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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 161 kilometers km
AREA
in® square inches 645.2 square millimeters mm?
ft* square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi’ square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft* cubic feet 0.028 cubic meters m®
yd® cubic yards 0.765 cubic meters m®
NOTE: volumes greater than 1000 L shall be shown in m®
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or "metric ton") Mg (or "t")
TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F-32)/9 Celsius *c
or (F-32)/1.8
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela/m’ cd/m?
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibffin® poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft?
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi®
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m’ cubic meters 35.314 cubic feet ft®
m® cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds Ib
Mg (or "t") megagrams (or "metric ton") 1.103 short tons (2000 Ib) T
TEMPERATURE (exact degrees)
© Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela/m? 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in®

* Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM
E380. (Revised March 2003)
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EXECUTIVE SUMMARY

The proposed objectives of this research project are to investigate water quality impacts of bridge
stormwater runoff from scupper drains on receiving waters, and to develop an efficient simulation
tool sothatthe Georgia Department of Transportati@®DOT) and the resource agencies can
accurately anticipate potential effects and better evaluate whether scupper drains would adversely
affect waters and the protected species.

This 29-month research projeciaimed at investigatingthe impact of bridge deck
stoomwater runoffscupperdrains inthe Southeast and Nortlegionsof the State of Georgia on
stream water quality. Several studies have investigated the water quality impacts of highway
stormwater runoff irother states witha few that focused on bridge deck runoff scupper drain
impacts on sensitive streams and rivers. H@rethe water quality impacts of bridge deck runoff
from scupper drains on sensitive habitats and essential streams are lackin&tatabieGeorgia.

Six bridge locations were selected which four are in Southea§teorgiaand two are in North
Georga. This research projeaimed at covering Southeast and North Georgia to follow the bridge
deck stormwater runoff scupper drains impacts at the selected lodtiongh a collaboration
between the Georgia Southern Univer$tB5U) Research TeaandGDOT.

In this research projediield sampling and lab analyses were phenaryfocus in order to
obtain actual measurements of sevevater qualityparameters of potential impact on stream
water quality in Georgia. Theater qualityparameters of concernene heavy metals.¢., lead
[Ph], zinc [Zn], andcopper[Cu]), polycyclic aromatic hydrocarborf®AHs), chemical oxygen
demand(COD), nutrients Ke., nitrogen and phosphorus), solids, oil and grease, pH, dissolved
oxygen (DO), and conductivity. Thesavater quality parameters were selected based on the

knowledge thathemajor sources of stream contamination from bridge deck rgoaffpedrains



aretraffic and vehicles leakagestmospheric falloytoridge maintenance and bridge deck material
leaching after a thorough literature revieince bridges are direct crossings above rivers and
sensitive streamsinlike normal highways and roadsjdgescupper drainare considered direct
points of discharge of several contaminants and substanbegartlous concern intmderlying
water bodieshat do not haverior natural or constructed means of filtration or conveyance.

The potential impact of bridge deck scupper drain contamination is considered minor with
respect to quantitative evaluationmass loading of pollutan{se.,the product of flow rate from
bridge deck storm water runoff through scupper drains and the concentratiwateniquality
parameters of concerrHowever, the accumulative effect of the several pollutants is of serious
concern on the lonterm exposuréo humans and animals. Moreover, sensitive habitats of rivers
and streams careseverely impacted after the exposure to even small amounts of toxic substances
In fact, this research projesuccessfully shed light on tlsebstantial potential impacts of several
of the contaminants in bridge deck runsfupper drainen instream water quality through the
insightful investigation of both bridge deck runoff atte instream water quality. Sampling of
bridge deck runoff tooklace at scupper drains using automated and manual means.

The examination of water quality ihis research projedhcludedextensiveupstream,
scupper draimand downstream water analyses thablvedobservation and effective comparison
between thenstream and scupper drain water quality. The impact of bridgesgegier drais
on downstream water quality wabservedor different parameters at all six (6) bridgiees and
it was observed that the locations that are more urbanized or close molachionshavethe
higher impact of impaired water quality. Further examination of bridge siagbper draiswas
donefor extended periods of times to observe concentrations in the first flush of rainfall and the

impact of further rainfall on concentras of all water quality parameteRainfall intensity had



a substantial effect on parameter concentrations in scupper drain runoff, and it was found that for
most parameters except faslids, higher rainfall intensityed to a dilution effect forparameter
concentrations with time. For heavy metals, Pb, @nd Cu were found to be of higher
concentrations in scupper drain runoff atiais could impair instream water quality and elevated
downstream concentrations in all six ds except for Pbwhichwas only detected in the four
SoutheasGeorgiasites Bridge deckscupper draiswerealso investigated on different subsequent
dates todeterminethe impact of dry periods versus rainfall events on the mass loading and
concentrations of the stuedl parameters. Other factafrainfall intensity and stream discharge
were also observed through obtaining data from the United States Geological Survey (USGS) gage
stations at each site to have a better understanding of the effects associated waiitintamgity

on bridge deck runof§cupper drainvater quality and the effect of stream discharge on instream
water quality. This research projecshowed that bridge deck scupper drain runoff impairs
downstream water quality for all parameters of theystindluding heavy metald?@ Zn, and Cu)

PAHSs, nitrogenandphosphorusCOD,oil andgreasepH, DO, andconductivity. It was found that

the introduction of brige deck scupper drain runoff elevated the concentration of these parameters
downstreanin all six streams of the study, both instantly and with time intervals. The lab analyses
also showed that the concentrations of parameters varied with different samplingbdates
randomly.

Modeling water quality impact for eadite was animportant part of the study project
potential longterm impacts of the study sites and to create the opportunity for GDOT and other
government agencies to prepare the necessary best management gediRdor suchlong-
term impacts The Stochasti€mpirical Loading and Dilution Model (SELDM) was used for

modeling potential projected impacts of some water quality parameters of concern on the



downstream water quality at eastte location. The modelvasdeemed effectivéor projecting
potential long-term impacts of pH, phosphorus, sedimeahd hardness. The model could
successfully predict impacts along 30 years of time and 1,657 storm,evahitswas observed

to be a very efficient comparative tool to actual field and lab outcomes. The resultaifmoing
SELDM showed thathe North Georgiasiteshave the highest concentrationspbiosphorusand
sedimentand thatthe accumulation effect is minor. However, lab data showed ttleNorth
Georgiasiteshave the lowest concentration of all paramefiens bridge scupper drainshus, a
contradictionwas found inSELDM outcome in comparison to lab data, indicating that SELDM
could alscemploy other factors through watershed delineation to produce results, wads oot

the case with instant or shaerm lab analyses.

The major takeaways from this projeetn be summarizeas follows

1  Scuppedrainswithout any priompretreatmendr conveyancean directly impact
water quality ofunderlyingwater bodiesn the shortterm

1  The impact of scupper drains on downstream water quality is observable for all
water qualityparameters.

i BMPsare challenging to implement for bridgermwater runoff from scupper
drainsbecause they are crossings over water bodies.

1  Continuous monitoringf water quality impact fronbbridge scupper drain runoff

needs to be ongoirfgr observingong-termaccumulativempacts

SELDM needs to bappliedfor mostwater qualityparameters of conceinstead of onlyfor the

four default parameterpH, total phephorus, total hardnesand suspended solids.



CHAPTER 1. INTRODUCTION

Bridges have a direct polluting impact anderlyingwater bodies since bridges are built as

passages over surface water bodies. Bridge deck runoff is a platform for various pollutants and

unlike roads and highways, represents a special case since there are no obstructions such as

roadside swales and vegetated filter strips betwibenbridge deck andunderlying water
bodies** Bridge deck runoftontainsa medium towvide range of contaminants produced from
different sourcesjncluding organic contaminantdieavy metals, solids, saltsand nutrients.
Sources ofpollutants and chemicals in bridge deck runoff can be traffic, atmospheric fallout,
degraded bridge deck and road components, construction activiied industrial
emissionstZ2%! Several factors make the structural control and treatment of bridge deck runoff
challenging, incluthg administrative, design and maintenance issues and economic
concerns41618  gych factors make the control over bridge deck runoff contamination
unpractical.

Pollutants accumulate on bridge deck surdabiging dry periods, and the longer the dry
period the higher the accumulation of pollutants from different soystesh as crossing vehicles,
atmospheric fallout in the form of particulate matter and toxins, degradation of bridge surfaces,
wear of vehite componentsand road maintenance operations. During raiefatints stormwater
sweeps thelecksurface and transparthe accumulated contaminantsutederlyingwater bodies

by the discharge of runoff through scupper drains and gutter systems, whiemgneered

discharge points constructed in the deck surface. Extremely toxic substances can be introduced to

the bridge deck when leaks or spills occur from vehicles transporting hazardous neatdtais

waste, and subsequently will benveyedo water bodies with bridge deck runoff discharge.



The more frequent winter maintenance of bridge decks as compared to higamehtise
pollutant buildup alonghebridge curb wall can lead tbeaccumulation of more contaminants as
compared to highwaysuch as total nitrogen (TN), total phosphorus (TP), and total suspended
solids (TSS), heavy metalsnd chemical oxygen demand (COBY>®! Traffic is amajor source
of bridge deck contamination and it alone drives the formation and introduction of many chemicals
in bridge stormwater runoff without prior filtratipguch as polycyclic aromatic hydrocarbons
(PAHS), volatile organic compounds (VOCs) and s®¥@iCs, oil and grease, asbestos, lead (Pb),

cadmium (Cd), and copper (C(eereferencesl, 2, and 1922). Moreover,galvanizationof

bridgemetalcomponents adds the heavy metals load of(Zin}; Cu, and iron(Fe)(Seereferences

1,5,8,11, 15, and 23

Continuous introduction of contaminants from bridge dax@n cause acute and chronic
toxicity in aquatic life and humans under prolonged and sometimes instant exposure to heavy
metals, while other salts contribute to aquatic lifedity and can impair water quality amender
it unsuitable for human consumptier? The continuous introduction of nitrogen and phosphorus
from bridgedeck runoff can add to the increased nutrient concentration in water bodies, which
subsequently increases the eutrophication effect in water B8desticulatematter (PM) is one
of the prominent contaminants in bridge deck runoff sinces RéWe the capacity to adsorb and
transport various other pollutants from the atmosplivis can carry contaminargach as carbon
monoxide (C@; nitrogen oxidesNOx); VOCs and semiVOCs, sulfur dioxide (SQ); methane
(CHa4); and toxinsincluding benzene, toluene, ethyl benzeared xylene (BTEX), butadiene and
formaldehyde, among othe&Such contaminantsan concentratenaPM6 surfaceandPMs can
introduce theseontaminantdo the aquatic environment when they settle with precipitation and

are swept with bridge deck runoff into water bodiesloreover PMs can catalyze the interaction



and transform such pollutants into other toxic compounds afmidmjucts that caheintroduced
to receiving waters vithebridge scupper and gutter drainage systéms

This research projecs a collaboration between the Georgia Southern University (GSU)
Research Team in the Water and Environmental Research Laboratory (WERL) at GSU and the
Georgia Department of TransportatigdYOT). The project aims to investigate the impact of the
introduction of bridge deck scupper drain runoff on sensiteeivingstreams irthe Southeast
and Northregionsof the State of Georgia. The project started in September 2018 and is targeted
to erd in December 2020, with 2 yeéamuration,throughoutwhich an intense preparation for
field, lab, and modeling works was undertaken to fulfill the study. The project included field
installations and sampling, lab analyssasd modeling simulationsyhich all aimed at obtaining
comprehensive understanding of the potential impacts of the introduction of contaninants
bridge deck scupper drain stormwater runoff on sensitive streams in Georgia.

In this research projeca tal of $x bridges wereselectedas studysitesin Georgia. Data
on the impact of bridge dedcupper draimunoff on water quality for th&tate of Georgia is
scarce, and it is important to advance further studies on the impact of bridgecdppler dria
runoff on fresh water and sensitive streams on rat@atesin the United Stateg-our studysites
were selected in Southeast Georgia &vwml siteswere selected in NortBeorgia Different water
quality parameters were studjedcluding heavy metals, RHs, nutrients, solids, COD, oil and
grease, pH, dissolved oxygen (D@pnd conductivity, aiming to have a full scope on potential
impacts of bridge deck scupper drain runoff in Southeast and North Georgia. Sampling was done
manually and automatically faaridge deck scupper drain runoff and instream,{upstream and
downstream of each bridge sampling point) for quantifying impacts. Based on field and lab

outcomesit was found that bridge deck stormwater runoff through scupper drains can have a



potentid and, in some instances, a significant impact on instream water quality. Moreover, the
StochasticEmpirical Loading and Dilution Model (SELDM) was employed as an efficient
projection and comparative tool to further investigate poskhblgtermimpacts 6 the six bridge
sites on their respective downstream water quality.

This research projecthows that bridge deck scupper drain runoff impairs downstream
water quality for all parameters of the studhycluding heavy metaldgad copper,and zinc);
PAHs nitrogenand phosphorusCOD; oil andgreasepH; DO; and conductivity. It was found
that the introduction of brgge deck scupper drain runoff elevated the concentration of these
parameters downstreaamall six streams of the study, both instantly anthwime intervals. The
lab analyses also showed that the concentrations of parameters varied with different sampling
datesbut randomly. SELDM showed thtiite North Georgiasiteshave the highest concentrations
of phosphorusindsedimentand thatheaacumulation effect is minor. However, lab data showed
thatthe North Georgiasiteshave the lowest concentration of all parameters from bridge scupper
drains.Such outcome indicatiethat SELDM could alsoconsider several watershed factors in

makingits longterm projections.



CHAPTER 2. LITERATURE REVIEW

SOURCES ANDIMPACTS OF STORMWATER POLLUTION
Types ofPollutants, and Their Sourcesand Impact Classification

Bridge deck and highway stormwater runoff can hold a large array of chemicals due to continuous
exposure to various sources of contaminatibime common constituents that can be found in
bridge deck runoff are heawyetals inorganic saltsaromatic hydroarbons suspended soligs

and compounds that are shed by vehjdash as oil, grease, rust, and rubber partiefés4 All

these components are commonly produced from motorized sources, roadway substances,
construction activities, and maintenance activities. There are several factors that can affect the
distribution and concentrations of the pollutants on a bridge, dackas antecedent dry periods,
seasonal cumulative rainfall, rainfall intensiyd landuse>2° Table1 lists common bridge and
highway stormwater runoff pollutants, their different sour@ew their hazardous effects on

human health and aquatic biota.

Table 1. Common bridge and highwaystormwater runoff pollutants, their sources and
their hazardous effects on human health and aquatic biota

Pollutant Source Effects Ref.
Burning of trash Cytotoxic
PAHs and fuel combustion and carcinogenic, and can cause 3,6 .12 14,
) . . 261 28]
operations reproductive complications

Construction

. Exposure to dissolved
and maintenance

[3.5,6, 12,

Solids e .| solids constituting toxic metals ca
activities, atmospheric have health effects 14, 29]
fallout, dust
BTEXs Petroleum spié Acutg toxmty, 6]
and leaks carcinogenic
. . . - - : : URS,[5, 6
Cadmium | Tire wear, insecticides Acute toxicity, carcinogenic

12, 14]




Table 1. Continued.

Pollutant Souce Effects Ref.
Metal plating, Acute toxicity
: . . : . . URS, [5, 6
Chromium moving engine parts, | at high concentrations or continuot 12 14
break lining wear exposure 12, 14]
Bearing
Lead a_nd t.i re wear, Acute toxicity URS.[5. 6
lubricating oil and 12, 14]
grease
Metal plating, bearing
and bushing wear,
moving engine parts, Acute toxicity URS.[5. 6
Copper break lining wearr, at high concentrations or continuot 12, 14]
fungicides and exposure
insecticidesand
maintenance operation
Tire wear, motor oil, Acute toxicity URS 5. 6
Zinc andbridge metal at high concentrations or continuot 12, 14]
galvanization exposure
Diesel fuel and gasoling
exhaust,

Nickel Iub.ricating o.iI, metal Cancer . URS,[5, 6
plating, bushing wear, and pulmonary diseases 12, 14]
break lining wearand

asphalt paving
Acute toxicity
. . . : . URS,[5, 6
Manganese| Moving engine parts | athigh concentrations or continuou 12 14
exposure 12, 14]
Galvanization of
Iron automobile ar_ld bridg_e _ _ Nausea _ URS [5, 6
parts and moving engin and intestinal problems at high dog 12, 14]
parts
. Disruption URS,[5, 6
Bromide Exhausts of nervous system 12, 14]
Hyperchlorenia at
Chloride Deicing salts high conce_ntratio_ns and possibleg URS,[5, 6
kidney failure with prolonged 12, 14]
exposure
Anti-cake compounds URS.[5. 6
Cyanide used b keep deicing Acute toxicity 12 14
salts granular 12, 14]
Nitrogen Atmosphere and Eutrophication URS,[5, 6
fertilizers of water bodies 12, 14]
Phosphorus Atrr;grstipliggg and Eutrophication of water bodies UT; 15 4]6

10




Modeling/Predicting the Impact of Stormwater Pollutants

Using mathematical models to predict the loads and impacts of stormwater pollutants can be a
useful approach. Models can afford importargights to engineers and decisimakers about
potential effects on water quality. In such cases, using theoretical modeling approaches to calculate
the predicted environmental concentration (PEC) and the predicted no effect concentration
(PNEC) of polluaints can be helpfii® =2

When it comes to water resources management or decis&imgrelated tostormwater
treatment, models can be very helpful in predicting the need for such measures when monitoring
data are lacking. The fact that monitoring results can be hibledetection limit due to factors
such as dilution can be frustrating and can legootar decisiormaking™’3%! Assisting models
work by linking characteristics such as pollutant concentrations and site specifications to predict
future impacts. Sitspecific variablessuch as traffic flows, rainfall totals, rainfall intensity,
rainfall duration, anteceht dry periods, drainage area, and land use, can be considered in
theoretical modelsvhich can result in more accurate predictions and biettermed decisions”
Several reportsexist on the effectivenessfanodeling approaches in evaluating stormwater
impacts on receiving watefs:2% Theoretical modeling may simplify and rely on assumptions
based on previous literature data of other model paramethish increases the level of
uncertainty*”) One major challenge for modeling is the prédit of the first flush of stormwater
runoff, which is a variable quantity for each rainfall event, even for the kmagon Thus the
use of a generalized equation that relies on climate, raiafalrunoff characteristics may not be
sufficient for pedicting the first flush loading” Moreover, previous evaluations have been made

for stormwater models and their cajig to predict water quality parameters and flow effects from



best management practices application and conclusions, which were made on the need for
continuous improvement efforts for such modéls

The uncertainty in prediction models can be a consequence of processlitsarSuch
variability is not adequately considered in uncertainty assessment of stormwater quality model
outcomes®”! Therefore, this practice can cause poor management and planning decisions for
stormwater mitigation strategies due to inaccurate interpretation of model outéémesording
to previous reports, there are two specific types of uncertainties that have substantial influence on
the interpretation of stormwater quality model outcan{&$uncertainty inherent to pollutant
buildup and(2) washoff processes and uncertainty in preeenodeling®” If process variability
characteristics are included with the model, the uncertainty in stormwater quality modeling due to
inherent process variability can be quantified and measured. Therefore, a careful understanding is
required of buildup and wasiff variability and the consideration of process uncertainty

associated with stormwater quality predictisiis

HIGHWAY STORMWATER RUNOFF AND BRIDGE DECK STORMWATER
RUNOFF

Water Quality of Highway and Bridge Deck Stormwater Runoff

It is well established that both highway runoff and bridge deck runoff can transport various
chemicals of urgent concern fi@shwatebodies that can impact human and aquatic ecosystems
with exposure. Thismplies that the constituents of runoff from highys and bridge decks are
essentially similar since the sources are the sira®wever, in a study on characterization of
stormwater runoff from bridge decks in eastern Massachusetts, it was shown that the
concentrations of suspended sediment in the bridge deck runoff samples were condidgrably

than those in the monitored highways. This was attributed to the collection of runoff downstream



from catch basins on highways that causes a portion of suspended sediment to be reduced in
highway runoff, specifically coarse sedimefitsvhile runoff from bridge scuppedid nat pass
through a similar mechanism for reduction of suspended sediments within the stormwater flow
train.’!

It was also shown that concentrations of all parsite fractions of suspended sediments
in untreated bridge deck runoff were collectively higher, and in particular for the two larger
sedimentsize fractions of 0.062®25mm a n 85m® @ompared to suspended sediment
concentrations in highways with catbhsin treatment. Not only were suspended sediments shown
to be substantially higher in concentration in bridge deck runoff compared to higbwiaglso
other constituentsincluding total nitrogen and total phosphgrugere highef®! Overall, the
variation in concentrations of runoff constituents between bridge deck runoff and highway runoff
can be clearly related to variable factors including intensity of emissions from vehdlesarsd
leaks and the lack of bridge deck runoff conveyance, collection and/or filtration mechanisms

compared to highway runoff.

Water Quality of Bridge Deck Stormwater Runoff from Scupper Drains

Scupper drains are vertical openings designédidge deck through which stormwater runoff can

flow off the bridge deck into beneath water bdtfy25 Therefore, the significance of scupper
drains is that these structures are direct points of discharge of the bridge deck runoff without any
prior pretreatment. Thuthe concentrations of major runoff constituents such as suspended solids
and nutrients are detected to be higher in bridge deck runoff from scupper drains compared to
highways®! Since it is expected that the concentration of suspended solids from the discharge of

scupper drains can be highjs also expected that the first flush concentration of other organic



and inorganic constituents that can adsorb to suspended matters can be introduced into water

bodies.

FACTORS AFFECTING WATER QUALITY OF BRIDGE DECK STORMWATER
RUNOFF AND ITSIMPACT ON RECEIVING WATERS

Factors Affecting Water Quality of Bridge Deck Stormwater Runoff
Rainfall Eventsand Rainfall Intensities

It is recognized that various types of contaminants are airborne and can be emittedrioois
sourcessuch as industrial emissions and traffic. These contaminants can settle with rainfall onto
water bodies and surfageseating toxic conditions to agtic and terrestrial organistis-“%
Moreover, settling airborne particulate matters can adsorb and catalyze the transformation of
different contaminanisuch as volatile organic compounds and inorganic oxides into other types
of contaminants of even more toxic natéifeWhen rainfall is of high intensity, it can mobilize

and carry even more pollutants and solids from the bridge deck surface, leading to an increased
pollutant concentration in runoff!

The rainfall intensity can affect water quality. For instance, loading of solids can increase
with increased water flow and rain intensityVariables such as maximum rain intensity can
significantly affect the concentration of different runoff contamin&htdoreover, contaminant
concentration in bridge deck runoff can dramatically decrease after the first flush, which is defined
as the initial 30 to 4@nin of the rainfall event, or the first 5 to 10 mm of &

Atmospheric depositions are a key factor for contaminatiorbridge deck runoff.
Elements such as copper, cadmium, phosphparsd nitrogenoriginate predominantly from
rainfall as a major source of their existence in runoff. The concentration of dissolved nitrate and

dissolved ammonia in rainfall was obsertedbe high, and rainfall is a significant source of such



pollutants in bridge deck rundff! It can be inferred thatinfall has a great influence on bridge
deck runoff quality, which can vary significantly depending on the rain season and antecedent dry

duration.

Location of Bridges

It is projected that the nature of discharged or emitted pollutants depetidscbarateristics of

the location andhe sources of pollutants. In urbanized regions, it is expected that pollution from
residential, commerciaand industrial locations will be highn rural regions, it is expected that
agricultural runoff would be high orahurban pollution would be low. The nature of contaminants

will vary depending on their sources. Bridge sites that are located close to areas of the landscape
that produce large amounts of pollutanis.( formwaterhotspots) are expected to convey larger
amounts of contaminants than bridge sites away from stormwater hotspots. Examples of
stormwater hotspots can include gas / fueling stations, vehicle maintenance areas, vehicle
washing/ steam cleaning, auto recyclirigcilities, outdoor material storage areas, loading and

transfer areas, landfills, construction sites, industrial,sites industrial rooftop$3

Size (Number of Lanes) ddridge

Thenumber of lanes of a bridge is often correlated with traffic count values, such as average daily
traffic (ADT). Therefore, runoff from bridges with more lanes is expected to be more contaminated

by traffic-related pollutants than bridges with fewer lafi€Because more aterials are required

to construct bigger bridges, they also present an increased risk of contamination from construction

related material$!



Bridge DeckMaterials

PAHSs are the most common toxic pollutants produced from asphalt sealants, which are commonly
used to coat driveway&-*! Asphalt is also known to be a composite of other chemicals of
petrogenic and pyrogenic character that are formed of hydrocarbons and their combustion
products?®! Asphalt can be degraded into fine particles of different sizéseimicron range, and

can be carried by stormwater runoff to the closest receiving water body(s).

Concrete is a synthesized mixture of cement, water, and aggregate material. There are types
of concrete that are made by heating a mixture of limestone andamtaining oxides of calcium,
aluminum, siliconand other heavy metals. It is possible that minerals can leach from concrete
materials when stormwater runoff is conveyed by concrete infrastructure. Rainwater quality,
pertinent to conductivity, total sisolved solids (TDS)yand COD, were observed to change after
passing through concrete pipes and down concrete gutters, whicmssstentwith a likely

dissolution of cement and leaching of minerals in concrete matétials

Age of Bridges

Porous friction courses in old bridge deck pavement material can entrap more accumulated
pollutants fronvarioussourcessuch as traffic and atmospheric deposition during antecedent dry
periods than new bridge décpavement materi&® However, it is also anticipated that fresh
newly paved bridge deck with asphalt or concrete can be a source of more leaching of the deck

mat erial s associat ed*“*hemicals than old brid

Traffic Volume

There is a coglation between traffic volume and contamination of highway and bridge deck

runoff. Traffic volume is also a predictor at sampling sites for COD, heavy matal$?AHS in



water®4”) Where traffic volume idigh, it is anticipated that contaminant loading relativehie
aforementioned parameters will increase. Traffic can be considered an influential factor affecting
water quality due to emission of organic contaminaetg. (PAHs) and heavy metals that can
deposit on roads arte washed off by runoff waté#®4! If PMs are found, it is anticipated that
residence of organic contaminants, heanetals and inorganic oxides will increase in ambient air
and on the ground due to adsorption of these contaminants on PMs. Road traffic is found to
contribute to the presence of PAHs and heavy metath as zinc, copper, leahd cadmiumin
stormwaer runoff>%>2

In 1990, the Federal Highway Administration (FHWA) set a threshold of 30,000 vehicles
per day (VPD)above which little noticeable impact can be observed from vehicles exhaust, leaks
and spills to surrounding water bodies and below which no noticeable impact can be observed,
while a threshold of 180,000 VPD is the number at and above which signifigaatti could be

observed to surrounding water bodigSeereferencegli 8, 10, 14, 21and53)

Based on observations froprevious reportstwo classifications of traffic volunge
average annual daily trafflAADT) and VP are important with respect to the impact of traffic
on surrounding and receiving water bodies. One classification is given to highways and bridges
with low congestion and the second is given to congested roads and bridges. Congested roads and
bridges wouldhave lower VPD count compared tess congested highways and bridges.
Congested roads and bridges should have lower VPD count with respect to water quality due to
thelonger waiting times of vehicles that results in high loads of pollutants per traffimgaatio.

The literature repostgreat variation iMADT numbers with respect to impacts on water
quality. Some observed impacts at AADT values above 750 VPD, while others observed no

impactsuntil above 30,000 VP[Seereferencesl, 8, 14, 21, 25and54i 57). Malina et al. (2005)




reported the average concentrations of constituents in bridge deck runoff from three locations in
Texas: Austin (Central), Lubbock (High Plains), and Houston (Coastal Zone). The ADT count was
58000VPD at the Loop 360ridgecrossing Barton Creek in Austin, 10,000 VPD at the Loop 289
bridge over the North Fork Double Mountain F@iazosRiver in Lubbock, and 15,000 VPD at
the bridge on FM 528 crossing Clear Creek near Friendswood, in the HoustoAltreughthe
Loop 289 bridge had the lowest ADT (10,000 VPD) among the site its runoff showed higher
concentrations of total copper (18.@pb), total and dissolved lead (1@.8nd 1.8 ppb), COD
(71.70 ppm), totalKjeldahlnitrogen (TKN) (3.4 ppm), total and dissolved phosphorus (lahd
0.90 ppm), and volatile suspended solids (2@m),while the other two sites showed observable
concentrations for the same parameters in additi@nowing higher concentrations for several
other parametsr®!

Liu et al. (2017) classified traffic volume into high traffic volu®,000 VPD) and low
traffic volume (DTV <5,000 ¥D). Based on this classificatidhey observed that production of
four-ring PAHs was higher at high traffic volume, and production of taw¢threering PAHs was
higher at low traffic volume in road dust with concentrations ranfyorg 0.6 to 1.1 mg/kg. This
shows that PAHs can be significantly present in road dust at VPD below and abové*5,000

Karlsson et al. 4010) studied water quality from stormwater ponds and found no
correlation between increased traffic volume and toxicity, as it was observed that toxicity at a pond
site with the lowest AADT (4,700 VPD) was higher than two other sites of AADT 71,000 and
130,000 VPD, based on the presence of toxic organic content. The lowest AADT site also showed
varying concentrations of heavy metaksnging from 2 ppb for cadmium, &0 ppb for lead

and up to aroun@0.00 ppb for zinc>®



Grant et al. (2003) andygren et al. (1984) detected heavy metafluding lead and
PAHs levels in road dust highways of ADT 8,000 VEDB*®! Taylor et al. (2014) listed median
concentrations of various water constituents witingicant concentrations in ppnmcluding
TSS, nutrientsand coliforms in highway runoff with AADT below 25,000 VPD. They also listed
several traffic characteristics other than vehicle counts that can greatly impact water, quality
including speed, vehitar mix (cars/ trucks), congestion factor, édtateregulations controlling
exhaust emissionbased on earlier reports tye FHWA [4:14:57]

Kayhanianet al. (2003) statediDue to large variations in urban AADT values (AADT
>30,000 VPD), a single classifiban for urban highways was found to be impractical to properly
assess any correlations that may exist between pollutant concentrations anddZADHis
statement agrees with the aforementioned repluatsshowedo clear correlation between water
guality and AADT values. The authors elaborat®lverageconcentrations of some pollutants
(COD, TSS, TDS, turbidity, Nkl and diazinon) were found to be higher in runoff from nonurban
highways than the runoff from urban highways, suggesting sources other than the transportation

related activitie®® Table2 shows different AADT values in VPD from the literature.



Table 2. Different AADT values in VPD from the literature and the impact
on water quality.

AADT Valuesin VPD and Impact on Water Quality
VPD Impact on Water Quality Ref.
<10,000 Impact [8]
<5,000 Impact [54]
4,700 Impact [55]
8,000 Impact [21]
8,000 Impact [56]
<25,000 Impact [4]
<30,000 No impact 14, 53]
>30,000 Impact 14, 53]
0180, High impact 14,53
03,0 Impact [52]
075( No impact [52]
05, 0 Impact [49]

FACTORS AFFECTING IMPACT ON RECEIVING WATERS
Water Habitat

It is crucial to assess water quality at bridge sites that drain runoff water into sensitive aquatic
habitas. Assesmg the quality of water at these sites essentiato determine the potential
hazardous runoff impact on aquatic biota. If runoff water at these sites is contaminated with heavy
metals, PAHsand other contaminants such as solids and nutrients, this cavédhazardous
effects on aquatic lifavhether through instant or bioaccumulative effects. It is widely known that
heavy metals and various forms of organic contaminants can have toxic effects on aquatic life.
Contaminants could be airborne and can seilitle precipitation onto water bodies and surfaces
creating nuisance and toxic conditions to aquatic and terrestrial creétidfesvioreover,

particulate matter can catalyze the transformation of different contamirsaicts as volatile



organic compounds and inorganic oxideso other types of contaminantsarieven more toxic

nature that can substantially impact the surrounding ecosyStem

Stream Size and Flow

Wide and/or rapidly flowing streams are known to hateher capacity of cleansing by diluting
pollutants and reducing their induced accumulative eff&@tsver flowing streams have less
cleansing capacity andhus are more prone tdhe accumulation effect from different
pollutants®® Thus, size and flow speed of streams are important site characteristies to
considered in predictintpe bridge runoff impact on receiving streams.

The United Nations Educational, Scientific and Cultural Organization (UNESCO), the
United Nations Environment Programme (UNEP) and the World Health Organization (WHO)
jointly provided an integrated stream classification that adds stream discharge, stregranalidth
stream order with the drainage area to classify stre@abde3).% It is suggestedhtat this

classificationbeused as an integrated classification for stream selection in this GDOT project.

Table 3. River size classification based on average discharfja cubic feet per second),
drainage area(in square miles), iver width (in feet), and order.[%

Classification Average Discharge Drainage Area River Width Stream
(cfs) (mi?) (ft) Order
MRei\%ur? 3.5x10P7 3.5x10" | 39x10°1 3.9x10° 6561 2625 619
Small Rivers | 3.5x10%i 3.5x10° 3.9x10?7 3.9x10° 131i 656 4i 7
Streams 35.37 3.5x10? 38.61 3.9x10? 26i 131 36




WATER QUALITY PARAMETERS OF BRIDGE DECK STORMWATER RUNOFF
Heavy Metals

Heavy metals were foundxtensivelyin the literatureto exist in bridge deck and highway
stormwater runoff. The sources of heavy metals in bridge exkf are reported to be primarily

transportatiofrelated and from galvanization of bridge beaf(®eereferenceghi 6, 10, 12, 15,

and29) In addition, heavy metals were observed to be released from roadway construction and
maintenance activities, roof surfaces, car/vehicle washing, retail/commercial/trading esaates,
gully chambers, building misconnections, surface water setlvatscarry rainwater directly to

local rivers, streamscombined sewer system, cragsnections and from atmospheric
depositions by rainfalf®! In previous studies, water samples collected from bridges with and
without scupper drains were tested.

The concentrains of heavy metals were higher from bridges with scupper drains than
those without, specifically in sediments. Thus, reduction in use of scupper drains in new bridges
was recommended. Instead, runoff could be directed to roadsides in order to encena@gtgn
for maximum removal of heavy metals by overland flow detention before runoff reaches water
bodies. It was also observed that runoff samples obtained from scupper drains were abundant in
particulate matter and only 12 percent of total metalstitoaats were in dissolved forf#?!
Therefore, since most @he heavy metals content exdgh sediments in bridge roff, it was
recommended that use of retention/detention ponds can be efficient in removimelasggage
of heavy metals from bridge rundffroughsettling!2®!

Many heavy metals are found to exist in stormwater ryrsoith as zinc, copper, lead,
cadmium, iron, nickel, chromium, aluminy@ind arsenic. However, among these heavy metals,

copper, zincand lead are mosbmmonly detected-¢1-2/Many of the heavy metals in stormwater



runoff from bidges such as lead and cadmiuare known to be of hazardous health concern.
Table4 shows the concentrations of the different heavy metals detected in bridge strmwat

runoff from previous studies.

Polycyclic Aromatic Hydrocarbons

PAHSs are semivolatile organic contaminants that are released from combustion processes. PAHs
commonly exist in the atmosphetaus the major source of these contaminants is atmospheric
depositions with precipitatio1214/PAHs carbeadsorbed on particulate matters #mascan be
transported for long distances with stormwater runoff. Transportation (vehicle) emissions are a
major source of PAHsamong other pollutants such as VOCs and heavy metals. Although
concentrations of PAHs wercommonly found to be low, theaccumulative and toxic effects on

nature are of concef#

Concentrations of PAHs were also found to be above the threshold level specified in
guidelines®? PAHs were analyzed in stormwater runoff from urban areas in Shenzhen, China
and it was observed that heavy molecular weight PAHs are of high concentrations and can pose
harmful effects tahe aquatic environment. Wassff samples were collectddom a commercial
area in Gold Coast, Australiand the PAHs were analyzedoncentrations of benzo[a]pyrene
were found to rangéom 0.13 to 0.77 ppm for different waslff events which exceeded to a
significant extent the drinking water guideline walaf 10000 ng/L provided bythe National
Health and Medical Research Council (NHMR®EAustralia,andthe Arkansas Water Resource

Center (AWRC)>Z



Table 4. Reported concentrations of heavy metals in bridge stormwater runoff

Elements

Reference - - - : — Unit
Zinc Copper | Lead | Cadmium | Nickel Iron Chromium | Arsenic
6.000 6.000 1,04Q00i .
1101 ' 30.00 ' ' 800 | 550000 |8001000) - TuglL
128.000 16.00¢ 5.000
8] 167.00 | 19.00 | 1400 ] ] ] ] L
[49] 2,23100 50.00 10.00 82.00 - 83.00 - ug/L
[4] 190.00 42.00 44.00 - - - - - ug/L
[11] 120.00 | 16.00 5.00 - - - - - Hg/L
[6] 55500 | 19500 | 10300 - - - - - Hg/L
[7] 12000 - 60.00 - - 9,74Q00 - - ug/L
360001 | 13000 | 51.00Gi : 15.000 .
41| 76000 | 27000 | 16000 | 109300 | 3649 ) 800040001 - HolL
[5] 66.00 10.00 5.00 0.10 2.00 1,42Q00 4.00 1.00 | pg/L

- - No values found




Both toxicity and adsorption affinity of PAHs were found to agyween different groups
of PAHs (by molecular weight). Highly carcinogenic PAHs with high molecular weight were
observed to be concentrated in particle size fractions of math7 However, significant
concentrations of PAHs were also detected in partidessranging from <2o <500pum.E”
Therefore, this information sheds light on the affinity?éfHs to adsorb to particles and establishes
the context of PAH removal with particles as a stormwater mitigation medsablke5 shows

average event mean concentrasiof PAH values from the literature.

Table 5. Reported PAH event mean concentrations of bridgstormwater
runoff values from the literature.

Reference xPAHSs Unit
[3] <1.00071 >2.000 po/L
[12] 0.015i 0.500 ug/L
[14] <0.0917 0.8 po/L

Oil and Grease

Oil and grease can exist in stormwater runoff from motor lubricants, spills and leaks, antifreeze
and hydraulic fluids and they are commonly measured as collective hexane extractable
components. Approximately 2,000 spills per year were recorded to talegriaoadways in the
U.S!”! Although oil and grease in general a classified as emerging priority pollutants, unlike
heavy metals and PAHSs, their existence can also be of concern to aquatic health due to the creation
of nuisance conditions.

Oil and grease in significant quantities can reduce the penetration ofnoxygewater
bodies which may lead to proliferation of anaerobic conditions. Moreover, lubricating oil and

grease can contain toxic lead and can contribute to increased heavy metals concentrations in



sediment from bridge deck and highway run®ff-2 Concentrations of oil and grease can
sometimes be significant. Kietal. reported up to 280 mg/L at bridge site$°!

Vegetated swales at sides of highways can remove oil and grease in highway runoff.
However, the absence of vegetated swales at bridgesttetie high probability ofhe presece
of oil and grease from vehicle leaks and spills. If stormwater runoff from bridges can be directed
to dry detention basins, bioretention systems, sand filters and catch bas#) thisedction can
lead to significant reduction of oil and grease umaff water before its discharge to water
bodies®#12] Previous studies observétat most oil and grease concentrations exist where there
are irregularities on the road surfad able6 shows oil and grease concentration values from the

literature(Seereferences, 29, 63and64).

Table 6. Reported oil and grease concentrations of bridgstormwater
runoff values from the literature.

Reference Oil & grease Unit
[3] <0.9071 >1.00 mg/L
[65] 29.400 mg/L
[8] 4.407 4.80 mg/L
[64] 6.70 mg/L

Solids

Sources of solids in stormwater runoff are humeraududing atmospheric fallout, dust fall,
anthropogenic wastes, rehabilitation work, construction and maintenance activities, and pavement
weart”2% Solids loading increases and decreases with hydrologic and climatic factors. It is
anticipated that solids loading increases with elevated stream discharge, rainfall ingatsity

antecedent dry periods and decreases with foregoing storm intensityaBd#il intensity and



runoff volume can have a substantial effect on runoff constituent loadings. Storms of high intensity
can transport 6Qercentof the TSS load in the firgt min, whereas storms of low intensity can
transport about 1percenwof the TSS load. A similar pattern can be observed for loadings of other
constituents with rainfall intensity?!

Of runoff polutants measured as CQDOpercentwere found to be associated with
suspended or settleable solid content in runoff, and thus can potentially be eliminated through
sedimentation and settlifgj! Since more than half of suspended solids were found to be inorganic,

a large portion of sediment and its accompanying pollutants in bridge rarmpffieavy metals,

can be remoad via sedimentation in holding pondsd an average of §ercentTSS removal

was observed to be achieved in holding pofiéi®eriodic maintenance and cleaning of holding
ponds and the disposal of sediment is highly recommended to retain the treatment process efficacy.

Solids are of significant environmental concern and can be linked to two types of hazardous
effects. First, a highoncentration o§uspended solids can affect the diversity of aquatic organisms
of critical importance to stream ecosystethSediments are responsible for burying fish eggs and
can disrupt the food chalff! The survival of benthic organisms was observed to consistently
decrease due to the contact of the organisms with sediments that are washed to surface waters from
highway stormwater runoff. éeond, other pollutants can be conveyed and transported by
sediments to other areasaking sediment a delivery mechanism for other pollutantsthog a
cause for concern. Changes in TSS concentration are linked to storm characteristics. Rainfall
intensty can mobilize and flush TSS from bridge decks, and can also cause surges of higher
concentrations of other contaminants throughout a stérfiable7 shows solids concentration

values from the literaturgSeereferencesl, 6, 10, 11, 29, 6&nd64).




Table 7. Reported solids concentrations of bridgetormwater
runoff values from the literature.

Reference TSS TS Unit
[10] 20.00r 14000 30000 900.00 mg/L
[4] 12000i 17800 - mg/L
[8] 53.000 11200 - mg/L
[11] 22.00 - mg/L
6] <10000i >400.00 115%%00% mgiL
[65] 15500 - mg/L
[64] 65.00 - mg/L

- : No values found

Nutrients

Many nutrients that are utilized by bacteria, plamstsd algae as an energy source are formed of
mostly nitrogen and phosphorus. When nutrients increase in water bodies, they lead to proliferation
of surface water plants that can consume large amounts otvdgsaxygen, leading to its
depletion in subsurface water antus the suffocation and death of various kinds of aquatic
organisms, a phenomenon known e#rophication The primary sources behind nutrients
presence in bridge deck stormwater runoff amoagpheric deposition and traffibowever, the
contribution of nitrogen and phosphorus from trafétated sources in runoff appears to be less
significant than that from natural sour¢es® Nutrients are specified as total nitrogeng(,
ammonia, organic nitrogen, nitrates and nitrites) and phosphatish is predominantly
orthophosphates.

The major source of nutrients in bridge deck runoff is atmosphermsdems, while for
roadways and highways, soil and agricultural runoff are other major sources. Thus, it is anticipated

that nutrient loadings in bridge deck runoff would be generally lower. Concentrations of nutrients



in highway runoff in urbanized regis are recorded to be generally lower than those in runoff in
undeveloped land$’ However, TN and TP from a highway bridge deck (samples obtained at the
edgeof-pavement) were found to be substantially larger than those from nearby highways (one
rural and one urbaiy® This was caused by the frequent winter maintenance of bridge decks and
by pollutant bildup along the curb wall. Nutrienteamong other contaminants such as heavy
metals were frequently detected in bridge deck runoff, even more than organic compounds and
oil and grease”

A correlation could be proven between concentrations of nitrogen compounds in rainfall
to nutrients in runoff by detecting nutrients in both rainfall and runoff. The concentration of nitrate
in precipitation was said to account fori300 percent of nitrateconcentration in bridge deck
runoff. Moreover, up t@2 percentof the total phosphorus load observed in highway runoff was
attributed directly to phosphorus content in rainfallAtmospheric chemical processes are known
to result in the formation of acid raimcluding nitrogeroxide and sulfubxide compounds in the
highway environment. Chemicals that are generated by combustion of fossibjugistor
vehicles are oxidized intstrong acids by ozone and hydrogen peroxide in the presence of water
vapor andare finally deposited as sulfuric acid and nitric acid onto the roadway surface. These
strong acids have the potential to impair runoff quality and negatively impact aguésarb

receiving water§? Table8 shows nutrient concentration values from the literature.



Table 8. Reported nutrient concentrations of bridgestormwater
runoff from the literature .

Ref. | TN* | TkN | Nitrate | Nitite |yl on | TP | OP | Unit
Nitrogen | Nitrogen
. 0.20i 0.02 0.10i
Lo | 0200231 4 05 | - | ~ | oea | - | MIL
4] | 359 232 1.06 i i _ | 044 | 025 | mgL
[15] | 1.18] o0.89 0.26 - |o014|078| 036 | 003 | mgL
11 | 0.97| o0.96 ] ] -] - 006 | 005 | mgiL
. 0.301 0.10i | 0.00
[8] - 1.00r3.40 1.0 - - - 110 0.9 mg/L

*Note: TN = Total Nitrogen, TKN = Tota&jeldahl Nitrogen, AN = Ammonia Nitrogen, ON = Organic Nitroge
TP = Total Phosphorus and OP = Orthophosphorus.
- : No values found

pH, Conductivity, and Dissolved Oxygen

Other parameters give a direct indication of water qualitgh as pHgonductivity and dissolved
oxygen. pH is a measure of the acidic and alkaline magnitude of water through detection of proton
mobility; the regular pH of fresh water is neutral to slight alkakmel the optimum pH for aerobic
bacteria is ®0to 900. Theconductivity measurement is an indication of salts, minerals and other
dissolved solids in water. The optimum DO concentration for fresh wate@Gsvy/L. If DO

values of fresh watearelow, this can reflect an elevated chemical oxygen demand anésecte

organic contamination, and can be of great concettmetaquatic environment®!

Other HazardousConstituentsand Pathogens

Other constituents that are reported to exist in stormwater runaitfim¢lalogenated compounds
such as polychlorinated biphenyls (PCBs), perfluoroalkyl substances parftlorinated

compounds, and microorganisméSee references5, 12, 14, 17, 61, 62, and i6&®).

Polybrominated diphenyl ethers (PBDES) are synthetic ché&snitsed as flame retardants in

electronics, building materials, seat cushions, and clothing. PCBs are very stable chlorinated and



nonflammablechemicals that were used as insulators and cooling compounds in electric
equipment such as transformers, and hiagen used in other products like paint, inks, and
pesticides. Although the use and application of such halogenated comparedsdely banned
long ago, their fingerprints still exist dramatically in nature and Wwaté?CBs and PBDEs have
similar chemical structures and very similar toxicity, which can cause problems in marine and
freshwater fish ranging from neurotoxicity to hormone disruptidBoth PCBs and PBDESs are
persistent, hydrophobic compounds that do not degrade or dissolve readily in water and tend to
bioaccumulate in fatty tissues and have been detected jmisoivater, sedimentand bodies of
fish, wildlife, and peopl&?

Perfluorinatedcompounds (PFCs) were used as surface modifiers and sadaoeagents
for car wax, paint, paperagoet and cloth; as emulsifying aids for the polymerization of fluorine
resin; and as aquectibn -forming foams fofire-fighting devices for more than 50 years and were
banned by the Montreal protocol due to their adverse effect on stratospherictbaaeger, the
pervasive contamination by PFCssifll being detected. PFCs accumulate in wildlife even in the
Arctic.®® Among them, perfluorooctane sulfonate (PFOS) is known to be highly persistent,
bioaccumulativeand toxic.

The concentrations of lorgchain FFCs such aperfluorodecanoic aci(PFDA) increased
markedly in the first flush of stormwater runoff frahne HayabuchiRiver basinin Japan, which
is served bya separated sewerage systéPerfluoroalkyl acids (PFAAS) intermwater runoff
from residential areas wefeund tobe mainly derived from rainfall and ranged from@%o
15.000 ng/L. Moreover, nonatmospheric sources at both industrial and commercial areas
contributed to PFAAs in stormwater runéff In addition, PFAAs on the particles/debris in

stormwater runoff were monitored and it was found that-legkl PFOS existed on the particulate



matter in runoff collected from both industrial and commercial areadettels were so high that
it could not be explained by the solichter partitioning and it ranged from 8 up to
590000ng/L (0590 pg/L). PFOS on the particulate matter is suspected to have originated from
industrial/commercial products, entering thiaste stream &FOScontaining particle$”
Microorganisms were detected in stormwater runoff and their concentrations from high
density residential areas were higher than those associated withetsity residential and
commercial areas. The major sources of microorganisms in stormwater runoff were most likely
the domestic animals and wildlife wasté Concentrations of microorganisms wetgserved to
be significantly affected by seasonsolmestudy, the lowest concentrations were observed during
winter except for staphylococcus aureus, while fecal colifoatha much higher summer count
than winter®® However, none of the studies of other contaminants and microorganisms referred

specifically to bridge deck stormwater runoff.

TREATMENT OF BRIDGE DECK STORMWATER RUNOFF

Several approachémve leenimplemented for treatment of bridge deck runoff. These commonly
include bioretention systems or rain gardens, infiltration systems, filtration techniques, biological
treatment and finally disinfectiodll these processes can be implemented for bdegk runoff

as well as highway runoff treatment. However, the greatest challenge for bridge deck runoff

remains tdoe therunoff conveyance.

Bioretention

Bioretention media are constructed systems of vegetated shallow gaps that are employed to
temporarilystore stormwater before introducing stormwater to infiltration, evapotranspjration

discharge via an underdrain or surface outlet structure. Bioretention systems can be designed to



remove different pollutants by filtering stormwater through an engidesoi# mix. Removal of
contaminants occurs primarily through filtration, shallow sedimentation, sorptidrinfiltration

in bioretention systems. Several media suchrass buffer strips, organic or mulch layers, sand
beds, ponding areas, planting saihd plants are used for bioretentibn'2 The velocity of
stormwater runoff eventually decreases when passing through the bioretention system buffer strip,
ard consequently the stormwater distributes evenly along a ponding area. Over a period of days,
the stored water in the bioretention area planting soil exfiltrates into underlying soils.
Physicochemical and biodegradation mechanisms are p#ikways of pollutant removal in
bioretention systems that take place in planting media through adsorption and microbial action on
dissolved pollutants. Bioretention systems can remove several contaminants such as suspended

solids, heavy metals, oil andegise, nutrients, and bacteria and can reduce volume and peak

flow.[2:12]

Infiltration

Site conditionssuch as soil permeability and the potential of cloggiogtrd the performance of
infiltration systems™ The reasons for clogging of infiltration systems could be the incorrect
particle size distribution, excess deposition of sediment, or organic matters that can form a
clogging layer on the soil surface, and the rearrangement andgseftline infiltration medium

due to the weight of water (hydraulic compactiéf) The performanceof infiltration-based
techniques shows very promising ranges, which is not surprising given their observed interaction
with different site conditions. The reductions in annual rurexfyed between 40 and pércent

for swales and filter strips with incorporated infiltration compongdit90 percentfor infiltration

trenches and basins, 18D percent for unlined bioretention systems (rain gardenahd



45 75 percentfor porouspavements. Infiltratiobased systems can be beneficial in restoring
groundwater levels and base flo\s

Concerns were raised about the possibility of groundwater contamination by infiltration
systems. However, the potential of groundwater contamination by infiltration outgenesally
low for most contaminants, except for the uncertainty associated with contamination by pathogens,
salts and thermal fluctuatiori$® Establishing the proper guidelines is necessary to safeguard the
consistency of the developed infiltratidased devices with sustainallepths to the groundwater
table. Moreover, prediction models capable of projecting potential impacts of infiltration systems

on receiving watersind particularly on base flow process@® necessary!

Filtration

Filtration is the trapping of runoff when it passes throughahgineered media or existing soils
where solids and particulat®und pollutants are physically removed by the media. Dissolved
pollutants can be eliminated by trapping in the filtenngdia ifthe media possesses adsorptive
properties. Treated runofén recharge groundwater supplies and can reduce surface flow volumes
delivered to receiving strearfsThe media filter design for stormwater is a compositiontafoa
compartmenstructure that includes a pretreatment settling basin and a filter bed filled with sand
or other aborptive media. When stormwater flows into the first compartment, large particles settle
while fine particles and other soluble pollutants are removed as stormwater flows through the
filtering media in the second compartmeént

Various designs of sand filters include the surface sand filter, underdreand filter,
perimeter sand filter, organic media filter, and maltambered treatment train (MCTT), which

all operate using the same basic principles. Other modifications can be made to traditional sand



filters, such as underground and perimeterfdt® improve the pollutant removal capacity (e.g.,
organic media filter}2!

The open shallow channel design of grassed swales with vegetation covering the side
slopes and bottom allows for the collection and transportation of runoff to downstream discharge
points. Grassed swales, which camlagural or constructed, are designed to treat runoff through
channel vegetation filtration, subsoil matrix filtration, and/or infiltration into the underlying soils.
Particulate pollutants.é.,suspended solids and trace metals) can be trapped in\gedss.<Grass
swales can also promatdiltration andreduce the flow velocity of stormwater runoff. Vegetated
swales can serve as part of a stormwater drainage system and can replace curbandugters
sewer system$? A grassdrainage channgdrovides vegetative lining fdiiltration of runoff.
Drainageditches, roadside ditches, outlets for diversiamslchannels at property boundaries are

all typical uses.

Biological Treatment

Biological processes can take place in stormwater ponds, wetirdigluring bioretention, and

they are a part ofhe stormwater control measures (SCMs} Biosorptionactivated media
(BAM) can be used in biological treatmentaran remove pollutants such as nutrients and heavy
metals while takingip less area relative to other treatment options. BAM materials have the dual
characteristic of sorption properties as well as suitable active sites for biological .gfowth
However, BAM have limited abilityo handle large flows, and it was noted that bridge irdets

not intercept large flow rates. Researchers are looking into being able to raise the flow rate for
bridge applications, as in retention areas like swales andirpjppe wet detention pond

hawesting applications!



Complex chemical and biological unit operations may be required to treat bridge runoff
pollutants that are dissolved or readily changeable within the aqueous environment as a function
of redox, pH, and available partitioning sites (i.e., solids load ediancharacteristics) The
processes of breaking down substances can be spontaneous, ¢leeriotdgical! Even very
complicated and toxic molecules can be degraded biologically. In the initial degradation stages
the chemical degradation process is dominating. The biological process reuglisedstance to
be diluted to nontoxic levels that can be consumable by the degrading organisms, which can take
a long time if the substances are solid and poorly soluble. Knowledge of the specific substances
biological degradability istherefore important to be able to determine the extent of remediation
measures. The degradation processes mainly apply to organic substances, while substances which
contain toxic elementsuch as phosphorus, heavy metalsd arseniccan still be toxic when
degraded anthay even change from being toxic to plants to being toxic to anfthals

The degradation process is mainly governed by two fademsperature and pH The
temperature is the most important factorisTie especially true for extreme temperature chgnges
such as a fire event, where the chemical degradation process is accelerated. Normal temperature
changes have an effeets well and the degradation is faster during the summer compared to the
winter. In a lake, or stream, the difference between the water temperature on the surféoee and
bottom also affects the degradation rate. At l@mmperaturesthe processes may come to a
complete stop, especially the biological processes that are suscefdbthblde¢mperatures. In very
acidic or basic environmentsany stable substances break down, while the pH also affects the
processes in a lorAgrm perspective due to the naturally occurring variations. The degradability

of a certain substance in water iasdified into three categorieseadily biodegradable,



biodegradableand persistett! This classification is mainly designed for treatment plants and for

discharges into the nature, where the degradation conditions are less favorable.

Disinfection

Disinfection is applied as ¢final treatment stefpllowing biological treatment, and is necessary

to safeguard biologically treated water from microorganisms bethseharging treated
stormwater to water bodi€g”3l Microorganisms, including both indicator and pathogenic
species, can be removed from runoff water using filtranod chemical removal systems.
However, the size of many bacteria and viruses is so small that physical straining cannot be the
only removal mechanism. Cyst specibswever are larger and can be removed by physical
means. Many bacteria and viruses amaeed during sedimentation and filtration due to their
surface charges and/or biofilms and exopolymersh as carbohydrates, polysaccharides,
proteins, and nucleic acids, which enable their adsorpticsolids that aresettleable and/or
filterable, or to the filter media itself*

Filtration and sedimentation do not permanently destroy the microorganisms, although
they could be destroyed in the media after entrapment through natural predation or desiccation.
Desiccation is unlikely in most stormwater filters since these media rarely dry out between
storms’4 The engineering solution to reducing/removing the activity of pathogenic species is
disinfection using oneof three common methods: chlorine, ozone, or ultraviolet (UV)
disinfection’?! Each of these disinfection techniques has been successfully applied to stormwater

runoff and combined sewer overfloWs



STOCHASTIC EMPIRICAL LOADING AND DILUTION MODEL

In theabsence of field data amlde absence of knowledge of concentrations of pollutants that can
create harmful impactspodeling tools can be beneficial order to assist in the consideration of
potential future impactsWith an accurate modeling tool available, resource agencies and
govenment branchesanprecisely anticipate the potential impacts associated with bridge deck
runoff from scuppers on receiving water bodies and sensitive species. The developthent of
Stochastic Empirical Loading and Dilution Modelas a collaboration betwa the U.S.
Geological Survey (USGSndthe FHWA to redesign the FHW# 1990 highwayunoff quality
planning modellts purpose is to track and reveal the changes in runoff quality and to shed light
on the importance of preserving upstream receiwaterquality. The model also has the capacity

to project and evaluate potential impacts from runoff on receiving waters. Thus, both entities
worked on developing SELDM as a database application so that researchers and other users can
efficiently perform runofsimulations”!

SELDM is a simulation software that assesses different paran®iersas storm flows,
concentrationsand loadsand can provide risk analysis of surpassing watelity criteria inthe
presence and absence of wdefined best management practices (BMPs). Using several input
parameters, SELDM quantifies annual rudo#ids in addition to annual lakkad analyses. The
model incorporates national data sets for water quality, precipitation, stream flow, runoff
coefficients and background water quality. Therefore, users can define the set of data that
represents theselected site(s). The software approaches the impacts of different,fagtiras
precipitation characteristics, stream flow, estimated runoff quantity and quality, and @&itPe

probability distribution of receivingvater concentrations using the Me Carlo methods™



SELDM can calculate critical parametessich as runoff dilution in receiving waters
whichincluderivers andstreams, downstream event mean concentratmigsannual average lake
concentrations. Results can then be ranked and plotting positions can be calculated to indicate the
level of risk of the adverse effects caused by runoff concentrations, flows, astloaetceiving
waters by storm event and by year. SELDM uses site characteristics and representative statistical
input values for each hydrologic variable to calibrétes, it is different from other deterministic
hydrologic models in that it does nofrere changing of the input variables to match historical
record. Thus, SELDM is an empirical model based on input data and statistics rather than
traditional theoretical equations. SELDM can also be employed to model runoff from different
land covers andand use features by means of the site definition parametsrdong as
characteristic water quality and impervieuaction data are availablé’

The software identifies each storm using sequence numbers and-laawdlufalr a specific
year, and it can integrate several events inte annuaload set if the time between event
midpoints of a series of simulated events exceeds a year. SELDM generates each storm randomly;
there is no serial correlation, and the order of storms does not reflect seasonal patterns. Fhe annual
load accountig years are random collections of events that are generated with sumseyénter
times less than or equal to a year, and which can be used to generate annual site flows and loads
for the total maximundaily load (TMDL) analyses. The population of anhumoff and BMP
discharge loads from the selected site indicates the potential contribution from the site, the
potential for reducing loads to meet any proposed load allocations, and the uncertainty of such
estimates’”

SELDM was used in a study to project lelagm hazards of TP in highway runoff and to

estimate the potential control measures of stormwater and the BMPs to alleviate any risks. In this



study; statistics were obtained from the USGS study data in Northi@ardlhe simulation study

was condated for a30-year projection, aiming to evaluate the potential ldegn impacts of
highway runoff. The authors used datasets from 15 selsitéscandelected 4 sites for simulating
long-term populations of highway idige runoff as well. They concluded that the simulated TP
population from all 15 sites was a strong indication and a convenient alternative that can be used

to estimate the potential hazards of exceeded concentrations in selectéd’Sites



CHAPTER 3. MATERIALS AND METHODS

All water samples were collected from scupper drains of bridge sitethamiyers/streams these

bridges crosdDifferentwater quality parameters were analyzed that inclukdedollowing:

i Heavy metals (PlZn, and Cy Standard Metho@PA-NERL: 200.9.

1  Polycyclic aromatic hydrocarbon&tandard Metho@®EPA-NERL: 525.2.

1  Chemical oxygen demarn(&tandard MethotHach8000[USEPA5220 0).

1  Nitrogen

1  Total nitrogen

1  TotalKjeldahlnitrogen

1 Ammonia nitrogerfNHs-N; StandardViethodHach1003)).

1  Nitrateplus nitrite(NOJ -N + NGO/ -N ; StandardMlethodHach102421[USEPA
40 CFR part 13B.

f  Nitrate (NO{ -N; StandardViethodHach8192).

f  PhosphorugPQ?-P, StandardViethodHach8190[USEPA450GP H).

1  Solids (StandardViethodEPA 1684).

1  Oil and greaséStandardMethodEPA 1664A.

1 pH(StandardviethodEPA 150.2.

i Dissolvedoxygen(StandardMethodEPA-NERL: 360.).

1  Conductivity (StandardMethodEPAD112514 A).


https://www.epa.gov/cwa-methods/approved-cwa-test-methods-organic-compounds

SAMPLING

Sampling waperformedusing botraHachSigma SD900 Portable Sampler aiteledyne ISCO
6712PortableSamplerto analyze water collectadirectly from bridge scupper drains instantly or
overnight.Over 80 samples were collected from aik studysites covering a period of one (1)
seasonal yeafSpring 2019 taSpring 2020) Table9 show the number of sampléstotal sample
volume of500 mL to 1 liter was taken for analys#ét different sampling dates and time intervals
of the same dayinstream sampling was done appnoately undethe bridge edge at midstream

for both upstream and downstream sampling.

Table 9. Number of samples for each parameter and total number of samples

Parameter Number of Samples
Heavy Metals 64
PAHs 58
COD 81
Nitrogen 76
Phosphorus 77
Solids 73
Oil and Grease 69
pH, DO, and Conductivity 56
Total 81

Sampling wascompletedat six selected bridge sites, of which four were located
SoutheasGeorgia (1) Site SR 240n the Ogeechediver near Oliver (2) Site Rocky Ford(RF)
on the Ogeechedriver on Rocky FordRoad (3) Site US 800on the Ogeechediver near Eden
and(4) Site SR 297on the OhoopeeRiver near Swainsbordrhe remaining twatudysites were
locatedin North Georgia (1) Site US 2550n the Chattahoochee River near Leahd(2) Site SR

197 on the SoqueRiver near Clarkesville. The study sites were selected basdbempecific



criteria to be crossing major streams, to haudSGS gagestation for stream discharge and
predpitation information, to have access for-site sampling equipment installation, and to have
circular scupper drainghe major land use for treix studysitesdwatershed isnainly agriculture.
Figurel showsthelocations ofall six bridge sitesrelative to GSWsing GoogléMaps Table10

shows the names, descriptspand coordinates of thax sites ofthe study.
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Figure 1. Map. All six bridge study sites and their locationsusing GoogleM aps(North
Georgiasitesmarked in blue and Southeasteorgia sites marked in black; insetshows the
overall locations within the State of Georgia
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Table 10. Six bridge study sites with their names, descriptios, and location coordinates.

Bridge # Bnﬂge Site Description Coordinates
ame
1 SR 24 So_utheast . North (N)32.49481,
SR 24 crossing Ogeechee River | West (W)1 81.55564
> RE Southeast . N_32.649
Rocky Ford crossing Ogeechee Rive WT181.841
3 US 80 So_utheast _ N_32.19169
US 80 crossin@geechee River W181.41518
4 SR 297 Soqtheast _ N ?2.44058056
SR 297 crossing Ohoopee River W182.3819611
5 US 255 _ North _ N_34.627583
US 255 crossing Chattahoochee Rive W1 83.642025
North N 34.618839
6 SR 197 SR 197, crossing Soque River W1 83.528968

Figure2, Figure3, Figure4, Figure5, Figure6, andFigure7 show GoogleMapspictures

of thesix bridge sites with their verticaindhorizontal views anthe scupper drain images.

Figure 2. Photos.Bridge Site SR 24from GoogleM apsshowing vertical and horizontal

views and bridge deck scupper drains

Figure 3. Photos.Bridge Site RF from Google Maps showing vertical and horizontal views

and bridge deck scupper drains
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Figure 4. Photos.Bridge Site US 80 from GoogleM aps showing vertical and horizontal
views and bridge deck scupper drains

Figure 5. Photos.Bridge Site SR 297 from GoogleM aps showing vertical and horizontal
views and bridge deck scupper drains

Figure 6. Photos.Bridge Site US 255 from GoogleM aps showing vertical and horizontal
views and bridge deckscupper drains

Figure 7. Photos.Bridge Site SR 197 from GoogleM aps showing vertical and horizontal
views and bridge deck scupper drains

Portable autosamplers were used to obtain scupper drain runoff waterveitivestant

sampling (.e., grab sample) or at time interval sampling.( programmed sampling)igure8
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showsthe twoautosamplers used to obtain scupper drain runoff santpitdachSigma SD900

PortableSamplerandthe Teledyne ISCO 671PortableSampler

Figure 8. Photos.Hach Sigma SD900 Portablesampler (left)
and Teledyne ISCO 671Portable Sampler (right).

Autosampling provide efficient sampling of accurate volumes and at accurate time
intervals for subsequent sampling. The autosamplers were connected to scupper dogihsthro
onsite sampling apparatwsgith a polyvinyl chloride PVC) piping setup which was fabricated
and instakkd on each of six bridge siteA clear PVCtubing was extended from each autosampler
into anoutlet at the end of the horizontplpe of theon-site samplingapparatusFigure9 shows

theon-site samplingapparatugor scupper drain sampling
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Figure 9. Photos.On-site samplingapparatus setup for scupper drain sampling

Instream sampling wasperformed using manual pole sampling under the edge of each
bridge, and an upstream sample and a downstream sample were taken at each bridge site.

Figure10showsthepole sampling tool used for instream sampling. The pole sampler arm
can be extended up to 25 ft in order to obtain instream samplesm@bper instream sampling
distance from the boundabglow the bridge edgand at the end of the pole arm b RVC bottle
was fixed on a rotating stainless steel cap. Instream sampling during or after sirappsample
collection duringa rainfall eventwas performedo investigate the impact stuppe drainrunoff

onthedownstream water quality relativettee upstream water quality.
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Figure 10. Photo. Pole sampling tool used for instream sampling.

PARAMETERS
Heavy Metals

Three metals of significant concériPb, Zn, andCud were analyzed in scuppdrainsamples,
andupstream and downstreanstreamsamplesHeavy netals were analyzed by direct injection
to a graphite furnacethe Shimadzu AA7000Atomic AbsorptionSpectrgphotometelfigure 11)

in the Water and Environmental Research Lab at G&dachwatersample, total and dissolved
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metals were analyzed. Samples for dissolved metals analysis were prepéhedity off the
obtainedwater samples using 0.45 prRall membrane filters on a vacuum filtration system.
Concentration values were directly obtained from the machine outpattaper billion (ppb). A
threepoint calibration curve was developed usit@Q00 mg/L of Hach standard solution for

each element to quantify each elemerthgsamples.

Figure 11. Photo. Shimadzu AA-7000 graphite furnaceatomic
absorption spectroscopy

PAHs

Eighteen PAHs were investigategtenaphthenegcenaphthyleneanthracengbenjalanthracene,
benzgb]fluoranthene, benzdk]fluoranthene, benzdghi]perylene, benzdalpyrene, chrysene
dibenZa,h]anthracene fluoranthenge fluorene indendl,2,3-cd]pyrene, imethylnaphthalene
2-methylnaphtlalene naphthalengphenanthreneandpyrene Water amples were analyzed using
a ShimadzuGCMS-QP2010 SE Gas Chromatograph M&gectromedr (GCMS) (figure 12) in
the WERL at GSU Prior to analysis samples were extracted using SigreC-grade

dichloromethane of 99.8ercentpurity by adding dichloromethane tioe sample in a 1:125mL
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of sample plug25mL of dichloromethane) ratio in 260-mL separatoryfunneland shaking for
10seconds, leaving the sample to setthe then repeating the extraction process for the oil phase
for two more rounds. Roughlymg of calcium chloride was added to each funnel after shaking to
enhance separation tiie oil phase fromthe aqueous phase each time. After samples were
extracted, around 25 mg of sodium sulfate anhydrous was adthexktdracted samples for extra
dehydration. Samples were then concentrated f2&mL to around5mL using a Hydrion
Scientific InstrumenModd R-302rotary evaporatgandl mL was then taken for injection the
GCMS. Threepoint calibration curves were obtained using a collective ofl&heompoundé
Sigma standard to quantify possible PAHSs.

The column oven temperature gradient wa¥29@ndheld for 2 min, then up to 32C at
5°C/min, and held for 12 minThe vaporizing chamber temperature was 00The inlet mode
was splitless and the carrier gas witsa high puritygrade lelium. The injection pressure was
21.75psi (15min) and theconstant linear velocity was #Xm/sec. The purge flow was
3 mL/min and the injection volume wdsuL. The mass spectroscopy interface temperature was
300°C andthe ion source temperature was 230The data sampling time was 60 min, the m/z

range was 45450, and the measurement mode was scan.



Figure 12. Photo. ShimadzuGCMS-QP2010SE
GasChromatograph Mass Spectromeer.

COD

Chemical oxygen demanwias analyzed to quantify the oxidizable content ofwhé&rsample.

The analysis was done usirtige Hach photometric method by employing ldach DR 5000
Spectrophotometdffigure 13) in the WERL at GSUPrior to measurement, samples were digested
using theHachMethod TNT 820after adding2 mL of sample to eithadachTNT 821 (low range:
0.00' 15000 mg/L) or TNT 822(high range: 3@0 1,50Q00 mg/L) vials. Samtes were digested

in aHachDRB 200 for2 hours at 158C andwere then measured aft2d min of digestion. To
check accuracy, 400.00mg/L potassiumhydrogen phthalatewas used and measured a

standardThe measuring accuracy was found to be pérgent
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Figure 13. Photo.Hach DR 5000Spectrophotometer.

Nitrogen
TKN

TKN wasused toquantify organic plus ammonia nitrogen in thatersamples. The analysis was
performedusing Hach Method TNT 880 in a Hach DR 5000 Spectrophotometer usinglach
TNT 880 combined vialsA volume of1.3 mL of watersample was mixed with botReagents A
and B in a separate vial. The mixed vial was then digesteHatlDRB 200 forl hour at 100C.
The mixture wasallowedto cool for20min and then a microcap &eagent C was added and
mixed well. A 05-mL volumeof the mixture was then added to TNT 888l 1 and shakerand
0.2 mL ofReagent D was added wal 1. In vial 2, 1 mL of undigestedvatersample was added
and shaken. Both vials were left for 15 min and were then meaMiatd. represented the total
nitrogen andvial 2 represented nitrate plus nitrite. By subtracting the readingab2 from that

of vial 1, the TKN value in the sample was obtained.

TN

Total nitrogenvalues were obtained from the TKN method mentioned abéaél of the TKN

method represented tAd\.
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NHz-N

NHz-N was measured usinthe Hach direct ion selective electrode (ISE) method. AHach
sensION+MM340 ISE was used. volume of25mL of 10 and10000mg/L NHz-N standard
solutions were used fdwo-point calibration. OnéNHz-N ionic strength adjustafiSA) powder

pillow was added to each standard solution in a beaker that was plaastiroer ata moderate
stirring rate. The probe was rinsed and placed in the solution beaker for calibration. Sample
measurement was done using the same eftgquiding25 mL of rawwatersample in a beaker that

was placed othe stirrer,addingan ammonia ISA pillow to the sampndplacingthe probe in

the beaker to reatthe value.An NHz-N selective electrode was used for measuNRi3-N in the

sample.

NGO -N

NO{ -N was measured usirlgeHachdirect ISE method. AachsenslON+MM340 ISE was used.

A volume of25 mL of 10000and500.00 mg/L NOs -N standard solutions were used fiwo-point
calibration. OneNOs -N ISA powder pillow was added to each standard solutianbeaker that

was placed oastirrer atamoderate stirring rate. The probe was rinsed and placed in the solution
beaker for calibration. Sample measurement was done using the sama siigiag25 mL of

raw watersample in a beaker that was placedaastirrer, addingan NOs -N ISA pillow to the
sample andplacingthe probe in the beaker to rethe value.An NOJ -N selective electrode was

used for measurinO7 -N in the sample.

NO; N
NO.'-N was calculated by subtracting measuié@s'-N from measurechitrate plus nitrite

nitrogen



Phosphorus(POs -P).

Total phosphorusRQ® -P) was measured usirthe Hachphotometric method. A TNT 844 vial
was used for measuringQ®-P in the sample. The foil cap of the vial was removed and the
DosiCaje Zip was unscrewedA sample of0.5 mL of raw waterwas added to the viathe
DosiCapZip was flipped and tightened, atite vial was shaken and placetbinDRB 200reactor

at 100C for 1 hour. The vial wasllowedto cool for20 min, then0.2 mL ofReagent B was added

to the viaJ andthe DosiCapZip was used to cover the vial amdstightened.The samplewas
shaken, lesettlefor afew secondsandthen measured usinigeHachDR 5000Spectrophotometer

in the WERL at GSU

Solids

Total suspendedswolids andtotal dissolvedsolids were measured using the standard gravimetric
method. A Whatman glass microfiber filter of 1.5 pwas used to filte60 mL of the raw sample
through a vacuum system. After filtration, the filter paper was placegmviously weighed and
tarred aluminum igh in the oven for 30 min at 1805. The filtrate was placed in a previously
weighed and tarred 8L beaker and was dried using a hot plate. Both the filsperand the
beaker weights were measured before and after the drying procedure and sampte wesight
obtained by subtracting the initial weight {Mfom the final weight (W. The weight difference

of the filter paper represexdthe TSS and the weight difference of the beaker represdén
TDS. Both weights were divided by the sample volu¢ne., 50mL) to obtain the solids

concentration in mg/L.



Oil and Grease

Oil andgreaseweremeasured using the gravimetric procedure&zofume of100mL of the raw
watersample was transferred to a bealkerd 25 mL HCI was added to the sample. T8ample

was then transferred to a separatory funnetnP®-hexane was addeand the sample was shaken
vigorously for 2 min.The sample was theallowedto separate the oil phase from the aqueous
phase forapproximatelyl5 min. The upper layer was transfed to a previously weighed and
tarred beakerand the same extraction step was repeaten, and each oil portion was added to

the beaker. Anhydrous sodium sulfate was added to the beaker for extra dehydration of the oil
phase. The oil extract was thdrned on a hot plate at around°@to evaporate the-lnexane.

After anotherl5 min, the dried residue waiowedto cool for around 20 min anglasweighed

and the oil and grease in the sample was obtained by weight after subtracting the weight of the
empty beaker from the weight of beaker with residue. The oil and grease concentration in mg/L
was obtained by dividing the weight difference by the volumeaitrsample usedvhich was

100mL.

pH
The sample pH was measured using a Thermo F&hen Stat A216 dual pH/DO electrode. The

pH meter was first calibrated using Thermo Fisher pH standards aDpH/ 40, and 1000. After

calibration the probe was directly insertedarthe sample to record the pH value.

DO

The samplelissolved oxygemas measured using a Thermo Fishaon Star A216 dual pH/DO

electrode. The DO meter was first calibrated using a previously d@aledical oxygen demand



(BOD) bottle filled with distilled water. After calibratigthe probe was directly insertedarthe

watersample to record the DO value.

Conductivity

Conductivity was measured usiagisher Scientific Traceable Conductivity Metand the values
were obtained directly from the meter readi@glibration andisensitivity checkvereperformed

usinga Thermo Scientifidd413uS/cm 69200 ppm as NaCl) Orion application solution.

Stochastic Empirical Loading and Dilution Model

The USGSStreamStatenline tool was employed to run watershed delineation of all needed inputs
to be defined for upstream atite highway (.e., bridge site foithis research projecin order to

obtain downstream outputs, which dhe drainagearea, main channel length (to the drainage
divide), main channel slope, imperviousness, and a basin development(BR#EXE) The
latitude and longituderere used to providerecipitationoutputs fronthe USGSgagestation pre

storm flow, and plannindgvel estimates of regional background water quality. SELDM is a mass
balance model; it randomly generates stormflow volumescandentrations from the upeam

basin and the highway/BMRnd itadds the flows and loads together to calculate the downstream
values. The downstream concentrations are the downstream loads divided by the downstream
flows for each even® he longest legth of highway (bridge) drainage basin is defined as the length
along the main channel from the highway outfall (bridge scupper drain) to the drainage divide
(bridge center line)The bridge drainage area was definethadalf crosssectional area of the
bridge tothe scupper drain. Th&treamStatsetwork trace or raindrop taWwere employedo
obtainthe main channel and then the measure or profilevwasl usedo find the length of the

main channel to the basin divifler upstream. Additional SELDMnhput information for bridge



sites such as number of lanes, width of lanes, bridge deck matnlAADT, were obtained

from GDOT online directories.



CHAPTER 4. RESULTS AND DISCUSSION

In thischapter the concentrations of each selected water quality paramatertfl six bridge sites

are shown either in graphical or table format. The results are compared as upstream to scupper
drain to downstream concentrations for each site and date, to show different patterns that can
display the impact othe scupper drainunoff, where existing, on downstream water quality.
Scupper drain runoff water quality from each site is also displayed for different sampling dates
and time interval sampling frothescupper drain runoff and are displayed to show impact of time

on the sapper drain runoff water qualitfsince the impact of bridge scupper drain runoff from all

parameters was observable, no statistical analysis was required for this section.

HEAVY METALS
Lead (Pb)

Figurel4 shows lead concentrations fronthe upstream, bridge scupper drain runadind
downstreamocationsfor all four SoutheasGeorgiastudysites which areSR24 (figure 14-A),
Rocky Ford figure 14-B), Site US80 (figure14-C), and Site SR297 f(igure 14-D). From
figure 14, it can be observethat scupper drain runoffashigher in lead compared tgstream
andit waselevatel downstreamFor instance, ifigure 14-B, -C, and-D for SitesRF,US 80, and
SR 297, boththeconcentrations of total and disget lead spiked by the introduction of total and
dissolved lead fronthe scupper drain runoff. Overaliptal lead concentration ranges were very
low in the range of 0.01..02 ppb (pg/L) for all fousites compared to previolysreported values
(i.e.,5.00i 160.00 ppb), which can be mainly attributed tainor leaks ofeaded gasolinandfrom

lubricating oil and grease and tire wegBeereferenced, 2, 6, 12, 21and81). According to the

U.S. Environmental Protection Agency (EPA), leaded gasoline continued to be usedrmadff



purposes such as aircraft, farming equipmeand marine engine$! However, lead as a heavy

metal can settle in stream sediments and exert an accumulative hazardous effect to sensitive aquatic

biota6:8.12]

Figurel4 A (Site SR24) shows aincrease in upstream total lead cortcation that was

not substantially altered by the introduction of lead friiv@scupperdrainrunoff. This indicates

that lead was previously introduced to instream water fiompstream location t8ite SR 24,

and with the mean stream discharde760ft%s (cfs) on 11/20/2019 &ite SR24) it could

continue to exist in the OgeechRer water with potential impacts downstreamthe river with

flow.
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Figure 14. Bar charts. Lead concentrations (total and dissolved) from upstream, scupper
drains, and downstream (A) Site SR 24, (B) Site RF, (O Site US 80, and (D Site SR 297.
Sample dates were 11/20/2019 f&R 24 and 10/22/2019 for RRJS 80, and SR 297.

Fromfigure 14, lead concentrations in bridge scupdeain runoff ranged from 0.06pb

for dissolved leado 1.02 pplfor total lead while downstram lead concentrations ranged from

0.05 to 0.98 ppb relative to 0.01 to 0.97 ppb for upstream lead concentration for Sibfbleast
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Georgiasites This shows an instantaneous increase in lead concengnatigjing from 0.01 to
0.04 ppb indownstream @ncentration relative to upstream upon introduction of lead fiwan
bridgescupper drain. Considering the potential accumulative impact of lead introduction to aquatic
biotas, this increase in lead concentration is a matter of coheamh can interfereith the central
nervous systemaffect metabolism, growttand reproductiorand damage kidneys and red blood
cells, impacting oxygen transféf Notably,lead (instream and scuppdnain) concentrations for
Site SR 297 (figure 14-D) are lower than lead concentrations &tesSR 24 (figure 14-A), Site
RF (figure 14-B) andSite US 80 (figure 14-C). SinceSitesRF, SR 24, andUS 80 are all crossing
theOgeeche®iverfrom upstream to downstreamhile only Site SR297is crossingheOhoopee
River, this indicates that lead concentoats are overall different ithe OhoopeeRiver relative to
theOgeeche®iver.

Figurel5 shows concentrations of lead (total and dissolved) from scupper drains for all
four SoutheasGeorgiasitesfrom consecutive dates, aiming to follow lead concentration trends

from different dates.
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Figure 15. Line graphs. Lead concentrations (total and dissolved) from scupper drains and
for different dates (A) Site SR 24, (B) Site RF, (C) Site US 80, and (D) Site SR 297.

Figurel5-A (SR24) shows a more extended date ratigan SR24, whichwas the first
site worled on, and resulted inmore scupper drairsamples as compared to the other three
SoutheasGeorgiasites Fromfigure 14-A, bridge scupper drain runoff followed almost a sharp
and consistent declining trend in both total and dissolved lead concentrationslisarrigedrom
June 2019 to January 2020. Accordiogthe mean river discharge data obtained fral8GS
02202190 Ogeechee River@a 24 (SR 24), nearthe Oliver, Georgia,gage station, the discharge
values werel,220, 628, 191, ¥60, and 3630 cfs for 04/05/2019, 06/12/2019, 08/19/2019,
11/20/2019 and @/31/2020, respectivelyAccording to these valugghe decline in lead
concentrations starting from 06/12/2019 cannot be clearly attributsttletamdischarge except
for 11/20/2019 and 01/31/2020 as sttieeam dischargacreased, which can cause a ragildtion

by dissipation of bridgecupper draimunoff upon introduction.
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For both NorthGeorgiasites US 255 andSR197, lead was undetected. However, on
01/24/2020 samples obtained from SitgéS 255 showed the presence 00Dppb total lead in
bridge scupper drain runoff with undetectedd in boththe upstream and downstream samples
(seefigure 46-F in the appendi®. This can be attributed to theghi flow of the Chattahoochee
River (1,110 cfs on 01/24/2020 at Sit€ 255) that likely had createsrapid diluting effect othe
bridge scupper drain runoff lead upon introductionthie instream water.The daily sum
precipitation followed an inconsistetrtend witha drop in lead concentrationas well for these
datesthe values wer@.00Q 0.92, 0.130.00and0.44 inchfor 04/05/2019, 06/12/2019, 08/19/2019,
11/20/2019and 01/31/2020, respectively.possible reason for the lead decline coultheedrop
in the number of vehicles per day in the winter as compared to the summer due to the decline in
weather quality that subsequently led to lessaad human activitysuch as traveling.

Figurel5-B (SiteRF) shows a trend that is similar to thafigtire 14-A (Site SR 24). This
similarity is no coincidengesthesesites are closest to each other 88iles apart) as compared
to their respective distane&om the other twé@outheasGeorgiasites However, the date range
was different and less féigure 14-B as compared tligure 14-A, as can be seen from the figures.
Thus, the most convenient explanation for the lead deiditteelower VPD and/or less demand
on leaded gasoline during the dates of low lead concentratidinsbndge scupper drain runoff.
The same attributions can explain the trendignre 14-C (US 80); however, forfigure 14-D
(SR297), lead concentration increased from 10/22/2019 to 01/31/2020.

Figurel6 shows concentrationd éead (total and dissolved) from scupper drains for all
four SoutheasGeorgiasites aiming to follow lead concentration trends along extended sampling
intervals of 30 min of one raifall event for each site. Frorfigure 16, it is clear thatthe

concentrations of lead decline with sampling time, which is attributéoetevash offof bridge



deck contaminants with continuous precipitation. Thus, it is expeutedt the early minutes of
therainfall event (first flush), the lead concentration is the highetstaacupper draimunoff from
the bridge deck. It is known that bridge deck runoff will have the highest concentrations of

dissolved contaminants in tHest flush. (Seereferencesl, 10, 17,and 68). The amount of

dissolved contaminants, such as heavy metals, in bridge deck muoofftrolled by two critical
factors, which are the amount of rain dhd dry periods. The larger the amount of réie more

diluted the contaminants aend the longer the dry peridtie more concentrated the contaminants
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Figure 16. Line graphs. Lead concentrations (total and dissolved) from scupper drains and
at time intervals: (A) Site SR 24 atGA 24 on 08/19/2019(B) Site SR 24 atGA 24 on
01/31/2020 (C) Site RF on 10/26/2019(D) Site US 80 on 10/26/201%and (E) Site SR 297 at
GA 297 on 01/31/2020
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Figurel7 shows al.5-monthrecordfor precipitation versus dry periods for each site for
the time period before the aforementioned datefigare 16. Althoughfigure 17 does noshow
a consistent pattern of dry periods ahead of the precipitation periods on ave libé
aforementioned sampling datedfigure 16, it can be observed that dry periods prior and close to
thesampling dates were frequent. For instancefifoire 17-A, there was a dry period @b days
from 07/25/2019 to 08/04/2019 followed by another dry period d@@ys from 08/06/2019 to

08/09/2019for figure 17-B, there was a dry period &0 days from 01/13/2020 to 01/23/2020
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Figure 17. Graphs. Sum precipitation versus 1.5month record for: (A) USGS02202190
Ogeechee River aGA 24 for site SR 24 (Julyi Aug 2019 (B) Site SR 24 (Dec 2019Jan
2020; (C) USGS02202040 Ogeechee River at Rocky Ford Rd for Site RF (S&pct 2019;
(D) USGS02202500 Ogeechee River f@ite US 80 (Sefd Oct 2019; and
(E) USGS02225270 Ohoopee River abA 297 for Site SR 297 (Dec 2019 Jan 2020)
(developedfrom [82i 85]).

Forfigure 17-C (not all data were availableyhich is expected to follow similar trend to

figure 17-D (same climatic region), there was an extended dry periad dhys from 09/16/2019
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to 10/03/2019 and another dry period ®tlays from 10/06/2019 to 10/13/2019, and for
figure 17-E, there were several dry periéddshe longestbeing 10days from 01/13/2020 to
01/23/2020. These dry periods allow for the rapid accumulation of different contamindhés on
bridge deck surface, some or afl which can be removed by the followinginfall events
depending on the rain intensity and the duration ofahall event™>2% For both NorthGeorgia

sites,US 255 andSR 197, there were no time interval data due to undetected leagl sanfples

Zinc (Zn)

Figure18 shows upstream, bridgeeupper draimunoff, and downstream zinc concentrations for
all four SoutheasiGeorgiastudy sites which areSite SR24 (figure 18-A), Site Rocky Ford
(figure 18-B), Site US 80 (figure 18-C), and Site SR297 (figure 18-D), and for the twaNorth
Georgiastudysites which areSite US 255 (figure 18-E) and Site SR197 (figure 18-F). As with
lead, figure 18 shows an increasddtal zinc concentration for both bridge scupper drain runoff
and consequentlyin downstream water by introduction of zinc fra@oupper drairrunoff, as
compared to upstaen water for alfour sites It is commonly known that the introduction of both
zinc and copper to stream waters can be dueetial plating, bearing and bushing wear, moving
engine partsbrakelining wear, maintenance operations, tire wear, motoraod, bridge metal

galvanizationSeereferenced, 5, 8, 11, 15and23).

Although the discharge ofthe OgeecheeRiver on 01/31/2020 was relatively high
(3630cfs), the dilution of bridge scuppeirain runoff for zinc was insignificant and it could be
clearly observed thacupper draimunoff impaired downstream water with zimtroduction for
Site SR 24 (figure 18-A). Total zinc concentration increased b23ppb downstream relative to
upstream, and dissolved zinencentration increased by78.ppb downstream relative to upstream

(figure 18-A).
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Figure 18. Bar graphs. Zinc concentrations (total and dissolved) from upstream, scupper

drains, and downstreamfor: (A) Site SR 24, (B) Site RF, (C) Site US 80, (D) Site SR 297,
(E) Site US 255 and (F) Site SR 197. Sample dates were 01/31/2020 f&itesSR 24 and
SR 297, 10/17/2019 forSitesRF and US 80, and 12/10/2019 foSitesUS 255and SR 197.

Although zinc does not pose a huge threat of toxicity to agbiatia compared to lead, the
continued introduction of zinto instream water can be of hazardous effecthebaquatic

ecosystem with prolonged expos(8e=ereferenced, 5, 6, 12and14). Forthe otherthreesites

the introduction of zincwhethertotal and/or dissolvedrom bridgescupper draimunoff to the
downstream wateras alsambservablef(gure 18-B, -C, and-D).

Figurel8-E andfigure 18-F show upstream, bridgeeupper draimunoff, and downstream
zinc concentrations for thievo North Georgiasites which areSite US 255 (figure 18-E) andSite

SR197 (figure 18-F). Generally, the water quality relative to mpatameters was observed to be
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higher with mostly undetected to low concentrationstfieNorth Georgiasites as compared to
the SoutheastGeorgia sites This can be attributed to the remote and mostly residential
environment of thetwo North Georgia study sites, which arelocated close to the city of
Clarkesville. However, zinc could be observed to be introduced $oupper draimunoff tothe
downstream water at both sites.

Figurel8-E (Site US 255 shows the introduction of both total and dissolved zinc from
bridgescupper draimunoff to the downstream water. However, only total zinc could be detected
in the downstream water samples. According tdSGS02331000 Chattahooch&iver nearthe
Leaf, Georgia,gage station, the Chattahoochiger mean discharge on 12/10/2019 \@&gl cfs,
while that forthe SoqueRiver was 146cfs, according toUSGS023312495 Soquiiver at
GA 197, neathe Clarkesville,Georgia,gage statiortlose toSite SR197. The discharge values
for both rivers on 12/10/2019 were not substantially hyghthe discharge fathe Chattahoochee
River was higher atSite US 255 compared to that ofhe SoqueRiver at Site SR197. This
difference in thestreamdischargevalue can explain the rapid dilution and disappearance of
dissolved zinc abiteUS 255(figure 18-E) in thedownstream water samples in comparison to the
presence of dissolved zincSite SR 197 (figure 18-F) in thedownstream water samples.

According to the aforementionedUSGS gage stations on 12/10/2019,the sum
precipitation was Q.1 inch for Site US 255 while that forSite SR197 was not available othe
USGS gage statiomonitoring website for the same date.

Figure19 shows concentrations of zinc (total and dissolved) from scupper drains for all
four SoutheasGeorgiasitesfrom consecutive datelBor figure 19-A (Site SR 24) andfigure 19-D
(Site SR297), there is no consistent trend in increasing or decreasing aimectration for the

different dates. Total zinc concentrations ranged from 20b forfigure 19-A and from 0.08



to 268 ppb forfigure 19-D, while dissolved zinc concentrations ranged from 1.531G0 ppb for

figure 19-A and from 0.05 to 2.0Bpbfor figure 19-D.
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Figure 19. Line graphs. Zinc concentrations (total and disstved) from scupper drains and
for different dates for: (A) Site SR 24, (B) Site RF, (C) Site US 80, (D) Site SR 297, and

(E) Site US 255

Previously,relative to other heavy metalthe major reason fothe presence of zinc in

bridge deck runoff waseported to be vehicle wear. The highest total zinc concentrat@mpb)

was on 08/19/2019 for SiteR 24, and according t)SGS02202190 Ogeechee River@A 24

(Site SR24), nearOliver, Georgia the sum precipitation on that day wa$3inch. The Ighest
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total zinc concentration @8ppb) for Site SR297 was on 10/22/2019, and according to
USGS02225270 Ohoopee River &A 297 (SiteSR297), near Swainsbor&eorgia the sum
precipitation on that day was0Q.inch. Therefore, the higher precipitation for SB®24 on
08/19/2019 as compared to the absence of precipitation fd8SRO7 on 10/22/2019 could have
led to higher bridge deck sweeping of zinc frima Site SR 24 bridge and zinc introduction into
thedownstream water ahe Ogeechee River #hatlocation. For Sit&&R 297, less zinc could have
been introduced intthe leftover of the collection piping of the esite sampling apparatus from
precipitation on 10/19/2019 @6 inche9; other reasons coulde the varying corrosive effects
such as humidity, durability of structuresmd age of structures for both bridges.

Figurel9-B (Site RF) shows a hypbolic declining trend in zinc concentrations from
10/17/2019 to 10/26/2019. Unfortunately, according $65S02202040 Ogeeché&dverat Rocky
Ford Rd, neatheRocky FordGeorgiagage station, there were no data available for precipitation
in the aforemantioned date ranges. Thus, the zinc decline trend cannot be evidenced according to
precipitation values, whiclhoweverwereobservable to be the reason for sacteclining trend.
For figure 19-C (Site US80), an exponential declining trend of zinc concentrations from
10/17/2019 to 10/26/2019 was observable. Accordingd36S02202500 Ogeechdriver near
the Eden,Georgia,gage statn for Site US 80, the sum precipitation values on 10/16/2019 (a day
earlier) was 1D2inches and was 05inch on 10/26/2019. Thus, it Bvidentthat the higher
precipitation on 10/16/2019 as compared to 10/26/26d90 more sweeping of zinc frothe
bridge deck surface intthe scupper drain®n 10/16/2019 andinc wasintroduced into the
collection piping of the osite sampling apparatus, as compared to 10/26/2019.

Since SitesSR24, US 80, and RF are within the same climatic region (43.1 miles apart)

and since sampling dates for Sit¢S 80 and RF were the same, it is expected that the declining



trend in zinc concentrations for Site Rfiggre 19-B) could be due to similar precipitation
conditions as for Sit&JS 80 (figure 19-C). However, the declining trends for both sites are not
similar (.e., hyperbolic decline fofigure 19-B [Site RF] and exponential fdiigure 19-C [Site
US 80]). These different declining trends could be attributed to different structural causes of the
two bridges

Zinc concentrations were detected in both N@#orgiasites SitesUS 255 andSR 197.
However, for sampling days, only SltkS 255 scupper drain samples showed zinc concentrations
for both days of sampling at both sites, which were 12/10/2019 and 01/24/2020, respectively. For
Site SR197, zinc was detected only on 12/10/2019. Concentrations of zinc fo8B87 on
12/10/2019 wee found to be 0.07 (00 ppband 0.04 (8.00 ppb for total and dissolved zinc,
respectivelyFigurel19-E shows concentrations of zinc (total and dissolved) frompssugirains
for SiteUS 255 from the two aforementioned consecutive dates.

From figure 19-E, zinc concentrations were seen to linearly declinenf12/10/2019 to
01/24/2020. The sum precipitation value for 12/10/2019 whkifch, while that for 01/24/2020
was 143inches thus, it was expected that the zinc concentration trend would follow opposite
trends, of increasing in concentration due ighbr sweeping of bridge deck contaminafits.
have a betteexplanationfor this unexpectedly opposite trend, add) record of precipitation
trends was obtained frotdSGS02331000 Chattahoochee River near Lé&adorgia for Site

US 255 figure 20).
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Figure 20. Line graphs. Sum precipitation versus10-day records from USGS02331000
ChattahoocheeRiver for Site US 255for: (A) 12/01/2019 to 12/10/2019, and \B1/15/2020
to 01/24/2020 developedfrom [86]).

From figure 20, the dry period during th@ days preceding 12/10/2019 was continuous
from 12/02/2019 to 12/08/2019igure 20-A). Longer dry periods can lead to, in general, an
accumulation of contaminantwhether metals or nonmetats the bridge deck, thus, increasing

the contaminant amount ovan extended period of timgeereferenced, 5, 8,and?25). In the

case of zincthe researchemnticipated a higher introduction of zinc from other sources onto the
bridge deck, such as vehicle tire wear and motor oil leakage, thus leading to the presence of more
amounts of zinc othe bridge deck surface thabuld then be conveyebly bridge runoff intahe

scupper drains during the followingainfall event(s). Moreover, humidity can lead to the
accumulative corrosion of bridge metamponentsind the presence of larger amounts of zinc on
surfaces thaare thencarried by rainwateduring the followingrainfall event(s) and introduced

with scupper draimunoff intothedownstream water throudghe scupper drains.

For figure 20-B, it wasobservedthat on 01/18/2020 eainfall event took placeand that
could be a possiblexplanatiorfor less accumulation of zinc on the bridge deck surface during the
following rainfall event on 01/23/2020 and 01/24/2020. As mentigregliously concentrations
of zinc forSite SR1970on 12/10/2019 were found to be 0.07 ar@@pb for total and dissolved

zinc, respectively. However, no precipitation data were available for the afdrensehdate.



Thus, the zindeclinng trend cannot be evidenced according to precipitation valueSifer
SR 197, which, however, was observable to be the reason for sudclining trend forSite
US 255(figure 20-A) (i.e., same climatic regigr7.3 milesapar}.

Fig 4.8 shows concentrations of zinc (total and dissolved) from scupper drainsftmurall
SoutheasGeorgiasitesand for the twad\orth Georgiasites aiming tofollow zinc concentration

trends along extended sampling intervals of 30 min ofraiméall event for each site.
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Figure 21. Line graphs. Zinc concentrations (total and dissolved) from scupper drains and
at time intervals for: (A) Site SR 24 on 08/19/2019, (BSite SR 24 on 01/31/2020,
(C) Site RF on 10/26/2019, (PSite US800n 10/26/2019(E) Site SR 297 0n 01/31/2020
(F) Site US 2550n 12/10/2019, and (§BSite SR1970n 12/10/2019

As with lead figure 16), figure 21 shows that concentrations of zinc wereliohing with
sampling time, which is also attributed to wadhbridge deck contaminants with continuous

precipitation, and thus, zinc concentraticshscreamg with time during each rafall event.
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Figure2l follows the same sum precipitation timecord used infigurel1l7. Thus, and as
mentionedoreviously,the larger the amount ahégherthefrequency of rainthe more diluted the
contaminants arend the longer the dry perigthe more concentrated the contaminants are.
Figure22 shows the sum precipitatiarcordtrend forSite US 255 for 1.5months from
11/01/2019 to 12/15/2019. Frofigure22, a dry period of dayspreceed the sampling day
(12/10/2019) ranging from 12/03/2019 to 12/07/2019, followed dgninor rainfall event fran
12/08/2019 to 12/11/2019. This dry period was the longest duringt¢becedperiodin figure 22.
Thus, and as mentionedeviously accumulation of zinandother metals caoccurand, therefore,
higher concentrations of zinc will appeartla earlier partof therainfall event and decline with
time. ForSite SR197, sum precipitation datacere notsufficient to cover theecorded period
however, it is expected that precipitation trendsSde SR197 would be comparable t8ite

US 255(i.e., hesame climatic region).
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Figure 22. Line graph. Sum precipitation versusl.5-month record from USGS02331000
ChattahoocheeRiver for Site US 255(Novi Dec 2019) developedfrom [86]).



Copper (Cu)

Copper wagetected in samples from dthur SoutheastGeorgiasites, specifically in bridge
scupperdrain runoff and downstream sampldsgure23 shows upstream, bridge scupjpleain
runoff, and downstream copper concentrations forf@ll SoutheasGeorgiasitesand in both
North Georgiasites which areSite SR24 (figure 23-A), Site Rocky Ford figure 23-B), Site
US 80 (figure23-C), Site SR297 (figure 23-D), Site US 255 (figure 23-E), and Site SR197
(figure 23-F). As shown infigure23, all scupperdrainsand downstream samples contained
observable amounts of copper, as copper was clearly introduced to downstream water from
scupper draimunoff throughthe scupper drains. As mention@deviously copperandzinc are
both produced from traffiand are themtroduced to instream water tine bridge runoff through
thescupper drais

In figure 23-A (Site SR24) and Fig 4.10-D (Site SR297), copper was undetected i
upstream samples, while fbgure 23-B (Site RF) and4.10-C (Site US 80), copper was detected
in all instream samples, and for &tlur sites copper was detected stupper drairsamples.
Therefore, it can be inferred that copper was definitely introducedgompper draimunoff into
downstream water through scupper draiespecially forfigure 23-B and figure 23-C, copper
increasedslightly in downstream samples 24.ppb of total copper and & ppb for dissolved
copper Respectively relative to upstream samples1@ppb of total copper and 16 ppb for

dissolved copper).



Copper Scupper (T otal) Copper Upstream (Total)
. Copper Saupper (Dissolved) —_ Copper Upstream (Dissolved)
-g_ Copper Downstream (T otal) -8_ 8 Copper Scupper (Total)
o Copper Downstream (Dissolved o 8 Copper Scupper (Dissolved)
g Ipr Copper Downstream (Total)
S S Copper Downstream (Dissolved)
B ®
= =
c =
[ [+}]
o 3}
c c
3 3
Copper Copper
4.0 Copper Upstream (Total) 1.0 Copper Saupper (Total)
—_ Copper Upstream (Dissolved) —_ Copper Scupper (Dissolved)
Q 32} Copper Scupper (Total) 3 0.8f Copper Downstream (Total)
Q Copper Scupper (Dissolved) o Copper Downstream (Dissoived)
: 24 Copper Downstream (Tctal) E’ 06}
o Copper Downstream (Dissolved) | &
S 16 S o4}
T £
(93 [}
e 08 S 02t
o [=]
O OAO s e O 040
Copper Copper
; gOWEI gpslream(_:TtollT) 3x1072F 3 Copper Scupper (Total)
q Copper Scupper (Total —_ pper Scupper (Dissolved)
#) Copper Scupper (Dissolved) 'g_ 2x1 0-2 Copper Downstream (Total)
Capper Downstream (Total) o
Caopper Downstream (Dissolved)
S 2x10?
B .92
= 1x10
c
3 -3
2 6x107F
[o]
Q@ 0
Copper Copper

Figure 23. Bar graphs. Copper concentrations (total and dissolved) from upstream,
scupper drains and downstreamfor: (A) Site SR 24, (B) Site RF, (C) Site US 80, (D) Site
SR 297, (B Site US 255, and (B Site SR197. Sample dates were 01/31/2020 for SB& 24,
10/17/2019 for Sites RF andJS 80, 10/29/2019 for Sit&R 297, and 12/10/2019 for Sites

US 255 andSR 197.

Copper can induce acute toxicity aquatic biotaat high concentrations or prolonged

exposurgSeereferenced., 5, 6, 12and14). The high concentrations obgper in scuppedrain

samples relative to instream sampledifgure 23-A andfigure 23-D can confidently be related to
both factors of precipitation and stream discharge. The aveteggmdischargevalue for Site
SR 24 (figure 23-A) on 01/31/2020 wa8630cfs and its sum precipitation was4d.inch, while
the averagestreamdischarge value foBite SR297 (figure 23-D) on 10/29/2019 waS2 cfs and

its sum precipitation was 2 inches. Thus, the combination of both factors of rain stnrebm
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discharge can lead to the introduction of relatively large amsaintopper intosaupper drain
runoff (by rain), whilestreamdischargeacs to dilute the introduced copper from scupper dsain
into downstream water by rapid dissipation.

For figure23-B and figure23-C, the averagestream dischargevalue for Site RF
(figure 23-B) on 10/17/2020 was09 cfs, but no datavereavailable for its sum precipitation value
for the aforementioned date, while the averstgeam dischargealue forSiteUS 80 (figure 23-C)
on 10/17/2019 wa$19cfs and its sum precipitation was 0.00 inch. For heitias and although
precipitation data were not available for tbate it was observable that precipitation was
significant. The lowstream dischargealues ofl09cfs for Site RF (figure 23-B) and119cfs for
Site US 80 (figure 23-C) can explain the lower instream dilution of copper in both upstream and
downstream samples.

Figure23-E andfigure 23-F show upstream, bridge scupper drain ruraftl downstream
copper concentrations for the two NofBeorgiasites which are SitdJS 255 (igure 23-E) and
SiteSR 197 figure 23-F). As mentionegreviously the water quality relative to most parameters
was observed to be higherthé SoutheasGeorgiasitescompared to thenostly undetected to low
concentrations fathe North Georgiasites

At Site US 255 (figure 23-E), total copper was detectedtire upstream sampéewhile it
was undetected ithe upstream sampsdor Site SR197 figure 23-F). Moreover, concentrations
of total and/or dissolved copper in scupper drain runoff and downstream samples were detected to
be highematSiteUS 255as compared to Si@R 197. The scupper drain runoff sample total copper
concentratiorfor Site US 255 was found to be @6 ppb and its dissolved copper wa®4ppb,
while the scupper drain runoff sample total copper concentriatid@ite SR 197 was foul to be

0.03 ppb and its dissolved copper wa®Dppb. Downstream sample total copper concentration



for SiteUS 255 was found to be@ ppb and its dissolved copper waBDppb, while downstream
sample total copper concentratifor Site SR197 was fond to be M1 ppb and its dissolved
copper was undetected. As mentioned in a previous section, accordin§G802331000
Chattahoochee River nedine Leaf, Georgia, gage station, the Chattahoochee River mean
discharge on 12/10/2019 wa84cfs, while that forthe Soque River wad46cfs, according to
USGS023312495 Soque River &A 197, nearthe Clarkesville, Georgia,gage station. The
discharge values for both rivers on 12/10/2019 were not substantiallyykighe discharge for
the Chattalmochee River was higher at SitkS 255 compared to that dfie Soque River at Site
SR197. Thus, it was expected thlae copper concentration would be less in 8I&255 samples
as compared to SiR 197samples. It is expected that copper was modylikéroduced in larger
concentrations from a previous source relativéhoSite US 255 bridge location, and with the
fairly low stream dischargealue of304cfs for the Chattahoochee River, dissipation of copper
was not efficient before reachitige Site US 255 bridge site location. The higher concentrations
of copper inscupper draimunoff samples from Site)S 255 as compared to SiBR197 can be
attributed to higher traffic or different structural componentSite US 255 as compared to Site
SR197.

Figure24 shows concentrations of copper (total and dissolved) saupper draimunoff
for all four SoutheasGeorgiasites and the twoNorth Georgiasites from consecutive dates.
Figure24-A (Site SR 24) andfigure 24-C (Site US 80) show an overall declining trend inmeer
concentration consecutively, while fiigure 24-B (Site RF) andfigure 24-D (Site SR297) there
IS no consistent trend in increasing or decreasing copper concentration for the different dates. Total
copper concentrations ranged from 4.27 @8@pb forfigure 24-A and from 2.03 to 35 ppb for

figure 24-C, while dissolved coppeoncentrations ranged from 2.54 t03Jppb forfigure 24-A



and from 1.84 to 3.2fipb for figure24-C. To better understand the declining copper
concentrationsfor figure 24-A and figure 24-C, a record of 6 months of precipitation was
developed fronftdSGS02202190 Ogeedr River atGA 24, nearOliver, Georgia for Site SR 24,

and al-monthrecordfor precipitation was developed frdd5GS02202500 Ogeechétiver near
Eden,Georgia for Site US 80 (figure 25). Figure24-E andfigure 24-F show total and dissolved
copper concentrations scupper draisamples obtained from both sit8#eUS 255(figure 24-E)
andSite SR 197 (figure 24-F), on 12/10/2019 and 01/24/2020. For both sites, itokasrvedhat
copper concentrations were higher in samples obtaineti26k0/2019 as compared to those

obtained on 01/24/2020.
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Figure 24. Line graphs. Copper concentrations (total and dissolved) from scupper drains
and for different datesfor: (A) Site SR 24, (B) Site RF, (C) Site US 80, (D) Site SR 297,
(E) Site US 255 and (F) Site SR 197.

Figure25-A shows that during the periotom mid-February to midApril 2019,
precipitation was lower than later months fite SR24. Similar previousdiscussionon dry
periodsversusprecipitation paods, accumulation of copper from different sources is expected to
be higher during dry and/or low precipitation periods. Therefore, with the first flushes of rain
during early April 2019 and up to mid May 2019, it is anticipated that amounts of copper we
higher inscupper draimunoff as compared to later months of higher precipitation frequency and

amount. The same interpretation can be give8ite US 80 (figure 25-B), which shows lower
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frequency and amount of precipitation during early October 2019 as compared tanchicte
October 2019.

For Site RF (figure 24-B), no precipitation data were found to cover a reasonable range
over the month of October 2019. HoweverSée RF should be within the same climatic region
as Sites SR24 andUS 80, it was expected foBite RF to follow similar precipitation trendso
those sites. Therefore, the inconsistent varying copper concentration tren®itorRF
(figure 24-B) cannot be interpreted with respéa precipitation trends and could be due to other
factors such as humidity or varying temperature and wind speeds (evaporatio8jtdBR 297
(figure 24-D), precipitationversusdate was available, argjure 26 shows the sum precipitation

versusa 4-monthrecordfor Site SR297.
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Figure 25. Line graphs. Sum precipitation versus (A) 6-month record from
USGS02202190 Ogeechee River &A 24 for Site SR 24, (B) 1-month record from
USGS02202500 Ogeecheriver for Site US 80 (developedfrom [82, 84).

From figure 26, it can be observed that precipitation was high dutireglatter halfof
October 2019 and then a decline in precipitation frequandyamount followed. The decline in
precipitation frequency and amount between the period of November 2019 to January 2020 can

explain the sharp rise in total copper concentration with precipitation on 01/31f2028 24-D)



due to accumulation during this period. The drop in copper concentrations on 10/29/2019 can be
related to high dilution from the intense precipitation amount and frequency during e gferi

10/10/2019 taheend ofthe month
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Figure 26. Line graph. Sum precipitation versus4-month record from USGS02225270
OhoopeeRiver at GA 297 for Site SR 297 (developedfrom [85]).

The sum precipitation &iteUS 255was 011 inch on 12/10/2019 and wagiB.inches on
01/24/2020. Accordingp these precipitation data, it is expected that copper concentrations would
follow an opposite trend to that figure 24. Figure27 shows aecordof precipitation data along
3 months forSite US 255 and fromfigure 27, it wasobservedhat precipitation was generally
abundant for the period from 12/10/2019 to 01/24/2020. However figume 27, a dy period of
9 days isobservedor the period of 12/01/2019 to 12/09/2019, which can explain the high copper
concentration with the precipitation flush on 12/10/2019 as compared tolltwing month of
01/24/2020 that shows high frequency and amounpretipitation. ForSite SR197, no
precipitation datavereavailable for the dates of sampliagto cover a reasonable time period for
the sitehowever, since botNorth Georgiasitesare within the same climatic region, it is expected

that precipitation abite SR 197would follow the same trendsSite US 255. Therefore, it can be



inferred that dry periods play an important role in affectisgvymetak concentrations in bridge

deckscupper draimunoff.
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Figure 27. Line graph. Sum precipitation versus3-month record from USGS02331000
ChattahoocheeRiver for Site US 255 (developedfrom [86]).

Figure28 shows concentrations of copper (total and dissolved) from scupper drains for all
four SoutheasGeorgiasitesand two NorthGeorgiasites aiming to follow copper concentration
trends along extended sampling inssv0f30 min of one rainfall event for each site. As with lead
(figure 16) and zincfigure 21), figure 28 shows that concentrations of copper were declining with
sampling time, which is also attributed to washadfbridge deck contaminants with continuous
precipitation, and thus, copper concentrations dealeaisie time dumg each rainfall event. The
concentrations of dissolved copperfigure 28-C (Site RF) showed a sharp declin@@tmin and
then an increase d@20min. However, the overall trend is a decline as comparedh®
concentration of dissolved copper @ min. The rise of copper concentration 420min as
compared to90min could be attributed to more accumulation or sweep of bridge deck

contaminants with runoff.
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(C) Site RF on 10/26/2019, (IpSite US800n 10/26/2019(E) Site SR297on 01/31/2020
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Figure28follows the same sum precipitation timeeord asused infigure 17 for the four
SoutheasGeorgiasites Thus, the larger the amount and freqgcy of rais, the more diluted the
contaminants arend the longer the dry perigthe more concentrated the contaminants are.

Figure28-F andfigure 28-G show concentrations of copper (total and dissolved) from
scupper drains for the two Nor@eorgiasites aiming to follow copper concentration trends along
extended sampling intervals 8 min of one rainfall event for each site. lbisservedhat copper
concentrations were following the same declining trend as previously reported with lead and zinc,
dueto dilution of copper with time during the rainfall event.

Figure28-F and figure 28-G follow the same sum precipitation time record used in
figure 20-A for SiteUS 255. Thus, and asentionedoreviously accumulation of coppgamong
other heavy metalg€anoccurand, therefore, higher concentrations of copper will appear earlier
in thetimes of the rainfall event and decline with time. For SiR197, sum precipitation data
were notsufficient to cover theecordperiod however, it is expected that precipitation trends for

Site SR197 would be comparable to Sl 255 (same climatic region).

Summary of Heavy MetalsResults

In the previous subsectignit was found that thetroduction of Pb, Zpand Cu from scupper

drains into instream water was observable in reases andkd to elevateddownstream heavy
metals concentrations in instream waté#hen heavy metals concentrations in scupper drain
runoff were followed with absequent dateg was found that heavy metals concentrations varied
randomly with different dates. These variations were attributed to different fasticis aghe
preceding dry periods, rdadl intensity, frequency of ragpand traffic volume. A casistent trend

of decline in concentrations was observed in most cases in scupper drain runoff concentrations of

Pb, Zzn and Cu with sampling time, which was attributed aalecrease of heavy metals



concentrations in scupper drain runoff after the firssHliand with time due to dilution by

rainwater.

POLYCYCLIC AROMATIC HYDROCARBONS (PAHS )

Previous studies on PAHSs in stormwater runoff and the existence of PAHs in the environment
reported thathesources of PAHSs in the environment are mainly atmosptarittraffic-related,
and although it was reported that concentrations of PAHs are low in nature, their accumulation is

of hazardous concer(Seeaeferencedi 3, 5, 6, 12, 14, Ti®2,and26i 29). Inthis research project

18 PAHs wereénvestigated in instream and scupper drain samples from &@lesixgiastudysites.
However, only 7 of the 18 PAHSs investigated were detected in scupper drain runoff samples of
two SoutheasGeorgiasites (i.e., Sites SR24 and USB0), while PAHs were uretected in their
instream samples. Fdine other foursites of the study, PAHs were undetected in scupper drain
runoff and instream samples. The seven PAHSs that were detected in scupper drain runoff samples
from Sites SR24 and US 80 were benZalanthracenepenzda]pyrene, fluorantheng pyrene
chryseneindeno [ 1, 2, 3 ,andbgnzdb]fluoranthene.

Tablell shows all datdor the PAH analysis for all sixstudysites with their respective
dates. Frontablell, it can be seen thaenZalanthracene andenzga]pyrene were detéed in
scupper drain samples from S&& 24 on 04/05/201%nd their mean concentrations were found

to be 15000and17.000parts per trillion (ppt) (ng/L), respectively



Table 11. PAHs data from all six Georgia study sites

Polycyclic Aromatic Hydrocarbons (PAHS)

Date Upstream | Scupper | Downstream
Site SR 24
04-05-19 PAHs undetected| Benz[a]anthracene 0.015 ppb Q® ppt) PAHSs undetected
Benzo[a]pyrene 0.017 ppb (D00 ppt)
06-12-19 Not sampled PAHsundetected Not sampled
081919 Not sampled Benz[a]anthracene 0.002 pphd@ ppt) Not sampled
Fluoranthene 0.00ppb (6.70 ppt)
11-20-19 PAHs undetected PAHs undetected PAHs undetected
01-31-20 PAHs undetected PAHs undetected PAHsundetected
Site Rocky Ford (RF)
10-07-19 PAHs undetected PAHs undetected
10-17-19 PAHs undetected PAHs undetected PAHs undetected
10-22-19 PAHs undetected PAHs undetected PAHs undetected
10-26-19 Not sampled PAHs undetected Not sampled
Site US 80
10-07-19 PAHs undetected PAHs undetected
10-17-19 Pyrene 0.80 ppb (29.80 ppt)
Chrysene 0.011 ppb (11@5pt)
PAHs undetected] | ndeno [ 1, 2, 3ppb@.1® g PAHsundetected
t
Benzo[b]fluoranther?s ;t 0.005 ppb @Dpt)
10-22-19 PAHs undetected PAHs undetected PAHs undetected
10-26-19 Not sampled PAHs undetected Not sampled
Site SR 297
10-17-19 PAHs undetected PAHs undetected
10-22-19 PAHs undetected PAHs undetected PAHs undetected
10-29-19 PAHsundetected PAHs undetected PAHSs undetected
11-20-19 PAHs undetected PAHs undetected
1-31-20 PAHs undetected PAHs undetected PAHs undetected
Site US 255
11-22-19 PAHs undetected PAHs undetected
12-10-19 PAHs undetected PAHs undetected PAHsundetected
1-24-20 PAHs undetected PAHs undetected PAHs undetected
Site SR 197
11-22-19 PAHs undetected PAHs undetected
12-10-19 PAHs undetected PAHSs undetected PAHs undetected

1-24-20

PAHs undetected

PAHs undetected

PAHs undetected




Thus, the concentrations bénZalanthracene anbenzda]pyrene were found to exceed
the drinking water guideline value @D.000ppt provided bythe National Health and Medical
Research Coundih Australiaandthe Arkansas Water Resource Ceritérwhich raises the alarm
for the essential implementation of mitigation measures. Benz[a]anthracene was detected again in
scupper drain samples from SiER24 on 08/19/202 at a concentration a.000ppt, and
fluoranthenavas detected at a concentration af08.ppt, whilebenzda]pyrene was absent. The
lower concentrations of detected PAHs on 08/19/2019 as compared to the concentrations of
detected PAHs on 04/05/2019 cae attributed to higher dilution of PAHs by the larger
precipitation on 08/19/2019 @Binch) as compared to precipitation on 04/05/2010§hch).
Several other factors might existcluding the amountof PAHs conveyed in the atmosphere
and/or introduced by traffic tihe bridge deck and/or bridge deck runoff.

Pyrenechryseneindeno [ 1, 2, 3 ,andbgnzdb]fluoranthene were all detected in
scupper drairsamples fromSite US 80 obtained on 10/2/2019 at concentrationsf 29.500,
11.29), 7.19, and5.200 ppt, respectivelyThe concentrations of boffyreneandchrysenewere
found to exceedhe drinking water guideline value @0.000ppt provided bythe NHMRC and
AWRC, while the concentrations bbthindeno [ 1, 2, 3 c ddnzqlplfuoramtheme waene d
found to be below the drinking water guideline vatdeBoth pyreneandchrysenearefour-ringed
PAHSs, whileindeno [ 1, 2, 3 cs&linggd andbenzdb]fluoranthene idive-ringed. The
lower concentrations ofndeno [ 1, 2, 3 c¢ d benzpgbjfluoemteene as compared to
pyreneandchrysenecan be related to several factasch as the higher hydrophobicityinéieno
[ 1, 2, 3 c d]benzdp]flueranthenea asdcompared fyrene and chrysene a higher

oxidative stressand/or high biodegradability of the large moleculaegiPAHSs.



Summary of PAH Results

Of 18 PAHSs investigatedonly seven were detected in scupper drain samples of two
SoutheasGeorgiasites which were Sites SR4 andUS 80. The seven PAHs that were detected
in scupper drain runoff samples from Sit6&R24 and USB0 were benZalanthracene,
benzda)pyrene, fluoranthene pyrene chrysene indeno [ 1, 2, 3 ,cdpd pyr en
benzdb]fluoranthene. It was found thaenZalanthracene andenzda]pyrene were detected in
scupper drain samples from S&8& 24 on 04/052019 and their mean concentrations were found
to be 15000 and 17.000 ppt (ng/L), respectively, whickexceeed the drinking water guideline
value of10.000ppt provided bythe NHMRC and AWRC. Moreoverthe concentrations of both
pyrene and chrysenewere found to exceethe drinking water guideline value @f0.000 ppt
provided by the NHMRC and AWRC. The high concentrations b&k&nZalanthracene,
benzda]pyrene pyrene andchryseneaise the concern of potential impact of these four PAHs on
human and aquatic life upon exposure. The presence of PAHs in scupper drain runoff can be

confidently related to traffic.

CHEMICAL OXYGEN DEMAND (COD)

COD was evaluated to determine the concentration of oxidizable organic and inaiganical
content in inream andscupper draisamples. COD concentrations were detected from instream
andscupper drairsamples of alkix sites that weresubjecs of the study, suggesting that COD
sources are numerousgure29 shows the impact of the CO&bncentratedcupper draimunoff

on instream water quality at tlieur SoutheastGeorgia studysites and the twadNorth Georgia
studysites. Sources of the higbridge deck runoff COD are mainly traffic, bridge deck material

and atmospheric depositiof§4”!



Fromfigure 29, it can be observed that the introductios@ipper drainunoff can increase
downstream COD values as compared to upstnegloesfor all four SoutheastGeorgiasites
COD increased by 506 3.40, 2.3), and 490 ppm (mg/L) in downstream as compared to upstream
waters forSitesSR 24, RF,US 80 andSR 297, respetively. Traffic and leaching of bridge deck
concrete material with precipitation aseurces foithe introduction of oxidizable content from

scupper draimunoff and the increased COD in instream wat&Y
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Figure 29. Bar graphs. COD concentrations from upstream, scupper drainsand
downstreamfor: (A) Site SR 24, (B) Site RF, (O Site US 80, (D) Site SR 297, (B Site
US 255, and (B Site SR197. Sample dates were 01/31/2020 for SiteR 24 andSR 297,
10/22/2019 for Site RF, 10/17/2019 for SitgS 80, and 12/10/2019 for Site®JS 255 and
SR197.
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Traffic volume can also drive th@ediction of instream COD concentratj@s there is a
direct relation between traffic volume and COD in instream watéf' COD was found to be
higher for nonurban highways compared to urban highways, which showwstaCOD sources
are na transportatiorrelated®-2> The variation of the impact scupper draimunoff on instream
water is closeén figure 29, indicating that precipitation impact on varying COD concentration was
not ofasignificant difference betwedhefour SoutheasGeorgiasites

For the twoNorth Georgiasites (figure 29-E and-F), theintroduction ofscupper drain
runoff into instream watealso elevates the COD concentration downstream as compared to
upstream. COD increased by.@and 430 ppm (mg/L) in downstream as compared to upstream
waters forSite US 255 and Site SR 197, respectively. Since no precipitation datareavailable
for the dates of sampling and no data were available to cover a reasonable time p&ited for
SR 197, and beh North Georgiasites are within the same climatic region, no comparison can be
made based on precipitation trends. The avesagam dischargeas304 cfsfor SiteUS 255and
146cfs for Site SR197. Thus, the larger difference in COD f8ite US 255 (10.00ppm) as
compared to that dbite SR197 (4.30 ppm) can be related tthe structural differencef the two
bridgesand/or higher traffic volume on the former in dry periods precedingathtall event.

Figure30 shows COD concentrations from scupper drains foioal SoutheasGeorgia
sitesand thetwo North Georgiasitesfrom consecutive dateBigure30shows an increasing trend
for COD atSite SR 24 (figure 30-A) and atSite SR 297 (figure 30-D), and a declining COD trend
for Site RF (figure 30-B) and Site US 80 (figure 30-C). For figure 30-A and figure 30-D, the
increasing trend can be attributed to an increased accumulation ofatédcontent from traffic
sources and/or moteachingof bridge deck material prior to tmainfall event for each specified

date. Moreover, since large amounts of COD@ften} areassociated with solids, it is expected



that COD can increase with imesed rain intensities®! As evident infigure 25 andfigure 26, the
rain intensities increadesignificantly during the periods of October, Novemlssrd December

2019, which can explain the elevation of COBaupper draisamples with time progression for

SitesSR24 andSR 297.
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Figure 30. Line graphs. COD concentrations from scupper drains and for different dates
for: (A) Site SR 24, (B) SiteRF, (C) SiteUS 80, (D) Site SR 297, (E) Site US 255, and
(F) Site SR197.
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Forfigure 30-B and-C, the decreasing trend can be attributed to a decreased accumulation
of oxidizable content from traffic sources and/or mie@chingof bridge deck material prior to
therainfall event for each specified date.

Both North Georgiasites, figure 30-E (SiteUS 255) andF (SiteSR197), show a declining
trend of COD concentti@n, which can be attributed to less traffic volume and/or leaching of
bridge deck material on 01/24/2020 as compared to 12/10/2019. The sum precipitation on
12/10/2019 was @linch and on 01/24/2020 it wasAB.inches The drop of COD concentration
on (Q1/24/2020 caralsobe due to dilution of oxidizable content with the higher rain. It is known
that contaminant concentrations, in general, decrease dramatically with increased rain intensity
after the first flush ofainfall event!t-%

Figure31 shows COD concentrations at time intervals for specific dates fdowl
SoutheasGeorgiasitesand the twd\orth Georgiasites Fromfigure 31, it is observedhat COD
shows a declining trend with time for all sites, which can be clearly attributed to the decrease of
oxidizable content concentration after the first flush and with continuous waseh tbf bridge
deck surface. Contaminant concentration decreases shaguypper drain runofifter the first
flush, which is the initial 3040 min of the rainfall event, or can also be defined as the first 5
10 mm of rain. The drop of contaminant concentratinnluding COD in thescupper drain after

the first flush idurtherevidence of the introduction of such content ith®instream water.
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Figure 31 Line graphs. COD concentrations from scupper drains and at timentervals for:
(A) Site SR 24 on 08/19/2019, (BSite SR 24 on 01/31/2020, (LSite RF on 10/26/2019,
(D) Site US 80 on 10/26/2019, (ESite SR 297 on 10/29/2019, (FSite US 255 on 01/24/2020,
and (G) Site SR197 on 01/24/2020.
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Summary of COD Results

COD levels in supperdrain runoff werefound to be highand the impact on instream water quality
was observable for all sigtudy sites. Downstream COD concentratiowsre elevated by the
introduction of scupper drain runoff for aites COD concentrations were invggted in scupper

drain runoff at different dates, and it was found that COD concentrations varied randonthewith
different dates. These variations were attributed to increased humidity prior to rainféglll rain
intensity, frequency of ragyand traffic volume. A consistent trend of decline in concentrations
was observed in all cases in scupper drain runoff COD concentrations with sampling time, which
was attributed to decrease of COD concentrations in scupper drain runoff after thestirstritu

with time due to dilution by rainwater.

NITROGEN
Total Nitrogen (TN)

TN was investigated in scuppérain runoffsamples and instream samplasd it was found that
nitrogen can sometimes be in excesthascupper draimunoff. The major source afitrogen in
scupper drain runofé atmospheric depositions, such as particulate matter and acié lange
array of pollutants can settle by adsorption on particulate matter sirigbe atmosphere or on
the ground and cahe transported and/or imdduced to aquatic environments, such as carbon
monoxide nitrogen oxidesvolatile organic compoundsd seniVOCs sulfur dioxide methane

and toxinsincluding BTEX, butadieneand formaldehyde, among others. Particulate matter can
introduce these paltants and others theaquatic environment when they settle with precipitation

(Seereferencedl, 2, 12, 38and67). Figure32 shows total nitrogen concentrations stupper

drainand instream samples at fioeir SoutheasGeorgiasitesand the twd\orth Georgiasites



However, since other sources of nitrogen in instream watebe agriculturalelated such

as fertilizers from surrounding boundary larigeereferences., 5, 6,8, 12,and14), it was found

that nitrogen concentration in instream water can usually surpass thasoupper draimunoff.

In figure 32, cases oboth high nitrogen concentration iscupper draimunoff and in instream

water can be observed. Fronfigure32-A (Site SR24) and figure32-D (Site SR297),
concentrations of nitrogen were found to be substantially higher in scupper drain runoff compared
to upstream water. This observatioanfirms thatscupper drairrunoff can contribute to the

introduction of nitrogen into instream water.
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Figure 32. Bar graphs. Total nitrogen concentrations from upstream, scupper drainsand
downstreamfor: (A) Site SR 24, (B) Site RF, (C) Site US 80, (D) Site SR 297, (E) Site
US 255 and (F) Site SR197. Sample dates were 01/31/2020 f&itesSR 24 and SR 297,
10/17/2019 forSite RF, 10/17/2019 forSite US 80, 12/10/2019 forSite US 255 and
01/24/2019 forSite SR 197.

The difference betweendownstream and upstream nitrogen concentratiere found to be
2.36ppm for SR24 (figure32-A) and approximatelyl.00ppm for SR297 (igure 32-D),
respectively The highenitrogen concentration in scupper drain runoff at SR24 compared to
Site SR297 can be attributed to more atmospheric nitrogen that can be controlled by factors such
as wind and rainfall intensity. However, such factors are variané atmospheriaitrogen

concentrations can vary between the tites, asshown infigure50 in the appendix, which

98



provides otal nitrogen concentrations (total and dissolv&dm upstream, scupper drajrad
downstreamfor (A) Site SR24 on 04/05/2019, (BSite SR24 on 11/20/2019, (¢Site RFon
10/22/2019, (pSite US80 on 10/17/2019, (BSite SR297 on 10/22/2019 (F) Site SR297 on
10/29/2019, (GSite US 255 on01/24/2020, and (HSite SR197 on 12/10/2020. Ifigure 32-B
andfigure 32-C, nitrogen concentrations were found to be higher in upstream samples as compared
to scupper drain runoff, which could be attributed to other sources of nitgdnas fertilizers
from surrounding boundarynds and soil.

For thetwo North Georgiasites Site US 255 (figure 32-E) andSite SR 197 (figure 32-F),
it canalsobe seen that nitrogen concentraionvere higher iscupper draimunoff as compared
to upstream water, and the differembetween downstream nitrogen concentratomparedo
upstreamwerefound to be approximately.00 ppmfor Site US255 (igure 32-A) and 050 ppm
for Site SR197 (figure 32-B), respectively.

Figure33 shows total nitrogen concentrations from scupper drains féowlSoutheast
Georgiasites and the twd\orth Georgiasites from consecutive dateBigure33-A (Site SR 24)
and figure 33-B (Site RF) show an overall decline of total nitrogen concentraticnossthe
different datesexcept on 01/31/2020 fdigure 33-A, which shows a sharp increase otal
nitrogen concentratiofor Site SR24. Such behavior reflects that it is hard to predict the nitrogen
presence irscupper draimunoff due to uncontrollable factgrsuch as wind speed and raith
intensity, that control the deliverance of atmosphentrogen tahebridge deck.

The overall declining nitrogen trenith figure 33-A and figure 33-B can be due to
continuous wasloff of thebridge deck surface with rain relative to low surface accumulation over
days. However, the sharp rise in nitrogen concentration on 01/31/20&§ufer33-A can be due

to an opposite effect of the introduction of large amounts of atmospheric nitrogen with rainfall at



thatsite. Bothfigure 33-C (SiteUS 80) andfigure 33-D (SiteSR297) show an increase of nitrogen
concentration with consecutive dayshich indicates increasing introduction of nitrogerttie
bridge deckespecially forfigure 33-C. For figure 33-D, a plateau can be observed between the
months of October 2019 and Januarg@@ndicating that nitrogen introduction tbebridge deck
surface was low during this period. Ordy0.24-ppm @40.00-ppb) nitrogen increase was found

duringthat periodin the scupper drain runoff &ite SR297.
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Figure 33. Line graphs. Total nitrogen concentrations from scupper drains and for
different datesfor: (A) Site SR 24, (B) Site RF, (C) Site US 80, (D) Site SR 297, (E) Site
US 255 and (F) Site SR197.

Figure33-E andfigure 33-F show total nitrogen concentrations froimescupper drains for
the two North Georgiasites from consecutive dates. The opposite trends of sharp decline in
nitrogen concentrations fdigure 33-E comparedo the sharp increase fdigure 33-F confirm
thatscupper drain runoffitrogen trends are unpredictable and are controlled by random factors
such as wind speed and railhintensity.Total nitrogen concentrations can be sfgrantly higher
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in bridge deck runoff compared to highway runefhich can be clearly attributed to the absence
of bridge deck runoff natural filtration by side vegetation and swales anduslie highway
runoff.[L:15]

Figure34 shows total nitrogen concentrations at time intervals for specific datesftmurall
SoutheasGeorgiasitesand the twadNorth Georgiasites Fromfigure 34, it is observedhat total
nitrogen declind with time for all sites, which can be clearly attributed to theehese of nitrogen
concentration after the first flush and with continuous waf$lof the bridge deck surface. It is
noticeable that the total nitrogen trend for tive North Georgiasitesfollows the same declining
trend with time as well. As mentionegreviously, contaminant concentratsotiecrease sharply
in scupper drain runofifter the first flush, which is the initial 390 min of the rainfall event, or
can also be defined as the fir§t1® mm of rain™1% The dropin contaminant concentration
including total nitrogenin scupper drain runoféfter the first flush idurther evidence of the

introduction of nitrogen inttheinstream water.



A B
30 14 ’
E 29f & 12}
o 28 a
S 27 5 1o}
© 26 T gl .
5 2 5 o
§ 24 2 ]
o 23 8 a4 2
z 22 . - z . . :
30 60 - 60 90 120
Time (min) Time (min)
C D
—~ 20} 5 # i — 22 g r v
El 1of * é 20}
= 8L = 18p
S 14f , ] S 19
S 12} ; © 1;
& 10 @ 10} :
o 8' o
5 ] 5 8f -
O 6t O 6f ]
Zz 4l . . Zz 4l : .
(=] 60 90 120 = 30 60 90
Time (min) Time (min)
E F
19 24
£
23t
g 18 S
22t
& 17} S
E E 21t
= 16} =
b5 & 20t
2 2
s 15f o 19¢
o o
Z 14 : - Z 18 . .
= 30 60 = 30 60
Time (min) Time (min)

Figure 34. Line graphs. Total nitrogen concentrations from scupper drains and at time
intervals for: (A) Site SR 24 0n 01/31/2020, (BSite RF on 10/26/2019,¢) Site US800n
10/26/2019(D) Site SR2970n 10/29/2019(E) Site US 255, and (F) Site SR1970n
01/24/2020.

Total Kjeldahl Nitrogen (TKN)

TKN is a measure of ammonia and organic nitrogescupper drain runofind instream water.
Nitrogen in generalis a nutrient to bacteria, planend alga on which these creaturesy for

growth and reproduction. The presence of large quantities of nutrients in water bodies can have a
harmful effect by creating a nuisance environment and the proliferation of surface water plants

leading to the consumpticof large amounts of dissolved oxygen, which subsequently depletes in
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water, leading to the death of aquatic creatutéd Thus, it is critically important to monitor the
amounts of nitrogen being introduced to instream waters from side boundaries and bridge deck
runoff.

In this subsection and the following subsections, average concentrations of different types
of nitrogen castituents present in aquatic environments were monitored from instream and
scupper drain runoff samplesiming to observe nitrogen concentrations in its different forms.
Table12 shows TKN concentrations from all s@eorgiastudy sites from different dates and
subsequent time intervalgsing samples from upstream, scupper draimoff, anddownstream.

From table12, TKN follows trends closely resembling that of total nitrogen reported in the
previoussubsection. The impact of scupper drain runoff could still be observed by the introduction
of higher TKN concentrations rela¢ to the upstream TKN concentrationsvhich could be

introduced from bridge traffic in addition to atmospheric deposi(i@aereferenced, 5, 6,8, 12,

andl14) However, the unpredictability of TKN concentration is also observed due to other nitrogen
sourcessuch as fertilizers and saitlated sources from roadside ditches along a highway.

The declining TKN concentrations gcupper drain runoffith time arealso observed due
to the continuel washoff of the bridge deck surface with rainfall, which is the case with

contaminant behavior duriragrainfall event after the first flush, as mentioned previously.



at different dates and time intervals

Table 12. TKN for all six Georgia studysites from instream and scupper drainrunoff and

TKN (Con. Unit ppm [mg N/L])

Date | Upstream Scupper Downstream
Site SR24
04-05-19 13.70+0.21 14.25+0.34 14.00+£0.36
06-09-19 Notsampled | 13.40+0.28 Not sampled
06-10-19 Not sampled | 10.60+0.15 Not sampled
06-11-19 Not sampled | 10.95+0.20 | Not sampled
06-12-19 Not sampled | 15.8)+0.45 Not sampled
081919 Not sampled | 9.80+0.11 Not sampled
11-20-19 12.20+0.19 9.40+0.09 11.80+0.13
1-31-20 (30 min) 14.30+0.30 17.28+0.40 16.44+0.37
1-31-20 (60 min) Not sampled | 15.70+0.35 Not sampled
Average 13.40+0.23 13.02+0.26 14.08+0.29
Site Rocky Ford (RF)
10-17-19 11.20+0.12 9.74+0.10 10.66+0.15
10-22-19 12.20+0.30 8.14+0.07 9.80+0.10
10-26-19 (60 min) Not sampled | 6.85+0.08 Not sampled
10-26-19 (90 min) Not sampled | 4.95+0.05 Not sampled
10-26-19 (120 min) Not sampled | 3.16+0.04 Not sampled
Average 11.7+0.21 6.57+0.07 10.23+0.13
Site US 80
10-17-19 15.17+0.35 6.38+0.08 13.74+0.13
10-22-19 13.70+0.24 9.23+£0.12 11.42+0.10
10-26-19 (60 min) Not sampled | 10.24+0.12 | Not sampled
10-26-19 (90 min) Not sampled | 8.17+0.08 Not sampled
10-26-19 (120 min) Not sampled | 3.77+0.04 Not sampled
Average 14.44+0.30 7.56+0.09 12.58+0.12
Site SR 297
10-22-19 13.87+0.40 | 10.74+0.17 12.33+0.20
10-29-19 (30 min) 16.80+0.50 | 12.81+0.22 13.74+0.30
10-29-19 (60 min) Not sampled | 8.21+0.05 Not sampled
10-29-19 (90 min) Not sampled | 4.87+0.02 Not sampled
01-31-20 11.19+0.15 | 12.21+0.21 12+0.23
Average 13.95+0.35 9.77+0.13 12.69+0.24
Site US 255
12-10-19 10.98+0.11 11.24+0.14 11.01+0.12
01-24-20 (30 min) 9.18+0.09 9.47+0.10 9.41+0.10
01-24-20 (60 min) Not sampled | 8.77+0.10 Not sampled
Average 10.08+0.10 9.83+0.11 10.21+0.11
Site SR 197
12-10-19 9.86+0.10 8.51+0.09 9.4+0.08
01-24-20 (30 min) 12.34+0.51 | 14.84+0.40 12.98+0.14
01-24-20 (60 min) Not sampled | 12.45+0.14 | Not sampled
Average 11.10+£0.31 | 11.93+0.21 11.19+0.11




Ammonia Nitrogen (NHz-N)

Table13 shows ammonia nitrogen concentrations from alksixlysitesfrom different dates and
subsequent time intervalssing samples from upstreastupper drain rungfind downstream.
Fromtable13, ammonia nitrogen folloedtrends closely resembling that of total nitrogen
reported in th@revioussubsection. The impact of scupper drain runoff could still be observed by
the introductiorof higher ammonia nitrogen concentrations relative to upstream ammonia nitrogen
concentrations that could be introduced from atmospheric deposition. However, the
unpredictability of ammonia nitrogen concentratias also observed due to other nitrogen
souces such as fertilizers and seitlated sources from roadside ditches along a highway.
The declining ammonia nitrogen concentrations in scupper drain runoff withaeres
also observed due to tlkentinuel washoff of thebridge deck surface with ramif, whichwas
the case with contaminant behavior durimgainfall event after the first flush, as mentioned

previously



Table 13. Ammonia nitrogen for all six Georgia studysites from instream and scupper

drain runoff and at different dates and time intervals

Ammonia Nitrogen (Con. Unit ppm [mg/L-N])

Date | Upstream Scupper Downstream
Site SR24
04-05-19 13.85+0.20 | 13.25+0.23 13.25+0.25
06-09-19 Not sampled| 13.40+0.20 Not sampled
06-10-19 Not sampled| 10.60+0.10 Not sampled
06-11-19 Not sampled| 10.95+0.15 Not sampled
06-12-19 Not sampled| 15.8+0.40 Not sampled
081919 Not sampled| 8.00+0.06 Not sampled
11-20-19 12.18+0.17 | 11.70+0.10 11.53+0.12
01-31-20 (30 min) 9.88+0.10 16.25+0.50 13.46+0.14
01-31-20 (60 min) Not sampled| 14.00+0.35 Not sampled
Average 11.97+0.16 | 12.66+0.23 12.75+0.17
Site Rocky Ford (RF)
10-17-19 13.10+0.32 | 13.69+0.16 13.30+0.14
10-22-19 10.80+0.13 | 11.34+0.10 11.16+0.11
10-26-19 (60 min) Not sampled| 8.79+0.09 Not sampled
10-26-19 (90 min) Not sampled| 6.50+0.07 Not sampled
10-26-19 (120 min) Not sampled| 4.00+0.03 Not sampled
Average 11.95+0.23 | 8.86+0.09 12.23+0.13
Site US 80
10-17-19 8.80+0.07 10.00£0.15 9.15+0.10
10-22-19 9.1240.10 9.22+0.08 9.13+0.08
10-26-19 (60 min) Not sampled| 7.62+0.06 Not sampled
10-26-19 (90 min) Not sampled| 5.14+0.04 Not sampled
10-26-19 (120 min) Not sampled| 3.90+0.02 Not sampled
Average 8.96+0.09 7.18+0.07 9.14+0.09
Site SR 297
10-22-19 9.89+0.07 11.20+0.13 10.71+0.10
10-29-19 (30 min) 10.39+0.13 | 12.47+0.14 12.01+0.14
10-29-19 (60 min) Not sampled| 7.16+0.05 Not sampled
10-29-19 (90 min) Not sampled 3+0.02 Not sampled
01-31-20 9.78 11.5+0.11 11.07+0.12
Average 10.02+0.12 | 9.07+0.09 11.26+0.12
Site US 255
12-10-19 6.48+0.04 8.7340.08 8.2240.06
01-24-20 (30 min) 8.27+0.07 6.15+0.05 8.46+0.05
01-24-20 (60 min) Not sampled| 5.37+0.03 Not sampled
Average 7.38+0.06 6.75+0.05 8.34+0.06
Site SR 197
12-10-19 10.27+0.10 | 12.19+0.15 11.00+0.12
01-24-20 (30 min) 8.19+0.09 6.97+0.07 7.68+0.08
01-24-20 (60 min) Not sampled| 6.22+0.06 Not sampled
Average 9.234£0.10 8.46+0.09 9.34+0.10




Nitrate Nitrogen (NO3'-N)

Table14 shows nitrate nitrogen concentrations fromsatl study sites from different dates and
subsequent time intervalssing samples from upstreastupper drain rungfaind downstream
Fromtable14, nitrate nitrogen followd trends closely resembling that of total nitrogen
reported in th@revioussubsection. The impact of scupper drain runotfidstill be observed by
the introduction of higher nitrate nitrogen concentrations relative to upstream nitrate nitrogen
concentrations that could be introduced from atmospheric deposition. However, the
unpredictability of nitrate nitrogen concentratiwasalso observed due to other nitrogen soyrces
such as fertilizers and sa#lated sources from roadside ditches along a highway, in addition to
oxidative and/or anoxic conditions.
The declining nitrate nitrogen concentrations in scupper drain rundfftime werealso
observed due to theontinual washoff of the bridge deck surface with rainfall, whishasthe
case with contaminant behavior duriagrainfall event after the first flush, as mentioned

previously.



Table 14. Nitrate nitrogen for all six Georgia studysites from instream and scupperdrain

runoff and at different dates and time intervals

Nitrate Nitrogen (Con. Unit ppm [mg/L-N])

Date | Upstream | Scupper | Downstream
Site SR24
04-05-19 8.85+0.05 | 7.60+0.03 10.55+0.10
06-09-19 Not sampled | 4.85+0.03| Not sampled
06-10-19 Not sampled | 5.40+0.02 Not sampled
06-11-19 Not sampled | 6.35£0.04 | Not sampled
06-12-19 Not sampled | 4.38£0.03| Not sampled
081919 Not sampled | 7.20+0.04 Not sampled
11-20-19 6.17+0.04 | 7.88+0.05 7.17+0.06
01-31-20 (30 min) 8.57+0.05 | 8.94+0.07 8.58+0.07
01-31-20 (60 min) Not sampled | 6.38+0.06 | Not sampled
Average 7.86+0.05 | 6.55+0.04 8.77+0.08
Site Rocky Ford (RF)
10-17-19 7.52+0.06 | 7.86+0.08 7.60+0.03
10-22-19 6.63+0.04 | 7.02+0.07 6.80+0.03
10-26-19 (60 min) Not sampled | 6.27+0.04| Not sampled
10-26-19 (90 min) Not sampled | 4.30+0.03 Not sampled
10-26-19 (120 min) Not sampled | 2.1840.01| Not sampled
Average 7.08+0.05 | 5.53+0.05 7.20+£0.03
Site US 80
10-17-19 6.66+0.06 | 8.05+0.07 7.98+0.06
10-22-19 5.87£0.04 | 7.82+0.07 6.74+0.05
10-26-19 (60 min) Not sampled | 5.44+0.05| Not sampled
10-26-19 (90 min) Not sampled | 2.1940.02| Not sampled
10-26-19 (120 min) Not sampled | 0.0Gt0.00 Not sampled
Average 6.27+0.05 4.70+£0.05 7.36+0.06
Site SR 297
10-22-19 7.29+0.05 | 3.87+0.03 8.14+0.06
10-29-19 (30 min) 8.08+0.08 | 6.54+0.04 6.20+0.04
10-29-19 (60 min) Not sampled | 2.50+0.01 Not sampled
10-29-19 (90 min) Not sampled | 0.57+0.002] Not sampled
01-31-20 5.7#0.04 5.54+0.03 5.37+0.04
Average 7.05+0.06 | 3.80+0.02 6.57+0.05
Site US 255
12-10-19 6.13+0.04 | 7.00+0.06 6.90+0.05
01-24-20 (30 min) 4.64+0.02 | 3.87+0.03 4.52+0.03
01-24-20 (60 min) Not sampled | 3.14+0.02| Not sampled
Average 5.39+0.03 | 4.67+0.04 5.71+0.04
Site SR 197
12-10-19 5.39+0.03 | 7.80+0.07 6.55+0.06
01-24-20 (30 min) 5.20+0.02 4.32+0.03 5.00+0.04
01-24-20 (60 min) Not sampled | 3.59+0.03| Not sampled
Average 5.30£0.03 | 5.24+0.04 5.78+0.05




Nitrite Nitrogen (NO2'-N)
Table15 shows nitrite nitrogen concentrations from s study sites from different dates and
subsequent time intervalssing samples from upstreastupper drain rungfaind downstream

From table15, nitrite nitrogen folloved trends closely resembling that of total nitrogen
reported in theprevioussubsection. The impact of scupper drain runoff could still be observed by
the introduction of higher nitrite nitrogen concentrations relative to upstream nitrite nitrogen
concentrations that could be introduced from atmospheric digpos However, the
unpredictability of nitrite nitrogen concentratiasrasalso observed due to other nitrogen soyrces
such as fertilizers and sa#lated sources from roadside ditches along a highway, in addition to
oxidative and/or anoxic conditions.

The declining nitrite nitrogen concentrations in scupper drain runoff with weassalso
observed due to the contimuevashoff of the bridge deck surface with rainfall, whishasthe

case with contaminant behavior during rainfall event after the firdt,fassmentioned previously.



Table 15. Nitrite nitrogen for all six Georgia study dtesfrom instream and scupper drain

runoff and at different dates and time intervals

Nitrite Nitrogen (Con. Unit ppm [mg/L -N])

Date | Upstream Scupper | Downstream
Site SR24
04-05-19 0.05+0.00 0.20+0.00 0.20+0.00
06-09-19 Not sampled | 4.05+0.03 Not sampled
06-10-19 Not sampled | 4.50+0.04 Not sampled
06-11-19 Not sampled | 3.15+0.02 Not sampled
06-12-19 Not sampled | 0.11+0.Q Not sampled
081919 Not sampled | 1.10+0.01 Not sampled
11-20-19 0.00:0.00 0.00:0.00 0.00:0.00
01-31-20 (30 min) 1.76x0.a 2.43+0.02 2.00£0.01
01-31-20 (60 min) Not sampled | 1.23+0.00 Not sampled
Average 0.60:0.00 1.86+0.02 0.73£0.01
Site Rocky Ford(RF)
10-17-19 1.97+0.01 0.00:0.00 1.79+0.01
10-22-19 1.05+£0.a 0.00:0.00 0.17+0.a
10-26-19 (60 min) Not sampled | 0.0G:0.00 Not sampled
10-26-19 (90 min) Not sampled | 0.0G:0.00 Not sampled
10-26-19 (120 min) Not sampled | 0.0Gt0.00 Not sampled
Average 1.51+0.01 0.00:0.00 0.98+0.01
Site US 80
10-17-19 0.00t0.00 0.99+0.00 0.0G:0.00
10-22-19 3.3240.02 0.00t0.00 0.92+0.@
10-26-19 (60 min) Not sampled | 3.44+0.02 Not sampled
10-26-19 (90 min) Not sampled | 2.84+0.01 Not sampled
10-26-19 (120min) Not sampled | 2.39+0.02 Not sampled
Average 3.3240.02 1.71+0.02 0.92+0.00
Site SR 297
10-22-19 2.85+0.01 1.60+0.01 2.49+0.02
10-29-19 (30 min) 2.53+0.01 1.89+0. 1.87+0.01
10-29-19 (60 min) Not sampled | 0.72+0.Q Not sampled
10-29-19 (90 min) Not sampled | 0.55+0.00 Not sampled
01-31-20 2.7610.01 3.731£0.02 3.174£0.02
Average 2.71+0.01 1.70+0.01 2.51+0.02
Site US 255
12-10-19 5.54+0.04 6.00+£0.05 5.65+0.04
01-24-20 (30 min) 2.7840.01 4.21+0.04 4.11+0.03
01-24-20 (60 min) Not sampled | 3.19+0.02 Not sampled
Average 4.16+0.03 4.47+0.04 4.88+0.04
Site SR 197
12-10-19 4.50+0.03 2.70+0.01 3.65+0.03
01-24-20 (30 min) 3.72+0.01 3.83+£0.02 3.74+0.03
01-24-20 (60 min) Not sampled | 2.87+0.02 Not sampled
Average 4.11+0.02 3.13+£0.02 3.70+£0.03




Summary of TN Results

TN was found to be introduced from scupper drains with observable impact on instream water
quality. Downstream TN concentrationsreelevated by the introduction of scupper drain runoff

for mostsites TN concentrations were investigated in scupper draioff at different dates, and

it was found that TN concentrations varied randomly with different dates. These variations were
attributed to increased nitrogen load from scupper gdie to accumulatioon the bridge deck

due to atmospheric depositiondaiby the introduction of bridge deghkarticulate matterA
consistent trend of decline N concentrations was observed in all cases in scupper drain runoff
with sampling time, which was attributed ttte decrease of TN concentrations in scupper drain

runoff after the first flush and with time due to dilution by rainwater.

PHOSPHORUS (PO -P)

Like nitrogen, phosphorus in its aqueous form (phosphate) is a nutrient to bacteria, aquatic plants
and algae. Therefore, its presence in excess in surface watecseate the same harmful and
nuisance conditions that threaten the stability of aquatic biota. Thus, monitoring phosphorus in
water bodies is of critical importance. Phosphorus was measured as total phasglegeressed

as PQ¥ -P in water samples from bridge scupper drains and instream ViFagere35 shows

PQ:¥ -P concentrationi® scupper drain runotind instream samples at floeir SoutheasGeorgia

study sites for upstreamscupper drain rungffand downstreantor both NorthGeorgiastudy

sites, phosphorus was undetected.
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Figure 35. Bar graphs. PO4¥ -P concentrations from upstream, scupper drainsand
downstreamfor: (A) Site SR 24, (B) Site RF, (C) Site US 80, and (D) Site SR 297.

Sample dates were 01/31/2020 f&ite SR 24 and 10/22/2019 forSitesRF, US 80 and
SR 297, respectively

Major sources of phosphorus are atmospheric depositions and fertdizemsasitrogen.
Phosphorus resembles nitrogen in its sources and impactthasdt is expected that phosphorus
in scupper drain runoff from accumulation of atmospheric depiosis and the contribution of

traffic. (Seereferencesl, 5, 6, 8, 12and 14) From figure 35, the comentrations oPQ:® -P in

scupper drain runofére higher than upstrearRQ -P concentrationsWhy the scupper drain
PQ:¥ -P concentrations were much higher as compared to upstseantlearhowever, it is of
alarming concern. The differerecbetween downstream and upstream phosphate concentrations
were found to be 1% 1.00, 0.40, and 035ppm for Sites SR24, RF, US80, and SR297,

respectively.
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Since atmospheric deposition is the key factor for bridge deck contamination with
phosphorus, iis expected that the combination of both factors of rainfall (introduction) and dry
periods (accumulation) can have a significant effect on the increasing phosphorus amthets on
bridge deck andthus its concentration in scupper drain runoff. The longer the dry pettied
more phosphorus accumulation e bridge deck surface from various sources, and the higher
the rainfall intensitythe more the atmospheric depositiontbebridge deck surfacéloreover,
higher rainfall intensity plays both effects of the introduction of more phosphoths lbwidge
deck surface and the dilution of scupper drain runoff contaminiantsding phosphorus.

Figure36 showsPQs* -P concentrationsn scupper drain runoffor all four Southeast
Georgiasites from consecutive dates. Frofigure 36, the variation ofPQ¥ -P concentrations
seems random, which confirms previous statements on the unpredictability of nutrient amounts in
scupper drain runothat relies on different variablgscluding rain frequency, rainfall intensity,
dry periods and traffic volume.The sharp increasein scupperPQ:¥ -P concentrationin
figure 36-A, figure 36-C, andfigure 36-D at the later dates could be due to a langege deck
surfacePQ:¥ -P accumulation from traffic sources during the preceding dry periods and/or the
introduction of large amounts 8Q:® -P during the rainfall events at the times of sampling.

Figure37 showsPQ:¥ -P concentrations at time intervals for specific dates fofcalt
SoutheasGeorgiasites Fromfigure 37, it is observedhat phosphate declidevith time for all
four SoutheastGeorgia sites, which can be clearly attributed to the decreaseP@i® -P
concentration after the first flush and with continuashoff of the bridge deck srface. This
sheds light on the high diluting impact of ragwen though rainfall is known to be the major source

of introduction of phosphorus thebridge deck surface.
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Figure 36. Line graphs. PO4+% -P concentrations from scupper drains and for different dates
for: (A) Site SR 24, (B) Site RF, (C) Site US 80, and (D) Site SR297.
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Figure 37. Line graphs. PO -P concentrations from scupper drains and at time intervals
for: (A) Site SR240n 08/19/2019, (BSite RF on 10/26/2019,¢) Site US 800n 10/26/2019
and (D) Site SR2970n 10/29/2019.

Summary of PO4% -P Results

PQ:® -P was found to be introduced fraoupper drains with observable impact on instream water
quality. Downstream P{J -P concentrations were elevated by the introduction of scupper drain
runoff for all four SoutheagBeorgiasites, while PQ* 'P was undetecteat both NorthGeorgia

stes PQ2 P concentrations were investigated in scupper drain runoff at different dates, and it
was found that PQ P concentrations varied randomly with different dates. These variations were
attributed to the unpredictability of nutrient amounts in scuppén duaoff thatrely on different
variablesincluding rain frequency, rainfall intensity, dry peripdsd traffic volume. A consistent

trend of declingin concentrations were observed in all cases in scupper drain rungftPO



concentrations with samiph time, which was attributed tdecrease of POLP concentrations

in thescupper drain runoff after the first flush and with time due to dilution by rainwater.

SOLIDS
Total Solids(TS)

Solids exst in stormwater runoffand their sources are numerous. Major sources of solids in bridge
stormwater runoff include atmospheric fallout, dust fall, rehabilitation work, construction and

maintenance activities, and pavement wgsereferencesl, 3, 5, 6, 810, 12, 14,and 17).

Hydrologic and climatic conditions contrtie amount ofolids loading for instance, elevated
stream discharge, rainfall intensignd dry periods can increase solids loagdiilgile foregoing
storm intensity can decrease solids loadifgHigh-intensity storms and high rainfall volume can
transport around 6fercenbf solids from different sourcemcludingthebridge deck into surface
waters, and lowntensity storns can transport around pgrcentin the first4 min of the storm
event:

The environmental concern with solids is that they can transport an array of hazardous
contaminants into surface waters. Several ordaoiganic contaminants can attach to solids
surfaces of different sizes and damtransported into water bodies. Suspended or settleable solid
can convey up to 7percentof COD content in stormwater runoff, asthcemore than half of
suspended sol&are constituted of inorganic content, suspended solids can carry and/or contain
high concentrations of toxic heavy metals. Therefore, saah introduce different harmful
contaminants to aquatic ecosystems and can increase sedimesinlevater bodiesleading to
burial of aquatic creature's

Figure38 shows total solids concentrations in scupirain runoffand instream samples

at thefour Southeastaaind the twoNorth Georgiasites for upstreamscupper drain runaffand



downstream. Frorfigure 38, it is observedhat scupper drain runoffolids can add to instream
solids loading, threatening the aquatic ecosystem by the introduction of different pollutants and
increasing stream sedintdevel with time. The differences between downstream and upstream
solids concentrationis figure 38-A, -B, -C, and-D were found to b9200, 74.00, 11400, and
89.00 ppm forSitesSR 24, RF,US 80 andSR 297, respectively. These concentration differences
areobservabland raise concestior the impact of solids on stream waters. Since suspended solids
form the larger portion of total solids, it is expecteatthe introduction of heavy metals and other
inorganic toxins fromthe bridge deck surface tihe instream water is significantnoreover, the
sedimentation would be higherthe stream bed.

The introduction of solids into stream waters leads to the transportation of various
pollutants downstream as rainfall can mobilize and introduce solidstfrebridge deck surface
into theinstream watef-'% Figure38-E and-F show total solids concentrations in scupper drain
runoff and instream samples at the Marth Georgiasitesfor upstream, scupper drain runathd
downstreamFrom figure 38-E and-F , it is also evidenthat introduction of bridge deck solids
into the instream increaseinstream solids loading. The differences between downstream and
upstream solids concentratioinsfigure 38-E and-F were found to be 1700 and95.00 ppm for

SitesUS 255andSR 197, respectively.
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10/22/2QA9 for Sites RF andUS 80, and 01/24/2019 for SitedS 255 andSR 197.

Figure39 shows total solids concentrat®in scupper drain runoffor all four Southeast

Georgiasitesand the twd\orth Georgiasitesfrom consecutive dates. Frdigure 39, total solids

concentrations vary betwearecline andanincling asin figure 39-A (Site SR 24).
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Figure 39. Line graphs. Total solids concentrations from scupper drains and fodifferent
datesfor: (A) Site SR 24, (B) Site RF, (C) Site US 80, (D) Site SR 297, (E) Site US 255 and
(F) Site SR197.

The lowest solids concentration on 08/19/2019 and the highest on 11/20/2019 for
figure 39-A can be explained with respect to rainfall intensity and volume figume 25-A, which
shows lower rainfall intensity and lower rain volume during the month of August 2019 as
compared to November 2019. Fgyure 39-B (Site RF) andigure 39-C (Site US 80), it was clear

that rain intensity and rain volume were significantly higher in-@adober as compared the
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end of that monththus increasing sals loading in scupper drain runoff. Rigure 39-D (Site
SR297), total solids concentratiamcrease$rom 10/22/2019 to 01/31/202Bowever, it could be
seernfrom figure 26 that rainfall intensity and volume were much higher during the end of October
2019 as compared theend of January 2020, which contradictsfém that highintensity storms

and high rainfall volume can transport more volume of solids as compared-tatémsity storms

and high rainfall volume. As mentioned earlier, dry periods can increase solids loading on bridge
deck surface that accumulatérom dust fall, pavement weand other sources. Therefore, the
higher solids concentration fdigure 39-D can be explained with respect to the frequegt dr
periods and the low cleansing effect of rain preceding late January 2020. Therefore, the
combination of both effects of rainfall and dry periods can have a clear impact on increased solids
loading.

Figure39-E and-F show total solids concentratise from scupper drains for the tWworth
Georgiasites from consecutive datesrom figure 20, it is clear that rainfall volume was much
lower on and before 12/10/2019 as compared to 01/24/2020, which explains the much lower solids
concentration irscupper drain runoffamples ofSite US 255 from 12/10/2019ascompared to
the higher concentratioon 01/24/2020f(gure 39-E). Moreover, it is noticeable that a dry period
preceded both 12/10/2019 a@dl/24/2020 figure 20), which indicates that solids accumulation
could be taking place prior tainfall events however, the higher rain volunoa 01/24/2020dd
to more solid transportation tecupper drain runaoffAs mentioned previously, no precipitation
data vereavailable forSite SR197. Thus, total solids results cannot be evidenced according to
precipitation values fo6ite SR197 (though it is in thesame climatic region aSite US 255

7.3 milesapary.



Figure40 shows total solids concentrations at time inads\for specific dates for all four

SoutheasGeorgiasitesand the twdNorth Georgiasites.
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Figure 40. Line graphs. Total solids concentrations from scupper drains and at time
intervals for: (A) Site SR 24 on 08/19/2019, (BSite RF on 10/26/2019,¢) Site US800n
10/26/2019(D) Site SR 297 0n 10/29/2019(E) Site US 2550n 01/24/2020and (F) Site
SR 1970n 01/24/2020

Figure40shows both patterns of increasing and decreasing solids concentrations with time

for the Southeaskeorgiasites For instancefjgure 40-A (Site SR 24) shows a consistent increase
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in solids concentration with timdigure 40-B (Site RF) andigure40-C (Site US 80) showa
consistent daease in solids concentration with time, digure40-D (Site SR297) shows a
pattern of decrease then increase in solids concentration imigh These variations in solids
concentrations with time can be attributed to most likely varying rainfall intensity during each
rainfall event for each site. However, no record of precipitation versus time data was found from
any USGS station for all setudysitesand for each specified date to supportdtaeementWhen
rainfall intensity increases, solids mobilization fréime bridge deck and its flushing into scupper
drains increas andthendecreases when rainfall intensity decreases

Figure40-E and-F show total solids concentrans at time intervals for the twidorth
Georgiasites. Solids concentration increased with time for both sites, indicating thafaltain

intensity increased within the selected sampling time range.

Total Suspended Solid¢TSS)
TSS are the insoluble portion of total solids @andjeneralarepredominantly inorganic in nature.

Table16 shows TSS concentrations for all $deorgiastudysites

Table 16. Total suspendedsolids concentrations for all sixGeorgia study sites from
instream and scupper drain runoffand at different dates and time intervals

Total Suspended Solids (ppm)
Date | Upstream | Scupper | Downstream
SiteSR24
04-05-19 593.9+12.00| 79400+14.00 | 64000+13.00
06-12-19 Not sampled | 722.5+13.00 | Not sampled
08-19-19 (150 min)| Not sampled | 507.00+11.00 | Not sampled
08-19-20 (180 min)| Not sampled | 53200£12.00 | Not sampled
08-19-21 (210 min)| Not sampled | 69000+14.00 | Not sampled
11-20-19 88200+16.00 | 1027.00+£17.00 | 100800+£18.00
01-31-20 547.46x1100| 786.21+1500 | 71400+11.00
Average 67400+13.00| 722.67+13.0 | 787.00+£14.00
Site Rocky Ford (RF)




Table 16.

Cont 6d.

Total Suspended Solid¢ppm)
Date Upstream Scupper | Downstream
Site Rocky Ford (RF)
10-17-19 72300+16.00 | 842.3+16.00 | 79300+15.00
10-22-19 52500+11.00 | 57800+10.00 | 541.00+12.00
10-26-19 (60 min) | Not sampled | 42200+9.00 | Not sampled
10-26-19 (90 min) | Not sampled | 431.00+10.00| Not sampled
10-26-19 (120 min)| Not sampled | 25200+5.00 | Not sampled
Average 624.00+14.00 | 50500+10.00 | 667.00+14.00
Site US 80
10-17-19 72800+14.00 | 876.00+15.00 | 820.00+15.00
10-22-19 65500+13.00 | 687.00+10.00 | 654.00+12.00
10-26-19 (60 min) | Not sampled | 721+1300 Not sampled
10-26-19 (90 min) | Not sampled | 723+1200 Not sampled
10-26-19 (120 min)| Notsampled | 564+900 Not sampled
Average 691.5+1300 | 71400+12.00 | 737.00+13.00
Site SR 297
10-22-19 47900£11.00 | 389.00£10.00 | 456.00+10.00
10-29-19 (30 min) | 556.00£12.00 | 41300+£12.00 | 550.00+10.00
10-29-19 (60 min) | Not sampled | 369.00+11.00| Not sampled
10-29-19 (90 min) | Not sampled | 420.00+10.00| Not sampled
01-31-20 447.0@:0.00 | 586.79+1300 | 493.2+11.00
Average 494.00£11.9 | 435.9+11.00 | 50000+10.30
Site US 255
12-10-19 502.14+1100 | 644.77+£1200 | 574.@+14.00
01-24-20 (30 min) | 607.82+1300 | 874.36+1500 | 763.73+1500
01-24-20 (60 min) | Not sampled | 925.74+1600| Not sampled
Average 55500+12.00 | 81500+14.00 | 669.00+15.00
Site SR 197
12-10-19 45300£13.00 | 509.22+1400 | 484.00+11.00
01-24-20 (30 min) | 556.00£14.00 | 741.25+1600 | 646.29+1300
01-24-20 (60 min) | Not sampled | 825.37+1600| Not sampled
Average 504.9+14.00 | 69200+15.00 | 56500+12.00

Total Dissolved SolidgTDS)

TDS are the soluble portion of total solids and are formed of soluble mineralsasaltsssolved

heavy metalsTable shows TDS concentrations for all S&eorgiastudysites



Table 17. Total dissolvedsolids concentrations for all sixGeorgia study sites from instream
and scupper drain runoff and at different dates and time intervals

Total Dissolved Solids (ppm)
Date | Upstream | Scupper | Downstream
Site SR24
04-05-19 167.8+4.00 | 17600+4.60 | 146.9+3.50
06-12-19 Not sampled| 197.9+4.80 | Not sampled
08-19-19 (150 min) | Not sampled| 20500+5.70 | Not sampled
08-19-20 (180 min) | Not sampled| 212.8)+5.00 | Not sampled
08-19-21 (210 min) | Not sampled| 222.40+6.10 | Not sampled
11-20-19 202.13+£500 | 266.00+7.00 | 224.00+6.00
01-31-20 12900+3.20 | 317.78+7.0 | 25400+£6.30
Average 166.00£4.00 | 228.20+5.80 | 20800+5.30
Site Rocky Ford (RF)

10-17-19 16100£3.20 | 15800+3.00 | 16500+4.30
10-22-19 147.00+2.00 | 17800£4.00 | 15200+3.50
10-26-19 (60 min) | Notsampled| 146.00+2.50 | Not sampled
10-26-19 (90 min) | Not sampled| 149.00+3.00 | Not sampled
10-26-19 (120 min) | Not sampled| 16100+4.00 | Not sampled
Average 154.00£2.60 | 158.9+3.30 | 158.9+3.90

Site US 80
10-17-19 32100+7.40 | 36000£6.80 | 34300+6.60
10-22-19 22800+5.30 | 23600+4.00 | 227.00+5.00
10-26-19 (60 min) | Not sampled| 236.00+5.00 | Not sampled
10-26-19 (90 min) | Not sampled| 217.00+3.00 | Not sampled
10-26-19 (120 min) | Not sampled| 29200+6.60 | Not sampled
Average 274.9+6.30 | 26800£5.00 | 28500+5.80

Site SR 297
10-22-19 17100£3.00 | 14300+4.00 | 12900+2.00
10-29-19 (30 min) | 13400£2.50 | 211.00+3.40 | 12900+1.50
10-29-19 (60 min) | Not sampled| 227.00+4.10 | Not sampled
10-29-19 (90 min) | Not sampled| 21.009+4.00 | Not sampled
01-31-20 172.25+3.6 | 286.00£4.90 | 21500+4.00
Average 15900£3.00 | 217.20+4.00 | 157.70+2.50

Site US 255
12-10-19 130.49+2.8 | 18900+3.40 | 162.34+3.0
01-24-20 (30 min) | 160.36+3.0 | 198.22+4.0 | 174.2+3.30
01-24-20 (60 min) | Notsampled| 201.54+4.0 | Not sampled
Average 145.0+2.60 | 196.20+3.80 | 168.2+3.00

Site SR 197
12-10-19 155.11+2.9 | 176.32++4.0 | 178.69+5.0
01-24-20 (30 min) | 129.43+2.0 | 152.94+4.0 | 134.18#4.0
01-24-20 (60 min) | Not sampled| 169.13+4.5 | Not sampled
Average 14200+2.20 | 16600+4.10 | 156.49+4.50




Summary of TS Results

TS was found to be introduced from scupper drains with observable impact on instream water
quality. This shows thahe bridge deck can increase instream loading ofaffsl najor sources

of solids in bridge stormwateunoff includeatmospheric fallout, dugall, rehabilitation work,
construction and maintenance activities, and pavement @eanstreanTSconcentrations were
elevated by the introduction of scupper drain runoff for siiés TS concentrations were
investigated in scupper drain runaff different dates, and it was found tH& concentrations
varied randomly wittthe different datesvhen TS were investigated at sampling time intervals,
which can be attributed to changes in rainfall inten$en rainfall intensity increases, solids
mobilization fromthebridge deck and its flushing into scupper drains incieasetthendecreases

when raitfiall intensity decreases

OIL AND GREASE

The environmental significance of oil and grease to aquatic ecosy/ssethe capacity of such
dense organic coponents to create nuisance conditions in water bpdieg their effect in
blocking oxygen and sunlight. Moreover, oil and grease frobmidating oils contain toxic
components such as lead plus other heavyetals and thus can increase heavy metals
concentrations irscupper drain runoffSources of oil and grease scupper drain runofare
numerous such asmotor lubricants, spills and leaks, antifreeaed hydraulic fluids. Oil and
grease are measured as coilechexane extractable componemisd it is estimated that around
2,000 spills take placennually on highwaysin the U.S!%7 Tablel shows oil andgrease
concentrations for all si§seorgiastudysites

Since oil and grease are insoluble organic content, their concentrations in instream and

scupper drain runofivere found to be variable, inconsisteartd mostly low. However, as can be



observed frontable 118, concentrations of oil and grease were still detected to be higdwrmpper
drain runoffas comparedtinstream samples for the foBoutheasGeorgiasites Oil and grease
were found to be completely detected irscupper drain runofind instream samples in the two
North Georgiasites which was clearhattribu@ableto the observable low traffic volume at both

North Georgiasitesascompared to th&outheasGeorgiasites.

Table 18. Oil and grease concatrations for all six Georgia study sites from instream and
scupper drain runoff and at different dates and time intervals

Qil & Grease (ppm)
Date | Upstream | Scupper | Downstream
Site SR24
04-05-19 0.98+0.a | 3.50+0.04 | 0.77+0.a
06-12-19 Not sampled| 1.20+0.04 | Not sampled
08-19-19 (150 min) | Not sampled| 2.30+0.06 | Not sampled
08-19-20 (180 min) | Not sampled| 1.10+0.08 | Not sampled
081921 (210 min) | Not sampled| 0.80+0.01 | Not sampled
11-20-19 0.0G:t0.00 | 0.0G:0.00 | 0.0G:0.00
01-31-20 0.00:0.00 | 0.13+0.00| 0.00+0.00
Average 0.98+0.a 1.30£0.04 | 0.77+0.
Site Rocky Ford (RF)
10-17-19 1.44+0.05 | 4.60+£0.03 3.78+0.08
10-22-19 1.22+0.05 | 1.42+0.a 1.30+£0.01
10-26-19 (60 min) Not sampled| 0.37£0.07 | Not sampled
10-26-19 (90 min) Not sampled| 0.0Gt0.00 | Not sampled
10-26-19 (120 min) | Not sampled| 0.00:0.00 | Not sampled
Average 1.33+£0.05 | 2.13+0.04| 2.54+0.04
Site US 80
10-17-19 1.63+0.02 | 4.37+0.10| 2.46+0.08
10-22-19 2.12+0.08 | 3.39+0.10| 2.74+0.09
10-26-19 (60 min) Not sampled| 2.79+0.07 | Not sampled
10-26-19 (90 min) Not sampled| 1.03+£0.01 | Not sampled
10-26-19 (120 min) | Not sampled| 1.00+0.01 | Not sampled
Average 1.88+0.05 | 2.52+0.06| 2.60+0.09
Site SR 297
10-22-19 1.76+£0.01 | 2.18+0.05| 2.05+0.06
10-29-19 (30 min) 0.0G:t0.00 | 0.0G:0.00 | 0.0G:0.00
10-29-19 (60 min) Not sampled| 0.06t0.00 | Not sampled
10-29-19 (90 min) Not sampled| 0.06t0.00 | Not sampled
01-31-20 0.00:0.00 | 0.09+0.00| 0.00:0.00
Average 1.76x0.01 | 0.45+0.03| 2.05+0.06
Site US 255
12-10-19 | 0.00:0.00 | 0.00:0.00 | 0.00:0.00




Table18.Cont 6d

QOil & Grease (ppm)
Date Upstream Scupper | Downstream
01-24-20 (30 min) 0.00:0.00 0.00:0.00 0.00:0.00
01-24-20 (60 min) 0.00:0.00 0.00:0.00 0.00:0.00

Average 0.004+0.00 0.04+0.00 0.04+0.00
Site SR 197
12-10-19 0.0Ga+0.00 0.0G4+0.00 0.00a+0.00

01-24-20 (30 min) 0.00a+0.00 0.00+0.00 0.00+0.00
01-24-20 (60 min) 0.00+0.00 0.00+0.00 0.00+0.00
Average 0.0G+0.00 0.0G+0.00 0.0G+0.00

PH

Acidic and alkaline conditions can be directly measured through pH, which is a measure of
proton®mobility and their concentration in watérf® NaturalpH of freshwater can range from
neutral to slighy alkaline and the thriving pH for aerobic bacta¥iavhich is critically important
to maintain healthy conditions for aquatic biota through digestion and remowidizable
loadsy is 6.00 to 9.00:-38! If the pH is unbalanced in water bodies, this can leati@death of
aerobic bacteria andhus the creation of nuisance conditiotigat threaten aquatic creatures.
Moreover, the pH imbalance makes fresh water unsuitable for human cdimsuhable shows
pH values for all sixGeorgiastudysites.

Fromtablel19, pH values were found to be within the acceptable ravayging between
5.20 and7.80 for all six studysites The slighly acidic pH of 5.2 could be dudo thepresence of
more carbon dixide in the water with less evaporation during the lsmperature months of
October to January, leading to higher formation of carbonic acids as compared to summer months.
However, most pH values are found to be within the reasonable range of apprgxBriftéed

8.00.



Table 19. pH values for all sixGeorgia study sites from instream and scupper drain runoff

and at different dates and time intervals

pH
Date | Upstream | Scupper | Downstream
Site SR 24
04-05-19 7.55+0.0 | 7.75£0.3 | 7.65+0.D
06-12-19 Notsampled| 7.15+0.D | Not sampled
08-19-19 (150 min) | Not sampled| 7.82+0.2 | Not sampled
08-19-20 (180 min) | Not sampled| 7.42+0.D | Not sampled
08-19-21 (210 min) | Not sampled| 7.18+0.D | Not sampled
11-20-19 6.63+0.D |5.89+0.D| 6.14+0.D
01-31-20 7.47+0.3 |5.28+0.D| 5.96x0.D
Average 7.22£0.23 | 6.90+0.14| 6.60+0.17
Site Rocky Ford (RF)
10-17-19 6.97+0.D |6.36£0.D| 6.94+0.3
10-22-19 7.12+40.D |6.32+0.D| 6.50+£0.30
10-26-19 (60 min) | Not sampled| 6.59+0.D | Not sampled
10-26-19 (90 min) | Notsampled| 6.66+0.D | Not sampled
10-26-19 (120 min) | Not sampled| 6.81+0.2 | Not sampled
Average 7.00+0.20 | 6.550.16| 6.72:0.30
Site US 80
10-17-19 7.21+0.D |6.88+0.D| 6.89+0.D
10-22-19 6.76+£0.D |5.22+0.D| 6.09+0.D
10-26-19 (60 min) | Not sampled| 6.24+0.D | Not sampled
10-26-19 (90 min) | Not sampled| 6.38+0.D | Not sampled
10-26-19 (120 min) | Not sampled| 7.02+0.D | Not sampled
Average 7.00£0.2 | 6.35:0.16| 6.50+0.15
Site SR 297
10-22-19 6.26£0.D | 6.84+0.D| 6.63+0.D
102919 (30 min) | 7.24+0.D | 7.01+0.D| 7.20+0.20
10-29-19 (60 min) | Not sampled| 6.87+0.D | Not sampled
10-29-19 (90 min) | Not sampled| 7.00+0.20 | Not sampled
01-31-20 6.93:0.10 | 6.15+0.D| 6.88+0.D
Average 6.80+0.15 | 6.7#0.18| 6.90+0.20
Site US 255
12-10-19 7.20+0.20 |5.21+0.D| 5.90+0.10
01-24-20 (30 min) | 6.54+0.D | 6.14+0.D| 6.24+0.D
01-24-20 (60 min) | Not sampled| 6.74+0.D | Not sampled
Average 6.90+0.15 | 6.00+0.10 | 6.00+0.15
Site SR 197
12-10-19 6.89+0.D |5.44+0.D| 6.24+0.D
01-24-20 (30 min) | 6.49+0.D |6.08+0.D| 6.29+0.D
01-24-20 (60 min) | Not sampled| 6.43+0.D | Not sampled
Average 6.70+0.20 | 6.00+0.13| 6.30+0.20




DISSOLVED OXYGEN (DO)

DO isa measure of the amount of oxygen present in water. dQrésy importantvater quality
parameteibecause oxygen is needed by aquatic creaturesenathic bacteria to survive. The
adequate DO concentration in fresh wate®.30 mg/L; however, DO values can vaby an
average of .00 mg/L without harming aquatic systerti¥ DO values ofresh water significantly
lower thanthe optimum values can create very harmful conditions in fresh water bodies, leading
to suffocation and death of aquatic creatussswell asthe death of aerobic bacteria and the
predominance of nuisance conditionsaater bodies, which makeéisemunfit for human use or
consumption. Low DO values also reflect an increase in COD of water bodies due to severe
contaminationTable20 showsDO concentrationfor all six Georgiastudysites.

Table shows that DO values range from approximatef0€ 10.00 mg/L. Thefact that
many of the low DQrvalues are during the months of winter indicates that COD elevates during
these monthdeading to decline or imbalance in DO valugkich is a matter of concern. Sensitive
aguatic habitat can suffer the loss of DO during these timegtharsd it is imprtant to find means
of decreasing the oxygen demand created from the introducfi@everal contaminants to
instream waterln table, DO values are lower iscupper drain runofflue to higher COD and
probably higher temperature of runoff, which definitely imbalances the natural DO of fresh water

with the continuous introduction afcupper drain runofhto theinstream water.



Table 20. Dissolvedoxygen conentrations for all six Georgia study sites from in stream and

scupper drain runoff and at different dates and time intervals

Dissolved Oxygen (ppm)

Date | Upstream | Scupper | Downstream
SiteSR24
04-05-19 10.53+0.D | 7.98+0.D | 11.34+0.D
06-12-19 Not sampled| 9.85+0.10| Not sampled
08-19-19 (150 min) | Not sampled| 8.10+0.10| Not sampled
08-19-20 (180 min) | Not sampled| 7.90+0.10| Not sampled
08-19-21 (210 min) | Not sampled| 7.54+0.10] Not sampled
11-20-19 8.11+0.D |6.39+0.D| 7.55+0.D
01-31-20 9.78+0.D |6.27+0.D| 7.56+0.D
Average 9.50+0.17 | 7.70£0.10 | 8.80+0.10
Site Rocky Ford (RF)
10-17-19 7.21+0.D |6.11+0.D| 6.69+0.D
10-22-19 8.17+0.D | 7.87£0.D| 7.93+0.D
10-26-19 (60 min) | Not sampled| 7.83+0.D | Not sampled
10-26-19 (90 min) | Notsampled| 8.11+0.D | Not sampled
10-26-19 (120 min) | Not sampled| 7.35+0.D | Not sampled
Average 7.70£0.10 | 7.450.10| 7.30+0.10
Site US 80
10-17-19 7.09+0.D |5.94+0.D| 6.33+0.D
10-22-19 8.44+0.D |9.33+0.D| 9.71+0.D
10-26-19 (60 min) | Not sampled| 6.41+0.D | Not sampled
10-26-19 (90 min) | Not sampled| 6.13+0.D | Not sampled
10-26-19 (120 min) | Not sampled| 5.97+0.2 | Not sampled
Average 7.80+0.10 | 6.80+0.12| 8.00t£0.15
Site SR 297
10-22-19 6.02+0.D | 8.13+0.D| 6.00£0.10
10-29-19 (30 min) 8.33+0.D |8.76x0.D| 8.34+0.D
10-29-19 (60 min) | Not sampled| 7.69+0.D | Not sampled
10-29-19 (90 min) | Not sampled| 8.19+0.D | Not sampled
01-31-20 10.24t0.20 | 8.52+0.D | 8.96+0.10
Average 8.20+0.15 | 8.30+£0.12| 7.80+0.15
Site US 255
12-10-19 9.06£0.D | 7.31+0.D | 7.82+0.D
01-24-20 (30 min) | 10.17+0.D | 8.21+0.D| 9.34+0.D
01-24-20 (60 min) | Not sampled| 9.24+0.D | Not sampled
Average 9.60+0.10 | 8.25+0.13] 8.60+0.15
Site SR 197
12-10-19 8.99+0.D |6.60+0.10| 7.57+0.D
01-24-20 (30 min) 8.93+0.D | 7.55+0.D| 7.91+0.D
01-24-20 (60 min) | Not sampled| 8.11+0.D | Not sampled
Average 8.90+0.10 | 7.42+0.17| 7.74%x0.15




CONDUCTIVITY

Conductivity measurement can give an indirect indication of the amount of salts, minerals,
dissolved solidsand other dissolved constituensaich as dissolvetleavy metals of concern.
Thus, high conductivity values indicate that water canainrglevated amounts of toxic heavy
metals. Acceptable conductivity ranges up to .@80to 50000uS/cm®” Table shows
conductivityvalues for all sixGeorgiastudysites Fromtable21, conductivity valuesvere found

to bewithin acceptable levels, which indicates that soluble salts, salidk heavy metals are
within an acceptable range for fresh water. Due to instream discharge, soluble components can
dissipate with water currents. However, and as caed®istable21, scupper draimunoff shows

mostly higher conductivity values compared to upstream, and that introduction of runoff elevates
the downstream congttivity. This raises the concern that with extended periods of tinee,

introduction of dissolved content can threateminstream aquatic ecosystem.

Table 21. Conductivity values for all six Georgia study sites from instream and scupper
drain runoff and at different dates and time intervals

Conductivity (uS/cm)
Date | Upstream | Scupper | Downstream
SiteSR24
04-05-19 26100+2.00 | 280.00+2.00 | 277.00+1.00
06-12-19 Not sampled| 31500+2.00 | Not sampled
08-19-19 (150 min) | Not sampled| 32300+2.00 | Not sampled
08-19-20 (180 min) | Not sampled| 329.00+2.00 | Not sampled
08-19-21 (210 min) | Not sampled| 35300+2.00 | Not sampled
11-20-19 244.00+2.00 | 42900£2.00 | 367.00£2.0
01-31-20 16900+2.00 | 263.91+200 | 215.15+20
Average 224.0+2.00 | 327.6+2.00 | 386.4+1.7
Site Rocky Ford (RF)
10-17-19 15200+1.00 | 27300+2.00 | 194.00+1.00
10-22-19 22100+2.00 | 30500+2.00 | 229.00+1.00
10-26-19 (60 min) | Not sampled| 25800+1.00 | Not sampled
10-26-19 (90 min) | Not sampled| 22900+1.00 | Not sampled
10-26-19 (120min) | Not sampled| 301.00+1.00 | Not sampled
Average 186.9+1.50 | 265.3+1.40 | 211.9+1.00




Table 21. Cont 6d

Conductivity (uS/cm)
Date | Upstream Scupper | Downstream
Site US 80
10-17-19 13600+1.00 | 25300+1.00 | 144.00£1.00
10-22-19 23200+1.00 | 374.00+2.00 | 26500£2.00
10-26-19 (60 min) | Not sampled| 469.00+2.00 | Not sampled
10-26-19 (90 min) | Not sampled| 41800+2.00 | Not sampled
10-26-19 (120 min) | Not sampled| 41500+2.00 | Not sampled
Average 184.00£1.00 | 385.8+£1.80 | 204.9+1.50
Site SR 297
10-22-19 18200+1.00 | 151.00+1.00 | 170.00£1.00
10-29-19 (30 min) | 28300£2.00 | 274.00£2.00 | 280.00+1.00
10-29-19 (60 min) Not sampled| 159.00+1.00 | Not sampled
10-29-19 (90 min) | Not sampled| 161.00+1.00 | Not sampled
01-31-2020 93.841.00 | 137.00+1.00 | 110.181.00
Average 189.3+1.50 | 176.49+1.20 | 187.00+1.00
Site US 255
12-10-19 187.00+1.00 | 35400+2.00 | 32100+2.00
01-24-20 (30 min) | 227.00+1.00 | 34200+2.00 | 289.00£1.00
01-24-20 (60 min) | Not sampled| 37.001+2.00 | Not sampled
Average 207.00+1.00 | 355.0+2.00 | 30500£1.50
Site SR 197
12-10-19 98.74+100 | 25500+1.00 | 17500+1.00
01-24-20 (30 min) | 11000+1.00 | 210.00+1.00 | 16800£1.00
01-24-20 (60 min) | Not sampled| 25800+1.00 | Not sampled
Average 104.4+1.00 | 241.00£1.00 | 171.9+1.00

STOCHASTIC EMPIRICAL LOADING AND DILUTION MODEL (SELDM)

SELDM is a umped parameters empirical model that reliesvanousinput data(e.g., site
location, precipitation characteristics, hydrauliasgd geographic ath ecoregion informationto
calculate critical pameterssuch as downstream event mean concentrations in rivers and streams,
which makes it diffeent than traditional theoretical equations model§! SELDM can model
runoff quality from different land topographies and land use characteristics emplefimgd site

parameters when imperviofigction data and water quality characteristics data are available (the



USGS has records of water quality data for diffeseatety . SELDMO6s out put of
for water quality is represented versus timetorm events, and the model identifies each storm
using sequence numbers amhual loador a specific year. SELDM can integrate several events
into one annuaload set if the time between event midpoints of a series of simulated events exceeds
ayead smeltl

SELDM was employed as a comparative tool to evaluate actual lab data in comparison to
SELDM simulated data. Since SELDM generates storm events randomly, theoeserial
correlation, and the order of storms does not reflect seasonal pdtt&herefore, the model is
employed here not to provide information for water qualitgénordance with different seasons,
but rather to provide an insight on model outcomes versus actual lab outcomes. The software is
designeduchthat to obtain downstream information, water quality parameters need to be defined
in highway (.e.,bridge sit¢ and upstream water quality mexinased otheUSGS database. Since
such information for the State of Georgganotabundant, only defined downstream pauese
modeled(i.e., downstream component paired with bridge runoff componbat)wereavailable
within the software for the siGeorgiastudy sites of this research projectvhich are pH, total
phosphorus, total hardnessd suspended sedime@bmmonparametersvere relied orfor pH
and total phosphorus for comparison to our lab data, and SELDM outeeregrovidedor all
four parameters to help shed light on the potential impacts of these param#ételsng-term

Figure4l shows SELDM downstream pH values versus storm number and year number
for SiteSR 24 in theSoutheasGeorgiasites Thedata are represented versus virtual storm eyents
which in total are 1,657 events well as over 30 years of simulated prolonged time, aiming to
provide hypothetical insight on varying downstream impacts of pH. Surprisingly, SELDM

predicted the pH for all fouBoutheastGeorgiasitesto be similar, and SELDMjenerated pH



values were weélpreserved between ®8nd 8.D for all four SoutheasiGeorgiasites (see
figure 53, figure 54, figure 55, andfigure 56 in theappendi®. This could be interpreted relative to
two factors (1) the pH for surface waters in ti@&outheasecoegion is closely similarranging
between slightly acidiandslightly alkaline with a perfectly average neutrality @@ and(2) pH
changes in surface waters are trivial.

Such outcome is in agreement with our measured pH vdalds)that show insignificant
pH variabilities for all foulSoutheasGeorgiasites, varying between 5@and7.80. Thus, both lab
outcomes and SELDM modelingerein closeagreemenbn pH changes, whickiasnot indicative
of potential impacts due to instream contamination. This also indittetonly sharp changes in
acidity or alkalinity would reflect in pronounad pH changes, either instantly or over long
durations of time. Since most contaminazdasidered in thistudywerefound to be of relatively
low concentrationsand also considerinipe instant instream dilution effect of stream discharge
detection ofsharp pH changes in instream water from any acidic or alkaline contamimasts
unlikely. The smeoutcomes were observed for the two Nd&borgiasites, SitesUS 255 and

SR 197, with pH ranging between 02nd7.50.
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Figure 41. Graphs. SELDM downstream pH versus storm number and year numbefor:
(A) Site SR 24 versus storm number, and (BSite SR 24 versusyear number.



Figure42 shows minimm, averageand maximum total phosphorus concentrations in
ppm (mg/L) developed from SELDM simulations for all study sites inSoutheasand North
Georgia.Only minimum and maximum values with their averagegprovidedfrom the SELDM
outputs In geneal, SELDM TP concentrations were in the rang®.6fLppm t09.00 ppm for all
six studysites Phosphorus was detectexperimentallyonly in the fourSoutheasGeorgiasites,
and our lab results showed that TP was in the rang®0pPmto approximately a maximum of
5.30 ppm (measred for Site SR 297), while tHaghest SELDM TP 08.00 ppm was for Site

SR 197 and the second highest7a®0 ppm was for SitéJS 255 figure 42).
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Figure 42. Line graph. Total phosphorus concentrations represented as minimum, average
and maximum for all six Georgiastudy sites, obtained from theSELDM simulation
outputs.

However thelab measurements for both No@eorgiasites US 255 andSR 197, showed
the exact opposite outcomtslab dateof undetected levels of TP fdyoth NorthGeorgiasites
Since major sources phosphorus aréhe atmosphere and fertilizers, it is hardredate other
minor factorssuch as traffic counto such outconmsgfor phosphorus. This unpredictable outcome

of SELDM for phosphorus shows how the modeling software relies on major factors rather than



instant conditions as with field measurements. SELDNpredicted the highest phosphorus
concentration(9.00ppm) for SR197 to be existent in3years, which can also indicateath
phosphorus concentration may spike with time for this locationth@rother hand, the highest
concentration foSite US 255 waspredicted to be present inyear, which can indicate that this
watersted has a potential of spiking phosphorus concentrations due to several, faatbras
atmospheric fallout or seielated factors However, since SELDM generates storm events
randomly with no serial correlation, tipeedictionsare hypothetical. SELDM predicted the TP
concentrations to be almost similar for the four South€astrgiasites ranging from0.00 to
6.36 ppm Thelab resiltsin this studyfor the Southeastgion showed phosphorusramgefrom
approximately 1.00 to 30 ppm.

Although SELDM predicted lower minimum values, the maximum values are imptpx
Thelab results showed that modP Toncentrations are similar values for downstream with an
average oR.40 ppm, although it is unclear why SELDM predicted very close TP maximums for
all four SoutheasGeorgiasites (6.30 6.36 ppm). This outcome codl most likely indicate that
phosphorus concentrations for the watershed are stable and that the potential for spiking TP
concentrations ovehe years is unlikely. The low average centration values for SELDM TP
for all sixstudysites 0.28 0.61 ppn) infers that 95ercentof TP concentration values for all six
studysites are below the theoretical mean for egtd) and that the concentration spikes above
the calculated average are for oblgercentof storm/year numbers. This outcome shows, that
most cases, the chance for the presence of high downstream phosphorus concentrations is low and
that the impact is accumulative.

Figure43 shows minimum, averagand maimum suspended solids (SS) concentrations

in ppm (mg/L) developed from SELDM simulations for all study sites. Since SS carries an



array of contaminantsncluding phosphorus, it is noinexpectedo find a similar trencaswith
the case of THn spiking maximum SS concentrations for the two Nd®&&orgiasites of
295.00 ppm forSR 197 andL07.00 ppmfor US 255. Moreover, the SS is following a synonymous

stable concentrations trend for the four South@&astrgiasites, ranging fran 68.10 to 70.00 ppm.
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Figure 43. Line graph. Suspended solid concentrations represented as minimum, average
and maximum for all six study stes, obtained from theSELDM simulation outputs.

As SELDM is a lumped pameters model that relies arwide range of factors frorthe
watershedincluding imperviousness and other highway characiesists calculationgotentially
take into account soil conditions and other surroundiotpfa. The softwareonsiderghe bidge
site as a highway sitalthough the exact location coordinates and drainage information for each
bridge site are provided. Thus, it can be contingent that the unpredictability of its outcomes can be
accepted from sucastandpoint. SELDM predicted mhb lower SS concentrations as compared
to labmeasured TSS for all sstudy #es Themaximum predicted valugas 29500 ppm for
Site SR 197, compared to the highest labeasuredalue 0f646.00 ppmfor the same siteour lab
results showed the overalighest downstream TSS to Kg00800 ppm for Site SR24, as

compared to SELDN sighestprediction of 70.00 ppm for the same site. The avera§S



concentration values for SELDM for all ssxudysites(7.80i 2450 ppm) infer that 9@ercentof
SS concentration values for all studysites are below the theoretical mean for esiteh and that
the concentration spikes above the calculated average are for opbrcedtof storm/year
numbers. As with phosphorus, this outcome showedithabst cases, the chance for the presence
of high downstream SS concentrations is low and that the impact is accumulative.

Figure44 shows minimum, averagand maximum tt@al hardness (TH) concentrations in
ppm (mg/L as CaCg¢) developed from SELDM simulations for alk study #esin Southeasand

North Georgia
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Figure 44. Line graph. Total hardness concentrations represented as minimunaverage
and maximum for all six Georgiastudy gtes, obtained from theSELDM simulation
outputs.

Fromfigure 44, it is observedhat SELDM TH concentrations among the sindy #tes
show opposite trende TP and SS ifigure 42 andfigure 43. The highest TH value &70.00 ppm
for Site RF reflects increased hardness at some point along the extended $&kteEadiperiod
of 30years, which is projected to be 28 years.As with the previous outcongfor TP and SS,

the spiking concentration of TH is for a single storm evaking place i28years figure 45).



This outcome is most likely based e SELDM estimation given specific unique characteristics

in thewatershed anthight consider specific surrounding factors for that ecoregion.
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Figure 45. Graph. Maximum total hardness concentrations range (2530 years projection)
for Site RF in SoutheastGeorgia, obtained from the SELDM simulation outputs.

The lowest maximum TH value was found ta2%2 00 ppmfor SiteSR 197, with a similar
trend of a single storm event spike in concentrafldre reasorsite SR197 was showing lower
SELDM TH concentrations compared to other siasncleamndnot consistent witlits opposite
trends for TP and SS. Howevehjg outcome clearly reflects that SELDM considers different
variables that do not impact TP and SS in calculating TH concentrations, and that TP and SS do
not impact stream hardness. Although sediment is responsible for the transmission of various
contamirants intotheinstreamincluding heavy metals, SELDM is indicating that the likelihood
of calcium and magnesium introductiontbe instream withthe sediment is low.

Likewise,the SiteUS 255 SELDM TH maximum concentration 62800 ppm followed
an exat opposite trend to that afs TP and SS. The maximum TH concentrations for all four
SoutheasiGeorgiasites ranged in theproximity of 88600 to 97000 ppm, also following an

opposite trend to their TP and SS trend$igare 42 andfigure 43. The average concentrations



values figure 44) for SELDM TH for all sixstudysites (3700i 72.00 ppm) infer that 9ercent

of TH concentration values for all sstudysites were below the theoretical mean for esitd)

and that the concaatiion spikes above the calculated average were for onlyp8&rcentof
storm/year numbers. As with phosphorus and SS, this outcome showed that in most cases, the
chance for the presence of high downstream total hardness concentrations was low and that the

impact is accumulative



CHAPTER 5. CONCLUSIONS

In this research projecsix bridgesitesin the Southeast and Nortlegions ofthe State oGeorgia
were studied for the impact of bridgeck scupper drain stormwater runoff on sensitive streams.
Fourstudy #tesin Southeast Georgia were selectéld Site SR24 onthe Ogeechee River, near
Oliver, Georgia; (2)Site Rocky Ford othe Ogeechee River on Rocky FdrRbad (3) SiteUS 80

on the Ogeechee River near Ede@georgia;and (4) Site SR297 onthe Ohoopee River near
Swainsborp Georgia The remaining twestudy $tes were locatedn North Georgia (1) Site

US 255 onthe Chattahoochee River near Le@&feorgia;and(2) Site SR197 onthe Soque River
near Clarkesville Georgia The impact of different contaminants from bridge scupper drain
stormwater runoff in the State of Georgia wasauotsideredn the existinditerature thus, it was
important to provide insight on the potential impacts of bridge scupper drain runoffisitivee
streams in Georgia.

The followingwater quality parameters were studiedhis researclproject:

1  Heavymetals (Pb, ZnandCu).

1 PAHs

1 COD.

1 Nitrogen(TN, TKN, NHz-N, NOsz -N, and NG; -N).
 PhosphorugPQ:” -P).

1  Solids(TS, TSSand TDS.

1  Oil andgrease

T pH

1 DO.



1  Conductivity.

The influence of stream discharge and rainfall intensity weredaddservedand it was
found that instream discharge can play a significalet on changing downstream concentrations
of water quality parameters. Rainfedtensity had a substantial effect on parameter concentrations
in scupper drain runoff, and it was found that for most parameters exceplidigr higher rainfall
intensity and frequency leadséadilution effect for parameter concentrations with tifrer heavy
metals, it was found tha¢ad zinc, and copperwere of higher concentrations in scupper drain
runoff and thus could impair instream water quality and elevate downstream concentrations in all
six Georgia studyites exceptthatPb was only dected in the four SoutheaSeorgia ges

Among the 18 PAHSs that were investigated, only seven were detactedpper drain
runoff samples of twof theSoutheasGeorgia studyites SiteSR 24 and SitéJS 80, while PAHs
were undetected in their inesm samples. The seven PAHSs that were detected in scupper drain
runoff samples from SiteSR24 and SiteUS80 were benZa]anthracene benzgalpyrene,
fluoranthenepyrene chrysengindeno [ 1, 2, 3 , andbenzdbluoramhene Among the
detected PAHsthe concentrations dienZalanthracenebenzdalpyrene,pyrene and chrysene
were found to exceed the drinking water guideline value diQlppt provided bythe National
Health and Medical Research Council ahd Arkansas WateResource CenteHowever, the
excessiveoncentrations for these compounds were detected in scupper drain ruwrdif Sites
SR 24 andUS 80, without observable impact to downstream water quality.

Nitrogen with all its components represented as TN wasd to exist in all samples, with
higher concentrationsn scupper drain runoff samples compared to instream samples for most
sites. Phosphorus as PGP was detected in all four SoutheaBeorgia sites with high

concentrations in scupper draimnoff compared to instream sampbesd observablempact on



downstream water qualityyhile it wasundetectablén samples from botiNorth Georgia #es

Solids with all its components represented as TS were found to be introduced from scupper drains
into instream waters for all setudy stes. Howeversolidswere the only parameters that decreased
considerably after the first flush in samples with time intervals. Oigeealsevere found to be in

low concentrations in all samples from the four South@asrgia studyitesandundetectablén

the North Georgiasamples. Howevenil andgreasen the scupper drain runoff ahe Southeast
Georgia ge samples were in higher concentrations compardtig¢instream samples and can

have an impact on downsam water quality. The pH, D@ndconductivitywere found to be in
acceptable value ranges for silt study #es.

SELDM was employed ithis researclproject as an effective modeling tool to project
potential impacts of bridge deck stormwater runoff on instream water quality. Four downstream
water guality parameters were defined in the
software simulationsof the sixGeorgiastudysitesin this research projecgbH, TP, TH and SS.
Commonparametersvere relied onsuchas pH and total phosphotder comparison to our lab
data, and SELDM outcomesere providedfor all four parameters to lpeshed light onhe
potentialimpacts of these paramet@énghelong-term SELDM provided similar values for pH for
all six study #tes, which indicated insignificant impact of pH and was in agreementhatab-
measured pH values. Surprisingly, SELDM identified théégg TP and SS concentrations to be
for the two NorthGeorgia studyites which contradictethelab findings of undetected TP the
North Georgiasites andnot excessiveTSS concentrations for the Nor@eorgiasites compared
to thefour SoutheasBeorda sites This unpredictable outcome of SELDWbjectiondor TP and
SS shows how the modeling software relies on major factors rather than instant cqradituaths

field measurements. As SELDM is a lumped parameters model that releegvide range of



factors fromthe watershed including imperviousness and other highway characteristics, it
possibly takes soil conditions and other surrounding factoraatimunt ints calculation. SELDM

deals with the bridge site as a highway site although the exact location coordinates and drainage
information for each bridge site are provided. Thus, it cacobsideredhat the unpredictability

of its outcomes can be accepteahir sucha standpointFurther studies on more of the numerous
bridge sites in the State of Georgia are recommended for further monitoring of impacts of bridge
deck scupper drain runoff on sensitive streams and rivers are recommended, and more water

guality data for the State is needed.
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Figure 46. Bar graphs. Lead concentrations (total and dissolved) from upstream, scupper
drains, and downstreamfor: (A) Site SR 24 on 04/05/2019, (BSite SR 24 on 01/31/2020,
(C) Site RFon 10/17/2019, (pSite US 80 on 10/17/2019, (ESite SR297 on 01/31/2020, and
(F) Site US 255 on 01/24/2020
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Figure 47. Bar graphs. Zinc concentrations (total and dissolved) from upstream, scupper
drains, and downstreamfor: (A) Site SR 24 on 04/05/2019, (BSite RFon 10/22/2019,
(C) SiteUS 80 on 10/22/2019, (PSite SR297 on 10/22/2020, (ESite SR 297 on 10/29/2020,
and (F) Site US 255 on 01/24/2020
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Figure 48. Bar graphs. Copper concentrations (total and dissolved) from upstream,
scupper drains and downstreamfor: (A) Site SR 24 on 04/05/2019, (BSite SR 24 on
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Figure 53. Graphs. SELDM downstream concentrations for Sie SR 24 (A) pH versus
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Figure 55. Graphs. SELDM downstream concentrations for SiteUS 80: (A) pH versus
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Figure 56. Graphs. SELDM downstream concentrations for SiteSR 297. (A) pH versus
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Figure 57. Graphs. SELDM downstream concentrations for SiteUS 255 (A) pH versus

storm number, (B) pH versusyear number, (C) TP versusstorm number, (D) TP versus

year number, (E) TH versusstorm number, (F) TH versusyear number, (G) SSversus
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Figure 58. Graphs. SELDM downstream concentrations for SiteSR 197: (A) pH versus

storm number, (B) pH versusyear number, (C) TP versusstorm number, (D) TP versus
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