methoxychlor, endosulfan, and 2,4-D. Of these, only methoxy-
chlor and endosulfan were not consistently detected in runoff.

INTRODUCTION

Background

Fresno Metropolitan Flood Control District (FMFCD)
has routed urban stormwater runoff to local manmade reten-
tion basins since 1956. The stormwater runoff is allowed to
percolate through the underlying soils, thereby (1) disposing
of the excess stormwater runoff, and (2) recharging the aquifer
which underlies the city of Fresno and is the city’s domestic
water source.

Public Law 92-500 (the Clean Water Act) and Public
Law 93-523 (the Safe Drinking Water Act) set forth national
priorities concerning the identification and control of constit-
uents discharged into waters of the United States, and for
ensuring the preservation of the Nation’s drinking water sup-
plies. Section 208 of Public Law 92-500 identifies urban
stormwater runoff as a potential source of pollutants. Section
1421 of Public Law 93-523 decreed the U.S. Environmental
Protection Agency (EPA) to establish regulations to control
underground injections to protect drinking water sources.

The U.S. Environmental Protection Agency initiated the
National Urban Runoff Program (NURP) in order to obtain
adequate data to assess urban stormwater effects and to
evaluate and develop effective management and control prac-
tices. NURP consists of 28 individual urban runoff studies
across the country characterizing urban runoff, determining
constituent loads, and evaluating effects and control practices.
The FMFCD applied for and received a NURP grant from
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EPA through the California State Water Resources Control
Board to investigate the potential environmental effects
associated with the recharge of urban stormwater runoff in
manmade basins. The aquifer that underlies Fresno and
receives the urban runoff has been designated by the EPA
as a ‘‘sole source’’ aquifer. Only 1 of the other 28 studies
investigated ground water as an urban runoff receiving water.

The objectives of the Fresno NURP are to:

1. Determine the character of urban stormwater runoff
from different land-use areas, identifying nonpoint sources
and concentrations of the constituents.

2. Determine the effects of the retention and recharge
of urban storm runoff and its related constituents on the
receiving ground water and soils.

3. Identify management practices which insure the
safe, controlled disposal of urban storm runoff in retention/
recharge basins.

The FMFCD requested the U.S. Geological Survey to
complete objective 1. Objective 2 is to be completed by the
Agricultural Research Service, U.S. Department of Agricul-
ture, and objective 3 is to be completed by Brown and
Caldwell Consulting Engineers.

Objectives and Scope

The objectives of the Geological Survey’s study and
this report are to:

1. Determine the rate of runoff for the following land
uses: industrial, single-dwelling residential, multiple-dwelling
residential, and commercial.

2. Identify the type and volume of constituents trans-
ported by the runoff water from the four different selected
land-use types.

3. Determine the concentrations of nonpoint source
constituents (rainfall, atmospheric dry deposition, street-
surface particulate) transported by the runoff water.

4. Determine the time relations between runoff quan-
tity and quality.

The scope of the study included monitoring the quan-
tity, quality, and rate of rainfall and stormwater runoff from
four selected land-use catchments during the 1981-82 and
1982-83 rain seasons (October to April). Rainfall and runoff
samples were analyzed for inorganic, biological, physical,
and organic constituents. Atmospheric dry-deposition and
street-surface particulate samples also were collected and
analyzed for inorganic, physical, and organic constituents.
Of the 28 NURP studies, the Fresno study is one of the few
that investigated urban runoff associated with a particular
land use; it also includes one of only two industrial catch-
ments investigated under the NURP.

DESCRIPTION OF STUDY AREA

The city of Fresno is located about 160 miles southeast
of San Francisco, California (fig. 1), within the predominantly
agricultural San Joaquin Valley. The valley is bounded by the

Coast Ranges on the west and the Sierra Nevada on the east.
Fresno is subject to winter storms that move onshore from
the Pacific Ocean, over the Coast Ranges, and into the valley.
The average annual rainfall for the study area is about 10
inches, nearly all of which falls during October to April.

The topography of the study area is virtually flat with
an average gradient of about 8 ft/mi. Because of the flat ter-
rain and lack of adequate water courses through the city, man-
made stormwater retention basins have been constructed. The
basins average 10 to 15 acres in size, each servicing about
1 mi? of urbanized area. Most of the basins are designed for
multiple use, such as parks, athletic fields (fig. 2), and ground-
water recharge facilities, during the nonrain season.

The city of Fresno occupies about 150 mi2, of which
about 27 percent is residential; 4 percent, commercial; and
6 percent, industrial land use (City of Fresno, written com-
mun., April 1978). The remaining land uses consist of agri-
cultural, transportation, public facilities, and vacant land.
The city is surrounded by agricultural land with the primary
crops consisting of grapes, figs, cotton, alfalfa, peaches, and
almonds. Heavy industrial areas do not exist in Fresno, and
there is not a predominant industry.

SITE SELECTION AND DESCRIPTION

Catchments were selected for runoff monitoring for in-
dustrial, single-dwelling residential, multiple-dwelling resi-
dential, and commercial land-use areas using the following
criteria:

1. Catchment land use had to be about 80- to 90-percent
homogeneous.

2. Catchment had to be 80-percent developed to avoid
substantial construction activity during the period of data
collection.

3. Catchment had to have a suitable site for an equip-
ment shelter and storm-drain access.

All the selected catchments met the above criteria ex-
cept the industrial catchment. Of the very few industrial
catchments from which to choose, a catchment could not be
found that met the 80-percent developed criteria. As shown
in table 1, which is a summary of catchment characteristics,
the selected catchment was only 65.8-percent developed.

The locations of the four catchments that were monitored
throughout the study period are shown in figures 3 and 4.

DATA TYPES AND DATA COLLECTION

Four data types collected throughout the two rain
seasons were:

1. Rainfall rate and quality,

2. Runoff rate and quality,

3. Atmospheric dry-deposition quality, and

4. Street-surface particulate quality.

As part of the data collection for runoff rate and qual-
ity, dry-weather runoff samples were collected during the
summer months at the two residential sites. Rainfall, runoff,

2 Rainfall and Runoff Quantity and Quality Characteristics, Fresno, California









less than 0.10 inch of rain. The remaining 44 storms aver-
aged 0.45 inch of rain, or 161 percent of the first rain season
storms.

A plot of daily rainfall during the study period as
measured by the National Weather Service at the Fresno Air
Terminal is shown in figure 5. Also noted in the figure are
storms for which rainfall and (or) runoff quality data were
collected.

DATA ANALYSIS
Rainfall and Runoff Quantity Data

1981-83 Storm Characteristics

Storm characteristics were determined for all storms
throughout the study period for each of the four monitored
catchments that had complete rainfall and runoff records. The
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storm characteristics include rainfall total, runoff volume,
rainfall-runoff coefficient, maximum 20-minute rainfall total,
peak flow, and rainfall and runoff duration. These storm
characteristics and two additional variables, number of hours
since the previous storm and the number of days since the
first storm of the rain season, are listed in table 4.
Runoff volumes for each storm were computed using
the runoff record and the RRLIST computer program
documented by Doyle and Lorens (1982). The rainfall-runoff
coefficient was determined by dividing the runoff volume
(runoff depth) by the rainfall total (rainfall depth). Rainfall
duration represents the time in minutes from the first recorded

N

0.01 inch of rainfall to the last 0.01 inch of rainfall for a
storm. The storm-runoff duration represents the time in
minutes that the storm-drain flow was about 0.01 ft3/s (ap-
proximate flow-recording threshold) or greater. The number
of hours since the previous storm represents the approximate
time in hours between the last 0.01 inch of rainfall of the
previous storm and the start of storm-drain flow (about 0.1
ft3/s) for the following storm.

The rainfall-runoff coefficient should range between
0 and 1; however, some of the calculations for the multiple-
dwelling residential and commercial catchments resulted
in coefficients greater than 1. Coefficients greater than 1
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probably occur for the commercial catchment because of a
combination of data collection inaccuracies and a 98.9-
percent impervious catchment surface (table 1). Because of
the high percentage of impervious surface, nearly all rainfall
that lands on the catchment should drain off. Therefore, data
collection inaccuracies become critical in this near-continuity
situation. For example, if the recorded rainfall, which is col-
lected at one location in or near the catchment, is less than
the actual average rainfall over the catchment, a coefficient
greater than 1 will result. Other data collection inaccuracies
that could contribute to a coefficient greater than 1 include
errors in collection of the storm-drain stage record, deter-
mination of stage discharge relation (Oltmann and others,
1987), and determination of the catchment drainage area.

Coefficients greater than 1 also were obtained for two
storms for the multiple-dwelling residential site (1.01 on

January 22 and 1.05 on February 28, 1983). Both storms
were high rainfall intensity storms that caused the storm drain
to flow full, therefore, the flow records were estimated for
these periods (Oltmann and others, 1987). Another possible
cause for the coefficients to be greater than 1 is that the high-
intensity rainfall caused runoff from an adjacent catchment
to enter the monitored catchment.

Table S represents a statistical summary of the storm
characteristics data shown in table 4. Because of the unusually
high rainfall total during the second rain season, the mean
storm characteristics data shown in table 5 (except for the
commercial catchment) probably are higher than the actual
mean storm characteristics values. The effect of the high rain-
fall total on the mean rainfall-runoff coefficient is discussed
in the section ‘‘Estimation of Land-Use Average Annual Con-
stituent Unit Loads.”’
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Rainfall-Runoff Regression Analysis

Multiple linear-regression analysis for each of the four
catchments was done using the data in table 4 and REG pro-

N

cedure of the computerized statistical analysis system, SAS
(Helwig and Council, 1979). The dependent variable was
designated as runoff and regressed against the independent
variables rainfall total, maximum 20-minute rainfall total
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(MAX20), and number of hours since the previous storm
(DRYHRS).

If DRYHRS is a significant independent variable, an
appreciable part of the catchment surface has soil areas that
need to reach saturation before runoff occurs from these
areas, and (or) significant depression areas must be filled
before runoff occurs. If MAX20 is a significant variable,
the catchment soils have a high infiltration rate, and the rain-
fall rate must exceed the infiltration rate in order for runoff
to occur from the pervious soil areas.

The regression results indicate that the significance of
the three independent variables differed between catchments.
Regression results for each of the four catchments are shown
in figure 6, which includes the regression equation for
estimating runoff volume, percent of variation of dependent
variable explained by the independent variables adjusted for

sample size (R?), root mean square error, and a comparison
plot of predicted and measured runoff.

The analysis for the commercial catchment produced
a simple linear regression equation as the best model, with
rainfall total being the only independent variable that was
significant at the 0.05-significance level (@=0.05). This
result is again the direct result of the 98.9-percent imper-
vious catchment surface.

The analysis for the other three catchments resulted in
multiple logarithmic-linear regression equations. The only
significant independent variables for the equations for the
single-dwelling residential and industrial catchments were rain-
fall total and DRYHRS. All three independent variables were
significant for the multiple-dwelling residential catchment.
These results are consistent with the catchment characteristics
data shown in table 1. All three catchments have a large
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percentage of pervious surface (signified by DRYHRS as an
independent variable), and the multiple-dwelling residential
catchment consists of soil with a higher infiltration rate (soil
group A) than the other two catchments (soil group B), which
is signified by the independent variable MAX20.

The regression equation for the commercial catchment
for rainfall totals greater than 0.17 inch calculates a runoff
volume which exceeds the rainfall total. This anomaly is due
to data collection inaccuracies as discussed earlier. Only data
for the first rain season for the commercial catchment were
used in the regression analysis because of the inaccuracies
of the flow record in the second rain season caused by the
construction activities adjacent to the catchment as discussed
in Oltmann and others (1987).

The percent of variation explained for the industrial
catchment (75 percent) is lower than the other three catch-
ments (94 percent and higher) because the industrial catch-
ment has a larger percentage of idle and vacant land (table
1) and has more depression storage compared to the other
three catchments. Field observations during storms revealed
a larger quantity of depression storage in the industrial catch-
ment compared to the other three catchments, especially in
the storm-drain system. Depression storage also was ob-
served on some of the vacant industrial lands.

Rainfall-Runoff Response

The magnitude and response of runoff from a catch-
ment are related to the amount of effective impervious area
in the catchment. Effective impervious areas drain directly
to water conveyance channels that route the runoff to the
monitoring location. Noneffective impervious areas drain to
pervious areas and therefore do not contribute to the runoff
hydrograph unless infiltration demands have been met.

If all of the impervious areas in a catchment are effec-
tive impervious areas, the percentage of rainfall that drains
off a catchment (rainfall-runoff coefficient multiplied by 100)
will be about equal to the percentage of impervious area in
the catchment. Comparison of the mean rainfall-runoff coef-
ficients for each catchment (table 5) and the percentage of
impervious area (table 1) indicates that a large part of the
impervious area for the two residential and industrial catch-
ments are not effective impervious areas. The impervious
area for the commercial catchment is almost entirely an
effective impervious area.

To graphically compare rainfall-runoff response for the
four catchments, flow hydrographs and rainfall bar graphs
(hyetographs) for a typical storm (November 17, 1981) are
shown in figure 7. The hydrographs show that the highly
impervious commercial catchment responds faster to rain-
fall than the other catchments, which results in steeper rising
and falling hydrograph limbs, and higher peak flows. The
high percentage of effective impervious area for the com-
mercial catchment also produces a much greater runoff
volume even though the industrial and single-dwelling
residential catchments have larger drainage areas.

Rainfall Quality Samples

Numerous storm-composite (bulk) rainfall samples were
collected on a storm basis at the industrial and single-dwelling
residential sites during the 1981-82 and 1982-83 rain seasons.
In addition, a third rainfall quality collection site was estab-
lished at the project’s laboratory (fig. 3) during the 1982-83
rain season. This third collection site was initiated because
there was concern that the rainfall quality at the single-dwelling
residential site might be affected by its proximity to the Fresno
Airport (fig. 3), and that the rainfall quality at the industrial
site might be affected by its surrounding environment. If the
two concerns were true, neither site’s data would be suitable
for use in future studies to estimate rainfall quality for the
remaining majority of the Fresno urbanized area. This does
not imply that the laboratory rainfall data would be truly
representative of the remaining urbanized area, but these data
should not be affected by the above-mentioned interferences.
The laboratory site was a rainfall quality site only; total rain-
fall data were not collected.

Rainfall quality usually will vary throughout a storm.
The measurements made of a storm-composite sample could
be considerably different from measurements of discrete
samples of rainfall collected during that storm. This may be
particularly true for pH. However, the objective was to ob-
tain results that were representative of the entire storm.
Therefore, the results represent rainfall event mean concen-
trations (EMC).

Statistical summaries of all the rainfall quality data in-
cluding the number of samples and the mean, median,
standard error of mean, standard deviation, maximum, and
minimum values for analyzed constituents are presented for
each of the three sites in tables 6 through 8.

Comparison of Rainfall Quality

Statistical testing was used to determine if rainfall quality
(constituent concentrations) differed between the two rain
seasons and among sampling sites. In order to determine which
statistical comparison test would be used, the UNIVARIATE
procedure of SAS (Helwig and Council, 1979) was used to
evaluate the data distribution of the constituent concentrations.
Depending on the number of samples, the UNIVARIATE pro-
cedure uses the Shapiro Wilk W-statistic (N<50) or a modified
version of the Kolmogorov-Smirnov D-statistic (N>50) to test
whether or not the data are normally distributed. If the data
were not normally distributed, a nonparametric statistical pro-
cedure, the Kruskal-Wallis (chi-square approximation) test was
used for testing. If the data were normally distributed, a
parametric statistical procedure, ANOVA (analysis of vari-
ance) was used. Both tests are included in the NPARIWAY
procedure of SAS (Helwig and Council, 1979).

Results of the statistical comparison testing between rain
seasons showed no significant difference (a=0.05) for any
of the constituents measured at the single-dwelling residen-
tial site. At the industrial site, only dissolved phosphorus and
dissolved organic carbon were significantly different between
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the first and second rain seasons. After this initial testing
between years, all of the data from both years were com-
bined into one data set for each site, except for the two con-
stituents that differed between years at the industrial site. The
results of testing between sites are shown in table 9. Most
of the differences occurred between the industrial and single-
dwelling residential sites. Schematic plots for four of the con-
stituents that did show significant differences—pH, dissolved
nitrogen ammonia, dissolved ammonia plus organic nitrogen,
and phenols—are shown in figure 8.

The results shown in table 9 indicate that rainfall quality
at the three different sites generally is comparable. However,
microclimatic variations that occur in the urban area and
localized air pollutants may affect rainfall quality in some
areas. Of the five constituents that differed significantly
between the industrial and single-dwelling residential sites,

three—pH, dissolved nitrogen ammonia, and dissolved am-
monia plus organic nitrogen—could conceivably result from
industrial plant emissions being discharged in and near the
industrial catchment. There is not enough evidence at this
time to confirm this conclusion.

The overall quality of the rainfall probably is affected
more by regional inputs such as those from the agricultural
lands surrounding Fresno than by localized effects. This con-
clusion is strengthened by some results of pesticides analysis,
which will be discussed later.

Computation of Rainfall Constituent Loads

Storm rainfall and runoff constituent loads were not
computed for all of the monitored quality constituents listed
in table 2. Rainfall loads were computed for the 15 constit-
uents listed below (runoff loads also were computed for these
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15 constituents in addition to 3 other constituents; refer to
““‘Computation of Runoff Constituent Loads’’ section):

nitrogen, nitrite plus nitrate, dissolved

nitrogen, ammonia plus organic, dissolved

phosphorus, dissolved

oxygen demand, chemical

carbon, organic, dissolved

aluminum, total recoverable

arsenic, total

chromium, total recoverable

copper, total recoverable

iron, total recoverable

lead, total recoveraable

manganese, total recoverable

mercury, total recoverable

nickel, total recoverable

zinc, total recoverable

Rainfall constituent loads were computed using the

following relation:

L=0.2266(RXDAXCONC),
where

L is rainfall load, in pounds;
R is rainfall total, in inches;
DA is catchment drainage area, in acres;
CONC is constituent concentration, in milligrams per
liter; and
0.2266 is units conversion factor.

The resultant load is the quantity of a constituent, in
pounds, that fell on the catchment for a given storm. The
constituent concentration is the laboratory analyses concen-
tration of the bulk rainfall sample collected for that storm
(event mean concentration).

All the calculated storm rainfall constituent loads are
given in tables 10 and 11. Loads were not computed for the
laboratory site because rainfall quantity data were not avail-
able. Rainfall unit loads (for example, pounds per acre) were
not computed or shown in the table because of the resultant
very small numbers, and unit loads using square miles were
possibly too large an extrapolation of the point data. Rain-
fall loads are compared to runoff loads in the ‘‘Comparison
of Rainfall and Runoff Quality Data’’ section.

Runoff Quality Samples

Numerous discrete runoff samples were collected at the
four monitoring sites during the two rain seasons of the study.
Statistical summaries of these data including number of
samples, mean, median, standard error of mean, standard
deviation, maximum, and minimum are presented for each
of the four catchments in tables 12 through 15.

Comparison of Catchment Runoff Quality Using
Discrete Sample Data

Comparison of land-use runoff quality was done by ap-
plying statistical tests to the discrete runoff constituent con-

centration data. In order to compare catchment runoff quality,
only sample results for common storms should be compared.
However, because of the external electromagnetic field inter-
ference at the single-dwelling residential site during the first
rain season and the construction activities adjacent to the
commercial catchment during the second rain season, only
a few storms have usable sample data for all four catchments
(Oltmann and others, 1987). Therefore, in order to provide
a larger data base for statistical comparison purposes, two
data sets were formed each using storms common to only
three catchments. The first data set included five storms com-
mon to the industrial, multiple-dwelling residential, and com-
mercial catchments (Nov. 17, 1981; Jan. 4, 1982; Mar. 9-10,
1982; Mar. 10-11, 1982; Mar. 25-26, 1982). The second
data set included eight storms common to the industrial,
single-dwelling residential, and multiple-dwelling residen-
tial catchments (Nov. 12, 1981; Nov. 17, 1981; Mar. 9-10,
1982; Mar. 10-11, 1982; Mar. 25-26, 1982; Sept. 24, 1982;
Oct. 25, 1982; Jan. 18, 1983). Statistical comparison testing
was applied to each of these data sets with the results used
to implicitly compare the single-dwelling residential and com-
mercial catchments. Therefore, if there was no statistical dif-
ference between the data properties and values for a particular
constituent for the three catchments in data set 1, and no
statistical difference for the same constituent for the three
catchments in data set 2, then the assumption could be made
that there was no statistical difference of the data properties
and values for that particular constituent between the single-
dwelling residential and commercial catchments.

The same statistical procedures described previously
for rainfall quality were used for these analyses.

The runoff quality constituents that were determined
to have no statistical difference (a=0.05) in concentration
values for the catchments are shown in table 16. Two signifi-
cant conclusions can be drawn from the data in table 16: (1)
The two residential catchments are quite similar with respect
to quality of runoff (50 of the 57 constituents are similar),
and (2) the industrial catchment runoff is quite different from
the other three catchments (10 constituents are similar with
at least one of the other catchments). The schematic plots
for selected constituents shown in figure 9 present a visual
comparison between catchments of the runoff quality con-
stituent data.

Typical plots of nutrient data are shown in figure 94,
B; both show the conclusions stated above. Although some
nutrient data for the commercial catchment are not statistical-
ly similar to any of the other three catchments, the plots do
show that nutrient data for the commercial catchment are
more representative of the two residential catchments than
of the industrial catchment.

Typical plots of metal data are shown in figure 9C-E.
The data for total recoverable copper and total recoverable
zinc (plots not shown in fig. 9) are similar to total arsenic
(fig. 9C); each shows markedly higher concentrations for
the industrial catchment. The information shown in figure

16  Rainfall and Runoff Quantity and Quality Characteristics, Fresno, California



9D, total recoverable lead, is unique in that it shows the in- aluminum, manganese, and nickel (not shown in fig. 9) show
dustrial catchment concentrations to be lower than the other the same relation to total recoverable iron (fig. 9E) of high

three catchments. The data for plots of total recoverable  concentrations at the industrial and multiple-dwelling residen-
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tial catchments and low concentrations at the single-dwelling  relation. Both the industrial and multiple-dwelling residen-
residential and commercial catchments. Comparing these  tial catchments have undeveloped land where soil erosion
plots with the suspended sediment (fig. 9F) indicates the same ~ could take place, thus causing the higher suspended-sediment
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concentrations and metal concentrations because these metals
are abundant in soils. Therefore, these metal data may not
be typical of runoff from a fully developed multiple-dwelling
residential or industrial catchment. Data shown for chemical
oxygen demand (fig. 9G) and 20-day biochemical oxygen
demand (fig. 9H) are typical of most constituent concentra-
tion plots, with the industrial catchment concentrations far
exceeding the concentrations at the other three catchments.

The cations (calcium, alkalinity, magnesium, sodium,
and potassium) and the anions (chloride, sulfate, bicarbonate,
nitrate, and ammonia) are shown for each catchment in figure
10. These pie diagrams show average ion concentrations in
milliequivalents per liter (meq/L) for all analyses for each
catchment. In an ideal situation, the total cations in milli-
equivalents per liter will equal the total anions in the same
units within 1 or 2 percent. In instances where the anion plus
cation total is less than about 5.00 meq/L, larger percentage
errors sometimes occur (Hem, 1970). Urban runoff samples
are particularly troublesome because chemical transforma-
tions are occurring rapidly as the dilute rainfall rapidly mixes
with solids on the ground. This explains the slight cation-
anion imbalances seen in the pie diagrams. In spite of the
imbalances, comparisons can be made of the general water
types discharging from each catchment.

As with other inorganic and organic constituents, a dif-
ference between the industrial catchment and the other three
catchments is noticeable. The predominance of sodium and
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chloride from the industrial catchment contrasts sharply with
the more balanced ionic composition of runoff from the
single-dwelling residential, multiple-dwelling residential, and
commercial catchments. The large proportion of sodium
chloride in solution from the industrial catchment is indicative
of the unusual conditions that exist in an industrial catch-
ment. For the other three catchments, the cation calcium and
the anion bicarbonate account for about 50 percent of the
total composition, and the ionic composition for each catch-
ment is similar.

Comparison testing of the fecal-coliform bacteria data
was not done because of the small unbalanced data set, and
the uncertainty of the data. The 6-hour sampling-to-
processing time constraint for fecal-coliform bacteria caused
numerous logistic problems that limited the number of
samples that could be analyzed for fecal-coliform bacteria.
When samples were collected and analyzed within the 6-hour
time limit, a large percentage resulted in culture plates with
colonies too numerous to count. The variability of urban
runoff made it difficult to select a range of sample volumes
that would result in an ideal colony count.

During the first rain season only, 26 dibromochloro-
propane (DBCP) samples were collected from the four catch-
ments. The analytical results for 21 of the 26 samples were
less than the detection limit of 0.003 microgram per liter
(ug/L). Each catchment had at least one sample concentra-
tion greater than the detection limit, with the exception of
the commercial catchment that had two results greater than
the detection limit, including the 0.01-ug/L maximum.

During the second rain season only, 22 volatile organic
samples were collected from the four catchments. The
samples were analyzed for benzene, chlorobenzene, and
ethylbenzene. The analytical results did not produce any con-
centrations greater than the detection limit of 1.0 pg/L.

Variation of Constituent Concentrations Throughout a Storm

Most constituent concentrations were highest in the
initial runoff of a storm. Constituents accumulated on the
catchment since the previous storm and located near the
monitoring site are washed off by the initial storm runoff.
Therefore, the initial runoff results in high constituent con-
centrations because of the low runoff volumes that transport
the collected constituents. Constituents that have collected
on the catchment at greater distances from the monitoring
site also are first transported by small quantities of initial
runoff, but usually are well diluted by the time they reach
the monitoring site resulting in lower constituent concentra-
tions. Therefore, high constituent concentrations associated
with initial washoff are a localized phenomenon.

Constituent concentrations vary during a runoff event
depending upon the type of constituent. Nutrient concentra-
tions generally are highest at the beginning of storm runoff
and then steadily decrease throughout the runoff event ir-
respective to variation in flow (fig. 11). Metal concentra-
tions generally are higher at the beginning of runoff, but vary
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thereafter depending on velocity. This variation probably is
because metals are associated with sediment particles (Gibbs,
1977), and larger sediment particles are transported by higher
velocities. Therefore, the highest metal and sediment con-
centrations usually are found on the rising limb of a
hydrograph (fig. 11). Chemical oxygen demand, 20-day
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biochemical oxygen demand, and specific conductance
(related to ion concentrations) all vary throughout a
hydrograph similar to nutrient constituents (fig. 11).

The plots shown in figure 11 are typical of all the
monitored catchments except for the industrial catchment,
which did not demonstrate constituent concentration patterns

C, Multiple-dwelling
residential catchment

Magnesium

/0187

Sodium

0312
~N

Calcium
_—— 0445

0091 ~_
Nitrate
— 0020
Chloride )
0152 Ammonia
—— 0084
Bicarbonate
-y
D, Commercial catchment
Magnesium
0315 \
; Calcium
Sodium
0325\ £ o~ 0740
_
Chloride Potassium
0167 _—0087
—__Nitrate
Sulfate 0030
0479
Bicarbonate i
0 782 Amon;\g‘ma

AVERAGE OF ALL SAMPLES, IN MILLIEQUIVALENTS PER LITER

CATIONS
[] anons

Figure 10. Average concentrations of dissolved major ions for runoff for each of four monitored catchments.

20  Rainfall and Runoff Quantity and Quality Characteristics, Fresno, California



throughout a storm. A typical constituent concentration plot
for the industrial catchment is shown in figure 12. The plot
shows the highest concentrations of phosphorus and chemical
oxygen demand occurred unexpectedly in the middle of the
hydrograph and were not associated with a peak flow.
Numerous high specific-conductance spikes were recorded

for the industrial catchment during the study period, the
largest of which occurred October 25, 1982, when the
specific conductance rose from 666 to 9,960 microsiemens
per centimeter (uS/cm) in 8 minutes, and then receded to
1,025 uS/cm 24 minutes later. These random concentration
spikes were common for the industrial catchment and
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probably were due to runoff from various point sources in
the catchment. The arrival time was therefore dependent on
the travel time between the point source and the monitoring
point.

On January 11, 1983, an attempt was made to verify
that the high constituent concentrations collected at the begin-
ning of a storm are associated with catchment washoff and

are not a result of flushing the storm-drain monitoring pipe
of residue deposited since the last storm. The test consisted
of simulating storm runoff at the multiple-dwelling residen-
tial site by discharging fire-hydrant water into the monitor-
ing storm-drain pipe at the point where storm runoff enters
the pipe. Samples were collected using the automatic sam-
pling equipment in the same manner as if there was actual
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storm runoff. The first two collected samples along with the
seventh sample (3-minute collection interval between
samples) were sent to the laboratory for analysis of assorted
nutrient and metal constituents. The seventh sample was
selected as a control sample representative of the quality of
the hydrant water. Comparing the laboratory results of the
first two collected samples and the control sample indicated
minimal differences in concentrations. Specific-conductance
readings taken of all seven collected samples also showed
minimal differences. The first hydrant water to reach the
monitoring point was observed to be murky, but by the time
the flow was deep enough to submerge the automatic sampler
intake, the water was clear.

The results of this one-time test indicate that constit-
uent concentrations for samples collected during storms prob-
ably are not biased by storm-drain pipe residue. Although
this test was done at only one location, the results are believed
to be transferable to the industrial and commercial sites
because their storm-drain pipes and monitoring systems were
similar to the multiple-dwelling residential site. This con-
clusion is not transferable to the single-dwelling residential
site because the storm-drain pipe generally was full of water;
tests were not made for this site.

Regression Analysis of Constituent Concentrations

Simple linear regression analysis was used to investi-
gate possible relations between constituent concentrations for
each catchment. This was done using the discrete sample data
and the REG procedure of SAS (Helwig and Council, 1979).
Relations between specific conductance and constituent con-
centrations also were investigated with the intent of using
the relations with specific-conductance data for storms that
did not have laboratory-analyzed constituent concentrations.
The estimated concentrations then were to be used in con-
Jjunction with runoff data to calculate storm constituent loads
(refer to ‘‘Computation of Runoff Constituent Loads’” sec-
tion) for use in additional data analysis.

The regression analysis results provided relations
between nutrient species concentrations, and between specific
conductance and nutrient, alkalinity, and dissolved-solids
concentrations for all catchments except the industrial catch-
ment (table 17). Relations for the industrial catchment could
not be determined because of unexplained variance in the
specific-conductance data. Determination of relations be-
tween dissolved and total recoverable metal concentrations,
and relations between specific conductance and metals,
chemical oxygen demand, and dissolved and suspended
organic carbon concentrations were attempted but produced
no usable results except for the specific conductance and
chemical oxygen demand relation shown in table 17 for the
single-dwelling residential catchment.

Before developing the nutrient and specific conductance
relations, initial washoff samples for all storms were
eliminated from the data set. Initial concentration plots of
specific conductance and nutrient concentrations indicated

that a linear relation existed between the constituents, but
that there also were several outlier data points that usually
plotted to the right of the indicated relation line (fig. 13).
Further analysis revealed that most of these outlier data were
initial washoff samples, indicating that the relation does not
apply during this period. These data were omitted in order
to avoid having these few outlier data points that result from
a small part of the total hydrograph affect the calculation of
the relation that would be applied to estimate concentrations
for the entire storm hydrograph. The omission of these ini-
tial washoff data points produces a relation that estimates
an initial washoff nutrient concentration that probably is
higher than what would be measured. However, the error
associated with eliminating initial washoff sample points has
a small effect on the computed total storm constituent load.

A simple linear relation did not adequately fit the
dissolved nitrite plus nitrate and specific-conductance data
for the single-dwelling residential catchment. Therefore, as
shown in table 17, a polynomial equation was found to pro-
vide the best fit. This was the only constituent or catchment
where a nonlinear relation with specific conductance oc-
curred. Also for the single-dwelling residential catchment,
one relation for each rain season was determined for dis-
solved ammonia plus organic nitrogen and specific conduct-
ance. These relations were found to be statistically different
(«=0.05).

Only the first rain season data were used for develop-
ing the relations for the commercial catchment. The second
rain season’s data were not used because of possible adverse
effects to the data caused by the construction activity adja-
cent to the commercial catchment (Oltmann and others,
1987).

The regression relations and the 95-percent prediction
confidence limits for specific conductance and dissolved
phosphorus, dissolved ammonia plus organic nitrogen,
dissolved nitrite plus nitrate, and dissolved solids are shown
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Figure 13. Relation of dissolved ammonia plus organic nitrogen
and specific conductance using discrete runoff data for multiple-
dwelling residential catchment.
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graphically in figures 14 through 16. For the nonlinear rela-
tion between specific conductance and dissolved nitrite plus
nitrate for the single-dwelling residential catchment, the
predicted dissolved nitrite plus nitrate, caiculated from the
polynomial equation shown in table 17, is plotted against the
measured dissolved nitrite plus nitrate. These relations were
used in conjunction with specific-conductance readings
(Oltmann and others, 1987, table 14) to estimate constituent
concentrations for use in calculating storm constituent loads.

Computation of Runoff Constituent Loads

Storm event constituent loads were computed by using
runoff data and one of the three following approaches:

1. Discrete laboratory constituent concentration data
and the LOADS computer program documented by Doyle
and Lorens (1982).

2. Estimated constituent concentration data and the
LOADS computer program.

3. Laboratory flow-weighted composited samples.
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Storm-runoff constituent loads were computed for the
15 constituents for which rainfall loads were computed in
addition to loads for suspended sediment, suspended organic
carbon, and dissolved solids. Runoff pesticide loads were
not computed because only one or two grab samples were
collected per storm. The major ion pie diagrams shown in
figure 10 also can be used in conjunction with the dissolved-
solids loads to provide estimates of individual ion unit loads.

The LOADS program computes a constituent load
assuming that the constituent concentration varies linearly
between known concentration data points. This may not be
true for all cases, but if there are adequate concentration data
covering the entire runoff hydrograph, the assumption is
within acceptable practice. The assumption may be more
precarious when using metals and suspended-sediment data
because of the variation of these constituent concentrations
with velocity, whereas most other constituent concentrations
tend to decrease uniformly throughout the hydrograph after
initial washoff (fig. 11).
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Figure 14. Results of constituent concentration and specific conductance regression analysis for the single-dwelling residential
catchment. A, Dissolved nitrogen (nitrite plus nitrate). B, Dissolved nitrogen (ammonia plus organic). C, Dissolved phosphorus.

D, Dissolved solids.
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The LOADS program computes an interval load for
each runoff data point by multiplying the interval runoff
volume by the constituent concentration for that data point
(fig. 17). The interval runoff volume is calculated by multi-
plying the runoff rate by the data-record interval. For calcu-
lating interval loads before the first known concentration
point, the first known concentration value is used; for points
after the last known concentration point, the last known con-
centration value is used. The summation of the interval loads
equals the storm load.

The constituent concentration data used in the LOADS
program were either the results of laboratory analysis or
estimated. Constituent concentrations were estimated using
regression equations and field measured specific conduct-
ance, as discussed in the previous section.

Due to analytical costs, not all monitored storms could
have selected discrete samples collected throughout the
hydrograph analyzed individually. Instead, the sampling
equipment was programmed to collect flow-weighted samples
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(Oltmann and others, 1987) that were composited for each
site upon completion of the storm and sent to the laboratory
for analysis. The laboratory constituent concentration results,
equivalent to the event mean concentration (EMC), then were
multiplied by the computed storm-runoff volume (table 4)
to produce a storm-runoff constituent load.

All computed constituent storm loads are listed in tables
18 to 21. The EMC'’s for storm loads not determined from
composite samples were calculated by dividing the total con-
stituent mass discharge (load) by the runoff volume. This
calculation is an attempt to eliminate some data variability
caused by storm volume variability.

Characterization and Regression Analysis of Constituent
Event Mean Concentrations

The first step in characterizing constituent event mean
concentrations (EMC) for each catchment was to determine
which variables affect a constituent EMC. Therefore, the
storm characteristic data in table 4 and the constituent EMC
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Figure 15. Results of constituent concentration and specific conductance regression analysis for the multiple-dwelling residential
catchment. A, Dissolved nitrogen (nitrite plus nitrate). B, Dissolved nitrogen (ammonia plus organic). C, Dissolved phosphorus.

D, Dissolved solids.
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data in tables 18 to 21 were combined and plots generated
which compare EMC’s and (1) number of days since first
storm of rain season (SFIRST), (2) number of dry hours since
last storm (DRYHRS), (3) storm-runoff volume (RUNOFF),
and (4) maximum 20-minute rainfall total (MAX20).

The EMC compared to number of days since first storm
of rain season (SFIRST) plots for all but the industrial catch-
ment show that the highest EMC’s for most constituents occur
for the first two or three storms of the year and then tend
to become quasi-constant for the remainder of the rain season
(fig. 18). This seems to indicate that at least two or three
storms are required to wash off the constituents that have
accumulated on the catchment throughout the dry months
(usually May through September) preceding the rain season.
All three nutrient species plots showed this high early-storm
EMC pattern as did the plots for dissolved solids and sus-
pended sediment and most of the metal plots. The organic
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carbon, chromium, and mercury plots did not show any pat-
tern, as did most of the industrial catchment plots.

The EMC compared to DRYHRS showed the expected
trend of large EMC values associated with larger DRYHRS
(fig. 19). This relation indicates that the catchment begins
accumulating atmospheric dry deposition, vehicular deposi-
tion, and other sources of constituents immediately after a
storm, and that the longer the time since the last storm, the
more material available to be washed off.

The EMC compared to storm-runoff volume plots
showed the inverse trend of smaller EMC values associated
with larger runoff volumes (fig. 20). This relation indicates
that if a small storm occurs that washes off only part of the
accumulated pollutants, the EMC will be higher than if a
large storm occurs washing off all the available pollutants.
This difference in the EMC is a result of the greater degree
of dilution associated with the larger runoff volumes. This
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Figure 16. Results of constituent concentration and specific conductance regression analysis for the commercial catchment. A,
Dissolved nitrogen (nitrite plus nitrate). B, Dissolved nitrogen (ammonia plus organic). C, Dissolved phosphorus. D, Dissolved solids.
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Figure 17. Computation of runoff load using LOADS program.

relation is particularly evident in the case of a highly imper-
vious catchment, such as the commercial catchment where
the accumulated constituents are rapidly washed off; as the
storm progresses, the discrete constituent concentrations ap-
proach the concentrations of the rainfall. Therefore, the
longer the rainfall continues, the larger the runoff volume
and the lower the resulting EMC.

The EMC compared to maximum 20-minute rainfall
total plots did not show any trends.

After completion of plotting the EMC data, multiple
linear regression was used with constituent EMC’s as depend-
ent variables regressed against the independent variables
SFIRST, DRYHRS, and storm-runoff volume. The intent
of this regression analysis was to further characterize the
EMC data, and to develop equations that could be used to
estimate constituent EMC’s for each of the different land-
use types. The resultant estimated EMC could be combined
with a storm-runoff volume estimated from the rainfall-runoff
equations shown in figure 6 to produce constituent storm-
runoff load estimates for use in future evaluation or design
studies.

Before applying regression analysis, the one or two
large EMC values associated with the first few storms of the
rain season were eliminated from the catchment data sets.
These large EMC values were eliminated because their in-
clusion would produce a regression equation that would pro-
vide a positive bias to EMC estimates calculated for most
of a rain season’s storms. In other words, the equations would
be applicable for all but 2 or 3 of a rain season’s 30 to 50
storms and would not be affected by those 2 or 3 storms.
Because of the limited number of constituent EMC values
for early rain season storms, development of EMC estimating
equations for early rain season storms was not attempted.

The results of regression analyses indicated that all
three independent variables were significant for some con-
stituent EMC’s for some catchments, and none of the
variables were significant for other constituents. The inde-
pendent variables for each catchment that were significant
(a=0.05) for all but 2 of the 18 constituents that have com-

puted runoff loads are shown in table 22. EMC regression
relations were not attempted for aluminum and manganese
because of the small number of EMC values.

The predominant significant independent variables that
affect nutrient EMC’s are DRYHRS and RUNOFF. This in-
dicates that material accumulates on the catchment with
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respect to time between storms (DRYHRS), and is fairly
easily washed off by a storm with the EMC dependent upon
the volume of runoff that dilutes the accumulated material
(RUNOFF).

SFIRST is the predominant significant independent
variable for the metal EMC'’s for the two residential catch-
ments. SFIRST also is the only significant variable for
suspended sediment. Metals are transported in association
with sediment particles (Gibbs, 1977). Therefore, the sig-
nificance of SFIRST seems to indicate that the entire rain
season may be needed to wash the summer accumulated
sediments and metals from the catchment, because sediment
is more difficult to transport than other constituents. The
commercial catchment is washed of summer accumulated
metals during the early storms. Afterwards, only a few metal
EMC'’s (copper and zinc) are affected by DRYHRS, in-
dicating that these metals accumulate on the catchment
between storms.

The EMC'’s of total arsenic, total recoverable nickel,
and dissolved organic carbon were not significantly related
to the three independent variables for any of the four catch-
ments. The significant independent variables for chemical
oxygen demand, suspended organic carbon, and dissolved
solids varied between catchments.
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Figure 19. Comparison of constituent event mean concentra-
tions and number of dry hours since last storm. A, Multiple-
dwelling residential catchment. B, Commercial catchment.

The results of the EMC estimate regression analysis
for each catchment are listed in table 23 for each constituent
that has a significant independent variable (table 22). The
*‘percentage of variation explained”’ (R? adjusted for sam-
ple size) for many of the relations is fairly low; however,
the estimated EMC provided by the regression equations are
better estimates than using the mean of the EMC’s. This is
apparent by looking at how R2 is computed:

R?= (SSt0t-SSres )/ SStor,
where
8580 is the sum of the squares of the residuals about
the mean of the dependent variable EMC, and
88,5 is the sum of the squares of the residuals about
the EMC regression.

Therefore, the smaller SS,,;, the better the relation, and the
higher the percentage of variation explained. However,
unless SS,.5=S55;,, the regression equation explains some
of the variance of the dependent variable and is a better
predictor of the dependent variable than using the mean of
the dependent variable. The independent variables used in
the regressions are shown to be statistically significant, but
the R? values are low because there probably are other
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Figure 20. Comparison of constituent event mean concentra-
tions and runoff volume. A, Single-dwelling residential catch-
ment. B, Commercial catchment.
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variables which affect constituent EMC’s for which data are
not available and, therefore, were not included in the
analysis.

If regression analysis did not produce useful results,
the mean EMC would have to be used to estimate the EMC.
A statistical summary, including means of the EMC data
shown in tables 18 to 21, is shown in table 24. The max-
imum EMC for the study period also is shown in table 24.
The calculation of the mean excludes the early season high
EMC’s as also was done before regression analysis.

Because of the unusually high rainfall total during the
second rain season, the calculated mean EMC’s for some
constituents and for some catchments probably are lower than
the normal constituent EMC. The low mean EMC is due to
the greater degree of dilution associated with the larger runoff
volumes during the second rain season as previously
discussed.

Inspection of the calculated EMC’s for the second rain
season for the commercial catchment indicates substantial
increases in the EMC of suspended sediment, and total
recoverable lead, iron, and nickel compared to the EMC for
the first rain season. These increases probably are due to
the adjacent construction activity and, therefore, were not
included in the statistical summary.

Estimation of Land-Use Mean Annual Constituent Unit Loads

Estimates of mean annual constituent unit loads (pounds
per acre) for each land-use catchment were calculated using
the mean annual Fresno rainfall, mean rainfall-runoff coef-
ficient, and mean constituent event mean concentrations
(EMC’s). Constituent unit loads were estimated for the 18
constituents that had calculated storm loads (tables 18 to 21).
The estimated mean annual constituent unit loads for each
catchment are shown in table 25.

Unit load estimates were computed by multiplying the
mean rainfall-runoff coefficient for each catchment (table 5)
by the mean annual rainfall of 10.24 inches to produce the
average annual catchment runoff. The mean annual catch-
ment runoff was multiplied by the mean of the constituent
EMC’s listed in table 24 with the resultant product divided
by the catchment drainage area to produce the constituent
unit load.

In deriving these estimates, no attempt was made to
eliminate the bias of the rainfall-runoff coefficient and EMC
data caused by the extreme high rainfall total during the
second rain season. The two biases were assumed to cancel
each other, and that any residual effect would not significantly
affect the estimates.

The rainfall-runoff coefficient data for the second rain
season has a positive bias because the coefficient tends to
increase with increased quantities of rainfall. This increase
is due to a larger quantity of rainfall draining off the catch-
ment after the soils become saturated and the depression areas
become full. Therefore, as shown by the data in table 4, the
larger a storm, the higher the rainfall-runoff coefficient.

As previously discussed, the mean EMC data shown
in table 24 probably has a negative bias. This bias is due
to the greater degree of constituent dilution associated with
larger runoff volumes.

It must be emphasized that transfer of these land-use
constituent unit load estimates to other catchments outside
and even within the Fresno area must be done with extreme
caution. The monitored catchments are assumed to be repre-
sentative land-use catchments for the Fresno area; however,
this has not been verified. Also, data are not available from
a similar land-use catchment in Fresno that could be used
for comparing data variability between similar land-use
catchments.

Even though most constituent concentrations for the in-
dustrial catchment are substantially higher compared to the
commercial catchment, the data in table 25 shows that most
unit loads for the two catchments are similar. This is due
to the large difference in runoff volume from the two catch-
ments. Phosphorus was the only constituent that had a unit
load at one catchment substantially different from the other
three catchments; the industrial catchment unit load is about
10 times higher than for the other catchments.

Dry-Weather Runoff Samples

During the months of August and September 1982,
stage records of dry-weather runoff were periodically col-
lected at the two residential sites in an attempt to estimate
the volume of runoff during the summer months. The record
for the multiple-dwelling residential catchment was fairly
consistent from day to day because of the runoff from early
morning lawn watering by automatic sprinkler systems. The
data for the single-dwelling residential catchment were more
sporadic with respect to flow periods. Based on the periodic
stage records, the monthly dry-weather runoff volume for
each of the residential catchments was estimated to be about
1 percent of the total annual runoff volume.

On September 3, 1982, grab samples of dry-weather
runoff were collected at each of the two residential sites. The
samples were sent to the laboratory for analysis of the con-
stituents shown in table 2. The laboratory results were com-
pared with the mean constituent concentrations of the discrete
runoff samples shown in tables 13 and 14. The comparison
showed that the dry-weather nutrient concentrations were all
less, except for nitrate and nitrite plus nitrate, than the mean
storm-runoff concentrations for the multiple-dwelling resi-
dential catchment. This also was true for the results of the
single-dwelling residential dry-weather nutrient concentra-
tion, except for all the phosphorus species, which had
concentrations two to three times higher than the mean storm-
runoff concentrations.

Dry-weather metal concentrations for both catchments
generally were less than the mean storm-runoff concentra-
tions, except for arsenic which were about double.

All dry-weather major-ion concentrations for both
catchments were about four to five times higher than the mean
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storm-runoff major-ion concentrations. This probably is
because the dry-weather runoff water is predominantly
municipal supply water taken directly from the aquifer
underlying Fresno.

Only two pesticides, diazinon and malathion, had
substantially higher dry-weather concentrations compared to
the mean storm-runoff concentrations. The diazinon dry-
weather concentrations were about three times higher than
the mean storm-runoff concentrations, and malathion con-
centrations were about double. Both pesticides commonly
are used by homeowners.

Atmospheric Dry-Deposition Quality Samples

Atmospheric dry-deposition samples were collected on
an approximate 60-day interval from November 25, 1981,
through April 19, 1983, at one site in the industrial and
single-dwelling residential catchments. A statistical summary
of these samples for each of the two sites is presented in tables
26 and 27.

Dry-deposition data are quite variable. Experience has
shown that the amount of material collected in a dry-
deposition collector bucket is highly affected by the loca-
tion of the bucket with respect to the ground and street, wind
conditions, and the activity in the surrounding area. The two
deposition collectors used in this study were mounted in
similar positions about 10 feet above the ground on the roof
of the studies’ instrumentation shelters and about 30 to 40
feet from light traffic-density streets. This similar position-
ing decreases some of the data collection variability between
sites, but the collected data are unlikely to represent dry
deposition over the entire catchment; therefore, catchment
dry-deposition loads were not computed. Because of the
variability of dry-deposition data, the following discussion
will be more of a qualitative nature than quantitative even
though quantitative numbers will be used.

The conventional reporting units for dry-deposition data
are mass-concentration units (tables 26 and 27). Interpreta-
tion of the data using these units can be misleading. Plots
of total recoverable lead from dry deposition in mass-
concentration units compared to time for the two sites are
shown in figure 21. The plots show the highest lead concen-
trations occurring during the first few months of the rain
season with the lowest concentrations occurring during the
spring months. The other plot shown on the figure is the
deposition rate for the sample collection period of the total
dry-deposition material collected. These plots show the total
dry-deposition rate to be higher during the dry-weather
periods than during the wet-weather periods. They also show
that the total dry-deposition rate plots are completely out of
phase from the mass-concentration plots. A lead deposition
rate was calculated for each sample. The results showed a
mean deposition rate range of 1.3 to 3.3 ug/d for the in-
dustrial site and 2.1 to 4.8 ug/d for the single-dwelling

residential site. These small ranges indicate that the lead
deposition rate is fairly uniform throughout the year.
Therefore, the lead mass-concentration data and all other
constituent mass-concentration data are significantly
affected by the bulk dry-mass deposition rate at the sampling
location.

It is noteworthy that the lead mass-concentration plots
for the two sites show the same cyclic pattern as did plots
of other constituent mass concentrations with time (fig. 22).
This cyclic pattern implies that the deposition rate of most
of the constituents also is fairly uniform throughout the year.
The consistency of the plots for the two sites indicate that
the patterns of dry deposition at the two sites are quite similar.

Street-Surface Particulate Quality Samples

Street-surface particulate samples were collected using
a stainless steel canister shop vacuum and a random stratified
data collection network (Oltmann and others, 1987) for each
of the four catchments. The initial intent of collecting the
samples was to define a catchment particulate buildup curve,
and to determine which constituents at what concentrations
are present on the street surfaces. It became evident very
early that the definition of a particulate buildup curve was
not possible because of the inaccuracies of data collection.
For example, the 20 to 25 curb-to-curb samples (Oltmann
and others, 1987) collected for each catchment and com-
posited for laboratory analysis represents only about 0.1
percent of the catchment street-surface area. The multiple-
dwelling residential and industrial catchments often had small
sand and silt deposits in the gutters because of erosion from
adjacent slopes. If the vacuum got too close to these deposits,
the large amount of material which could be inadvertently
collected compared to the amount collected from the other
curb-to-curb samples could bias the sample. Because of these
types of errors, no street-surface particulate loads will be
computed. A statistical summary by catchment of the
laboratory constituent concentration data for the analyzed
samples is presented in tables 28 through 31.

The high constituent concentrations for some of the
metals and organic constituents obtained at the commercial
catchment probably are a result of the parking lot being com-
mercially swept daily. The sweeper removes the large gravel-
size material, but is unable to remove all the fine-grained
material. There is a greater percentage of particulate sur-
face area per volume of material for fine-grained material
compared to large-grained material. Metals and organics tend
to adsorb to the surface of fine-grained particulate material;
therefore, the constituent mass concentration values for the
commercial catchment are considerably higher than for the
other three catchments. These data do not signify, however,
that the surface of the commercial catchment contains larger
amounts of constituents than the surface of the other three
catchments.
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Comparison of Rainfall and Runoff Quality Data

Constituent rainfall loads (tables 10 and 11) and runoff
loads (tables 18 to 20) for the industrial, single-dwelling
residential, and multiple-dwelling residential catchments were

combined into one data set to investigate the relation between
catchment constituent rainfall and runoff loads. Rainfall
quality data are available only at the industrial and single-
dwelling residential sites, but because the single-dwelling
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residential and multiple-dwelling residential catchments are
less than 0.75 mile apart, the rainfall quality data collected
at the single-dwelling residential site are assumed represent-
ative of the rainfall quality for the multiple-dwelling residen-
tial catchment. Rainfall quality data for the single-dwelling

residential site were not used for the commercial catchment
because the catchments are 2 miles apart, and the rainfall
quality data may not be transferable for that distance.
The comparison between rainfall loads and runoff loads
was done assuming that the rainfall load constituents would
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not be altered in any way during runoff. The rainfall loads
shown in tables 10 and 11 represent the total amount (in
pounds) of a constituent that landed on the catchment for that
particular storm. In order to compare these loads with runoff
loads, the rainfall load was multiplied by the rainfall-runoff
coefficient (table 4) for that particular storm to provide that
part of the rainfall load which drained off the catchment.
These rainfall drainoff loads and runoff loads for selected
constituents for the industrial and two residential catchments,
and the percentage of the runoff constituent load attributable
to rainfall are shown in table 32. The rainfall loads of the
multiple-dwelling residential catchments were determined by
adjusting the rainfall loads for the single-dwelling residen-
tial catchment (table 11) based on drainage area difference
before multiplying by the rainfall-runoff coefficient. Rain-
fall constituents for which most of the concentrations were
less than the analytical detection limit were not used. Because
of the high degree of unexplained variability in the percent-
age rainfall load data and the small number of observations,
the median value was chosen for comparison purposes.

Comparing the median percentage rainfall-load data for
organic nitrogen plus ammonia and nitrite plus nitrate in-
dicate that the two residential catchments are similar. Both
show that a high percentage of the runoff load for these two
constituents is attributable to rainfall (single-dwelling residen-
tial, 47 and 42 percent, respectively; multiple-dwelling
residential, 56 and 44 percent, respectively). The median
percentage rainfall load for the industrial catchment for these
two constituents showed much lower values (10 and 25 per-
cent, respectively) compared to the two residential catch-
ments. Because a statistical difference was not found between
the rainfall quality data for the industrial and single-dwelling
residential sites for nitrite plus nitrate (table 9), the rainfall
loads also should be equivalent. Therefore, the lower percent-
ages are due to the higher nitrite plus nitrate runoff loads
for the industrial catchment compared to the residential catch-
ments. Ammonia plus organic nitrogen was statistically dif-
ferent in rainfall between sites (table 9). However, the runoff
load for the industrial catchment is about five times larger
than for the single-dwelling residential catchment (table 25),
which explains the large difference in percentage of runoff
load attributable to rainfall. Phosphorus shows the same rela-
tion between catchments as the nitrogen species, however,
the rainfall percentages are all 10 percent or less.

The remaining constituent data shown in table 32 also
show that the rainfall load contribution is smaller for the in-
dustrial catchment than the residential catchments, except for
total recoverable lead. This reversal of the trend is because
lead is one of the few constituents that has lower runoff con-
centrations for the industrial catchment compared to the
residential catchments (table 24). The difference between
constituent median rainfall percentage for the two residen-
tial catchments is due to the variation in the constituent runoff
loads at the two catchments. For example, the multiple-
dwelling residential catchment event mean concentration

(EMC) for total recoverable iron (table 24) is almost three
times higher than for the single-dwelling residential catch-
ment. Therefore, the median rainfall percentage for the
multiple-dwelling residential catchment is about one-third that
of the single-dwelling residential catchment.

The difference between the rainfall drainoff load and
the storm-runoff load represents the load attributable to catch-
ment washoff. Some of the sources that contribute to this
washoff load consist of atmospheric dry deposition, vehicular
deposition, animal waste, fertilizers, and overland flow of
erosion material.

Average ion concentrations in milliequivalents per liter
for all sampled storms during the study at the three rainfall
sampling sites are shown in a pie diagram (fig. 23). When
comparing this diagram with those shown for runoff in figure
10, it is evident that the rainfall composition is quite different
from the composition of runoff from the industrial catchment,
but similar to the other three land-use sites. The effects of
basin washoff on ionic composition is much greater for the
industrial catchment than any of the other three catchments
and is indicative of the land-use characteristics in the in-
dustrial catchment.

Pesticides

Because Fresno is in the highly agricultural San Joa-
quin Valley, pesticides commonly used in the area were
analyzed for in runoff from each catchment, rainfall, atmos-
pheric dry-deposition, and street-surface particulates. For
catchment runoff, discrete grab samples were collected dur-
ing storms to avoid contamination by the organic-based com-
ponents of the automatic sampling equipment. Precipitation
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and dry-deposition samples were collected using metal and
glass samplers that were placed in position by hand before
and after storms. Dry-deposition samples were difficult to
collect because of trace amounts of precipitation that would
unexpectedly occur, washing the sample off the collector.
Automatic wetfall/dryfall collectors were not used for the
same reasons mentioned above for catchment-runoff samples.
Street-surface particulate samples were collected using a
high-powered stainless steel vacuum at selected locations in
each basin. A detailed discussion of collection methods is
in Oltmann and others (1987).

The pesticides analyzed during the study for each of
the four data types are shown in table 33. Not all the pesti-
cides in the list were analyzed for each data type (rainfall,
runoff, dry deposition, and street particulate). A statistical
summary of pesticides identified in samples from all three
of the rainfall monitoring sites is shown in table 34. Com-
parisons between these sites showed no statistically signifi-
cant difference (a=0.05) for any of these pesticides. See
page 13 for a discussion of the statistical techniques used.

Results from the laboratory monitoring site are not used
in the following discussion because data were collected only
during the second year to verify results at the other two sites.
The organophosphorus compounds, parathion, malathion,
and diazinon, were the most prevalent in the rainfall during
the study period. The occurrences of parathion and diazinon
were shown to be correlated (R=0.71) using PROC CORR
of SAS (Helwig and Council, 1979). These two insecticides
are used in the San Joaquin Valley primarily as dormant
sprays on fruit trees, which probably accounts for their oc-
currence in the rain. The most common application method
used is a high-volume, truck-mounted sprayer that tends to
suspend large quantities of spray into the air, facilitating
movement by wind currents. Some diazinon was detected
in the early season storms in September, October, and
November (fig. 24), but parathion did not become evident
until the late December and January storms (fig. 24). Both
compounds were detected throughout the remainder of the
rain season. The concentrations observed seem to be depend-
ent on the storm rainfall total and the length of time since
the last storm. Concentrations generally were higher during
the first year, but loadings generally were higher during the
second year due to the higher storm rainfall totals. An ex-
ample of this can be seen for parathion in figure 25. Mala-
thion, whose usage has decreased in recent years, occurred
in low concentrations during the study, and its occurrence
was more variable than either parathion or diazinon (fig. 26).

The organochlorine insecticides and the chlorophenoxy
acid herbicide, 2,4-D, were not detected as often or in as
large a concentration as parathion or diazinon. Insecticides
in the organochlorine group and 2,4-D are applied primar-
ily by aircraft in the San Joaquin Valley. Organochlorine in-
secticides have been reported in rainfall in previous studies
including Bevenue and others (1972), Eisenreich and others
(1981), and Strachan and Huneault (1979). Most of the oc-

currences in this study were during the first year when there
was considerably less rainfall than during the second year.
Chlordane was detected during the first sampled storm of
the study and once subsequent to that at the industrial site.
The rest of the time it was at or less than the detection limit
of 0.10 ug/L (fig. 27). Methoxychlor was greater than the
detection limit only during March of both years (fig. 27).
Endosulfan was detected during March of both years and at
the single-dwelling residential site in October of the second
year (fig. 27). Lindane was detected only once at the single-
dwelling residential site and seven times at the industrial site,
five of those times coming during the first year of the study
(fig. 27). The chlorophenoxy acid herbicide, 2,4-D, was
detected during January to March of both years (fig. 28).

Of the eight pesticides detected in the rain, only
parathion, diazinon, malathion, chlordane, lindane, and 2,4-D
occurred regularly in the catchment runoff grab samples. A
statistical summary of the six pesticides in runoff is shown
in table 35. All other pesticides detected in runoff occurred
very infrequently in each of the four catchments. Chlordane
occurred more frequently in the catchment runoff than it did
in the rainfall. The use of this product in urban areas to con-
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trol ants and termites may be the reason that its occurrence
is more frequent in runoff. Diazinon and malathion are
readily available products for use in yards and gardens in
urban areas as well as being used extensively in agriculture.
Both of these occurred as frequently in runoff from all four
catchments as they did in the rain. Parathion also occurred
frequently in runoff from each catchment. Because of its
primarily commercial agricultural uses and high concentra-
tions in the rainfall, it probably is being imported into the
urban area from surrounding agricultural areas. Lindane is
used in residential and structural pest control. The herbicide
2,4-D is used commercially in the surrounding agricultural
communities.

The only pesticide that seems to correlate with land
use is chlordane. The single-dwelling residential, multiple-
dwelling residential, and commercial catchments all had more
frequent occurrences of chlordane than did the industrial
catchment.

All of the pesticides detected in atmospheric dry deposi-
tion also were detected in catchment runoff and rainfall (table
33). In addition, most pesticides detected in the street-surface
particulate samples were detected in the catchment runoff
(table 33). A complete listing of all pesticide data are given
in Oltmann and others (1987).

COMPARISON WITH WATER-QUALITY CRITERIA
AND STANDARDS

The city of Fresno gets its drinking water from ground
water that is in part recharged by urban runoff collected in

I‘ul lquk

Sept. Oct. Nov. Dec. Jan. Feb.  Mar.

1081 1982 1983

storm rainfall totals at the single-dwelling residential site.

recharge basins. Because of this, there is interest in how the
quality of the urban runoff compares with drinking water
standards. Water that exceeds specific criteria prior to
recharge will not necessarily pose problems to the ground-
water supply, but may require close monitoring. Schematic
plots and criteria values of constituents for which there
are drinking water regulations established by the U.S.
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Figure 26. Malathion concentrations in storm-composite rain-
fall samples collected at industrial and single-dwelling residen-
tial sites.
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Figure 27. Organochlorine insecticide concentrations in storm-composite rainfall samples collected at industrial and single-dwelling
residential sites. A, Chlordane. B, Endosulfan. C, Lindane. D, Methoxychlor.
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Figure 28. 2,4-D concentration in storm-composite rainfall
samples collected at industrial and single-dwelling residential
sites.
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Environmental Protection Agency (1977, 1979) in the Safe
Drinking Water Act, Title 40, parts 141 (primary) and 143
(secondary) are shown in figures 29 and 30. Mandatory limits
in the Safe Drinking Water Act are referred to as primary
drinking water regulations (fig. 29), and the recommended
limits are referred to as secondary drinking water regula-
tions (fig. 30).

SUMMARY

The Fresno Metropolitan Flood Control District
(FMFCD) has routed urban stormwater runoff to local man-
made retention basins since 1956. These 10- to 15-acre basins
allow the runoff water to percolate through the underlying
soil where it recharges the aquifer that underlies the city of
Fresno. The aquifer is the source of the city’s domestic water
supply and has been designated as a ‘‘Sole-Source Aquifer’’
by the U.S. Environmental Protection Agency (EPA).

FMFCD received a grant from EPA under the National
Urban Runoff Project (NURP) to investigate the potential
environmental effects associated with recharge of urban

Rainfall and Runoff Quantity and Quality Characteristics, Fresno, California



stormwater runoff. FMFCD requested the U.S. Geological  Agriculture in Fresno to investigate the effects of stormwater
Survey to characterize stormwater runoff from four different  runoff and its constituents on the ground-water supply and
land-use catchments and requested the U.S. Department of  local soils.
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Rainfall and runoff quantity and quality from an indus-
trial, single-dwelling residential, multiple-dwelling residen-
tial, and commercial land-use catchment were monitored
during the 1981-82 and 1982-83 rain seasons. Discrete
runoff samples were collected throughout storms in addition
to storm composite rainfall samples, and were analyzed for
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Figure 29. Continued.

numerous physical, inorganic, organic, and biological con-
stituents. Atmospheric dry-deposition and street-surface par-
ticulate samples were collected and analyzed.

Storm characteristics data were calculated and compiled
for the two rain seasons. Rainfall total, number of dry hours
since last storm, and maximum 20-minute rainfall intensity
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were used as independent variables to develop rainfall-runoff
multiple regression equations for all four catchments. Rain-
fall total was the only statistically significant independent
variable at the 0.05-significance level for the commercial
catchment. All three variables were significant for the
multiple-dwelling residential catchment. Rainfall total and
number of dry hours since last storm were the only signifi-
cant variables for the single-dwelling residential and indus-
trial catchments.
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Results of nonparametric statistical comparison testing
showed there was no statistical difference at the 0.05-
significance level for rainfall constituent concentrations
between rain seasons at the single-dwelling residential site.
At the industrial site, only dissolved phosphorus and dis-
solved organic carbon were statistically different between
rain seasons. Results of comparison testing among rainfall
sites showed significantly higher concentrations of ammonia
plus organic nitrogen, ammonia, pH, and phenols in rain-
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fall at the industrial site than for the two residential sites.

The highest runoff concentrations for most constituents
from the residential and commercial catchments occurred
during the initial storm runoff and then decreased throughout
the remainder of the storm, independent of hydraulic condi-
tions. Metal concentrations generally were higher during ini-
tial runoff, but also increased as flow increased. Most runoff
constituent concentrations from the industrial catchment fluc-
tuated greatly during storms; numerous unexplained concen-
tration spikes were monitored.

Results of nonparametric statistical comparison testing
of runoff constituent data showed significantly higher con-
centrations for the industrial catchment compared to the
residential and commercial catchments for almost all 62
monitored nonpesticide constituents. Of the 62 monitored
constituents, only 10 were determined to have comparable
concentrations between the industrial catchment and at least
one of the other three catchments. Total recoverable lead was
one of the very few constituents that had lower concentra-
tions for the industrial catchment compared to the other three
catchments. Sodium and pH were the only constituents that
had significantly different concentrations for all four catch-
ments. For the two residential catchments, 50 of the 57
monitored constituents were determined to have statistical-
ly equivalent runoff concentrations. Of the 12 constituents
determined to be significantly different, the higher suspended
sediment, iron, aluminum, and manganese concentrations for
the multiple-dwelling residential catchment probably are the
result of soil erosion from undeveloped land areas and,
therefore, are not really representative of urban runoff. The
commercial catchment runoff concentrations for most con-
stituents generally were similar to concentrations for the
residential catchments.

Numerous constituent concentration relations were
developed for all but the industrial catchment using linear
regression analysis. The most noteworthy relations were
those between specific conductance and dissolved organic
nitrogen plus ammonia, dissolved nitrite plus nitrate, and
dissolved phosphorus. The lowest ‘‘percentage of variation
explained’’ for these nine relations was 86 percent. These
equations were used to estimate concentrations that were then
used to compute storm constituent loads.

Constituent event mean concentrations (EMC’s) were
calculated from computed storm-runoff loads. The EMC for
most constituents for all but the industrial catchment were
highest for the first two or three storms of the year after which
they became quasi-constant for the remainder of the rain
season. The industrial constituent EMC’s generally did not
show any pattern.

EMC multiple regression predictor equations were
developed for some constituents using number of dry hours
since last storm, runoff volume, and number of days since
first storm of rain season as independent variables. Number
of dry hours since last storm and runoff volume were the
predominant independent variables, which indicates that

material accumulates on the catchment with time between
storms, and that the EMC is dependent upon the volume of
runoff that washes off and dilutes the accumulated material.

Average annual constituent unit loads were computed
for 18 constituents for each catchment using the average
Fresno annual rainfall total, the average rainfall-runoff coef-
ficient for each catchment, and the average constituent
EMC’s for each catchment. Although most constituent con-
centrations for the industrial catchment are substantially
higher compared to the commercial catchment, the unit loads
for the two catchments are similar because of the large dif-
ference in catchment runoff volume. Phosphorus is the only
constituent that has a unit load for one catchment that is
substantially different from the other three catchments; the
industrial catchment unit load is about 10 times higher than
that for the other catchments.

Forty to fifty percent of the nitrogen runoff loads for
the two residential catchments were attributed to the rainfall
load. In the case of phosphorus, 10 percent or less of the
runoff load was attributable to rainfall. These percentages
are considerably less for the industrial catchment because
of the larger runoff nutrient loads for the industrial catch-
ment compared to the residential catchments. The same can
be said for other constituents, except for lead which is one
of the very few constituents that had lower runoff concen-
trations for the industrial catchment compared to the residen-
tial catchments. Rainfall metal load percentages generally
were smaller than for nutrients.

The difference between the rainfall load and the runoff
load represents the load attributable to catchment washoff.
Some of the sources that contribute to this washoff load con-
sist of atmospheric dry deposition, vehicular deposition,
animal waste, fertilizers, and overland flow erosion material.
Because of the uncertainty of collecting atmospheric dry-
deposition and street-surface particulate data, the samples
collected of these types of data were not used to compute
catchment loads for use in catchment pollutant budget
analysis.

The conventional use of mass-concentration units for
the reporting of atmospheric dry-deposition and street-surface
particulate constituent concentrations can be misleading.
Time-series plots of dry-deposition constituent concentrations
show a cyclic pattern throughout the year. However, time-
series plots of total dry-mass deposition rate also are cyclic,
but totally out of phase from the concentration plots. This
indicates that dry-deposition mass-concentration data are
significantly affected by the bulk dry-mass deposition rate.

The street-surface particulate mass-concentration data
for some of the metal and organic constituents for the com-
mercial catchment are considerably higher than for the other
three catchments. These higher concentrations are due to the
removal of the large gravel-size material by a daily com-
mercial sweeping service and are not indicative of larger
amounts of these constituents on the surface of the commer-
cial catchment compared to the other three catchments. The
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sweeper is unable to remove all the fine-grained material,
which has a greater percentage of particulate surface area
per volume of material compared to the coarse-grained
material. Metal and organic constituents tend to adsorb to
the surface of fine-grained particulate material, thus resulting
in higher mass concentrations.

The organophosphorus compounds, parathion, diazi-
non, and malathion were the most prevalent pesticides
detected in rainfall. Other detected pesticides in rainfall in-
cluded chlordane, lindane, methoxychlor, endosulfan, and
2,4-D. Of these, only methoxychlor and endosulfan were not
consistently detected in the runoff. Chlordane occurred more
frequently in runoff than in rainfall. In addition, pesticides
detected in atmospheric dry-deposition and street-surface par-
ticulate samples were detected in rainfall and runoff.
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Table 1. Characteristics of the four monitored urban-runoff catchments

[., no data available]

Catchment
Single- Multiple-
Catchment characteristic Industrial dwelling dwelling  Commercial
residential residential

Contributing drainage area

(acres) 278 94.0 46.1 61.8
Impervious area (percentage of

drainage area) 52.5 43.4 57.0 98.9
Average basin slope (ft/mi)-————--—- 8.00 7.90 7.03 13.8
Main conveyance slope (ft/mi)------ 8.00 28.6 9.96 5.70
Permeability of a horizon of

soil profile (inches/hour)-—---— 2.70 3.75 7.50
Soil-water capacity (inch of

water/inch of so0il)———==-———eueen 0.12 0.12 0.07
Soil-water pH of the A horizon—-—--- 6.7 6.7 6.7 .
Hydrologic soil group, SCS

methodologyl B B A .
Population density (person/miZ?)-——-- 0 7,700 16,400 0
Street density (lanes/mi?)——————-ux 16 47 39 11
Land use, percentage of drainage

area:

Low-density residential———————e— 0 9.0 0 0

Medium-density residential-—————- 0 87.3 0 0

High-density residential-——————u- 0 0 87.0 0

Commercial 0 0 0 100.0

Industrial 65.8 0 0 0

Idle or vacant 34.2 3.7 13.0 0
Detention storage, within catch-

ment associated with storage

facilities (acre-feet of storage) 0 0 0 0
Percentage of area drained by

storm-sewer System————————————=—- 100.0 100.0 100.0 100.0
Percentage of streets with curb

and gutter drainage——=———=-—=—=--- 47.0 100.0 96.3 100.0
Percentage of streets with ditch

and swale drainage 53.0 0 3.7 0

15611 Conservation Service (SCS) designations:

infiltration rate; B, soils having a moderate infiltration rate.
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Table 2. Quality constituents analyzed for in rainfall, runoff, atmospheric dry-deposition, and street-surface particulate samples

[Type of sample: x, analyzed for during both rain seasons; 1, analyzed for during 1981-82 rain

season only; 2, analyzed for during 1982-83 rain season only; 3, analyzed for September 3, 1982;
., no data available. Atmospheric dry deposition: Material was washed from a collection bucket
with deionized water and then analyzed as a water sample. Street-surface particulate: All con-
stituents are total recoverable from dry samples. Atmospheric dry-deposition and street-surface
particulate samples are reported in mass concentration units]

Type of sample

Property or constituent

Atmospheric Street- Dry-
Rainfall Runoff dry surface weather

deposition particulate runoff

INORGANICS
Specific conductance-----=----c-c=-cccccooccaaonan

L
L]

Major ions

*Hardness, total (as CaC0j3)--------=-==-=---=neaeca-
Calcium, dissolved-------------cccc-cocoonoanono-
Magnesium, dissolved----==-==occccccccancccaacna"
Sodium, dissolved---------------cc-cccccocnaoaao-
Potassium, dissolved---------=ccccomccmconencnao-
Alkalinity, total (as CaCQg)======m=====c=coca-n-
Sulfate, dissolved---==-==--=ccc-ccccccononnaaono
Chloride, dissolved--=---=--moccccococcoacaaaaou-
Silica, dissolved-----=------ecccccoccconccaanoa-

Nutrients
Nitrogen, nitrate, dissolved (as N)~--====w--u-m- . 1
Nitrogen, nitrite, dissolved (as N)---=--=-==--=- X .
Nitrogen, nitrite plus nitrate,

dissolved (as N)---------c---cooommmnmooonnae X X
Nitrogen, ammonia, total (as N)------------=----- .
Nitrogen, ammonia, dissolved (as N)-=--=-=-==-nu-
Nitrogen, ammonia plus organic, total (as N)----- . X
Nitrogen, ammonia plus organic,

dissolved (as N)=--==meccccecccmcocannmanaanca.

*Nitrogen, organic, total (as N)----=--=-c=cc-c---

*Nitrogen, organic, dissolved (as N)------=-n==u--
Nitrogen, total (as N)-=-=-=-=---—ceccmomeo e

*Nitrogen, dissolved (as N)-====m=m-cececcccacacax
Phosphorus, total (as P)=-==-=--=-cececmaceannan-
Phosphorus, dissolved (as P)==-==--====moeacaaa—-
Phosphorus, orthophosphate, total (as P)---------
Phosphorus, orthophosphate, dissolved (as P)-----

Metals
Aluminum, total recoverable and dissolved--------
Arsenic, total-===---c--ecemcceccencnenanae
Arsenic, dissolved---====--=-oo-cmmmcmnoaanaon
Cadmium, total recoverable and dissolved---===----
Chromium, total recoverable----==-===-==oocaaaaa-
Chromium, dissolved--==-===-c-ocomacnamacnanaano
Copper, total recoverable and dissolved----------
Iron, total recoverable and dissolved------==--=-
Lead, total recoverable and dissolved------------
Manganese, total recoverable and dissolved-------
Mercury, total recoverable-----=--====-=cmconaoun
Mercury, dissolved---=--====cecemconmonmaanaaan
Nickel, total recoverable and dissolved----=--=-=--
Zinc, total recoverable and dissolved======--==--

BIOLOGICAL
Coliform, fecal, 0.7 um-MF-----==-==c-mccmaccccnx

OXYGEN DEMAND
Oxygen demand, chemical, 0.25 N dichromate-=-=-=-==-- X X . X

LRI
LR A
MO Moo XM X X

Koe Mo Mo X L]

PoM NN K K »
Moe Me o« s Mo e b M . e
» LI Moo X X E

.

Ne o NN
LB R
Ne o N
KMo MM MM HHEe XN

NN NDNNX NN
NNe NDNNX NN

>

*Calculated
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Table 2. Quality constituents analyzed for in rainfall, runoff, atmospheric dry-deposition, and street-surface particulate samples—
Continued

Type of sample

Atmospheric Street- Dry-
Rainfall Runoff dry surface weather

deposition particulate runoff

Property or constituent

OXYGEN DEMAND--Continued
Oxygen demand, biochemical, carbonaceous,
5-day at 20°C--------=---=-----c---c-ococooooooo . X . . .
Oxygen demand, biochemical, carbonaceous,

20-day=-=-~=-===-----sssscecscce-ooooo---o--ooo--- . X . .
PHYSICAL PROPERTIES
Turbidity, NIU--------=----c--cmccmcccmc o m e . X . . 3
Solids, residue at 180°C, dissolved-------------- . X . . 3
Solids, residue at 105°C, total------------------ . . X X .
*Solids, sum of constituents, dissolved----=------ . X X . 3
Sediment, suspended------=--------s-o-scoooooonon . X . . 3
ORGANICS
Carbon, organic, dissolved-----=------=---c-cvcc-- X X X . 3
Carbon, organic, suspended---------------cc-cc--- . X . . ;
Carbon, inorganic plus organic, total------------ . . . X .
Carbon, inorganic, total-------===ceccoccccccacoo- . . . X .
Cyanide, total and dissolved--------------------- . 2 . . .
0il and grease, total recoverable, gravimetric--- . X . . .
Phenols, total recoverable----======scc--c-cocoo- 2 2 . . .
Polychlorinated biphenyls, total recoverable----- X X 2 X 3
Polychlorinated naphthalenes, total recoverable-- X X 2 X 3
Dibromochloropropane, total recoverable---------- . 1 . . !
Volatile organics
Benzene, total recoverable-------------ccosooooo- . 2 . . .
Chlorobenzene, total recoverable----------------- . 2 . . .
Ethylbenzene, total recoverable--==-=-===-------- . 2 . . .
Organochlorine compounds
Aldrin, total recoverable---------------------c-- X X 2 X 3
Chlordane, total recoverable-------=--c-c-ccccceoo X 3 2 X 3
DDD, total recoverable-----=--------co-cocoooooo- X X 2 X 3
DDE, total recoverable----------c-cccccccccccaono- X X 2 X 3
DDT, total recoverable--------==c---c-cccocoooooo X X 2 X 3
Dieldrin, total recoverable----------ccccccococo- X X 2 X 3
Endosulfan, total recoverable-----=-------------- X X 2 X 3
Endrin, total recoverable------=-==--ccc-c--cooo- X X 2 X 3
Heptachlor, total recoverable--=====-==c-=c------ X X 2 X 3
Heptachlor epoxide, total recoverable------------ X X 2 X 3
Lindane, total recoverable-----------------cooooo X X 2 X 3
Methoxychlor, total recoverable---------=---c---- X X 2 X 3
Mirex, total recoverable-------=-c----cccoooooooo X X 2 X 3
Perthane, total recoverable---------------------- X X 2 X 3
Toxaphene, total recoverable-------------c--co-w- X X 2 X 3
Organophosphorus compounds
Diazinon, total recoverable-------------cccococo- X X 2 X 3
Ethion, total recoverable--------------ccoccccco- X X 2 X 3
Malathion, total recoverable--------------------- X X 2 X 3
Methyl parathion, total recoverable-------------- X X 2 X 3
Methyl trithion, total recoverable--------------- X X 2 X 3
Parathion, total recoverable-------------cccccoa- X X 2 X 3
Trithion, total recoverable--------------mc-cco-o X X 2 X 3
Carbamate insecticides
Methomyl, total recoverable--=---=-==-=-----ccc--c- 1 1 . .
Propham, total recoverable---------cccemcccacaaon 1 1 . .
Sevin, total recoverable-----------ssaoocoocooooo 1 1 . . .
Chlorophenoxy acid herbicides
Silvex, total recoverable-----------ccccccccoaoa- X X 2 3
2,4-D, total recoverable-----=-----------cc-cccoo- X X 2 X 3
2,4-DP, total recoverable------==-cc-cccccccoooo- X X 2 . 3
2,4,5-T, total recoverable-----------ccccccccana- X X 2 . 3
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Table 3. Average monthly rainfall totals for Fresno, California, compared to study period monthly rainfall

totals

[National Weather Service data collected at Fresno Air Terminall

Rainfall Monthly rainfall totals, in inches
record
8-month
Sept Oct Nov Dec Jan Feb Mar Apr total
Fresno Air Terminal
104-year
average 0.07 0.42 1.22 1.71 1.84 1.72 1.62 1.24 9.84
Study period
1981-82 0.00 0.58 1.22 0.65 2.11 0.58 4.76 0.89 10.79
1982-83 1.10 1.58 3.16 1.59 5.14 3.70 4.53 2.76 23.56
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Table 4. Storm characteristics for storms monitored at four catchments

[Abbreviations: in., inch; ft3/s, cubic foot per second; min, minute; h, hour; d, day; ., no data available]

Total runoff volume: Runoff volume not computed for some small storms; depth in inches covering the catchment
drainage area.
Rainfall-runoff coefficient: Coefficient range 0 to l; see page 17 for discussion of coefficients
that are greater than 1.
Peak flow: If value is not shown, pipe flowed full and peak flow estimate was not considered reliable. The
flow record for the single-dwelling residential catchment was affected by external electromagnetic field.
Time--
Since previous storm: Number of dry hours was not determined for first storms of each rain season.
Leader line is separation of rain seasons,

Storm duration Rain- Total Rainfall- Maximum Time
fall runof f runof f 20-minute Peak Rainfall Runoff Since Since
First rainfall End of runoff total volume coeffi~ rainfall flow duration duration previous first
cient total storm storm
Date Time Date Time (in.) (in.) (in.) (£t3/s) (min) (min) (h) (d)

Industrial catchment

10-28-81 0350 10-28-81 1200 0.30 0.022 0.07 0.11 4.8 325 250 . 1
11-12-81 2000 11-13-81 1232 0.58 0.054 0.09 0.06 1.0 764 956 352 16
11-17-81 0404 11-17-81 0856 0.25 0.018 0.07 0.07 3.4 164 248 72 21
11-28-81 1044 11-28-81 1840 0.15 0.009 0.06 0.02 0.8 296 348 45 32
12-29-81 1440 12-29-81 2230 0.18 0.024 0.13 0.03 2.7 342 380 194 63
01-01-82 2342 01-02-82 0140 0.10 0.001 0.01 0.07 0.2 52 48 75 66
01-04-82 0718 01-04-82 2114 0.62 0.169 0.27 0.04 7.4 646 744 49 69
01-04-82 2116 01-05-82 0320 0.16 0.042 0.26 0.04 4.1 176 364 1 69
01-19-82 2154 01-20-82 0144 0.11 0.010 0.09 0.04 2.3 60 188 358 84
01-20-82 0710 01-20-82 1942 0.17 0.023 0.14 0.04 3.3 700 580 8 85
01-21-82 0228 01-21-82 0640 0.06 0.005 0.08 0.03 0.9 80 210 15 86
01-26-82 1310 01-26-82 1736 0.04 . . 0.01 0.3 116 146 129 91
02-13-82 1454 02-14-82 0208 0.06 0.005 0.08 0.01 0.5 456 260 432 109
02-14-82 1743 02-15-82 0930 0.28 0.052 0.19 0.05 4.4 668 910 19 110
02-15-82 1942 02-16-82 1006 0.25 0.075 0.30 0.03 5.0 564 812 18 111
03-01-82 0924 03-01-82 1610 0.21 0.033 0.16 0.04 4.0 168 358 316 125
03-01-82 2026 03-02-82 0326 0.13 0.021 0.16 0.05 2.3 186 344 5 125
03-09-82 1900 03-10-82 0946 0.33 0.035 0.11 0.06 2.5 590 838 173 133
03-10-82 2004 03-11-82 0706 0.20 0.048 0.24 0.07 6.2 414 432 15 134
03-11-82 0708 03-11-82 1654 0.09 0.032 0.36 0.01 1.7 500 578 4 135
03-11-82 1654 03-11-82 2332 0.06 . . 0.04 3.9 328 396 5 135
03-14-82 0458 03-14-82 1828 0.73 0.233 0.32 0.06 16 548 754 59 138
03-16-82 0508 03-16-82 1426 0.22 0.065 0.30 0.04 5.5 330 388 39 140
03-16-82 1926 03-17-82 0646 0.25 0.100 0.40 0.06 6.5 414 658 9 140
03-17-82 2148 03-18-82 1200 0.13 0.057 0.44 0.03 3.7 564 846 21 141
03-18-82 1312 03-18-82 1712 0.05 0.015 0.30 0.03 3.8 240 224 2 142
03-18-82 1746 03-19-82 0238 0.18 0.053 0.29 0.04 8.1 272 430 2 142
03-25-82 2054 03-26-82 0422 0.24 0.033 0.14 0.05 4.8 308 362 168 149
03-28-82 0808 03-28-82 1208 0.09 0.005 0.06 0.02 1.1 110 162 50 152
03-28-82 1300 03-28-82 1616 0.17 0.015 0.09 0.16 4.5 194 194 1 152
03-28-82 1616 03-28-82 2202 0.47 0.117 0.25 0.22 18 170 342 1 152
03-28-82 2154 03-29-82 0118 0.06 0.012 0.20 0.05 2.8 48 196 1 152
03-29-82 1112 03-29-82 1738 0.23 0.035 0.15 0.06 7.1 202 284 13 153
03-31-82 1636 04-01-82 0826 1.01 0.136 0.14 0.13 5.8 864 916 1 155
04-10-82 0430 04-10-82 0902 0.23 0.020 0.09 0.07 4.1 184 240 216 165
04-10-82 1122 04-10-82 1508 0.16 0.030 0.19 0.07 5.5 122 212 4 165
04-10-82 1834 04-10-82 2340 0.22 0.034 0.16 0.04 4.1 192 240 5 165
09-24-82 0138 09-24-82 0800 0.20 0.005 0.02 0.05 0.7 334 230 . 1
10-25-82 0038 10-25-82 0556 0.19 0.002 0.01 0.14 0.6 242 190 720 32
10-26-82 0200 10-26-82 1202 0.59 0.106 0.18 0.22 4.5 334 562 22 33
10-30-82 0038 10-30-82 1134 0.67 0.099 0.15 0.08 8.2 474 574 89 37
11-09-82 1134 11-09-82 1828 0.45 0.045 0.10 0.06 7.4 242 378 18 47
11-18-82 0540 11-18-82 1248 0.17 0.009 0.05 0.03 1.2 288 260 115 56
11-18-82 1640 11-19-82 0130 0.52 0.082 0.16 0.18 13 520 414 6 56
11-29-82 1416 11-29-82 2154 0.50 0.090 0.18 0.07 11 380 373 39 67
12-22-82 0141 12-22-82 1436 0.64 0.199 0.31 0.06 15 646 666 1 90
01-18-83 1642 01-19-83 0328 0.78 0.257 0.33 0.11 28 418 502 56 117
01-22-83 1608 01-22-83 2236 0.84 0.154 0.18 0.39 20 190 356 4 121
01-23-83 2216 01-24-83 1228 0.70 0.143 0.20 0.22 18 702 686 30 122
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Table 4. Storm characteristics for storms monitored at four catchments—Continued

Storm duration Rain- Total Rainfall- Maximum Time
£all runof f runoff 20-minute Peak Rainfall Runoff Since Since
First rainfall End of runoff total volume coeffi- rainfall flow duration duration previous first
cient total storm storm
Date Time Date Time (in.) (in.) (in.) (ft3/s) (min) (min) (h) (d)

Single-dwelling residential catchment

10-28-81 0650 10-28-81 1015 0.30 #*0,041 0.14 0.14 . 125 160 . 1
11-12-81 1944 11-13-81 0040 0.27 *0.041 0.15 0.06 . 224 268 334 16
11-13-81 0100 11-13-81 1004 0.30 *0.083 0.28 0.03 . 440 452 2 17
11-17-81 0400 11-17-81 0756 0.25 *0.044 0.18 0.04 . 192 196 72 21
03-25-82 2056 03-26-82 0240 0.20 =*0.031 0.15 0.03 . 252 244 168 149
03-28-82 1254 03-28-82 1412 0.09 *0.018 0.20 0.09 . 8 66 3 152
03-28-82 1556 03-28-82 1714 0.16 *0.037 0.23 0.15 . 24 74 3 152
03-29-82 1122 03-29-82 1606 0.17 #*0.032 0.19 0.04 . 212 166 19 153
03-29-82 1704 03-29-82 1828 0.03 *0.005 0.17 0.02 . 24 62 2 153
03-31-82 1628 03-31-82 2320 0.95 *0.235 0.25 0.09 . 388 392 48 155
04-10-82 0446 04-10-82 0834 0.16 *0.023 0.14 0.04 . 186 192 204 165
09-24-82 0120 09-24-82 0550 0.22 =*0.028 0.13 0.08 . 192 128 . 1
09-25-82 0948 09-25-82 2220 0.91 =*0.234 0.26 0.06 . 712 620 31 2
10-25-82 0220 10-25-82 0432 0.09 *0.010 0.11 0.08 . 46 94 699 32
10-26-82 0148 10-26-82 0512 0.69 *0.173 0.25 0.20 . 146 178 23 33
12-21-82 1238 12-21-82 1606 0.10 0.017 0.17 0.04 1.2 106 160 511 89
12-21-82 1748 12-21-82 2340 0.17 0.047 0.28 0.03 2.0 308 322 3 89
12-22-82 1446 12-22-82 1732 0.37 0.124 0.34 0.23 15 80 152 5 90
01-18-83 1734 01-19-83 0106 0.85 0.171 0.20 0.11 5.5 390 380 56 117
01-21-83 2100 01-22-83 0110 0.10 0.014 0.14 0.03 1.1 172 154 71 120
01-22-83 0450 01-22-83 1354 0.73 0.173 0.24 0.11 6.9 496 524 5 121
01-24-83 0006 01-24-83 0710 0.27 0.063 0.23 0.06 2.5 366 412 29 123
01-24-83 0830 01-24-83 1136 0.47 0.172 0.37 0.36 19 100 180 3 123
01-26-83 1938 01-27-83 1138 1.39 0.404 0.29 0.12 8.8 936 908 58 125
01-28-83 2124 01-29-83 0418 0.39 0.097 0.25 0.05 4.7 386 372 35 127
02-06-83 0530 02-06-83 2400 0.85 0.138 0.16 0.07 3.6 1088 1000 195 136
02-07-83 2142 02-08-83 0104 0.44 0.113 0.26 0.14 8.5 116 192 16 137
02-12-83 1114 02-12-83 2124 0.33 0.061 0.18 0.04 2.4 574 538 108 142
02-25-83 1340 02-25-83 1802 0.22 0.023 0.10 0.05 1.1 250 208 168 155
02-28-83 1610 03-01-83 0438 1.11 0.301 0.27 0.16 17 646 638 31 158
03-01-83 1806 03-01-83 2018 0.11 0.024 0.22 0.08 2.7 28 126 15 159
03-07-83 0038 03-07-83 0420 0.14 0.016 0.11 0.03 0.7 152 180 100 165
03-10-83 1932 03-10-83 2348 0.19 0.027 0.14 0.11 2.7 154 144 88 168
03-13-83 0554 03-13-83 1700 0.70 0.194 0.28 0.27 12 560 570 55 171
03-16-83 1640 03-16-83 2040 0.40 0.077 0.19 0.10 5.1 148 218 74 174
03-17-83 1836 03-18-83 0028 0.46 0.091 0.20 0.09 5.0 326 254 2 175
03-20-83 1908 03-20-83 2352 0.29 0.044 0.15 0.05 2.5 208 238 64 178
03-22-83 0844 03-22-83 1252 0.14 0.022 0.16 0.03 1.0 192 200 34 180
03-22-83 1634 03-22-83 1818 0.08 0.012 0.15 0.08 1.2 10 98 5 180
03-23-83 1924 03-23-83 2346 0.57 0.134 0.24 0.10 8.2 140 226 27 181
03-24-83 0750 03-24-83 1010 0.30 0.071 0.24 0.25 8.6 32 140 10 182
03-24-83 1358 03-24-83 1808 0.16 0.041 0.26 0.06 2.4 222 194 6 182

Multiple-dwelling residential catchment

10-28-81 0650 10-28-81 1105 0.34 0.155 0.46 0.19 12 125 240 . 1
10-28-81 2005 10-28-81 2250 0.05 . . 0.03 0.5 55 115 9 1
10-29-81 0140 10-29-81 0400 0.04 . . 0.03 0.3 70 115 3 2
11-12-81 1944 11-13-81 0100 0.27 0.045 0.17 0.06 1.0 228 292 352 16
11-13-81 0104 11-13-81 0940 0.33 0.060 0.18 0.03 0.7 436 516 1 17
11-13-81 2228 11-14-81 0036 0.13 0.029 0.22 0.09 2.0 44 112 13 17
11-17-81 0400 11-17-81 0800 0.29 0.061 0.21 0.10 2.5 216 224 71 21
11-26-81 1300 11-26-81 1624 0.11 0.011 0.10 0.04 0.3 152 168 221 30
11-27-81 0704 11-27-81 1056 0.09 0.009 0.10 0.03 0.3 160 116 14 31
12-20-81 0332 12-20-81 0958 0.09 0.013 0.14 0.03 0.4 302 122 241 54
12-20-81 1350 12-20-81 1630 0.06 0.019 0.32 0.03 0.7 60 136 4 54
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Table 4. Storm characteristics for storms monitored at four catchments—Continued

Storm duration Rain- Total Rainfall- Maximum Time
fall runoff runoff 20-minute Peak Rainfall Runoff Since Since
First rainfall End of runoff total volume coeffi~ rainfall flow duration duration previous first
cient total storm storm
Date Time Date Time (in.) (in.) (in.) (ft3/s) (min) (min) (h) (d)

Multiple-dwelling residential catchment--Continued

12-21-81 0552 12-21-81 0908 0.06 0.007 0.12 0.04 0.3 118 78 14 55
12-29-81 1354 12-29-81 2042 0.24 0.049 0.20 0.07 0.9 360 350 198 63
12-30-81 0146 12-30-81 0408 0.14 0.030 0.21 0.06 1.0 130 126 5 64
01-01-82 0114 01-01-82 0354 0.08 0.013 0.16 0.05 0.7 70 104 46 66
01-01-82 2330 01-02-82 0202 0.08 0.0l4 0.18 0.07 0.6 76 108 21 66
01-04-82 0656 01-04-82 2008 0.83 0.289 0.35 0.04 2.1 694 724 50 69
01-04-82 2110 01-05-82 0304 0.33 0.140 0.42 0.06 3.2 248 354 2 69
01-19-82 2202 01-02-82 0052 0.14 0.045 0.32 0.05 1.7 74 148 351 84
01-20-82 0752 01-20-82 1306 0.18 0.052 0.29 0.03 1.4 242 272 9 85
01-21-82 0232 01-21-82 0456 0.06 0.011 0.18 0.03 0.5 72 106 7 86
01-21-82 1336 01-21-82 1622 0.27 0.058 0.22 0.06 5.7 164 120 10 86
02-14-82 1740 02-14-82 2012 0.11 0.028 0.26 0.05 1.6 80 120 461 110
02-14-82 2028 02-15-82 0130 0.17 0.046 0.27 0.03 0.8 254 274 3 110
02-15-82 2000 02-16-82 0102 0.26 0.105 0.40 0.05 2.0 186 280 19 111
02-16-82 0338 02-16-82 0710 O0.I11 0.051 0.46 0.04 1.3 112 192 1 112
03-09-82 1846 03-09-82 2320 0.16 0.028 0.18 0.04 0.6 194 218 199 133
03-10-82 0100 03-10-82 0700 0.31 0.113 0.36 0.11 5.8 220 328 2 134
03-10-82 2306 03-11-82 0330 0.25 0.084 0.34 0.07 3.2 202 232 16 134
03-11-82 0626 03-11-82 0900 0.05 0.012 0.24 0.03 0.5 46 124 3 135
03-11-82 1320 03-11-82 1910 0.19 0.060 0.32 0.05 1.6 330 308 5 135
03-14-82 0146 03-14-82 1550 0.92 0.428 0.46 0.10 8.9 750 608 55 138
03-16-82 0456 03-16-82 1316 0.44 0.153 0.35 0.07 3.8 396 384 37 140
03-16-82 1948 03-17-82 0248 0.31 0.113 0.36 0.06 2.3 312 438 7 140
03-18-82 0350 03-18-82 0910 0.20 0.060 0.30 0.04 1.2 208 292 6 142
03-18-82 1308 03-18-82 1600 0.17 0.073 0.43 0.09 4.9 54 152 4 142
03-18-82 1836 03-18-82 2220 0.10 0.022 0.22 0.03 0.6 148 174 3 142
03-25-82 2100 03-26-82 0348 0.26 0.063 0.24 0.05 1.1 256 324 167 149
03-28-82 0818 03-28-82 1152 0.06 0.010 0.17 0.02 0.4 100 156 52 152
03-28-82 1246 03-28-82 1510 0.06 0.020 0.33 0.06 1.7 16 122 1 152
03-29-82 1104 03-29-82 1700 0.27 0.092 0.34 0.06 2.8 236 306 20 153
03-29-82 1702 03-29-82 2024 0.10 0.042 0.42 0.09 2.9 30 200 1 153
03-31-82 1630 04-01-82 1030 1.07 0.580 0.54 0.12 6.2 942 1080 44 155
04-01-82 1602 04-01-82 1844 0.15 0.055 0.37 0.10 3.0 48 162 6 156
04-10-82 0448 04-10-82 0920 0.17 0.046 0.27 0.04 1.0 172 272 202 165
04-10-82 1056 04-10-82 1444 0.19 0.059 0.31 0.08 2.5 134 192 2 165
04-10-82 1834 04-10-82 2332 0.25 0.083 0.33 0.04 1.8 202 264 4 165
04-11-82 0108 04-11-82 0258 0.04 0.009 0.22 0.02 0.3 40 104 2 166
04-11-82 0516 04-11-82 0810 0.10 0.042 0.42 0.05 1.5 66 168 2 166
09-24-82 0144 09-24-82 0658 0.23 0.069 0.30 0.08 3.1 208 208 . 1
09-24-82 0658 09-24-82 1022 0.05 0.005 0.10 0.02 0.2 158 118 1 1
09-25-82 1024 09-25-82 1150 0.02 0.003 0.15 0.02 0.2 86 62 23 2
09-25-82 1200 09-26-82 0232 0.99 0.364 0.37 0.07 4.9 814 850 1 2
10-25-82 0146 10-25-82 0458 0.09 0.021 0.23 0.08 1.5 72 118 652 32
10-26-82 0150 10-26-82 0602 0.71 0.528 0.74 0.21 22 150 226 23 33
10-30-82 0032 10-30-82 0956 0.65 0.242 0.37 0.06 3.2 472 506 89 37
10-30-82 1416 10-30-82 1732 0.27 0.242 0.90 0.23 20 118 180 6 37
11-09-82 1028 11-09-82 1744 0.45 0.170 0.38 0.04 4.4 324 340 16 47
11-18-82 0508 11-18-82 1212 0.37 0.130 0.35 0.07 5.1 336 268 192 56
11-28-82 1704 11-28-82 2328 0.51 0.290 0.57 0.12 12 288 286 21 66
11-29-82 1410 11-29-82 2238 0.76 0.493 0.65 0.16 22 416 464 10 67
11-30-82 0002 11-30-82 0250 0.09 0.024 0.27 0.05 0.7 86 154 3 68
11-30-82 0356 11-30-82 0910 0.45 0.348 0.77 0.18 19 166 314 3 68
12-21-82 1238 12-21-82 1538 0.1l 0.021 0.19 0.04 0.7 86 146 504 89
12-21-82 1750 12-22-82 0006 0.21 0.062 0.30 0.04 1.7 316 350 4 89
12-22-82 0124 12-22-82 1404 0.71 0.330 0.46 0.08 6.1 668 712 3 90
01-18-83 1814 01-19-83 0204 0.95 0.462 0.49 0.11 11 350 444 56 117
01-21-83 1444 01-21-83 1802 0.04 0.003 0.08 0.02 0.1 98 98 63 120
01-21-83 2054 01-22-83 0132 0.1l 0.030 0.27 0.04 1.5 154 188 4 120
01-22-83 0320 01-22-83 1628 0.86 0.500 0.58 0.13 13 674 666 4 121
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Table 4. Storm characteristics for storms monitored at four catchments—Continued

Storm duration Rain- Total Rainfall- Maximum Time
fall runoff runof £ 20-minute Peak Rainfall Runof f Since Since
First rainfall End of runoff total volume coeffi- rainfall flow duration duration previous first
cient total storm storm
Date Time Date Time (in.) (in.) (in.) (ft3/s) (min) (min) (h) (d)
Multiple-dwelling residential catchment--Continued
01-22-83 1616 01-22-83 2400 0.78 0.787 1.01 0.34 . 218 450 2 121
01-23-83 2230 01-24-83 0840 0.34 0.155 0.46 0.10 3.8 470 502 27 122
01-24-83 0832 01-24-83 1422 0.47 0.443 0.94 0.40 . 98 340 2 123
01-26-83 1946 01-27-83 1600 1.69 1.188 0.70 0.12 18 984 1176 48 125
01-28-83 2138 01-29-83 0552 0.47 0.262 0.56 0.10 9.5 324 466 35 127
02-07-83 1526 02-08-83 0320 0.48 0.371 0.77 0.12 16 500 690 17 137
02-12-83 1016 02-13-83 0006 0.40 0.100 0.25 0.05 2.5 772 680 94 142
02-13-83 0156 02-13-82 0438 0.11 0.037 0.34 0.08 2.1 114 152 4 143
02-18-83 0718 02-18-83 1018 0.24 0.122 0.51 0.17 8.9 70 178 124 148
02-25-83 1328 02-25-83 2158 0.35 0.128 0.37 0.05 3.0 348 456 173 155
02-28-83 0652 02-28-83 1018 0.04 0.009 0.22 0.02 0.3 40 174 22 158
02-28-83 1624 02-28-83 2224 0.21 0.102 0.49 0.09 4.5 222 332 9 158
02-28-83 2204 03-01-83 0626 0.92 0.965 1.05 0.18 . 300 480 2 158
03-16-83 1642 03-16-83 2218 0.40 0.213 0.53 0.10 8.5 146 314 74 174
03-17-83 1552 03~18-83 0532 0.57 0.375 0.66 0.10 13 654 800 21 175
03-20-83 1918 03-21-83 0128 0.33 0.136 0.41 0.05 4.6 226 338 65 178
03-23-83 1918 03-24-83 0052 0.57 0.503 0.88 0.11 19 148 294 23 181
03-24-83 0610 03-24-83 1124 0.22 0.199 0.90 0.14 14 144 208 9 182
03-24-83 1406 03-24-83 1914 0.22 0.142 0.65 0.06 6.2 162 272 6 182
03-24-83 2048 03-24-83 2332 0.07 0.039 0.56 0.05 1.4 66 146 4 182
Commercial catchment
10-28-81 0650 10-28-81 1250 0.27 0.315 1.17 0.18 19 105 330 . 1
11-17-81 0356 11-17-81 0816 0.25 0.234 0.94 0.08 14 160 240 72 21
11-26-81 1236 11-26-81 1700 O0.11 0.069 0.63 0.03 3.1 168 224 222 30
11-27-81 0752 11-27-81 1236 0.09 0.059 0.66 0.03 3.4 104 244 16 31
11-27-81 1408 11-27-81 1640 0.03 0.007 0.23 0.03 0.8 36 132 4 31
11-27-81 1752 11-27-81 2036 0.06 0.032 0.53 0.06 9.5 8 156 1 31
11-28-81 1152 11-28-81 1548 0.07 0.031 0.44 0.02 1.4 144 180 16 32
12-20-81 0326 12-20-81 1718 0.14 0.166 1.19 0.02 3.7 692 792 240 54
12-21-81 0710 12-21-81 1020 0.03 0.024 0.80 0.02 1.7 22 152 16 55
12-29-81 1414 12-29-81 2150 0.21 0.183 0.87 0.04 7.0 338 418 199 63
12-30-81 0142 12-30-81 0444 0.13 0.131 1.01 0.05 9.3 54 168 6 64
01-01-82 0128 01-01-82 0420 0.09 0.084 0.93 0.05 9.0 66 136 47 66
01-01-82 2344 01-02-82 0238 0.07 0.054 0.77 0.04 4.0 60 148 21 66
01-02-82 0558 01-02-82 0820 0.02 . . 0.02 0.6 20 106 5 67
01-02-82 1312 01-02-82 1520 0.04 0.009 0.23 0.03 0.6 32 92 7 67
01-04-82 0732 01-04-82 2100 0.71 0.772 1.09 0.04 7.2 656 786 42 69
01-04-82 2112 01-05-82 0450 0.26 0.310 1.19 0.06 9.8 230 434 3 69
01-05-82 1356 01-05-82 1600 0.02 . . 0.02 0.8 8 90 13 70
01-19-82 2202 01-20-82 0100 0.09 0.085 0.94 0.03 6.1 58 146 341 84
01-20-82 0754 01-20-82 1300 0.13 0.117 0.90 0.03 5.4 226 264 9 85
01-20-82 1632 01-20-82 1800 0.02 . . 0.02 1.0 4 62 5 85
01-21-82 1326 01-21-82 1718 0.20 0.206 1.03 0.09 20 98 210 10 86
01-26-82 1418 01-26-82 1630 0.06 0.048 0.80 0.03 4.5 98 110 119 91
02-14-82 1744 02-14-82 2046 0.10 0.096 0.96 0.05 7.9 78 160 453 110
02-14-82 2032 02-15-82 0248 0.18 0.214 1.19 0.03 4.3 290 360 1 110
02-15-82 0812 02-15-82 1032 0.05 0.049 0.98 0.04 3.8 46 132 7 111
02-15-82 1958 02-16-82 0140 0.22 0.274 1.24 0.05 7.9 180 320 11 111
02-16-82 0314 02-16-82 1002 0.15 0.185 1.23 0.04 6.4 292 392 4 112
03-09-82 1838 03-09-82 2344 0.17 0.151 0.89 0.03 4.5 304 266 189 133
03-09~82 2350 03-10-82 0640 0.26 0.276 1.06 0.08 14 390 404 2 133
03-10-82 2258 03-11-82 0330 0.28 0.285 1.02 0.06 10 208 254 18 134
03-11-82 0624 03-11-82 1024 0.06 0.068 1.13 0.03 3.7 224 220 5 135
03-11-82 1008 03-11-82 2040 0.26 0.201 0.77 0.03 5.9 454 610 3 135
03-14-82 0312 03-14-82 1630 0.89 0.959 1.08 0.15 30 664 768 58 138
03-16-82 0512 03-16-82 1338 0.41 0.439 1.07 0.06 11 492 458 39 140
03-16-82 1946 03-17-82 0222 0.29 0.320 1.10 0.08 15 298 380 8 140
03-17-82 2202 03-18-82 0028 0.03 0.016 0.53 0.03 1.6 152 112 21 141
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Table 4. Storm characteristics for storms monitored at four catchments—Continued

Storm duration Rain— Total Rainfall- Maximum Time
fall runoff runoff 20-minute Peak Rainfall Runoff Since Since
First rainfall End of runoff total volume coeffi- rainfall flow duration duration previous first
cient total storm storm
Date Time Date Time (in.) (in.) (in.) (ft3/s) (min) (min) (h) (d)

Commercial catchment--Continued

03-18-82 0348 03-18-82 0956 0.22 0.211 0.96 0.04 5.9 296 342 5 142
03-18-82 1308 03-18-82 1600 0.14 0.151 1.08 0.08 13 146 150 4 142
03-18-82 1834 03-18-82 2328 0.09 0.101 1.12 0.03 4.8 120 246 4 142
03-25-82 2208 03-26-82 0250 0.19 0.148 0.78 0.04 4.9 190 252 170 149
03-28-82 0836 03-28-82 1108 0.06 0.029 0.48 0.03 2.2 80 106 55 152
03-28-82 1232 03-28-82 1430 0.07 0.053 0.76 0.05 6.0 24 98 2 152
03-28-82 1548 03-28-82 1724 0.11 0.079 0.72 0.11 12 16 92 3 152
03-29-82 1140 03-29-82 1658 0.17 0.210 1.24 0.05 9.5 288 282 13 153
03-29-82 1700 03-29-82 1910 0.07 0.101 1.44 0.05 12 28 126 2 153
03-31-82 1630 04-01-82 0920 1.05 1.179 1.12 0.12 20 900 1006 49 155
04-01-82 1544 04-01-82 1908 0.27 0.297 1.10 0.20 30 80 184 8 156
04-10-82 0444 04-10-82 0934 0.18 0.174 0.97 0.05 8.0 182 258 216 165
04-10-82 1112 04-10-82 1434 0.17 0.159 0.94 0.07 11 146 190 5 165
04-10-82 1846 04-11-82 0020 0.22 0.231 1.05 0.04 8.1 190 306 8 165
04-11-82 0106 04-11-82 0320 0.04 . . 0.03 2.3 30 122 28 166
04-11-82 0516 04-11-82 0836 0.12 0.121 1.01 0.07 7.5 82 196 5 166
09-24-82 0132 09-24-82 0812 0.24 0.231 0.96 0.09 16 200 338 . 1
10-24-82 0548 10-24-82 0902 0.02 0.007 0.35 0.02 0.3 26 122 675 31
10-25-82 0244 10-25-82 0518 0.05 0.052 1.04 0.05 5.0 18 142 18 32
10-26-82 0146 10-26-82 0626 0.61 0.844 1.38 0.20 . 148 278 23 33
11-08-82 1710 11-08-82 2028 0.14 0.155 1.11 0.07 14 106 182 222 46
11-09-82 1020 11-09-82 1850 0.47 0.648 1.38 0.07 14 296 500 14 47
12-21-82 1222 12-21-82 1632 0.09 0.076 0.84 0.04 4.6 90 220 29 89
12-21-82 1744 12-22-82 0136 0.18 0.201 1.12 0.04 7.2 326 454 4 89
12-22-82 0134 12-22-82 1850 '1.05 1.525 1.45 0.18 . 866 1032 1 90
01-18-83 1614 01-19-83 0134 0.88 1.080 1.23 0.13 . 444 498 56 117
01-24-83 0002 01-24-83 0824 0.30 0.266 0.89 0.08 11 370 486 27 123
01-24-82 0816 01-24-83 1336 0.48 0.705 1.47 0.39 . 100 310 1 123
02-28-83 0646 02-28-83 1040 0.05 0.027 0.54 0.02 1.5 44 202 21 158
02-28-83 1636 03-01-83 0832 1.10 1.472 1.34 0.15 . 610 868 9 158
03-01-83 1806 03-02-83 0048 0.07 0.101 1.44 0.06 8.7 18 388 15 159
03-02-83 0204 03-02-83 0806 0.08 0.106 1.32 0.04 4.5 146 338 8 160
03-16-83 1640 03-16-83 2110 0.40 0.451 1.13 0.11 20 144 256 74 174
03-22-83 1630 03-22-83 1944 0.07 0.061 0.87 0.07 6.7 6 188 4 180
03-22-83 2104 03-23-83 0038 0.03 0.026 0.87 0.02 1.3 30 186 5 180
03-23-83 1934 03-24-83 0308 0.57 0.873 1.53 0.11 . 130 430 22 181
03-24-83 0652 03-24-83 1116 0.30 0.394 1.31 0.24 . 92 210 9 182

*Calculated using rainfall-runoff equation; original flow record affected by external electromagnetic
field.
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Table 5. Statistical summary of storm characteristics for storms monitored at four catchments

Standard
Storm characteristic Mean error of Standard Maximum Minimum
mean deviation

Industrial catchment (number of storms = 47)

Rainfall total (in.) 0.32 0.04 0.24 1.01 0.05
Runoff volume (in.) 0.060 0.009 0.062 0.257 0.001
Rainfall-runoff coefficient 0.18 0.02 0.11 0.44 0.01
Maximum 20-minute rainfall

total (in.) 0.08 0.01 0.07 0.39 0.01
Rainfall duration (min) 355 35 237 864 48
Runoff duration (min) 436 31 209 956 48

Single-dwelling residential catchment (number of storms = 42)

Rainfall total (in.) 0.38 0.05 0.32 1.39 0.03
Runoff volume (in.) 0.088 0.014 0.088 0.404 0.005
Rainfall-runoff coefficient 0.21 0.01 0.06 0.37 0.10
Maximum 20-minute rainfall

total (in.) 0.10 0.01 0.07 0.36 0.02
Rainfall duration (min) 270 38 244 1,088 8
Runoff duration (min) 286 33 215 1,000 62

Multiple-dwelling residential catchment (number of storms = 88)

Rainfall total (in.) 0.32 0.03 0.30 1.69 0.02
Runoff volume (in.) 0.161 0.023 0.216 1.188 0.003
Rainfall-runoff coefficient 0.39 0.02 0.22 1.05 0.08
Maximum 20-minute rainfall

total (in.) 0.08 0.01 0.06 0.40 0.02
Rainfall duration (min) 247 23 214 984 16
Runoff duration (min) 307 23 218 1,176 62

Commercial catchment! (number of storms = 49)

Rainfall total (in.) 0.19 0.03 0.20 1.05 0.03
Runoff volume (in.) 0.198 0.032 0.226 1.179 0.007
Rainfall-runoff coefficient 0.93 0.04 0.26 1.44 0.22
Maximum 20-minute rainfall

total (in.) 0.06 0.01 0.04 0.20 0.02
Rainfall duration (min) 206 28 196 900 8
Runoff duration (min) 286 29 202 1,006 92

lonly first rain season storms included because of variable backwater
situation during second rain season (Oltmann and others, 1987).
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Table 6. Statistical summary of rainfall quality data: Industrial site

[Statistical calculations include analytical detection limit concentration for those analyses which
are reported to be less than detection limit., Other pesticides were analyzed for but not detected
and are given at the end of this table. <, actual value is less than value shown]

Number Standard

Property or constituent of Mean Median error gtaqdard Maximum Minimum
eviation
samples of mean

INORGANICS
Field measurements
Specific conductance (uS/cm at 25°C)-- 36 14 11 2 10 52 3
pH (units)-===-=-mec-cmcccccccccccaoa- 37 6.4 6.3 0.1 0.6 7.7 5.0
Major ions (mg/L)
Calcium, dissolved-==-====c=c=ccec~---- 15 0.58 0.33 0.11 0.43 1.5 0.10
Magnesium, dissolved-========cc-c====- 15 0.09 0.10 0.02 0.06 0.24 <0.01
Sodium, dissolved--=======-csccscaocan 15 0.5 0.4 0.1 0.3 1.2 0.2
Potassium, dissolved--=======~ccc=-==- 15 0.2 0.2 0.1 0.1 0.6 0.1
Alkalinity, total (as CaCO3)====---=-- 15 8 8 0 2 10 4
Sulfate, dissolved-=-------=ccc-acc--u- 12 3.2 <5.0 0.6 2.2 5.0 0.6
Chloride, dissolved-=---=====ccmc=c=-u- 15 0.5 0.5 0.1 0.2 1.0 0.2
Silica, dissolved--=--===c=c-c-cc-c---- 7 0.29 0.40 0.09 0.25 0.60 0.01
Nutrients (mg/L)
Nitrogen, nitrite, dissolved (as N)--- 12 0.02 <0.02 0.00 0.01 0.04 <0.02
Nitrogen, nitrite plus nitrate,

dissolved (as N)==-====ecemecea-om-- 15 0.25 0.13 0.06 0.23 0.96 <0.09
Nitrogen, ammonia, dissolved (as N)--- 12 0.66 0.62 0.09 0.32 1.3 0.19
Nitrogen, ammonia plus organic

dissolved (as N)====m=-=-e--ecaoen-- 14 1.4 1.1 0.26 0.97 4.0 0.59
Nitrogen, organic, dissolved (as N)--- 9 0.70 0.47 0.27 0.80 2.7 0.08
Nitrogen, dissolved (as N)-------==--- 10 1.9 1.4 0.40 1.3 4.2 0.93
Phosphorus, dissolved (as P)=====~==-- 15 0.08 0.05 0.02 0.08 0.28 0.01
Phosphorus, orthophosphate,

dissolved (as P)=======-c-cceccacom-- 12 0.02 0.01 0.00 0.02 0.06 <0.01
Metals (ug/L)
Aluminum, total recoverable------~---- 4 210 100 120 250 580 60
Aluminum, dissolved---------~--------- 3 10 10 0 0 10 <10
Arsenic, total-------esceccccarannnnan 7 1 <1 0 0 <1 <1
Chromium, total recoverable----------- 4 1 <1 o] 0 1 <1
Copper, total recoverable---------~--- 4 6 6 2 4 12 1
Copper, dissolved----~-==-==-c-ccm~v-- 3 1 1 0 0 1 <1
Iron, total recoverable-----=---==---- 9 490 130 300 900 2,800 10
Iron, dissolved-=--~-=---~-cccccmm-nen 8 9 8 2 6 18 <3
Lead, total recoverable---------=~===- 15 11 7 3 12 51 <1
Lead, dissolved==========mecmcccc-cao- 13 2 1 0 1 4 <1
Manganese, total recoverable-----~----- 9 20 10 10 20 80 <10
Manganese, dissolved-------=--c~-n=c-- 8 5 2 2 7 21 <1
Mercury, total recoverable-------~---- 7 0.1 <0.1 0.0 0.0 0.2 <0.1
Nickel, total recoverable--------===-- 9 5 5 1 4 11 <1
Nickel, dissolved------=-=~=ceccac-c--- 8 2 2 0 2 5 <1
Zinc, total recoverable--====--ce-==au- 4 60 55 10 30 90 30
Zinc, dissolved=----=~==~----ccccocacanu-n 3 24 22 5 9 34 17
OXYGEN DEMAND
Oygen demand, chemical, 0.25 N

dichromate (mg/L)==========cccmm-n-= 14 16 14 2 6 27 <10
ORGANICS
Carbon, organic, dissolved

(mg/L as C)~=====m==m==mmecmeencaca- 14 3.8 4.0 0.4 1.4 6.2 0.8
Phenols, total recoverable (Wg/L)----- 10 5 4 1 4 15 2
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Table 6. Statistical summary of rainfall quality data: Industrial site—Continued

Number Standard Standard
Property or constituent of Mean Median error deviati Maximum Minimum
samples of mean eviation
ORGANICS-~-Continued
Pesticides (total recoverable, ug/L)
Chlordane--~---~-------------cc-c-co-n- 20 0.12 <0.10 0.02 0.07 0.40 <0.10
DDE-=======-c-=---c-co-ocomonmmmeneo 20 0.01 <0.01 0.00 0.00 0.02 <0.01
Diazinon---==-~~--=~~mec--coco-omoono- 21 0.18 0.14 0.04 0.21 0.93 0.01
Dieldrin---------------cc-ecccmmncono- 20 0.01 <0.01 0.00 0.00 0.02 <0.01
Endosulfan-----------=cc-----c-vvuomn-n- 20 0.02 <0.01 0.00 0.02 0.08 <0.01
Lindane--=-====-m-ccecemceccncececnnn- 20 0.02 0.01 0.00 0.01 0.04 <0.01
Methoxychlor---------------------o---- 20 0.02 <0.01 0.01 0.03 0.12 <0.01
Malathion-------------------cc-o----- 21 0.03 0.02 0.01 0.03 0.11 <0.01
Parathion-----------------c--rccconon- 21 0.28 0.16 0.06 0.28 1.0 <0.01
2,4=D===mmmmem s me e s e m e 15 0.02 <0.01 0.01 0.02 0.08 <0.01
Other pesticides analyzed but not detected
Detection  Number Detection  Number
Pesticide limit of Pesticide limit of
(total recoverable) (ug/L) samples (total recoverable) (ug/L) samples
Aldrin~--------comccmccmmc oo 0.01 20 Methyl parathion--------- 0.01 21
DDD--=-===-===----mm-mcmmmmmnm oo 0.01 20 Methyl trithion---------- 0.01 21
DDT---~-====cmcececcacacaa-caoam- 0.01 20 Mirex---===-=~----------- 0.01 20
Endrin-------------------occmo-w- 0.01 20 Perthane---==~~==-c---=-- 0.1 20
Ethion---------ccmmemcccmcnn e nn 0.01 21 Propham---=--=~=---r-c--n- 2 5
Gross polychlorinated biphenyls-- 0.01 20 Sevip=======cc-ccemocono- 2 5
Gross polychlorinated Silvex-=-==-=-~-e~ccconoo- 0.01 15
naphthalenes-------=--------=o- 0.1 20 Toxaphene----~-=-=====-==-- 1 20
Heptachlor-----------------o----o 0.01 20 Trithion---=-~----------- 0.01 21
Heptachlor epoxide--------=------ 0.01 20 ) 0.01 15
Methomyl--------=-----=--ccc-on-- 2 5 2,4,5-T-=~===~--==---n---- 0.01 15

Table 7. Statistical summary of rainfall quality data: Single-dwelling residential site

[Statistical calculations include analytical detection limit concentration for those analyses which
are reported to be less than detection limit. Other pesticides were analyzed for but not detected

and are given at the end of this table. <, actual value is less than value shown]

Number Standard

Property or constituent of Mean Median error gta?da?d Maximum Minimum
eviation

samples of mean
INORGANICS
Field measurements
Specific conductance (uS/cm at 25°C)-- 32 14 11 2 13 57 2
pH (units)---=---ccemcerrcem e ccceaae 33 5.9 5.8 0.1 0.8 7.7 4.7
Major ions (mg/L)
Calcium, dissolved------~-=--===-===-=-- 16 0.48 0.46 0.08 0.31 1.3 0.14
Magnesium, dissolved------------------ 16 0.08 0.10 0.01 0.05 0.18 <0.01
Sodium, dissolved---====m=-------c=c-- 16 0.5 0.5 0.1 0.2 1.1 <0.2
Potassium, dissolved---------====-=--- 16 0.1 0.1 0.0 0.1 0.3 <0.1

Tables 59



Table 7. Statistical summary of rainfall quality data: Single-dwelling residential site—Continued

Number Standard

Property or constituent of Mean Median error gtandard Maximum Minimum
eviation
samples of mean

INORGANICS--Continued
Major ions (mg/L)--Continued
Alkalinity, total (as CaCO3)---------- 16 7 7 0 2 9 3
Sulfate, dissolved-=---=---=========-- 14 3.4 5.0 0.6 2.2 5.0 0.5
Chloride, dissolved-------------=----- 16 0.5 0.4 0.1 0.3 1.2 0.1
Silica, dissolved-==------=-===----=-- 8 0.25 0.24 0.09 0.25 0.60 <0.01
Nutrients (mg/L)
Nitrogen, nitrite, dissolved (as N)--- 13 0.02 <0.02 0.00 0.01 0.04 <0.02
Nitrogen, nitrite plus nitrate,

dissolved (as N)---=rm=c=romcecaana- 16 0.22 0.13 0.04 0.17 0.60 0.04
Nitrogen, ammonia, dissolved (as N)--- 13 0.37 0.35 0.06 0.22 0.74 0.11
Nitrogen, ammonia plus organic,

dissolved (as N)==-====c-=coocoeaaa- 14 1.4 0.70 0.64 2.4 9.7 0.30
Nitrogen, organic, dissolved (as N)--- 10 0.43 0.35 0.08 0.24 0.99 0.10
Nitrogen, dissolved (as N)--====------ 10 2.0 1.1 0.90 2.8 10 0.40
Phosphorus, dissolved (as N)==----=---- 16 0.03 0.01 0.01 0.04 0.14 <0.01
Phosphorus, orthophosphate,

dissolved (as P)-----------comococno 13 0.01 0.01 0.00 0.01 0.04 <0.01
Metals (ug/L)
Aluminum, total recoverable----------- 3 50 50 10 20 80 30
Aluminum, dissolved-----------==------ 3 20 10 10 10 30 <10
Arsenic, total-------=-r-co-ommm—ooooo 7 1 <1 0 0 <1 <1
Chromium, total recoverable--=----===-- 3 1 <1 0 0 <1 <1
Copper, total recoverable---=-=--=-=-- 3 4 4 1 2 6 <1
Copper, dissolved------======cecceouo- 3 2 1 1 1 3 1
Iron, total recoverable-----======---- 9 330 90 160 470 1,400 10
Iron, dissolved-=-====-----==cccc-co-- 8 8 4 3 8 24 <3
Lead, total recoverable-----=-=-==-=-= 16 12 8 4 14 61 <1
Lead, dissolved-----===-c-ocremmenonoo 14 2 1 1 3 11 <1
Manganese, total recoverable---------- 9 20 10 10 20 60 <10
Manganese, dissolved---------=-------- 8 4 2 2 5 17 <1
Mercury, total recoverable------------ 7 0.1 0.1 0.0 0.0 0.1 <0.1
Nickel, total recoverable----==-====--- 9 7 5 1 4 12 <1
Nickel, dissolved------====-=-ecocmen- 8 2 2 0 1 3 <1
Zinc, total recoverable-----=-=--=---- 3 50 60 10 20 60 30
Zinc, dissolved-----=-----c----mcomooo 3 32 31 1 2 34 30
OXYGEN DEMAND
Oxygen demand, chemical, 0.25 N

dichromate (mg/L)--=====-=memmeceau= 15 14 12 2 6 30 <7
ORGANICS
Carbon, organic, dissolved

(mg/L as C)---=---m=--cmmccmmmccoooo 13 3.6 3.3 0.4 1.4 6.2 2.1
Phenols, total recoverable (ug/L)----- 11 8 8 2 6 25 1
Pesticides (total recoverable, ug/L)
Chlordane--=-===---===-=sc-ecocc-co--- 20 0.12 <0.10 0.02 0.07 0.40 <0.10
Diazinon-------=---=-cc-cocomconoon - 20 0.12 0.08 0.02 0.11 0.42 0.02
Endosulfan--==-=--====-c-c-cmomccooooo 20 0.01 <0.01 0.00 0.01 0.04 <0.01
Lindane-==-==-=--==c-cemcocmmmecooooo- 20 0.01 0.01 0.00 0.00 0.02 <0.01
Malathion--====--------comccccmmmcm oo 20 0.03 0.03 0.01 0.03 0.11 <0.01
Methoxychlor-----==c=-cc-comceccccon- 20 0.01 <0.01 0.00 0.01 0.05 <0.01
Parathion-----==-cem=-oocoomcmoconen—o 20 0.23 0.20 0.06 0.26 0.86 <0.01
2,4-Drmmrmmmmmmm e m e e e 20 0.02 <0.01 0.00 0.01 0.04 <0.01
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Table 7. Statistical summary of rainfall quality data: Single-dwelling residential site—Continued

Other pesticides analyzed but not detected

Detection Number Detection  Number
Pesticide limit of Pesticide limit of

(total recoverable) (ug/L) samples (total recoverable) (ug/L) samples
Aldrin--------------s---o-- 0.01 20 Methomyl-------==----=-~--- 2 5
DDD----=-------------sco-o-o 0.01 20 Methyl parathion----------- 0.01 *20
DDE---=--=----------o-scooono 0.01 *%20 Methyl trithion--------~--- 0.01 20
DDT-------eocccmmmmmmccmonn 0.01 20 Mirex-----=------------aooo 0.01 20
Dieldrin------------~------ 0.01 *20 Perthane---------------~--- 0.1 20
Endrin----------cce-socoooo 0.01 20 Propham-----==-==--=---<--- 2 5
Ethion--------------~------ 0.01 20 Sevin---------------------- 2 5
Gross polychlorinated Silvex-----------------noo- 0.01 20
biphenyls---------~------ 0.1 20 Toxaphene--------------~--- 1 20
Gross polychlorinated Trithion------------cc-v--- 0.01 20
naphthalenes------~------ 0.1 20 2,4-DP--------c-coco-omaooo 0.01 20
Heptachlor----------~------ 0.01 20 2,4,5-T--------------couuo- 0.01 20

Heptachlor epoxide--------- 0.01 20

*One sample was equal to the detection limit.
**Three samples were equal to the detection limit.

Table 8. Statistical summary of rainfall quality data: Laboratory site

[Statistical calculations include analytical detection limit concentration for those analyses which are
reported to be less than detection limit. Other pesticides were analyzed for but not detected and are
given at the end of this table. ., no data available. <, actual value is less than value shown]

Number Standard

Property or constituent of Mean Median error gggggiign Maximum Minimum
samples of mean

INORGANICS
Field measurements
Specific conductance (uS/cm at 25°C)-- 16 12 11 2 8 30 4
pH (units)------------ccccmccoccecooo- 16 6.0 6.1 0.2 0.8 7.4 4.7
Major ions (mg/L)
Calcium, dissolved----------------cc-- 3 0.47 0.25 0.23 0.39 0.92 0.23
Magnesium, dissolved------------------ 3 0.06 0.07 0.02 0.03 0.08 <0.02
Sodium, dissolved--------------ccc---- 3 0.4 0.4 0.2 0.2 0.7 0.2
Potassium, dissolved------------=------ 3 0.2 0.2 0.0 0.1 0.3 0.2
Alkalinity, total as (CaCO3)---------- 3 6 7 1 1 7 5
Sulfate, dissolved--------------cc---- 3 1.2 1.1 0.1 0.2 1.4 1.1
Chloride, dissolved-------------cc-n-- 3 0.6 0.3 0.3 0.5 1.2 0.3
Silica, dissolved----------------c---- 0 . . . . . .
Nutrients (mg/L)
Nitrogen, nitrite, dissolved (as N)--- 7 0.02 0.02 0.00 0.01 0.05 <0.02
Nitrogen, nitrite plus nitrate,

dissolved (as N)---------------c---- 8 0.23 0.15 0.07 0.19 0.56 <0.10
Nitrogen, ammonia, dissolved (as N)--- 7 0.46 0.43 0.06 0.16 0.76 0.27
Nitrogen, ammonia plus organic,

dissolved (as N)-------------cco-no- 8 1.0 0.8 0.19 0.53 2.1 0.60
Nitrogen, organic, dissolved (as N)--- 4 0.49 0.56 0.14 0.27 0.74 0.12
Nitrogen, dissolved (as N)------------ 6 1.3 1.1 0.30 0.73 2.6 0.74
Phosphorus, dissolved (as N)---------- 7 0.02 0.01 0.00 0.01 0.04 <0.01
Phosphorus, orthophosphate,

dissolved (as P)-----------cc-cmnoo- 8 0.02 0.02 0.01 0.02 0.07 <0.01
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Table 8. Statistical summary of rainfall quality data: Laboratory site—Continued

Number Standard

Property or constituent of Mean Median error gzsggiggn Maximum Minimum
samples of mean
INORGANICS--Continued
Metals (ug/L)
Aluminum, total recoverable---=-=------- 3 80 80 9 20 90 60
Aluminum, dissolved------------------- 3 10 <10 3 6 20 <10
Arsenic, total---------------e-c-o--o- 5 1 <1 0 0 1 <1
Chromium, total recoverable----------- 3 1 <1 0 0 <1 <1
Copper, total recoverable--==---==-=-=--~ 3 4 2 2 3 8 <2
Copper, dissolved---=----=-=====--c=---- 3 1 1 0 1 2 1
Iron, total recoverable---========---- 6 460 80 250 610 1,300 40
Iron, dissolved------------==-=------- 6 12 10 4 10 30 <3
Lead, total recoverable--------------- 6 11 5 7 16 44 2
Lead, dissolved------=----=-c-ceoceo-- 6 2 1 1 2 6 <1
Manganese, total recoverable---------- 6 20 10 0 10 40 <10
Manganese, dissolved-------==-~------~ 6 6 7 2 4 10 1
Mercury, total recoverable------------ 5 0.1 <0.1 0.0 0.0 0.1 <0.1
Nickel, total recoverable--=-==-====---- 6 5 5 1 3 2 2
Nickel, dissolved---------=---=------=~ 6 2 3 0 1 4 1
Zinc, total recoverable--------------- 3 20 20 0 10 30 20
Zinc, dissolved-------~--m--------onoo 3 19 17 4 6 26 14
OXYGEN DEMAND
Oxygen demand, chemical, 0.25 N
dichromate (mg/L)---====r---cr-ceaa- 5 16 16 2 5 23 <10
ORGANICS
Carbon, organic, dissolved
(mg/L as C)=--===---cmececcacccancan- 7 6.9 5.9 1.7 4.4 16.0 1.8
Phenols, total recoverable (ug/L)----- 10 7 6 1 4 14 2
Pesticides (total recoverable, ug/L)
Chlordane==----=====sccccccccccccconon-" 10 0.10 <0.10 0.00 0.00 <0.10 <0.10
DDE~====<=re-ecmrrccrcccccmmcccc————— 10 0.01 <0.01 0.00 0.00 0.02 <0.01
Diazinon--------==-----c-c---ememooooo- 13 0.13 0.11 0.02 0.07 0.26 0.03
Endosulfan-=-========-seccccccccccccon-" 10 0.02 <0.01 0.01 0.02 0.07 <0.01
Lindane--=--=-===-=-cececcrcememconon- 10 0.01 0.01 0.00 0.00 0.01 <0.01
Malathion=====---==---mcac-cccccconaa- 13 0.04 0.03 0.01 0.03 0.10 0.01
Methoxychlor=--====ccccccccccccccacna-" 10 0.01  <0.01 0.00 0.01 0.04 <0.01
Parathion---------------o-eccceoonnnn— 13 0.19 0.16 0.05 0.19 0.66 <0.01
2,4-D------m--cmmemmmmmeee e 9 0.01 <0.01 0.00 0.01 0.04 <0.01
Other pesticides analyzed but not detected
Detection Number Detection  Number
Pesticide limit of Pesticide limit of
(total recoverable) (ug/L) samples (total recoverable) (ug/L) samples
Aldrin-------------ccccooo- 0.01 10 Heptachlor epoxide--------- 0.01 10
DDD=-=======c-c-mmmoommm—— 0.01 10 Methyl parathion----------- 0.01 *13
DDI-====~==m=-sc=-=eecc—con- 0.01 10 Methyl trithion------------ 0.01 13
Dieldrin---====-==cc-ccen-- 0.01 *10 Mirex-------------c--co-oun 0.01 10
Endrin---------=---c-c--on 0.01 10 Perthane-----=-==---ccc-c--- 0.1 10
Ethion----------=-m-cc--mno- 0.01 *13 Silvex-=-====-recmccaccan-- 0.01 9
Gross polychlorinated Toxaphene--------=c-c-cc-nn 1 10
biphenyls---------------- 0.1 10 Trithion---=====--c-cc-ce-o- 0.01 13
Gross polychlorinated 2,4-DP-----mmmmmcmemmmmm e 0.01 9
naphthalenes-=---=====-=--~ 0.1 10 2,4,5-T-=-rmmemmccmcceeeem 0.01 9

Heptachlor-----=-==-cc-c--- 0.01 10

*One sample was equal to the detection limit.
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Table 9. Results of statistical comparison testing between sites for composite rainfall quality samples

[Comparison testing includes only those constituents that were consistently above
analytical detection levels. 1, statistically similar at 0.05-significance
level; 2, statistically different at 0.05-significance level; 3, no test
performed due to significant difference between years for these constituents at
the industrial site; 4, no test performed (no silica data for laboratory site)]

Property or constituent

Sites compared

Industrial/ Industrial/ Single/
Single Laboratory Laboratory

pH-- -—- -— 2 1 1
Specific conductance 1 1 1
Calcium, dissolved 1 1 1
Magnesium, dissolved 1 1 1
Sodium, dissolved 1 1 1
Potassium, dissolved 2 1 2
Sulfate, dissolved - 1 1 1
Chloride, dissolved 1 1 1
Silica, dissolved 1 4 4
Nitrogen, nitrite, dissolved (as N)--- 1 1 1
Nitrogen, nitrite plus nitrate,

dissolved (as N)- 1 1 1
Nitrogen, ammonia, dissolved (as N)--- 2 1 1
Nitrogen, ammonia plus organic,

dissolved (as N) 2 1 1
Phosphorus, dissolved (as P)---—=—=——- 3 3 1
Aluminum, total recoverable~-—---——-——- 1 1 1
Copper, total recoverable--—=—=—=—cmne- 1 1 1
Iron, total recoverable—=====mmmemmmmma 1 1 1
Lead, total recoverable-———==———m=e=a- 1 1 1
Lead, dissolved 1 1 1
Manganese, total recoverable~—==—==——=- 1 1 1
Manganese, dissolved 1 1 1
Nickel, total recoverable-——==———em—eea- 1 1 1
Zinc, total recoverable-————=mmemma——— 1 1 1
Zinc, dissolved —-— 1 1 2
Oxygen demand, chemical,

0.25 N dichromate —— 1 1 1
Carbon, organic, dissolved-—==—==a=e-- 3 3 2
Phenols, total recoverable————=—====w- 2 1 1

Tables

63



Table 10. Rainfall constituent event mean concentrations and loads for storms monitored at industrial site

[Event mean concentrations, in milligrams per liter (mg/L) or micrograms per liter (ug/L);
storm load, in pounds (1b).

., no data available.

<, actual value is less than value shown]

Nitrogen, Nitrogen,
nitrite plus ammonia plus Oxygen demand, Carbon,
Storm Storm nitrate, organic, Phosphorus, chemical, 0.25 organic,
beginning ending Rainfall dissolved dissolved dissolved N dichromate dissolved
date date total
(in.) mg/L 1b mg/L 1b mg/L 1b mg/L 1b mg /L 1b
12-29-81 12-29-81 0.18 0.16 1.8 0.90 10 0.08 0.91 18 204 3.1 35
01-04-82 01-04-82 0.62 <0.09 <3.5 0.59 23 0.05 2.0 <12 <469 5.2 203
02-14-82 02-16-82 0.53 0.23 7.7 4,0 134 0.09 3.0 12 401 5.7 190
03-09-82 03-10-82 0.33 0.37 7.7 . . 0.18 3.7 19 395 3.3 69
03-10-82 02-11-82 0.20 0.31 3.9 1.6 20 0.13 1.6 22 277 6.2 78
03-25-82 03-26-82 0.24 0.43 6.5 1.7 25 0.13 2.0 26 393 4.0 60
03-28-82 03-29-82 1.02 0.11 7.1 0.87 56 0.04 2.6 15 964 4.6 296
09-24-82 09-24-82 0.20 0.96 12 3.2 40 0.28 3.5 . . . .
10-25-82 10-25-82 0.19 . . . . . . . . . .
10-26-82 10-26-82 0.59 0.13 5.8 1.1 41 0.06 2.2 27 1,004 4.5 167
11-09-82 11-09-82 0.45 <0.10 <2.8 1.3 37 0.01 0.28 <10 <283 2.7 77
01-18-83 01-19-83 0.78 <0.10 <4.9 1.2 59 0.03 1.5 <10 <491 2.7 133
01-23-83 01-24-83 0.70 0.10 4.4 1.1 48 0.01 0.44 <10 <441 4.0 176
Aluminum, Chromium, Copper, Iron,
Storm Storm total Arsenic, total total total
beginning ending Rainfall recoverable total recoverable recoverable recoverable
date date total
(in.) Hg/L 1b ug/L 1b ug/L 1b vg/L 1b ug/L 1b
12-29-81 12-29-81 0.18 . . . . . . . . . .
01-04-82 01-04-82 0.62 . . . . . . . . . .
02-14-82 02-16-82 0.53 . . . . . . . . . .
03-09-82 03-10-82 0.33 . . . . . . . . . .
03-10-82 03-11-82 0.20 . . . . . . . . . .
03-25-82 03-26-82 0.2 . . . . . . . . . .
03-28-82 03-29-82 1.02 . . . . . . . . . .
09-24-82 09-24-82 0.20 . . . . . . . . 2,800 35
10-25-82 10-25-82 0.19 580 6.9 . . 1 0.01 12 0.14 830 9.9
10-26-82 10-26-82 0.59 . . <1 <0.04 . . . . 40 1.5
11-09-82 11-09-82 0.45 140 4.0 <1 <0.03 <1 <0.03 6 0.17 350 9.9
01-18-83 01-19-83 0.78 60 3.0 <1 <0.05 <1 <0.05 6 0.30 60 3.0
01-23-83 01-04-83 0.70 . . <1 <0.04 . . . . 10 0.44
Lead, Manganese, Mercury, Nickel, Zinc,
Storm Storm total total total total total
beginning ending Rainfall recoverable recoverable recoverable recoverable recoverable
date date total
(in.) ug/L 1b ug/L 1b ug/L 1b ug/L 1b ug/L 1b
12-29-81 12-29-81 0.18 . . . . . . . . . .
01-04-82  01-04-82 0.62 7 0.27 . . . . . . . .
02-14-82 02-16-82 0.53 20 0.67 . . . . . . . .
03-09-82 03-10-82 0.33 8 0.17 . . . . . . . .
03-10-82 03-11-82 0.20 5 0.06 . . . . . . . .
03-25-82 03-26-82 0.24 13 0.20 . . . . . . . .
03-28-82 03-29-82 1.02 10 0.64 . . . . . . . .
09-24-82  09-24-82 0.20 51 0.64 80 1.0 . . 11 0.14 . .
10-25-82  10-25-82 0.19 16 0.19 40 0.48 . . 3 0.04 90 1.1
10-26-82 10-26-82 0.59 4 0.15 <10  <0.37 <0.1 <0.01 5 0.19 . .
11-09-82 11-09-82 0.45 8 0.23 10 0.28 0.1 <0.01 10 0.28 70 2.0
01-18-83 01-19-83 0.78 2 0.10 <10 <0.49 0.2 0.01 <1 <0,05 40 2.0
01-23-83 01-24-83 0.70 2 0.09 <10 <0.44 <0.1 <0.01 1 0.04 . .
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Table 11. Rainfall constituent event mean concentrations and loads for storms monitored at single-dwelling residential site

[Event mean concentrations, in milligrams per liter (mg/L) or micrograms per liter (Hg/L);
storm load, in pounds (1b). ., no data available.

<, actual value is less than value shown]

Nitrogen, Nitrogen,
nitrite plus ammonia plus Oxygen demand, Carbon,
Storm Storm nitrate, organic, Phosphorus, chemical, 0.25 organic,
beginning ending Rainfall dissolved dissolved dissolved N dichromate dissolved
date date total
(in.) mg/L 1b mg/L 1b  mg/L 1b mg/L 1b mg/L 1b
12-29-81 12-30-81 0.38 0.14 1.1 0.68 5.5 0.02 0.16 16 130 3.2 26
01-04-82 01-04-82 0.83 <0.09 <1.6 0.53 9.4 0.01 0.18 <12 <212 2.1 37
02-14-82 02-16-82 0.65 0.17 2.4 1.7 24 0.08 1.1 <7 <97 5.5 76
03-09-82 03-10-82 0.47 0.46 4.6 . . <0.01 <0.10 <12 <120 2.4 24
03-10-82 03-11-82 0.30 0.25 1.6 9.7 62 0.01 0.06 20 128 5.1 33
03-25-82 03-26-82 0.20 0.45 1.9 1.3 5.5 0.04 0.17 30 128 6.2 26
03-28-82 03-29-82 0.45 0.17 1.6 0.92 8.8 <0.01 <0.10 11 105 3.5 34
03-31-82 03-31-82 0.95 0.04 0.81 0.36 7.3 <0.01 <0.20 12 243 . .
09-24-82 09-24-82 0.22 0.60 2.8 . . 0.14 0.66 . . . .
10-25-82 10-25-82 0.09 . . . . . . . . . .
10-26-82 10-26-82 0.69 0.10 1.5 1.0 15 <0.01 <0.15 <10 <147 2.3 34
11-09-82 11-09-82 0.45 0.12 1.2 0.90 8.6 0.01 0.10 13 125 4.9 47
01-18-83 01-19-83 0.85 <0.10 <1.8 0.70 13 0.02 0.36 17 308 . .
01-24-83 01-24-83 0.74 <0,10 <1.6 0.30 4.7 0.01 0.16 10 158 2.1 33
02-28-83 03-01-83 1.1 <0.10 <2.4 0.50 12 0.01 0.24 <10 <236 2.4 57
03-16-83 03-16-83 0.40 0.46 3.9 0.70 6.0 0.03 0.26 20 170 3.3 28
03-23-83 03-23-83 0.57 0.10 1.2 0.60 7.3 0.01 0.12 17 206 3.9 47
Aluminum, Chromium, Copper, Iron,
Storm Storm total Arsenic, total total total
beginning ending Rainfall recoverable total recoverable recoverable recoverable
date date total
(in.) ug/L 1b Hg/L 1b ug/L 1b ug/L 1b Hg/L 1b
12-29-81 12-30-81 0.38 . . . . . . .
01-04-82 01-04-82 0.83 . . . . . . . . . .
02-14-82  02-16-82 0.65 . . . . . . . . . .
03-09-82 03-10-82 0.47 . . . . . . . . . .
03-10-82 03-11-82 0.30 . . . . . . . . . .
03-25-82 03-26-82 0.20 . . . . . . . . . .
03-28-82  03-29-82 0.45 . . . . . . . . . .
03-31-82 03-31-82 0.95 . . . . . . . . . .
09-24-82 09-24-82 0.22 . . . . . . . . 770 3.6
10-25-82 10-25-82 0.09 . . . . . . . . 1,400 2.7
10-26-82 10-26-82 0.69 . . <1 <0.02 . . . . 90 1.3
11-09-82 11-09-82 0.45 30 0.29 <1 <0.01 <1 <0.01 4 0.04 360 3.4
01-18-83 01-19-83 0.85 80 1.4 <1 <0.02 <1 <0.02 6 0.11 90 1.6
01-24-83 01-24-83 0.74 . . <1 <0.02 . . . . 40 0.63
02-28-83 03-01-83 1.1 50 1.2 <1 <0.02 <1 <0.02 1 0.02 10 0.24
03-16-83 03-16-83 0.40 . . <1 <0.01 . . . . 170 1.4
03-23-83 03-23-83 0.57 . . <1 <0.01 . . . . 60 0.73
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Table 11. Rainfall constituent event mean concentrations and loads for storms monitored at single-dwelling residential site—
Continued

Lead, Manganese, Mercury, Nickel, Zinc,
Storm Storm total total total total total
beginning ending Rainfall recoverable recoverable recoverable recoverable recoverable
date date total
(in.) ug/L 1b ug/L 1b ug/L 1b ug/L 1b ug/L 1b
12-29-81 12-30-81 0.38 . . . . . ;
01-04-82 01-04-82 0.83 3 0.05 . . . . . . . .
02-14-82 02-16-82 0.65 15 0.21 . . . . . . . .
03-09-82 03-10-82 0.47 8 0.08 . . . . . . . .
03-10-82 03-11-82 0.30 10 0.06 . . . . . . . .
03-25-82  03-26-82 0.20 25 0.11 . . . . . . . .
03-28-82 03-29-82 0.45 9 0.09 . . . . . . .
03-31-82 03-31-82 0.95 <4 <0.08 . . . . . . . .
09-24-82  09-24-82 0.22 15 0.07 30 0.14 . . 5 0.02 . .
10-25-82 10-25-82 0.09 61 0.12 60 0.12 . . 12 0.02 . .
10-26-82 10-26-82 0.69 4 0.06 10 0.15 0.1 <o0.01 9 0.13 . .
11-09-82  11-09-82 0.45 5 0.05 10 0.10 0.1 <0.01 5 0.05 60 0.58
01-18-83 01-19-83 0.85 4 0.07 <10 <0.18 0.1 <0.01 <1 <0.02 60 1.1
01-24-83  01-24-83 0.74 4 0.06 <10 <0.16 <0.1 <0.01 10 0.16 . .
02-28-83 03-01-83 1.1 <1 <0.02 <10 <0.24 0.1 <0.01 4 0.10 30 0.71
03-16-83 03-16-83 0.40 12 0.10 10 0.08 0.1 <0.01 10 0.08 . .
03-23-83 03-23-83 0.57 8 0.10 <10 <0.12 <0.1 <0.01 4 0.05 . .
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Table 12. Statistical summary of discrete runoff sample data: Industrial catchment

[Statistical calculations include analytical detection limit concentration for those analyses which
are reported to be less than detection limit. Other organics were analyzed for but not detected
and are given at the end of this table. <, actual value is less than value shown]

Number Standard Standard
Property or constituent of Mean Median error deviati Maximum Minimum
eviation
samples of mean

INORGANICS
Field measurements
Specific conductance (uS/cm at 25°C)---- 285 464 304 42 704 9,960 96
PH (unitg)----==wwmcemeccmencmc e cee o 221 6.7 6.7 0.0 0.3 7.5 4.9
Major ions (mg/L)
Hardness, total (as CaCQ3)------=---=-=--- 101 65 48 5 52 410 17
Calcium, dissolved---------------------- 101 15 11 1.4 14 120 4.0
Magnesium, dissolved-=------=--=======-on 101 6.4 4.9 0.5 4.6 26 1.6
Sodium, dissolved--------------=-------- 102 74 19 19 200 1,800 5.7
Potassium, dissolved--------~--=--------- 99 24 22 1.1 11 62 5.2
Alkalinity, total (as CaC0O3)~----------- 101 84 79 5 47 221 5
Sulfate, dissolved----------=-------=--- 102 25 16 2.0 21 110 <5.0
Chloride, dissolved--=------==----c=wu--- 102 110 24 32 320 3,000 4.8
Silica, dissolved--------------cc--c---- 74 5.4 4.0 0.6 5.0 30 1.6
Nutrients (mg/L)
Nitrogen, nitrate, dissolved (as N)----- 42 1.2 1.0 0.13 0.83 3.3 0.00
Nitrogen, nitrite plus nitrate,

dissolved (as N)----------c--cmcocooo- 81 1.8 1.3 0.14 1.3 5.5 0.10
Nitrogen, ammonia, dissolved (as N)----- 86 6.6 6.4 0.35 3.2 20 0.90
Nitrogen, ammonia plus organic,

total (as N)==-=---=ccccmcemcccccnnna- 78 27 24 1.4 13 78 8.8
Nitrogen, ammonia plus organic,

dissolved (as N)-----------------c---- 83 18 17 0.93 8.5 45 3.6
Nitrogen, organic, dissolved (as N)----- 86 12 10 0.79 7.3 38 0.1
Nitrogen, dissolved (as N)-------------- 79 20 18 1.2 10 54 4.0
Phosphorus, total (as P)---------------- 90 6.6 6.3 0.29 2.8 20 0.92
Phosphorus, dissolved (as P)--=---------- 89 5.0 4,7 0.25 2.4 11 0.40
Phosphorus, orthophosphate,

total (as P)----------e-mmemmmem e 71 4.5 4.0 0.25 2.1 10 0.72
Phosphorus, orthophosphate,

dissolved (as P)--==-==--ceccmcnmcnnn- 66 3.7 3.3 0.23 1.8 9 0.68
Metals (ug/L)
Aluminum, total recoverable--------==---- 16 10,000 7,000 1,300 5,300 18,000 3,000
Aluminum, dissolved-------------cccc---- 16 160 150 21 82 290 20
Arsenic, total----=---------c-c---ooon-o 107 17 14 1 11 67 1
Arsenic, dissolved----------=----------- 68 10 9 1 7 50 1
Cadmium, total recoverable-------------- 70 2 1 0 1 4 <1
Cadmium, dissolved------------c-cm-noon- 69 2 <1 0 1 6 <1
Chromium, total recoveraple-------~------ 86 17 14 1 13 51 <1l
Chromium, dissolved---------==---------- 69 2 <1l 0 2 13 <1l
Copper, total recoverable-------==--c--- 86 89 66 7 67 400 30
Copper, dissolved----====-=---c-cuuuoonn 85 16 15 1 9 40 3
Iron, total recoverable----------------- 107 12,000 9,000 980 10,000 62,000 480
Iron, dissolved---=--------c-vvcccccoonn 102 620 370 83 840 7,400 22
Lead, total recoverable---=-------=---=-- 107 95 74 7 75 360 16
Lead, dissolved-=--------=---------c-oo- 106 10 9 1 7 39 <1
Manganese, total recoverable------------ 37 520 360 57 350 1,600 170
Manganese, dissolved------==------------- 37 180 130 26 160 750 46
Mercury, total recoverable--------=------ 107 0.2 0.1 0.0 0.3 2.5 <0.1
Mercury, dissolved------=-=-=---ccvuoow- 69 0.2 0.1 0.0 0.2 1.8 <0.1
Nickel, total recoverable-=--=---------=-- 107 27 24 2 17 98 4
Nickel, dissolved-----------c-=-ccccwu-- 106 9 8 0 6 30 <1
Zinc, total recoverable---=-=-=-==c-==-- 86 740 535 62 580 3,100 280
Zinc, dissolved---=---=-=---m-coccoocoon 81 250 190 22 200 1,400 70
BIOLOGICAL
Coliform, fecal, 0.7 um-MF

(colonies/100 ML)=--=-==-===-====ccun- 20 9,700 4,250 2,300 10,000 31,000 <120
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Table 12. Statistical summary of discrete runoff sample data: Industrial catchment—Continued

Number Standard Standard
Property or constituent of Mean Median error deviation Maximum Minimum
samples of mean
OXYGEN DEMAND (mg/L)
Oxygen demand, chemical,
0.25 N dichromate------=-------==----- 56 620 490 56 417 2,500 150
Oxygen demand, biochemical,
carbonaceous, 5-day at 20°C----------- 42 149 135 11 70 330 30
Oxygen demand, biochemical,
carbonaceous, 20-day-----====-=-ccc=- 42 189 160 20 126 830 39
PHYSICAL PROPERTIES
Turbidity (NIU)--===-===-cmecmcccocoaanx 83 160 110 15 141 800 1
Solids, residue at 180°C,
dissolved (mg/L)---=-======c-mecmmaaaa- 93 423 242 67 648 5,870 77
Solids, sum of constituents,
dissolved (mg/L)-=-====-==cmemccnaann" 96 321 165 56 545 4,997 63
Sediment, suspended (mg/L)----=-====n==-= 100 684 500 62 619 2,770 51
ORGANICS
Carbon, organic, dissolved
(mg/L as C)=-==-mmmmemmcemcca e e cme 56 190 130 42 310 2,300 20
Carbon, organic, suspended
(mg/L as C)===-=m==mommcmccecanccaaonn 54 25 26 1.5 11 41 5.8
Cyanide, total (mg/L)----==--n==cc=c--u- 3 0.01 <0.01 0.00 0.00 <0.01 <0.01
Cyanide, dissolved (mg/L)--=----=-==n==-= 3 0.01 <0.01 0.00 0.00 <0.01 <0.01
0il and grease, total recoverable,
gravimetric (mg/L)-----===-=c-mmoceuo- 15 11 4 5 20 80 <1
Phenols, total recoverable (ug/L)=--=--= 5 114 20 96 216 500 8
Pesticides (total recoverable, ug/L)
Chlordane-----===----s=-ec--c--comcooooo 19 0.12 <o0.10 0.01 0.05 0.30 <0.10
DDE-----=====-c---mmccmcccmecemm o m e 19 0.01 0.01 0.00 0.01 0.03 <0.01
Diazinon---=---=--=--cc-ccmcoccmone e 18 0.67 0.53 0.17 0.71 3.3 0.14
Dieldrin-------------c-c--o-oo-moconoooo 19 0.01 <0.01 0.00 0.00 0.02 <0.01
Endosulfan--------=---ccor--oncconnmonnno 19 0.01 <0.01 0.00 0.00 0.02 <0.01
Lindane-------=-=------=--ccccocooooooen 19 0.05 0.03 0.01 0.06 0.27 0.01
Malathion---------=-----c-concomonmanonn 18 0.66 0.44 0.16 0.67 3.0 0.20
Methoxychlor------------=c-cocococoonua" 19 0.01 <0.01 0.00 0.00 0.03 <0.01
Parathion---------=-=-----coccocconno 18 0.05 <0.01 0.02 0.09 0.38 <0.01
Silvex-=--------=-cc-cccomccoccomamooooo 19 0.01 <0.01 0.00 0.01 0.07 <0.01
2,4-D------m---mmemmmmmmmme oo 19 0.26 0.03 0.17 0.72 3.2 <0.01
Other organics analyzed but not detected
Organic De;igiton Nug?er Organic De;iggton Nug?er
(total recoverable) (ug/L) samples (total recoverable) (ug/L) samples
Aldrin--------------c---on-o 0.01 19 Heptachlor------=-----===---- 0.01 19
Benzene--=---=-=-==~-====---=-- 1 5 Heptachlor epoxide----------- 0.01 19
Chlorobenzene---=-===~===--- 1 5 Methomyl-=-===~~-ec=c~=o-vau- 2 8
DDD~====-m=~occmmccccaaacan- 0.01 19 Methyl parathion------------- 0.01 18
DDT----=====-=--=--=--o=-o-- 0.01 19 Methyl trithion--------==<-~= 0.01 19
Dibromochloropropane---=-=---- 0.003 *7 Mirex------------acoco-o-eo-- 0.01 19
Endrin----------=---=-----un 0.01 19 Perthane--------==-----c-c-—- 0. 19
Ethion---------------------- 0.01 19 Propham---------=--------w--- 2 8
Ethylbenzene--===-=====c-~-- 1 5 Sevin------------m-ccom-mooo 2 8
Gross polychlorinated Toxaphene----=====-====--vc-- 1 19
biphenyls------=--------=- 0.1 19 Trithion-------------co--c--- 0.01 19
Gross polychlorinated 2,4-DP-----==m==cccnccmcanoan 0.01 19
naphthalenes--=-===----~=-= 0.1 19 2,4,5-T===ermmcccccmaaceanean 0.01 19

*One sample had a concentration equal to the detection limit.
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Table 13. Statistical summary of discrete runoff sample data: Single-dwelling residential catchment

[Statistical calculations include analytical detection limit concentration for those analyses which
are reported to be less than detection limit. Other organics were analyzed for but not detected
and are given at the end of this table. <, actual value is less than value shownl]

Number Standard Standard
Property or constituent of Mean Median error deviation Maximum Minimum
samples of mean

INORGANICS
Field measurements
Specific conductance (uS/cm at 25°C)---- 121 56 40 4 222 15
pH (units)----==---c-cmcccccccccceecaana 97 7.1 7.0 0.0 0.4 8.3 6.5
Major ions (mg/L)
Hardness, total (as CaC0O3)-------------- 62 20 15 2 16 70 4
Calcium, dissolved-----------------c---- 65 5.8 4.7 0.5 4.1 18 1.3
Magnesium, dissolved------=-=-c-ccceca-- 65 1.3 0.7 0.2 1.4 6.2 0.1
Sodium, dissolved----------------------- 65 3.9 3.2 0.4 3.0 18 0.7
Potassium, dissolved-------------------- 65 3 2.3 0.3 2.4 9.8 0.8
Alkalinity, total (as CaCO3)---======--- 65 19 15 2 14 73 7
Sulfate, dissolved----==---=-=ccacca-c-a 61 8 7 1 4 27 4
Chloride, dissolved--------------------- 64 3.3 2.5 0.4 3.1 14 0.6
Silica, dissolved-----===--=-cccccancn-x 44 3.0 2.2 0.6 4.0 27 0.8
Nutrients (mg/L)
Nitrogen, nitrate, dissolved (as N)----- 25 0.75 0.49 0.12 0.58 2.1 0.18
Nitrogen, nitrite plus nitrate,

dissolved (as N)-------=----ccemmnoon 65 0.93 0.50 0.13 1.0 4.7 0.11
Nitrogen, ammonia, dissolved (as N)----- 65 1.4 0.69 0.18 1.5 6.4 0.12
Nitrogen, ammonia plus organic,

total (as N)-=---=--------cccmmcnoonon 55 4.5 2.7 0.61 4.5 22 0.57
Nitrogen, ammonia plus organic,

dissolved (as N)-------=--ccccccaoanan 64 3.8 2.1 0.5 3.8 16 0.5
Nitrogen, organic, dissolved (as N)----- 62 2.6 1.5 0.3 2.7 12 0.2
Nitrogen, dissolved (as N)---=-=--c-c--- 64 4.8 2.4 0.60 4.8 21 0.63
Phosphorus, total (as P)---==-=-=----c--- 65 0.63 0.39 0.07 0.59 2.4 0.10
Phosphorus, dissolved (as P)-------=---- 65 0.37 0.23 0.04 0.32 1.6 0.09
Phosphorus, orthophosphate,

total (as P)--=--=----cmcccccceccenaa- 64 0.37 0.22 0.05 0.38 2.2 0.10
Phosphorus, orthophosphate,

dissolved (as P)------===---cccccccao-- 64 0.31 0.20 0.04 0.29 1.6 0.09
Metals (ug/L)
Aluminum, total recoverable------------- 17 5,000 3,400 1,300 5,400 20,000 530
Aluminum, dissolved--------------------- 17 100 50 30 110 370 30
Arsenic, total------------ccccccccccaan- 64 2 1 0 2 8 <1
Arsenic, dissolved---------------------- 31 1 1 0 1 5 <1
Cadmium, total recoverable-------------- 31 1 1 0 1 4 <1
Cadmium, dissolved---------------ccac--- 31 2 2 0 1 4 <l
Chromium, total recoverable------------- 48 9 8 1 7 40 <1
Chromium, dissolved--------=------------ 31 1 <1 0 1 4 <1
Copper, total recoverable--------=~----- 47 32 14 6 40 180 4
Copper, dissolved---------------r-cccon- 48 6 5 1 4 21 <1
Iron, total recoverable---------==------ 64 4,600 1,700 790 6,300 29,000 160
Iron, dissolved-----------------c-ncon-- 64 190 91 28 230 960 29
Lead, total recoverable--------=-=------ 63 350 170 53 420 2,100 15
Lead, dissolved---------r-=------c-co-o-- 64 42 25 5 41 200 2
Manganese, total recoverable------------ 32 160 110 30 150 480 20
Manganese, dissolved----------=--------- 33 50 23 10 60 210 5
Mercury, total recoverable--------=------ 64 0.6 0.1 0.2 1.4 8.6 <0.1
Mercury, dissolved-------==----cccc----- 31 0.1 <0.1 0.0 0.0 0.1 <0.1
Nickel, total recoverable--------------- 62 19 11 3 22 85 1
Nickel, dissolved-======~--ccccccccccan- 64 6 4 1 7 30 <l
Zinc, total recoverable----------=------ 47 210 90 40 280 1,300 30
Zinc, dissolved----------=------cco----- 48 70 43 10 71 350 21
BIOLOGICAL
Coliform, fecal, 0.7 um-MF

(colonies/100 mML)=-=====mm==ceceeennn- 12 23,000 8,100 14,000 50,000 180,000 <1,000
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Table 13. Statistical summary of discrete runoff sample data: Single-dwelling residential catchment—Continued

Number Standard Standard
Property or constituent of Mean Median error deviation Maximum Minimum
samples of mean
OXYGEN DEMAND (mg/L)
Oxygen demand, chemical,
0.25 N dichromate-===--------====----=- 34 106 95 10 56 290 27
Oxygen demand, biochemical,
carbonaceous, 5-day at 20°C---=-=--=----- 22 14.6 8.3 3.4 16 53 2.1
Oxygen demand, biochemical,
carbonaceous, 20-day-------=----------- 22 21 12 4.7 22 81 2.3
PHYSICAL PROPERTIES
Turbidity (NIU)--------===-------c-c-o--- 49 57 11 20 138 900 1.7
Solids, residue at 180°C,
dissolved (mg/L)-=========csc-c-cenm-- 64 63 46 6 48 224 9
Solids, sum of constituents,
dissolved (mg/L)--=--==--==-=---n-==="==- 64 45 34 4 31 155 13
Sediment, suspended (mg/L)-------------- 64 246 70 48 380 1,540 9
ORGANICS
Carbon, organic, dissolved
(mg/L as C)==-=======---em—mcmmmnano 36 75 46 16 96 550 4
Carbon, organic, suspended
(mg/L as C)========-=c---cmmccmce———- 33 3.2 2.3 0.6 3.2 17 0.8
Cyanide, total (mg/L)--~--==<==--=--r--—- 5 0.01 <0.01 0.00 0.00 <0.01 <0.01
Cyanide, dissolved (mg/L)--------------- 5 0.01 <0.01 0.00 0.00 <0.01 <0.01
0il and grease, total recoverable,
gravimetric (mg/L)--=---------=------- 11 3 2 1 2 8 1
Phenols, total recoverable (ug/L)------- 5 22 18 4 10 35 13
Pesticides (total recoverable, ug/L)
Chlordane--------------=---------------- 16 0.16 0.10 0.02 0.07 0.30 0.10
Diazinon--------------------—--—------- 16 0.36 0.27 0.07 0.27 1.1 0.11
Lindane-----------===c=-------moo--—- 16 0.03 0.03 0.00 0.02 0.06 0.01
Malathion-=========-----ccocccccocnoonn- 16 2.2 0.99 0.82 3.3 13 0.19
Methoxychlor-=--========-==--------c-u-v-- 16 0.03 <0.01 0.01 0.05 0.19 <0.01
Methyl parathion-------==--=-----=--oum- 16 0.01 <0.01 0.00 0.00 0.03 <0.01
Parathion-------=-==-==-----c-cooooo—- 16 0.21 0.13 0.07 0.26 0.92 <0.01
SilveX=====s===sme—-—-eeceeecececaceeae- 16 0.0l <0.01  0.00 0.00 0.03  <0.01
2,4-D-----=-=essmemssemsee—eeccnmcome—— 16 0.26 0.07 0.13 0.51 1.7 <0.01
Other organics analyzed but not detected
Organic De%gc?ion Num?er Organic De;gc;ton Num?er
(total recoverable) (;E}L) sa:ples (total recoverable) (aglL) sa:ples
Aldrin========-==--=--=------ 0.01 16 Heptachlor------------------- 0.01 16
Benzene------=-=~=---------- 1 3 Heptachlor epoxide----------- 0.01 16
Chlorobenzene-----=-==-===---- 1 3 Methomyl---=-=-----=---=------- 2 4
DDD------=----=-----====------ 0.01 16 Methyl trithion-------------- 0.01 16
DDE-=--========-=====--------- 0.01 *16 Mirex--===--=-----=---------- 0.01 16
DDT---=-============-==------ 0.01 **16 Perthane--------------------- 0.01 16
Dibromochloropropane-------- 0.003 *ky, Propham----===-====-=c-=---=-- 0.01 4
Dieldrin-=---=---------------- 0.01 *16 Sevin---------------cemmnmmo 2 4
Endosulfan-----=-=-=-=----=-==---- 0.01 **16 Silvex=======-=----c-cocceooo- 0.01 16
Endrin------------===~------ 0.01 *%16 Toxaphene----=-=-----==c=-==--- 0.1 16
Ethion---------------------- 0.01 16 Trithion---------=-=-==ccuo-- 2 16
Ethylbenzene-=--==-=====----- 1 3 2,4-DP-------------===------- 2 16
Gross polychlorinated 2,4 ,5-T---=---=-=----====------ 0.01 16
biphenyls-======-=====------ 0.1 16
Gross polychlorinated
naphthalenes-=======-=----- 0.1 16

*Four samples had concentrations

equal to the detection limit.
**0ne sample had a concentration equal to the detection limit.
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Table 14. Statistical summary of discrete runoff sample data: Multiple-dwelling residential catchment

[Statistical calculations include analytical detection limit concentration for those analyses which
are reported to be less than detection limit. Other organics were analyzed for but not detected
and are given at the end of this table. <, actual value is less than value shown]

Number

Standard

Property or constituent of Mean Median error g;:;g:ign Maximum Minimum
samples of mean

INORGANICS
Field measurements
Specific conductance (uS/cm at 25°C)---- 230 66 44 5 70 606 17
pH (unitg)--------mr----mecmcce— e 169 7.1 7.0 0.0 0.3 8.8 6.4
Major ions (mg/L)
Hardness, total (as CaCO3)-------------- 85 30 14 4 37 230 6
Calcium, dissolved-------=---c--c-ccwono 87 8.3 4.3 1.1 10 65 2.0
Magnesium, dissolved---~----=~-----~---- 87 2.1 0.9 0.3 2.8 16 0.3
Sodium, dissolved---------------=--o---a 87 6.8 3.8 0.9 8.5 49 1.0
Potassium, dissolved-------------------- 87 3.4 2.2 0.3 3.2 19 0.8
Alkalinity, total (as CaCOj)==-=--==-==-- 89 25 15 2 24 150 6
Sulfate, dissolved------==---=----ce-eono 88 12 8.0 1.3 12 76 3.6
Chloride, dissolved--------------------- 88 5.1 2.0 0.9 8.8 65 0.6
Silica, dissolved------=-=-=rcccmccnenoo 68 4,7 2.8 0.6 5.4 25 1.5
Nutrients (mg/L)
Nitrogen, nitrate, dissolved (as N)----- 45 0.89 0.53 0.19 1.2 6.6 0.14
Nitrogen, nitrite plus nitrate,

dissolved (as N)-------mecmmccccaconn" 88 1.1 0.60 0.16 1.5 7.5 <0.10
Nitrogen, ammonia, dissolved (as N)----- 88 1.4 0.94 0.15 1.4 7.3 <0.06
Nitrogen, ammonia plus organic,

total (as N)=-=--=--ememeccmme e 85 5.2 2.7 0.64 5.9 25 0.83
Nitrogen, ammonia plus organic,

dissolved (as N)--=-=-----meccccocano- 88 4.3 2.5 0.5 5.0 26 <0.2
Nitrogen, organic, dissolved (as N)----- 84 2.9 1.3 0.5 4.2 25 0.2
Nitrogen, dissolved (as N)-----=-==----o- 86 5.5 3.4 0.71 6.6 33 0.82
Phosphorus, total (as P)-----=--=-eemn-- 89 0.81 0.43 0.10 0.97 5.0 0.08
Phosphorus, dissolved (as P)-------=---- 87 0.58 0.30 0.08 0.77 4,7 0.06
Phosphorus, orthophosphate,

total (as P)--=------m-mmeceecceeeoo 87 0.46 0.27 0.05 0.46 2.4 0.07
Phosphorus, orthophosphate,

dissolved (as P)-=-=--=------cmmomoomn 88 0.38 0.22 0.04 0.39 2.1 0.03
Metals (ug/L)
Aluminum, total recoverable------------- 17 12,000 6,300 2,800 11,000 37,000 1,600
Aluminum, dissolved~---=----=c--crcemon- 14 250 195 50 170 570 50
Arsenic, total---------------c--cmccoooo 87 3 2 0 3 16 <1
Arsenic, dissolved----------------c----- 51 2 1 0 2 10 <1l
Cadmium, total recoverable-----~---===-- 53 2 1 0 1 6 <1l
Cadmium, dissolved----------=c-ccecoc-- 51 2 <1 0 1 5 <1l
Chromium, total recoverable------------- 70 16 15 1 10 62 1
Chromium, dissolved--------------------- 51 1 <1 0 1 4 <l
Copper, total recoverable~--=~---------- 70 39 22 6 49 270 7
Copper, dissolved-------------~---~----- 66 9 5 1 11 58 1
Iron, total recoverable----------------- 91 11,000 5,600 1,400 14,000 72,000 450
Iron, dissolved--------------------c---- 87 250 150 30 280 1,800 20
Lead, total recoverable-------====--===-- 91 225 170 20 190 940 25
Lead, dissolved--=--=mreemcmcmmccccennan 87 20 12 2 19 86 1
Manganese, total recoverable------------ 38 400 200 70 430 1,600 40
Manganese, dissolved----=-=-=-cmmcmeo—oo 36 110 56 22 130 470 9
Mercury, total recoverable-------------- 88 0.3 0.2 0.0 0.3 1.6 <0.1
Mercury, dissolved-----------=-----o---- 51 0.2 <0.1 0.0 0.3 2.3 0.0
Nickel, total recoverable--------------- 91 40 19 6 54 310 2
Nickel, dissolved----=---rm-mmcceremcea—n 87 10 5 2 15 78 <1
Zinc, total recoverable-------=--------- 70 290 170 40 320 1,800 60
Zinc, dissolved---=--=------ccmmccnaooo- 66 110 50 19 151 840 20
BIOLOGICAL
Coliform, fecal, 0.7 um-MF

(colonies/100 ML) -========c=-ecmmcemen" 37 6,000 2,500 1,800 11,000 62,000 400
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Table 14. Statistical summary of discrete

runoff sample data: Multiple-dwelling residential catchment—Continued

Number Standard Standard
Property or constituent of Mean Median error deviation Maximum Minimum
samples of mean
OXYGEN DEMAND (mg/L)
Oxygen demand, chemical,
0.25 N dichromate-======-===cccccc-ca- 58 160 89 31 240 1,400 31
Oxygen demand, biochemical,
carbonaceous, 5-day at 20°C----------- 45 15 7.2 3.0 20 110 3.1
Oxygen demand, biochemical,
carbonaceous, 20-day---=--===-===---== 45 23 12 4.4 30 150 5.2
PHYSICAL PROPERTIES
Turbidity (NTU)---=-==-=-===c=cccacaaoan 72 49 28 7.2 62 320 2.0
Solids, residue at 180°C,
dissolved (mg/L)------=-==--=-==------ 81 104 46 16 140 775 14
Solids, sum of constituents,
dissolved (mg/L)-=========mme-ecccan-m- 182 49 32 4 50 407 16
Sediment, suspended (mg/L)---=-=-==-=---= 86 638 333 87 804 4,300 8
ORGANICS
Carbon, organic, dissolved
(mg/L as C)====-m-m-mmmeecmrmmmcamaaan 58 64 23 12 92 460 5
Carbon, organic, suspended
(mg/L as C)======--=-==c;e-ccccocoooa- 54 3.7 2.9 0.4 2.8 15 1.3
Cyanide, total (mg/L)------------------- 5 0.01 <0.01 0.00 0.00 <0.01 <0.01
Cyanide, dissolved (mg/L)--=-----======-- 5 0.01 <0.01 0.00 0.00 <0.01 <0.01
0il and grease, total recoverable,
gravimetric (mg/L)---========-=-=ne-u- 17 2 1 0 1 5 <1
Phenols, total recoverable (pg/L)------- 9 20 16 4 11 41 6
Pesticides (total recoverable, pg/L)
Aldrin-------=---------o-oomcomommne e 27 0.01 <o0.01 0.00 0.00 0.02 <0.01
Chlordane-------=-=-===-c-cc-cccccocoocn- 26 0.25 0.10 0.05 0.27 1.2 <0.10
DDE-=-=-=====n==-mo-smmmmememcmmmmeemeooe 27 0.01 <0.01  0.00 0.01 0.06  <0.01
Diazinon-------=---==-=s-ccocmcoocoooonn 27 0.70 0.22 0.30 1.6 8.1 0.06
Dibromochloropropane-==-===============- 7 0.003 <0.003 0.00 0.00 0.004  <0.003
Dieldrin---------=--=--cc-cccccoccoaoo- 27 0.01 <0.01 0.00 0.00 0.02 <0.01
Lindane----=-=--=-=--==-=---sococ-oeonoooo 27 0.01 0.01 0.00 0.01 0.03 <0.01
Malathion-========----eoroceceococaooom- 27 1.3 0.49 0.51 2.7 14 0.08
Methoxychlor--=----===-=--c-c-comccooono 27 0.01 <0.01 0.00 0.00 0.02 <0.01
Parathion-=--------=-=-cccc-cc-cmcocoon- 27 0.20 0.06 0.09 0.48 2.5 <0.01
2,4-D--=--=-------s--ccomcmcmoc-oonoooo 26 0.36 0.08 0.16 0.80 3.7 <0.01
Other organics analyzed but not detected
Organic De;iggton Nug?er Organic Deiiggion Nug?er
(total recoverable) (ug/1) samples (total recoverable) (ug/L) samples
Benzene-----=====--=---===--- 1 7 Heptachlor epoxide----------- 0.01 27
Chlorobenzene--------=------ 1 7 Methomyl======m=mmeamcamacaan 2 8
DDD-=-==~-==c-m=mcecoc-ccnoo 0.01 27 Methyl parathion------=-=---- 0.01 27
DDT--==-m===-m==mcmcc-ccan-x 0.01 *27 Methyl trithion-------------- 0.01 27
Endosulfan------------------ 0.01 27 Mirex--------=--c-c--e--oonon 0.01 27
Endrin------====--=--=o--cco- 0.01 27 Perthane-----=-===-ccc-oo=m--o 0.1 27
Ethion----======-c-ccceec-o- 0.01 27 Propham-----=--------c-v----- 2 8
Ethylbenzene-------===------ 1 7 Sevin----------------e-moon oo 2 8
Gross polychlorinated Silvex-----------ccaccoo-on-o 0.01 26
biphenyls---====-===-2---- 0.1 **27 Toxaphene----==-===coccc-cco-o 1 27
Gross polychlorinated Trithion----------cccccconn-- 0.01 27
naphthalenes----===-===---- 0.1 27 2,4-DP-======cccccccmconccon- 0.01 26
Heptachlor------------------ 0.01 27 2,4,5-T-======mcmcccccm—cnonn 0.01 26

*Three samples had concentrations equal to the detection limit.
**One sample had a concentration equal to the detection limit.
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Table 15. Statistical summary of discrete runoff sample data: Commercial catchment

[Statistical calculations include analytical detection limit concentration for those analyses which
are reported to be less than detection limit. Other organics were analyzed for but not detected
and are given at the end of this table. <, actual value is less than value shown]

Number Standard Standard
Property or constituent of Mean Median error deviation Maximum Minimum
samples of mean

INORGANICS
Field measurements
Specific conductance (uS/cm at 25°C)---- 256 90 28 9 146 868 8
pH (units)---------ccmcmmcmcccccme oo 203 6.9 6.9 0.0 0.4 8.9 6.1
Major ions (mg/L)
Hardness, total (as CaC03)-------------= 95 49 11 8 73 330 3
Calcium, dissolved---------------------- 96 14 3.4 2.1 20 100 0.8
Magnesium, dissolved-------------------- 96 3.5 0.7 0.6 5.6 22 0.1
Sodium, dissolved---------------cccc---- 96 6.8 2.7 0.9 9.0 37 0.6
Potassium, dissolved-------------------- 96 2.9 1.1 0.4 3.7 15 0.3
Alkalinity, total (as CaCO3)------------ 96 36 10 5 52 257 1
Sulfate, dissolved---------------------- 95 21 7 3.3 32 190 3.1
Chloride, dissolved--------------------- 95 5.4 1.8 0.8 7.4 31 0.2
Silica, dissolved---------=------------- 64 3.2 1.5 0.8 6.4 44 0.5
Nutrients (mg/L)
Nitrogen, nitrate, dissolved (as N)----- 39 0.78 0.41 0.15 0.93 4.5 0.14
Nitrogen, nitrite plus nitrate,

dissolved (as N)-----------c-ccmcomoo- 87 2.1 0.55 0.44 4.1 22 <0.10
Nitrogen, ammonia, dissolved (as N)----- 87 2.2 1.0 0.33 3.1 17 0.22
Nitrogen, ammonia plus organic,

total (as N)--=-------c--oceccmcacnnan 82 6.3 2.3 1.0 9.2 61 0.57
Nitrogen, ammonia plus organic,

dissolved (as N)----------cemcmomonoo- 87 5.7 2.1 0.91 8.5 44 <0.10
Nitrogen, organic, dissolved (as N)----- 85 3.6 1.2 0.61 5.6 27 0.00
Nitrogen, dissolved (as N)---------=---- 83 8.1 2.8 1.4 13 66 0.70
Phosphorus, total (as P)-=--=----------- 87 0.63 0.25 0.14 1.3 9.1 0.03
Phosphorus, dissolved (as P)------------ 87 0.45 0.14 0.12 1.2 8.0 0.02
Phosphorus, orthophosphate,

total (as P)-----=------c-cc-comooooo- 87 0.33 0.12 0.07 0.66 5.0 0.03
Phosphorus, orthophosphate,

dissolved (as P)-----------==---c----- 87 0.28 0.09 0.07 0.65 4.8 <0.02
Metals (ug/L)
Aluminum, total recoverable------------- 19 7,800 3,400 2,600 11,000 45,000 120
Aluminum, dissolved--------------------- 18 200 75 80 350 1,500 20
Arsenic, total-------=-----ccc----c-ooo- 95 4 2 0 3 17 <1
Arsenic, dissolved---------------------- 49 3 1 1 4 18 <1
Cadmium, total recoverable-------------- 49 2 1 0 2 12 <1
Cadmium, dissolved-------=-------=cco--- 49 1 <1 0 1 5 <1
Chromium, total recoverable------------- 68 12 11 1 7 37 1
Chromium, dissolved--------------------- 49 2 <1 0 2 13 <1
Copper, total recoverable--------------- 68 35 18 7 61 380 6
Copper, dissolved----------------------- 68 7 4 1 8 45 1
Iron, total recoverable----------------- 95 4,700 1,600 890 8,700 57,000 140
Iron, dissolved-----==---=---------c-c--- 95 220 89 31 300 1,400 <10
Lead, total recoverable----------------- 95 210 100 27 260 1,200 9
Lead, dissolved-------------------c----- 95 26 12 4 39 250 <1
Manganese, total recoverable------------ 46 420 280 50 360 1,700 30
Manganese, dissolved---------~----=------ 46 200 105 34 230 910 8
Mercury, total recoverable-------------- 95 0.2 0.1 0.0 0.1 0.5 <0.1
Mercury, dissolved---------------------- 49 0.1 <0.1 0.0 0.1 0.7 <0.0
Nickel, total recoverable--------------- 9% 18 10 2 22 120 1
Nickel, dissolved------------=---------- 95 10 4 1 12 53 <1
Zinc, total recoverable----------------- 68 380 150 70 590 3,400 60
Zinc, dissolved--------=---==------c--o- 68 200 80 42 350 2,400 10
BIOLOGICAL
Coliform, fecal, 0.7 um-MF

(colonies/100 mL)---=-==--===m=c-cocano 38 11,000 2,500 8,400 52,000 32,000 140
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Table 15. Statistical summary of discrete runoff sample data: Commercial catchment—Continued

Number Standard Standard
Property or constituent of Mean Median error deviation Maximum Minimum
samples of mean
OXYGEN DEMAND (mg/L)
Oxygen demand, chemical,
0.25 N dichromate-------=---=---=---- 50 95 63 13 92 460 12
Oxygen demand, biochemical,
carbonaceous, 5-day at 20°C--------- Ly 8.4 5.6 1.2 7.0 30 2.7
Oxygen demand, biochemical,
carbonaceous, 20-day---------------- 44 13 7.7 2.0 13 64 3.4
PHYSICAL PROPERTIES
Turbidity (NTU)----==c-smmmcmmmmeanao 71 31 9.8 6.1 52 300 1.6
Solids, residue at 180°C,
dissolved (mg/L)----=----====--=----- 87 143 39 24 244 1,010 1
Solids, sum of constituents,
dissolved (mg/L)==--==-=-=ccmcucuoo- 88 78 29 10 91 413 9
Sediment, suspended------------------- 94 264 57 59 571 3,720 2
ORGANICS
Carbon, organic, dissolved
(mg/L as C)=======-=mommmmmceceaae 47 54 24 9 64 260 4
Carbon, organic, suspended
(mg/L as C)---=m-===--mmmmcmmmaeaoa- 46 2.5 1.9 0.2 1.7 10 0.9
Cyanide, total (mg/L)=--===-=-====ce-u- 6 0.01 <0.01 0.00 0.00 <0.01 <0.01
Cyanide, dissolved (mg/L)--==-===-=-=--- 6 0.01  <0.01 0.00 0.00 <0.01 <0.01
0il and grease, total recoverable,
gravimetric (mg/L)--------====-=~-~- 18 4 3 1 6 26 0
Phenols, total recoverable (ug/L)----- 9 22 17 5 15 52 6
Pesticides (total recoverable, ug/L)
Chlordane----~====-==----c-coouconmon 23 0.12 0.10 0.01 0.05 0.30 <0.10
Diazinon----------=-----coomomomooooon 24 1.6 0.39 0.76 3.7 18 0.13
Dibromochloropropane--==-=-===-====-=-=- 8 0.004 <0.003 0.001 0.002 0.01 <0.003
Endosulfan------=-==--c---comcoooomno 24 0.01 <0.01 0.00 0.01 0.07 <0.01
Lindane---=--=======--c-cccococcoaonnn 24 0.01 0.01 0.00 0.01 0.03 0.01
Malathion---=---=----==--=---co-mo-uoo 24 0.28 0.23 0.05 0.25 1.4 0.08
Methyl parathion------=-------c-uc--u- 24 0.01 <0.01 0.00 0.00 0.03 <0.01
Parathion------------=---=---com-momoe 24 0.16 0.09 0.04 0.20 0.90 <0.01
244=D=-mmmmmmmmmmmemmm o mmm e mem oo 23 0.07 0.01 0.03 0.14 0.63 <0.01
Other organics analyzed but not detected
. Detection Number . Detection  Number
Organic limit of Organic limit of
(total recoverable) (ug/L) samples (total recoverable) (ug/L) samples
Aldrin--=-------==-=-mco---- 0.01 24 Heptachlor------------------~ 0.01 24
Benzene---------~-=---o--oo- 7 Heptachlor epoxide----------- 0.01 24
Chlorobenzene-----=--===-=-- 7 Methomyl--~--~---c-corammooo—— 2 7
DDD--========-mmmmmmmmem oo 0. 24 Methoxychlor------------~---- 0.01 24
DDE------==-=---=-ommmmeom o 0. *24 Methyl trithion-------------- 0.01 24
DDT====-====m==mm=mmmmommae 0. 24 Mirex--==-====s===comoaomaoan 0.01 24
Dieldrin----------=----o=--- 0. *%24 Perthane---=-----=-----=--u--- 0.1 24
Endrin-----------------c---- 0. 24 Propham-----==--=--==cocc---- 2 7
Ethion---------------coouee- 0. 24 Sevin-----=---m-ocmc oo 2 7
Ethylbenzene-----==-==--=--- 7 Silvex---==-====---cmcoo-c-- 0.01 23
Gross polychlorinated Toxaphene-------=--~=-=--u-- 1 24
biphenyls----------------- 0.1 *kdk 24 Trithion---=--=---=c-cccu-ca- 0.01 24
Gross polychlorinated 2,4-DP----=-=--==-=mmmmoommee 0.01 23
naphthalenes----=--------- 0.1 24 2,4,5-T====-mmo-o-occmmmcana- 0.01 23

*Twelve samples concentrations equal to the detection limit,
*%0ne sample had a concentration equal to the detection limit.
***Two samples had concentrations equal to the detection limit.
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Table 16. Results of statistical comparison testing between catchments using discrete runoff quality data

Constituents for which no statistical difference (a=0.05) was determined for the listed catchments:

Industrial, single, multiple,

commercial

Nitrogen, nitrate, dissolved

Cadmium, total recoverable
and dissolved

Chromium, total recoverable
and dissolved

Nickel, dissolved

Chlordane, total recoverable

Diazinon, total recoverable

Parathion, total recoverable

Malathion, total recoverable

2,4-D, total recoverable

0il and grease, total recoverable

Coliform, fecal

Industrial, commercial

Mercury, total recoverable

Industrial, single

Lindane, total recoverable

Industrial, multiple,
commercial

Lead, dissolved

Single, multiple, commercial

Nitrogen, dissolved

Nitrogen, nitrite plus
nitrate, dissolved

Nitrogen, organic, dissolved

Nitrogen, ammonia, dissolved

Nitrogen, ammonia plus organic,
total and dissolved

Magnesium, dissolved

Chloride, dissolved

Sulfate, dissolved

Arsenic, total and dissolved

Copper, dissolved

Mercury, dissolved

Zinc, total recoverable

Oxygen demand, chemical

Industrial, multiple

Sediment, suspended
Iron, total recoverable

Multiple, commercial

Carbon, organic, dissolved

Oxygen demand, biochemical, 5-day
Oxygen demand, biochemical, 20-day

Single, multiple

Phosphorus, total and
dissolved

Phosphorus, orthophosphate,
total and dissolved

Specific conductance

Calcium, dissolved

Potassium, dissolved

Hardness, total

Solids, sum of constituents,
dissolved

Solids, residue at 180°C,
dissolved

Turbidity

Alkalinity, total

Copper, total recoverable

Iron, dissolved

Lead total recoverable

Mercury, total recoverable

Zinc, dissolved

Carbon, organic, suspended

Industrial, single, multiple

Silica, dissolved
Nickel, total recoverable

Significantly different for all four catchments: ph and sodium, dissolved
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Table 17. Results of linear regression analysis using discrete runoff sample data

[Form of equation: y = a + bx]

Constituent
Calculated co?stitgent Regression Regresgion m;g?gg?;;:tégg’liger ggizzgif Root Number
concentration, in coeffi- : s mean of data
s . constant N or microsiemens per age of
milligrams per liter cient ; ® T oes square obser-
(dependent variable, y) (@) ¢:)) centimeter at 25°C variation .. ,r vations
’ (independent explained
variable, x) (R2)
Single-dwelling residential catchment
Phosphorus, dissolved -0.00419  0.006020 Specific conductance 87 0.110 57
Phosphorus, dissolved 0.0134 0.750 Phosphorus, total 95 0.0722 51
Phosphorus, dissolved 0.0137 1.17 Phosphorus, ortho- 95 0.0678 55
phosphate, dissolved
Nitrogen, ammonia, 0.00290 0.419 Nitrogen, ammonia plus 96 0.307 48
dissolved organic, dissolved
Nitrogen, ammonia plus 0.339 0.648 Nitrogen, ammonia plus 68 0.859 40
organic, dissolved organic, total
Nitrogen, ammonia plus -0.772 0.0574 Specific conductance 92 0.455 28
organic, dissolved (first rain season)
Nitrogen, ammonia plus -0.0847 0.0754 Specific conductance 97 0.841 19
organic, dissolved (second rain season)
Nitrogen, nitrite plus 0.0772 * 0.000226(specific 926 0.227 57
nitrate, dissolved conductance)? -
0.000000584 (specific
conductance)3
Solids, sum of constit- 6.84 0.576 Specific conductance 97 3.21 41
uents, dissolved
Oxygen demand, chemical 36.1 1.48 Specific conductance 74 22.9 27
Alkalinity, total 6.26 0.192 Specific conductance 78 4,85 57
Multiple-dwelling residential catchment
Phosphorus, dissolved 0.0372 0.00532 Specific conductance 86 0.122 68
Phosphorus, dissolved 0.00970 0.756 Phosphorus, total 36 0.0713 50
Phosphorus, ortho- 0.0171 0.680 Phosphorus, dissolved 88 0.0879 60
phosphate, dissolved
Nitrogen, ammonia, 0.0190 0.389 Nitrogen, ammonia plus 94 0.358 60
dissolved organic, dissolved
Nitrogen, ammonia plus -0.0499 0.890 Nitrogen, ammonia plus 90 0.482 49
organic, dissolved organic, total
Nitrogen, ammonia plus -0.705 0.0604 Specific conductance 95 0.837 59
organic, dissolved
Nitrogen, nitrite plus -0.382 0.0190 Specific conductance 95 0.257 68
nitrate, dissolved
Solids, sum of constit- 4.60 0.647 Specific conductance 99 5.20 53
uents, dissolved
Alkalinity, total 3.54 0.239 Specific conductance 89 5.18 70
**Commercial catchment
Phosphorus, dissolved 0.00920 0.00377 Specific conductance 93 0.0278 34
Phosphorus, dissolved -0.0154 0.916 Phosphorus, total 93 0.0268 35
Phosphorus, dissolved 0.0229 1.31 Phosphorus, ortho- 93 0.0516 60
phosphate, dissolved
Nitrogen, ammonia, 0.0331 0.547 Nitrogen, ammonia plus 94 0.180 35
dissolved organic, dissolved
Nitrogen, ammonia plus 0.104 0.0481 Specific conductance 90 0.433 34
organic, dissolved
Nitrogen, ammonia plus 0.0432 0.860 Nitrogen, ammonia plus 96 0.260 35
organic, dissolved organic, total
Nitrogen, nitrite plus -0.0434 0.0167 Specific conductance 94 0.115 34
nitrate, dissolved
Solids, sum of constit- 9.89 0.465 Specific conductance 93 3.11 36
uents, dissolved
Alkalinity, total 2.59 0.244 Specific conductance 80 6.89 62

*Nonlinear relation; form of equation: y = a + cx? + dx3.

**0Only first rain season data used because of construction activity during second season.
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Table 18. Constituent storm-runoff loads: Industrial catchment

[Time is beginning and end of runoff, in hours. Total runoff volume is depth in inches covering the
catchment drainage area. EMC is event mean concentration of constituent, in milligrams per liter
(mg/L) or micrograms per liter (ng/L), as noted. Event load is in pounds. n is number of samples
used in computation of storm-runoff load. Composite samples are identified by a C. <, actual value
is less than value shown]

Total Total
Date Time runoff EMC Event n Date Time runoff EMC Event
load load
volume volume

Phosphorus, dissolved (mg/L as P)--Continued

Nitrogen, ammonia plus organic,

dissolved (mg/L as N)

1981

Nov. 12-13 2036-1232 0.054 19 64
Nov. 17 0448-0856 .018 22 25
Dec. 29 1610-2230 .024 19 29
1982

Jan. 4-5 0850-0320 .211 12 165
Feb. 14-15 1820-0930 .052 20 66
Feb. 15-16 2034-1006 .075 16 76
Mar. 9-10 1948-0946 .035 17 38
Mar. 25-26 2220-0422 .033 14 30
Mar. 29 1254-1738 .035 8.1 18
Sept. 24 0410-0800 .004 28 7.6
Oct. 25 0246-0556 .002 21 2.2
Nov., 9 1210-1828 045 15 43
Dec. 22 0330-1436 .199 6.5 81
1983

Jan, 18-19 1906-0328 .257 6.0 98
Jan. 24 0102-1228 143 3.6 32

Nitrogen, nitrite plus nitrate,
dissolved (mg/L as N)

1981

Nov. 12-13 2036-1232 0.054 2.3 7.6
Nov, 17 0448-0856 .018 0.47 0.53
Dec. 29 1610-2230 024 1.1 1.7
1982

Jan. 4-5 0850-0320  .211 1.0 13
Feb. 14-15 1820-0930 .052  0.28  0.91
Feb. 15-16 2034-1006 .075 0.41 2.0
Mar. 9-10 1948-0946 .035 0.52 1.2
Mar. 25-26 2220-0422 .033 1.1 2.4
Mar. 29 1254-1738 .035 0.48 1.1
Sept. 24 0410-0800 .004 3.9 1.1
Oct. 25 0246-0556 .002 2.3 0.24
Nov. 9 1230-1828 045 0.40 1.1
Dec. 22 0330-1436 .199 0.77 9.6
1983

Jan. 18-19 1906-0328 .257 0.60 9.7
Jan, 24 0102-1228 143 0.43 3.9

Phosphorus, dissolved (mg/L as P)

1981

Nov. 12-13 2036-1232 0.054 5.4 18
Nov. 17 0448-0856 .018 6.6 7.5
Dec. 29 1610-2230 024 7.2 11
1982

Jan. 4-5 0850-0320 .211 4,2 56
Feb. 14-15 1820-0930 .052 7.8 26

(@ V<]

1982

Feb. 15-16 2034-1006 0.075 6.7 32
Mar. 9-10 1948-0946 .035 6.8 15
Mar. 25-26 2220-0422 .033 5.1 11
Mar. 29 1254-1738 .035 3.0 6.6
Sept. 24 0410-0800 .004 4.8 1.3
Oct. 25 0246-0556 .002 4,7 0.49
Nov. 9 1210-1828 .045 3.5 9.9
Dec. 22 0330-1436 .199 2.7 34
1983

Jan., 18-19 1906-0328 .257 2.4 40
Jan. 24 0102-1228 143 2.0 18

Aluminum, total recoverable (ug/L)

1982

Nov. 9 1210-1828 0.045 7,100 20
Dec. 22 0330-1436 .199 6,000 75
1983

Jan. 24 0102-1228 .143 6,300 57

Arsenic, total (ug/L)

1981

Nov. 12-13 2036-1232 0.054 19 0.06
Nov. 17 0448-0856 .018 30 0.03
Dec. 29 1610-2230 024 19 0.03
1982

Jan. 4-5 0850-0320 211 27 0.36
Feb., 14-15 1820-0930 .052 18 0.06
Feb. 15-16 2034-~1006 .075 25 0.12
Mar. 9-10 1948-0946 .035 14 0.03
Mar. 11 0002-0706 .048 28 0.08
Mar. 25-26 2220-0422 .033 8 0.02
Mar. 28 1302-2202 .132 25 0.21
Mar. 29 1254-1738 .035 23 0.05
Sept. 24 0410-0800 .004 11 <0.01
Oct. 25 0246-0556 .002 11 <0.01
Nov. 9 1210-1828 045 11 0.03
Dec. 22 0330-1436 .199 12 0.15
1983

Jan. 18-19 1906-0328 .257 10 0.16
Jan. 24 0102-1228 .143 9 0.08

Chromium, total recoverable (ug/L)

1981

Nov. 12-13 2036-1232 0.054 29 0.10
Nov. 17 0448-0856 .018 24 0.03
Dec. 29 1610-2230 024 35 0.05
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Table 18. Constituent storm-runoff loads: Industrial catchment—Continued

Date

Time

Total
runoff
volume

EMC

Event
load

Date

Time

Total
runoff
volume

EMC

Event
load

Chromium, total recoverable (ug/L)--Continued

1982
Jan.
Feb.

4-5
14-15
Feb. 15-16
Mar. 9-10
Mar. 11

Mar.
Mar. 28
Mar. 29
Nov. 9
Dec. 22

1983
Jan. 24

C

0850-0320
1820-0930
2034-1006
1948-0946
0002-0706

2220-0422
1302-2202
1254-1738
1210-1828
0330-1436

0102-1228

opper, total

0.211
.052
.075
.035
.048

.033
.132
.035
<045
.199

.143

30
12
12

8
13

8
36
51
12
10

13

PO PFO

.

[N eXoNo Yo [eNeNeNeo e
HOF WO [eNeRoRe R

NWHON

0.12

recoverable (ug/L)

1981

Nov. 12-13
Nov. 17
Dec. 29

1982
Jan.
Feb.

4-5
14-15
Feb. 15-16
Mar. 9-10
Mar. 11

Mar. 25-26
Mar. 28
Mar. 29
Nov. 9
Dec. 22

1983
Jan. 24

2036-1232
0448-0856
1610-2230

0850-0320
1820-0930
2034-1006
1948-0946
0002-0706

2220-0422
1302-2202
1254-1738
1210-1828
0330-1436

0102-1228

0.054
.018
.024

.211
.052
.075
.035
.048

.033
.132
.035
.045
.199

.143

100
64
100

70
60
58
58
58

39
110
72
65
44

39

COOCOCO [=NeNoNoNe]
V= =HW0O HENN Y
w0 oW 00 WO W

0.35

Iron, total recoverable (ug/L)

1981

Nov. 12-13
Nov. 17
Dec. 29

1982

Jan. 4-5
Feb. 14-15
Feb. 15-16
Mar. 9-10
Mar. 11

Mar. 25-26
Mar. 28
Mar. 29
Sept. 24
Oct. 25

Nov. 9
Dec. 22

2036-1232
0448-0856
1610-2230

0850-0320
1820-0930
2034-1006
1948-0946
0002-0706

2220-0422
1302-2202
1254-1738
0410-0800
0246-0556

1210-1828
0330-1436

0.054
.018
.024

.211
.052
.075
.035
.048

.033
.132
.035
.004
.002

.045
.199

10,000
11,000
9,600

12,000
6,500
8,200
4,300
7,600

4,000
34,000
18,000
13,800
11,000

9,000
6,800

35
13
14

158
21
39

9.5
23

8.3
279

40
3.7
1.2

26
85

=

=
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OO0 0~
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orL
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=

[
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Iron, total recoverable (ug/L)--Continued

1983
Jan. 18-19
Jan. 24

Lead, total recoverable (ug/L)

1906-0328 0.257 11,000

0102-1228

.143

8,000

183
72

1981

Nov, 12-13
Nov. 17
Dec. 29

1982
Jan.
Feb.

4-5
14-15
Feb. 15-16
Mar. 9-10
Mar. 11

Mar. 25-26
Mar. 28
Mar. 29
Sept. 24
Oct. 25

Nov. 9
Dec. 22

1983
Jan., 18-19
Jan. 24

Manganese, total

2036-1232
0448-0856
1610-2230

0850-0320
1820-0930
2034-1006
1948-0946
0002-0706

2220-0422
1302-2202
1254-1738
0410-0800
0246-0556

1210-1828
0330-1436

1906-0328
0102-1228

0.054
.018
.024

.211
.052
.075
.035
.048

.033
.132
.035
.004
.002

.045
.199

.257
.143

73
49
98

88
34
27
48
70

50
210
200

82
140

86
70

81
72

1.3
0.65

recoverable (ug/L)

1982
Sept. 24
Oct. 25
Nov., 9
Dec. 22

1983
Jan. 18-19
Jan. 24

0410-0800
0246-0556
1210-1828
0330-1436

1906-0328
0102-1228

0.004
.002
045
.199

.257
.143

570
430
280
230

360
250

0.15
0.04
0.80

2.9

5.8
2.2

Mercury, total recoverable (ug/L)

1981

Nov. 12-13
Nov. 17
Dec. 29

1982
Jan.
Feb.

4-5
14-15
Feb. 15-16
Mar. 9-10
Mar. 11

Mar. 25-26
Mar. 28
Mar. 29
Sept. 24
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2036-1232
0448-0856
1610-2230

0850-0320
1820-0930
2034-1006
1948-0946
0002-0706

2220-0422
1302-2202
1254-1738
0410-0800

0.054
.018
.024

.211
.052
.075
.035
.048

.033
2132
.035
.004

cooO
MHHBE HHEPRON NP

[oNeNoNel oCOoOH+HOO

<0.01
<0.01
<0.01

<0.01
<0.01

0.01
<0.01
<0.01

<0.01
<0.01
<0.01
<0.01
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Table 18. Constituent storm-runoff loads: Industrial catchment—Continued

Total
runoff
volume

Date Time

EMC

Event
load

Date

Time

Total
runoff
volume

EMC

Event
load

Mercury, total recoverable

(ug/L)--Continued

1982
Oct. 25
Nov. 9
Dec. 22

1983
Jan. 18-19

0246-0556
1210-1828
0330-1436

1906-0328

Nickel, total

0.002
.045
.199

.257

0.1

<0.001

recoverable (ug/L)

1981

Nov. 12-13
Nov. 17
Dec. 29

1982

Jan. 4-5
Feb, 14-15
Feb. 15-16
Mar. 9-10
Mar. 11

Mar. 25-26
Mar. 28
Mar. 29
Sept. 24
Oct. 25

Nov. 9
Dec. 22

1983
Jan, 18-19
Jan., 24

2036-1232
0448-0856
1610-2230

0850-0320
1820-0930
2034-1006
1948-0946
0002-0706

2220-0422
1302-2202
1254-1738
0410-0800
0246-0556

1210-1828
0330-1436

1906-0328
0102-1228

0.054
.018
.024

.211
.052
.075
.035
.048

.033
.132
.035
.004
.002

.045
.199

.257
.143

34
16
26

24
16
17
5.8
30

24
52
35
39
28

17
24

25
14

Zinc, total recoverable (ug/L)

« s e . . .
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1981

Nov. 12-13
Nov. 17
Dec. 29

1982

Jan. 4-5
Feb, 14-15
Feb. 15-16
Mar. 9-10
Mar. 11

Mar. 25-26
Mar. 28
Mar. 29
Nov. 9
Dec. 22

1983
Jan. 24

2036-1232
0448-0856
1610-2230

0850-0320
1820-0930
2034-1006
1948-0946
0002-0706

2220-0422
1302-2202
1254-1738
1210-1828
0330-1436

0102-1228

0.054
.018
.024

.211
.052
.075
.035
.048

.033
.132
.035
.045
.199

.143

770
620
580

460
420
390
420
460

470
840
520
560
370

320

— =
o
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=
OO O
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=

'—l
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Oxygen demand, chemical, 0.25 N dichromate (mg/L)

1981
Nov. 12-13 2036-1232 0,054 970 3,260 13
Nov, 17 0448-0856 .018 930 1,050 4
Dec. 29 1610-2230 .024 630 952 C
1982
Jan. &4-5 0850-0320 .211 500 6,710 10
Feb. 14-15 1820-0930 .052 630 2,060 C
Feb. 15-16 2034-1006 .075 470 2,220 C
Mar. 9-10 1948-0946 .035 420 929 12
Mar. 25-26 2220-0422 .033 340 708 7
Nov. 9 1210-1828 .045 590 1,670 C
Dec. 22 0330-1436 .199 290 3,640 C
1983
Jan. 24 0102-1228 143 300 2,702 C
Solids, sum of constituents, dissolved (mg/L)
1981
Nov. 12-13 2036-1232 0.054 201 678 12
Nov. 17 0448-0856 .018 200 225 4
Dec. 29 1610-2230 024 148 224 C
1982
Jan. 4-5 0850-0320 .211 116 1,540 10
Feb. 14-15 1820-0930 .052 22 364 C
Feb. 15-16 2034-1006 .075 145 685 C
Mar. 9-10 1948-0946 .035 153 340 10
Mar. 25-26 2220-0422 .033 170 354 7
Mar. 28 1302-2202 .132 86 713 8
Mar. 29 1254-1738 .035 92 203 C
Sept. 24 0410-0800 .004 559 151 12
Oct. 25 0246-0556 .002 1,006 105 10
Nov. 9 1210-1828 . 045 150 425 C
Dec. 22 0330-1436 .199 63 790 C
1983
Jan. 18-19 1906-0328 .257 102 1,650 8
Jan. 24 0102-1228 .143 123 1,110 C
Sediment, suspended (mg/L)
1982
Feb. 14-15 1820-0930 0.052 231 756 C
Feb. 15-16 2034-1006 .075 366 1,730 C
Mar. 29 1254-1738 .035 848 1,870 C
Sept. 24 0410-0800 . 004 635 172 12
Oct. 25 0246-0556 .002 637 66 10
Nov. 9 1210-1828 .045 636 1,800 C
Dec. 22 0330-1436 .199 490 6,140 C
1983
Jan. 18-19 1906-0328 .257 954 15,400 7
Jan. 24 0102-1228 .143 409 3,700 C
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Table 18. Constituent storm-runoff loads: Industrial catchment—Continued

Total Total
Date Time  runoff EMC ?Z;gt Date Time  runoff EMC ?gegt n
volume volume a
Carbon, organic, dissolved (mg/L) Carbon, organic, suspended (mg/L)
1981 1981
Nov. 12-13  2036-1232 0.054 220 751 13 Nov. 12-13  2036-1232 0.054 28 96 13
Nov, 17 0448-0856  ,018 87 98 4 Nov. 17 0448-0856 .018 40 45 3
Dec. 29 1610-2230 .024 85 128 c Dec. 29 1610-2230  .024 28 42 C
1982 1982
Jan. 4-5 0850-0320 ,211 72 962 10
Jan. 4-5 0850-0320  .211 35 468 10
Feb. 14-15 1820'0930 .052 230 753 C FZE_ 14_15 1820'0930 .052 22 72 C
Feb. 15-16  2034-1006  .075 8 406 C  pep, 15-16  2034-1006  .075 2 104 C
Mar. 9-10 1948-0946 .035 220 480 12 Mar. 9-10 1948-0946 .035 21 47 12
Mar. 25-26  2220-0422 .033 200 409 7 Mar. 25-26  2220-0422  .033 10 20 7
Mar. 29 1254-1738 .035 750 1,700 C  Mar. 29 1254-1738  .035 36 80 c
Dec. 22 0330-1436 199 20 251 C Dec. 22 0330-1436 .199 22 276 Cc
1983
Jan. 24 0102-1228  .143 24 216 c
Table 19. Constituent storm-runoff loads: Single-dwelling residential catchment
[Time is beginning and end of runoff, in hours. Total runoff volume is depth in inches covering the
catchment drainage area. EMC is event mean concentration of constituent, in milligrams per liter
(mg/L) or micrograms per liter (ug/L), as noted. Event load is in pounds. n is number of samples
used in computation of storm-runoff load. Sample concentrations were determined by laboratory
analyses except where noted by an e, which indicates sample concentration were estimated using a
regression equation. Composite samples are identified by a C. <, actual value is less than value
shown]
Total Total
Date Time  runoff EMC ?vggt Date Time  runoff EMC ?vegt
volume o volume oa
Nitrqg?n, ammonia plus organic, Nitrogen, ammonia plus organic,
dissolved (mg/L as N) dissolved (mg/L as N)--Continued
1981 1983
Nov. 12-13  2012-0040 0.041 4.4 3.8 6
* Feb. 7-8 2152-0104 0.113 1.2 2.9 ell
Nov. 17 0440-0756  .0k4 1.6 1.5 3 Feb. 25 1434-1802  .023 4.8 2.3 eh
1982 Feb. 28 -
. - . 0.70 4.5 C
Mar. 25-26  2236-0240 .03l 2.2 1.5 6 Mar, 1 1800-0438 .301
Mar. 16 1702-2040  .077 1.4 2.3 o
Mar. 31 1648-2320 .234 0.68 3.4 9 Mar. 23 2000-2346 .134 1.5 4.3 C
Sept. 24 0342-0550  .028 12 6.9 6 :
Oct. 25 0258-0432  .010 6.2 1.3 6 Nitrogen, nitrite plus nitrate,
Oct. 26 0214-0512  .173 2.2 8.2 7 dissolved (mg/L as M)
Dec. 21 1818-2340  .047 2.6 2.6 e5 1981
Dec. 22 1500-1732 .124  0.80 2.1 € Nov. 12-13  2012-0040 0.041 1.5 1.3 6
1983 Nov. 17 0440-0756 044 0.41 0.39 3
Jan. 18-19  1846-0106 .171 1.7 6.3 9 1982
Jan. 21-22 ~ 2236-0110  .0l4 3.6 1.1 e3  yar 75-26 2236-0240 .03l  0.63  0.42 6
Jan, 22 0510-1354  .173 2.0 7.5 €29 Mar, 31 1648-2320 .234  0.17  0.87 9
Jan. 24 0018-1136  .235 1.7 8.5 c -
Sept. 24 0342-0550  .028 3.2 1.9 7
Jan. 29 2206-0418 .097 2.3 4.8 e9 Oct. 25 0258-0432 .010 1.2 0.26 6
Feb. 6'7 0720'0000 .138 2 3 6.6 ell OCt. 26 0214_0512 '173 0.33 1'2 7
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Table 19. Constituent storm-runoff loads: Single-dwelling residential catchment—Continued

Total

Total

Date Time runoff EMC ?Z:gt n Date Time runoff EMC Ezzgt n
volume volume
Nitrogen, nitrite plus nitrate, Arsenic, total (ug/L)
dissolved (mg/L as N)--Continued
1981
1982 Nov. 12-13  2012-0040 0.041 4  <0.01 6
Dec. 21 1818-2340 0.047 0.34 0.34 e5 Nov. 17 0440-0756 044 1 <0.01 3
Dec. 22 1500-1732 124 0.68 1.8 C
1982
1983 Mar. 25-26  2236-0240 .031 1 <0.01 6
Jan. 18-19  1846-0106 .171 0.24 0.86 9 Sept. 24 0342-0550  .028 2 <0.01 7
Jan. 21-22  2236-0110 .014 0.60 0.18 e3 Oct. 25 0258-0432 .010 3 <0.01 5
Jan. 22 0510-1354 .173 0.26 0.96 €29 Oct. 26 0214-0512 173 2 0.01 7
Jan. 24 0018-1136 .235 0.39 2.0 ¢ Dec. 22 1500-1732 124 1 <0.01 C
Jan. 28-29 2206-0418 .097 0.46 0.95 €9
1983
Feb, 6-7 0720-0000 .138 0.30 0.89 ell Jan. 24 0018-1136 .235 1 <0.01 C
Feb. 7-8 2152-0104 .113 0.15 0.36 ell Feb, 28 -
Feb. 25 1434-1802 .023 0.97 0.47 e4 Mar. 1 1800-0438 .301 1 <0.01 c
Feb. 28 - Mar. 16 1702-2040 .077 1 <0.01 C
Mar. 1 1800-0438 .301 0.14 0.90 ¢ Mar. 23 2000-2346 .134 1 <0.01 c
Mar. 16 1702-2040 .077 0.50 0.82 C
Mar. 23 2000-2346  .134  0.15 0.43 ¢ Chromium, total recoverable (ug/L)
Phosphorus, dissolved (mg/L as P) 1981
Nov. 12-13  2012-0040 0.041 12 0.01 6
1981 Nov. 17 0440-0756 044 13 0.01 3
Nov., 12-13  2012-0040 0.041 0.58 0.51 6
Nov. 17 0440-0756 .04 0.31 0.30 3 1982
Mar. 25-26  2236-0240 .031 5 <0.01 6
1982 Mar. 31 1648-2320 .234 6 0.03 9
Mar. 25-26  2236-0240 .031 0.27 0.18 6 Dec. 22 1500-1732 124 1 <0.01 C
Mar. 31 1648-2320 .234 0.11 0.53 9
Sept. 24 0342-0550 .028 0.99 0.59 7 1983
Oct. 25 0258-0432 .010 0.37 0.08 6 Jan. 24 0018-1136 .235 4 0.02 c
Oct. 26 0214-0512 173 0.20 0.72 7 Feb. 28 -
Mar. 1 1800-0438 .301 13 0.08 C
Dec. 21 1818-2340 047 0.21 0.21 €5 Mar. 16 1702-2040 .077 4 0.01 C
Dec. 22 1500-1732 124 0.20 0.53 [
Jan. 18-19  1846-0106 .171 0.20 0.72 9 Copper, total recoverable (ug/L)
Jan., 21-22  2236-0110 .014 0.29 0.08 e3
Jan. 22 0510-1354 173 0.16 0.61 e29 1981
Nov. 12-13 2012-0040 0.041 39 0.03 6
Jan. 24 0018-1136 .235 0.14 0.70 C Nov. 17 0440-0756 .044 24 0.02 3
Jan. 28-29 2206-0418 .097 0.19 0.39 €9
Feb. 6-7 0720-0000 .138 0.18 0.54 ell 1982
Feb. 7-8 2152-0104 .113 0.10 0.24 ell Mar. 25-26  2236-0240 .031 14 0.01 6
Feb. 25 1434-1802 .023 0.38 0.19 e4 Mar. 31 1648-2320 .234 11 0.05 9
Feb. 28 - 1983
Mar. 1 1800-0438 .301 0.09 0.58 Cc Jan. 24 0018-1136 .235 10 0.05 C
Mar. 16 1702-2040 .077 0.15 0.25 ¢ Feb. 28 -
Mar. 21 2000-2346 134 0.15 0.43 C Mar. 1 1800-0438 .301 10 0.06 C
Mar. 16 1702-2040 .077 7 0.01 C
Aluminum, total recoverable (ug/L) Mar. 23 2000-2346 134 7 0.02 C
1982 Iron, total recoverable (ug/L)
Dec. 22 1500-1732 0.124 2,300 6.1 C
1981
1983 Nov. 12-13  2012-0040 0.041 2,400 2.1 6
Jan. 24 0018-1136 .235 1,500 7.5 ¢ Nov. 17 0440-0756 044 2,400 2.2 3
Feb. 28 -
Mar. 1 1800-0438  .301 3,400 22 c 1982
Mar. 16 1702-2040 077 560 0.92 C Mar. 25-26 2236-0240 .031 450 0.30 6
Mar. 23 2000-2346 134 600 1.7 ¢ Mar., 31 1648-2320 .234 900 4.5 9
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Table 19. Constituent storm-runoff loads: Single-dwelling residential catchment—Continued

Total Total
Date Time runoff EMC ?g:gt Date Time  runoff EMC ?Z:gt
volume volume
Iron, total recoverable (ug/L)--Continued Mercury, total recoverable (ug/L)--Continued
1982 1983
Sept. 24 0342-0550 0.028 10,000 6.0 7  Jan. 18-19 1846-0106 0.171 0.2 <0.01
Oct. 25 0258-0432 .010 7,600 1.6 6
Oct. 26 0214-0512 .173 5,000 18 7 Nickel, total recoverable (ug/L)
1983 1981
Jan. 18-19 1846-0106 171 1,200 4.4 9 Nov. 12-13 2012-0040 0.041 9.5 0.01 6
Jan. 24 0018-1136 .235 2,200 11 C Nov. 17 0440-0756 044 10 0.01 3
Feb. 28 -
Mar. 1 1800-0438 .301 4,600 30 c 1982
Mar. 16 1702-2040 .077 790 1.3 C Mar. 25-26  2236-0240 .031 14 0.01 6
Mar. 23 2000-2346 134 950 2.7 C Mar. 31 1648-2320 .234 2.6 0.01 9
Sept. 24 0342-0550 .028 56 0.03 6
Lead, total recoverable (ug/L) Oct. 25 0258-0432  .010 30 0.01 5
Oct. 26 0214-0512 .173 19 0.07 7
1981
Nov. 12-13  2012-0040 0.041 270 0.24 6 1983
Nov. 17 0440-0756 044 290 0.27 3 Jan. 18-19 1846-0106 171 6.3 0.02 9
Jan. 24 0018-1136 .235 15 0.08 C
1982 Feb. 28 -
Mar. 25-26  2236-0240 .031 80 0.05 6 Mar. 1 1800-0438 .301 11 0.07 C
Mar, 31 1648-2320 .234 87 0.43 9 Mar. 16 1702-2040 .077 14 0.02 C
Sept. 24 0342-0550 .028 740 0.44 7 Mar. 23 2000-2346 134 6.0 0.02 C
Oct. 25 0258-0432 .010 570 0.12 5
Oct. 26 0214-0512  .173 360 1.3 7 Zinc, total recoverable (ug/L)
1983 1981
Jan. 18-19 1846-0106 171 110 0.40 9 Nov, 12-13 2012-0040 0.041 190 0.17
Jan, 24 0018-1136 .235 100 0.50 C Nov. 17 0440-0756 044 160 0.15
Feb. 28 -
Mar. 1 1800-0438  .301 96 0.62 c 1982
Mar. 16 1702-2040 .077 69 0.11 C Mar. 25-26  2236-0240 .031 90 0.06 6
Mar. 23 2000-2346 134 61 0.17 C Mar. 31 1648-2320 .234 60 0.29 9
Manganese, total recoverable (ug/L) 1983
Jan. 24 0018-1136 .235 80 0.40 C
1982 Feb. 28 -
Sept. 24 0342-0550 0.028 300 0.18 7 Mar. 1 1800-0438  .301 120 0.77 C
Oct. 25 0258-0432 .010 160 0.03 5 Mar. 16 1702-2040 .077 60 0.10 C
Oct. 26 0214-0512 .173 20 0.34 7 Mar. 23 2000-2346 .134 60 0.17 C
1983 Oxygen demand, chemical, 0.25 N dichromate
Jan. 18-19  1846-0106 171 30 0.12 9 (mg/L)
Jan. 24 0018-1136 .235 50 0.25 C
Feb. 28 - 1981
Mar. 1 1800-0438 .301 120 0.77 C Nov. 12-13 2012-0040 0.041 170 152
Mar. 16 1702-2040 .077 30 0.05 C Nov. 17 0440-0756 044 76 71
Mar. 23 2000-2346 134 30 0.08 C
1982
Mercury, total recoverable (ug/L) Mar. 25-26  2236-0240 .031 130 85
Mar. 31 1648-2320 .234 73 366
1981 Dec. 22 1500-1732 124 37 98
Nov. 12-13  2012-0040 0.041 0.1 <0.01 6
Nov. 17 0440-0756 044 0.1 <0.01 3 1983
Jan. 24 0018-1136 .235 47 235 c
1982 Feb. 28 -
Mar. 25-26  2236-0240 .031 0.1 <0.01 6 Mar, 1 1800-0438 .301 27 173 C
Sept. 24 0342-0550 .028 0.3 <0.01 7 Mar. 16 1702-2040 .077 110 499 C
Oct. 25 0258-0432 .010 1.6 <0.01 5 Mar. 16 1702-2040 077 48 79 C
Oct. 26 0214-0512 .173 0.6 <0.01 7 Mar, 23 2000-2346 134 42 120 C
Dec. 22 1500-1732 124 2.4 0.01 C
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Table 19. Constituent storm-runoff loads: Single-dwelling residential catchment—Continued

Total Total
Date Time runoff  EMC  Tvent Date Time runoff EMC 'Rt g
volume volume
Solids, sum of constituents, dissolved (mg/L) Sediment, suspended (mg/L)--Continued
1981 1983
Nov., 12-13 2012-0040 0.041 60 52 6 Jan., 18-19 1846-0106 0.171 43 156 9
Nov. 17 0440-0756 044 38 36 3 Jan, 24 0018-1136 .235 71 355 C
Feb. 28 -
1982 Mar. 1 1800-0438 .301 70 448 C
Mar. 25-26 2236-0240 .031 37 24 6 Mar. 16 1702-2040 .077 36 59 C
Mar. 31 1648-2320 .234 18 91 9 Mar. 23 2000-2346 134 30 86 C
Sept. 24 0342-0550 .028 93 56 7
Oct. 25 0258-0432  .010 56 12 6 Carbon, organic, dissolved (mg/L)
Oct. 26 0214-0512 173 23 85 7
1981
Dec. 21 1818-2340 047 27 27 e5 Nov. 12-13 2012-0040 0.041 76 66 6
Dec. 22 1500-1732 .124 15 40 C Nov. 17 0440-0756 044 140 128 3
1983 1982
Jan. 18-19 1846-0106 171 21 77 9 Mar. 25-26 2236-0240 .031 100 66 6
Jan. 21-22 2236-0110 014 35 10 e3 Mar. 31 1648-2320 .234 150 747 9
Jan, 22 0510-1354 .173 23 85 e29 Mar. 22 1500-1732 124 50 132 C
Jan. 24 0018-1136 .235 44 220 C
Jan. 28-29 2206-0418 .097 25 52 e9 1983
Jan. 24 0018-1136 .235 20 101 C
Feb. 6-7 0720-0000 .138 25 73 ell Feb., 28 -
Feb. 7-8 2152-0104 .113 17 40 ell Mar. 1 1800-0438 .301 4.4 28 C
Feb. 25 1434-1802 .023 44 22 ek Mar. 16 1702-2040 .077 45 74 C
Feb. 28 - Mar. 23 2000-2346 134 27 77 C
Mar. 1 1800-0438 .301 17 109 C
Mar, 23 2000-2346  .134 21 60 c Carbon, organic, suspended (mg/L)
1981
Sediment, suspended (mg/L) Nov. 12-13 2012-0040 0.041 3.2 2.8 4
Nov. 17 0440-0756 044 9.3 8.7 3
1981
Nov. 12-13 2012-0040 0.041 106 93 6 1982
Nov. 17 0440-0756 044 216 202 3 Mar. 25-26 2236-0240 .031 1.4 0.95 6
Mar. 31 1648-2320 .234 1.5 7.7 9
1982 Dec. 22 1500-1732 .124 5.0 13 C
Mar. 25-26 2236-0240 .031 22 14 6
Mar. 31 1648-2320 .234 36 178 9 1983
Sept. 24 0342-0550 .028 538 321 7 Feb. 28 -
Oct. 25 0258-0432 .010 307 65 6 Mar. 1 1800-0438 .301 1.9 12 C
Oct. 26 0214-0512 .173 392 1,440 7 Mar. 16 1702-2040 .077 3.6 5.9 C
Dec. 22 1500-1732 124 136 359 C Mar. 23 2000-2346 134 2.3 6.6 C
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Table 20. Constituent storm-runoff loads: Multiple-dwelling residential catchment

[Time is beginning and end of runoff, in hours. Total runoff volume is depth in inches covering the
catchment drainage area. EMC is event mean concentration of constituent, in milligrams per liter
(mg/L) or micrograms per liter (ug/L), as noted. Event load is in pounds. n is number of samples
used in computation of storm-runoff load. Sample concentrations were determined by laboratory
analyses except where noted by an e, which indicates sample concentrations were estimated using

a regression equation. Composite samples are identified by a C. <, actual value is less than value

shown]
Total Total
Date Time runoff EMC ?vegt n Date Time runoff EMC ?vent
volume oa volume oad
Nitrogen, ammonia plus organic Nitrogen, nitrite plus nitrate,
dissolved (mg/L as N; dissolved (mg/L _as N)--Continued
1981 1981
Oct. 28 0705-1105 0.155 7.4 12 6 Dec. 29-30  1452-0408 0.079 0.41 0.34 C
Nov. 12-13  2008-0100 045 4.6 2.2 5
Nov. 17 0416-0800 .060 1.4 0.89 4 1982
Dec. 29-30  1452-0408 .079 1.3 1.1 C Jan. &4 0804-2008 .289 0.20 0.59 10
Jan. 4-5 2110-0304 .140 0.13 0.20 e7
1982 Jan. 19-20  2224-0052 .045 0.51 0.24 5
Jan. & 0804-2008 .289 0.89 2.7 10 Jan. 20 0834-1306 .052 0.37 0.20 €6
Jan, 4-5 2110-0304 .140 0.68 1.0 e7 Jan. 21 1422-1622 .058 0.16 0.09 e5
Jan. 19-20  2224-0052 .045 2.1 0.99 &5
Jan. 20 0834-1306 .052 1.7 0.92 eb Feb. 14-15 1812-0130 074 0.42 0.32 [
Jan. 21 1422-1622 .058 1.0 0.61 e5 Feb. 15-16 2022-0710 .156 0.30 0.49 C
Mar. 9 1942-2320 .028 0.68 0.20 3
Feb. 14-15 1812-0130 074 3.2 2.5 C Mar. 10 0132-0700 .113 0.28 0.33 6
Feb. 15-16 2022-0710 .156 2.5 4.1 [ Mar. 10-11  2338-0900 .096 0.26 0.26 5
Mar. 9 1942-2320 .028 3.2 0.95 3
Mar. 10 0132-0700 .113 1.2 1.4 6 Mar. 14 0542-1550 428 0.22 0.98 e26
Mar. 10-11  2338-0900 .096 1.0 1.0 5 Mar. 16 0652-1316 .153 0.26 0.42 el3
Mar. 25-26  2224-0348 .064 0.68 0.45 5
Mar. 14 0542-1550 .428 0.97 4.3 e26 Mar. 29 1154-1700 .092 0.29 0.28 C
Mar. 16 0652-1316 .153 1.1 1.8 el3 Mar. 29 1704-2024 .042 0.19 0.08 C
Mar. 25-26 2224-0348 .064 2.0 1.3 5
Mar. 29 1154-1700 .092 1.3 1.2 C Apr. 10 1132-1444 .059 0.50 0.31 e6
Mar. 29 1704-2024 .042 1.0 0.44 C Apr. 10 1908-2332 .083 0.41 0.36 e7
Sept. 24 0330-0658 .069 2.1 1.5 10
Apr. 10 1132-1444 .059 2.1 1.3 eb Oct. 26 0216-0602 .528 0.22 1.2 7
Apr. 10 1908-2332 .083 1.8 1.6 e7 Oct. 30 0130-0956 2242 0.22 0.56 e22
Sept. 24 0330-0658 .069 7.1 5.1 10
Oct. 26 0216-0602 .528 4.3 24 7 Nov. 9 1204-1744 .170 0.36 0.64 C
Oct. 30 0130-0956 242 1.2 3.1 e22 Nov. 18 0744-1212 .130 0.26 0.36 el3
Nov. 9 1204-1744 .170 1.4 2.5 C 1983
Nov. 18 0744-1212 .130 1.4 1.8 -el3 Jan. 18-19 1838-0204 462 0.26 1.3 10
Jan. 24 0018-1422 .598 0.17 1.1 C
1983 Feb. 12-13 1246-0006 .100 0.40 0.42 eb
Jan. 18-19 1838-0204 462 1.5 7.1 10 Feb. 18 0720-1018 122 0.27 0.35 ell
Jan. 24 0018-1422 .598 0.90 5.6 C Feb. 28 -
Jan. 28-29 2206-0552 .262 0.33 0.90 ell Mar. 1 1652-0626 .900 0.13 1.2 C
Feb., 7-8 2154-0320 .349 0.43 1.6 els
Feb. 12-13  1246-0006 .100 1.8 1.9 e6 Mar. 16 1704-2218  .213 0.83 1.8 C
Mar. 23-24 1958-0052 .503 0.16 0.84 C
Feb. 18 0720-1018 .122 1.4 1.8 ell
Feb. 28 - Phosphorus, dissolved (mg/L as P)
Mar. 1 1652-0626 .900 0.20 1.9 C
Mar. 16 1704-2218  .213  0.90 2.0 C 1981
Mar. 23-24  1958-0052 .503 0.90 4.7 C Oct. 28 0705-1105 0.155 0.82 1.3 7
Nov. 12-13  2008-0100 .045 0.63 0.30 5
Nitrogen, nitrite plus nitrate, Nov. 17 0416-0800 .060 0.23 0.14 4
dissolved (mg/L as N) Dec. 29-30 1452-0408 .079 0.24 0.19 el3
1981 1982
Oct. 28 0705-1105 0.155 2.2 3.6 6 Jan. & 0804-2008 .289 0.21 0.64 10
Nov. 12-13  2008-0100 .045 1.1 0.53 5 Jan. 4-5 2110-0304 .140 0.11 0.17 e7
Nov. 17 0416-0800 .060 0.35 0.22 4 Jan, 19-20 2224-0052 .045 0.29 0.13 &5
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Table 20. Constituent storm-runoff loads: Multiple-dwelling residential catchment—Continued

Total Total
Date Time runoff EMC Ezzgt n Date Time runoff EMC %ngt n
volume volume
Phosphorus, dissolved (mg/L as P)--Continued Arsenic, total (ug/L)--Continued
1982 1982
Jan. 20 0834-1306 0.052 0.25 0.14 e6 Mar. 29 1704-2024 0.042 1 <0.01 ¢
Jan. 21 1422-1622  .058 0.19 0.11 e5 Sept. 24 0330-0658  .069 4 <0.01 10
Feb. 14-15 1812-0130 .074 0.43 0.33 ¢ Oct. 26 0216-0602  .528 2 0.01 7
Feb. 15-16 2022-0710 .156 0.14 0.22 ¢ Nov. 9 1204-1744  .170 2 <0.01 C
Mar. 9 1942-2320 .028 0.32 0.10 3
1983
Mar. 10 0132-0700 .113 0.12 0.14 6 Jan. 18-19  1838-0204  .462 1 0.0 9
Mar. 10-11  2338-0900 .096 0.23 0.23 5 Feb. 28 -
Mar. 14 0542-1550  .428 0.15 0.65 €26 Mar. 1 1652-0626  .900 1 001 ¢
Mar. 16 0652-1316  .153 0.16 0.26 el3 Mar. 16 1704-2218  .213 1 <0.01 ¢
Mar. 25-26  2224-0348  .064 0.23 0.15 5 Mar. 23-24 1958-0052 ,503 1 0.0 ¢
Mar. 29 1154-1700  .092 0.11 0.11 ¢ .
Mar. 29 1704-2024 .02  0.12  0.05 C Chromium, total recoverable (ug/L)
Apr. 10 1132-1444 059 0.29 0.18 e6 1981
Apr. 10 1908-2332  .083 0.26 0.22 e  (cr. 28 0705-1105 0.155 12 0.02 6
Sept. 24 0330-0658  .069 0.73 0.53 10  Nov. 12-13  2008-0100 045 71 001 5
Oct. 26 0216-0602 .528 0.9 1.1 7 o0t o0 . u8TOROR 060 23 007 &
Oct. 30 0130-0956  .242 0.21  0.52 e22
Nov. 9 1204-1744 170 0.20  0.36 C 1982
Nov. 18 0744-1212 .130 0.22 0.30 el3 Jan. &4 0804-2008 .289 22 0.07 10
1983 Feb. 14-15 1812-0130 .074 10 0.01 C
Feb. 15-1 22-07 . .
Jan. 18-19  1838-0204  .462  0.32 1.6 10 meol 50 0 2oarlre  be Ao SR
Jan. 24 0018-1422  .598 0.08 0.50 ¢ -
Jan, 28-29  2206-0552 .262  0.13  0.35 e11 Tar- 10 0132-0700  .113 23 0.03 5
Feb, 7-8 2154-0320 .349 0.14 0.50 el4 Mar. 10-11 2338-0900 .096 18 0.02 5
Feb. 12-13  1246-0006 .100 0.26 0.27 €6 My 25-26  2224-0348 064 10 0.01 5
Mar. 29 1154-1700  .092 16 0.02 C
izg' ;2 0720-1018  .122  0.22  0.28 ell .. o9 1704-2024  .042 16 0.01 C
» 8- . 1204-17 .17 1 .03 C
Mar. 1 1652-0626 .900  0.06 0.56 ¢ o7 041784 .170 8 0
Mar. 16 1704-2218  .213 0.15 0.33 C 1983
Mar. 23-24 1958-0052 .503 0.08 0.42 C Jan. 24 0018-1422 .598 10 0.06 C
. Feb, 28 -
Aluminum, total recoverable (ug/L) Mar. 1 1652-0626 .900 8 0.08 c
1982 Mar. 16 1704-2218  ,213 10 0.02 C
Mar. - . .
Nov. 9 1204-1744 0.170 2,800 5.0 ¢ Tere 2 1958-0052  .503 6 003 ¢C
1983 Copper, total recoverable (ug/L)
Jan. 24 0018-1422  .598 4,400 27 C
Feb. 28 - 1981
Mar. 1 1652-0626  .900 2,700 25 C Oct. 28 0705-1105 0.155 100 0.17 6
Mar. 16 1704-2218 .213 3,200 7.1 C Nov, 12-13  2008-0100 .045 35 0.02 5
Mar. 23-24 1958-0052 .503 1,600 8.4 C Nov. 17 0416-0800  .060 27 0.02 &4
Dec. 29-30 1452-0408 .079 24 0.02 C
Arsenic, total (ug/L)
1982
1981 Jan. 4 0804-2008  .289 24 0.07 10
Oct. 28 0705-1105 0.155 8 0.01 6 TFeb. 14-15 1812-0130 .074 33 0.02 C
Nov. 12-13  2008-0100 .045 5 <0.01 5 Feb. 15-16 2022-0710 .156 12 0.02 C
Nov. 17 0416-0800  .060 2  <0.01 4 Mar. 9 1942-2320 .028 17 0.01 3
Dec. 29-30  1452-0408  .079 2 <0.01 € Mar. 10 0132-0700  .113 30 0.03 5
1982 Mar. 10-11  2338-0900 .096 27 0.03 5
Feb. 14-15 1812-0130 .074 2 <0.01 C Mar. 25-26 2224-0348  .064 16 0.01 5
Feb. 15-16 2022-0710 .156 1 <0.01 C Mar. 29 1154-1700  .092 11 0.01 C
Mar. 10 0132-0700 .113 2 <0.01L 5 Mar. 29 1704-2024  .042 12 0.0 ¢
Mar. 29 1154-1700 .092 2 <0.0l C Nov. 9 1204-1744  ,170 11 0.02 c
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Table 20. Constituent storm-runoff [oads: Multiple-dwelling residential catchment—Continued

Total
Date Time runoff
volume

EMC

Event
load

Total Event
Date Time runoff EMC 1oad
volume

Copper, total recoverable

(ug/L) --Continued

1983
Jan. 24 0018-1422 0.598
Feb, 28 -

Mar. 1 1652-0626 .900
Mar. 16 1704-2218 .213

Mar. 23-24  1958-0052 .503

Iron, total recoverable (ug/L)

0.09

0.08
0.02
0.05

1981

Oct. 28 0705-1105 0.155
Nov. 12-13  2008-0100 .045
Nov. 17 0416-0800 .060
Dec. 29-30  1452-0408 .079
1982

Jan. &4 0804-2008 .289

Feb. 14-15 1812-0130 074
Feb. 15-16  2022-0710 .156
Mar. 9 1942-2320 .028
Mar. 10 0132-0700 .113

Mar. 10-11  2338-0900 .096
Mar. 25-26  2224-0348 .064

Mar. 29 1154-1700 .092
Mar. 29 1704-2024 .042
Sept. 24 0330-0658 .069
Oct. 26 0216-0602 .528
Nov. 9 1204-1744 .170
1983
Jan. 18-19  1838-0204 462
Jan. 24 0018-1422 .598
Feb. 28-

Mar, 1 1652-0626 .900
Mar. 16 1704-2218 .213

Mar. 23-24  1958-0052 .503

Lead, total recoverable (ug/L)

33,000
7,000
15,000
9,400

7,900
3,800
3,400
3,000

11,000

7,700
2,600
3,600
4,700

29,000

27,000
3,600

5,400
6,000

3,800
4,100
2,500

1981

Oct. 28 0705-1105 0.155
Nov. 12-13  2008-0100 .045
Nov. 17 0416-0800 .060
Dec. 29-30  1452-0408 .079
1982

Jan. 4 0804-2008 .289

Feb. 14-15 1812-0130 074
Feb. 15-16  2022-0710 .156
Mar. 9 1942-2320 .028
Mar. 10 0132-0700 .113

Mar. 10-11  2338-0900 .096
Mar. 25-26  2224-0348 .064

Mar. 29 1154-1700 .092
Mar. 29 1704-2024 .042
Sept. 24 0330-0658 .069
Oct. 26 0216-0602 .528
Nov. 29 1204-1744 .170

670
150
190
240

220
170

89
120
350

230

80
110
140
490

260
120
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Lead, total recoverable (ug/L)--Continued

1983

Jan. 18-19 1838-0204 0.462 170 0.83 10
Jan., 24 0018-1422 .598 130 0.81 C
Feb. 28 -

Mar. 1 1652-0626 .900 95 0.89 C
Mar. 16 1704-2218 .213 83 0.18 C
Mar. 23-24  1958-0052 .503 63 0.33 C

Manganese, total recoverable (ug/L)

1982

Sept. 24 0330-0658 0.069 840 0.60 10
Oct. 24 0216-0602 .528 520 2.8 9
Nov. 9 1204-1744 170 80 0.14 C
1983

Jan. 18-19 1838-0204 462 120 0.57 10
Jan., 24 0018-1422 .598 120 0.75 C
Feb. 28 -

Mar. 1 1652-0626 .900 90 0.84 (o}
Mar. 16 1704-2218 .213 90 0.20 C
Mar, 23-24  1958-0052 .503 60 0.32 C

Mercury, total recoverable (ug/L)

1981

Oct. 28 0705-1105 0.155 0.8 <0.01 6
Nov. 12-13 2008-0100 045 0.5 <0.01 5
Nov. 17 0416-0800 .060 0.3 <0.01 4
Dec. 29-30 1452-0408 .079 0.2 <0.01 C
1982

Jan. &4 0804-2008 .289 0.2 <0.01 10
Feb. 14-15 1812-0130 074 1.3 <0.01 C
Feb. 15-16 2022-0710 .156 0.7 <0.01 C
Mar. 9 1942-2320 .028 0.3 <0.01 3
Mar. 10 0132-0700 .113 0.3 <0.01 5
Mar. 10-11 2338-0900 .096 0.2 <0.01 5
Mar. 25-26 2224-0348 .064 0.2 <0.01 5
Mar. 29 1154-1700 .092 0.1 <0.01 C
Mar. 29 1704-2024 042 0.1 <0.01 C
Sept. 24 0330-0658 .069 0.6 <0.01 10
Oct. 26 0216-0602 .528 0.4 <0.01 7
Nov. 9 1204-1744 .170 0.2 <0.01 C
1983

Jan. 18-19 1838-0204 462 0.2 <0.01 9
Jan. 24 0018-1422 .598 0.1 <0.01 C
Feb. 28-

Mar. 1 1652-0626 .900 0.2 <0.01 C
Mar. 16 1704-2218 .213 0.1 <0.01 C
Nickel, total recoverable (ug/L)

1981

Oct. 28 0705-1105 0.155 120 0.19 6
Nov. 12-13 2008-0100 .045 24 0.01 5
Nov. 17 0416-0800 .060 31 0.02 4
Dec. 29-30 1452-0408 .079 18 0.02 C
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Table 20. Constituent storm-runoff loads: Multiple-dwelling residential catchment—Continued

Date

Time

Total
runoff
volume

EMC

Event
load

Date

Time

Total
runoff
volume

EMC

Event
load

Nickel, total recoverable

(ug/L)--Continued

1982

Jan. 4
Feb. 14-15
Feb. 15-16
Mar. 9
Mar. 10

Mar. 10-11
Mar. 25-26
Mar. 29
Mar. 29
Sept. 24

Oct. 26
Nov. 9

1983

Jan. 18-19

Jan. 24

Feb. 28-
Mar. 1

Mar. 16

Mar. 23

0804-2008
1812-0130
2022-0710
1942-2320
0132-0700

2338-0900
2224-0348
1154-1700
1704-2024
0330-0658

0216-0602
1204-1744

1838-0204
0018-1422

1652-0626
1704-2218
1958-0052

0.289
.074
.156
.028
.113

.096
.064
.092
.042
.069

.528
170

462
.598

.900
.213
.503

17
14
11

5
10

19
21
10
13
110

82
13

20
20

13
24
10

Zinc, total recoverable (ug/L)

0.05
0.01
0.02
<0.01
0.01

0.02
0.01
0.01
0.01
0.08

0.45
0.02

0.10
0.12

0.12
0.05
0.05

1981
Oct. 28
Nov.
Nov. 17
Dec.

1982

Jan. 4
Feb.
Feb.
Mar, 9
Mar. 10

Mar.
Mar.
Mar. 29
Mar. 29
Nov. 9

1983

Jan. 24

Feb, 28 -
Mar. 1

Mar. 16

Mar. 23-24

Oxygen demand, chemical, 0.25

0705-1105
2008-0100
0416-0800
1452-0408

0804-2008
1812-0130
2022-0710
1942-2320
0132-0700

2338-0900
2224-0348
1154-1700
1704-2024
1204-1744

0018-1422
1652-0626

1704-2218
1958-0052

0.155
.045
.060
.079

.289
074
.156
.028
.113

.096
.064
.092
.042
.170

.598
.900

.213
.503

1,100
240
230
220

190
170
110
150
290

170
120
110
110
130

120
80

140
70

1.7
0.11
0.14
0.18

[=NoNaoNoNal coooco
R « e e e @
NOHO W oW
Wk oo P oowo

0.75

0.75
0.31
0.37

N dichromate

(mg/L)
1981
Oct. 28 0705-1105 0.155 470 757
Nov. 12-13 2008-0100 .045 180 84
Nov. 17 0416-0800 .060 74 46
Dec. 29-30 1452-0408 .079 100 83
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Oxygen demand, chemical, 0.25 N dichromate

1982

Jan. 4
Feb. 14-15
Feb. 15-16
Mar. 9
Mar. 10

Mar. 10-11
Mar. 25-26
Mar. 29
Mar. 29
Nov. 9

1983

Jan. 24

Feb. 28-
Mar. 1

Mar. 16

Mar. 23-24

1981

Oct, 28
Nov. 12-13
Nov., 17
Dec. 29-30

1982

Jan. &4
Jan. 4-5
Jan. 19-20
Jan. 20
Jan. 21

Feb. 14-15
Feb. 15-16
Mar. 9
Mar. 10
Mar. 10-11

Mar. 14
Mar. 16
Mar.
Mar. 29
Mar. 29

Apr. 10
Apr. 10
Sept. 24
Oct. 26
Oct. 30

Nov. 9
Nov. 18

1983
Jan. 18
Jan. 24

(mg/L)--Continued

0804-2008
1812-0130
2022-0710
1942-2320
0132-0700

2338-0900
2224-0348
1154-1700
1704-2024
1204-1744

0018-1422
1652-0626

1704-2218
1958-0052

Solids, sum of constituents,

0.289
074
.156
.028
113

.096
.064
.092
.042
.170

.598
.900

.213
.503

54
110
49
110
80

96
110
71
68
77

56
43

110
38

dissolved (mg/L)

0705-1105
2008-0100
0416-0800
1452-0408

0804-2008
2110-0304
2224-0052
0834-1306
1422-1622

1812-0130
2022-0710
1942-2320
0132-0700
2338-0900

0542-1550
0652-1316
2224-0348
1154-1700
1704-2024

1132-1444
1908-2332
0330-0658
0216-0602
0130-0956

1204-1744
0744-1212

1838-0204
0018-1422

0.155
.045
.060
.079

.289
.140
.045
.052
.058

.074
.156
.028
.113
.096

428
.153
.064
.092
.042

.059
.083
.069
.528
.242

.170
.130

462
.598

83
74
38
35

27
21
35
30
23

40
30
39
24
28

24
25
34
40
30

35
32
82
30
25

27
27

27
24

163
85
80
31
95

97
73
68
30
137

350

404
245
200

135
35
24
29

81
30
16
16
14

31

11
28
29

106
41
22
38
13

22
27
58
164
64

48
36

129
150
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Table 20. Constituent storm-runoff loads: Multiple-dwelling residential catchment—Continued

Total Event Total Event
Date Time runoff EMC 1oad Date Time runoff EMC 1oad
volume volume
Solids, sum of constituents, Carbon, organic, dissolved (mg/L)--Continued
dissolved (mg/L)--Continued
1982
1983 Feb. 15-16  2022-0710 0.156 26 42 C
Jan. 28-29  2206-0552 0.262 16 43 ell Mar. 9 1942-2320 .028 45 13 3
Feb. 7-8 2154-0320  .349 17 61 el4 Mar. 10 0132-0700 .113 6.6 7.8 6
Feb. 12-13 1246-0006 .100 31 33 e6 Mar. 10-11  2338-0900 .096 61 61 5
Feb. 18 0720-1018  .122 27 34 ell Mar. 25-26  2224-0348 ,064 120 77 5
Feb, 28 -
Mar. 1 1652-0626 .900 21 197 C Mar. 29 1154-1700  .092 120 115 C
Mar., 23-24  1958-0052 .503 16 84 C Mar. 29 1704-2024  .042 270 118 C
Nov. 9 1204-1744  .170 11 20 C
Sediment, suspended (mg/L)
1983
1981 Jan. 24 0018-1422  .598 10 63 C
Dec. 29-30 1452-0408 0.079 485 400 C Feb. 28 -
Mar. 1 1652-0626 .900 8.2 94 c
1982 Mar, 16 1704-2218  .213 33 73 c
Feb. 14-15 1812-0130 .074 112 87 C Mar. 23-24 1958-0052 .503 24 126 C
Feb, 15-16  2022-0710 .156 144 235 c
Mar. 29 1154-1700 .092 199 191 c
Mar. 29 1704-2024  ,042 200 88 C Carbon, organic, suspended (mg/L)
Sept. 24 0330-0658 .069 1,910 1,370 10
1981
Oct. 26 0216-0602  ,528 924 5,090 7 Oct. 28 0705-1105 0.155 3.7 5.9 7
Nov., 9 1204-1744  ,170 421 747 C Dec. 29-30 1452-0408 .079 3.5 2.9 C
1983 1982
Jan. 18-19  1838-0204  .462 673 3,250 9 Jan. 4 0804-2008  .289 2.9 8.8 10
Jan. 24 0018-1422  .598 234 1,460 C Feb. 15-16 2022-0710 .156 2.8 4.6 C
Feb. 28 - Mar. 9 1942-2320 .028 2.7 0.79 3
Mar. 1 1652-0626  .900 145 1,360 C Mar, 10 0132-0700 .113 5.1 6.0 5
Mar. 16 1704-2218  .213 132 294 C Mar. 10-11  2338-0900 .096 3.6 3.6 5
Mar. 23-24 1958-0052  .503 91 479 C
Mar. 25-26  2224-0348  .064 1.9 1.3 5
Carbon, organic, dissolved (mg/L) Mar. 29 1154-1700  .092 2.1 2.0 C
Mar. 29 1704-2024  ,042 2.2 0.97 C
1981 Nov. 9 1204-1744  ,170 3.5 0.62 C
Oct. 28 0705-1105 0,155 94 152 7  Jan. 24 0018-1422  .598 2.1 2.0 (o
Dec. 29-30 1452-0408 .079 9.8 8.1 c
Feb., 28-
1982 Mar. 1 1652-0626  .900 3.7 35 c
Jan. & 0804-2008 .289 9.0 27 10 Mar. 16 1704-2218  .213 3.7 8.2 C
Feb, 14-15 1812-0130 .074 23 18 C Mar. 23-24 1958-0052 .503 3.1 16 c
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Table 21. Constituent storm-runoff loads: Commercial catchment

[Time is beginning and end of runoff, in hours.
catchment drainage area.

Total runoff volume is depth in inches covering the
EMC is event mean concentration of constituent, in milligrams per liter

(mg/L) or micrograms per liter (ug/L), as noted.

used in computation of storm-runoff load.

Event load is in pounds.
Sample concentrations were determined by laboratory

n is number of samples

analyses except where noted by an e, which indicates sample concentration were estimated using a

regression equation. Composite samples are identified by a C. <, actual value is less than value
shown]
Total Event Total Event
Date Time  runoff EMC load n Date Time  runoff EMC load n
volume volume
Nitrogen, ammonia plus organic, Nitrogen, nitrite plus nitrate,
dissolved (mg/L asgﬁ§' dissolved (mg/L as N)--Continued
1981 1982
Nov. 17 0416-0816 0.234 1.6 5.1 7 Mar. 9 1928-2344 0,151 0.87 1.8 4
Dec. 29-30 1452-0444 .314 1.3 5.7 C Mar. 10-11 2316-0330 .285 0.26 1.1 3
Mar. 11 1030-2040 .201 0.38 1.1 el?
1982 Mar. 14 0342-1630  .959 0.27 3.6 e35
Jan. 4 0754-2100 772 0.78 8.4 13 Mar. 16 0600-1338 .439 0.35 2.1 e2l1
Jan, 21 1348-1718 .206 0.95 2.7 el0
Feb. 14-15  2048-1032 263 1.8 6.6 C Mar. 16-17 2002-0222 .320 0.29 1.3 el3
Feb, 15-16 2020-1002 459 2.0 13 C Mar. 18 0414-0956 .211 0.41 1.2 e9
Mar. 9 1928-2344 .151 3.2 6.8 4  Mar. 18 1330-1600 .151 0.60 1.3 e7
Mar. 25-26  2238-0250 .148 0.63 1.3 5
Mar. 10-11  2316-0330 .285 0.98 3.9 3  Mar. 29 1220-1658 .210 0.23 0.67 C
Mar. 11 1030-2040 .201 1.3 3.7 el7
Mar. 14 0342-1630 .959 1.0 13 e35 Mar. 29 1700-1910 .101 0.18 0.25 C
Mar. 16 0600-1338 439 1.2 7.6 e21  Apr. 10 0516-0934 A74 0.56 1.4 €9
Mar. 16-17 2002-0222 .320 1.1 4,8 el3 Apr. 10 1124-1434 .159 0.36 0.81 e6
Apr. 10-11  1914-0020 .231 0.25 0.81 €9
Mar. 18 0414-0956 211 1.4 4,2 €9 Sept. 24 0234-0812 .231 3.6 11 13
Mar, 18 1330-1600 .151 2.0 4.1 e7
Mar. 25-26 2238-0250 .148 2.1 4.3 5 Oct. 25 0256-0518 .052 1.9 1.2 6
Mar. 29 1220-1658 .210 0.96 2.8 C Oct. 26 0148-0626 .600 0.47 3.6 7
Mar. 29 1700-1910 .101 0.80 1.1 C Nov. 8 1726-2028 .130 1.1 1.8 C
Nov. 9 1030-1850 460 0.29 1.7 C
Apr. 10 0516-0934 174 1.9 4.5 e9
Apr. 10 1124-1434 .159 1.3 2.8 e6 1983
Apr. 10-11 1914-0020 .231 0.95 3.1 e9 Jan. 18-19 1716-0134 .969 0.18 2.5 10
Sept. 24 0234-0812 .231 9.0 26 13 Jan. 24 0018-1336 .840 0.18 2,1 C
Oct. 25 0256-0518 .052 8.3 5.5 6 Feb. 28 -
Mar. 1 1804-0832 1,22 0.12 2.1 C
Oct. 26 0148-0626 .600 6.1 46 7 Mar. 16 1654-2110 429 0.81 4.9 c
Nov. 8 1726-2028 .130 3.4 5.6 € Mar. 23-24 1958-0308 .620 0.23 2.0 c
Nov. 9 1030-1850 460 1.5 8.7 C
Phosphorus, dissolved (mg/L as P)
1983
Jan. 18-19 1716-0134 .969 0.97 13 10 1981
Jan. 24 0018-1336 .840 0.80 9.4 C Nov. 17 0416-0816 0.234 0.11 0.36 7
Feb. 28- Dec. 29-30 1452-0444 .314 0.36 1.6 C
Mar, 1 1804-0832 1.22 0.70 12 C
Mar. 16 1654-2110 429 1.0 6.0 C 1982
Mar. 23-24  1958-0308 .620 1.1 9.6 C Jan. &4 0754-2100 .772 0.08 0.88 13
Jan. 21 1348-1718 .206 0.08 0.22 el0
Feb. 14-15 2048-1032 .263 0.11 0.41 Cc
Nitrogen, nitrite plus nitrate, Feb. 15-16 2020-1002 459 0.07 0.45 C
dissolved (mg/L as N) Mar. 9 1928-2344 .151 0.20 0.43 4
1981 Mar. 10-11  2316-0330 .285 0.06 0.22 3
Nov. 17 0416-0816 0.234 0.36 1.2 7 Mar. 11 1030-2040 .201 0.10 0.29 el7
Dec. 29-30 1452-0444 .314 0.91 4.0 C Mar. 14 0342-1630 .959 0.08 1.1 e35
Mar. 16 0600-1338 .439 0.10 0.60 e2l
1982 Mar. 16-17 2002-0222 .320 0.08 0.38 el3
Jan. & 0754-2100 772 0.23 2.5 13
Jan, 21 1348-1718  .206 0.25 0.72 el0 Mar. 18 0414-0956  .211 0.11 0.33 €9
Feb. 14-15  2048-1032 .263 0.42 1.5 c Mar. 18 1330-1600 .151 0.15 0.33 e7
Feb. 15-16 2020-1002 459 0.24 1.5 C Mar. 25-26 2238-0250 0.148 0.16 0.34 5
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Table 21. Constituent storm-runoff loads: Commercial catchment—Continued

Date

Time

Total
runoff
volume

EMC

Event
load

n

Date

Time

Total
runoff
volume

EMC

Event
load

Phosphorus, dissolved (mg/L as P)--Continued

1982

Mar. 29
Mar. 29
Apr. 10
Apr. 10
Apr. 10-11

Sept. 24
Oct. 25
Oct. 26
Nov. 8
Nov. 9

1983

Jan. 18-19

Jan. 24

Feb. 28-
Mar. 1

Mar. 16

Mar. 23-24

Aluminum, total

1220-1658
1700-1910
0516-0934
1124-1434
1914-0020

0234-0812
0256-0518
0148-0626
1726-2028
1030-1850

1716-0134
0018-1336

1804-0832
1654-2110
1958-0308

.210
.101
174
.159
.231

.231
.052
.600
.130
.460

.969
.840

1.22
429
.620

.
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0.15
0.25

0.02
0.05
0.06

recoverable (ug/L)

1982
Nov. 8
Nov. 9

1983

Jan. 24

Feb., 28 -
Mar. 1

Mar. 16

Mar. 23-24

1981
Nov. 17
Dec. 29-30

1982

Jan. 4
Feb. 14-15
Feb, 15-16
Mar. 9
Mar., 10-11

Mar. 25-26
Mar. 29
Mar. 29
Sept. 24
Oct. 25

Oct. 26
Nov. 8
Nov. 9

1983

Jan., 18-19

Jan. 24

Feb. 28-
Mar. 1

Mar. 16

Mar. 23-24

1726-2028 0.130 2,800
1030-1850 460 3,000
0018-1336 .840 5,200
1804-0832 1.22 120
1654-2110 429 6,300
1958-0308 .620 3,400
Arsenic, total (ug/L)
0416-0816 0.234 7
1452-0444 314 2
0754-2100 772 1
2048-1032 .263 1
2020-1002 459 1
1928-2344 .151 11
2316-0330 .285 2
2238-0250 .148 1
1220-1658 .210 1
1700-1910 101 1
0234-0812 .231 4
0256-0518 .052 6
0148-0626 .600 3
1726-2028 .130 17
1030-1850 460 2
1716-0134 .969 2
0018-1336 .840 1
1804-0832 1.22 11
1654-2110 429 2
1958-0308 .620 2

61

2.1
38
30

0.01
<0.01
0.01
0.02
0.01

<0.01
<0.01
<0.01

0.01
<0.01

0.02
0.03
0.01

0.03
0.01

<0.01
0.01
0.02

QO R NeNeRY,] wwOOw aw [eXeXe] @] [eNe] [eXe K] (@R =4 [eRe K

aon ao

Chromium, total recoverable (ug/L)

1981

Nov. 17 0416-0816 0.234 11 0.04
Dec. 29-30 1452-0444 314 10 0.04
1982

Jan. &4 0754-2100 772 10 0.11
Feb. 14-15 2048-1032 .263 5 0.02
Feb. 15-16 2020-1002 459 3 0.02
Mar. 9 1928-2344 .151 12 0.03
Mar. 10-11 2316-0330 .285 9 0.04
Mar. 25-26 2238-0250 .148 11 0.02
Mar. 29 1220-1658 .210 10 0.03
Mar. 29 1700-1910 .101 20 0.03
Nov. 8 1726-2028 .130 12 0.02
Nov. 9 1030-1850 .460 10 0.06
1983

Jan. 24 0018-1336 .840 12 0.14
Feb. 28 -

Mar. 1 1804-0832 1.22 3 0.05
Mar. 16 1654-2110 429 23 0.14
Mar. 23-24 1958-0308 .620 13 0.11

Copper, total recoverable (ug/L)

1981

Nov. 17 0416-0816 0.234 15 0.05
Dec. 29-30 1452-0444 314 16 0.07
1982

Jan. 4 0754-2100 772 13 0.14
Feb., 14-15 2048-1032 .263 9 0.03
Feb. 15-16 2020-1002 459 6 0.04
Mar. 9 1928-2344 .151 23 0.05
Mar. 10-11 2316-0330 .285 10 0.04
Mar., 25-26 2238-0250 .148 16 0.03
Mar. 29 1220-1658 .210 10 0.03
Mar. 29 1700-19210 .101 13 0.02
Nov. 8 1726-2028 .130 21 0.03
Nov. 9 1030-1850 .460 13 0.08
1983

Jan. 24 0018-1336 .840 20 0.23
Feb. 28-

Mar. 1 1804-0832 1.22 7 0.12
Mar. 16 1654-2110 429 17 0.10
Mar. 23-24  1958-0308 .620 14 0.12

Iron, total recoverable (ug/L)

1981

Nov. 17 0416-0816 0.234 1,400 4.5
Dec. 29-30  1452-0444 314 1,200 5.3
1982

Jan. &4 0754-2100 772 910 9.8
Feb. 14-15 2048-1032 .263 430 1.6
Feb. 15-16 2020-1002 459 520 3.4
Mar., 9 1928-2344 151 1,200 2.5
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Table 21. Constituent storm-runoff loads: Commercial catchment—Continued

Total Total
Date Time runoff EMC ?Zigt Date Time runoff EMC ?Z:gt
volume volume
Iron, total recoverable (ug/L)--Continued Manganese, total recoverable (ug/L)--Continued
1982 1983
Mar. 10-11 2316-0330 0.285 940 3.8 3 Jan, 18-19 1716-0134 0.969 300 4.1 10
Mar. 25-26 2238-0250 .148 790 1.6 5 Jan. 24 0018-1336 .840 210 2.5 C
Mar. 29 1220-1658 .210 1,100 3.2 C Feb. 28 -
Mar. 29 1700-1910 .101 2,500 3.5 C Mar. 1 1804-0832 1.220 30 0.51 C
Sept. 24 0234-0812 .231 22,000 65 13 Mar. 16 1654-2110 429 230 1.4 C
Mar. 23-24 1958-0308 .620 150 1.3 C
Oct. 25 0256-0518 .052 11,000 7.1 6
Oct. 26 0148-0626 .600 7,900 60 7 Mercury, total recoverable (ug/L)
Nov. 8 1726-2028 .130 4,200 6.9 C
Nov. 9 1030-1850 460 4,400 26 C 1981
Nov. 17 0416-0816 0.234 0.1 <0.01 7
1983 Dec. 29-30 1452-0444 .314 0.1 <0.01 C
Jan. 18-19 1716-0134 .969 10,000 136 10
Jan. 24 0018-1336 .840 7,200 84 C 1982
Feb. 1 - Jan. 4 0754-2100 .772 0.1 <0.01 13
Mar. 1 1804-0832 1.22 1,500 26 C Feb. 4-15 2048-1032 .263 0.5 <0.01 C
Mar. 16 1654-2110  .429 8,300 50 C Feb. 15-16 2020-1002 .459 0.3 <0.01 C
Mar. 23-24 1958-0308 .620 5,200 45 C Mar. 9 1928-2344 .151 0.1 <0.01 3
Mar. 10-11 2316-0330 .285 0.1 <0.01 3
Lead, total recoverable (ug/L)
Mar. 25-26 2238-0250 .148 0.2 <0.01 5
1981 Mar. 29 1220-1658 .210 0.1 <0.01 C
Nov., 17 0416-0816 0.234 120 0.38 7 Mar. 29 1700-1910 .101 0.1 <0.01 C
Dec. 29-30 1452-0444 .314 150 0.66 C Sept. 24 0234-0812 .231 0.4 <0.01 13
Oct. 25 0256-0518 .052 0.1 <0.01 6
1982
Jan. 4 0754-2100 772 74 0.80 13 Oct. 26 0148-0626 .600 0.1 <0.01 7
Feb. 14-15 2048-1032 .263 54 0.20 C Nov. 8 1726-2028 .130 0.1 <0.01 C
Feb. 15-16 2020-1002 .459 51 0.33 C Nov. 9 1030-1850 460 0.1 <0.01 C
Mar. 9 1928-2344 .151 130 0.28 3
Mar. 10-11 2316-0330 .285 80 0.32 3 1983
Jan. 18-19 1716-0134 .969 0.2 <0.01 10
Mar. 25-26 2238-0250 .148 71 0.15 5 Feb, 28-
Mar. 29 1220-1658 .210 100 0.29 C Mar. 1 1804-0832 1.22 0.1 <0.01 C
Mar. 29 1700-1910 .101 210 0.30 C Mar. 16 1654-2110 429 0.1 <0.01 C
Sept. 24 0234-0812 .231 700 2.0 13
Oct. 25 0256-0518  .052 580 0.38 6 Nickel, total recoverable (ug/L)
Oct. 26 0148-0626 .600 340 2.6 7 1981
Nov. 8 1726-2028 .130 180 0.30 C Nov. 17 0416-0816 0.234 7 0.02 7
Nov. 9 1030-1850 460 100 0.58 C Dec. 29-30 1452-0444 314 8 0.04 C
1983 1982
Jan, 18-19 1716-0134 .969 390 5.3 10 Jan. 4 0754-2100 .772 3 0.03 13
Jan. 24 0018-1336 .840 140 1.6 C Feb. 14-15 2048-1032 .263 4 0.01 C
Feb. 28 - Feb. 15-16 2020-1002 459 3 0.02 C
Mar. 1 1804-0832 1.22 79 1.4 C Mar., 9 1928-2344 .151 5 0.01 3
Mar. 16 1654-2110 429 110 0.66 C Mar. 10-11 2316-0330 .285 3 0.01 3
Mar. 23-24 1958-0308 .620 69 0.60 C
Mar. 25-26 2238-0250 .148 11 0.02 5
Manganese, total recoverable (ug/L) Mar. 29 1220-1658  .210 5 0.01 C
Mar. 29 1700-1910 .101 9 0.01 C
1982 Sept. 24 0234-0812 .231 52 0.15 13
Sept. 24 0234-0812 0.231 760 2.2 13 Oct. 25 0256-0518 .052 34 0.02 6
Oct. 25 0256-0518 .052 410 0.27 6
Oct. 26 0148-0626 .600 250 1.9 7 Oct. 26 0148-0626 .600 14 0.10 7
Nov. 8 1726-2028 .130 140 0.23 C Nov. 8 1726-2028 .130 12 0.02 C
Nov. 9 1030-1850 460 130 0.76 C Nov. 9 1030-1850 460 10 0.06 C
Tables 91



Table 21. Constituent storm-runoff loads: Commercial catchment—Continued

Total Total
Date Time runoff  EMC ’f‘;g{;" Date Time runoff  EMC Iizzzgt
volume volume
Nickel, total recoverable (ug/L)--Continued Solids, sum of constituents, dissolved (mg/L)
1983 1981
Jan. 18-19 1716-0134 0.969 26 0.35 10 Nov. 17 0416-0816 0.234 23 75 7
Jan. 24 0018-1336  .840 9 0.11 c Dec. 29-30  1452-0444 314 27 119 C
Feb. 28 -
Mar. 1 1804-0832 1.22 11  <0.01 C 1982
Mar. 16 1654-2110 429 22 0.13 C Jan., 4 0754-2100 .772 18 198 13
Mar. 23-24  1958-0308 .620 11 0.10 C Jan. 21 1348-1718  .206 18 52 el0
Feb. 14-15 2048-1032  .263 22 81 C
Zinc, total recoverable (ug/L) Feb. 15-16  2020-1002  .459 21 135 C
Mar. 9 1928-2344  ,151 51 108 3
1981
Nov. 17 0416-0816 0.234 160 0.53 7 Mar. 10-11  2316-0330 .285 28 113 2
Dec. 29-30  1452-0444  .314 250 1.1 c Mar. 11 1030-2040  .201 22 61 el7
Mar. 14 0342-1630  .959 19 249 e35
1982 Mar. 16 0600-1338  .439 21 128 e2l
Jan. 4 0754-2100 .772 110 1.2 13 Mar, 16-17 2002-0222 .320 19 86 el3
Feb. 14-15 2048-1032 .263 140 0.52 C
Feb. 15-16 2020-1002  .459 130 0.84 C Mar. 18 0414-0956  .211 22 66 €9
Mar. 9 1928-2344  .151 440 0.9 3 Mar. 18 1330-1600  .151 28 59 e7
Mar. 10-11  2316-0330 .285 130 0.50 3 Mar. 25-26  2238-0250 .148 24 49 4
Mar. 29 1220-1658  .210 11 32 C
Mar. 25-26 2238-0250 .148 270 0.57 5 Mar. 29 1700-1910 .101 10 14 C
Mar. 29 1220-1658 .210 140 0.41 C
Mar. 29 1700-1910 .101 140 0.20 C Apr. 10 0516-0934  .174 27 65 €9
Nov. 8 1726-2028  .130 300 0.49 c Apr. 10 1124-1434  ,159 21 47  e6
Nov. 9 1030-1850  .460 140 0.81 c Apr. 11 1914-0020 .231 18 58 e9
Sept. 24 0234-0812 .231 81 235 13
1983 Oct. 25 0256~0518  .052 73 48 6
Jan. 24 0018-1336  .840 150 1.8 C
Feb., 28 - Oct. 26 0148-0626  .600 26 194 7
Mar. 1 1804-0832 1.22 70 1.2 C Nov. 8 1726-2028  .130 56 92 C
Mar. 16 1654~2110  .429 190 1.1 C Nov. 9 1030-1850  .460 28 162 C
Mar. 23-24 1958-0308 .620 120 1.0 C
1983
Oxygen demand, chemical, 0.25 N dichromate (mg/L) Jan, 18-19 1716-0134  .969 20 266 10
Jan. 24 0018-1336  .840 20 234 c
1981 Feb. 28 -
Nov. 17 0416-0816 0.234 51.52 168 7 Mar. 1 1804-0832 1.22 14 240 C
Dec. 29-30  1452-0444  .314 75 330 C Mar. 16 1654-2110  .429 57 343 c
Mar. 23-24 1958-0308  .620 31 270 C
1982
Jan. &4 0754-2100 .772 45 482 13
Feb., 14-15 2048-1032  .263 52 192 c Sediment, suspended (mg/L)
Feb. 15-16  2020-1002  .459 36 231 c
Mar. 9 1928-2344  ,151 99 209 4 1981
Mar. 10-11  2316-0330 .285 100 412 3 Nov. 17 0416-0816 0.234 139 454 7
Dec. 29-30 1452-0444 314 60 264 c
Mar. 25-26  2238-0250 .148 130 265 5
Mar. 29 1220-1658  .210 110 323 C 1982
Mar. 29 1700-1910 .101 65 92 C Jan. &4 0754-2100 ,772 31 332 13
Nov. 9 1030-1850  .460 310 1,800 C Feb. 14-15 2048-1032 .263 12 44 C
Feb. 15-16  2020-1002  .459 17 110 C
1983 Mar. 9 1928-2344  ,151 35 75 3
Jan. 24 0018-1336  .840 35 410 C  Mar. 10-11 2316-0330 .285 29 117 3
Feb., 1 -
Mar. 1 1804-0832 1.22 25 427 C  Mar., 25-26 2238-0250 .148 35 72 5
Mar. 16 1654-2110  .429 51 307 C Mar. 29 1220-1658 ,210 47 138 C
Mar. 23-24 1958-0308 .620 34 296 C  Mar. 29 1700-1910 .101 104 147 C
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Table 21. Constituent storm-runoff loads: Commercial catchment—Continued

Da

te

Time

Total
runoff
volume

EMC

Event
load

Date

Time

Total
runoff
volume

EMC

Event
load

Sediment, suspended (mg/L)--Continued

Carbon, organic, dissolved

(mg/L)--Continued

1982 1983
Sept. 24 0234-0812 0.231 1,260 3,650 13 Jan. 24 0018-1336 0.840 14 164 C
Oct. 25 0256-0518 .052 422 279 6 Feb. 28 -
Oct. 26 0148-0626 .600 586 4,430 7 Mar. 1 1804-0832 1,22 12 205 C
Nov. 8 1726-2028 .130 175 287 C Mar. 16 1654-2110 429 14 84 C
Nov. 9 1030-1850 460 133 773 C Mar. 23-24 1958-0308 .620 78 679 C
1983
Jan. 18-19 1716-0134 .969 1,110 15,000 10 Carbon, organic, suspended (mg/L)
Jan. 24 0018-1336 .840 323 3,780 C
Feb. 28 - 1981
Mar. 1 1804-0832 1.22 404 6,910 C Nov. 17 0416-0816 0.234 3.7 12 7
Mar. 16 1654-2110 429 291 1,750 C Dec. 29-30 1452-0444 . 314 2.1 9.2 C
Mar. 23-24 1958-0308 .620 167 1,450 C
1982
Carbon, organic, dissolved (mg/L) Jan. &4 0754-2100 .772 1.4 15 11
Feb. 14-15 2048-1032 .263 1.3 4.7 C
1981 Feb. 15-16 2020-1002 .459 2.2 14 C
Nov. 17 0416-0816 0.234 12 38 7 Mar. 9 1928-2344 .151 1.9 4.1 4
Dec. 29-30 1452-0444 .314 44 193 C Mar, 10-11 2316-0330 .285 1.8 7.1 3
1982 Mar, 25-26 2238-0250 .148 1.9 3.9 5
Jan. &4 0754-2100 772 54 589 11 Mar. 29 1220-1658 .210 2.1 6.2 C
Feb. 14-15 2048-1032 .263 26 96 C Mar. 29 1700-1910 .101 3.2 4.5 C
Feb. 15-16 2020-1002 .459 39 251 C Nov. 8 1726-2028 .130 5.2 8.5 C
Mar. 9 1928-2344 .151 31 65 4  Nov. 9 1030-1850 460 3.2 19 C
Mar. 10-11 2316-0330 .285 170 695 3
Feb. 28-
Mar. 25-26 2238-0250 .148 79 164 5 Mar. 1 1804-0832 1.22 2.9 50 C
Mar. 29 1220-1658 .210 260 764 C Mar. 23-24 1958-0308 .620 3.3 29 C
Mar. 29 1700-1910 .101 49 69 C
Nov. 8 1726-2028 .130 22 36 C
Nov. 9 1030-1850 460 47 272 C
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Table 22. Significant variables affecting constituent event mean concentrations

[RUNOFF, runoff volume; DRYHRS, number of dry hours since last storm;

SFIRST, number of days since first storm of rain season.

the three variables were significant]

., none of

Catchment
Constituent Single- Multiple-
Industrial dwelling dwelling Commercial
residential residential
Nutrients
Nitrogen, ammonia plus
organic, dissolved—~====—=~ RUNOFF, RUNOFF DRYHRS, DRYHRS,
SFIRST RUNOFF SFIRST
Nitrogen, nitrite plus
nitrate, dissolved-——-—————- DRYHRS RUNOFF DRYHRS, DRYHRS,
RUNOFF, RUNOFF
SFIRST
Phosphorus, dissolved-=———==~ RUNOFF RUNOFF, DRYHRS, .
DRYHRS, RUNOFF
SFIRST
Oxygen demand
Oxygen demand, chemical--——-- RUNOFF, DRYHRS DRYHRS, .
SFIRST RUNOFF
Organics
Carbon, organic, dissolved--- . . . .
Carbon, organic, suspended--- SFIRST DRYHRS, . .
SFIRST
Metals
Arsenic, total--—————————emmev . . . .
Chromium, total recoverable-- . . DRYHRS, .
RUNOFF,
SFIRST
Copper, total recoverable---- . SFIRST . DRYHRS
Iron, total recoverable--—-—- . . SFIRST .
Lead, total recoverable-—-—--—- . SFIRST SFIRST .
Mercury, total recoverable--—- DRYHRS . SFIRST .
Nickel, total recoverable---- . . . .
Zinc, total recoverable-—---- . SFIRST . DRYHRS
Physical properties
Solids, sum of constituents,
dissolved . . DRYHRS, DRYHRS
RUNOFF
Sediment, suspended-———————=—~ . SFIRST SFIRST RUNOFF
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Table 23. Results of linear regression analysis using runoff event mean concentration data

[Form of equation: a, regression constant; b,c,d, regression coefficient; x;, x;, x3, independent variable]

Adjusted
Form of equation: y = at+bx;+cx,+dxj percent- Root Number
Dependent variable age of mean of data
a b x) c X2 d X3 variation square observa-
explained error tions
(R?)
Industrial catchment
Nitrogen, ammonia plus
organic, dissolved 24.0 -48.3 RUNOFF -0.062 SFIRST . . 59 3.88 12
Nitrogen, nitrite plus
nitrate, dissolved 0.4 -0.00258 DRYHRS . . . . 32 0.241 12
Phosphorus, dissolved 6.31 -15.7 RUNOFF . . . . 34 1.71 12
Oxygen demand,
chemical 943 -1290 RUNOFF -3.55 SFIRST . . 77 93.8 10
Carbon, organic,
suspended 37.1 -0.110 SFIRST . . . . 26 7.95 11
Mercury, total
recoverable 0.122 0.0000962 DRYHRS . . . . 27 0.040 12
Single-dwelling residential catchment
Nitrogen, ammonia plus
organic, dissolved 2.96 -7.98 RUNOFF . . . . 36 0.836 17
Nitrogen, nitrite plus
nitrate, dissolved 0.619 -1.78 RUNOFF . . . . 39 0.177 17
Phosphorus, dissolved 0.307 0.000526 RUNOFF -0.532 DRYHRS =-0.000619 SFIRST 69 0.044 17
Oxygen demand,
chemical 29.3 0.615 DRYHRS . . . . 68 19.6 9
Carbon, organic,
suspended 9.76 -0.016 DRYHRS -0.040 SFIRST . . 69 1.44 8
Copper, total
recoverable 25.2 -0.098 SFIRST . . . . 86 2.11 7
Lead, total
recoverable 357 -1.77 SFIRST . . . . 88 37.5 9
Zinc, total
recoverable 170 -0.585 SFIRST : . . . 63 23.3 7
Sediment, suspended 321 -1.80 SFIRST . . . . 71 66.7 10
Multiple-dwelling residential catchment
Nitrogen, ammonia plus
organic, dissolved 1.41 -1.44 RUNOFF . DRYHRS . . 49 0.515 31
Nitrogen, nitrite plus
nitrate, dissolved 0.213 -0.308 RUNOFF 0.000573 DRYHRS 0.00119 SFIRST 33 0.140 30
Phosphorus, dissolved 0.190 -0.127 RUNOFF 0.000443 DRYHRS . B 51 0.057 32
Oxygen demand,
chemical 80.5 -51.3 RUNOFF 0.100 DRYHRS . B 57 16.6 16
Solids, sum of
constituents, dissolved 29.4 -14.2 RUNOFF 0.0235 DRYHRS 39 5.21 31
Chromium, total
recoverable 29.8 -9.76 RUNOFF -0.017 DRYHRS -0.094 SFIRST 64 3.91 18
Iron, total
recoverable 11300 -46.5 SFIRST . . . . 34 2750 17
Lead, total
recoverable 247 -0.767 SFIRST . . . . 18 69.5 18
Mercury, total
recoverable 0.307 =-0.000991 SFIRST N . . . 29 0.071 15
Sediment, suspended 788 -4.00 SFIRST . . . . 52 182 12
Commercial catchment
Nitrogen, ammonia plus
organic, dissolved 2.60 0.00570 DRYHRS -0.011 SFIRST . . 28 0.939 28
Nitrogen, nitrite plus
nitrate, dissolved 0.4 -0.00213 DRYHRS -0.267 RUNOFF . . 47 0.183 28
Solids, sum of
constituents, dissolved 20.2 0.104 DRYHRS . . . . 34 9.45 28
Copper, total
recoverable 11.4 0.046 DRYHRS . . . . 43 3.70 16
Zinc, total
recoverable 124 1.04 DRYHRS . . . . 64 56.4 16
Sediment, suspended 22.3 305 RUNOFF . . . . 29 137 17

Tables 95



Table 24. Statistical summary of runoff event mean concentration data for all monitored catchments

[Computation maximum and minimum are the maximum and minimum event mean
concentrations (EMC) of data set used to compute mean after excluding
early rain season high event mean concentration. Study maximum equals
maximum event mean concentration for study period. ., no data available]

Number Computation
Catchment Mean S:::gird of EMC S;gdy
values Maximum Minimum  TE¥ITUR
Nitrogen, ammonia plus organic, dissolved (mg/L as N)
Industrial 13 1.8 12 22 3.6 28
Single-dwelling 2.0 0.25 17 4.8 0.68 12
residential
Multiple-dwelling 1.4 0.13 31 3.2 0.20 7.4
residential
Commercial 1.6 0.21 28 3.4 0.70 9.0
Nitrogen, nitrite plus nitrate, dissolved (mg/L as N)
Industrial 0.63 0.08 12 1.1 0.28 3.9
Single~dwelling
residential 0.40 0.06 17 0.97 0.14 3.2
Multiple-dwelling
residential 0.33 0.03 30 0.83 0.13 2.2
Commercial 0.41 0.05 28 1.1 0.12 3.6
Phosphorus, dissolved (mg/L as P)
Industrial 4.8 0.48 15 7.8 2.0 7.8
Single-dwelling
residential 0.20 0.02 17 0.38 0.09 0.99
Multiple-dwelling
residential 0.20 0.01 32 0.43 0.06 0.82
Commercial 0.11 0.01 28 0.36 0.02 0.65
Aluminum, total recoverable (ug/L)
Industrial 6,500 330 3 7,100 6,000 7,100
Single-dwelling
residential 1,700 540 5 3,400 560 3,400
Multiple-dwelling
residential 2,900 450 5 4,400 1,600 4,400
Commercial . . 0 . . .
Arsenic, total (ug/L)
Industrial 18 2 17 30 8 30
Single-dwelling
residential 1 0 8 2 1 4
Multiple-dwelling
residential 2 0 13 2 1 8
Commercial 2 0 15 7 1 17
Chromium, total recoverable (ug/L)
Industrial 21 4 14 51 8 51
Single-dwelling
residential 7 2 8 13 1 13
Multiple-dwelling
residential 15 2 18 28 6 28
Commercial 11 1 16 23 3 23
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Table 24. Statistical summary of runoff event mean concentration data for all monitored catchments—

Continued
Number Computation
Catchment Mean Sti:d:rd of EMC mi;;dy
erro values Maximum Minimum mum
Copper, total recoverable (ug/L)
Industrial 68 6 14 110 39 110
Single-dwelling
residential 12 2 7 24 7 39
Multiple-dwelling
residential 18 2 16 33 9 100
Commercial 14 1 16 23 6 23
Iron, total recoverable (ug/L)
Industrial 11,000 1,600 17 34,000 4,000 34,000
Single-dwelling
residential 2,000 560 9 5,000 450 10,000
Multiple-dwelling
residential 5,700 820 17 15,000 2,500 33,000
Commercial 1,100 180 10 2,500 430 2,500
Lead, total recoverable (ug/L)
Industrial 87 12 17 210 27 210
Single-dwelling
residential 140 36 9 360 61 740
Multiple-dwelling
residential 160 18 18 350 63 670
Commerciall 100 16 10 210 51 210
Manganese, total recoverable (ug/L)
Industrial 350 50 6 570 230 570
Single-dwelling
residential 60 20 6 120 30 300
Multiple~dwelling
residential 90 10 6 120 60 840
Commercial 0 .
Mercury, total recoverable (ug/L)
Industrial 0.1 0.0 12 0.2 0.1 1.4
Single-dwelling
residential 0.2 0.1 6 0.6 0.1 2.4
Multiple-dwelling
residential 0.2 0.0 15 0.4 0.1 1.3
Commercial 0.1 0.0 14 0.2 0.1 0.5
Nickel, total recoverable (ug/L)
Industrial 25 3 17 52 6 52
Single~-dwelling
residential 11 2 9 19 3 56
Multiple-dwelling
residential 16 2 17 31 5 120
Commercial!l 6 1 10 11 3 11
Zinc, total recoverable (ug/L)
Industrial 520 40 14 840 320 840
Single-dwelling
residential 90 10 7 160 60 190
Multiple-dwelling
residential 150 10 16 290 70 1,100
Commercial 180 20 16 440 70 440
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Table 24. Statistical summary of runoff event mean concentration data for all monitored catchments—

Continued
Number Computation
Catchment Mean Standard of EMC miigizm
error values Maximum Minimum
Oxygen demand, chemical, 0.25 N dichromate (mg/L)

Industrial 460 45 9 630 290 970
Single-dwelling

residential 65 12 9 130 27 170
Multiple~dwelling

residential 78 6 16 110 38 470
Commercial 81 18 15 310 25 310

Solids, sum of constituents, dissolved (mg/L)

Industrial 121 13 13 201 22 1,006
Single-dwelling

residential 27 2.4 16 44 15 93
Multiple~dwelling

residential 28 1.2 31 40 16 83
Commercial 25 2.2 28 57 10 81

Sediment, suspended (mg/L)

Industrial 578 77 9 954 231 954
Single-dwelling

residential 105 37 10 392 22 538
Multiple-dwelling

residential 313 76 12 924 91 1,910
Commercial’ 51 13 10 139 12 139

Carbon, organic, dissolved (mg/L)

Industrial 170 57 12 750 20 750
Single~dwelling

residential 68 17 9 150 4.4 150
Multiple-dwelling

residential 54 17 16 270 6.6 270
Commercial 60 17 16 260 12 260

Carbon, organic, suspended (mg/L)

Industrial 28 2.8 11 40 10 40
Single-dwelling

residential 3.5 0.92 8 9.3 1.4 9.3
Multiple-dwelling

residential 3.1 0.22 15 5.1 1.9 5.1
Commercial 2.6 0.28 14 5.2 1.3 5.2

1Only first rain season event mean concentrations used.
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Table 25. Estimated average annual constituent unit loads for each land-use type

Catchment
Single- Multiple-
Industrial dwelling dwelling Commercial
residential residential
Mean rainfall-runoff
coefficient* 0.18 0.21 0.39 0.93
Mean annual catchment
runoff, in inches** 1.84 2.15 3.99 9.52
Constituent Mean annual constituent unit load

(pounds per acre)

Nitrogen, organic plus
ammonia, dissolved 5.6
Nitrogen, nitrite plus

nitrate, dissolved 0.26
Phosphorus, dissolved 2.0
Oxygen demand, chemical 190
Carbon, organic, dissolved 77
Carbon, organic, suspended 11
Aluminum, total recoverable 2.7
Arsenic, total 0.0074
Chromium, total recoverable 0.0088
Copper, total recoverable 0.028

Iron, total recoverable 4.5

Lead, total recoverable 0.036
Manganese, total recoverable 0.15
Mercury, total recoverable 0.0001
Nickel, total recoverable 0.010
Zinc, total recoverable 0.21
Solids, sum of constituents,
dissolved 50
Sediment, suspended 240

.95 1.2 3.4
0.19 0.30 0.88
0.10 0.18 0.24

32 70 180
33 49 130
1.7 2.8 5.6
0.81 2.7 .
0.0005 0.0014 0.0040
0.0036 0.014 0.024
0.0057 0.016 0.030
1.0 5.2 2.4
0.068 0.14 0.22
0.029 0.084 .
0.0001 0.0002 0.0002
0.0054 0.014 0.013
0.044 0.14 0.39

13 25 54

51 283 110

*Taken from table 5.

**Based on average annual rainfall of 10.24 inches.
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Table 26. Statistical summary of atmospheric dry-deposition quality data: Industrial site

[Statistical calculations include analytical detection limit concentration for those analyses that are
reported to be less than detection limit. Mass concentrations determined by dividing bucket-washed
sample constituent concentration by total solids concentration and muliplying by 106. <, actual
value is less than value shown. ., not calculated]

Number

Property or Standard R <.
constituent sagsles Mean deviation Maximum Minimum
INORGANICS
Major ions (mg/kg)
Calcium, dissolved---==-------------- 10 12,400 9,040 31,100 2,760
Magnesium, dissolved----------------- 10 5,950 5,760 2,100 780
Sodium, dissolved--=-====-c=ccccccc-u- 10 9,070 6,950 21,000 1,380
Potassium, dissolved-=~--------------- 10 18,500 20,700 74,200 2,760
Sulfate, dissolved-===~---=====---=--- 10 63,800 58,000 178,000 <922
Chloride, dissolved--~-~-----=v--coee 10 9,360 7,340 25,800 2,300
Silica, dissolved---==~==-=-==c=ccccce- 5 3,000 2,540 7,320 1,050
Nutrients (mg/kg)
Nitrogen, nitrite plus nitrate,
dissolved (as N)-=-===--e-ccceccan- 10 9,330 12,400 42,200 1,200
Nitrogen, ammonia, total (as N)------ 10 12,000 13,900 46,800 1,050
Nitrogen, ammonia plus organic,
total (as N)======-==ceccecmcaaaa-- 10 62,200 43,200 136,000 13,400
Nitrogen, organic, total (as N)=----- 9 52,100 40,400 129,000 12,400
Phosphorus, total (as P)=========-==- 10 5,160 2,990 10,600 1,290
Phosphorus, orthophosphate,
total (as P)-====-==e=cemcoccaaoaa- 10 4,490 7,620 25,800 553
Metals (ug/kg)
Aluminum, total recoverable--~------- 5 18,400,000 12,400,000 33,300,000 8,290,000
Aluminum, dissolved------=--=--=c--c-- 2 451,000 305,000 667,000 235,000
Arsenic, total--=-===---cscccscccnon~ 5 14,400 8,490 23,500 4,610
Chromium, total recoverable--~-------- 5 155,500 97,100 289,000 27,600
Copper, total recoverable---=~------- 5 415,000 205,000 689,000 115,000
Copper, dissolved--------==-=~----=-- 2 183,000 150,000 289,000 76,500
Iron, total recoverable-------------- 5 25,000,000 15,900,000 42,400,000 11,100,000
Iron, dissolved----=--------ccoconoo- 2 330,000 67,900 378,000 282,000
Lead, total recoverable-----=-~-=-=--- 10 627,000 434,000 1,610,000 140,000
Lead, dissolved------=------=~-ccc-u- 7 36,300 42,200 97,600 <3,380
Manganese, total recoverable--------- 5 754,000 512,000 1,330,000 276,000
Manganese, dissolved-----=---~-=cc--- 2 282,000 9,190 289,000 276,000
Mercury, total recoverable--=-~------- 5 2,140 1,530 4,440 741
Nickel, total recoverable---=<------= 5 134,000 115,000 329,000 27,600
Nickel, dissolved-========-==~c==co== 2 25,800 5,090 29,400 <22,200
Zinc, total recoverable--==--~====--- 5 1,630,000 775,000 2,440,000 369,000
Zinc, dissolved-----=--======vosom-=- 2 534,000 189,000 667,000 400,000
PHYSICAL PROPERTIES
Solids, residue at 105°C,
total, (mg/L)=-==========c=cmc-ua-u- 10 211 243 856 41
Solids, sum of constituents,
dissolved (mg/kg)----=--========-0== 4 226,000 203,000 452,000 44 400
ORGANICS
Carbon, organic, dissolved
(mg/kg as C)-=========cce-ocaca-u- 10 118,000 123,000 390,000 10,100
Pesticides (ug/kg)
Chlordane, total recoverable--------- 1 270 . 270 270
DDE, total recoverable-------======-- 1 13 . 13 13
Diazinon, total recoverable---------= 1 120 . 120 120
Lindane, total recoverable-=--------- 1 13 . 13 13
Malathion, total recoverable--------- 1 200 . 200 200
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Table 26. Statistical summary of atmospheric dry-deposition quality data: Industrial site—Continued

Other pesticides analyzed but not detected (one sample)

Pesticide *Detection Pesticide *Detection Pesticide *Detection

(total recoverable) limit (total recoverable) limit (total recoverable) limit

(ug/L) (ug/L) (ug/L)
Aldrin-=-===--ccccccncnancann 0.01 Gross polychlorinated Parathion--====--==ncecou- 0.01
DDD-=======--csmesomoennn— 0.01 napthalenes--=----------- 0.1 Perthane---=========n-n-u- 0.1
DDT-=======m==ccecceecoconn 0.01 Heptachlor-=============--- 0.01 Silvex-=====-=--ceccccc--- 0.01
Dieldrin-----====--=-cwoc--- 0.01 Heptachlor epoxide-------- 0.01 Toxaphene--====------=-=== 1
Endosulfan-------=--=--~o-- 0.01 Methoxychlor----=-===-==---- 0.01 Trithion-----=------=o---- 0.01
Endrin---==---c-ememnnoocoo- 0.01 Methyl parathion---------- 0.01 2,4-D--===m-mmm-mmmmeona- 0.01
Ethion--======-=cce-co-con- 0.01 Methyl trithion----------- 0.01 2,4-DP-=======reemmmcom——- 0.01
Gross polychlorinated Mirex-----==~------ccco--- 0.01 2,4,5-T-==r==c=-meceeccenn- 0.01

biphenyls------------~--- 0.1

*Detection limit not converted to mass units.

Table 27. Statistical summary of atmospheric dry-deposition quality data: Single-dwelling residential site

[Statistical calculations include analytical detection level concentration for those analyses that are

reported to be less than detection level.

Mass concentrations determined by dividing bucket-washed

sample constituent concentration by total solids concentrations and mutiplying by 106. actual
value is less than value shown. ., not calculated]
Number
Property or of Mean Stapda¥d Maximum Minimum
constituent samples deviation
INORGANICS
Major ions (mg/kg)
Calcium, dissolved---~--=----=--cccu-- 9 24,400 36,900 121,000 3,770
Magnesium, dissolved--=-====m=cc--cn- 9 5,000 4,640 13,800 638
Sodium, dissolved---------=---------- 9 16,000 15,600 55,200 <4,260
Potassium, dissolved----------------- 9 8,030 7,080 24,100 1,890
Sulfate dissolved------==----------=- 9 79,200 90,800 <250,000 4,260
Chloride, dissolved------------------ 9 15,000 17,800 58,600 498
Silica, dissolved------------=-=----- 4 12,600 9,750 24,100 3,430
Nutrients (mg/kg)
Nitrogen, nitrite plus nitrate,
dissolved (as N)---~-r-----cmc-nna- 9 41,300 95,700 295,000 1,890
Nitrogen, ammonia, total (as N)------ 9 13,700 26,500 82,800 <114
Nitrogen, ammonia plus organic,
total (as N)-==-=--ecoecccccacoan-n 9 35,500 29,300 93,100 5,690
Nitrogen, organic, total (as N)------ 7 24,400 20,600 70,000 10,300
Phosphorus, total (as P)------------- 9 2,480 1,900 6,900 588
Phosphorus, orthophosphate,
total (as P)--=----~ccccecmencaaaan 9 1,500 1,700 5,860 304
Metals (ug/kg)
Aluminum, total recoverable---------- 5 17,400,000 13,000,000 40,500,000 9,950,000
Aluminum, dissolved--==-r====ccc-ca-- 2 568,000 611,000 1,000,000 136,000
Arsenic, total--------=-----cemcene-- 5 22,800 16,600 <50,000 4,500
Chromium, total recoverable---------- 5 125,000 78,500 250 000 56,600
Copper, total recoverable------------ 5 649,000 749,000 1,950,000 90,500
Copper, dissolved----~-------c-nc--m- 2 518,000 682,000 1,000,000 36,200
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Table 27. Statistical summary of atmospheric dry-deposition quality data:

Single-dwelling residential site—Continued

Number

Property or Standard . .
constituent saggles Mean deviation Maximum Minimum
INORGANICS--Continued
Metals (pg/kg)--Continued
Iron, total recoverable-------------- 5 23,500,000 14,900,000 50,000,000 15,200,000
Iron, dissolved-------=-=--=--------- 2 298,000 286,000 500,000 95,000
Lead, total recoverable-------------- 9 2,390,000 2,510,000 8,280,000 304,000
Lead, dissolved--------=-=-------==--- 6 102,000 114,000 310,000 3,800
Manganese, total recoverable--------- 5 610,000 498,000 1,500,000 36,2000
Manganese, dissolved----------------- 2 245,000 219,000 400,000 90,500
Mercury, total recoverable----------- 5 4,180 3,530 10,000 905
Nickel, total recoverable------------ 5 136,000 138,000 350,000 21,300
Nickel, dissolved---------------=--~- 2 27,300 32,200 50,000 4,520
Zinc, total recoverable-------------- 5 2,140,000 1,360,000 4,000,000 543,000
Zinc, dissolved---------------------- 2 1,200,000 1,490,000 2,250,000 140,000
PHYSICAL PROPERTIES
Solids, residue at 105°C
total, (mg/L)-------r=-cmecccnc-nmn 9 135 164 527 20
Solids, sum of constituents,
dissolved (mg/kg)--------====-=---- 4 318,000 366,000 862,000 91,100
ORGANICS
Carbon, organic, dissolved
(mg/kg as C)=---=-==---cmecmcnnonno 7 118,000 81,800 266,000 30,400
Pesticides (ug/kg)
Chlordane, total recoverable--------- 1 610 . 610 610
DDE, total recoverable--------------- 1 30 . 30 30
Diazinon, total recoverable---------- 1 180 . 180 180
Lindane, total recoverable----------- 1 30 . 30 30
Malathion, total recoverable--------- 1 850 . 850 850
Methoxychlor, total recoverable------ 1 30 . 30 30
Other pesticides analyzed but not detected (one sample)
Pesticide *betection Pesticide *betection Pesticide *Detection
(total recoverable) (ug/L) (total recoverable) (ug/L) (total recoverable) (ug/L)
Aldripn-----------------c--- 0.01 Gross polychlorinated Perthane-----==---==------ 0.1
DDD-----======-=-=-=--=-=o- 0.01 napthalenes------------- 0.1 Silvex---=---------------- 0.01
DDT-==========s=-cccccccc=-- 0.01 Heptachlor--===-======-=c-o-- 0.01 Toxaphene--==-========-=-=-
Dieldrin-------=----------- 0.01 Heptachlor epoxide-------- 0.01 Trithion------------------ 0.01
Endosulfan------~---------- 0.01 Methyl parathion---------- 0.01 2,4-D----===-=--------u-- 0.01
Endrin------------=-------- 0.01 Methyl trithion----------- 0.01 2,4-DP-------------mmmm oo 0.01
Ethion-------=----==-"=-=--- 0.01 Mirex----=====-=-=-------- 0.01 2,4,5-T------------------~ 0.01
Gross polychlorinated Parathion----------------- 0.01
biphenyls--==========--=- 0.1

*Detection limit not converted to mass units.
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Table 28. Statistical summary of street-surface particulate quality samples: Industrial catchment

[Statistical calculations include analytical detection limit concentration for those analyses that are
reported to be less than detection limit. The analytical detection limit increased with increased
quantities of constituents such as oils and greases that interfere with analytical instrumentation.

<, actual value is less than the value shown]

. Number Standard
in bgg:i;I;::ZEials of Mean Median error of ggsggiign Maximum Minimum
samples mean
INORGANICS
Major ions (mg/kg)
Calcium, total recoverable--------- 3 40 40 0 10 40 30
Magnesium, total recoverable------- 3 30 40 10 10 40 20
Sodium, total recoverable-~-------- 3 10 <10 0 0 <10 <10
Potassium, total recoverable------- 3 350 310 40 60 420 310

Nutrients (mg/kg)
Nitrogen, nitrite, total (as N)---- 3 2 <2 0 0 <2 <2
Nitrogen, nitrite pluss

nitrate, total (as N)------------ 5 L4 4.0 1.2 2.6 7.4 <2.0
Nitrogen, ammonia, total (as N)---- 5 38 38 12 28 80 6
Nitrogen, ammonia plus
organic, total (as N)=-----=----- 5 530 430 130 280 1,000 300
Nitrogen, total (as N)------------- 3 453 437 66 114 574 347
Phosphorus, total (as P)-=--------- 5 200 210 20 50 250 120
Metals (ug/g)
Aluminum, total recoverable-------- 2 800 805 20 40 830 780
Arsenic, total----=-----------coca- 5 3 3 ] 1 4 2
Cadmium, total recoverable--------- 3 4 1 3 5 <10 <1
Chromium, total recoverable-------- 3 20 10 10 10 30 10
Copper, total recoverable--==------- 5 38 40 5 11 54 27
Iron, total recoverable------------ 5 2,600 2,300 330 740 3,700 2,000
Lead, total recoverable---------=--- 5 160 150 40 80 300 100
Manganese, total recoverable------- 2 40 40 6 4 46 34
Mercury, total recoverable--------- 5 0.02 0.02 0.00 0.01 0.03 0.01
Nickel, total recoverable---------- 5 38 20 16 35 <100 20
Zinc, total recoverable------------ 5 76 70 12 27 120 49
OXYGEN DEMAND (mg/kg)
Oxygen demand, chemical,
total--=-====-==-=emmemmmme oo 5 41,000 4,000 6,400 14,000 65,000 30,000
PHYSICAL PROPERTIES (mg/kg)
Residue, loss on ignition---------- 5 26,300 8,400 2,150 4,800 31,100 19,900
ORGANICS
Carbon, inorganic plus
organic, total (g/kg as C)------- 5 13 11 1.0 3 17 10
Carbon, inorganic,
total (g/kg as C)---=======-==-== 5 0.1 <0.1 0.0 0.0 0.2 <0.1
Pesticides (total recoverable,
ug/kg)
Aldrin------------------o-oomoooaoo 5 1.5 <1.0 0.6 1.4 <4.0 <0.5
Chlordane-=-==----=-------c-c----- 5 140 110 33 75 260 69
DDD===~---===----=------ccocceooono 5 1.3 <0.5 0.7 1.5 <4.0 <0.5
DDE-~--=--=----mmcmemmmmm oo m 5 12 12 1.1 2.5 15 8.1
DDT-=-===-====r----c---cccecccoooaoo 5 21 21 4.3 9.6 33 7.4
Diazinon=-=--=----=---------se-oo-- 5 4,7 <1.0 3.8 8.6 20 <0.1
Dieldrin=-=--=--------ccsco-ooonoon 5 1.2 1.2 0.4 0.8 2.3 0.2
Endosulfan--=--======-=-=ac--cc-o-- 5 1.3 <0.5 0.7 1.5 <4.0 <0.5
Endrin--------------vccccconocoanaao 5 0.7 <0.5 0.1 0.2 <1.0 <0.5
Ethion~----~==---cc-oococrooamna-- 5 0.8 <1.0 0.2 0.4 <1.0 <0.1
Heptachlor epoxide------=-~-------- 5 1.4 <0.5 0.6 1.2 2.8 <0.5
Heptachlor===-==--====-=s-cme-coo-- 5 1.1 0.5 0.7 1.6 <4.0 0.2
Lindane-----==---=c--==-cmcomonnnnn 5 2.6 2.1 0.5 1.1 4.6 2.0

Tables 103



Table 28. Statistical summary of street-surface particulate quality samples: Industrial catchment—Continued

. Number Standard
. Constltuenta of Mean Median error of Stagdayd Maximum Minimum
in bottom materials samples mean deviation
ORGANICS--Continued
Pesticides (total recoverable,
ug/kg) --Continued
EETE%Eion —————————————————————————— 5 1.0 <1.0 0.3 0.7 2.1 <0.1
Methoxychlor=------=~==-=c-cmouoon-- 5 2.9 <2.5 1.3 3.0 <8.0 <0.5
Methyl parathion------------------- 5 0.8 <1.0 0.2 0.4 <1.0 <0.1
Methyl trithion----===ssssosuauouo- 5 0.8 <1.0 0.2 0.4 <1.0 <0.1
Mirex-----=---=c---ooccmmm e 5 1.5 <1.0 0.6 1.4 <4.0 <0.5
Parathion----=------~==cccommennanno 5 3.8 <1.0 3.1 6.8 16 <0.1
PCB----======mmmmm e e 5 30 33 3 6 37 23
PCN-=-- = e mmc e e 2 10 <10 0.0 0.0 <10 <10
Perthane-------======-=c=cccoomooon 5 13 <5 7 15 <40 <5
Toxaphene-~-==========o=-e-cooocann- 5 130 <50 70 150 <400 <50
Trithion--------=-=--o-wocmmou 5 0.8 <1.0 0.2 0.4 <1.0 <0.1
2yh4=Dmm e m e e e e 2 0.5 <0.5 0.0 0.0 <0.5 <0.5

Table 29. Statistical summary of street-surface particulate quality samples: Single-dwelling residential catchment

[Statistical calculations include analytical detection limit concentration for those analyses that are
reported to be less than detection limit.
quantities of constituents such as oils and greases that interfere with analytical instrumentation.
<, actual value is less than value shown]

The analytical detection limit increased with increased

. Number Standard
in bgggzglgzggiials of Mean Median error of Ezsggiign Maximum Minimum
samples mean
INORGANICS
Major ions (mg/kg)
Calcium, total recoverable--------- 3 70 60 20 40 110 30
Magnesium, total recoverable------- 3 20 20 0 0 20 20
Sodium, total recoverable---------- 3 10 <10 0 0 <10 <10
Potassium, total recoverable------- 3 760 800 40 60 800 690
Nutrients (mg/kg)
Nitrogen, nitrite, total (as N)---- 3 2 <2 0 0 >2 <2
Nitrogen, nitrite plus
nitrate, total (as N)----=====--= 5 5.5 4.1 1.7 3.9 12 <2.0
Nitrogen, ammonia, total (as N)---- 5 35 31 8 18 64 19
Nitrogen, ammonia plus
organic, total (as N)--=-======--- 5 900 1,000 130 300 1,200 500
Nitrogen, total (as N)----=====--=- 4 878 897 168 336 1,210 507
Phosphorus, total (as P)==--=====-=- 5 450 260 190 420 1,200 220
Metals (ug/g)
Aluminum, total recoverable-------- 2 1,200 1,250 150 210 1,400 1,100
Arsenic, total----------------"-ua- 5 2 2 0 1 3 2
Cadmium, total recoverable---=----- 3 4 <1 3 5 <10 <1
Chromium, total recoverable-------- 3 4 4 0 0 4 4
Copper, total recoverable--=-=------- 5 14 12 2 4 18 <10
Iron, total recoverable------==----- 5 3,100 3,200 250 570 3,600 2,100
Lead, total recoverable------------ 5 560 510 60 130 790 500
Manganese, total recoverable------- 2 54 54 11 16 65 43
Mercury, total recoverable----=--=--- 5 0.03 0.03 0.01 0.01 0.05 0.01
Nickel, total recoverable---------- 5 28 10 18 40 <100 <10
Zinc, total recoverable------------ 5 220 85 140 320 800 59

104  Rainfall and Runoff Quantity and Quality Characteristics, Fresno, California



Table 29. Statistical summary of street-surface particulate quality samples: Single-dwelling residential catchment—Continued

Number Standard
Constituent, of Mean Median error of Standard Maximum Minimum
in bottom materials samples mean deviation
OXYGEN DEMAND (mg/kg)
Oxygen demand, chemical, total----- 5 52,000 50,000 4,100 9,200 66,000 44,000
PHYSICAL PROPERTIES (mg/kg)
Residue, loss on ignition---------- 5 62,500 58,000 10,000 22,400 98,000 36,100
ORGANICS
Carbon, inorganic plus organic,
total (g/kg as C)-------===------ 5 21 20 1.0 3 25 18
Carbon, inorganic,
total (g/kg as C)---=----=--==--=- 5 0.2 <1.0 0.1 0.3 0.7 <0.1
Pesticides (total recoverable,
ug/kg)
Aldrin-------=------cmemmmoeo oo 5 0.9 <1.0 0.1 0.2 <1.0 <0.5
Chlordane----=---=-=-~=-===----=------- 5 300 290 46 110 470 170
DDD--=====m====m=mm—m-m—cm————e—eo- 5 1.5 <1.0 0.6 1.4 <4.0 <0.5
DDE----====mee--mrece——eceeeeeon oo 5 6.5 6.0 1.3 2.8 11 3.3
DDT-=-====mmm=mmeccecscecccccacne~ 5 17 15 4 8 31 11
Diazinon------------------—--oo—-—- 5 7.4 6.0 2.8 6.2 18 3.0
Dieldrin-====-=======c-c-ccocooou-o- 5 3.1 3.7 0.8 1.7 5.2 0.7
Endosulfan----=-==-==--====-=---c---- 5 1.5 <1.0 0.6 1.4 <4.0 <0.5
Endrin--------==--------o-mooooom- 5 0.9 <1.0 0.1 0.2 <1.0 <0.5
Ethion---------------------ocoo-—w- 5 0.8 <1.0 0.2 0.4 <1.0 <0.1
Heptachlor epoxide-=-=-===-===-----=--- 5 0.9 <1.0 0.1 0.3 1.2 <0.5
Heptachlor-------=--=----=-=---------- 5 1.5 1.4 0.2 0.5 2.2 1.0
Lindane----============-=-oocomnu- 5 7.5 2.8 4.6 10 26 1.5
Malathion--------=-----v--c-uoc--mo 5 4.1 2.9 1.6 3.6 10 <1.0
Methoxychlor-=---=---=--=====-c--c-oon 5 2.3 <1.0 1.4 3.2 <8.0 <0.5
Methyl parathion--=--=====-----=--=- 5 0.8 <1.0 0.2 0.4 <1.0 <0.1
Methyl trithion-------------------- 5 0.8 <1.0 0.2 0.4 <1.0 <0.1
Mirex----=-===----==--cmcoccmoaaa- 5 0.9 <1.0 0.1 0.2 <1.0 <0.5
Parathion--=---=-=-=-----oomooooonmo 5 6.4 <1.0 5.6 13 29 <0.1
Gross polychlorinated biphenyls---- 5 21 13 8 17 51 10
Gross polychlorinated
naphthalenes---=-=-===========--=--- 2 10 <10 0 0 <10 <10
Perthane---=-=-=---======----cooe-ueu-- 5 15 <10 6 14 <40 <5
Toxaphene-=--=~=====--------oo-oom-- 5 150 <100 60 140 <400 <50
Trithion-----------------ccocou-n-- 5 0.8 <1.0 0.2 0.4 <1.0 <0.1
2,4=D====-mmmmemm oo 2 0.5 <0.5 0.0 0.0 <0.5 <0.5

Table 30. Statistical summary of street-surface particulate quality samples: Multiple-dwelling residential catchment

[Statistical calculations include analytical detection limit concentration for those analyses that are
reported to be less than detection limit. The analytical detection limit increased with increased
quantities of constituents such as oils and greases that interfere with analytical instrumentation.

<, actual value is less than value shown]

s Number Standard
in bgggz;lgziggials of Mean Median error of gzsggiign Maximum Minimum
samples mean
INORGANICS
Major ions (mg/kg)
Calcium, total recoverable--------- 3 30 30 0 10 40 30
Magnesium, total recoverable------- 3 20 20 0 10 20 10
Potassium, total recoverable------- 3 530 500 60 100 640 460
Sodium, total recoverable-=------=--- 3 10 <10 0.0 0.0 <10 <10
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Table 30. Statistical summary of street-surface particulate quality samples: Multiple-dwelling residential catchment—Continued

. Number Standard
in bggzgglggizgials of Mean Median error of gzsggiggn Maximum Minimum
samples mean
INORGANICS--Continued
Nutrients (mg/kg)
Nitrogen, nitrite, total (as N)---- 3 2 <2 0.0 0.0 >2 <2
Nitrogen, nitrite plus nitrate,
total (as N)--------==---==-c--o-- 5 7.3 5.0 2.3 5.1 15 <2.0
Nitrogen, ammonia, total (as N)---- 5 30 30 3.0 6.5 38 22
Nitrogen, ammonia plus organic,
total (as N)---=-=--==--ccoceoen-- 5 440 470 60 130 570 250
Nitrogen, total (as N)------------- 4 429 440 69 138 580 255
Phosphorus, total (as P)--------=--- 5 210 180 20 60 300 160
Metals (ug/g)
Aluminum, total recoverable-------- 2 1,200 1,200 490 690 1,700 720
Arsenic, total--------------------- 5 2 2 0 1 2 1
Cadmium, total recoverable--------- 3 4 1 3 5 10 1
Chromium, total recoverable-------- 3 3 3 0 1 4 3
Copper, total recoverable---------- 5 10 <10 2 5 17 5
Iron, total recoverable------------ 5 2,400 2,400 330 740 3,000 1,200
Lead, total recoverable------------ 5 330 400 50 110 430 200
Manganese, total recoverable------- 2 46 46 14 21 60 31
Mercury, total recoverable--------- 5 0.03 0.03 0.00 0.01 0.04 0.02
Nickel, total recoverable-=--------- 5 28 <10 18 40 <100 8
Zinc, total recoverable------------ 5 72 49 20 45 150 40
OXYGEN DEMAND (mg/kg)
Oxygen demand, chemical, total----- 5 36,000 37,000 3,900 8,700 49,000 25,000
PHYSICAL PROPERTIES (mg/kg)
Residue, loss on ignition --------- 5 27,700 20,600 6,440 14,400 53,200 19,600
ORGANICS
Carbon, inorganic plus organic,
total (g/kg as C)=-=====-=-=====-= 5 12 11 1 1 14 11
Carbon, inorganic,
total (g/kg as C)---=-=--==-==------ 5 0.1 <0.1 0.0 0.0 0.2 <0.1
Pesticides (total recoverable,
/kg)
%%EF%E ----------------------------- 5 0.7 <0.5 0.1 0.3 <1.0 <0.5
Chlordane---=--========------------- 5 110 110 7 39 160 57
DDD---=========--==—mmmmmm oo 5 0.6 <0.5 0.1 0.3 <1.0 <0.2
DDE---==-=====-======-=---m-—o—moon 5 5.7 4.5 1.4 3.1 10 3.1
DDT----=-=---==--=-===-=----=-==-------=-- 5 5.9 4ob 2.7 6.0 15 <0.5
Diazinon--------------------------- 5 8.0 3.9 4.3 9.6 25 1.8
Dieldrin---------=====------------- 5 1.6 1.2 0.5 1.1 2.8 0.3
Endosulfan--=--=-=====-=--c-omoo—m- 5 1.8 <0.5 1.2 2.8 6.7 <0.2
Endrin--=-----=-------eecocemeoooan 5 0.5 <0.5 0.2 0.4 <1.0 <0.1
Ethion-=-=-==-==-s-------eoomen o 5 0.5 <0.1 0.2 0.5 <1.0 <0.1
Heptachlor epoxide---------=------- 5 0.7 <0.5 0.4 0.9 2.2 <0.1
Heptachlor----=-=====----=-c-cv--=-- 5 1.2 1.2 0.2 0.5 1.9 <0.8
Lindane---=-=-=====--=---c--ccow---- 5 1.6 1.5 0.5 1.0 3.3 0.6
Malathion---===-=-=------c-ce-uonom- 5 3.1 2.1 1.5 3.4 8.7 <0.1
Methoxychlor---=--=---=--=----------- 5 2.9 <2.5 1.3 3.0 <8.0 <0.5
Methyl parathion------------------- 5 0.5 <0.1 0.2 0.5 <1.0 <0.1
Methyl trithion---------=--=------- 5 0.5 <0.1 0.2 0.5 <1.0 <0.1
Mirex----=--=--------------conoono- 5 0.7 <0.5 0.1 0.2 <1.0 <0.5
Parathion-==-==-=-=-=-=-----=----o--w-- 5 8.0 1.0 7.0 16 36 <0.1
Gross polychlorinated biphenyls---- 5 38 38 3 8 49 30
Gross polychlorinated
naphthalenes-=-==-===-=---==-------- 2 5.0 <5 0 0 <5 <5
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Table 30. Statistical summary of streetsurface particulate quality samples: Multiple-dwelling residential catchment—Continued

. Number Standard
Constltuent? of Mean Median error of Standard Maximum Minimum
in bottom materials samples mean deviation
ORGANICS--Continued
Pesticides (total recoverable,
ug/kg)--Continued
Perthane--------=----cc-ccoccocmoao 5 6 <5 1 3 <10 <2
Toxaphene-------=------=c-cc-ccooooo 5 60 <50 10 30 <100 <20
Trithion------ccrecmccrcecanccnaa- 5 0.5 <0.1 0.2 0.5 <1.0 <0.1
2,4-D---------mmmmmmmm oo 2 0.5 <0.5 0.0 0.0 <0.5 <0.5

Table 31. Statistical summary of street-surface particulate quality samples: Commercial catchment

[Statistical calculations include analytical detection limit concentration for those analyses that are
reported to be less than detection limit. The analytical detection limit increased with increased
quantities of constituents such as oils and greases that interfere with analytical instrumentation.
<, actual value is less than value shown. ., not calculated]

. Number Standard
Constituent, of Mean Median error of Standard Maximum Minimum
in bottom materials samples mean deviation
INORGANICS
Major ions (mg/kg)
Calcium, total recoverable--------- 4 90 80 10 20 120 70
Magnesium, total recoverable------- 4 40 40 0 10 50 30
Sodium, total recoverable---------- 4 <10 <10 0.0 0.0 <10 <10
Potassium, total recoverable------- 4 950 1,000 230 460 1,400 500
Nutrients (mg/kg)
Nitrogen, nitrate, total (as N)--- 4 2 <2 0.0 0.0 >2 <2
Nitrogen, nitrite plus
nitrate, total (as N)------------ 6 16 13 5.4 13 42 6.6
Nitrogen, ammonia, total (as N)---- 6 48 39 11 28 100 24
Nitrogen, ammonia plus organic,
total (as N)------------c----n--- 6 1,190 1,250 190 470 1,900 630
Nitrogen, total (as N)------------- 6 1,200 1,270 193 472 1,910 643
Phosphorus, total (as P)----------- 6 330 340 40 90 450 180
Metals (ug/g)
Aluminum, total recoverable-------- 2 1,600 . 350 500 1,900 1,200
Arsenic, total------------c-cccooo- 6 4 4 1 2 7 1
Cadmium, total recoverable--------- 4 4 2 2 4 <10 1
Chromium, total recoverable-------- 4 20 20 0.0 0.0 20 20
Copper, total recoverable---------- 6 34 34 5 13 50 12
Iron, total recoverable------------ 6 4,800 5,000 680 1,700 7,000 2,500
Lead, total recoverable------------ 6 770 810 110 270 1,000 280
Manganese, total recoverable------- 2 85 86 24 35 110 61
Mercury, total recoverable--------- 6 0.08 0.07 0.01 0.03 0.13 0.05
Nickel, total recoverable---------- 6 36 26 13 32 <100 10
Zinc, total recoverable------------ 6 410 740 180 440 1,300 130
OXYGEN DEMAND (mg/kg)
Oxygen demand, chemical, total----- 6 120,000 120,000 9,400 23,000 150,000 91,000
PHYSICAL PROPERTIES (mg/kg)
Residue, loss on ignition---------- 6 73,200 75,000 8,570 21,000 98,300 41,200
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Table 31. Statistical summary of street-surface particulate quality samples: Commercial catchment—Continued

: Number Standard
Constituent, . Standard -
in bottom materials saggles Mean  Median er;g:nof deviation Maximum Minimum
ORGANICS

Carbon, inorganic plus organic,

total (g/kg as C)--==-======-==-=- 6 L4b 46 4 11 55 29
Carbon, inorganic, total

(g/kg as C)~===-=-o-=m-m-=momamun 6 0.4 0.3 0.1 0.3 0.8 <0.1

Pesticides (total recoverable,

ug/k
Aldrin------=<---e----o--oooooo e 3 1.8 <1.0 1.1 1.9 <4.0 <0.5
Chlordane-=--=======-=====-=cc---=cn- 3 1,400 420 1,000 1,800 3,400 280
DDD----------s---------ce-e-sse--oo 3 4.3 <4,0 2.0 3.5 7.9 <1.0
DDE---============-==--m---o—eo oo 3 1.8 <1.0 1.1 1.9 <4.0 <0.5
DDT-=======mc=m-e--e--coca————-o-oo 3 7.8 3.3 5.7 9.8 19 <1.0
Diazinon-=---======-====c-mo-ooo- 3 41 26 20 34 80 16
Dieldrin-=====-=----coocmomooooann- 3 32 6.8 28 49 89 1.2
Endosulfan-=--=====-=c==oeecmcuoomo- 3 1.8 <1.0 1.1 1.9 <4.0 <0.5
Endrin-===-~=~-vc-cccemmrrcomocnnnn 3 1.8 <1.0 1.1 1.9 <4.0 <0.5
Ethion=======~==-=comomocmmaacaaae. 3 0.7 <1.0 0.3 0.5 <1.0 <0.1
Heptachlor epoxide----=----=-==-=----- 3 16 9.9 9.9 17 35 2.4
Heptachlor--=--=-=-=-==v-cecevcomnuon 3 2.0 2,2 0.7 1.2 3.0 0.7
Lindane----==~========sucoouoccon-- 3 3.5 4.1 0.9 1.3 4.8 1.7
Malathion-===~==<vv-cocmrecvcucuaua 3 12 15 3.9 6.8 17 4.4
Methoxychlor-=--~-=-==-v--o=-cvococu=- 3 3.2 <1.0 2.4 4.2 <8.0 <0.5
Methyl parathion-=-==-=-<---eccvov-- 3 0.7 <1.0 0.3 0.5 <1.0 <0.1
Methyl trithion-------------=--v-u- 3 0.7 <1.0 0.3 0.5 <1.0 <0.1
Mirex------=-c--c-cccccccccoccoanan 3 1.8 <1.0 1.1 1.9 <4.0 <0.5
Parathion--=-=-----v-cccvvccvcnonna- 3 13 <1.0 12 22 38 <0.1
Gross polychlorinated biphenyls=---- 3 630 820 210 360 860 220
Gross polychlorinated

naphthaleneg-~==~--===-ccevcconu-- 0 . . . . .
Perthane----~-----==v-cssococncouo~ 3 18 <10 11 19 <40 <5
Toxaphene~===---vv-=oe-ovececeocann 3 180 <100 110 190 <400 <50
Trithion----=-=---c-scomevcveccnnunn 3 0.7 <1.0 0.3 0.5 <1.0 <0.1
2,4-D--=smssseo s sssssssemmmaeeae 2 0.5 <0.5 0.0 0.0 <0.5 <0.5
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Table 32. Percentage of runoff load attributable to rainfall load for the industrial and two residential catchments
[Rainfall total, in inches. Numbered columns below constituent names indicate (1) Rainfall

drainoff load, in pounds; (2) Total runoff load, in pounds; (3) value of rainfall load to
runoff load, in percent. ., no data available]

a. Industrial catchment

Nitrogen, ammonia Nitrogen, nitrite

Storm

Storm

S : Rainfall lus organic lus nitrate Phosphorus
beginning ending total P disso%ved ’ gissolved ’ disgolved,
date date
(@) 2) (3) (1) (2) (3) (1) 2) (3)
12-29-81 12-29-81 0.18 1.4 29 4.8 0.24 1.7 14 0.12 11 1.1
01-04-82 01-04-82 0.62 6.3 165 3.8 0.96 13 7.4 0.53 56 1.0
03-19-82 03-10-82 0.33 . 38 . 0.81 1.2 70 0.40 15 2.6
03-10-82 03-11-82 0.20 4.8 . . 0.94 . . 0.39 . .
03-25-82 03-26-82 0.24 3.5 30 12 0.89 2.4 38 0.27 11 2.5
09-24-82 09-24-82 0.20 1.0 7.6 13 0.30 1.1 28 0.89 1.3 6.9
10-25-82 10-25-82 0.19 . 2.2 . . 0.24 . . 0.49 .
10-26-82 10-26-82 0.59 7.4 . . 0.87 . . 0.40 . .
11-09-82 11-09-82 0.45 3.7 43 8.6 0.28 1.1 25 0.03 9.9 0.3
01-18-82 01-19-82 0.78 19 98 19 1.6 9.7 17 0.48 40 1.2
01-23-83 01-24-83 0.70 10 . . 0.90 . . 0.09 . .
Median percentage ----==-====-=--=----=-=--- 10 25 1.2
Storm Storm Oxygen demand, chemical, Carbon, organic, Iron, total
beginning ending 0.25 N dichromate dissolved (as C) recoverable
date date
(1) (2) 3 1 (2) (3) 1) (2) (3)
12-28-81 12-29-81 27 952 2.9 4.7 128 3.6 . 14
01-04-82 01-04-82 128 6,710 1.9 55 962 5.8 . 158 .
03-09-82 03-10-82 42 930 4.5 7.3 480 1.5 . 9.5 .
03-10-82 03-11-82 67 . . 19 . . . . .
03-25-82 03-26-82 54 709 7.6 8.3 409 2.0 . 8.3 .
09-24-82 09-24-82 . . . . . . 0.88 3.7 24
10-25-82 10-25-82 . . . . . 0.11 1.2 9.2
10-26-82 10-26-82 181 . . 30 . . 0.27 . .
11-09-82 11-09-82 28 1,670 1.7 7.7 170 4.5 0.99 26 3.8
01-18-83 01-19-83 162 . . 44 . . 0.97 183 0.5
01-23-83 01-24-83 90 . . 36 . . 0.09 . .
Median percentage ------------------- 2.9 3.6 6.5
Storm Storm Lead, total Nickel, total Zinc, total
beginning ending recoverable recoverable recoverable
date date
(6N} (2) (3) (D) (2) (3) L (2) (3
12-29-81 12-29-81 . 0.15 . . 0.04 . . 0.88 .
01-04-82 01-04-82 0.08 1.2 6.7 . 0.32 . . 6.1 .
03-09-82 03-10-82 0.02 0.11 18 . 0.01L . . 0.94 .
03-10-82 03-11-82 0.02 . . . . . .
03-25-82 03-26-82 0.03 0.10 30 . 0.05 . . 0.98
09-24-82 09-24-82 0.02 0.02 100 <0.01 0.01 . . . .
10-25-82 10-25-82 <0.01 0.01 . <0.01 <0.01 . 0.01 . .
10-26-82 10-26-82 0.03 . . 0.03 . . . . .
11-09-82 11-09-82 0.02 0.24 8.3 0.03 0.05 60 0.20 1.6 12
01-18-83 01-19-83 0.03 1.3 2.3 0.02 0.41 4.9 0.65 . .
01-23-83 01-24-83 0.02 . . 0.01 . . . . .
Median percentage--------------------- 13 32 .
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Table 32. Percentage of runoff load attributable to rainfall load for the industrial and two residential catchments—Continued

b. Single-dwelling residential catchment

Storm Storm ] Nitrogen, amm9nia Nitrogen,'nitrite
beginning ending Rainfall plus organic, plus nitrate, Phosphorus,
d total dissolved dissolved dissolved
ate date
() (2) (3) (&) (2) (3) (D (2) (3)
03-25-82 03-26-82 0.20 0.85 1.5 57 0.29 0.42 69 0.03 0.18 17
03-28-82 03-29-82 0.45 1.8 . . 0.33 . . 0.02 . .
03-31-82 03-31-82 0.95 1.8 3.4 53 0.20 0.87 23 0.05 0.53 9.4
09-24-82 09-24-82 0.22 . 6.9 . 0.36 1.9 19 0.08 0.59 14
10-25-82 10-25-82 0.09 . 1.3 . . 0.26 . . 0.08 .
10-26-82 10-26-82 0.69 3.7 8.2 45 0.37 1.2 31 0.04 0.72 5.6
01-18-83 01-19-83 0.85 2.5 6.3 40 0.36 0.86 42 0.07 0.72 9.7
01-24-83 01-24-83 0.74 1.5 8.5 18 0.50 2.0 25 0.05 0.70 7.1
02-28-83 03-01-83 1.11 3.2 4.5 72 0.64 0.90 71 0.06 0.58 10
03-16-83 03-16-83 0.40 1.1 2.3 48 0.75 0.82 91 0.05 0.25 20
03-23-83 03-23-83 0.57 1.7 4.3 40 0.28 0.43 65 0.03 0.43 7.0
Median percentage -=--~-===~-=-c--ccecsccnceaoo 46 42 9.7
Storm Storm Oxygen demand, chemical, Carbon, organic, Iron, total
beginning ending 0.25 N dichromate dissolved (as C) recoverable
date date
(1) (2) (3 1V (2) (3) (¢D)] (2) (3)
03-25-82 03-26-82 20 85 23 4.0 66 6.1 . 0.30 .
03-28-82 03-29-82 22 . . 6.8 . . . . .
03-31-82 03-31-82 60 366 16 . 747 . 4.5 .
09-24-82 09-24-82 . . . . . . 0.46 6.0 7.7
10-25-82 10-25-82 . . . . . . 0.30 1.6 19
10-26-82 10-26-82 37 . . 8.5 0.33 18 1.8
01-18-83 01-19-83 62 . . . . . 0.33 4.4 7.5
01-24-83 01-24-83 50 235 21 10 101 10 0.20 11 1.8
02-28-83 03-01-83 64 173 37 15 28 54 0.06 30 0.2
03-16-83 03-16-83 33 79 42 5.4 74 7.3 0.28 1.3 22
03-23-83 03-23-83 49 120 40 11 77 14 0.17 2.7 6.3
Median percentage -----------=mesoaas 30 10 6.9
Storm Storm Lead, total Nickel, total Zinc, total
beginning ending recoverable recoverable recoverable
date date
1) (2) (3) 1) (2) (3) 6D (2) 3)
03-25-82 03-26-82 0.02 0.05 40 . 0.01 . . 0.06 .
03-28-82 03-29-82 0.02 . . . . . . . .
03-31-82 03-31-82 0.02 0.43 4,6 . 0.01 . . 0.29 .
09-24-82 09-24-82 0.01 0.44 2.3 <0.01 0.03 . . . .
10-25-82 10-25-82 0.01 0.12 8.3 <0.01 0.01 . . . .
10-26-82 10-26-82 0.02 1.3 1.5 0.03 0.07 43 . . .
01-18-83 01-19-83 0.02 0.40 5.0 <0.,01 0.02 . 0.22 . .
01-24-83 01-24-83 0.02 0.50 4.0 0.05 0.08 62 . 0.40 .
02-28-83 03-01-83 0.01 0.62 1.6 0.03 0.07 43 0.19 0.77 25
03-16-83 03-16-83 0.02 0.11 18 0.02 0.02 100 . 0.10 .
03-23-83 03-23-83 0.02 0.17 12 0.01 0.02 50 . 0.17 .
Median percentage-==============a-~--- 4.3 50 .
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Table 32. Percentage of runoff load attributable to rainfall load for the industrial and two residential catchments—Continued

c. Multiple-dwelling residential catchment

Nitrogen, ammonia Nitrogen, nitrite -
beggg;?ng 2§3§2g Rainfall p1u§ organic, plgs nitrate, Phosphorus,
date date total dissolved dissolved dissolved
(1) (2) (3) (1) (2) (3) (1) (2) (3)
12-29-81 12-30-81 0.38 0.56 1.1 51 0.12 0.34 35 0.02 0.19 11
01-04-82 01-04-82 0.83 1.6 2.7 59 0.27 0.59 46 0.03 0.64 4.7
09-24-82 09-24-82 0.22 . 5.1 . 0.41 1.5 27 0.10 0.53 19
10-26-82 10-26-82 0.69 5.4 24 22 0.54 1.2 45 0.05 1.1 4.5
11-09-82 11-09-82 0.45 1.6 2.5 64 0.21 0.64 33 0.02 0.36 5.6
01-18-83 01-19-83 0.85 3.0 7.1 43 0.43 1.3 33 0.09 1.6 5.6
01-24-83 01-24-83 0.74 1.7 5.6 30 0.57 1.1 52 0.06 0.50 12
03-16-83 03-16-83 0.40 1.6 2.0 78 1.0 1.8 56 0.07 0.33 21
03-23-83 03-23-83 0.57 3.1 4.7 66 0.52 0.84 62 0.05 0.42 12
Median percentage -----===-=----====~-o- 55 45 11
Storm Storm Oxygen demand, chemical, Carbon, organic, Iron, total
beginning ending 0.25 N dichromate dissolved (as C) recoverable
date date
€] (2) (3) (1) (2) (3) (1) (2) 3)
12-29-81 12-30-81 13 83 16 2.6 8.1 32 . 7.7 .
01-04-82 01-04-82 36 163 22 6.3 27 23 . 24 .
09-24-82 09-24-82 . . . . . . 0.53 21 2.5
10-26-82 10-26-82 54 . . 12 . . 0.48 148 0.3
11-09-82 11-09-82 23 137 17 8.7 20 44 0.64 6.4 10
01-18-83 01-19-83 73 . . . . . 0.39 26 1.5
01-24-83 01-24-83 57 350 16 12 63 19 0.23 38 0.6
03-16-83 03-16-83 44 245 18 7.3 73 10 0.38 9.1 4.2
03-23-83 03-23-83 89 200 45 21 126 17 0.32 13 2.5
Median percentage ----=---==-=--=- 17 21 2.5
Storm Storm Lead, total Nickel, total Zinc, total
beginning ending recoverable recoverable recoverable
date date
(1) (2) (3) 1) (2) (3) (1) (2) (3)
12-29-81 12-30-81 . 0.20 . . 0.02 . . 0.18 .
01-04-82 01-04-82 0.01 0.66 1.5 . 0.05 . . 0.58 .
09-24-82 09-24-82 0.01 0.35 2.9 <0.01 0.08 . . . .
10-26-82 10-26-82 0.02 1.5 1.3 0.05 0.45 11 . . .
11-09-82 11-09-82 0.01 0.21 4.8 0.01 0.02 50 0.11 0.23 48
01-18-83 01-19-83 0.02 0.83 2.4 <0.01 0.10 . 0.26 . .
01-24-83 01-24-83 0.02 0.81 2.5 0.06 0.12 50 . 0.75 .
03-16-83 03-16-83 0.03 0.18 17 0.02 0.05 40 . 0.31 .
03-23-83 03-23-83 0.04 0.33 12 0.02 0.05 40 . 0.37 .
Median percentage-------==-=--=--- 3.8 40 .
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Table 33. Summary of pesticides detected in rainfall, runoff, atmospheric dry-deposition, and street-surface particulate samples

[ND, not detected; D, detected; ., no data available]

Atmospheric Street-surface
Pesticide Rainfall Runoff dry deposition particulate
(total Number Detection Number Detection Number Detection Number Detection
recoverable) of status status of status of status
samples samples samples samples

Gross measures
Polychlorinated

biphenyls 50 ND 86 D 2 ND 18 D
Polychlorinated

napthalenes 50 ND 86 ND 2 ND 6 ND
Organochlorine compounds
Aldrin 50 ND 86 D* 2 ND 18 ND
Chlordane 50 D 84 D 2 D 18 D
DDD 50 ND 86 ND 2 ND 18 D*
DDE 50 D 86 D 2 D 18 D
DDT 50 ND 86 D 2 ND 18 D
Dieldrin 50 D 86 D 2 ND 18 D*
Endosulfan 50 D 86 D 2 ND 18 D*
Endrin 50 ND 86 D* 2 ND 18 ND
Heptachlor 50 ND 86 ND 2 ND 18 D
Heptachlor

epoxide 50 ND 86 ND 2 ND 18 D
Lindane 50 D 86 D 2 D 18 D
Methoxychlor 50 D 86 D 2 D 18 ND
Mirex 50 ND 86 ND 2 ND 18 ND
Perthane 50 ND 86 ND 2 ND 18 ND
Toxaphene 50 ND 86 ND 2 ND 18 ND
Organophosphorus compounds
Diazinon 54 D 85 D 2 D 18 D
Ethion 54 D* 86 ND 2 ND 18 ND
Malathion 54 D 85 D 2 D 18 D
Methyl parathion 54 D* 85 D* 2 ND 18 ND
Methyl trithion 54 ND 86 ND 2 ND 18 ND
Parathion 54 D 85 D 2 ND 18 D
Trithion 54 ND 86 ND 2 ND 18 ND
Carbamate insecticides
Methomyl 10 ND 27 ND . .
Propham 10 ND 27 ND . . . .
Sevin 10 ND 27 ND . . .
Chlorophenoxy acid herbicides
2,4-D 44 D 84 D 2 ND 8 ND
2,4-DP 44 ND 84 ND 2 ND . .
2,4,5-T 44 ND 84 ND 2 ND . .
Silvex 44 ND 84 D 2 ND . .

*Detected for only one sample.
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Table 34. Statistical summary of pesticides detected in rainfall samples

[Mean and standard deviation determined if all values were greater than or equal to the detection
actual value is less than value

limit., Pesticide values are shown in micrograms per liter. <,
shown. ., not calculated]

Pesticide Number Number of samples

(total of tgige:gzgligeOr Mean Median g;:ggiggn Minimum Maximum
recoverable) samples d N . .
etection limit

Organophosphorus compounds :
Diazinon---------- 54 54 0.14 0.11 0.15 0.01 0.93
Malathion--------- 54 50 . 0.02 . <0.01 0.11
Parathion--------- 54 49 . 0.16 . <0.01 1.00
Organochlorine compounds
DDE-~=~~=======~== 50 8 . <0.01 . <0.01 0.02
Dieldrin---------- 50 37 . <0.01 . <0.01 0.04
Chlordane----=---- 50 8 . <0.10 . <0.10 0.40
Endosulfan-------- 50 14 . <0.01 . <0.01 0.10
Lindane~---~---~---- 50 37 . 0.01 . <0.01 0.04
Methoxychlor------ 50 7 . <0.01 . <0.01 0.12
Chlorophenoxy acid herbicide
2,4-D~~--~--=-m==~ 44 10 . <0.01 . <0.01 0.08
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Table 35. Statistical summary of most frequently detected pesticides in runoff for each catchment

[Mean and standard deviation determined if all values were greater than or equal to the detection
limit. Pesticide values are shown in micrograms per liter.

shown. ., not calculated]

,<actual value is less than value

. Number of samples
P?st1c1de Number that equaled or Standard P .
total of Mean P Minimum Maximum
recoverable) samples exceeqed the deviation
detection limit
Industrial catchment
Organophosphorus compounds
Parathion 18 5 . . <0.01 0.38
Diazinon 18 18 0.67 0.71 0.20 3.3
Malathion 18 18 0.66 0.67 0.20 3.0
Organochlorine compounds
Chlordane 19 5 . . <0.10 0.30
Lindane 19 19 0.05 0.06 0.01 0.27
Chlorophenoxy acid herbicide
2,4-D 19 14 . . <0.01 3.2
Single-dwelling residential catchment
Organophosphorus compounds
Parathion 16 13 . . <0.01 0.92
Diazinon 16 16 0.36 0.27 0.11 1.1
Malathion 16 16 2.2 3.3 0.19 13
Organochlorine compounds
Chlordane 16 16 0.16 0.07 0.10 0.30
Lindane 16 16 0.03 0.02 0.01 0.06
Chlorophenoxy acid herbicide
2,4-D 16 14 . . <0.01 1.7
Multiple-dwelling residential catchment
Organophosphorus compounds
Parathion 27 16 . <0.01 2.5
Diazinon 27 27 0.68 1.5 0.06 8.1
Malathion 27 27 1.3 2.6 0.08 14
Organochlorine compounds
5h10rdane 26 21 . . <0.10 1.2
Lindane 27 22 . . <0.01 0.03
Chlorophenoxy acid herbicide
2,4-D 26 21 . <0.01 3.7
Commercial catchment
Organophosphorus compounds
Parathion 24 17 . . <0.01 0.90
Diazinon 24 24 1.6 3.7 0.13 18
Malathion 24 24 0.28 0.25 0.08 1.4
Organochlorine compounds
lordane 23 15 . . <0.10 0.30
Lindane 24 23 . . <0.01 0.03
Chlorophenoxy acid herbicide
2,4-D 23 13 . . <0.01 0.63
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