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Mr. H. R. Goff, Assistant Director for
Planning, Research and State Aid
Washington State Highway Commission
Department of Highways

Highway Administration Building
Olympia, Washington 98504

Re: Agreement Y-1441

Dear Mr. Goff:

We are pleased to submit herewith our study on the "Character and
Significance of Highway Runoff Waters, A Preliminary Appraisal", as
per Agreement Y-1441, Problem Area Highway Research - Task #1, with
the University of Washington.

Since your review of the preliminary draft copy of October 30, we have
completed the analysis and evaluation of other previously collected
data on runoff from S. R. 520, This Primarily includes the heavy
metals, sedimentation rates and general runoff water quality. These
additional data have been incorporated into the text and the appendices.

In the final preparation of this report, careful consideration was given
the draft review comments received from the FHWA, Highway Administrative
Offices in Olympia, and District No. 7.

We hope that you find this study of value in Your consideration of
environmental impacts from highway runoff.
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R. 0. SJZiester, Professor and Head
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The contents of this report reflect the views of the authors who are
responsible for.the facts and the accuracy of the data presented herein.
The contents do not necessarily reflect the official views or policies
of the Washington State Department of Highways or the Federal Highway

Administration. This report does not constitute a standard, specifica-

tion or regulation.
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T SUMMARY

A study on the character and significance of highway runoff was con—
ducted for and €inanced by the Washington State Highway Commission,
Department of Highways and the Federal Highway Administration. 1t consists
essentially of a 1iterature review together with observations made-on a
1imited amount of field sampling done on the runoff and particulate emissions
from the State Highway 520 bridge over Portage Bay in geattle. To this
information has been added the observations and critiques of the authors.

The literature contains a wealth of information on urban runoff quality
but very little om runoff specifically from highways and their rights-of-
way . Information obtained from the 1iterature and from field sampling are
jnsufficient for the development of definite conclusions as to highway run-
off and its possible effect on receiving waters. While highway runoff does
contain significant quantities of oils, heavy metals, dust and dirt, sub-
gstances from vehicle wear, litter, and algal nutrients, it does not-appear
to be very much different in general quality from urban area runoff.
Preliminary results indicate that heavy metal concentrations may be higher
in highway runoff, but gufficient data are lacking in this regard.

The field investigations conducted as a part of this study involved
the calculation of the daily road surface pollutant accumulation in mg/mz,
an evaluation of these accumulations and subsequent runoff, algal assay
tests, settleable solids characteristics, floatable solids characteristics,
airborne particulates, ;nd heavy metals. A major portion of vehicle
emissions are apparently carried off the road surface by air currents and
by splashing. The large sized particulates settle close toO the road sur-

face. 1f they settle on 2 soil surface, it is 1ikely that most of them



are retained in the soil and do not appear in the right-of-way runoff .
This observation needs further checking. A significant portion of the
oils, heavy metals and nutrients are adsorbed to particulates and other
solids. Removal of these particulates and solids from runoff water will
thus also remove the adsorbed oil, heavy metals and nutrients. |

As related to the Lake Washington bridges and 1-90 runoff into Echo
Lake, it was shown with data available that deicing salts should have no
gignificant effect on either Lake Washington or Echo Lake and that bridge
runoff into Lake Washington 1is insignificant as compared to urban area
drainage toO the Lake.

Recommendations are made for street sweeping on the lake bridges,
for the possible {nstallation of a sedimentation basin at Echo Lake, and

for a comprehensive study on highway and right-of-way runoff quality and

significance.



11 INTRODUCTION

Highways, and freeways in particular, require careful consideration
of and adequate provision for rainfall runoff to protect the vehicles,
the roadbed, adjacent property, and waters of the State that receive the
drainage. This study has addressed itself to the latter, the possible
impact of freeway use and runoff on recelving waters.

The objectives of this study were: 1) to ascertain the state of
knowledge regarding the quality and quantity of highway runoff waters
that can be anticipated in the post construction phase under varying
conditions of climate, highway usage, anticedent rainfall, topography,
soil and vegetation, and type of highway usage; 2) to evaluate the
significance of these in respect to different types of waters receiving
the runoff; 3) to relate and assess this information to Washington high-
ways with particular reference to I-9C Echo Lake vicinity, SR 509
Duwamish River crossing, the existing Lacey V. Murrow Bridge, and the new
Lake Washington bridge; 4) to determine what additional research, data,
ete. if any, is required to properly assess the character and gsignificance
of highway runoff as related to Washington highways; and 5) to determine
what actions might be taken by the Department tO mitigate highway runof £
problems if and where they are found to be of concern.

puring the construction phase, there are many envirommental quality
problems that must be handled to minimize adverse effects. One of these
is the problem of runoff erosion control. Since this is a one—time pro-
blem separate from normal freeway usage and drainage, 1t is not considered

in this study. Furthermore, it is a situation with different causes and



effects.

The construction and use of a freeway introduces two general pertur-
bations into the environment as related to runoff water. The first in-
volves a change in the quantity of runoff due to the creation of large
impervious areas, changes usually in local drainage patterns, the fate of
runoff and the concentration of runoff into peint, or multiple point
sources. The second involves a change in runoff water quality because of
a change in the character of the right—of—way'surface and because of the
depositions from vehicular traffic; residues from burned and unburned fuel
and wearing tires, flushing of vehicle underbody accretions and components,
lubricants, road material erosion, and the deposit of litter. Table 1
gives a more complete listing of those items affecting freeway runoff water
quality. Atmospheric fallout is not directly related to freeway use but is
a factor to consider in the overall assessment.

The procedure in this study consisted essentially of a literature re-
view and the collection and analysis of 94 freeway runoff samples, from a
bridge area of §. R. 520, to obtain a gross idea of their constituents

since very little data were found in the literature.



Table 1. Sources and Constituents That Affect Freeway Runoff Water Quality

Source

Constituent

1 Vehicles

9  Street surface material

3 Atmospheric fallout

4 Runoff from adjacent

areas
5 Litter
6 Spills

7 1Ice control compounds

Lubricants, hydraulic fluids, coolants, rubber
from tires, dirt carried on under carriéges

and fenders, wearing vehicle components, fuel
residue, particulate exhaust emissions, brake
and clutch lining materials.

Asphalt and its decomposition products,

Portland cement, aggregates, road marking

paint, expansion joint compounds, crack fillers.

Deposited airborn materials.

§ilt, leaves, grassclippings, soil stabilizers,
growth control compounds.

Tobacco and numerous other items.

0il spills, chemical spills, etc.

Salt and additives.



IIT LITERATURE REVIEW

The environmental impact of transportation has primarily been studied
from the standpoint of air pollution because it is responsible for about
427 of all pollutants discharged into the atmosphere (Hoffman, 1970). The
emission from the motor vehicle specifically accounts for approximately
39% of all emitted air pollutants., As a large part of the emissions are
ctoncentrated near highways, several studies have been conducted to measure
the air pollution from highways (Middleton and Oott, 1968). However, the
impact highways may have on water and soil has never been studied exten-
sively. The possible detrimental effects of highways on water quality can
both be the result of vehicle emitted airborne matter that settles and
reaches the surface of adjacent'waterways, and from rainwater that washes
pollutants from the highway surface or right-of-way area and is discharged
into a nearby lake or stream. Pollution, mainly erosion, may also be
generated during construction of highways.

It is virtually impossible to Precisely estimate the amount of

alone, because the pathways that the pollutants travel are highly variable
and unmeasured. Therefore, it is more Precise to measure the amount of
pollutants that are washed off the roadsurface during a rainstorm and to
measure the vehicle released airborne matter that settles out. Very few
studies have been made in this respect. Most of the runoff quality
studies relate to urban areas and not specifically to roadway runoff.

Street and paved area runoff is not directly comparable to freeways or

highways because runoff onto the city streets from adjacent land areas



differs from most right-of-way runoff and there are different air turbu-
lence patterns. The only studies that have computed pollutant loadings
from a specific area expressed on a weight-time-area basis are studies
that measure the pollutants in storm drains from a relatively large area
that is usually urbanized. 1In such a situation the pollutants are.gener-
ated from paved and unpaved areas where the percentage of roadsurface and
its pollution contribution is relatively small compared to that from roofs,
lawns, sidewalks, parking areas, etc. Two studies have been undertaken
that measured the contaminants from street surfaces collected during
street sweeping and two studies (in addition to the one by the authors) are
reported where the runoff quality was measured directly from the highway
surface. These latter studies were quite limited in scope.

A large number of papers and reports were reviewed as shown in the

1ist of references herein. The discussion below reports typical data from

the literature.

A. Direct Highway Runoff:

Soderlund et. al. (1971) measured the concentrations in meltwater
from a 55,000 vehicles-per—-day highway in Stockholm. Maximum volatile1
dissolved solids reached a concentration of 1600 mg/l (1 mg/1 VDS approxi-
mately equals 1 mg/l COD) while the SS reached 1250 mg/l, lead 100 mg/1,
and the oil 105 mg/l, which were about twice the values recorded for melt-
water from residential 5locks. The BOD, total-N and total-P concentra-—
tions were similar to those for the residential areas. The mean lead and
0il concentrations were 18 and 21 mg/l respectively. Use of studded tires
on asphalt was given as one of the reasons for the high runoff concentra-

1. See Appendix C for Glossary



tions. In extended research, Soderlund and Lehtinen (1972) compared the
loading of the pollutants (in mg/mzday) with loadings of residential areas.
As shown in Table 2, they found higher loadings for highways than for resi-
dential areas, but a comparison of the residential areas in Stockholm with
similar values in the US indicates much higher loading contributioﬁs in the
US, probably due to more disciplined attitudes in Sweden towards refuse

and litter disposal.

In a preliminary study for the Municipality of Metropolitan Seattle,
Dalseg and Farris (1970) found mean concentrations of 557 mg/1 COD, 355
mg/1 SS, 44 mg/l oil, 1.54 mg/l inorganic-N and 0.26 mg/1l ortho-P in run-
off water from the 73,000 vehicles/day northbound section of I-5. Median
total and fecal coliform values were 3400 and 130/100 ml respectively.
During the first runoff "flush" the COD and SS could reach concentrations
of 3000 mg/1 and 3700 mg/l respectively. Because of the limited nature of
this study no attempt was made to compute the pollution load of the high-
ways and the accumulation of pollutants during periods in between rainfalls.
In both studies, no attempt was made to calculate the rate of wash-off of
the accumulated pollutants nor did they measure most of the various heavy

metals that might be present.

B. Urban Street and Arterial Runoff:

Table 3 summarizes literature data for runoff constituent concentra-~
tions originating from ﬁaved and unpaved areas. It is apparent that only
a few studies involved road surface sample collection and these were

affected in some instances by flow contributions from adjacent land areas.



Table 2.

Pollutant Loadings From Urban Stormwater, Highways and Street

Sweepings
Author Welbel Wilkinson | Friedland { Avco Burm APWA
et al (1956) et al (1970) et al (1969)
{1964) (1971) (1968)
City Cincinnati | Oxney(GB) | San Fran, | Tulsa Ann Arbor | Chicago
(2) (01d) ey
Land Use Residential| Resid. Urban Urb/Resid | Urb/Resid | Urb/Resid
Constituent
(mg/m’_day)
Susp,Solids 215.0(3) 30.2 367.0 367.0 1230 3260
Floatable
solids 3.25
Settleable
solids 950
COD 70.8 : 165.0 59.0 170.0
BOD 9.7 1.95 7.98 37.7 12.0
Total-P 0.24 3.42 0.053
Oxtho-P 1.18 0.74 1.1
Total-N 2,62 8.25 2.32 1.63
Org, N, -N 0.48 1.34
011 17.7
Total salts
Cr
Cu
in
Pb
Ni
Hg
Use inten- inh inh inh inh
sity (4) 22 ha > ha 97 ha 27.5 ha
(1) amount collected in street sweepings within 15 ft. of curb.
(2) constituents of rainfall are SS: 13.0 mg/1, COD: 16 mg/1, inorg. N: 1.3 mg/1,
Total-P: 0.24 mg/1.
(3) 69% from dustfall.

(4) inh _ inhabitants

ha

hectare




Table 2 continued.

10

(4)

Total solids

Author Sartor Johnson This Soderlund and Lehtinen Bryan
et al et al Study (1972) (1972)
(1972) (1966)

City Chicago Seattle Seattle Stockholm Durham
(1) (2) N.C.

Terrace |Resid.
Land Use Urb/Resid | Urb/Resid Highway | Highway | Housing Urban
Constituent
2

(mg/m"day)

Susp.Solids 158.0 155.0 325 48 170 4900(4)

Floatable

solids 5.08
Settleable
solids 56,2

COD 287 41.0 82.0 166(3) 18 49 320

BOD 60 27.5 3.85 11.9 25.8

Total-P 0.125 0.06 ¢.01 .04 1.12

Ortho-P 3.6 0.088

Total-N 12 0.37 4.4 1.4 0.38 .95

Org, NHA-N

0il 12.5 14.2 0.03 0.66

. [Total salts 44 .8 63.0 63.0 36

Cr 1.2 <0.01

Cu 2.4 0.09 0.04

Zn 7.8 0.95 0.05

Pb 5.3 2.35 0.20 0.68

Ni 0.5 0.08

Hg 0.8

Use 39,000 | 65,000 35 100 22

intensity cars cars inh inh inh

per per ha ha ha
day day

(1) amount collected in street sweepings within 15 ft. of curb,

(2) amount collected in dustjars.

(3) assuming 1 mg VDS equals 1 mg/1 COD.
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Table 3. Runoff Constituent Concentrations From Paved and Unpaved Areas
(values in mg/l unless otherwise noted)
Author Site City COD BOD ggf:;s ggigg:ded
Palmer (1950) downtown Detroit 96-234 310-914
street
catchbasins
Palmer (1963) " " * 102-213
Wilkinson runoff from [Oxney(GB) 100 204 5%
estate
Shigorin (1956) downtown Moscow 186-285 1000-3500
streets (USSR)
Leningrad 36 14541
(USSR)
Sylvester (1960) residential |Seattle 10
Akerlinch (1960) streets, Stockholm | 188 17 300
parks
Stander (1961) residential |Pretoria 29 30
(s4)
business " 28 34
Weibel et al res/comm, Cincinnati| 99 19 210
(1961) ‘
APWA (1969) San Fran. 87 613
" L. Angeles 161
" catchbasins |[Wash. D.C. 126 2100
Mische (1971) resid. area [Tucson 185 1394
Eseritt (1954) Sheffield 263-1335
(GB)
Heywood 180-2380
AVCO (1970) res/downtown|{Tulsa 85.5| 11.8 545 367
Dunbar and Toronto 12-19 150-430
Henry (1966) Welland 19 58
Weston et al Wash. D.C. 19 1697
(1972)
Soderlund highway Stockholnm 22% 1250%*
et al (1971)
Angino et al campus Lawrence 41 11.4 1180 974
(1972)
Pravoshinsky streets Minsk 6.1-223 30-8300
and Gatillo (USSR)
(1969) )
Burmetal (1968) | res/comn. Ann Arbor 42 2430 1370
Simpson and res/comm. Cleveland 35 15 30
Curtis (1969)
Dalseg and highway Seattle a57 71 355
Farris (1970)
*
max. concentration

*%
Organic N
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Table 3. Runoff Constituent Concentrations From Paved and Unpaved Areas
(values in mg/1 unless otherwise noted) {cont'd)
Total N |Lead MPN/100ml Total P
Author Site City 01l (NO4NO,) | Pb | Coliform | (ortho)
Palmer (1950) |[downtown Detroit 2.5-93x10%
Street
catchbasing 4
Palmer (1963) " " 0.23-43%10
Wilkinson runoff from Oxney (GB)
estate
Shigorin (1956)| downtown Moscow
Streets (USSR)
Leningrad
(USSR) 4
Sylvester(1960) residential Seattle 59 11.8 1.61x10 1.4(0.78)
Akerlinch(1960) Streets, Stockholm 4
parks 0.4x10
Stander (1961) residential | Pretoria 5.4%% 24x104
(s4)
business " 3.5%% 23x10%
Weibel et al res/comm. Cincinnati 1 2.75 4 (0.26)
APWA (1969) San Fran. 1.2x10
" L. Angeles
" catchbasins | Wash. D.c,
Mische (1971) res. area Tucson (1.6) 42 <1.0
Escritt (1954) Sheffield
(GB)
Heywood
AVCO (1970) res/downtown| Tulsa 0.85%% 3,7x104 (1.15)
Dunbar and Toronto
Henry (1966) Welland
Weston et al Wash. D.C. 2.1 1.3
(1972)
Soderlund highway Stockholm 12% | 0.9% 1% 0.09%
et al (1971)
Angino et al campus Lawrence (4.4)
(1872)
Pravoahinsky gtreets Minsk 8-223
and Gatillo (USSR)
(1969)
Burmetal (1968) res/comm. Ann Arbor 2.6(1.1) 120x104 1.3(0.44)
Simpson and res/comm. Cleveland 3.1(0.1) 0.7
Curtis (1969)
Dalseg and highway Seattle 44 1.54 0.34x10% (0.26)
Farris (1970) (1.37)

*

max concentration

Rk
Organic N
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Palmer (1950) measured the concentration of several pollutants in down-~
town street catchbasins and some short studies were conducted in the USSR.
Sylvester and Anderson (1960, 1964) took 35 runoff samples from gutters of
heavily travelled arterials, arterials, and residential streets during a
six-month period. In several cases the samples were collected within an
hour from the start of the rainfall but for some it had already rained for
several hours. The authors were not able to catch the most concentrated
first flush and also did not correlate their reported concentrations with
traffic intensity. As part of this study a re-evaluation was performed of
their data using City of Seattle traffic data and correlating these with
the pollutant ¢oncentrations. It was found that better coefficients of
correlations are obtained when pollutant concentrations were correlated
with the logarithm of the traffic intensity., The highest coefficients

in this study were obtained with the total P, turbidity and oil (Table 4).

Table 4, Co-efficient of Linear Correlation Between the Logarithm of the
Traffic Intensity and the Concentration of Pollutants in the
Runoff Water (Sylvester and Anderson, 1960) and the

Concentration of Pollutants in Streetsweeping (APWA, 1969)

Author Pollutant
SS COD BOD Tot-N | Tot-P [Turb |(0il Salts [Mean

Sylvester and
Anderson (1960) 0.31 [0.49 [0.46 |0.36 0.41

PPWA (1969) 0.13}0.12 {0.29 [ 0.05 |0.28 0.32 (0.20
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intensity and concentration of pollutants in street sweepings which gave

the highest coefficients for total P, BOD and salts. The lowest coefficients
were found for total N and COD, which may indicate that thesge pollutants are
more influenced by other factors such as landuse, dustfall and dirt
daccumulation. Thig conclusion is corroborated by the fact that Sylvester

and Anderson reported that the total N concentrations (especially the NH3

and organic fraction) increased sharply with an increasing dry period prior

to the runoff.

Street sweeping does remove a considerable part of the larger sized pa ti-
cles that would appear in runoff water, but not the smaller particles that
are generally associated with some of the pollutants., (Sartor et al 1972,

conclude that.,."it appears that the sweeping operation has moved much of

obtained either after a long dry period or after a period of extensive
rainfall, Apparently the drying out of the dirt and dust diminishes the
coliform concentrations as would be expected. After extensive rainfall,

the coliforms have been washed away.

C. TUrban Area Runoff Quality:
Numerous studies have measured pollutants in stormwater from urban

areas, a majority being shown in Table 3, Only five of these studies have
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measured the pollutant loading (weight/area) from the measured area

(Table 2). Most notable is the Cincinnati study (Weibel et al 1964) which
showed that the stormwater contribution, compared to that of municipal
sewage from the same area, indicated that the SS contribution on a kg/h.
year base was 140 per cent of the municipal sewage load, VSS 44, COD 25,
BOD 6, total P 9 and, total N 11 per cent.

Data from Table 2 indicate that the constituents of the different
areas are in reasonable agreement with each other and alsc an increase in
loading is observed with increasing population density.

The coliform organisms found in the urban runoff water indicated the
presence of excreta from warm blooded animals since both fecal coliforms
and fecal steptococci were found in a ratio of 0.5, 0.1 and 0.59
(Geldreich et al 1968, Cleveland et al 1969, Burm and Vanyhan 1966 respec-
tively). These fecal coliforms probably originated mostly from pets and
birds., It is unlikely that freeway right-of-way runoff with its coliform
bacteria content would have any sanitary significance since human access
to freeway rights-of-way is carefully restricted.

In the Cincinnati study Weibel et al (1964) measured the reduction in
the concentration of the constituents when portions were allowed to settle
for 20 min. The range of 55 reduction was 27 to 53 per cent, depending on
the raw concentratioﬁ. Similarly, reductions of VSS, BOD and COD ranged
from 17-50, 3-17, and 5-34 per cent respectively.

More extensive tests on runoff water from 50 storms (Evans et al,
1968) showed SS reduction of 38 per cent and BOD, VSS and COD reduction of
13, 37, and 19 per cent respectively after 20 min. sedimentation. The 55

removal would increase to 70 per cent after four hours of sedimentation.
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Data are not shown on the reduction in 0il, metals and floatables through
use of high-rate sedimentation units.

In the studies reported in Tables 2 and 3, several constituents were
measured that clearly originated from vehicles. High 0il concentrations
weré, for example, reported by Friedland et al (1970). Angino et al (1972)
also found bromide and iodide from oil additives present in mest samplés of
University of Kansas campus runoff. The latter two constituents could
reach concentrations of 5 mg/i and 1.3 mg/1 respectively. Lead was not
found in any filtered sample but was present in every suspended matter
sample. Analysis gave a mean lead concentration of 0.31 per cent in the
sediment load. This may indicate that the suspended solids can scavenge
trace metals from the water. Dalseg and Farris (1970) found freeway run~

off water colored a bright yellow due to calcium bromide, a gasoline

additive.

D. Vehicle Exhaust Emissions - Exhaust, Wear, Spills

Several studies have been conducted that measured the amount of
pollutants in veﬁicle exhaust emissions. A summary was presented by
Duprey (1968) and is shown in Table 5. These data_and other however, do
not show what fraction of thé emissions are retained on the road surface
or the right-of-way. -It is expected that some of the larger particulate
matter (larger than 1-10y) may settle out and may also deposit some sub-
stances that are adsorbed to it.

Tufts (1959) using a microscopic spot test, found a large number of
particles in the 1-5 micron () range on samples taken ﬁithin 10 feet of

moving automobiles but noted no significant mass of lead in particles
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larger than 1 #. Mueller et al. (1964) also concluded that up to 68 per
cent of the mass of lead in exhaust aerosol particles was contained in
particles less than 0.3 Y in diameter. From 62-80 per cent of the parti-
culate mass consisted of particles below 2 U. In more recent studies Lee
et al (1971) reported 95 per cent of the measured lead in auto exhaust
being associated with particles smaller than 0.5 . As a result of irradi-
ation by sunlight the percentage of soluble lead in the particulate mat-
ter increased from 70 to 85 per cent. The exhausted nitrate was associa-
ted with even smaller particles.

Also numerous particulates are discharged through the blow-by which
consist almost entirely of unchanged lubricating oil (anom, 1962). Cukor
et al (1972) measured particulate matter concentrations of 39-206 ug/m3'
near a freeway and found that the benzene extractable fraction, ranging
from 2.2-12.1 per cent of the particulate matter, closely resembled lubri-
cating oil.

In a particulate matter survey of five major cities (Anon, 1969) an
average of 19.2 per cent of the particulate matter emitted by motor
vehicles was emitted by diesel powered vehicles that amounted to two per
cent of the traffic intensity.

Lead has been added to most gasoline since 1923 (Hall 1972) as an anti-
knock agent in the form of tetraethyllead or tetramethyllead. Today, the
amount of TEL ranges from 2 to 4 g/gal. gasoline. The antiknock fluid con-
tains lead alkyls and organic scavengers, ethylene dichloride, and di-
bromide, whose function is to combine with the lead to form inorganic lead
salts, chiefly bromochloride. These inorganic lead salts are mostly re-

tained in the exhaust system at low speeds and then discharged in
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increasing quantities as the vehicle speed increases. The discharged lead
1s deposited along the roadway, the right-of-way, and some fraction is
carried away, all being dependent upon the roadway éonfiguration, traffic
speed, and meteorological conditions, Envirommental Science and
Technology, 4, 3 (March, 1970) carries a number of articles relating lead

in soils and plants adjacent to highways.

Table 5. Emission Factors for Automobile Exhaust (Duprey, 1968)

Emissions
pounds per 1000 | pounds per 1000 pounds per

Type of emission vehicle-miles gallons of gas vehicles-day
Aldehydes (HCHO) 0.3 4 0.007
Carbon monoxide 165.0 2300 4.160

| Hydrocarbons (C) 12.5 200 0.363
Oxides of nitrogen(NOz) 8.5 113 0.202
Oxides of sulfur(SOz) 0.6 9 0.016
Organic acids(acetic) 0.3 _ 4 0.007
Particulates 0.8 12 0.022

Prince, 1957, reported the lead content of soils near highways to
range between 14 and 96 ppm. Singer and Hanson (1969) found mean accumula-
tions of 240 ppm lead at a distance of 1.5 m. from highways but it reached
a constant value of 75 ppm at a distance greater than 15 m. from the road-
side. A sample 1.5 m from the roadside with the highest traffic volume
(64,000 cars/day) had a concentration of 700 ppm while the highway with the

lowest traffic (1900 cars/day) gave a concentration of 128 ppm.
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Lagerwerff and Specht (1970) found concentrations of 0.94 ppm Cd, 7.4
ppm Ni, 540 ppm Pb and 162 PPR Zn in top soil 8 m away from the 48,000
car/day Washington-Baltimore Parkway. The metal concentration gradients
with increasing distance followed the order Cd>Pb>Zn>Ni. The concentra-
tions of N, P and Cl also decreased as a function of distance from traffic.
The authors ascribed the Pb from combustion of leaded gasoline, the Ni from
atmospheric abrasion of Ni containing automobile parts. The joint pres-
ence of Zn and Cd was traced back to the common lubricating oil additive;
antioxidant Zn~dithiophosphate, which resulted in a Cd concentration in
lubricating oil of 0.20-0,26 ppm. Use of technical Zn-oxide and Zn-
diethyl or dimethyl carbonate in rubber vulcanization may also introduce
Cd as an impurity. Cadmium concentration in rubber ranges from 20-90 ppm.

Similar findings are being reported by Toukada (1972) of the
University of Washington who calculated a Pb accumulation of 150 kg/vear
in the bottom muds of Hall Lake, a small lake adjacent to I-5. However,
when the particles with which the lead is associated keep in suspension,
the lead may accumulate in the foodchain, Pagenkopf (1972) reported for
example, an increased lead content in trout inm the West Gallatin River
where it rums adjacent to I-191 in Montana.

The effect of nutrients in surface runoff on lake eutrophication has
been documented. Goldman and Armstrong (1969) found that a stream drain-
ing urbanized areas into Lake Tahoe stimulated algal growth in the later
spring. However,'Emery et al (1972) found no stimulation from runoff into
Lake Sammamish possibly due to the presence of inhibitory substances or
an excess of nutrients already present prior to the urban runoff input,

Accidental spills can occur on highways as a result of the transport
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of some 68,000,000 tons of petroleum products and 6,000,000 tons of chemi-
cals (Scheidt, 1967, Burke, 1964) and several instances have been reported
that nearby groundwater wells were polluted due to penetration of spilled

substances in the groundwater,

E. Deicing:

Snow and ice control on highways invelves ploughing, use of abrasives
and salts. These salts, such as sodium chloride and calcium chloride, are
usually mixed with and distributed with the abrasives (sand). Special
additives are found in some deicing salts. These include complex cyanides
for anti-caking effects and chromote or phosphate compounds for corrosive
inhibition (Anon 1971). In some locations these deicing salts have had ad-
verse effects on roadside vegetation and on surface and groundwater supplies.
Salt causes a taste problem in water; small amounts of the toxic cyanides
and chromates harm water biota and are cause for rejection of public water
supply use; and the phosphates may stimulate undesirable aquatic growths.
The effect of these deicing salts in any given instance is dependent upon
the rate of application, the amount of diluting water receiving the runoff,
the rate of runoff, and the nature of the roadside vegetation. Dumping of
large quantities of snow and ice, containing the deicing chémicals and
other roadsurface contaminants, into bodies of water for disposal may
greatly increase the adverse effects (not a practice of the WSHD). |

Road salts are usually applied at rates of 400-1200 pounds of salt per
mile per application, which may result in over 100 tons per mile being

applied per season to some critical highway areas (Anon 1971).
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F. Heavy Metals:

Only one study listed heavy metals (Sartor, 1972) that were specific-
ally collected from road surfaces and were not a composite of urban
drainage. Sartor's et al data (see Table 2) were collected in ten cities
(representing different street usage and areas served) by analyzing street
sweepings from aloné the putter and including the roadsurface within 15
feet of the gutter. They found the average removal effectiveness of street
sweeping to be 56 per cent for the dirt/dust fraction, 44 per cent for the
heavy metals, and 38 per cent for BOD etc. These values show a significant
amount of toxic material that can be washed into a receiving water, parti-
cularly if rainfall washoff removes more than the sweeping process and if it
also includes highway originated metals from the adjacent right-of-way that

were deposited there by air currents.
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IV FIELD INVESTIGATIONS

The literature search revealed a dearth of information on water
quality for runoff waters originating solely on road surfaces or highways
and their right-of-way. To better define the runoff quality problem, or
lack thereof, a limited study was made on freeway runoff quality and

quantity as part of this investigation,

A. Procedure:

Runoff samples were collected from six drains on the bridge section
of State Highway 520 over Portage Bay and near the southern edge of the
University Campus,. Figure 1 illustrates the sampling site. Meteorological
data were obtained from the Portage Bay station of the National Weather
Service Air Pollution Observation Unit, located about 50 meters north of
the sampling site (Table 6).

Runoff samples were collected from the six drains during four June,
1972 rainstorms, the first occurring after a l6-day dry spell. During
each storm the runoff water was collected in 1 m3 boxes lined with plastic.
An integrated sample was taken about every 10 minutes after which thé large
box was emptied again. Because the first runoff flush contains most of the
settleable and floatable solids, the entire content of the boxes containing
the initial flush was set aside and the floatable solids were removed from
the liquid with a skimmer. The settleable solids were collected after 30
minutes of settling. Both fractions were dried for further testing; The

water samples were filtered through a Whatman 42 filter to determine sus-

2

pended solids (SS) and analysed for NO. and NO3 nitrogen (N), and ortho-
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FIGURE 4. $AIIEFALL INTENSITY ON THE FOUR DAYS THAT RUNOFF SAMPLES WERE
AKEN.



27

008

O DRAIN NO. 1
TUESDAY, JUNE 6 A ”
0.% mtem D 1" 3
X n 4
RUNOFF
INTENSITY 004 e 5
(mm/hr) A
002}
0 | | |
9AM I0AM 1AM I2AM | PM 2PM 3PM
TIME (hours)
0.4
O IN NO.
THURSDAY , JUNE 22 DRAIN NO. 1
AN " 2
03| g 3
X 4
RUNOFF
INTENSITY | ° 5
(mm/hr) ' A 6
ol
0 |1 I |

6:20 6:40
TIME (minutes)
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phosphate (P) with a Technicon auto analyser (Armstrong, 1967). The samples
were then subsequently irradiated with UV light for 30 minutes at 80°C
which converts all the organic and NH3-N into N03—N which reflects then

the total-N concentration. All the phosphorus (P) was converted into
ortho-P which also reflects the total-P concentration and the samples were
again run on the auto analyser.

The oil concentrations were determined by petroleum efher extraction.
Subsequent evaporation left the oil residues behind which were tested with
a Beckman IR-4 to confirm the presence of lubricating oil. Heavy metals
were measured with a Perkin Elmer atomic adsorption unit.

The other determinations were performed according €O "Standard Methods
for the Examination of Water and Wastewater" (American Public Health

Association, 1971). Algal assay tests were performed using the alga,

Selenastrum capricornutum, according to the PAAP procedures (Weiss and

Helms, 1971).

Floatable solids collected during the first rainfall were separated
into individual fractions and their presence as percentage of weight was
recorded. A leaching test was performed on the different fractions to
measure the amount of carbon, nitrogen and phosphorus that dissolved during
a one hour suspension in distilled water.

The dried settleable solids were sieved with Taylor sieves and their
gize distribution was calculated. A leaching test was performed on all
the fractions collected on June 6 from drain no. 4.

Solids samples were collected from catchbasins on State Highway 518,
Interstate Highway 5, and State Highway 520. The density, percentage

volatile matter and oil were measured om the finér fractioms. Several
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solid samples were digested with H202 and HNO3 and tested for heavy metals.,

Dustjars were located at different distances from the highway and
placed on supports one meter in elevation above the roadsurface and
initially filled with 200 ml of distilled water. Total solids, N, P and
heavy metals were measured in the solution after a l4~-day exposure.

To estimate the particulate matter emission on highway 520, it was
assumed that 2 per cent of 39,500 cars/day consisted of diesel powered
vehicles that emit 2.06 kg matter/1000 vehicle~km. as compared to only
0.225 kg/1000 vehicle-km for gasoline motors, With the road width of 19
meters, this results in a total emission of 545 mg matter/mzday, assuming
nothing is deposited on adjacent land, Since only 10 per cent of the
matter is larger than 1 py (Lee et al, 1971) and may settle out, an amount
of 54 mg/mzlday or less may reach the road surface. (See previous

discussion).

B. Discussion of Field Observations:

1. Rainfall, runoff and traffic conditions: Average traffic inten-
sities on the east and westbound lanes of State Highway 520 are reﬁresented
in Figure 2 and Table 7. Very characteristic are the early morning and
late afternoon peaks illustrating the large presence of commuter traffic.

The days that runoff samples were cqllected are indicated in Figure 3
and clearly ghow the long antecedent dry weather period before the first
collection period. Tt should be realized that the amount is always re-
corded the day after the rainfall. Further detailed information is shown

in Figure 4 and Tables 6 and 7.

The total quantity of runoff water collected (Table 8) was approxi-
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Table 6. Weather Data During the Four Days That Runoff Samples were
Collected.
, Rainfall during Mean rain Windspeed Wind Air Temp.;—T
Date runoff period intensity m/sec direction °C, (°F)
studied (mm) mm/hr
June 6 0.25 0.17 2.2 ENE 20°C (67°F)
June 8§ 1.77 1.05 5.8 S 21°C (70°F)
June 10 1.48 0.82 3.1 N 17°C (51°F)
June 22 0.52 0.29 3.1 NW 18°C (59°F)
Table 7. Mean Traffic Intensity During the Collection of Runoff Samples,
(Average day in June: 21,914 E.B.; 20,900 W.B.)
' Traffic intensity WB | Traffic intensity EB
Date Start of rain (cars /hr) (cars/hr)
June 6 9:15 am 1600 880
June 8 5:45 pm 1060 1820
June 10 12:20 pm 1220 1100
June 22 5:30 pm 1060 2950
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mately 29, and 23 per cent of the total rainfall tributary to the drains
being sampled. This indicates that a large part of the rain ran off along
the steepest slope westwards to the lowest point of the bridge, and that it
did not run sidewards along the less Steep slope towards the side drains.
Also, some rain will remain on the roadsurface and some will be lost
through evaporation. Finally, some rain will be collected by the vehicles
and some may be splashed over the bridge railing,

2. Theoretical bases for calculations: The calculation to obtain the
total amount of pollutants that are washed away was determined according to
a modification of a method developed by Metcalf and Eddy (1971). The
theory assumes that the amount of a particular pollutant on the surface
"PO" (in mg/m ) that is washed away in any time interval dt, is proportion-

al to the amount remaining on the ground;

- Tk

which integrates to

Po =P =P (1-ek'ty

where PO—P = amount washed away in time t
If it is assumed that k' (the logarithmic removal constant, hr ) is depen-
dent on the rain intensity, k' can be replaced by b x r in which "b" is a
constant and "r" the rain intensity, mm/hr. The theory was modified in
this study by assuming that the amount of a particular pollutant on the
surface, "P " (in mg/m ), that is washed away by any increment of the total

rainfall, "dL", is proportional to the amount remaining on the ground:

@@t (3
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which integratesg into

Py = P =P (1-e7M %)

where k = logarithmic removal constant, cm

remaining on the ground is plotted versus the accumulative rainfall, the
resulting Telationship is a logarithmic decreasing function. A similar
'approach was used by Pravoshinsky and Gatillo (1969) who showed that about
99 per cent of thé BOD build-up in‘urban areas of 33 mg/mzday could be
washed away by a cumulative amount of rainfall of 16 me., from which a
logarithmic removal constant of 1.25 cm--1 can be calculated, Metcalf and
Eddy (1971) assumed that a uniform runoff of 1.27 em would wash away 90
per cent of the pollutants in one hour which would result in a removal
constant of (0,79 cm-l. In this study it was possible to reconstruct how
much cumulative rain it took to wash off the pollutant build~up since the
pollutants in the runoff water were measured after gz long, dry, antecedent
period followed by three days of rainfall in close succession,

3. Calculation of the daily pollutant accumulation: For purposes of

calculation, the runoff to the drains being sampled during the sampling

sampling drains to others further down the slope). It was assumed that the
lagtime between the rain striking the Pavement surface and its collection

from the drain outlet, as measured at the start of the rainfall and the
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constant throughout the rainfall, Thig assumption was tested by Plotting
both rainfall and runoff (on a 100% basis) versus time for June 6 and

June 22. During the first, the lagtime of 60 minutes (low intensity rain-
fall) persisted throughout the entire runoff time. On June 22 the initial
lagtime of 25 ninutes remained constant halfway through the rainfall then
decreased slightly and finally increased again, from which 1t can be con-
cluded that the assumption was valid, Since the time of sample collection
was known, it wag then possible to calculate in how much rainwater the
Poliutants were dissolved between the sampling intervals, Through back
calculations and Summation of logrithmic decreasing concentrations
(Figures 6-10), it wasg possible to calculate the amount of pollutants

(in mg/mz) on the ground before they dissolved in that amount of rain., A

sample calculation to convert mg/1 into mg/m2 is shown in Appendix A,

fall on log-normal Paper a straight line would evolve, The daily accumu-
lation after the first rain wasg also taken into account. Figures 6 through
10 depict this. Once when the initial amount (in mg/mz) was established
the value was divided by the mumber of dry days prior to June 6 which was
used to calculate the daily accumulation. The final results are repre-
sented in Table 16 which also shows the calculated removal constants,

4, Evaluation of the accumulation ang runoff calculations: Results



Soderlund and Lehtinen (1970). Although the Stockholm highway had a one
and a half timeg higher traffer intensity, the general values are compar-

able with thig study results, Thelr values for SS and COD are higher than

cause some of the right-of-way area drained into the highway draing at the
cloverleaf Junction where they sampled, Their values for total-N and total-P
are several timeg lower than found in thig study. The valuye for the oil is

in the same range as found in thig study.

these values,

Although only a limited number of samples were analyzed for heavy

metals in thig Study, results from the dustjars and the analysis of the

al (1972), indicate that larger amounts of heavy metals are collected in
Street Sweepings; however, the area loadings of a1l constituents in that
study are Surprisingly high. Area loading of heavy metal concentrations
in the Soderlund study was also estimated based on similar data from the
S8 (Table 2). The results indicate relative low area loading values. A

similar conclusion can be reached from Bryan's study in which the Pb
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Table 9. Amount of COD Removed as Calculated From the Concentration
in the Runoff Water.
. Drain Amount of COD Removed (mg/mz)
Date 1 2 3 4 5 6 Mean
June 6 358" 255 304 585" 348" 190 340
June 8 296 215 328" | 378" 217 370% 310
June 10 68 82" 74" 70" 57 65 69
June 22 92 79 104" 87 85 105" 92

*

above the mean value of that day

Amount of Non-0il COD Removed as Ca

Table 10, lculated From the Concentration
in the Runoff Water. (See Fig. 6).
Drain Amount of Non-0i1 COD Removed (mg/mz)

Date 1 2 3 4 5 6 Mean
June 6 325" 215 | 270 545" 295 150 300
June 8 156" 40 133" 164" 155" 113 127
June 10 15.5 4.4 | 11.7" 8.9 7.3 1.7 9.9
June 22 42.4 7.8 21,57 32.0%|  12.4 16.6 | 23

*
above the

mean value of that day




42

Table 11, Amount of 0il Removed as Calculated From the Concentration
in the Runoff Water (See Fig. 7).
Drain 2
Amount of 011 Removed (mg/m )
Date 1 2 3 4 5 6 Mean
* *
June 6 13.2 10.4 9.3 11.5 15.1 11.6 11.8
* * * %
June 8 40.0 40.0 55.5 61.0 62.0 74.0 55.3
* * * *
June 10 16.0 18.7 21.8 18.4 14.5 15,9 17.6
* * *
June 22 11.4 20.4 22,5 12.4 20.4" 24.6 18.6

*

above the mean value of that day

Table 12, Amount of Total N Removed as Calculated From the Concentration
in the Runoff Water (See Fig., 8),.
Drain Amount of Total-N Removed (mg/mz)
Date 1 2 3 4 5 6 Mean
* * *
June 6 12.2 16.6 13.1 24,2 23.0 19.3 18.1
* *
June 8 6.5 9.4 20.1 9.8 13.8 10.4 11.7
* % *
June 10 2.2 5.0 4.2 3.5 4.5 5.9 4.2
*
June 22 3.0 2.7 3.4 4.0 1.10%| 3.4 3.4
*
above the mean valye that day
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Table 13. Amount of Total P Removed as Calculated From the Concentration
in the Runoff Water (See Fig. 9),.
Drain Amount of Total-P Removed (mg/mz)
Date 1 2 3 4 5 6 Mean
* *
June 6 0.06 0.12 0.27 0.16 0.25 0.17 0.17
* *
June § 0.27 0.26 0.35 0.27 0.14 0.54 0.30
* *
June 10 0.29° | o0.19 0.15 0.11 0.30 0.37" | 0.25
*
June 22 0.07 0.08" | 0.06 0.07 0.06 0.08" | 0.07
*
above the mean value that day
Table 14. Amount of Suspended Solids Removed as Calculated From the
Concentration in the Runoff Water (See Fig. 10).
Drain 2
Amount of Suspended Solids Removed (mg/m™)
Date 1 2 3 4 5 6 Mean
June 6 - - - - - - 120
(est)
* *
June 8 560 485 375 510 365 765 510
*
June 10 217 120 145 | 327" 200" 107 171
* *
June 22 72 53 34 52 34 45 48

*

above the mean value

that day
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Table 15. Amount of Floatable and Settleable Solids Removed as Calculated
From the Concentration in the Runoff Water.
Drain Cum. Amount of Floatable Solids Removed (mg/mz)
Date 1 2 3 4 5 ) Mean
June 6 68.2 - - 221.0 126.0 | 49.0 77.4
June 22 9.1 - -~ 21.5 8.8 10.8 B.4
Drain Cum. Amount of Settleable Solids Removed (mg/mz)_
Date 1 2 3 4 5 6 Mean
June 6 493.0 - - 2850.0 1390.0 660.0 899.0
June 22 0.84 - - 6.75 15.4 18.9 7.0
Table 16, Daily Accumulation of the Different Pollutants on the Roadsurface
and Their Logarithmic Removal Constants (Higher the "k" value,
the more easily removed).
Parameter Accumulation Removal Constants (k)
2 -1
SS 155 mg/m” day 0.85 cm
Total N 4.4 2.4
Total P 0.125 1.36
0il 12.5 0.93
CoD 82.0 9.1 (non-oil COD)
Floatable solids 5.08 >10
Settleable solids 56.2 >10
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loading was only 0.68 mg/mzday. Therefore, it would appear that the heavy
metal loading from highways and arterial street sweepings are higher, on a
unit area basis, than loadings from general urban areas, which would be
expected,

The values of the removal constants (Table 16) show that the floatable
and settleable solids are most easily washed away followed by the non-oil
COD. It may well be that the non-oil COD is mostly derived from dust or
dirt that adheres only loosely to the roadsurface and is easily washed
away. The total~N generated as part of the combustion pProcess may be
associated with small unburned particles that adhere it more strongly to
the roadsurface. The total-P, oil, and SS are apparentily even more strong-
1y adhered. It may‘Well be that small dirt or sand particles adsorb phos-
phates and oil at the same time that will result in similar low removal
constants. Evidence for this hypothesis was also given by the fact that
the >400 mesh sieve fraction (>38U) of the settleable solids contained an
average of 5.7 per cent oil which is 72 per cent of the volatile matter of
that fraction. The dirt and sand particles that collect under the bottom
of the vehicle will be in contact with the lubricating oil that is pPresent.
Aside from dirt particles, the phosphates can also come directly from lub-
ricating oil that contains ditrisphosphates or cresol phosphoresters as
additives,

Testing with infrared established the presence of lubricating oil in
the runoff. In the petroleum ether extracts of the samples already fil-~
tered for SS, a large peak was present between 9 and 10y, indicating the
presence of silicate or sand particles; these particles also increased the

density of the oil from a theoretical 0.93 to 1.21 g/cma.
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5. Algal assay tests: These tests were conducted using runoff sam-
ples collected on June 8 and 10 with various quantities of Portage Bay
water as the diluent. Nitrogen and phosphorus were added to some of the
samples (Table 17) to determine whether or not Portage Bay water by itself

or with various quantities of runoff water was nutrient deficient. The

alga, Selenastrum capricornutum, was used as the inoculum with a measure of

and the possible Presence of toxicity in the runoff water.

Since these algal assay tests were limited, it is not appropriate to
draw significant conclusions from them, They do indicate, however, that
available phosphorus (P) is more limiting to growth than nitrogen (N) in
both the Portage Bay water by itself and in the Portage Bay water with run-
off additions., The June 8 runoff water contained significantly more N and

P than the June 10 runoff and thus one might expect more algal growth. This

Crease than in the plain Portage Bay water.

6. Settleable solids characteristics: The settleable so0lids collected
during the first rainstorm showrsimilar particle size distribution curves
(Figure 11). 1In the drain 1 and 4 samples there are relatively more smaller
particles probably as a result of the steeper slope of the on-ramp where

the drains are located, Also, the traffic moves downward on the slope
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Table 18. Volatile Matter, 011 Content and Density of the Smallest Sieve
Fractions of the Settleable Solidg Collected on June 6.

—
Drain No. | Sieve Fraction % Vs Z 0il1 Density (g/cm3)
2 200 mesh 4.562 0.672
4 4.84 0.52 2.63
6 5.39 0.60
7 6.49 0.90
2 400 mesh 10.90 1.28 (2.89)
4 11,97 1.65 2.36 (2.86)
6 10.31 1.39 (2.85)
7 10.2l 0.02
2 >400 mesh 11.85 5.18 2.54 (2.84)
4 9.12 7.25 1.44 (8.74)
6 13,07 3.56 2,61 (2.84)
7 7.57 6.83 (3.34)

which is not the case with drain 6. The smallest sieve fractions of the
settleable solids were analyzed for vblatile matter, oil and density, The
latter was Very accurately determined with a pycnometer. The results in
Tables 18 and 19 clearly show an increasing Percentage of volatile matter
and oil and decreasing density with decreasing particle size. The density
of sand is normally 2.65 and decreases by adsorption of low density com-
pounds such as oil.

Samples of settled solids collected from catchbasins (Table 19 and
Figure 11) show characteristics similar to those collected from the Freeway
drains as discussed immediately above. This 8uggests that the Highway 520
samples were representative and that settling basinsg of pProper design can be

used to remove much of the suspended matter in the runoff. This does not



49

Table 19. Volatile Matter and 0il Content and Density of the Smallest
Sieve Practiong of Samples Collected From Catchbasing.

Location Sieve Fraction Z Vs Z 01l Density
520 WB 200 mesh 3.45% 0.57

520 EB 3.45 0.06

I-5 NB 3.49 0.04

I-5 middle 2,31 0.43

518 WB 2.95 I on

520 WB 400 8.28 1.53

520 EB | 6.90 0.36

I-5 NB 10.08 1.91

I-5 middle 5.17 0.52

518 wB 7.12 1.17

520 wB : >400 - 10.66 1.13 2,62
520 EB 7.42 1.65 2.49
I-5 NB 14.05 2.32 2,36
I-5 middle 12.50 2,35 2.60
518 WB 12.54 6.74 2.85
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Table 21. Total Carbon, Nitrogen and Phosphorus Dissolved in Distilled
Water from Floatables and Settleables of June 6.

Items : c N P
Cigarettes 209 mg/1 9.76 mg/1 1.02 mg/1
Insects 191 11.00 10.79
Needles : 40 1.78 1.23
Grass 105 4.18 4.24
Wood 28 1.24 0.51
Leaves 68 3.21 1.79
Drain 4 - 20 mesh 22 1,52 0.46
Drain 4 - 35 mesh 14 0.80 0.19
Drain 4 - 200 mesh 16 1.19 0.22
Drain 4 - 400 mesh 12 0.66 0.12
Drain 4 - >400 mesh 18 1.56 0.17

(When 1 gram dry matter of each fraction 1s suspended in 102 ml
distilled water for 1 hr, the resulting concentration is the same

as 1f the solids of a 25-day period were suspended in 0.12 mm of
rainfall for 1 hr.)
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imply that the existing catchbasins are efficient removers of settleable
solids.

On June 6 and June 22, three separate runoff samples were collected
for a sedimentation analysis of the suspended solids. Thisg analysis was
not conducted until early July because of the press of other duties.

After resuspension of the solids, aliquots were withdrawn exactly 5 cm be-
low the water surface from the undisturbed solution at specific time inter-
vals and the results were inserted in the Stokes equation which describes

the sedimentation of particles with a constant velocity:

P = density of solid particle (g/cms) (5)
V. g (9‘90) d2 Py = density of fluid (g/cm3)
18 n = diameter of particle
g = gravity

N = kinematic viscosity of fluid
The densities of the particles were determined with a pycnometer and were
found to be 1.8] g/cm3. By knowing the velocity of subsidence (5 cm divi-
ded by time of start of experiment till the subsequent sampling time) the

particle diameter could be calculated,

30 days gave them a more fluffier look. Also the June 6 solids had a
tendency to stick to the wall of the container. Comparison of the size
distribution curves of the two samples (Figure 12-a) confirms the visual
observation and shows clearly that only about 30 per cent of the solids in
the three June 22 samples are smaller than 10 u, while for the June 6 sam-

ples this percentage is about 80 per cent. The solids of the June 6
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samples are all smaller than about 20 U while for the June 22 samples this
is closer to 100 Y to 500 u. This postulated size reduction may well be
the result of biological degradation of oily substances that otherwise
would tend to agglomerate the individual dirt particles. A reduction in
particle size will greatly reduce the settling velocity (Figure 12-b).
This has the consequence that, as suspended solids settle out in a catch-
basin during runoff periods aﬁd the particles disintegrate during the sub-
sequent following dry period, new runoff could disturb these settled
solids and, because of the reduced sedimentation velocity, could easily
carry them away with the effluent from the settling unit. Care should
therefore be taken in design so that incoming flow will not disturb the
sediments.

7. Floatable solids: The floatable solids were separated in
different fractions and their composition by weight was calculated
(Table 20). The on-ramp drains were usually characterized by a high per-
centage of grass clippings and needles assumed to originate from the
nearby right-of-way plantings. These values are probably typical of pave-
ment runoff under these conditions but would not be typical of combined
runoff from both pavement and adjacent right-of-way soil surfaces. Their
values would differ greatly depending upon location, antecedent rainfall
and road surface cleaning.

Floatable and settleable solids collected during the June 6 rainstorm
were placed in distilled water for éne hour (simulating a sedimentation
basin) to obtain a rough approximation of the nutrients (carbon, nitrogen
and phosphorus) that might be leached therefrom. Table 21 indicates that

appreciable quantities of these nutrients would be leached into a receiving
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water from these floatables and settleables.

8. Air-borne pollutants: Nine dustjars were placed at right angles
to Highway 520 as shown in Figure 14 and Table 22. They ranged from the
center of the highway to 48 meters distant. Table 22 and Figure 14 show
that insoluble dust particles are collected in relatively large quantities
in the middle of the road with rapidly decreasing amounts with distance
from the roadway. The fact that such an amount accumulates in the most
turbulent area indicates that they are relatively heavy particles, probably
sand or inorganic dust, which was corroborated by visual observation and
microscopic examination. Also, the decreasing percentage of volatile mat-
ter (Table 22) hints in this direction. These particles may be removed
aerodynamically from a car driving at high speed. Once they hit the road-
surface, vehicle caused air currents will sweep them to the roadside gutter
and right-of-way area. Comparison of the largest solids value of 4450
mg/mzday with the total amount of suspended, settleable and floatable
solids of 216 mg/mzday (Table 16) indicates that a majority of the solids
do not appear in the runoff. One explanation is that they are trans-
ported into the right-of-~way areas where they become trapped and cannot
be removed by runoff water.

An almost reversed picture appears with the dissolved N and P which
indicates that these constituents are in general associated with smaller
particles that only will subside in areas with less turbulence. The total
P shows larger variations than the total N, probably because the P is
associated with larger particles than is the N. The total amount of P
that settles in the middle of the highway (0.134 mg/mzday) is about equal

to the P that is removed by runoff (0.125 mg/mzday, Table 16). TFor N the
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amount collected in the dustjars is several times less tﬁan appears in the
runoff. This would indicate that mugh of the runoff N is associlated with
non-air-borne substances, Both for N and P, it appears that significant
amounts settle in the right-of-way areas that may later be flushed into
the highway drainage System.

9. Heavy metals: Analyses were conducted for heavy metals retained
in the dustjars set at different distances normal to S. H. 520 (Figure 14),
from S. H, 520 runoff samples, and from catchbasin sediments on I-5 and S,
H. 518. Results of these analyses are shown in Tables 23-27.

Table 23 lists the heavy metals adsorbed to the Particulate solids
found in the dustjars asg carried by air currents from passing vehicles.
These values relate well to the dustfall concentrations shown in Figure 14
and indicate a Predominance of southérly winds (Figure 13). aAg would be
expected, the greatest concentrations are found between the W. B. and E, B,
lanes followed by locations adjacent to the roadway. Concentrations of lead
were by far the Breatest, followed in decending order by zinc, chromium,
copper, nickel and cadmium. Together, they consist in this example of about
1.1 per cent by weight of the fallout, the remainder being inorganic and
organic particulates wafted from the roadway and passing vehicles. Data
are not shown for dustjars 1, 2, 8 and 9 since insufficient dust was
accumulated for measurement,

Table 24 lists the heavy metals extracted from the distilled water

Placed in the dustjars. All values are lower than those in Table 23 indi-
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Predominate heavy metal found in solution followed by lead (32 and 4 per
cent of the total zinc and lead respectively are soluble),

Table 25 lists the heavy metals adsorbed to the suspended solids in
S. H. 520 runoff, all taken from the first flush on the four June rain-
storms that were sampled. Succeeding samples would be expected to have a
logarithmic decreasing order of magnitude, Lead again is highest, followed
by zinc, copper and nickel. Cadmium and chromium concentrations are very
small,

The total heavy metal concentrations in the early stages of runoff
are listed in Table 26. The results indicate that a larger portion of the
heavy metals are in solution or suspension and not adsorbed to the sus-
pended particles. Of the drain sampled on June 6, 23 per cent of the Pb
is in solution as compared to 3.9 per cent for soluble Pb in the dustjar.
For Zn the Percentages are 55 to 32.2 and for Ni 76 to 32. This indicates
that a sedimentation unit may not be effective in removing a majority of
the heavy metals present in the runoff. It is also interesting to see
only a limited decrease with Progressing runoff.

Table 27 lists the heavy metals found adsorbed to the very fine
(<400 mesh) settleable solids taken from the first flush in two drains of
S. H. 520 and from catchbasins on I-5 and §. H. 518. While these percen-
tage by weight values are higher than those found in the dustjars, they
are not directly comparable since Table 27 values are for only the very
fine solids that will settle in a water medium. The values in this table
do indicate however, that a significant portion of the heavy metals in runp-
off can be removed from the runoff water through sedimentation. Also,

higher percentages were found with increasing traffic intensity.



61

For a highway traversing land with adjacent vegetation and exposed
soil, it would be expected from these data that a majority of the heavy
metals emitted along the highway would be carried off the highway to be-
come incorporated in the soil and vegetation, Where a highway crosses a
lake, it would be expected from these data that a majority of the heavy
metals would reach the lake surface and then settle to become incorporated
in the sediments.

10. Summary Remarks: 1Inp reviewing the data given in Chapters III and
IV herein, it should be realized that numbers shown by all researchers rep-
resent only those conditions found at the time of sampling. These data are
limited and they may or may not be representative. The character of high-
way runoff water at any given time and place is dependent upon many vari-
ables, such as; the rate of rainfall, duration of rainfall, number of anti-
cedent days of no rainfall, slope of pavement surface, traffic volume and
type, speed of traffic, type of road.surface, Street sweeping, wind
velocity, maintenance practices such as deicing, and runoff contributions

from the entire right-of-way area or other.
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Table 22, Pollutants Collected in Dustjars Perpendicular to State
Highway 520.
Dustjar Distance Total §S Z NVs Total-p Tot:al—I\lIﬁ—_1
No. from from dust dust 2 2
center(m) mg/mz day ng/m” day mg/m" day
1 23.0 146.0 - 0.420 1.240
2 17.5 1590.5 - 0.588 1.273
3 9.5 278.0 72.3 0.139 1.670
4 0 4450.0 94.0 0.134 1.335
5 12,0 1120.0 81.3 0.325 1.380
6 17.5 1870.0 87.5 0.350 1.537
7 19.5 318.0 75.0 0.473 1.805
8 24.5 251.0 - 0.662 2.120
9 48.5 150.0 - 0.490 1.128
aver. 0.398 1.413
_

(2.51 em rainfall wa

collection period.)

§ collected in the dustjars during the l4-day
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Table 26. Total Heavy Metal Concentrations (soluble and particulate) in
SH 520 Runoff in June 6, mg/1.

Drain Pb Zn Ni Cu Cr Cd
4-1 8.45 | 2.16 | 0.27 | o0.15 | o.01 | 0.02
42 5.60 | 1.16 | 0.14 | 0.1& | <0.01 | 0.01
5°1 5.60 | 2.24 [0.19 [0.17 [ <0.01 | 0.01
5-2 2,18 | 0.93 |0.13 |o0.11 | <001 |o.o1
53 3.41 | 1.64 | 0,13 ] 0.13 0.02 | 0.009
6-1 4.30 | 1.93 | 0.19 [0.1z | <001 [ 0.02

%

%

Table 27. Heavy Metals in Settleable Solids Collected;ffom SH 320 Drains
and I-5 and SH 518 Catchbasins 1 (Per cent by weélght of dry
settleable solids in sample) A

i SH 520 6-6-72 I-5 SH 518

Metal Drain 4-1 Drain 7-1 N.B. W.B.

Lead 1.680 1,603 0.770 0.300
Zinc 0.100 0.147 0.443 0.089
Nickel 0.007 0.026 0.007 0.011
Copper 0.034 0.039 0.048 0.019
Cadmium _ 0.001 0.004 0.001 0.001
Chromium 0.046 0.017 0.016 0.003
Traffic Intensity 39,000 39,000 73,000 615,000

1. Settleable solids <400 mesh,
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V  SIGNIFICANCE TO

A. Areas of Local Concern

7

WASHINGTON HIGHWAYS

course no more significant to Washington highways or freeways than they are

to any other system, However

» there is immediate local concern in District

7 as to the possible significance of freeway runoff on I-90 as related to

the present Lacey V. Murrow Floating Bridge over Lake Washington

> the pro-

posed Third Lake Washington Floating Bridge and for the Echo Lake vicinity.

District 7 has provided the following runoff areas and traffic volumes for

these locations:

1. Lacey V. Murrow Floating B
a,
Sidewalk runoff- 1

AM peak hour - East
West

PM peak hour - East
West

24 hour total Fast and

2.
a. Roadway runoff - 12.49
Sidewalk runoff- 1.62

4re operational:

AM peak hour - East
West

PM peak hour - East
West

24 hour total East and

Echo Lake Vicinity 1-90

Readway runoff - 8,87 Ac,
.37 Ae. (6.35 x 10°m

Proposed Third Lake Washington Floating Bridge

Estimated traffic volumes in

ridge 1I-90

(3.59 x 10 » OF 3.59 hectares)

s or 0.64 hectares)

NN

4m
3

Existing traffic volumes

1060 (vPH)
4200 (VPH)
4120 (VPH)
950 (VpH)
West 50,760 (ADT)
I-90

Ac. (5.05 x 103m§
Ac. (6.56 x 10°m

» OT 5.05 hectares)
» or 0,66 hectares)

1990 when both floating bridges

3600 (VPH)
8900 (VPR)
8900 (VPH)
3600 (VPH)

West 100,000 (ADT)
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a. Roadway runoff - 7.72 Ac. (3.12 x 104m2, or 3.12 hectares)
Non~-roadway 4 2
runoff 29.06 Ac. (11.75 x 10'm s or 11.75 hectares)
b. Estimated 1975 traffic volumes:
AM weekday peak hour - East 1500 (VPH)
West 1300 (VPH)
PM weekday peak hour - East 1300 (VPH)
West 1500 (VPH)
24 hour total East and West 11,000 (ADT)
Weekend volumes during skiing season
PM peak hour - East 400 (VPH)
West 3925 (VPH)
AM peak hour - East 2600 (VPH)
West © 350 (VPH)
B. Maintenance and Drainage
1. Cleaning: Freeways in Washington are cleaned through the use of
Sweepers that operate on different schedules, depending upon the local need
and the availability of equipment, Outside of the metropolitan areas the
frequency of sweeping is approximately bi-monthly with a higher frequency
in the heavily traveled metropolitan areas. In addition to sWweeping, there
is a continuous surveillance of and collection of hazardous materials on
the roadway itself. The rights-of-way are periodically policed for the
collection of litter.

2. Drainage: Highway drainage design is in accordance with the

Department Highway Hydraulic Manual. Runoff waters are collected in gut-

ters, ditches and other drainage facilities and discharged directly or by
storm sewers to a nearby drainage channel or watercourse. The rate of
storm water runoff is a function of the geographical area (rainstorm in-
tensity); the imperviousness, slope and nature of the drainage surface;

and it is also a function of the contributing area. In the consideration
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of a possible pollutant carried by runoff into lakes, one is more concerned
with the total quantity of runoff water with its weight of dissolved and
suspended material than with the rate of runoff. With recelving streams,
the rate of runoff is important in calculating the possible dilution
afforded under different flow conditions. Runoff factors or coefficients
for paved areas can be taken as 0.90 and 0.30 for adjacent right-of-way

(see Highway Hydraulic Manual or other hydraulic reference).

3. Deicing: In relation to deicing, Donald R. Anderson, Assistant
to the Director of Highways for Maintenance, has stated by correspondence
(Sept. 25, 1972) that:

a. The major deicing chemical used is sodium chloride (NaCl) with

minor amounts of calcium chloride (CaClz) (less than 1 per cent).

b. No corrosion inhibitors are used with the deicing salt.

¢. The amount of chemical material applied to the roadway surface
depends on conditions, i.e. temperature, class of road, assigned
priority and horizontal and vertical alignment.

d. The estimated number of times applied each season ranges from
five times in moderate climate areas to approximately 50 times
per season in Snoqualmie Pass.

The Department of Highways Directive for Snow and Ice Control (No. D
54-42 (MR), August 25, 1972) lists the application rates of chemicals in
pounds per lane mile as a function of temperature. For salt (NaCl), the
recommended rates are 400-550 lbs for below 10° F; 250-400 for 10-15° F;
and 200-250 1lbs per lane mile for 25-32° F, Highway maintenance reports
that I-90 near Echo Lake receives 30 applications per season @ 225 lbs

per lane mile and the floating bridges, ten applications @ 200 ibs
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{1bs. estimated by authors as not in maintenance report). The salt Tunoff
in tons would be as shown below in Table 28, allowing for an estimated 75
per cent of salt runoff near Echo Lake and 100 pPer cent on the bridges and

approaches,

Table 28. Deicing Salt Runcff, Tons Per Season2
Length No,
No. of Applic. | Lbs, per Seasonal
of Section per Applic. per | Salt Runoff
Highway Section Lanes Miles Season Lane Mile Tons?2
I1-90
Echo Lake 8 0.333 30 225 6.8
I-90
Murrow Bridge 4 1.63 10 200 6.5
I-90
Proposed
Third Bridge 6 1.62 10 200 9.7

1. Season ig December through February
2. 100 per cent salt runoff from bridges, 75 per cent at Echo Lake

Water‘currents Oor exchange in Lake Washington have not been carefully
studied and they can be expected to shift significantly with changes in
wind stresses, Cedar River runoff and discharge through the ship canal.

As a conservative approach to the salt solution question, it is assumed
that salt runoff from the bridges would be diluted in an amount of water
equivalent to one haif the Cedar River discharge during the period of
December through February. In this period the mean Cedar River flow at
Renton would approximate 1000 c¢.f.s. (mean annual flow at Renton is 719
c.f.s.) or 90,000 acre-feet for half the flow. The salt runoff from
both I-90 bridges (16.2 tons Per season of December—February) mixed into
this volume results in a mean salt ctoncentration of about 0.1 mg/1 which

is insignificantl. If a heavy rain were to wash off the bridges, all

1. Drinking water Standards limit Cc1~ concentrations to 250 mg/1.
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the salt from one application in a period of 12 hours, the resulting salt
concentration would be about 4,9 mg/l, This salt concentration is also
insignificant as related to the various water uses including aquatic 1life,
At the points of runoff into the lake, salt concentration would be higher
prior to dispersion and mixing. If the flow assumptions taken herein are
only within 50 per cent of reality, the salt concentrations in the lake
from deicing would still remain of no significant concern. Deicing salt
of course will also enter Lake Washington from the Evergreen Bridge and
through storm runoff from municipal streets whose drainage enters the lake.
Echo Lake on I-90, about 2 1/4 miles southwest of Snoqualmie, is at
elevation 910 and has a surface area of about 19.8 acres (Wolcott, Lakes
of Washington, Vol., Western Washington, Washington Department of
Conservation, 1961). It drains to the Raging River, has a small catchment
area, and no records could be found as to its bathymetry. The lake appears
to be relatively shallow and eutrophic., A reasonable assumption at pre-—
sent might be that Echo Lake has a mean depth of about ten feet and a
water inflow-outflow exchange rate of about once yearly. With these
assumptions, the discharge of 6.8 tons of salt yearly from I-90 into this
198 acre~feet of water would give a salt concentration in the Lake of about
25 mg/l. Mitigating this effect is the relatively high rate of spring
flushing that could be expected. A salt concentration of 25 mg/1 should
not be harmful to Echo Lake. If the lake were deeper, the concentration

would be less,

C. Comparison of Highway Runoff Water Quality

Storm water runoff from rural areas will contain all the impurities

common to highway runoff with the exception of heavy metals, oil, deicing



72

salts, rubber and man-originated litter., Since streets and highways
occupy a large percentage of urban surface areas, it can be expected that
urban storm water runoff will contain at least the same impurities as
highway runoff (See Tables 2 and 3) but not necessarily in the same cop-

centrations. Relative amounts washed into adjacent waters will be depen-

necessary to place this in perspective with runoff from the adjacent urban-
ized areas. Seattle, as an example, has a combined sewer system that
collects residential and commercial wastewater as well as runoff from the
streets, lawns, parking areas and from roof drains, This system inter-
tepts the dry weather flow along the Lake Washington shoreline and

carries it westward for disposal into Puget Sound, When it rains, the

Washington. To reduce this combined sewer overflow, Seattle has a pro-
gram underway of sewer Separation. In the Lake Washington drainage area,
some 6400 acres north of the Canal have been Separated and some 1700

acres south of the Canal, These separate storm sewers will handle Street

drainage but not roof drainage,

13,070 north of the Canal that have their natural drainage tributary to
Lake Washington. Thus, nearly 50 per cent of the street drainage will go
directly to the Lake and a significant portion of the Yemaining will over-

flow to the Lake when it is raining heavily, Therefore, runoff from the
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approximately 35 acres of existing and Proposed bridges crossing Lake
Washington should have a very small effect on water quality as compared
to the adjacent land area runoff, particularly when one considers that

nearly all of the Lake shoreline is urbanized.

normal rural runoff ag Previously discussed.
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VI MITIGATION OF HIGHWAY RUNOFF

The reduction or mitigation of pollutants originating from highways
could be done by a combination of five actions: 1) reduction in the use
of deicing chemicals; 2) reduction in the additives to gasoline, parti~
cularly lead; 3) more frequent surface Ssweeping and the development of
better cleaning methods; 4) better contfol over truck traffiec to mini-

mize gpills and; 5) runoff water treatment.

A, Deicing, Lead and Spill Control

In regard to the use of deicing chemicals, there is no present evi-
dence that the use of these are having any significant deleterious effect
to either vegetation Or receiving water quality in Western Washington
where the winters are mild. Lead as an additive to gasoline will pfobably
essentially disappear in the next few years because of itg build-up in the
soils and sediments, itg numerouys Potentially harmful effects, and be-
cause as a gasoline additive it represents an unnecessary resource loss,
Methods of controlling spills of various items along fhe highways is not

within the Scope of thisg report,

B. Street Sweeping

fairly effective in removing litter and the larger sized bits of debris
along the roadway, but is not very effective ip removing most of the
other street surface Particulates, Since significant portions of the

oil and heavy metals deposited on the roadways are adsorbed to
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particulates, an effective street sweeping process conducted prior to pre-
dicted rainfall periods would help materially in keeping these substances

out of runoff water.

C. Runoff Water Treatment

Treatment of runoff water from highways would be practicable only for
the removal of floatables and settleables and this only in those areas
where the runoff water can Ee concentrated/and where it may pose a possible
receiving water quality problem. The most effective sedimentation basin
for the removal of floatables and settleables is one that has a large sur-
face area, is well baffled and has a large detention period. An ordinary
catchbasin 1s not suitable for use herein,

For use élong highways, the best type of sedimentation unit would
probably be a diked earthen basin. Where this is not practicable, a basin
of reinforced concrete could be constructed, preferably along the right-
of-way with an exposed water surface, rather than beneath the roadway. A
reasonable design, with the information at hand, would be a basin designed
for the average rate of surface runoff with a surface loading rate of not
over 1200 gal/ftzday and a detention period of about two hours. Baffleg
should be used to Prevent short circuiting and to retain the floatables.
Catchbasin cleaning equipment, or other, should be used frequently for re-
moval of sediments and the floatables could be removed by hand skimming.
It is 1likely that the oil and other hydrocarbons retained on the basin
surface would largely disappear within a few days or weeks, depending
upon conditions, due to biological degradation and volatilization.

A basin of the type described above should remove essentially all of
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the litter that might otherwise be discharged to a recelving water; a
slgnificant portion of the particulate fractions with their adsorbed
metals and oil; and it should remove most of the oily substances. It
would have no appreciable effect on substances in solution or on discrete
colloidal particles. There exists a large body of knowledge on the per-
formance of sedimentation units but little as related to their effective-

ness specifically for highway runoff water treatment.
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VII CONCLUSIONS

1. There exists an insufficient body of knowledge regarding highway
runoff quality and significance to permit definite conclusions. Enough is
knowr, however; to permit some tentative conclusions.

2. The runoff quantity and quality is changed over the natural from
the same area due to the impervious surface and drainage systems, emissions
from passing vehicles, the erosion or solution of substaﬁces from the road
materials and from deicing substances. Vehicle emissions include oil and
grease, dirt, wear of parts and tires, litter, the additives to fuel, and
heavy metals, particularly lead.

3. A significant portion of the potential substances emitted along a
highway are from the vehicle exhausts. Present data indicate that a major
portion of this is swept off the road surface area to later deposit along
the roadside or to be carried away by air currents. Those fractions de-
posited on a right-of-way soil surface are probably largely retained in
the soil although there is no specific evidence to corroborate this hypo-
thesis other than the large amounts of lead that have been found in the
soil adjacent to highways.

4. Substances found in highway runoff are similar in type and
quantity to those found in storm watér runoff from urban areas for the
usual parameters measured; oil, nutrients, solids, COD, BOD and coliform
bacteria. Preliminary data on heavy metals show a higher concentration
in highway runoff.

5. The quantity and quality of substances washed from a roadway is

primarily a function of the number of vehicles passing, their speed, the
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number of dry days preﬁeding a given rainstorm and the quantity of rainfall.
The first flush from a rainstorm contains the largest concentration of
pollutants which then diminish logarithmically as the rainstorm continues.

6. In the limited algal growth tests conducted, the runoff water did
not stimulate algal growth, possibly due to the presence of growth inhibit-
ing substances,

7. The use of deicing chemicals on Lake Washington bridges and on
I-90 by Echo Lake appear from calculations to have little significance as
related to Lake Washington and Echo Lake wéter quality.

8. When compared to the urban runoff into Lake Washington from the
City of Seattle, the runoff from the Lake Washington bridges is of little
significance.

9. Street sweeping is not usually effective in removing other than
the litter and coarser particles. It was shown to be 56 per cent effec-
tive for the dust and dirt fraction, 44 per cent for the heavy metals
left on the roadway and 38 per cent for BOD. A possible cleaning improve-
ment for confined areas, such as the floating bridges, could be the use of
a large vacuum device similar to those used by the.Boeing airplane com-
pany.

10, In general, a reduction in the pollutants from highway runoff
could be accomplished through: a) minimal uée of deicing chemicals;

b) reduction in the additives to gasoline, particularly lead; c) more
frequent surface sweeping and the development of better cleaning.methods;
d) better control over truck traffic to minimize spills; and e} runoff
water treatment,

11. In certain limited problem areas, sedimentation basins can be
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constructed to remove floatables (including oil) and settleable solids.
A significant fraction of the heavy metals, oil and nutrients would be re-

moved as they apparently are adsorbed to dust and dirt fractions.
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VIII RECOMMENDATIONS

1., From the data available, runoff water quality control from the
Lake Washington bridges should be limited to effective street sweeping.
This sweeping should be on a frequent schedule and should be done in par-
ticular on those days preceding a predicted 50 per cent or greater chance
of a rainstorm,

2. Research is needed on better methods and equipment for street
sweeping. A larger portion of the fines sghould be collected as these
will contain adsorbed quantities of heavy metals, oil and nutrients.

3. The impact of freeway runoff into Echo Lake can be lessened
(although there is no evidence available to the writers that the Lake is
being harmed or its quality threatened) through the installation of a
sedimentation basin of adequate size and construction (see discussion).

4. Studies are needed to better qualify and quantify the character
and significance of highway runoff. These should be done under different
traffic conditionms in both rurél and suburban areas and they should dis-
tinguish between road surface runcff and rﬁnoff from the adjacent right-
of-way. The studies should be conducted over a period of at least one

year as a minimum. Automatic sampling equipment would be required.
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APPENDIX A

2
Calculation of Runoff in Units of Milligrams Per Square Meter (mg/m”)
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Calculation of Runoff in Units of Milligrams Per Square Meter (m8/m2)

Rainfall is measured in millimeters (mm)

Runoff constituents are measured in milligrams per liter {(mg/1)
2

Roadway surface 1s measured in square meters {m")

One meter (m) equals 1000 mm,

One square meter equals 1000 (1000) = 106 2
One me depth over one square meter = (1) (1000) 1000 = 106mm2
One cubic centimeter (ecc) = 10 (10) 10 = 1000 mm3

One liter equals 1000 cc = 1000 (1000) = 106mm3

Therefore, rainfall depth of one mm over ome m2 = one liter,
or, 1 mm/m2 =1 liter; 1 mm = 1 liter/ln2

and, 1 mm (mg/1l) = 1 liter x mg
: 2 1

thus, mm of rainfall x (mg/l) = E%
m
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APPENDIX B

Constituents in SR 520 Runoff Water, June 6, 8, 10, 22, 1972
(mg/1 or "Standard Methods" normal units)



91

0°TY 069 €L°89 | €5°T| 0Z°0 oot | €-9 | stTET

27 6€ 069 05°06 | 06°0| €£°0 oov1| z-9 | stZt

9°8S 86 Y L8 L1709 | LS°0] %1 009T | T-9 | STIT

€ LS LLTT 09°95 | 09°0{ €€°0 oo%T | €-6 | STET

S z§ %80T ¥2°00T| %z°0| 75°0 0S€T | 2-§ | STZT

6°69 0%€ 081 IS €TT| 162 | 09T 051 | T-§ | STIT

00£Z> 000€ 67 0% 6051 08°%8 | 08°0| 8T'0 009t | €-v | oteT
009€ 000€Z " 0% zenT 18°56 | 19°0] $s°0 00%T | z-% | OTZT
009€ 00T6 €19 ZLE €18y 0v'80T| 00°T| 0E'T 00€z | T-% | OTIT
£°5¢ $0zT 08'sy | 62 1] 9170 0S€T | €-€ | OTET

1°0€ €TTT 08°z5 | ov°Z| 9T°0 os€T | z-€ | sozT

£'8Y zLeT 91°€S | 94°T| 9T°0 0s9T | T-€ | SOTT

€° 8¢ €00T 0z'1¢ | 18°0| 9T°0 00ET | €-z | SOET

1°0¥ £00T 9z'%L | 99" T| $¥°0 oocT | z-z | sozt

6°95 9T0T ce'ss | €5tz | wo't 00,1 | T-z | 00TT

L€ 88¢T 26°6€ | zLo0| 91°0 0021 | €-T | O0€ET

6° 8¢ ZLZT 01°19 | 05°Z| 9T°0 0STT | 2-T | 0021

00£Z> 00£Z> | €06 0£9 2181 60°zy | 687z | 2570 00.T| T1-T | 01
od 0L qang | TEATV | TTO ss aoo N xPon| 4 a pd | puop | oydueg | surl

WIOTTT0D TR10L Te30y | oy210

(s3tun Tewlou , SPoYldy Ppiepuels, IO 1/3w)

2(6T ‘9 sunf ‘ia3eyM Jjouny 0g§ ¥S UT sIUInirTIsuo) T ITqel



92

€1 g'6t | BT 0L1 | 20°S 89°€ | 8¢'0 £0°0 | 08'9]026T{ %9 | SS8T
L1 g'oy | 991 T2z | 0€°S 8l"% | €C°0 co'0 | oe*L|o0TT| €9 | O%8I
LT o'ty | 92 01z | 16°S §g8'7 | %270 900 | 0z°L|081¢| <2-9 | OESI
1€ 8'8L 0°€9 | STLE L0S | 68°€T [YO'ET | 8E'0 T1°0 | 0z'9|{009Z| TI-9 | 0ZBI
v1 Lrse | 11 8ZT | 05°6 6S°L | 80°0 €0°0 | 0L°9]00LT| %S | %681
<1 zee | LET 9¢T | 6T1°C G9°'T | 80°0 20°0 | S%"L| 008T| €-§ | 6E8T
ST T°2€ | €S SHT | L6'% 90°% | 60°0 %0°0 | S¥ | 000Z| T-S | 6281
LT s'se | 889 8SE | ¥8'YT [ LS'YT| 60°0 %0'0 | S0'L| OTLT|  T-S | 6TBT
L1 £8Z | 08 65T | 00°% €L°T | ¥1°0 €0°0 | 0zZ°9| 00CT| S-% | 806I
ST z€E | €ET ¥9T [ 20°S gz €| s1°0 £0°0 | 09°9} 0sZT| Y- | €581
L1 068 | 8%I 8T | 8°¥ 99°€{ LT1°0 60°0 | S0°£| OZET| -€-¥ | 8EBI
LT Ly L*6E | 0S¥ §TT | ST'9 £0°6 | LT70 z1'0 | 06°9| 009T| -% | 8T8L
X4 0°82T | T'i¥ | £00T 0LL | OL"LT |99°ST| 12°0 0z'0 | o9 ozee| T-% | ST8I
ST g'ze | el 78T | 0676 §ZT°% | 02°0 %0°0 | 0L°9| 0ssT| S-€ | [O61
81 0°85 z0e | LT SLT | €9°0T | €2T°%| 6T°0 so*o | oztLfosez| -t | TS8I
ST 987 | 9%T 0Tz | 09°0T | 8L°%| 81°0 S0°0 | O%'L| 0sST| €€ | LEBT
1z 0° %S z'ze | €8¢ 802 | OL°CTT | £%°9( %2°0 90°0 | O0€°L| 009T| ¢-€ | Ll28T
12 z°6¢ | LE6 L6T | 86°€T |€E£°TT| 62°0 T7°0 | o0t1°L| 00€Z| T-€ | LTSI
81 z°9T | 10T LTT | €2T°Y 18°27 | 81°0 ¥0'0 | S0*Z| OYTT| S-Z | 9061
<1 0°2% ¥'ST | EWC 90T | ST°S 6%°2| S1°0 60°0 | 0S°Z| 000T| %2 | TS8I
ST 0°ze | ¥6€ 12T | TT°% €8°C| 80°0 80°0 | 0§°L| 00TT| €-C | 9¢8t
4 1°8€ | 02§ e | €9°¢€ ST'€| 1170 90°0 | O%'L| OTTT| 2-T | 92Z8I
12 0°T% | 0v8 1S | 99°2T | 0°1IT| 8T'0 L0°0 | stLjoszz| T~T | 98T
ST 6'vz | OfT 6ST | LT°€E Zz T | 9T°0 90°0 | §9°8| 0T6 ¢-1 | S06T
L1 0'1Z | Tt¢ ZyT | S0°€E L6°T| €T°0 80°0 | 08°9| 0Z8 v=T | 068T
L1 §°0T | 6LT 65T | S§9°€ 96°Z | ST°0 90°0 | SL°9] 086 €-T | SE8T
81 §'2T | 8§ 9LT | TETY 62°€| ¥1°0 0T°0 | 0T1°9| 000T| 2Z-T | Gg81
(&4 €87 | TT91 w2y | O%"TIT | 9476} 8T°0 %0°0 | 0L°%| 09TT| T-T | ¢T8I
‘qany | TEATV 110 Ss aoo N nbon| 4 d Hd | puodp| @rdweg | SwWT]
1830, 18305 | 04310

(Ss1Tun Tewiou ,SPoYylay piepuels,, 1o T/3w) 7/61 ‘g sunp ‘i193EM JJouny (Qz§ ¥S UT SIUSNIFISUC)Y 7 ITIEL




93

€T 811 8L 8y v'e LE°T | 1T'0 £€T°0 0zt | 0TT 79 el
£T 0'€T Z8 Z9 9Ty 88T | 1IT°0 {00 05°L | G6T £~9 0EET
€1 T2t o8 LS rA S 6£°T | 8T'0 z0°0 0£'8 | S0 -9 STET
€T 8'6 TL L€ 16°9 01°% | 2T°'0 £0°0 0z'8 | Ot¢t -9 0TET
£1 9'6 0ZT A £€0°€ 16°0 | 8I°0 L0°0 09 Vo oveT
%1 A 94T GE 79°S 9¢*'T | 9T°0 G0 0 06°L | €L £-¢ SZEeT
6T 8°ST 41 - HC GT'€ 1| €10 £€0°0 08'9 [ 091 A O0TET
o | 0°%S | 6'8T 196 0%t 1%°% 99°7 | LT°0 GZ'0 $6°9 | 081 -G 0621
€T £ €T w41 96 96°1 88°0 | 80°0 £0°0 0z L | ¢t -4 OvET
VA rARA 98 Iy 9.°'2 9T'T | IT°0 IT°0 ov'L | 06 €% SZET
9T 0°'2€ | L°ET A4 £8 gy 'Y €17 | TT'0 00 062 | 0ST -y 0TET
LA TULE| 6°TT 0161 €01 $1°9 €T°¢ | ZT°0 £0°0 GT1*L | 682 -9 o
€T 0'ze ] €%l L1T 6% 96°¢ 28'0 | w1'0 20°0 czL | $9T v-€ SrET
€1 8'CT 69 99 05°€ o7'T | ST°0 G000 08°L | ote £-¢ 0E€T
Va! 0'9¢ | ¥ 91 Z8T oL 12"y 08°T | LT°0 £0°0 oL°L ] 0S¢€ -€ GTET
¢T 0'¢T €11 Ly i€ 9¢°T | LT°0 £0°0 06°L | S6€ 1-€ SOET
€T g'zet 0721 99 £ 16°¢ 29°0 | TT O 20°0 01°£ | 01¢ -z SYET
Va1 7°¢1 9¢ LY 20" Y Z2'T | ST70 %00 0T°8 | OvsS £€-2 0€ET
tT rAR N M A 16 G 96°¢ 68°'C | (TI°0 $0°0 0Lt | 0TS -t STET
LAl 0'ctw | 8°¢T %2 LS Wy 82°T | 91°0 £0°0 Q1L | STS -2 0TET
€T 01T 861 4 90° 1 69°0 | 9T1°0 070 £9°9 | 0TL =1 oveT
€1 80T 21 6S (S°T Z0°T | 8170 £0°0 669 | 018 £-1 SZET
€1 AR Y€1 L9 68° 1T €€'T | 8T°0 Z0°0 0oc L | 018 -1 CTIET
ST 0°21 CET %8 1L ZI'S | 0Z°0 £0°0 06¢°8 | 0601 -1 00€T
‘qang, TeRtvy 110 SS aod N zmoz d d nd puopy | ardumes Clad
Telol 1e30}L 0Yy31g _
(S3tun Temiou  spoylay piepuels, 10 1/3w) z/6T ‘0T dunp ‘I@jeM JJjouny (ZG ¥YS UT SIUaN3Iisucy ‘€ °oIqel




94

ST gLy 9 €02 LL*9 go's | ¥1°0 80°0 | O%'L| 0T -9 878l
6T ALY <9 8T 72°9 ge'y | 91'0 800 .| SE€'L]| o0L¢ €-9 078t
ST 0" €Y L9 05T Z€°9 89°% | ST1°0 600 | 0z'L| 09€ z-9 28T
91 8 8L z°8% T | <12 9" L 60'9 | LTI'O 910 | 0§°9 | 0SE -9 g18T
ST € 9¢ 1L 8T £9°1 gL'y | zT'0 Z1°0 | ow L] osE =S w981
ST 6°6¢ L9 90T 07°8 ¢6'% | 1170 60°0 | 0S°L] Of¢t €-S 98T
Y1 0'8¢ 91T | TeT XA geoy | 110 60°0 | 0S°L] 09¢ z-¢ 7781
Y1 0" %S 8T 9L 761 526 60°L | €1'0 €T°0 | o€°L| o08¥ 1-§ 8081
61 0°56 0°02 €9 w1 669 6% | TT°0 g0'0 | 0zZ'L| 09€ =4 €781
A 0 Y€ %ST | 9971 ¥s' L 9¢*y | €1°0 800 | OT'L| OSE £ Se8T
12 8 9% 0°0€ €71 | %91 oL8 16°'S | €1°0 t0°0 | 00°L| OTY -9 0Z8T
LT ¢ LE 0€T | 9Tz 6£°0T | §9°L | ST'O %1°0 | 08°9] 0LS 1-% s081
1z 7°8¢ €9 L8T 78°9 c0's | TTI'0 IT°0 | 09| szv y-¢ L7871
8T 0" L€ €9 991 0L°9 €g'y | TT°0 TT°0 | 09°L| SLE £-€ 6€81
0z 0" Y 29 961 95°9 08'% | TIT°0 IT°0 | 05'L| Ll Z-¢€ 9781
61 0°S¥ 29 072 159 €g'y | TI°0 TT°0 | Oy'L| 08¢ 1-€ ¢T8T
61 0L 96 SST 709 (s*y | €1°0 80°0 | 0€°L] SO v-T 9%81
L1 0°S¢ 18 52T 29'¢ €€’y | ¥T°0 IT°0 | 0€°L] O €-Z 8c8T
12 0°8Y 0°8¢ 29T | stl 88 6L'% | LT°0 ZT'0 | 0S°L] SE€ -7 sz8T
ST T'0% 99 0ST 0€°9 68°¢ | LT°0 91'0 | 0T°L]| $O¥ 1-Z 2T8T
1 0°6T vt | ST 88" Y 0z'¢ | T1°0 €0°0 | 06°9| o% 7-1 SH8T
ST 0°8T 88T | %ST S6* Y 867 | 0T°0 90°0 | 89| o0TC €-T LE8T
€T § 02 08T | 6ST 10°¢ Zv'€ | vT°0 ¥1'0 | 00°L| 022 -1 vZ8T
! z° 16 957 €21 | ¥12Z 8L" L (s | 910 9T'0 | 08'9| OIS -1 0T8I
“qang 1Y 110 ss aoo N x*oN d d ud | puop | ardwes | BmTy
Te3o], Te3Iol | ©0Y3lip

(s3Tun jeuwliou

]

spoyial piwpuEls, 10 T/8m) 7,61 77 duURL ‘I33TM FFOUNY 07§ ¥S UT SIUIMITISUOY "L ITAFL




95

APPENDIX C

Glossary of Quality Constituents



BOD:

COD:

Total Solids:

S5S:

Settleable solids:

VDS:

VEEH

NVS:

Coliform bacteria:

Fecal coliforms:

Total P:

Ortho P:

96

Biochemical oxygen demand - a measure of the rate
of molecular oxygen utilization by microorganisms
in the degradation of organic matter at a given
temperature,

Chemical oxygen demand - a measure of compounds
(usually organic) that are capable of beilng oxidized
by a strong oxidant. Value is normally several times
larger than the BOD.

Sum of all the impurities present in the water.

Suspended solids; these plus the TDS (total dissolved
solids) equal the total solids.

That fraction of the suspended solids that will settle
from solution in a given time period.

Volatile dissolved solids; that fraction of the dis-
solved solids that can be volatilized through the
application of high temperatures {(usually mostly
organic matter).

Volatile suspended solids; that fraction of the sus-
pended sclids that can be volatilzed through the
application of high temperatures (usually mostly
organic matter).

Non-volatile solids; essentially mineral matter.

A group of bacteria used to indicate the sanitary
quality of water, reported usually as the number per
100 ml of sample. Test methods may or may not
differentiate between those of fecal and non-fecal
origin. The bacteria itself is essentially harmless.

Those coliform bacteria probably originating from the
body wastes of any warm blooded animal. Their pre-
sence, if from humans, indicates the possibility

of pathogenic bacteria being present.

Total phosphorus; the sum of the soluble, poly and
organic forms of phosphorus. Of interest because it
is frequently considered to be the limiting nutrient
for algal growth.

Ortho or soluble phosphorus; the form readily assimi-
lable by algae.



Total N:

0il:

Kg/h:

Turb:
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Total nitrogen; the sum of the ammonia nitrogen
(measured as NH, or NH,), organic nitrogen (nitrogen
contained in organic matter), nitrites (NO,}, and
nitrates (NO.). Nitrogen is a key nutrient for
algal and otger plant growth.

This includes all oils and greases that can be ex-
tracted using a particular organic solvent.

Kilograms per hectare. A hectare equals 10,000 sq.
meters or 2.47 acres,

Turbidity; caused by suspended matter and measured
by the ability of a sample to transmit light.



