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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This research proiect was conducted to investigate the impact of highway
bridge runoff on aljacent receiving water bodies by researchers from the
Department of Civil Engineering and Environmental Sciences at the University of
Central Florida (UCF) and the Florida Department of Transvortation (FDOT).
™o sawpling sites on Interstate-4 in Orange County, Florida were selected for
this studvy. The Lake Ivanhoe site was ideal bhecause of the two exxistinq sets of
bridaes. The north bridaes, without scupper drains, discharge the runoff water
through swales to adjacent flood plains and the south bridaes discharge runcff
water directly to Lake Ivanhoe throuah scupper drains. The Ivanhoe site made it
cnssible to exanine the lake impacts due to direct discharge of hridge runoff
through scupoer drains. At the Maitlan;i Interchanae site, the highway runoff
water is drained to detention ponds which flow through a culvert to Lake Lucien.
It was possible to examine removal efficiencies of highwav vollutants bv
detention ponds.

Four sampling locations were selected at each site. Lake Ivanhoe samoling
locations included: beneath one set of scupper drains on the east side of
south hridges, S-1. beneath another set of scupper drains between the two south
pridaes, 5-2, beneath the two north bridaes without scupper drains, S-3, and
From the oven lake as control, S-4, Maitland Interchange sawlina locations
included: the east pond which drains into the west pond, S-1: the west pond
which flows through a culvert to Lake Lucien, S-2: the outfall of the west nond
in Lake Lucien, $-3: and open Lake lLucien controll section, S-4. Fight
different sets of water, bottom sediments, plants and benthic organisms were
collected from various sampling stations between Februarv and August 1979.
Sawling of plants and benthos was not uniform since it was impossible to samle

the same species from all stations at the same sampling time. The samles

——




enllected were nrocessed and analvzed for phvsical., chemical and hioloagical
paraneters at the Fnvironmental Fngineering and Sciences Laboratory at UCF,
Orlando, Florida. Fmphasis was given to the heavv metal content of 7n, Pb, Cu,
Ni, Pe and Cr which are most often associated with highway runoff. The results
wera statistically analvzed to determine if sianificant differences existed
retween samples collected from various locations. The followina conclusions

were reached:

=

1. Runoff water throuah scupmer drains contained several times hiaher
concentrations of Zn, Ph, Ni and Fe than average concentrations in
Lake Ivanhoe water. lead and iron wer= mainly in particulate form
and the dissolved fraction in the runoff samples acoounted only for
17 percent of the total omntent of either lead or iron.

2. The total lead in bridae runoff released throuch scuoper drains to
Lake Tvanhoe was estimated to he 13.5 kilograms Ph/vear and the
Aissolved fraction to be 1.6 kiloarams Pb/vear.

3. Heavv metal concentratinng were evenlv Aistributed throushout the
west section of Take Ivanhoe water hody where samling took place,
ainee no sianificant Aifferences existed between the stations samlerd.
™e soluble fraction averaged 43.4% of total heaww metals tested ir
the water column of Lake Tvanhoe.

4 T™e data showed that the water column in the west pond, 52, at Mait-
land Interchanage contained the highest average Ph, Fe ad Tr concen-
trations of all stations tested. Also, Pb concentrations in the west
oond were hinher than the onncentrations in the water column of the
east pond, S-1., and Lake Lucien control, S-4, by an amount that was
sianificant at the 99% confidence level,

5. Tead associated with varticulates averaged R8% of the total lead in

runoff water released throuan scunper drains. The dense lead




particles are most likely to settle out from the water column close

to the point of release and become immobilized by the bottom sedi-
ments.

6. Analysis of the sediment samles showed that there were no significant
differences in concentrations of heavy metals for the two stations
located underneath the scuwper drains on the south bridoes of Lake
Ivanhoe. However, the t-test analysis showed that the r:oncentrations
of heavv metals most often associated with highway runoff, ph, Fe, Cr,
Ni and Zn were significantly higher in samples taken under the scupper
drains as compared to those from beneath the north bridges without
scupper drains.

7. The bottom sediments in the west vond, S-2, at Maitland Interchange
showed higher concentrations Ph, Cr, Ni, Fe and G at confidence level
better than 95%, as ooposed to hottom sediments from either the east
pond, S-1, or the control station in Lake Lucien, S-4.

8. Most of the heavv metals at both Lake lvanhoe and Maitland Interchanqge
sites were associated with the bottom sediments. For examle, Pb
averaged 98.7, 0.5 and 0.7 percent in the hottom sediments. Adissolved
fraction and particulate fraction of the water column respectively
for both studv sites. Similar results were detected for Fe. Cu, Zn,
Ni and Cr. Also, the total mass of heaw metals associated with
biota was considered insianificant and did not enter into the calcu-
lations of the relative distribution per unit area.

9. Spirogvra showed higher concentration Factors for Cu. Fe and Pb than

Hvdrilla, Chara and Tvpha in Lake Ivanhoe. Also Rypercium exhibited

the hichest concentration factors for Ph, Pe, Cu, Ni, %n and 4 in

Maitland Tnterchange site. It appears that Spircayra and/or Hvpercium

—3—————



10.

11.

12.

could be used as indicatnrs for detecting highway runoff pollutants.

Spirogyra and Bvdrilla showed sianificantlv higher concentration of

hears metals in samles taken beneath the scuoper dArains as opposed to
those mllected from the bridges without scuppers.

1t aveared that Annelida (Olianchaeta, Tubifex) concentrated more 7n,
oh and Cr than other organisms tested in Lake Ivanhoe. Also, Annelida
(Dliqochaeta, Mibifex and Hirudinea) showed the hiqheéi avarae on-
centration factors for Ni, Cu, Fe, Pb and Cr in the Maitland Inter-
chanoe site. T™e results suonest that the phvlum Anpelida could be
used as an ipAicator for detecting heavv metals for hichway runoff.
Significant Adifferences inLhéavv metal! mncentrations in benthic or-
amnisms collected from various stations were Aifficult to detect due
t a combination of Factors includinas  samling non-uniformite.
nunber of samles taken from each station for the same oraanism, hkotal
weiqht of organisms availahle for analvsis, and the scarcitv of oraan-—

isms collected from manv of the staetions.

RFCOMMEMNDATIONS

ihen hidhwavs pass over water hodies, esmecizllv land-locked impoundments

whers the affects of hearv metal pollution ars more localized and where hiah

Fraffic unlumes are enconntered, it is recommended that:

1

e

e use of scupoer Arains in hichwav bridaes should be limited as
wweh as is feasihlv nossihle.

mofe From the bridae surface mav be diracted off the hridoe surface
toward either side so that the runoff will experience the maximum

nverland flow to enonurate peranlarion and removal hv the s0il hefore

reaching the receivina bodv.




3. Future research should be conducted to determine the extent of the
recuired floodplain adjacent to the bridge to assimilate heavy metals
without causing detrimental effects to the existing environment.

where detention/retention systems are used in conijunction with highwavs
for the control and storage of runoff before discharging this runoff into a
receiving water bodv and where heavy metal removal is desired:

1. Control structures should be installed to insure that hedwv metals
are not released to the receiving water hody during periods of no flow
by leakage hetween the ponds and the receiving water.

2. Natural vegetative canals should be used whenever possible to convev
water from the detention/retention pond to the receiving water body to
provide an additional amount r;f settling out and adsorption of heavv
metals bv the sediments before introduction of the runoff into the
main bodv of the receiving water.

3. Simple treatment units such as sand filters or limestone beds ould bhe
installed at the ponds' outfall to receiving water bodv to minimize
the release of heavww metals into the lake or stream.

4. Further research should be conducted to develop construction oractices
and management schemes for these detention/retention monds to maximize
removal of heavv metals. Consideration should he given here to the
tvoes of sediments affording the qreatest degree of removal and the
role and hest types of plants that might be introduced to increase

heavy metal removal.
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INTRODNCTTON

Currentlv, there are increasina concerns, hoth leaal and eavironmental,
that must be considered when building highwav bridges ahove or adiacent to

water hdies., Fnvironmental impact assessment studies are required to satisfy

miidelines for State and local agencies: 1.58. Armv Corvs of Fngineers permit
nrocedures and Section 4 (F) of the 11,8, Mepartment of Transportation Act as
amnended (Shuldiner and Cope, 1979). Federal, State and local authorities will
intercede in anv land-use decision theat alverselv affects reaqulated water
tndies,

Hichwav bridaes runoff contain larae onncentrations of lead, zinc. copner,
iron, chromium, and caimium which will maanifv in the adjacent environment to
Fhe edae of the pavement (Pitt and Arnv. 1973: fartor and Bovd, 1972) .
“aniclista et al. (197R8) concluded a studv for Floride Nepartment of Transnor—
Farion (PO which indicated that most of the metals from stormwater runnff
were helng retained in the soils adjacent to hiahwav bridges.

yldiner and Cope (1979) develooed a user's manual containing summaries
nf the literature review and case studies tn he utilized in Aetermining onten—
rial niolmaical affects of hinhway constriuction activity on altacent amatie
anvironment.. From their manual, mainr and or variahle impact on turbiditv,
sedimentation and chemical oollution results from nile supmorted matwar or
Sridaina construction, maintenance and use. Alsn, minnr imacts due to modi-
Fication of circulatorv patterns of surface water flows will he noticed. The

i
T

hinlajical responses resultina from these phvsical imoacts include chanae in

Cactm .
H PN
S

6




nlant species composition, change in primary and secondary productivity and in
some cases, sudden mortality of aquatic species.

Available information on impact of highway bridges runoff and definition
of cause and response are mainlv qualitative and the FDOT has the resoonsibility
to convince the environmental agencies with their qualitative evaluation.
Quantitative data are scarce or non-existant and the environmental ajencies
often contest FDOT evaluations. The FDOT urgently needs better information
about specific impacts of bridaing to adjacent enviromment in order to avoid
considerable proiect development delavs. From existing work, the environment
adiacent to hichway bridaes are cojectured to be possible sinks of metals and
macro~nutrients. Thus, it is specul ated ﬁhat bridge runoff can he stored,

treated or managed as much as possible to minimize adverse effects to

surrounding water, land and biota.

ORIFCTIVES
FDOT hal contracted with researchers from Nepartment of Civil Fngineerina
and Fnvironmental Sciences, College of Fngineering, UCF at Orlando, Florids to
determine the effectiveness of the aquatic environment {water, land. plant and
resident animal environment) under and near highwav bridges for the assimila-
tion of highwav runoff. Specific activities were desianed to answer the
follewing gquestions.
1. ®hat are the concentrations and mass of metals in the environments
under scupper drains?
2. Can a oreliminarv screening model be developed to determine water
quality concentrations of metals, oraanics and inorganics in water

aqualitv limited river sections?

3. 1If water quality is limited and scupper discharges are projected to




have wviolated the water cualitv standards, what are alternative de-

siagns for stormwater management?

To answer these auestions the following rosearch activities were develonped

to insure a logical orogression and maintenance of control to meet the obiec-

Fives:

Two Sites, namely T.ake Iwvanhne and Maitland Interchange sites, were

LY

gelected for sampling collection and analvsis.

Fight senarate field visits were made for each site Auring Februarv -
Auqust. 1979. TNuring each visit, field analvsis including turbidity,
M and temperature profiles were measured. Also, samles of water,
hottom sediments, plants and.benthos were carried back to the Fnvi-
ronment al Fnaineerina and Sciences laboratorv, (nlleqe of Frainearing.
"CP for nhvsical, chemical and hinlogical analyses.

Bridae rmoff samles throudh scuncer Arains were collected and ana-
lvzeAd.

Fomparison was made hetween aduatic environment heneath hridaes with
scupper drains and those heneath hridaes without scucoer AdArains.
Attemts were made to evaluate axisting Aetention/retention oonds

st the Maitland Interchange site for stormwater management.

Muantitative analvsis of hridae runoff impacts were assessed, recom—

mendations were developed for oroner manatement nf stormwAater.
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LITFRATURE REVIEW

The impact of point and non-point sources of rollution on water quality

oarareters within receiving water bodies has attracted the attention of many
N

investigators and planners, especially as a result of Public Law 92-500,
Sections 201 and 208. Urban stormwater runoff has been identified as a major
pollution source and manv authors have shown that concentrations of certain
constituents, such as heavy metals and nutrients, greatlv exceed those found in
secondarv effluent discharges (Rimer, 1978: Helsel, et al., 1979: Sartor and
Bovd, 1974). Heavy metals are a major constituent of urban stormwater runoff

and their sources, distribution, tvoes, modes of transport, and fate in

receiving waters will be discussed here.

SOURCFS OF HIGHWAY CONTAMINANTS

Pope, et al. (1978) listed several sources of rovadwav contaminants which
include: road surface dearadation, vehicle lubrication system losses, vehicle
exhaust emissions, load losses from vehicles, dearalation of automobile tires,
road surface cleanina/deicing and rainfall. Paint used on highwav markinas
‘Bell and Wanielista, 1979) and corrosion of building materials (Malmquiest
1978) were also given as oossible sources of heavy metals in urban stormwater
runoff. The heavwv metals most often mentioned in relation to highway sources
are lead, iron, zine, chromium, copper and nickel.

The principle source of lead is the use of leaded fuels by highway vehi-
cles. Tetramethvl and tetraethyl leal are alded to gasoline as anti-knock in-

9redients in concentrations ranging from 550 mg/1 in the U.XK. to 150 mg/1l in




West Germanv (Laxen and Harrison, 1977). Cadmium and manganese are also re-—
ceivina attention as constitutents of stormwater runoff. Cadmium i{s thought
Fo Oriainate from the wearina of Aautomobile tires (Yosie, et al., 1978} Man-
ganese is beainning to show up in areater concentrations in highwav runoff be-
cayse of its use as A antiknock inaredient in aasoline in some areas instead
~F lead. Manaanese pollution has been related to traffic density and manganese
N

crncentrations measured at two thinnels on the Pennsvivania Turnoike in 1977
shewed emissinns to be N.08 ma Mn/ka fuel comhusted or amout 15% of the manaan-
ase in the fuel hurned (Pierson, =t al., 1978: Joselow, et al., 1978).

7ine is used in high concentrations as a stabilizer in motor oil and as
a fillaer in tires, Comoer which is usné ko increas= the mechanical strength and
heat dissipation oroverties of brake lininas is depnsited as a result of brake
wear. Cobper, nickel, and chromium reanlt from wearina of metal nlatina.
bearinds, bushinas, and moving varts within the enaine. Malmguist (1978) found
in a stidv of neary metals in orecinitation aA resultant rinoff that the fall-
Aut accounted for onlv 7% of the concer and 30% of the zinc in the rummff., He
roncluded that the Aiffarences in the anooer and zinc omld he attrihbuted tn
rhe corrnsion of building materials which mav be another imoortant source of
hemny metals esneciallv in urban runnff.

mridenca had heen presented suddesting that mtor vehicles ad thelr use
nreride sources of heaww metal contaminants. Recent findinas help to support
the nremise that highwav activitv coptributes houriv to hearw metal =mollution.
Stidies of heavw metal concentrations in snow sammles taken adiacent to streetrs
and hiahwavs hadl shown that mncenkratinns were related tn traffic wolume.
Mliver (1974) found that lead levels in snow taken from city streets wers
rorahly oroportionate ko traffic wnlume and *his was also reflected in the data

oresented bv Malmuist (1978) as shown in Table 2-1.




TARLE 2~1. CONCENTRATIONS OF HEAVY MFTALS IN URRAN SNOW
{After Malmquist, 1978)

Popul ation Density b Zn Cu
P/ha Samlinag Site ud/l | ug/l{ ua/l

250 Grass Surface 250 360 50

250 Street 7400 veh/dav 2610 | 1030 390

115 Grass Surface 40 50 10

115 Street 3600 veh/dayv 730 330 70

22 Grass Surface 40 60 10

22 Street 1500 veh/dav 730 330 120

The data showed that traffic volume was not the controlling factor helow a
certain level (3600 veh/dav) probably due to non traffic related activities and

sources. Linear relationships were formulated using the Adata:

C{ g=Pb/1) = 730 g/l + 0.495 (# veh/day)
C{ a-Zn/1) = 330 uq/1 + 0.271 (# veh/day)
C{ a~Cr/1) = 70,q/1 + 0.084 (# veh/day)

Lazrus, et al. (1970) determined heawy metal concentrations found in pre-—
cipitation collected in a nationwide network. Lead leading in precipitation
(a/ha/cm) were correlated to sale of gasoline (103 dollars) in the locale of
the samplina station.

The loading intensity of heavy metals as a function of traffic vwolume had
been predicted using linear regression analysis of data collected in the Wash-
ington, D.C. metropolitan area {Shaheen, 1975). A linear relationship was de-
rived (Y = mX + b) in which Y was the predicted loalinag intensity (lb/mile); m
was the loating factor (lb/axle-mile); x was the traffic volume during the
period of depositions (axles): and b represented the contribution from

non-traffic related activities. Te values of the slope andintercept were

summarized in Table 2-2.




TARLF 2-2. CORRFLATION RETWFRFN HEAVY MFTAL [NADING INTENSITY
AND TRAFFIC VOLUME (After Shaheen, 1875)

m b Sianificance of
Paraneter (1h/axle-mile) lb/mile Correlation (%)
Ph 2.79 x 107> -.345 0.1
or 1.85 x 107 011 1
Cu 2.84 x 1077 0121 1
Ni 4.40 x 1077 .00323 0.1
7n 3.5 x 1075 0341 0.1
A 1,11 x 108 | .0009n9 1N

Helsel, et al. (1979}, determingd'that a aood non-linear correlation
axigted hetween concentrations of Ph. Zn  and Cr and traffic volime ad percent
imoarvious cover. Indicatina that vehicles are a major source of these metals
and that impervions areas deliver these pollutants to the drainage systems

afficientlv.

CHARACTRRISTICS OF HIGHWAY CONTAMINANTS

Shaneen (1975) investiaated the oriqin of several metals related to the
operation of motor vehicles. The oriain and nature of lead hal been investi-
qated extensivelv because nf its toxicity and larae concentrations heina found
in non-ooint source studies. [Dnfortunately, the other heavy metals associated
with stormwater runnffs have not been verv well characterized.

amall anounts of the tetralkvl lead compounds are lost bv evaporation or
mass through the exhaust svstem unceombusted.  Ganlev and Sprinaer (1974),
Hahibi (1973) and Ter Haar, et al. (1972) showed that the majoritv of the lead
was enitted in particulate form and the percentage beina controlled bv the
aneed of the enaine and the Arivina mode. Ganlev and Soringer (1974) deter-

mined that the oercentate nf lead commrunds emitted in particulate wes close to




45.7% by weicht at normal cruise speeds, 55-60 mph, and exhaust gas tempera-
tures of 90°F. Also, the percentade of leal emitted tended to increase with
increased speed, Hirschler and Gilbert (1964) showed that great extremes in
the percentage of lead emitted existed and this percentage increased during
full throttle acceleration. Ter Haar, et al. (1972) concluded that the lead

emission rate was 0.028 g/mi usina emission data collected from a fleet of 25

»

cars model 1966 under the Federal Cycle conditions.
Several investigators remorted three size ranges for lead particul ate
emissions (Ter Haar, et al., 1972; Ganley and Springer, 1974: Habibi, 1973).
Particles from 0.5 - 1.5 microns diameter were derived directly from the com~
bustion chamber. Particles from 1.5 - 5.0 microns contained a negligible
amount of lead particulates. Particles- in this size range wer : deposited within
the exhaust system where thev grew in size and were later reentrained. Parti-
cles greater than 5 microns were considered to he composed of those particles
that were reentrained after deposition in the exhaust svstem, under corditions
faroring reentrainment, such as rapid acceleration and high engine speed. fThe
exact percentage of a given size that was emitted tended to vary according to

changes in speerd, driving mode, exhaust temperature. gasoline alditives. and

car mileaue with the ratio of fine to coarse particles decreasing under high
speed and high load conditions (Hirschler and Gilbert, 1964), similar to those
experienced in citv tvpe driving. It is realized that particles less than one
micron will remain suspended in the atmosphere, whereas particles greater than
five microns will settle out close to the roadway due to turbulent impaction,
impingement and aqravitational settlina.

The chemical composition of the leal particulates being emitted devended
upon the length of time thev spent in the exhaust svstem and the types of fuel

additives used. The majoritv of the lead emitted was in the form of PEC1Br and
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PhC15-PHTIRr when ethvlene dichloride and ethvlene dibromide was alded to

the fuel as lead scavenging agents as was the case of comercial leaded gaso-
line (Ganlev and Sorinaer. 1974). The lead salt, 2PbAr{l-MH4Cl, was mainlvy
assoclated with particles less than two microns in diameter and results from
the mixing and cooling of the exhaust aases in the Aambient air., The larger
narticles that resulted from deposition and reentrainment were composed of lead
in the form of the mixed oxvhalide, 2PHD-PeCI1Rr (Hahbibi, 1973). Tther com-
ponnds includirg PhSQy, PhoPy07, and Ph3(P04}2+PhCIRr oconrred

in small amunts when phosphorus and sul fur compounds were present in the fuel
mixtiire, Thege hiaghlv soluble compounris tended to Tnse their halide oonstitu-
ents uoon ading in the atmosphere and were converted into the less solubhle

leal nxides, carbonates, and suIFateq‘(haxen and Harrison 1977- Ter Haar and
Ravard, 1971). A studv of soluble lead content of orecipitation in the 1.5,
shrwed a Tarne onncentration of soluhle salts which the authors attributed to
the existence of the halide salts ant the conversion of Ph0O; to the sulfate

bv atmspheric sulfur dioxide (Lazrus, Tarange and Lodoe, 1970). Further sup-
nort was aiven bv Olson and Skogerhoe (1975} who had identified the sulfate as
the mainr component of lead in street Aust and roadside soll in a discussion »f
the mnversion of lead to kthe sulfate and nitrate {n the atmosphere and snil

(T.axen and Harrison, 1977),

HEAVY MFTALS TRANSPORT MECHANTGMS
Heavv metals are transferred throuah a oomhination of mechanisms including-
airborne dispersal, dustfall, precinitation, decosition on street surfaces with
suhseauent washout and transmort effected bv stormwater during orecipitation.
mustfall is a measure of the narticulate matter that falls out of the
atmnsphere die to gravitv, tvpically in the 20-40 y ranage. Johnson, =t al.

{1974) faund that lead loadinas ranaed from 0 mq/mz/min to 70 ma/m?/min at



certain stations measuring dustfall in the Seattle, Washington area. WHighest
lead levels were found in industrial land use areas and aljacent to major
traffic arteries with highest lead loadina of 71.6 ma/m2/min heing recorded
next to the heaviest traffic artery (30,000 ADT). Conversely, Randall, et al.
(1978) found no such correlations with respect to oroximity to metropolitan
areas or traffic lanes, although they proposed that metal concentrations origi-
nate primarly from inner city, especially auto, emissions. -

Precipitation events which wash pollutants out of the atmosphere mav be
a more imoortant contributor of heawy metals than dustfall, althouwsh sianificant
anounts of pollutants can accumlate during long dry veriods (Randall, et al.,
1978: Malmguist, 1978). Pollutograchs' collected for precipitation indicate
that there is a definite first flush effect during storm events. That is to
sav that seeminglv all pollutants were washed out during the first few minutes
of rainfall and are diluted bv subsequent rainfalls (Randall, et al., 1978).
Brosett (1974) found the relationshio hetween ncentration and orecipitation
to follow a neqative exponential: V = a3 + beCX in which Y is the (mncen—
tration of a aiven parameter in the rainfall, x = volume of rainfall, and a. b,
C are experimental coefficients. |

Sartor and Rovd (1974) studied the washoff phenomenon and developed a re-

lationship for particle removal, rainfall intensity and duration,

&
]

o = No(l-e~krty,

No = weight of material of a given particle size removed

No = initial weight of material of given particle size

t = duration of rainfall (hrs)

r = rainfall intensity in/hr

k = constant dependina on street surface characteristics awl indepen—

dent of particle size within range of 10 ko 1000 u,

The relative contribution of the pollutants contained in precipitation to




the total pollutinnal load contained in stormwater runoff has not been exten-
sively studied. One study showed that bulk orecinitation aporoximated the con-
rentrations of Ph and As found in stormwater, howevar, Fe, Mn, Ma, and Cu oon—
centrations were underestimated bv hulk precipitation alone (Rarkdoll, et al.,
1677). The relative concentration in orecinitation and stormwater runoff is
undonbtedly affected by the accumalation of solids during the antecedent Arv
seriod, soil leaching and corrosisn. Higher nrecinitation intensity, runoff-
rainfall relationshins and duration of storms enhance the ability to loosen and
transopnrt vartimulates with which heavw metals are associated.

More attention has heen Adirected to the role of stormwater as a contrihutor
ty receiving water bodies In localized situations stormwater is a more imnor-
¢ant source of heaw metals than secondarv effluent, and ruroff from a tvpical
Aifv Airina the first hour of 0.5 inch/hr storm would contribute significantly
areater oollution load than the cities sanitarv waste for the same neriod of
fime (Rimer, 1978 Helsel, et al., 1979: Sartor and Rovd, 1974), Factors influ-
encing the concentration of pollutants in stormwater runoff include: lenath of
antecedent Arv veriod, intensitv of precipitation, Auration of orecinitation,
rainfall-runoff relationshios, surmoundina land use, tvoe of street, traffic
unlime, streek sweepina oractices, nercent impervious area and around siope.
Hearr; metals concentrations have heen shown tn increase with increased imoer-
sious area and around slone (Helsel, 1979) and in urban anA industrial areas.

A fipst Flush effect similar to that for orecipitation was reported to
sceur more frequently as urbamizatinn increasas, for extractable rather than
soliuble metals (Helsel, et al., 1979). Increasina urbanization means increased
imperious area leadina ko greater stormwater wolumes which enhance solids re-

mwval and transport. However, oreliminarv study by Pooe, et al. (1978) in




which metals concentrations were related to flow, found lead levels to be
relatively constant during a storm event. This may indicate that lead particu—~
late have a low tendancvy to go metal into solutions on first flush. Thev

have proposed that a critical flow is required for the removal of a particular
particle size with which no heavv metals are associated. Thev indicated the
critical flow to be 0.5 1/s for Zn and Pb: 0.03, 0.55, 1.0 and 1.0 1/s for C4d,
Cr, Cu, and Ni, respmectively. Therefore the runoff flow which is a function of

% impervious area, grade slope, and intensity of rainfall mav be a key variable

in predicting concentrations of heavy metals in stormwater.

HEAVY METALS IMPACT

The heavy metals that have been thus produced find their way into soils
and bodies of water by means of atmospheric dispersion and stormwater runoff.
The means of transport is highly dependent upon the specific origin of the
pollutant and the particle size with which it is associated. Particles greater
than five microns in size settle on or close to the roadwav and many of the
particles demosited are blown off the roadway bv the turbulence created bv
passina automobiles. These particles that settle adiacent to the roadwav tend
to be immoblized in the soil or incorporated into the tissues of surrounding
plants and animal species.

Metal concentrations decreased with distance from the pavement and lead
concentrations were found to be considerablv higher in the top 2-3 om of soil
as compared to the subsurface soils. Other metals, zinc, cadmium, and chromium,
were not found to be immobilized bv the soil as effectively as lead (Wanielista,
et al., 1978; Bell and Wanielista, 1979). Thev also determined that metal con-

centrations in soil and plants were not distinquishable from background levels
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at 3N-40 m from the roawav which is ip acod agreement with other suthors.
Hassett and Miller (1977) stated that the use of limestone as a road building
material, causing hiah soil nH, reduced the nlant. arailabilitv of lead in wmad-
side snils. {Concentrations of ¢4, Cr, Cu, Ph, Ni, and 7n in soils and pasture
snecies alona a hiahwav in New 7eal and rewvealed that the concentrations of all
metals correlated with traffic density (Ward, et al., 1977). The source of
mollutants was taken to be aerial Adeposition of metals From aitomobiles., Cad-
mi:m content of soils was investigated bv Hosie, et al. (1972) who indicatad
that cadmium concentrations decreased markedlv with distance from the roaiwav.
Thev recormended that growing of croos for human consumption next to busv high-
wavs be avoided Aue to the acmnmJlatioﬁ rate of cadmium in soil ad its high
toxicitv, Similar studies conducted with respect to lead show that crons grown
a@Jacent tn hidhwavs have a hiagh dearee of mntamination from exhausted lead.
The levels heina related to the distance From the roadwav and the traffic
yolime, Tead ooncentration was seen to dron from R0 oom at one m from the road
tc 4R oom at 15 m and is reduced at distances 20-50 m (Mclean and Shields, 1977:
"hna and Tam, 1978,

Sever= localized oontamination of sediments wer2 identified at the lnca-
“ions of snow dumping into rivers and near the outfalls of some storm sewers
{Nliwer, =t al., 1974), Similarlv "hionle et al, {1978) found heavww metals
nccur mainlv in the narticnlate form ad seem to settle ot in the bed nf the
recelving water, Hearnw metals were Foumd in hiagh onncentrations in the bottom
sediments even though avpreciable quantities oould not be Aetected in the water
oolumn,

erﬂFnrd {1977) stated that particulate matrter mllected in stormwater
from commercial areas contained the highest lead concentration, Rimer, =t al..

(1978) frund lea?d levels closelv cnrrelatad with suspended solids (88S) levels
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in the runoff which suqaested the mechanism for lead removal was connected to
the solids transport functions. Also it was found that although particles less
than 43 microns in size of particulate accounted for only 5.9% of the total
solids thev contained over half of the heavy metals. Street sweepina was found
to be generally ineffective, removing only 85% of the less than 43 micron
varticles and 52% of the less than 246 microns (Sartor and Bovd, 1‘374).

Getz. et al. (1977) rerorted higher lead concentrations in mammals living
5-10 m from Illinois interstate highwavs. Similarly, the impact of particulate
lead has been determined in relation to sheeb grazing adiacent to maior high-
wavs. Blood lead contents were 0.90 mg/ml in sheep qrazing near the highway as
comparad to 0.20 mg/ml in a control Qrouo.. Sheep that were fed uncontaminated
forage and placed near the highway were shown to have an immediate rise in
blood lead content. However, blood lead levels were seen to decrease rapidly
after moving the animals to an uncontaminated area. Considerable accunul ation
of lead was found in the livers, kidnevs, and bones of sheep exposed to highway
contaminants (Ward, et al., 1978). Baretts (1978) studied the clinical aspects
of lead poisoning in doas, cows, qoats, and horses and found that lead pollution
of pastures and fodder near major highwavs was the main cause of animal poison-
ing. The average content of lead in fodder from unpolluted areas was 0-1.5 pom
whereas the lead content of plants near major roxdwavs ranged from 100-700 pom,
The studv also suaggested the vossible indirect lead voisoning of humans feedina
on meats poisoned by lead. Air and blood lead levels were measured in Bangkok
bv Htun and Ramachandran (1977). who recorded similar concentrations to those
measured in other cities. Air lead levels were a function of traffic volume
and oroximitv to congested roads. Hiah blood lead content and large respiratorv

intake of lead are possible for those swending large amounts of time next to

Toads, althouagh high blood levels were not always a direct result of high air




lead exposures. A study by Little and Wiffen (1977) using radicactive lead to
prepare labeled exhaust asrosols showed that less than 10% of the lead emitted
is Adeposited within 30 m of the roa¥twav. nNeposition velocities were found to he
areater for fresh, diffused aerosols than for clder asgregated aerosols and

velocities increased with higher wind sceed.

SORPTTION OF HFAVY METALS RY BOTTOM SEDIMENTS ~

Hearv metal oollutants are transoorted from their origin to the receivina
water bodv throuah the air and within stormwater runoff. These metals are
beina introduced into the water column as dissolved ions and in association
with the suspended snlids in the water column.

Several studies have been done that helo to show the Aistribution of heaw
metals within the water and sediment columns. Angino, ot al. (1974) conducted
a studv of the water chemistrv and suspended matter in Kansas rivers. Thev
found that the hulk of Fe and Mn existed in the suspended sediment and Pb was
evenlv digstrihuted hetween water and suspended sediments. Suzuki =t al.,
{1979) studied Cadmium in the Tama River and concluded that the suspended
sediments could Abosrh large concentration of the metal ions. Similar results
were reported for chromium in the Isar River, Bavaria. It hal also heen
remrted that concentrations of Fe and Mn, Or were similar in the sediments
ad suspended snlids (Tken, et al., 1977). The adsorption of {d was found to
nceur relatively rapidlv anto suspended matter and settled solids. Concentrat-
ion of heavw metals in sediments could be used to indicate levels of heavv
metals in the water colimn and tn locate sources of oollution. (Gardiner,
1974). Heawy metals introduced into the receiving water hodv will he alsorbed

hv susvended and settled sediments until some ecuilibrium value is reached with

the water colimn and concurrently the susoended sediments will settle out




increasing the concentration in the sediments.

Core samples taken from Michigan lakes, and a California estuary in three
separate studies showed that increased levels of Pb and 7n corresponded to high
aito traffic in the vicinity and increased use of fuels, and anthropogenic
activitv (Christensen, et al., 1978: Iskandar, et al., 1974; and Edginton and
Robbins, 1976). Fdainton and Robbins (1976) used the ratio of Pb to pb210
to consider the relative contribution of atmospheric deposition ami surface
runoff. They found that atmospheric devosition was the most sianificant source
offshore and runoff contributed the most lead to the sediments close to the
shore.

There are a number of factors th_at' affect the adsorptive capacity of sedi-
ments and their concentration of heavy metals. The factors include: type of
solids, contact time, complexing liaands present, pH, tenperaturé. hardness,
oresence of carbonates, organic material, and hydrated metal oxides present.
(Zimdahl and Skogerboe, 1977 and Gardiner. 1974). Hardness and the presence
of carbonates were not shown to be major factors in the fixation of heavy metals
in the sediments. Benes, et al., (1976) discovered that iron was released from
organic complexes at pH 2-3 and Zn aisorption by humis increased with increasing
PH. Adsorption of heawv metals onto Si07, A1503, and two soils showed
that adsorption capacity increased abruptly at oH 5-6 for Ph, Zn, Cu and pH 6-7
for Cd (Huana, et al., 1977). This increase in adsorotion correlated with the
presence of the M*2 species axl Ph and CA were observed to be desorbed
below this pH range. The same study also suqggests that the presence of
certain anions, humic acid, nitrilotriacetate, tartate, phosphate, affected ai-
sorption at lower pH throuch complex formation. Investigations of the chemical

contents of sediments have indicated that there may be a rositive oorrelation

between the occurence of heavy metals and the oxides of Fe and Mn. This




association has heen attributed to the ocoprecipitation of the heavy metals with
fresh oxides of Fe and Mn, which were reported to be excellent scavengers
{Angino, et al., 1974) and the association with, or collection of hwdrous oxides
hy oraanic matter (7imdahl and Skogerboe, 1977).

A relationship hetween heavv metals and organic material in sediments may
also exist., Suzuki, et al., (1979) found that Cd content was orocortional to
the ignition loss of the sediments which would be related to the organic

content. Adsorption equilibria of caimium was found to follow a Freundlich

isotherm:
arr=krre!/?

where n=1.5, qr=q/IL, and IL=ignitiom loss. BRenes, et al. (1976) studied
complexation of heavy metals with hLI;'nUS and found that 7n and Co seemed to be
complexed with the humus whereas, correlations for other metals were not Jopar-
ent. However, other authors observed that the majority of lead immobilized by
soils is associated with oraanic matter (Zimdahl and Skogerbce, 19877} and humic
materials appeared to be the major component of mud responsible for adsorption.

Finally. evidence in the literature voints to the fact that the majoritv
of heavv metals found in sediments are expressed in the fine varticles. Teal
concentrations (weiaht %) were highest in the smallest size fraction (274 ) of
some soils studied (7imdahl and Skogerboe, 1977). 'ken, et al. {1977) fraction-
ated sediments into N-2 4, 2-6.3 u, /A.3-20 4 and 20-R3 4 fractions and analvzed
for heawy metal concentrations. Hichest concentrations for Cr and Fe existed
in the 0-2 fraction, with some in the 2-6.3 fraction ani little in all other
fractions. Comparison of the concentrations of heavy metals in the clav size
fraction were relativelv constant for all samles in comparison to the concen-
tration in the total sediments. However, As, Cr, Cu, Ha, Ni, Sh, and Zn

concentrations were higher in the ¢lav size fraction. which the authors
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attributed to anthropogenic inputs. Finally. a comparison of concentrations in
the clay size fraction of sediments from contaminated and uncontaminated
sediments whereas total concentration in the sediments did not reflect this,
Therefore, it has been shown in the literature that a number of factors within
the sediments and the water column above affect the concentrations of heavy
metals contained in the sediments. Even so it had been suggested and reasonably
well documented in the literature that the sediments Ao provide i;formation
about heavy metal pollution. This is important because 1arge quantities of
heavv metal pollutants mav be introduced to a receiving water body, especially

in the particulate form, and not manifest their presence by introduction into

the receiving water ocolumn.

HEAVY METALS IN RECEIVING WATER

In the last few vears attention has been drawn to the occurence of heawv
metals in the ajuatic environment and the possible toxic effects that thevy
might have upon the bhiota associated with these waters. Manv of these surface
waters provide both potable water and a source of food for man and therefore it
1s necessarv to ascertain the levels and =ffects of these heavy metals umon
human health also.

Mathis, et al. (1973) looked at the concentrations of Cu, Ni, Pb, Cr, Li,
Zn and Cd contained in water, sediments, tubificids, clams and fish taken from
the Illinois River near Peoria. Thev were interested in the decline in the
diversity of the biota due to the industrial and domestic wasted received from
Chicago and other cities along the river and its tributaries.

In general the highest concentrations occured in sediments, and WOrms,
then decreased throwh clams, onmivworous fish, carnivorous fish, with the lowest

concentrations being found in the water samples. The authors note that the




concentrations in the clams and tubificids mav have been increased by the
hottom sediments remainina in the organisms' digestive tracts.

A similar study was conducted bv Namminga, et al. in 1973 to determine the
seasonal and lonaitudinal variations of chromium, lead, zinc and copper in
water., sediments, and chironomids taken from Skeleton Creek, Oklshoma. They
found that the concentration of zinc and copver in water were higher in winter
than in summer and that no seasonal variation occurad for chromiu;n. The maximm
concentrations were generally found downstream from introduction of domestic
and industrial wastes from various sources. The sediments oroduced the oopo-
site effect showing much higher concentrations in summer than in the winter
although all the values were lower tha_nn'reoorted in other similar studies. Tt
was also shown that hiaher metal contents were directlv related to a greater
percent. loss on ignition and a greater fraction of less than N.5m size parti-
cles. Also, it was concluded that metals concentrations in sediment were not
areatlv affected bv surface adsorption.

Another similar studv was undertaxen hv Enk, et al. {1977) to determine the
occurence of Cd and Pb in water, sediments and hiota taken from Jubilee Creek,
Peoria Countv, Tllinois. Cadmium showed a verv small concenktration in water
(.02 opm) a higher concentration in fish and sediment (0.14 pom) and the highest
concentration in aquatic insects (0.5-1.5 pom). Tead also showed the lowest
concentration in water (0.5 ppm), hiaher concentration in fish (2.6 nom),
concentrations around 8 nrm for sediments and aguatic insects, and the hiahest
concentrations were found in snails (13.6 pom).

A highly industrial area was studied bv Williams, et al. (1973) in order
to determine a correlation between concentrations of ¢d, Cr, Cu, Fe, Mn, Ha,

and 7n and stream flow. The studv was conducted on the Rlack Warrior River near
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Tuscaloosa, Alahama and focused on metals that were in a suspended rather than
a dissolved form.

The studv showed that the concentration of the metals in the suspensed
matter increased in time of increased flow and they were lower in times of low
flow. Highest metal concentrations were reported after periods of heawv rain
where increased flow scoured bottom sediments producing a toxic slug which moved
downstream. The authors further suagested that fish kills during ~these periods
which are normallv attributed to low DO may in fact be caused by the toxic
effects of hiah heaw metal concentrations.

Extensive studies were conducted by the USGS in September of 1973 to
determine the background ooncentrationg of heavy metals and whether anv of these
metals were present at levels high enough to pose an ecological threat. The
stuty was hased on 44 hottom sediment samles taken along the visual center of
flow at various points along the Willamette River, Oregon. The sampling sites
were chosen to reflect natural settings and mollutant source locations. The
concentrations of Cd, Cr, Cu, Pb, Ha. Ag, 2n and As were plotted on log normal
ovaper for each of the 44 sawles to determine natural background concentration
versus concentrations that might reflect pollution. Fach curve except for
mercurv had a breakooint indicatina wollution lewvels and backaround levels omuld
be differentiated. Interestingly at three points below highway bridaes lead
concentrations above the background levels were detected (Rickert, et al.,
(1877).

The 11SGS published a report entitled "Lead in the Fnvironment." This
publication consisted of several articles by various authors on different
aspects of the occurence of lead in the enviromment. Each section contains

numerous tables and illustrations showing lead concentrations found in varvina

locations and mediums (Roggess and Wixsen, 1976).




CHAPTFR 1II
SITFE SELFCTICN AND METHODOLOGY

T™wo principle sawlina sites located alona Interstate 4 in Orange Countv,
Florida were selected for this studv. The first site is located where Inter-
state 4 crosses over Lake Ivanhoe near downtown Orlando and the second site is
located at the intersection of Interstate 4 and Maitland Interchange, which will
he referred to as the Maitland Interchanae. A total of eight sample sets werz
collected from each of the two locations during the period February, 1979 to

Augqust, 1979,

SFLFCTION CRITERIA

These samling sites were based on the averane dailv traffic (ANT) volume,
drain age methodoloav of bridge runoff and proximitv toc the University. The
first site is located where Interstate 4 crosses over lake Ivanhoe near downtown
Orlando as shown from the zerial overview, Figure 3-1. The second site is
located at the intersection of Interstate 4 and Maitland Interchange as shown
in aerial overview, Fiqure 3-2. These sites were decided upon durirg meetings
held hetween representatives of the FMOT and the MCF personnel.

T™e averane dailv traffic volume, near the studv sites for the past
several vears. 1975 - 1980, have heen supplied bv FDOT (Harrell., 1980),
and are vresented in Table 3-1. This table shows a gradual increase in the ANT
volume of over 40 percent at Take Tvanhoe and Maitland Interchange sites between
1975 and 198N, This increased traffic volume should impact the quality of

stormwater runoff from hiahwav svstems and aliacent receiving water hodies.
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TAKF IVANHOF SITE

Lake Ivanhoe is a 125 acre (50.6 HFA)} freshwater lake that is lncated
ingide the Citv of Orlando, Florida. A section of the central portion of the
lake was filled in 1965 to allow Interstate 4, then under construction, to cross
it. Interstate 4 presently crosses the lake by means of two bridges that
connect the central island created durina construction to the northern and
southern shores of the lake, thus Aividing the lake into an eastern and western
aection. The eastern section is hordered by Orange Avenue which fronts numerous
commercial and light industrial establishments. The western portion of the lake
is Mordered hv Ivanhoe Roulevard and is surrounded by well-established sinale
H familv residences. All of the perimeter area is tributary to the lake which
receives direct stormwater runoff from the surroundina streets. The lake drains
3.2 square miles (828.8 HA) in the St. .Johns River basin and is heavily used by
the public for recreational purposes. Lake Tvanhoe is also interconnected with
an adiacent Lake Concord, through a concrete culvert running under Tvanhoe

RBoulevared,

The north bridge at Lake Ivanhoe oonsists of two sections, one for west
bound traffic and one for east hound tratfic, each carrving three lanes of thru
traffic. Roth sections are 216 feet in lenath with a 40 foot roaiwav and 44
foot horizontal clearance. Water on the bridge drains toward the adjacent land
on either side since there are no scupner drains located on the bridges. The
section of south bridge carrying east hound traffic has three lanes of thru
traffic and one exit lane. This section spans 580 feet with a 52 foot madwav
ad a 56 foot horizontal clearance. nNrainage is facilitated bv a set of 4 inch
Aianeter nlastic pipe scuoper Arains set on R foot centers running alona the

eastern edae of the hridge. The western section of the south bridge carryina
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west bound traffic has two lanes of thru traffic and two lanes exiting onto
Ivanhoe Poulevard and S. R, 50. The western bridge is 640 feet long with a 60
foot roadway and a 64 foot horizontal clearance. Two sets of scupper drains
located on 8 foot centers drain this section, one set running along the eastern
edge of the bridge and the other set runnina along the eastern edge of the exit
lanes. The ADT volume, as provided by the FDOT (Harrell, 1980), is presented in

Table 3.1. The table shows that traffic volume across Lake Ivanhoe was

goproximately 45-50,000 ADT east bound and 48-58,000 ADT west bound during the

study period.

Sampling Stations on Lake Ivanhce

The two bridges over Lake Ivanhoe ‘were ideal for samling hecause the
northern bridge contained no scupper drains, whereas the southern bridae has a
set of scupper drains runnina down the eastern edae of each section. Therefore,
saples were taken from between the northern bridge sections, underneath each
set of scuppers on the southern bridae sections, and in the main bodv of the
western portion of the lake, to serve as a control as shown in Figure 3-3. Also
three direct runoff sawle sets were taken directly from the scupper drains
during three storm events in Auqust, 1979,

The four samwlina cross sections or sampling stations were established as
shown in Figure 3-3. Station 1 was located just inside the easternmost part of
the south bridae and consists of two voints from which samples were taken and
composited. Station 2 was located in between the two sections of the south
bridge and consists of three sawling points. Station 3 was located in hetween
the two sections of the north bridge and consisted of two sampling points.

At first the control section was located across the lake between the north and

south bridges and consisted of three samplina points. The control section was
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then relocated so it ran parallel to the highwav to try to eliminate the
influence of the highway which ran verv close to one of the sawpling points in
the original cross section. The control section was finally moved a third time
to a different section of the lake for which two sampling points were estab-
lished. The last change in the control section was necessitated due to the
nature of the sediments in the second section and the dense laver of plant and

algase covering the hottom which male sawling almost impossible.

THE MATTLAND BOULFVARD EXCHANGE SITF

The Maitland Interchange, located north of the City of Orlando, Florida,
was constructed in 1976. Maitland Roulevard crosses over Interstate 4 by means
of a bridge overpass created during construction of the interchange. The
traffic lanes on the interstate are separated by a 20 foot arassy median, as
thev approach the interchange, which widens to 44 feet through the interchange.
Stormwater coming off the interstate is delivered by overland flow over a good
grass cover to stormdrain inlets or receiving waters. Three borrow pits were
dug to provide fill for the construction of the overpass, as depicted in Figure
3-2, and remain in existence serving as stormwater detention/retention facili-
ties. Stormwater runoff from the Maitland Boulevard bridge crossing over
Interstate 4 is conveved directlv off the roadwav surface throuch stormwater
inlets to culverts that discharge directly into the ponds. The ponds are
interconnected so that the two northernmost ponds flow into the southwest pond
{referred to hereafter as the west pond) when they reach a certain desian level.
The water from the west pond flows over a wooden weir at its southern end which
is connected to Lake Lucien by means of a culvert and a short, densely vegetated

ditch.

Te land adiacent to the Maitland Interchanae is essentiallv urdevel oned
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and in the natural state with the exception of the north westen side which is

planted in citrus groves. These citrus groves provide little flow to the ponds,
but can contribute runoff to Lake Lucien bv means of a canal at the northwest
end of the lake. Therefore, runoff to the ponds is essentiallv all from the
roadway environment and flow 0 Lake Lucien is a combination of natural, hiah-
way, and citrus runoff with the relative contributions nrobably governed bv the
antecedent conditions and maanitude of the rainfall event. Lake\Lucien is a

57 acre freshwater lake and the lack of significant develooment on its shores
has left it in a seeminalv oristine condition.

The Maitland Boulevard bridge consists of two sections, one carryina two
1anes of east hound traffic plus one ,ex-it lane and the other section carries two
lanes of west bound traffic olus one exit lane. The section carrvina west
mound traffic spans 552 Seer with a 52 foot roadway ad 53 feet of horizontal
clearance. The section carrving east bound traffic swans 534 feet also having
a 52 font roalwav and 53 “eet horizontal clearance. Traffic wlume, 28 nre-
sented in Table 3-1, shows that the traffic volume on Maitland Roulevard was
aporoximately 11,000 ADT sast bound and 10,000 west bound Aurina the studv
period. Interstate 4 has three lanes of thru traffic east and west bound
through the Maitland Interchange. Tahle 3-1 shows that traffic wolume on Inter-

state 4 through the Maitland Interchanage was aporoximately 32-40,000 ADT east

hound and west hound during the studv pericd.

Samling Sites at Maitlad Interchanage

Four samlinag stations were also chosen for this site to delineate Adiffer-
ences in water qualitv due to stormwater runoff as depicted in Fiqure 3-4.
St arion 1 consisted of twe sawlina moints in the eastern drainage pond adiacent

to Interstate 4. Mne sarling ooint was located next to the outfall from
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another pond and the other moint was located across from it next to the hiahwav.
Statinn 2 consisted of three sampling voints in the western drainage pond. The
sapling noints were located alona a visual Tine hetween the outfall at the
north end and the control weir at the southern end of the borrow vond closest to
and connected to Lake Lucien. Station 3 consisted of one sampling point on Lake
Lucien next to where the canal enters from the west oond. The control section

was chosen to be alona a visual line connectina the northwest and southeast ends

of Lake lucien in which three sampling points were established.

FIFLD AND TABORATORY PROCFIWIRES

The hroad objective of this studv was to assess the impact of highway
bridae runoff upon the aljacent water bodies. This required field investigation
of some water qualitv parameters such as dissolved oxyaen and temperature

orofiles and sampling collection for laboratorv analysis.

Field Investigation

Certain water qualitv parameters were measured in the field at the same
time the samples for laboratorv analvsis were bheina collected., A Secchi disk
Adenth was Aetermined for each sawmling mnint as a3 measure of water clarity and
1ight penetration. DO and temperature profiles were also measured at 1.5 m
intervals from the water surface down to the bottom using a Yellow Springs
Instrument Co., Inc. Model 54 Oxwaen Meter, VSI 5739 DO Probe and YSI 5795
Stirrer.

A complete set of samles and field measurements were taken at each samo-
ling toint and then samples were composited for those stations having multiple
sampling points. Water samples were taken 0.5 m below the surface, 0.5 m above

the bottom, and at middepth for locations that were areater than 3 m deep, using
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a 2.1 liter kemmerer water samler. The water thus oollected was placed in a
5 gal. plastic carbov from each samoling point and at the completion of all the
points in a given station, a 1—gal. samle was withdrawn and placed in an acid
washed, distilled water rinsed 1-qal. plastic container. One six bv six inches
bite of sediments was collected from each location using an Fokmann dredge. The
sediments from each sampling point were placed in 5—qal. plastic pails and com-
vosited for each sampling station.

Benthos samles were obtained for each samling station bv taking 2-3 bites
of the sediment at each sampling point and straining them through a 0.5 mm bv
a 0.5 mm opening sieve and placing the ma_nterial collected into small plastic
containers from which the organisms would be separated later. Plants were
collected from each samling point by hand or dragaing the anchor along the
bottom. At least 100 grams of plants were collected from each samling point
and placed in plastic bags which were tied up to keep the plants moist until

they were reopened back at the lahoratory.

Lahoratory Procedures

Collected samwles of water, hottom sediments, nlants and benthos were
brought back to the Fnvironmental Engineering Sciences laboratory at the Colleqe

of Fnaineering, UCF for preparation and analvsis.

Water Samwles

The water samoles were analvzed to determine: oH, turbidity, chlorophvll
"a", orgaic and inorganic carbon, nitrates, total and dissolved metals. The
water sawles were stored in 1.0 gal. polvethvlene containers at 49 C until

each analvsis could be performed. Turbidity, »H, axl chlorophyll "a" were
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alwavs determined upcn return from the field after collection. The pH of the
water samples was measured using a Cornina Model 12 Research pH meter with a
temperature compensation probe. The vH meter was calibrated using Scientific
Products oH Reference Ruffer Solution (pH 7.00-10.00) before each set of samles
was measured. Murbidity was measured with a A, F., Instruments Model DRT-150

and JTN standard supplied by the manufacturer.

Chlorovhvl]l "a" was determined from a calibration curve, usina a Turner ITT
Fluorometer. The calibration curve, which asppears in Figure 3-5, was prepared
bv calculating chlorochvll "a" concentration in water samwles bv the trichrom-
atic spectrometric acetone extraction method as described in Standard Methods

for Fxanination of Water and Wastewater, Fourteenth edition, 1975, and compar-

ina these to relative fluorescence values. Calibrations were made using the 1X
and 3X fluorometer ranages which vielded virtuallv identical results. Carbon was
measured using the combustion-infrared analvsis technique with a Beckman Model
215A Infrared Analvzer. BRSoth total and inorganic carbon were measured and
oraanic carhon was taken to be the difference between the total and inoraanic
carbon. Ten and 50 ma/7 sodium carbonate solutions were used as the standards
for this determination.

The Orion Model 93-07 nitrate ion electrode in coniunction with an Nrion
Model RO1A Diaital Ionalyzer were used for the determination of nitrates in
water samles. The nitrate-nitroagen levels were qenerallv less than ' oom, so
the low level technique as described bv Orion in the ion electrode manual was
used for these measurements. However, it was found that this caused an over-
estimate of nitrate-nitrogen of up to 1.40 m3/1 per mg/1 in spiked lake water
samles aove 0.5 mq/1. The substitution of the hiah level ion strenath
aliustor was shown to reduce the error in the same samwles to less than 0.05

ma/1 per ma/1 up to concentrations of 2 mg/1.
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T™e water samles were also orepared for total and dissolved metals deter-

mination in accordance with the orocedures outlined in Standard Methods. A

blank for each of the two determinations was also prepared using an equivalent
anount of glass distilled, deionized water and nitric acid to that used in the
procedure for the raw water samwles. The blank reaiinas were subtracted from
each sample to obtain its prover concentration. The solutions were analyzed

for using dc—-arcon plasma emission spectrovhotometrv on a Spectrometrics, Inc.

ectrospan TIT Plasma Fmission Spectrovhotometer.

RBottom Sediments

An evaporatina dish was filled with the wet sediments and placed in a
103° ¢ oven for amroximatelv 12-18 hours. The dried samwles were then
weighed to determine the water content. A 40-70 g vortion of the dried
sediments were placed in a crucible to be ashed, at 550°C for 12 hours. The
ashed sediments were removed from the furnace, cooled to room temperature and
then reweighed to determine the % loss on ianition. Finallv two samles of
2.5-31.5 grams of each were weiahed from each crucible and placed in separate 100
ml pvrex beakers that had been washed in 20% nitric acid and rinsed four times
with alass-distilled, deionized water. Ten mls. of nitric acid was added to
sach heaker which was refluxed with a watch alass over the ton for 45 min. A
375°F. Afterwards 10-20 ml of alass distilled, deionized water was added to
each heaker and the contents were filtered through a 0.45 micron filter. The
filtered solution was then diluted with alass—distilled, deionized water in a

volumetric flask to brina the total volume to 100 ml.
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Plant Samwples

Treatment of the plant samples was beaun within one working dav after the
| sawles were collected. The plant samples were stored in sealed plastic bags
l with sufficient water in them to keep the samples fresh for several days.
Approximately 100 arams of the plant material of each type and location was

removed anrl cleaned using tap water to remove dirt and arit from the samle.

The sample was then rinsed with distilled water and shaken to remove excess
water. These sawles were weighed and placed in an evaporating dish in a 103°C

oven for dryina. The samples were removed after 12-18 hours, allowed to cool

and then reweidghed to determine the water content. A 2.5-3.5 g sample of the
dried plants was then nlaced in a tared cfucible which was placed in a 550°C
muffle furnace for 12 hours after which the ashed samle was then reweighed.
The samples were then prepared for metal analysis bv dissolving the ashes in

4 ml of nitric acid, to which 20-30 ml of glass distilled, deionized water

was added. The resultant solution was filtered through a 0.45 micron filter

and diluted to a total volume of 50 ml in a volumetric flask.

Renthic Organisms

The benthos samples from the field contained varving amounts of sediments
and plant material from which the organisms needed to be separated. The use of
rose hengal solution to dve the oraanisms helrped in the sevaration process which
was done hv hand. After the organisms had all been removed from the sample,
they were separated acccording to vhylum and/or class, counted and weighed.

Fach different type of organism was placed in a separate crucible and ashed in

the furnace as above at 550°C for a period of 8-12 hours. The ashes were then

dissolved in 2 ml of nitric acid to which 10-20 ml of glass distilled,




deionized water was alded and then the contents were filtered through a 0.45
micron filter. The filtered solutions were then brought to 50 ml total volume
in a volumetric flask. Where mollusks and aqastropods were collected, the shells
were removed so that onlv viscera would be ashed and analyzed for metal content.
All water, sediment, plant and bhenthos samwles that were prepared for
metal analvsis as described above were placed in either nalaene Tripour 100 ml
heakers or plastic beakers and covered with Parafilm for storage. These solu-
tions were stored in the dark at 4°C until the metal analvsis was verformed,
usnally less than one week elased between the time the samples were prenared
and analyzed. All samples were analyzed to determine the concentration of the
following elements: lead, chromium, zinc. cadmium, nickel, cooper. arsenic,
iron, phosphorus, magnesium and calcium. The analvsis was done for all the
elements simultanecuslv using the multielement cassette on a Spectrometrics,
Inc. Spectrospan III Plasma Famission Spectrometer. The blank used to
calibrate the spectrometer was plain alass-distilled deionized water that was
used to prepare the standards. A hlank was also orepared for each tyme of
sawle, water, henthos, plants, and sediments, usina emial amounts of
alass—distilled, deicnized water and nitric acid to that used in preparing the
samles. The readings from the measurement of the blank were subtracted from
the samnle reading to obtain the sample concentration. The standards for these
determinatinns were nrepared bv dilutina Seientific Prducts 1000 ma/1 atomic
adsorption standards with the desired amount of alass-distilled, deionized

water,
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CHAPTER IV
EXPERTMENTAL RESULTS

Data were collected from the two principle samling sites during winter,
soring, and summer of 1979 to evaluate the effects of highwav bridge runoff on
adjacent waterbodies and to examine the effectiveness of highwavy borrow pits as
retention—-detention ponds. Samples of water, bottom sediments, plants, and
benthos were taken from several samling points within each selected site and
analyzed for numerous parameters, especia;ly heavy metal content. The data
collected from Lake Ivanhoe and Maitland exchange sites will be discussed in

this chapter.

LAKF IVANHOE ANN INTERSTATE 4

Four samwling stations, namelv east southern bridges, 5-1, in bhetween
southern bridaes, S-2, in between northern bridges, S-3, and open lake control,
S-4, ad/or S-5, were selected as shown in Fiqure 3-3. The results obtained
from field measurements and laboratory analvsis of water samples, bottom sedi-

ments, plants and benthos are oresented in Appendices A, B, aad C.

Field Measurements

Nissolved oxvgen and temperature profiles measured in Lake Ivanhoe are
oresented in Appendix C-1. The water depth varied between 1 to 3 meters at
S-1, 4.0 to 5.0 meters at S-2, 1.5 to 2 meters a S-3 and 4.0 to 5.0 meters
at S-4. Variations in water temperature during the study period at these
stations ranged between 14.8°C during February and 35.0°C during Auqust,

1979, Generallv, a gradual decrease in temperature with depth was noticed. 1In

most cases, tvoical thermocline in Lake Ivanhoe did not exist and the temper-
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ature differential in the water column did not exceed 3.5°C. Selected tempera-
ture and dissolved oxvgen profiles are shown in Figure 4-1. These profiles show
higher water temperatures and lower dissolved oxvgen (DO} content during summer
months as compared with profiles measured during winter months. The increased
water temperature and runoff loading of oraanic matter durina summer months
could depress the dissolved oxvgen concentration in lake water.

During the month of Auqust, the dissolved oxyaen concentrati;ns in Lake
Tvanhoe dropped down below 1.0 ma/1 at the water-sediment interface in the deep
sections of the lake as shown in Figure 4-1. A sharp decline in DO was measured

at sites deeper than 4.5 meters, however the DO content at the surface was close

to or above saturation lewvels.

Water Nualitv Analvsis

Water qualityv parameters that were measured for each water samwle included:
oM, turbiditv, TOC, inorganic carbon, chlorophvll "a", nitrates, total phosphor-
ous., calcium, and maanesium. The results are presented in Appendix A-1.

In general, little variations from station to station were exhibited bv
these water aqualitv parameters on a qgiven date. The pH recorded for all the
stations rapaed from 7.17 to 8.94 with the averages for the entire sapling
veriod ranaina from 7.23 to 8.29. Turbiditv showed sliahtly more variations
hetween the stations on a given Aate with values ranging between 4.0 and 21.0
and averagina hetween 5.6 and 7.9 JTU's for all stations during the studv
period. The average organic carbon concentration ranaged between 8.6 and 9.8
and rhe inorganic carhbon showed little variation between stations with averaae
values ranaing from 24.1 to 24.3 my/1.

thlorovhvll "a" measurements varied with samling location and date and

the values ranged from 7.80 to 28.50 g/1. The lowest average values (14 ua/1)
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were found underneath the bridaes, and the highest average concentration (18
ua/l) was exhibited by the control station. The decrease in average chloroohvll
"3" concentrations in water sawles collected from underneath the bridaes could
be caused bv liaht limitations and/or toxic effects.

The nutrients measured showed larae variations with nitrate concentrations
rangina from .26 to 4.27 mg/1. The lowest average value of 0.64 was recorded
underneath the south bridges and the highest value of 2.06 mg/1 was measured
for the control section. The standard deviations ranged from 0.35 to 1.93 mg/7.
Averae total phosphorus concentrations ranged from 0.09 for S-2 and 0.099 for
S-4. ™e hardness ions, calciun and maanesium, showed the smallest differences
hetween stations with the average concentrations ranaina from 41.3 to 41.7 pa/l
for calcium and 4.3 to 4.4 for magnesium, respectively. The standard deviations

were approximatelv 5.7 ma/1 for calcium and .55 ma/1 for maanesium.

Hearvy Metals in Water

The concentrations of the various heavv metals measured are presented in
tabular form in Appendices A-2 to A-5. These tahles show that the averaae
values for each of the narameters are generallv of the same maanitude and thev
may differ slichtly between various stations. Arsenic did show average values
rangina from 35 up to 83 ua/1 of total As. Similarly the dissolved arsenic
concentrations ranged from 23 to 70 pa/1. Cadmium concentrations were gquite
low and showed little variation between stations with averane values ranaing
from 2 to 4 ma/1 total Cd with the dissolved fraction accountina for asoroxi-
matelv 65%. Conver concentrations averaaed from AR to 82 ug/1 total Cu of which

an averaje of 34% was dissolved Cu forms.

46



The metals of the most interest in highwav runoff are Zn, Cr, Pb, Fe and
Ni. Average total zinc concentrations varied between 75 ua/1 for S1 and 126
va/1 for S-2. Average dissolved zinc concentration for the four stations fell
between 30 and 60 ug/1, thus accounting for approximately 52% of the total
concentrations. Total iron averaged from 174 at station S-3 up to 210 ua/1 at
station S-2 with the dissolved metal averaging 50 to 80 ug/1 Fe. Lead, nickel,
and chromium concentrations showed little, if any, real differences between each
of the stations. Total lead averaged between 72 and 78 ug/l for each of the
stations with 45 to 61 ng/1 dissolved. Total nickel ranged from 11 pa/l
at S-1 and S-2 up to 18 ug/1 at S-3 and S-4. The dissolved nickel concentrat-
ions showed considerable greater variation ranging from 3 to 15 ua/1 or 27 to
83% of the total nickel in water sanple‘s. Finally, chromium concentrations
varied little between stations with the average total chromium concentrations
being 13 to 15 xqg/1 and the dissolved fraction being 5 to 7,9/1 Cr or roughly

44% of the total.

Runoff Water OQualitv

Several samles of runoff were taken directly from the scupper drains on
the southern bridae at Lake Ivanhoe. A total of eleven separate runoff samles
were collected from four different scupver drains durina three storm events.
Four samples were collected from four different scucoer drains on the southern
bridaes for each storm event. The results of the analvsis of these samles
are presented in Appendices C-3 and C-4. These tables showed that the pH
values varied between 6.75 and 8.80 with more than half of the realings showing
OH less than 7.0. The average turbidity was 33.3 JTU and the averaye nitrate
nitroaen was 3.87 ma-N/1. Also. the total phosphorus concentrations auer aged
0.426 mg-P/1 and the soluble fraction averaged 0.067 mg/1-P or approximatelv

1A% of total phosphorus. The total calcium concentration areraged 38.07 mg/1




with 97% in solution and the total magnesium concentration averaged 1.06 ma/1
with 78% in solution. The turbidity, nitrogen and phosphorus concentrations in
runoff waters through scucper drains are three to five times higher than averaae
concentrations measured in Lake Ivanhoe water.

Heavv metal concentrations in runoff water samles includina 7%n, Cd, As,
Ni, Cu, Fe, Ph, and Cr were also measured. The total zinc concentrations
averaged 498 ug/1-Zn and the soluble fraction averaged 67%. 'Tbtaf cadmium and
chromium concentrations were relatively low averaging 5 ug/l for G1 and 11 ua/l
for Cr. The relative fraction in solution for both metals in all eleven runoff
samles averaged 20% of the total metal. Total arsenic, nickel and copper
averaged similar values showina 58 yq/l-As, and 53 ya/l-Ni, 52 ya/1-Cu. The
percent metal in solution averaned 86% for As, 92% for Ni, and 60% for Cu,
The highest recorded values for bridae runoff water samles were recorded for
Iron and Iead. The total iron and lead concentrations averaged 2429 ;g/1-Fe and

1558 pa/1-Pb with an average of 12% in solution for both metals.

Pottom Sediments

Rottom sediments were collected from one to three samwling points at each
samling station from which a composite samle for the staticn was obtained.
The sediments were analvzed to determine the moisture content, vercent loss on
ionition or wolatile fraction, phosphorus content, calcium, magnesium and
various heavs metal concentrations. These findinas are oresented in Appendices
A-6 throuch A-11.

The specific characteristics of the sediments, namelv water content and
loss on ignition are shown in Appendix A-10. Values of the water content ranged
from a low of 25.2% up to an extremelv high value of 90.8% from the main bodv

of the lake. The water content of the sediments below the south bridaes
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averaaed 47.2 and 45.9% for Stations S-1 and S-2 with standard deviations of
10.4 and 8.7 indicating that these sediments were quite similar in character.
The sediments helow the north hridges hal a water content of 38.6% with a
standard deviation of 10.8. The sediments listed under station S$-4, the control
station, ranged in water content from 32.8% to 90.8% with an averade and
standard Adeviation of 64.8 and 21.8, respectively. It was obvious that heter—
N

oqeneous sampling took place in the control section and in fact samples were
taken from three distinct sreas in the section of Lake Ivanhoe west of the
hiohwav bridaes. The first sampling cross section was utilized on Februarv 15
and March 16, however one samolina point was quite close to the highway and it
was abandoned. The second samwlina cross' section was used durina April and
June, 1979 and then abandoned because sampling was difficult due to a thick
laver of algae and detritus that covered the bottom. 3lso it was noted that the
water content and loss on ianition were significantlyv different from those of
the sediments found underneath the hridges and therefore might not he compar—
able. Subsequently a third cross section was utilized as a control for the
remainder of the studv, Appendix A-10 shows a station S-5 which we created for
the nurpose of statistical comparison hy using the the data from the control
section minus the three suspected values from the second cross section. The
averaje water content of the control section $-5 was 52.80 with a standard
deviation of 16.70 both of which wers hiagber than for the other stations. Still
this new sample set should be more amenable to comparison of walues between
stations.

The measurements of the volatile content or percent loss on ignition also
varied over a wide range from 0.84 to 37.R0%. These values for stations 51

ant 5-2 averaged 3.65 and 3.21% loss with standard deviations of 2.81 and 1.57.
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The Aata for the sediments collected from stations S-1 and S-2 under the south
bridges were quite similar indicating their homogeneity. The percent loss on
ignition for the sediments from S-3 under the north bridges averaged 2.14% with
a standard deviation of 1.94. Finallv, the heterogeneous nature of the sedi-
ments taken for the control section is also exhibited by the values of the
percent loss on ignition. The measurements ranged from 1.42 to 37.80 averaaing
12.1% with a standard deviation of 12.62. These findinas show thhat the oraanic
fraction of the sediments from the control section were four to five times theat
of the sediments heneath the bridoces makina any comparison »f chemical para-
meters difficult. Therefore, the average and standard deviation of the measure-
ments were once a1ain computed without the use of the three values from the
second cross section. The revised average and standard deviation for these
values were 4.12 and 2.48 which were much closer values to those computed for
the other cross sections underneath the bridaes.

The chemical constituents measured in the sediments are oresented in
Apnendices A-A through A-9. These tables showed that the hidghest average
phosphorus content was found in the control section, S-4. The concentration of
phosphorus was 1610 for S—-4 as compared to 776,833, and 624 ug-P/g oven drv
weight for stations 5-1, $-2, and S-3. Also, calcium concentrations were also
highest in the control section, althouah the difference was not as pronounced
as the phosphorus concentrations. The averages for the calcium concentrations
measured for stations S-1 through S-4 were 5362, 4157, 2379, and 6770 a Ca/q
Ary weiaght and standard deviations were 1892, 1572, 1130, and 6729 respectively.
The large standard deviation of the calcium concentration for the control
station, 6729, lends credence to the proposition that these sediments were very
heterogeneous in nature. The highest average magnesium concentration of 970 a-

Mg/a Ary weight also occurred in the control section. This value was four to
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five times the concentrations cited for the other stations which were 204, 182,
and 93.7 for stations S-1, 8-2 and S-3, respectivelv. The values of the
concentrations of maanesium in the sediments collectad below the north bridges
were slightly lower than the sediments helow the south bridges following the

trend exhibited hy phosphorus and calcium.

LS

Heavy Metals in Rottom Sediments

The results for heavv metals associated with hottom sediments in Lake
Ivanhoe are presented in Appendix A-6 to A-9. Cadmiun showed the lowest rela-
tive concentrations in all cross sections rangina from a low of N.00 to a high
of 2.30 ua 74/g oven dry weight. The average concentrations of cadmium in the
sediments were 0,502, N.483, 0.276 and 0.887 with corresponding standard
deviations of 0.390, 0.247, 0.183 and 0.809 for stations S~1 throuah 5-4
respectively. Arsenic concentrations were an order of macnitude higher with
averae concentrations of 3.62, /.02, 3.08 and 16.0 w9 As/g oven drv weight of
sediments collected from Sq1, Sy, S-3 and S-4, respectivelv. Significant
copper concentrations were found in all the sediments analvzed averaging 63.7,
R0.1, 29.2 and 222 ug Cu/a dry weiaht for stations S- through 5-4 with the
corresronding standard Aeviations of 45,80, 42,1, 22.7 and 264. The standard
deviatinons reinforced the idea that sediments in station S-4 exhibited a
distinctly Aifferent amount of variation.

Nickel is freauentlv detected in highway runoff, however relativelv small
concentrations of this metal were measured in the sediments. The average con-
centrations of 12, 7.2, 2.8 and 12.4 ,q Ni/q drv weiaht of sediments were
measured at stations S~1, S$-2, 5-3 and S-4 respectively. Zinc occurred in the
sediments in areater abundance as exhibited by the oncentrations which fell

between 14.9 and 285 ug-2n/q Arvy sediments. 7Zinc concentration averagsed 98.80




94,90, 42.00, and 117.0 in the sediments of stations 5-1 to S-4, respectively.
Average chromium concentrations were determined to be 20.5 and 23.9 for S-1 and
&2, 11.0 for S-3 and 77.10 for S-4 in the ocontrel section. The oorresronding
standard deviations were 13.50, 8.99, 7.32 and 97.3 exhibiting the large vari-
ahilitv in samles collected from the control section S-4.

Iron, although not toxic like some of the other heavv metals studied, is
associated with urban and highway runoff. At the same time, significant amounts
of iron apear naturally in the environment, especially in sedimentary mate-—
rials, and is therefore not alwavs a strict indicator of ‘ughwav runoff pollut-
ion of the sediments. Nevertheless iron concentrations in the sediments were
measurad to determine if thev were significanf.. These ooncentrations were piite
high ranging between 186 and 4543 pa-E:e/a aven drv weight of sediment. The
average concentrations of iron Ffor stations S—-1 throush S-4 were determined to
he 1819, 814, 1689 and 825, and their corresponding standard deviations
were A43, 225, 1788 and 1744. Tetraethvl lead is one of the orimarv alditives
of reqular gasoline. The average lead concentrations calculated for each
of the four stations were 386, 423, 132, and 206 ug Ph/g drv weight at S-1,
2, 53 and S-4. Individual values of the lead concentrations ranaed from a
1w of 20.0 in the control station to a high of 869 in between the south
bridges.

In summary, the averadge concentrations of the parameters presented in
Apoendices A-6 to A-9 showed an identifiable trend for all the nmarameters with
a few notable exceptions. Almost all of the parameters excent lead and iron
exhihited the hiczhest average concentration for the control section S-4. The
lowest average concentrations for all the narameters measured occurred urnver-
neath the north bridages without scupwers, $-3. This phenomenon may be due to

the influence of the oraanic content of the sediments, as exhibited hy the
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moisture content and loss on ianition, upon the concentration and adsorntion of
these parameters. Iron deviated slightlv from this pattern since the concen-
tration for the control section falls in hetween the concentrations for the two
stations under the south bridaes, but the lowest concentration still occurs in
the sediments underneath the north bridges. The more notable exception to this
trend is the heavy metal. lead. Lead concentrations in the sediments from
underneath the south bridges were nearlv double the average for the control
section and the concentration in the control section was nearlv double that
found undemrmeath the north bridges without the scuvver Arains. It mist also he
realized that iron and lead collected in the runoff samples during this studv
were associated with varticulate matter and onlv 12% of the total iron and lead
were measured in solution. This may haée limited the mobilitv and availability
of these metals to aisorption sites.

Many investiaators cited several factors that have influenced the
concentration of heavy metals in the sediments. These factors included but were
not. limited to the size distribution of the sediments particles, the moisture
centent, the organic content, and the age of the sediments. Helmke, et al.
11977) showed that concentrations in the clav size fraction were fairlv constant
even when there was wide variance in the total sediment concentrations., Thev
Further showed that the clav size fraction could reflect the vresence of
contamination when the total concentraticn did not. Therefore, it was decided
to enalyze hottom sediments nassing throuch sieve openinas of 105 micron for
comoosite sediment samples from each of the stations. The results of this
analvsis are shown in Appendix A-11.

Appendix A-11 showed that the same relative pattern moted earlier held

true for the loss on ignition. As, Cr, Cu, Cd, As, Ca, and P concentrations in




sediment particles less than 105 micron size fraction from various samwling
stations. The notable exceptions here were lead, iron, and nickel. Nickel
concentration was greatest in station S-1 (41.0 ua/a), almost the same for
stations S2 and &4 (33.7 and 32.0 ug/a), and considerably lower in the sedi-
ments underneath the north bridages, S-3 (14.7 uwg/a). Tron exhibited a similar
trend with the highest concentration, 3900 wqg/g, occurring at station S-1,
intermediatee concentrations of 3191 and 3350 ng/a, being revorted for stations
S-2 and S-4 and the lowest concentrations appeared in the sediments underneath
the north bridges, 1889 pg/a. Once again lead ooncentrations followed a Ais-
tinctlv different pattern. The highest lead concentrations of 984 wg/q and
second hiachest lead ooncentration of 827 pq/g were found in the sediments below
the south bridges with scupper drains. The concentration of lead under the
north bridges without scumoer drains was much less at 491 ug/a and the lowest
lead concentration was found in the control section, 355 wa/g. One further
comparison mav be male using this data. Tt can ke noted from the table that the
loss on ignition or organic content of the sediments ccllected between the south
hridaes with scupners (5-2) and hetween the north bridges without scuppers (S-3)
are quite similar at 7.6 and A.9%. This should help to eliminate differences

in concentration that occur due tn the increased adsorption capacityv a4l netal

concentrations of the organic matter. The table shows that for all the para-
meters measured the concentratinns in the sediments undermeath the bridae with

scumers were higher than the sediments underneath the hridge without scupoers.

Plants In Lake Ivanhoe

Initially Hydrilla sawles were collected from all four samlina stations
and Tvpha (cattails) were collected from the control station and inside the

southern bridaes {S-1). Halfwav throunh the samling nroaramn a weed eradication
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proaram was undertaken and the Hvdrilla were eralicated. Tt was noted that
Spircavra, a filamentous macro-alaae. dominated all seaments of the lake and
samwlina of this soecies was initiated after the Avdrilla disappeared.

The vercent moisture and loss on ignition are presented in Appendix Tables
C-3 and C-4. The vercent moisture for all plant samles mllected from Lake
Ivanhoe averaged 91.7%, 84.3% and 85.6% for HvArilla, Spirogvra and Tvoha, re-

~

soectivelv. Similarlv, the percent loss on ignition for Hvdrilla, Spirogyra

and Tvpa averaned 77.5%, 86.0% and 89.2%, respectivelv. There is no siqnifi-
cant difference in percent moisture content and percent 10ss on ianition hetween
plant samles collected from various stations in Lake Ivanhoe.

The results of the metals analvsis of the Tvoha sawles were oresented in
Popendix A-14. Averate concentrations of Ma, Ca, and P were almost jdentical
for the two stations S-1 and S-4, averaging at 1.9, 15, ad 1.5 ma/a oven dry
weight. Average concentrations of the heavy metals were also quite similar for
ooth stations, however, all the values exceot cooper mncentrations were
slightly higher for the samles collected from inside the south bridges, Aver-
Ade concentrations of Ph, Cr, Ni and 7n for the two stations were aoproximatelv
23, 3.0, 2.0, and 22.0 ya/q dry weight. TIron averaged 3.9 1a/9 inside the
south bridae, S-1 and 55.9 in the control section, S-4,

The elemental analysis of the Hvdrilla Samples showed average concentration
ranges of 4,9-5,7, 16.1-37.3, 1.8-4.5 ma/q oven Arv weight for Mg, Ca and P,
respectivelv in all four stations tested in Lake Ivanhoe. The average concen—
Lrations were 5.3 ma/q for maanesium, 25 mg/a for calcium and 3.4 ma/a for
phosohorus, Cadmium concentrations were quite low and showed little variation
Falling hetween 1.2 and 2.0 ua/a. Concentrations of the other parameters
varied more widely between stations. The highest averase Zn, Ni, Cu and Ph

Oncentrations of 333, 32.9, 140, and 248 2q/q, respectively, were found hetween




the south bridges. The highest Fe concentration of 798 was found between the
_south bridge and the highest average concentration of Cr, 122 yq/a, was found
between the north bridaes. The Cr values for this station do contain an anoma—
lous value of 333 ua/g whose elimination would make the average concentrations
similar to the other stations. Lowest average concentration of Fe and Cr which
were 541 and 17.4 were reported for the control station. Lowest average concen-
trations of 72n, Ni, Cu, and Pb were 229, 12, 107, and 127 ug/aq, %espectivelv.
occurring in-between the north bridges. Examination of Appendix A-14 showed all
the heavy metal concentrations, excent chromium, to be higher in the Hvdrilla
samples collected in-between the south bridges with scupper drains (5-2) com-
pared to those collected beneath the north bridage without scupper drains.
Spircavra samples also showed litile variations of average phosphorus and
manesium concentrations with values ranging from 2.9 to 4.7 and 1.7 to 3.2 for
P and Mg, respectively. Highest concentrations of Cd, Zn, Ni, Fe, Pb, and Cr,
which were 7.9, 188.5, 25.8, 1920, 375, and 46.0 1 g/a drv weight, respectively,
were found in the two stations underneath the south bridges with scuppers. The
lowest averaae concentrations of Ci, Zn, Ni, and Pb, 0.60, 91.6, 17.1, and
133.8 ug/g were remorted for the control sections. Lowest average Fe and Cu
concentrations of 862 and 29 ya/g were recorded from samples underneath the
north bridges (S-3). Averae concentrations of Cd, 2n, Ni, Fe, Pb and Cr in-
between the south bridae with scupvers were higher and in some cases almost

doubla ilie samles taken between the north bridges without scupper drains.

Benthic Organisms in Lake Ivanhoe Sediments

Data was oollected to reflect both the distribution of the organisms ool-
lected and the heavy metal content of these oraanisms to detect the impact of

the stormwater runoff on the benthic community, if any could be elucidated.
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Te organisms collected came from three major phvla (Molluska, Annelida,
and Arthropodea) and the areal distribution of these ordanisms in terms of
number ver square meter is presented in Apvendix A-15. The Mollusks aver aged
11.4, 12.3, 61 and 0, the Annelids averaged 7.1, 7.3, 8.0 and 35.9 and the
Arthronodea averaged 0, 2.0, 264 and 59.8 organisms per square meter of okkom
sediments at stations S-1, S-2, S-3, and -4, resmectivelv. The results were
widespread in the distribution of benthos ad a0 distinct pattern Eould be ob-
served as shown from Appendix A-15. One factor responsible was the aopearance
of oraanisms in a particular samwling station for onlv one samling oeriod. Tis
is especially true of the control station whose location was shifted three times
during the sawling proaram. Also there were differences in the composition of
the sediments and the depth between the control portion of the lake and the area
undemeath the bridges. In general, the bottom of il emErol station was
areater than two meters deep and composed of unconsolidated detrital material
whereas the hottom underneath the bridaes was usuallv less than two meters deen
and sandy.

The henthic organisms collected were ashed and acid digested to determine
their heavy metal content. The results are presented in Appmendix A-16. The
standard deviations and the ranges for the annelids and Crustaceans are cuite
Righ in most cases Aue to the extremely small sample available for analvsis.
Some ashed weights were less than a milliagram total walaht and this produced
heavy metal concentrations close to the debaci jon Timits. The error could be
comounded when these values were converted to a ner welght basis bv dividing by
the sample weiaht.

Yollusca class Gastroroda samles were obtained from stations S-1 throuah

-3, Te analvsis revealed that the concentrations for all the stations were
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quite similar for each parameter. The samples taken underneath the south
bridges did, however, varv from the samples taken under the north bridges, sta-
tion S-3, in some cases. Arsenic concentration was higher under the north
bridges at 26.9 pg/qg compared to 9.2 aid 5.8 under the south bridges. Mainesium
and calcium concentrations of 0.86 and 13.1 uq/g were slightlv higher than S-1
ad 52, also. Other parameters were somewhat higher in the organisms collected
under the south bridges with the scupper drains. Most notably l;ad, which was
41.4 and 30.1 ug/a for $-1 and S5-2, as opoosed to 21.0 pa/g for S-3. Cadmium
concentrations were also higher, averaging 0.40 and 0.39 under the south bridges
and 0.18 under the north bridges.

Arthropoda class Crustacea samles. were obtained from the control station,
under the south bridaes and under the north bridges. Concentrations of most
paraneters varied over a wide range and the standard deviations were hiagh rela-
tive to average values. Average concentrations varied between 53.6 and 92.3
pa/a for lead and 510 and 2589 pa/a for iron. Average chromium concentration
in the crustacean was lowest in the control at 25.0 ,a/a and 28.4 under the
north bridges and highest at 71.4 underneath the south bridges.

Mollusca class Pelecvpoda samples were limited in number. Only one sample
was collected from the control station, S-4 and between south bridges. S-2.

The highest concentrations for caimium of 2.8, nickel of 12.4 lead at 194, and
chromium of 24.5, were reported in the control section. It should, however, be
noted here that the values reoresent onlv a single sample. The highest concen-
trations of zinc and iron at 39.3 and 593 ug/g, respectively, were reported
from station S-1. The control section reported the lowest concentrations for
these same narameters with the value of zinc being 24.9 and for iron 129 ug/q.

The lowest 1eal ouneentration of 25.1 pa/a was found in the mussels beneath the

north bridaes.




A limited nmber of Annelida class Oligochaeta, Tubifex samoles were col-
lected from each of the four sampling stations. Average zinc concentrations
varied the most ranging from a low of 69.1 in the control section up to a high
of 1667 reported under the north bridges. ILead concentrations also varied con-
siderablv from lower than detection limit at station S~1 up to 163 ug/a under
the north bridges. The hiahest concentrations of coboer and iron were also
Aetected under the north bridges. Otherwise a general trend for the
concentrations of the parameters in each station is difficult to establish.

Apvendix A-16 also presents results for samples of anelids, hirudineans,
and planarians which were collected. Unfortunatelv these values represent only
a single savplina at each of the stations .and O average concentrations could be
calculated. It seems complex and difficult to establish general trends for con-
centrations of heavy metals in various benthic organisms at different locations
from a short term sampling period due to the mobilitv of organisms and the vari-

ability in available substrate from one station to another.

VAITLAND INTERCHANGE AND INTERSTATE 4

Four samlina stations, namelv east mond, S-1, west pond, S~2, Lake Lucien
near west pond outfall, S-3, and Lake Lucien control, $-4, were selected as
shown in Fiqure 3-4. The resinlts obtained from field measurements and labora~
torv analysis of water samples, bottom sediments, plants and benthos are

Dresented in Anpendicies A, R and C.

Field Measurements

Dissolved oxvaen and temperature profiles measured in various selected
Stations at Maitland exchange site are presented in Appendix C-2. The
water denth varied between 1.0 to 3.0 meters at S-1, 1.50 to 2.0 meters at 5-2,

0.5 to 2.0 meters at S5=3, ad 4.0 to 6.0 meters at S-4. Variations in water
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temperature during the study period at these stations ranged between 16°C
during February and 30°C durina Auqust 1979. Generally, a slight decrease in
temperature with depth was noticed in Lake Lucien and a tvpical thermocline
appeared to exist at a depth of 3.0 to 4.0 meters of water. The dissolved
oxygen concentrations decreased with water depth and were lower during summer
months than winter and snrfnq, resulting from increased temoeratgre ad storm—
water organic loading during summer. Selected temperature and LCO profiles are
presented in Figure 4-2 and Appendix C-2. The west pond (S5-2) appeared to be
turbid and lower in dissolved oxyaen concentrations than other stations, parti-
cularly during the wet season and summer menths. The dissolved oxygen during
May to Aucust 1979 in the west pond (S—‘2) varied between 6.2 mg/1 at the water
surface and 3.7 ma/l near the bottom sediments. The concentrations averaged
about 60% of the saturation level. it must be realized that the west pond re-
ceives most of the highway runoff directlvy from the Maitland Interchange area
and through the east pond (S-1). Lake Lucien showed 1 to 3 mg/l1 higher dissol-
ved oxygen in the lake water than the west pond at all sawling times during

May - August 1979.

Water Quality Analysis

Water cuality characteristics, as shown in Appendix B-1, reflect wide
variations among various sampling stations for all parameters tested. The pH
values averaged 8.19, 7.76, 7.13 and 7.24 for stations S-1, 52, 3 and S-4,
respectively. Turbidities were highest at the west pond station S5-2. The tur-
bidities averaged 7.4, 22.0, 2.7 and 5.5 JTU for stations 5~1 to S-4 and the
corresponding standard deviations were 4.9, 12.9, 1.1 and 4.0. These data re-
flect the large variabilitv in turbiditv measurements which ranged from 1.9 to

42.0 JTU in all sampling stations during the study period. The increased tur-
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bidity in the west pond, S-2, reflects the nature of stormwater runoff from
aljacent highway bridges and from the east pond. Total organic carbon averaged
9.4, 8.8, 15.1 and 12.0 mg/1l and the inoraganic carbon averaged 14.3, 30.8, 6.8
and 7.1 for stations 51, 52, 53 and 54, respectively. It is cbvious that
the organic carbon content is higher in Lake Lucien than the drainage ponds.

On the contrary, the inorganic carbon concentrations in Lake Lucien samples are
lower than the drainage ponds. It may be reasonable to assume tl;at the turbi-
dities in Lake Lucien are caused mainly by organic particulates, while the tur—
bidities in the east and west drainage ponds are caused mainlv be inorganic
particulates such as clay, silt and sand.

Chloroohyll "a" concentrations avei‘aqed 17.2, 8.1, 4.8 and 5.4 yg/1 and
stadard deviations were 17.3, 3.4, 0.9 and 2.2 for stations S-1, 52, 53 and
S-4, respectively. It is interesting to notice that the chlorophyll "a" oon-
centrations increased significantly in the east pond, S-1, during the months of
July and Auaust relative to measurements taken during February to June. The
chlorophyll "a" concentrations in the west pond, S$-2, decreased during the month
of Julv and August because of the increased turbidity and/or toxic effects
associated with highway runoff water. Chlorophyll "a" measurements showed that
station S-1 had the highest average of 17.20 na/l and also showed the greatest
variahbility with a standard deviation of 17.30 yg/l. The chlorophyll "a" con-
centrations at S-2 increased sianificantlv durina July and August and the values
ranged from 7.50 to 53.1 ug/1 during the studv veriocd. Relatively few nitrate
measurements were taken, however thev show that station S-2 consistently had
the highest concentration. The average concentrations for stations S-1 through
54 were 1.01, 2.2, 0.5 and 0.4 ma-N/1, respectively, and the standard deviation
close to 0.3 ma-N/1 for all stations except S-3 which was 0.1. Total phosphorus

concentrations recorded in this study ranged from undetectable to 0.63 mg-P/l.
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Averaqe values ranged from a high of 0,36 from station S-2 to a low of 0.04
ma/1-P at station S-3. The standard deviations were quite high relative to the
average concentrations, 0.11 to 0.03 mg/1-P, reflecting the variabilitv of con-
centrations with time.

The two principle hardness ions, calcium and magnesium, were also analvzed
in each water sample collected. Results of these analysis showed that average
calcium concentrations from stations S-1 through 5-4 were 29,9, 56.1, 12.0,
11.9 mg/1 and their respective standard deviations were 8.7, 4.3, 1.7, and 1.3
ma/1 Ca. Magnesium concentrations showed the same tvbe of differences between
stations as calcium. Average concentrati_on for station S-2 was once again the
highest, 4.9 mg/1, and the concentrations for stations sS-1, 5=3, and -4 were
1.8, 3.9, 4.2 mq/1, respectivelv. The standard deviations of the means were
found to be 0.3, 0.8, 0.2, and 0.6 ma/l for stations S-1, S~2, 53 and s-4.

Heguv Metals in Water

Fach of the water samples collected was also aalvzed to determine the oon-
centrations of several heavv metals as presented in Appendices B~2 through R-5.
Total zinc concentration ranged from helow detectable limits to 138 ug/1 with
dissolved concentrations ranging from below detectable to 92 ug/l. The highest
average total zinc was recorded for the east pond, 71 ua/l with 4A% in the dis-
solved form followed by 5-2, 5-3, ad 5-4 revorting 64 .q/1 with §7% dissclved,
57 ua/l with 60% dissolved, and 55 1a/1 with 61% dissolved. Standard deviations
randed from 43 to 23 ua/l for total concentrations and 26 to 6 ug/1 for the
dissolved fraction. Average cadmium concentrations were extremely low with
manv individual measurements beina below detectable limits. The averase total
cadmium concentration of 5 »a/1 was recorded for Lake Lucien with other aver age

total calmium levels being 2 to 3 uq/l.  Calmium in lake Lucien was all attached
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to particulate matter as opposed to the other stations which averaged 50-66% in
the dissolved form. Average arsenic concentrations for both the total and dis-
solved fractions were generally less than the standard deviation in all cases.
Nickel concentrations showed that the highest concentration was found for the
east pond, S-1, of 20 ug/1 with 40% in the dissolved form. The other stations
showed 15 wa/1 of which 33% dissolved at S-2: 11 ,g9/1, 36% dissolved:; and 7 ;a9/1
with 43% dissolved at S-4. The highest ocopper oncentration waskreported for
the west pond, S-2, at 38 ng/1 with 55% dissolved followed closelv by 36 ng/1
with 53% dissolved found for Lake Lucien, S-4. Levels of total copper in the
east pond, S-1, and near the outfall into Lake Lucien, S-3, were 32 and 28 ugq/1
of which 53% and 64% were in the dissolved form.

Three of the most important metals with respect to urban highway runoff are
iron, lead and chromium. Total iron concentrations ranged between 77 and 690
ug/1, total lead fell between 9 and 129 ug/1l and total chromium values were re-—
ported from 1 to 49 pg/l. The highest average total iron, lead and chrqmium
concentrations of 414, 92 and 17 ug/l were found in the west pond, $2. The
next highest levels were found in the east pond, $-1, to be 241, 53, and 15 pq/1
for iron, lead and chromium. Concentrations in the two stations of Lake Lucien
were quite similar, 140, 30 and 9 ua/l1 at S-3 and 182, 33 and 9 na/l at S-4 for
iron, lead and chromium, respectively. It zppears that the fraction of the
metal in the dissolved form increases as turbidity decreases. Station S-2 had
the highest turbidity of 22.0 and showed 31% of the iron, 72% of the lead and
41% of the chromium in the dissolved form. Stations S-1 and S-3 hal turbidities
of 7.35 and 2.70 and showed 55% and 62% for dissolved iron, 83.0% and 83.3% for
dissolved lead, and 47% and 78% for dissolved chromium for stations S-1 and S-3,

respectively.




Bottom Sediments From Maitland Interchange

Samoles of hottom sediments were collected and combined to obtain a compo-
site samle for each samling cross section. The sediment Samples obtained were
analvzed to determine their moisture content, % loss on ignition, calcium, mag-
nesium and phosphorus content and heavy metal ooncentrations as presented in
Appendices B-6 through B-11. .

The moisture content of the sediments, as shown in Appendix B-6, averaged
24,4, 49.9, 76,4 and 46.2 for stations s-1 to S-4, respectively. The standard
deviations were relatively low, being onlv 15 to 20% of the averade indicating
a reasonably homogenous set of samles over the samling period. The percent
loss on ianition which could hbe an indicat';or of volatile or oraanic content of
the sediments showed a large variance between different samoling stations,
Average values ranged from 1.0% at S-1 to 21.4% ar the outfall to Lake Lucien,
5-3. The values recorded for stations S-4 ang S-2 were 3.6 and 9.2%. The stan-~
dard deviations for this paraneter were of the same magnitude as the averages,
neing 1.0 for S-1 and 20.6 for S-3. Phosohorus concentrations were 275, 3A98,
1036 and 223 uq/q oven Ary welght for stations S-] through s-4.

Calcium concentrations averaged 2690, 11105, 4483 and 820 v4d/q oven drv
weight of hottom sediments for stations &1 to S~4. Maonesium, like calcium
concentrations, varied over a wide rande from 27.8 to 2184.0 wq/a.

Average cadmium concentrations in ya/gram of oven drv weiaht for the four
Stations were all very low ranging from 0,07 at S-1 to 0.59 at S-3. Arsenic
fontent ranged from below detectable limits to 45,130, The averages for stations
5-1 throush S-4 were 4.27, 15.50, 11.80, and 1.49 and the standard deviations
3.95, 14.7, 12.7, ad 1.48. sSimilarlv nickel averaged 1.2, 10.6, 6.0 and 1.2
ua/aq of sediments from stations S-1, $-2, S-3 ang S5-4. The highest concentra-

tions of caimium, arsenic and nickel were detected in sediments from the west




pond, S-2. and its cutfall to Lake Lucien, S8-3. Comper concentrations were also
lowest for S-1 and S-4 averaging 2.9 and 5 :vg/g oven drv weight of sediment.
Howewver, the highest concentration, 34.7, occurred at the ocutfall and was over
twice that found in the west pond of 15.2.

Z2inc concentrations were lowest in the east nond with a value of 9.4 and
highest in the sediments from the outfall to Lake Lucien at 120.0 ug/q drv
weight., The west oond and Lake Lucien hal intermediate values o% 35.2 and 21.1,
respectively. The concentrations reported for the outfall to Lake Lucien showed
the qreatest scatter with a standard deviation of 157.0 whereas the other stan—
dard deviations were 50 to 70% of the magnitude of the average. Concentrations
of iron were much higher than those of zinc ranaina from 127 to 7543. The out-
fall to Lake Lucien hal the second highest average concentration of 2053 while
the highest concentration of iron was found in the west rond sediments at 3265
ug/qg drv weight. The concentrations in the east pond and Lake Lucien averaged
561 and 421 ug/a &rv sediments. Low concentrations of chromium were reported
for all stations. These concentrations averaged 33.9, 15.3, 3.00 and 2.51 for
the west pond, outfall to Lake Lucien, east vond, and Lake Lucien. Lead in the
sediments was of special interest since it has been related to highway runoff
and tends to manifest itself in the sediments. The highest average concentra-
tions were 98.40 in the west pond and 75.5 at the outfall into Lake Lucien. The
concentrations of this metal averasing 13.0 and 10.7 in Lake Lucien and the east
pond, were much lower than other stations and followed the same general pattern
as the other heaww metals. In aeneral, the highest concentrations of the heavv
metals occurred in the west pond, $-2, and its ocutfall into Lake lucien, S-3.
The lowest values were oconsistentlv shown to exist in the east rond, S5-1, and
Lake Lucien, the control section, S-4.

Similar to Lake Ivanhoe. sediment samples from Maitland Interchanae site
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were dried, ground and seived throuwah a 105 micron ovenings size to test for
heavv metals associated with fine fractions of the sediments. The results are
oresented in Appendix R-11.

The west vond and its outfall into Lake Lucien showed similar percent loss
on ianition at approximately 21% which would allow easy comparison of these
saples. Te fine sediments from Lake Lucien showed a loss on ignition of ap-
oroximately 11.9, and the fines from the east pond showed the lowest loss on
ianition of onlv 3.2%. It can he seen from Table R-11 that the metal concentra-
tions in the west pond, 52, and the outfall to Lake Lucien, S-3, are higher
than concentrations in other stations S-1 and S-4. Tead, chromium, nickel,
copeer, iron and cadmium concentratiéns in the fine sediments of g2 and S-3

are several times higher than oncentrations detected in S-1 and 5-4,

Maitland Plants

Several different plants and macro-algae were collected from the samol ing
stations, however a species common to all four sawling stations could not be
Found. Chara sawples were found only in the east oond, S-1. Water hvacinth
(Eichornia) samples were taken for three different locations within the west
pond, S-2. Water lilv and Hvmercium sawles were found in Lake Lucien, 5-4,
and the outfall from the west pod, S-3. Cattailg (Tvpha) were collected from
the east pond, the west pond and the outfall for the west pond,

Data on the % moisture and % loss on ignition for each of the olant tvpes
is presented in Appendix Tables R-12 and R-13, Chara samples had a relativelv
low water content averaging 85.6% and % loss on ignition of 35.5%. Hvpercium
samles from S-3 and S-4 had almost identical water oontents of 94.6% and loss
On ignition of 82%. The average 3 water content of the Richornia samples were

92-93% and the % loss on iqnition averaged 81-R4%, Tvoha samles from each
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station showed a water content ranaing from 85-88% and % loss on ignition be-
tween 89-91%.

Chara, 2 creen macro-algae. exhibited the concentrations of Zn, Ni, Fe. Ph,
and Cr averaging 61.5, 10.6, 609.6, 137.4, and 22.0 pa/q dry weight. The re-
sults of the analvsis of the water hvacinths showed that concentrations are
similar between each of the stations with 7n, Fe, and Pb showing the most
variance. Averaae concentrations of 7n ranged from 70.0 - 97.1 Jh/d. Fe ranged
between 854 and 1137 q/g and Pb concentrations fell between 75.0 and 96.0 ug/q.

Water lilv sawples are collected from the two sampling stations, S-3 and
S-4, within Lake Lucien. The results in Appendix B-14 show the concentrations
of the various parameters varv only slightlv between stations. Concentrations
of As, Zn, Ni, Cu, Fe, Cr, and Mg averaged aporoximately 7.4, 44.0, 2.6, 9.0,
124, 2.7, and 2.5 ua/a, respectively at btoth stations. Cadmium, lead and cal-
cium concentrations in the control section, S-4 were 0.32, 21.4, and 14.5 which
were higher than the concentrations of 0.17, 16.3, and 11.3 reported for the
sane constituents at the outfall from the west pond, S-3. Hypercium samples
were also collected from these two stations within Lake Lucien. The averaae
concentrations of As, Cd, Ni, Ma, Ca, and P for both stations were 17.0, 1.0,
5.0, 5500, 18700 and 1100 ug/a, respectivelv. Concentrations of 257.5, 46.2,
1252 and 78.5 wa/g for Zn, Cu, Fe, and Ph in the control sections were higher
than those of 223, 32.5, 837.6, and 71.1 ua/a reported for Hypercium samles
cellected from the nutfall.

Tvoha samles were collected from the west pond, east pond and the outfall.
Concentrations of 0.25, 2.7, 12.0 and 1.0 ug/g for Cd, Ni, Ca, and P were re—
ported for all three stations. Samoles of Typha taken from the east pond had
the highest concentrations of the three stations for As, Zn, Cu, Fe, Pb, and Cr

which were 11.3, 45.3, 13.0, 229, 26.4, and 4.3 ua/qg drv weight. The lowest
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gueraqe concentrations of 7%n, Fe, Pb, and My, were found in the samples taken
from the west pond and samples from its outfall into Lake Lucien showed the
lowest average concentration of As and Cr.

The heavv metal concentrations detected in plants collected from various
samling stations are indicative of the ability of these plants to concentrate
selected metals. Lead in particular, is toxic and not required for nlant
arowth, however higher lead concentrations than most of the metals studied were

detected in all plants tested.

Benthic Organisms in Sediments From Maitland Interchanae

The benthic organisms collected f_roin the Maitland interchange sampling
stations have heen arouved into mollusks. anelids and arthrocodeans. The
auerajes oresented for the mollusks in Apperdix R-15 showed that the sampling
areas were sparselv vonulated with these organisms. The highest pooulation
densities averaaina 8 and 6 oraanisms per m2 were reported from the outfall
into Lake Lucien, S-3, and Lake Lucien control, S$-4, respectively. The number
of organisms in the horrow ponds was quite low with an averae of 2 ormanisms/
m2 in the east pond and less than 1 oraanism/m2 in the west oond. Oraanisms
were collected in the control station, Lake Lucien, durina four of the eight
saplina periods and two or less *imes in each of the other locations.

The annelids, oonsisting primarily of Tubifex worms, were collected from
21l the samling stations. The laraest mopulations were encountered in the
2ast oond, S-1, and Lake Lucien, S-4, in which the organisms density averaged
gonroximstely A9 organisms/m2. Lower numbers were found in the west pord,
5-2, and the outfall, S-3, of the west vond into Lake Lucien, the actual numbers
being 26 and 21 organisms/m2. Arthropodeans, which include crustaceans and

Insect larva, were noted in only two samples which occurred in the aast pond.
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21 crustacean orqanisms/m2 were fourrt on March 20 and subseduent samplinas

did not produce anv of these organisms. Likewise, insect larva, or more speci-
fically dragonfly nvmphs, were onlv encountered in the east pond, 14 organisms/
m2 on July 20, 1979 as shown in Appendix 13-15.

The results of the chemical analysis of the benthic organisms collected is
presented in Apvendix B-1A. Again, wide variations in number of oraanisms in
various stations and samplina dates were detected and extremely small samples
were collected for some organisms. The data for some of the oraanisms are re-
arettably too few for a statistical analysis or comparison between stations.

The average concentrations of metals in Gastroooda for each of the stations
ranged from 7.4 to 87.8 ug-Pb/a, 84.9 to 147 g-Fe/a, 23.5 to 2174 pa-zn/gq,
1.53 to 5.3 ug-Ni/a and 0.59 to 43.2 ug-Cr/g. For stations in which organisms
were collected on more than one sampling period, the standard deviations were
generally of the same maanitude as the mean or less, with a few exceptions.

Geveral Tubifex samples were obtained from everv one of the four sampling
stations. The highest concentrations of caimium, zinc, nickel, copper, iron,
lead, chromium, magnesium, and calcium were detected in the organisms taken
from the west pond. The concentrations ranged from 250 to 1488 ug/a for zinc,
16.3 to 504.6 ug/a for nickel, 587 to 6178 wa/a for iron, 7.5 to 559 wa/g for
lead, and 13.1 to 129.8 ua/g for chromium.

The data collected from the benthic organisms studies were widely scattered
which made it extremely difficult for statistical analysis. It is interesting
to notice that the lowest densitv of organisms oer square meter occurred in the

west pond bottom sediments which contained the highest concentrations of heavv

metals.
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CHAPTER V

STATISTICAL ANALYSIS AND DISCUSSION

LS

Buring the course of this studv, experimental efforts were designed to
examine the impact of highwavy bridges runoff on the surrounding environments
under and near bridae locations. Therefore, samles of water, sediment, olant
and benthos from Lake Ivanhoe and Maitland Interchange sites were collected,
analvzed ad the results were presented in the orevious chanters. Statistical
analyses of results, significant differences between various sampling stations
and quantification of the impact from highwav bridges runoff on receiving water

bodies will be discussed throughout this chapter.,

WATFR ANALYSIS
The heavv metals associated with the water column in studv areas were
statistically analyzed and sionificant differences between various samling

stations in Lake Ivanhoe and Maitland Interchange sites were examined.

Lake Ivanhoe

Water samles were collected from Lake Ivanhoe heneath two sets of scupper
drains on the south bridges, S-1 and 52, beneath the north bridges without
scumoer Arains, $-3, and from open lLake Tvanhoe control section, S4. The re-
sults, as nresented in Appendix Tables A-2 to A-5, show that the average total
and dissolved concentrations in the water column were quite similar. Also, from
the statistical t-test analysis, using SAS program from the University of South

Florida, it was concluded that water samles S-1, S-2, S-3, ad 5-4 did not show




gsianificant differences in heavy metal concentrations. The total concentrations
of heavv metals detected in runoff samples collected from four different scupcper
Arains on the south bridaes averaged 4.7, 20.8, 3.5 and 12.6 times higher than
the average Zn, Pb, Ni and Fe concentrations in Lake Ivanhoe water, respec-—
tivelvy as shown in Table 5-1. Minor differences were found between total
Cr, C4, and As in runoff samples and the lake water sawoles. The impact of the
N
increased metals, particularlv lead and iron in runoff samles over concentra-
tions in lake water was difficult to assess because of the difficulty of isola-
ting various pollutional sources, mixina effects by recreation activities on the
east side of the lake and the continuous stream flow out of the lake., Certain-
lv, dismersion of the soluble fractionvof hear metals throughout the lake is
dependant on mechanical mixing, wind speed, density aradiant and thermal gra-
dient. A simplified aporoach to determine increased concentrations of heaww
metals in the lake water column due to direct release through scupper drains
mav consider stealv state conditions and completelvy mixed lake. However, fur-
ther studies on mixing zones are needed before a satisfactory answer to this
muestion is made. These mixing zones are currentlv under study for FDOT bv Nr.
Wanielista, et al. at the University of Central Florida.

[ead is of particular concern, since it is toxic, released in relatively
higher concentrations than other elements detected in runoff water arxi existing
dissolved lead in Lake Ivanhoe water violates the rules for maximum oermissible
concentrations recommended bv Florida Department of Fnvironmental Requlations,
Chapter 17-3. These rules specifv that surface water should not contain more
than 50 vg/l. Also, the Fnvironmental Studies Board for National Academy of
Sciences and National Academv of Fnaineering mublished their report on Water
Mualitv Criteria (1972} which stated that the concentration of leal in water

should not be higher than 30 ug/l st anwv time or place in order to protect the
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TABLE 5-1. COMPARISON RRTWEEN HFAVY MFTALS IN BRIDGE RUNOFF
AND LAKF IVANHOF WATER SAMPLES

Average Concentration % Dissolved Ratio
Para- ua/l Runoff/
meter Form Lk Ivanhoe [ Rridge Runoff LK Ivanhoe | Bridge Runoff Lake
Zn Total 104 498 4.7:1.
Dissolved 57 336 55 a7 5.9:1.
Ph Tot al 75 1558 ~ 20.8:1.¢
Dissolved 55 187 73 12 3.4-1.1
Ni Total 15 53 3.5:1.7
Nissclved 9 49 A0 Q2 5.4:1.¢0
Fe Total 192 2427 12.6:1.7
Dissolved A8 287 35 12 4.2:1.¢
Cu Total 74 S5 0.7:1.0
Nissnlved 3N ' 27 40 52 1.1:1.0
Cr Total 14 11 N.8:1.0
Dissolved A 7 43 A4 1.2:1.0
Cq Total 4 5 1.3:1.0
Dissolved 2 1 50 20 0.5:1.0
aAs Total 57 58 1.0:1.0
Dissolved 43 50 75 86 1.2:1.0
|

auatic life. Table 5-1 indicated that the average total lead concentration was
75 4a/1 and the average dissolved lead concentrations were 55 .q/1 in Lake
Ivanhoe water column. Also the averaqe total lead concentration in runoff water
from scuprer drains was 1558 ug/1 and the average Aissolved lead was 187 wa/l.
The lead released through scupper drains can be estimated assuming an averaae
rainfall or runoff of 50 inches/vear (1.27 m/vr) on 73440 sauare feet (6823 s=q.
meter) of surface area for the south bridaes and average lead concentrations
detected in the runoff water during this study will hold true throuahout the
vear. Rased on these assumptions, the total and dissolved leal released can he

calculated as 13.5 and 1.6 kilograms per vear, respectivelv. This is in general




xyreement with lead loadings reported by Guota (1978). It must also be realized
that these calculations do not consider contributions bv dustfall or hulk pre-
cipitation. Also for comparison purposes, the amount of leai released to Lake
Ivanhoe from its dArainage basin of 828.8 ha, assuming loadina rates for general
urban areas as recommended bv Plurarg, et al. (1978) of 0.14 to 0.5 ka/ha/vr,
will ranage from 116 to 414 ka/vr. Again, leal contrihutions from motor boating
activities and other sources to Lake Tvanhoe are disregarded. THese calcula-
tions demonstrate the fact that lead contribution through scucper drains mav he
sianificant and should not he ianored. Teadl ooncentrates in the hottom sedi-
ments close to the voint of release and its fate and long term impact is not
fullv known. Also, the lake is divided into eastern and western sections.
Bridge runoff is released to the western section which is not used for boating
activities. Tt is also a smaller area than the eastern section and it is Aiffi-
cult to assess urban stormwater contribution on this western section without
much detailed study.

It was also noticed from Table 5-1 that the dissolved fractions of lead
concentrations were 12 mercent of the average runoff water through scupper
Arains and 88% was associated with the marticulate matter or 11.9 kg/vr of var-
ticulate lead could be released to Lake Ivanhoe. Lead compounds are agenerallv
Aetected in the most dense fraction of the soil (Olson and Skogerboe, 1975; Bell
and Wanielista, 1979} and will settle out of the water column. Te fate of
this particulate metal is not fully understond. The interactions between lead
in particulate matter and the water column and the sorption—desorption charac-
teristics of lead particulates at the water sediment interface need further in-

vestigation.
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Maitland Interchange Site

This site was selected to investiqate the extent and fate of pollutional
loads from highway bridae runoff in detention ponds. Therefore, water samples
were collected from the east pond, S-1, the west oond, S-2, outfall from west
vond to Lake Lucien, S-3, and Lake Lucien control section, S-4, to detect if
there were sianificant differences in heavy metal concentrations hefween various
samoling stations. It must be realized that the hiahwav runoff water flows from
S-1 to S-2 and to Lake Lucien through S-3. Also, the west pond, S-2, receives
direct runoff from Interstate-4 and Maitland overpass.

Data presented in Appendix Tables B-2 to B-5 show that S-2 contained the
highest average lead, iron and chromium coﬁcentrations in the water column of
all stations tested. The average total lead concentration, 92 g/l in the water
column of the west pond, S-2, was higher than the maximum permissible conecentra—
tion of 50 ug/l specified bv the rules of Florida Department of Fnvironmental
Requlations for Surface Waters, Chapter 17-3. Also dissolved lead concentra-
tions in the water column were 83, 72, 83 and 58% of the total lead in 5-1, §8-2,
5-3 and 5-4, respectively. Aagain, it Fpeared that most of the dense particu-
late lead would have settled out of the water oolumn near the source, leaving
mainlv dissolved fractions and small size particles to flow through.

The statistical analvsis, t-test, showed that concentrations of total lead
in the water column were sianificantly higher in the west pond, 5-2, a5 compared
to hoth the east nond, S-1, and Lake Lucien, S-4, with a probabilitv of more
than 99% as shown from Tables 52 and 5~3. The highwav runoff flows through a
Arassy area at the median and a thick plant qrowth surrounding the shore of the
cast oond, S-1. Also, the bottom sediment at S-1 gopeared to be sandy soil with
very little muck accummulated as evidenced hv the percent loss on ignition.

Station S-2 contained the highest Ph, Fe and Cr in the water colum of all
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stations tested because the west pond received direct highway runoff and the
water column was relatively turbid and contained fine particles of clay and silt
in suspension.

The results of this studv indicate that bridae runoff contains relatively
high concentrations of heawvv metals, especially lead which was 12% soluble
and AR% particulate. The dense particles of heavv metals settled out of the
water column near the source and became immobilized bv the bottom sediments.

TABLE 5-2. SIGNIFICANCE OF DIFFFRFNCFS IN HEAVY MFTAL CONCFNTRATIONS
OF WATER SAMPLFS FROM MAITLAND INTERCHANGF

Averaae Concentrations g/l
Total Dissolved Percent Probability
No. of &1 s-2 - §-1 5-2

Flement | Observ. E. Pond | W. Pond E, Pond| W. Pond| Thtal Dissolved
Zn B/ T* 71 64 32 43 24.1 63.2
Pb 8/7 53 92 44 A6 Q9,4 84.7
Cr 8/7 15 17 7 7 37.4 —
Ni 8/7 20 15 8 5 38,6 62.1
Cu 8/7 32 38 17 21 48,7 53.2
Fe 8/7 241 414 132 128 93.1 5.3
CA 8/7 3 3 2 2 7.6 29.8

| |
TARLE 5-3. SIGNIFICANCE OF DIFFFRENCES IN HFEAVY METAL CONCENTRATICNS
OF WATFR SAMPLFS FROM MATITLAND INTERCHANGF
Average Concentrations g/l
Total Nissolved Percent Probahilitv
NG, of S—4 5-2 S-4 S-2

Element | Observ, | Lk Tucien | W. Pond | Lk Lucien | W. Pond | Total nissolved
Zn 8/7* 56 64 34 43 45.9 75.5
Ph 8/7 33 92 19 66 99.9 98.A
Cr R/7 9 17 | 5 7 84.9 70.4
Ni - 8/7 7 15 | 3 5 80.8 53.F
Cu B/7 36 38 19 21 29.2 34.9
cA 8/7 5 3 n 2 32.5 89.h
Fe /7 182 414 82 [ 128 G88.4 52.4

* A Total and 7 Dissolved samples were analyzed.
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BOTTOM SEDIMENTS ANALYSIS

Lake Ivanhoe Site

A sizeable fraction of heawv metals in runoff water through scupper drains

was associated with particulate matter as shown from Table 5-1. Particulate and
dissolved fractions will eventually be transported to the bottom sediments and
quasi-equilibrium will be maintained between heavy metals in the sddiments and
the overlving water column. Therefore sediment samles were collected from he-
neath north bridaes without scupper drains and south bridges with scupper drains
to detect significant differences in heavvy metal concentrations. The extract—
able heavv metals in sediments were measured as discussed in Chapter III.
Adain, statistical analvsis, t-test, was performed to compare concentrations in
the sediment from stations S-1 and S-2, both located heneath two sets of scupper
drains beneath south bridges. There were no significant differences between the
two stations.

Sianificant differences were shown to exist between hottom sediments col-
lected from $-2 and S-3 as presented in Table S-4. Notice that S-2 is beneath
bridaes with scumper drains and $-3 is beneath bridges without scuoper drains.
Table 5-4 showed that sediments from S-2 were significantly different in concen-
trations of Zn, Ph, Cr, Ni and Fe than sediment samwles from S-3 with an excess
of 99% probabilitvy. Lead was different with 99.99% probability. Heavy metal
concentrations for 7n, ®h, Cr, Ni, Cu and Fe in sediments from 5~2 were two to
three times higher than sediments from S-3. These data agreed with published
literature that most heavv metals from hiqhwav runoff were concentrated in the
bottom sediments near the source. Also, lead released through scupper drains
was generallv associasted with particulate matter and settled out of the water

column in the vicinity of the point of release. Dissolved leal was probably




dispersed throuaghout the lake, hut particulate lead was immobilized by the sedi-
ments. The results also suggest that sediments mav be used a an indicator for
tvpes and sources of pollution since they concentrate heavy metals even when the

water column contains very little.

TARLE S5-4. SIGNIFICANCE OF DIFFERENCES IN HEAVY METAL CONCENTRATIONS
OF BOTTOM SEDIMENTS FROM LAKE IVANHOE

Mean Values uqg/am (drv wt.)

No. of 5-2 5-3
Element Observ. With Scuppers Without Scuppers | Percent Probability
Zn 8/7 96.9 42.0 99.60
Pb 8/7 423.0 132.0 99.99
Cr 8/7 23.9 11.0 97.07
Ni 8/7 7.2 : 2.8 99.60
Cu 8/7 /0.1 29.2 98.71
Fe 8/7 1689.0 643.0 99.85
cd 8/7 0.5 0.3 91.38

Maitland Interchanae Site

The bottom sediments from the west pond, S-2, contained extractable Zn, Pk,
Cr, Ni, Cu, Fe and Cd at concentrations ranging from three to eleven times
higher than concentrations detected in sediments from the east mond, 5-1, &8
shown from Table 5-5. Also, Table 5-6 showed that similar extractable heavy
metals from S-2 were two to fourteen times hiagher in ooncentrations than sedi-
ments from the control station at Lake Lacien, $-4. Much smaller differences
were found between concentrations of neavv metals from S-2 and S-3 as nresented
in Table 5-7. The t-test analvsis, Tahbles 55 and 5~6 showed that Pb, Cr, Ni,
Fe and C4 concentrations were significantlv higher, with a orobability areater
than 95%, at station S-2 than either S-1 or S-4.

Water flows directlv from the west pond, S-2, over a wooden wier into a

culvert discharging through a canal to S-3 in Lake Lucien. The hottom sediments
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TABLE 5-5. SIGNIFICANCE OF DIFFERFNCES TN HFAVY METAL CONCENTRATIONS
OF BOTTOM SEDIMENTS FROM MAITLAND INTERCHANGE (T-Test Analysis)
Mean Values ug/gm (drv wt)
No. of 5-1 5-2
rlement Cbserv. Fast Pond West Pond Percent Probability
Zn 8/7 9.4 35.2 9.6
Pb 8/7 10.7 98.4 97.8
Cr 8/7 3.0 33.9 98.6
Ni 8/7 1.2 10.A 97.7
Cu 8/7 2.9 15.2 96.5
Fe 8/7 561.0 3265.0 98.3
cd 8/7 0.1 0.5 9.4
TABLE 5-6. SIGNIFICANCE OF DIFFERENCFS IN HEAVY METAL CONCENTRATION
OF BOTTOM SEDIMFNTS FROM MATTLANT INTECHANGE {T-Test Analvsis)
Mean Values ug/am (dry wt)
No. of 5-4 S5-2
Flement Observ. Lake Lucien West Pond Percent Probability
Zn 8/7 21.1 35.2 80,27
Ph 8/7 13.0 98.4 97.51
Cr 8/7 2.5 33.9 98.87
Ni 8/7 1.2 10.6 97.64
Cu 8/7 5.0 15.2 93.17
Fe 8/7 421.4 3264.7 98,62
Cd 8/7 0.1 0.5 96.05
TABLE 5-7. SIGNIFICANCF OF DIFFERENCES IN HEAVY METAL CONCENTRATIONS
OF BOTTOM SEDIMFNTS FROM MATTLAND INTERCHANGE (T-Test Analvsis)
Mean Values ua/am (dry wt)
No., of 5-3 S5-2
Flement Ohserys, Lake Lucien West Pond Percent Probability
8/7 119.6 35.2 82.37
8/7 75.5 98.4 47.76
8/7 15.13 33.9 92.98
B/7 6.0 10.A 82.49
8/7 34.7 15.2 76.15
8/7 2053.0 3265.0 76.33
8/7 0.6 a.s 26.R7
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from S-3 contained the highest average water content and percent loss on igni-
tion which might have contributed to the increased accummulation of heavy metals
in sediments from $-3. Also, continuous leakage through the wooden wier was
noticed and flow requlation between 5-2 and S5-3 was non-existant. it may be
possible to minimize the flow of highwav pollutants from the west pond, S-2, to
Lake Lucien by proper desian and control of flow regime. Probably detention
ponds with underdrains or natural mercolation, adequate contact Nand setting
time, control of flow through the pond exit to Lake [ucien and/or installation
of a sand or limestone filter into the canal lealing to Lake Lucien would
imorove the water quality released to Lake Lucien.

It is interestinag to notice that sediments from S-2 beneath scupper drains
of the south bridges nf Lake Ivanhoe containe 423 ug-Ph/g oven dry weight which
was four times in excess of the lead concentration, 98.4 ;a-Pb/g oven drv weight
of sediments from the west pond, 5-2, at Maitland Interchange. This was under-
standable since the Maitland Interchange is relatively new with lower average
dailv traffic (ADT) as shown from Table 3-1, 1If the sediment characteristics
of hoth locations are similar, it may be reasonahle to assume that bottom sedi-
ments of the west pond have the capacitv to retain much higher mass of lead
than the existing load. 7imdahl and Skogerboe (1977) quantified the capacity
of a particular soil to concentrate lead using laboratory tests. They developed
the following ecquation:

N = 2.81x10~P CEC + 1.07x1072 oH - 4.93x10™2

where
N = moles of lead per aram of soil at saturation
CEC = Cationic exchange capacity of the soil (meq/100 g) and
pH = hvdrogen ion concentration of the soil in pF units.
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Soils tveical of Florida were studied by Bell and Wanielista (1979). They
estimated the soil capacity using the regression equation by Zimdahl and Skoger-
hoa (1977) to ranae from 3.97x1075 to 7.74x10~3 moles-Pb/q or 8218 to
16022 va/q of soil. If these values are correct and the soils in the west pond
of Maitland Interchange behaved similar to those tested by Zimdahl and Skogerhboe
(1977), the hottom sediments will have an additiocnal capacity to immobilize lead
that would range from 80 to 160 times more than existing lead car:tent. This
aain proves that much higher lead can be immobilized in the west pond sedi-
ments., Proper contact time, desian of inlets and exits and addition of
relatively inexpensive treatment filters will certainly imorove the removal
efficiency of heawy metals in the rond and also will improve the water qualitv

discharged to Lake ILucien.

RIOTA ANALYSIS

Attemots were made to examine significant Aifferences of the heavy metal
concentrations in phytoplankton and zoonlankton collected from various samling
locations. However, difficulties experienced with samling common species amona
all stations at the same sampling time complicated the analvsis. The number of
samples from each station and samling dates were not uniform, bhut specific

conclusions were reached and will be discussed.,

Lake Ivanhoe Site

The phvtoplankton samles collected from Lake Ivanhoe included Fuatic

plants and macro-algae such as Hydrilla, Spiroayra and Tvpha. The benthic

organisms included Arthropodea (Crustacea), Molluska (Pelecypoda and Gastropoda)
and Annelida (Oliaochaeta, Tubifex). The aalysis revealed that there were no
significant Aifferences in heaw metal oncentrations of plant and benthos col-

lected from stations S-1 and S-2, both located beneath two sets of scupper
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drains on the south bridges. However, Tables 5-8 and 5-9 showed significant

differences in heavy metal concentrations of Spirogyra and Hydrilla collected

from stations 5~2 and S5-3 beneath bridges without scuppers. Concentrations of
7n, Pb, Fe and Cd were significantly higher with a probability of more than 90%
in Spiroavra collected from S-2 compared to those wollected from S-3. Also,
concentrations of Zn, Pb, Ni and Cd were significantly higher with a probabilitv
of areater than 80%, in Hvdrilla, collected from S-2 as cmnsared\to those col-
lected from S-3. The scarcity of data collected on benthic organisms 4did not
allow for t-test analysis and determination of significance of differences in

results,

TARLE 5-8. SIGNIFICANCE OF DIFFER}"NCES IN HEAVY METALS CONCENTRATION
OF SPIROGYRA FROM LAKE IVANHOFR (T-Test Analysis)

Mean Values pg/am (drv wt.)
No. of 8-2 53
Flement Obgerv. With Scuppers | Without Scuppers Percent Probability
Zn 4/5 188.5 111.7 94,2
Pb 4/5 3A8.3 192.9 93.0
Cr 4/5 46.0 29.0 R4.23
Fe 4/5 1920.0 868.2 95.35
Cd 4/5 1.54 0.77 99,1

TABLE 5-9. SIGNIFICANCE OF DIFFERENCFS IN HEAVY METAL CONCENTRATICN
OF HYDRILIA FROM LAKE IVANHOF (T-Test Analvsis)

Mean Values ug/am (dry wt.)
s-2 S-3
Flement Observ. With Scurpers | Without Scuppers Percent Probability
Zn 5/3 333.0 229.3 87.24
Ph 5/3 248.0 126.8 Rl.8
Ni 5/3 32.8 12.1 93.59
cd 5/3 1.8 1.2 B83.93

Average concentration factors for plants and benthic organisms collected

from Lake Ivanhoe were presented in Aopendix A-17 and A-18. T™e concentration
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factors were calculated as the ratio of metal concentration in my/q of oven dry
weight from selected plant or benthic organisms to the concentration of the same
metal in mg/ml of the surrounding water. The maximum concentration factors
calculated for iron were 3572 hy Tyoha, 15964 by Hydrilla and 32000 by Spiro-
gyra. Similarly, the maximum concentration factors calculated for lead were 455

by Tyoha, 5511 by Hydrilla, and 8184 by Spirogyra. The data indicatad that

Spirogyra concentrated more copper, iron and lead than Tvpha or Hydrilla. This
is orobalv due to the larger surface area to weight ratio for Spiroavra than
other nlants. Spirogyra can he used as & indicator micro-algae for contamina-
tion with highwav runoff.

In benthic oraanisms, it ammeared _th'at Annelida (Oligochaeta, Tubifex) con-
centrated more zine, lead and chromium than other organisms tested. The highest
average concentration factors for these metals were 10076, 1906, and 10325 re-
spectively. Annelida (Hirudinea) showed the hichest average concentrat:ion fac—
tors for arsenic and caimium and Arthronodea (Crustacea) showed the highest
averae concentration factors for nickel, copper and iron. From these results
Tubifex could be used as an indicator benthic oraganism for highwavy runoff con-

taminants.

Maitland Interchange Site

Acgain, statistical analvsis to examine siqnificant differences for selected
species of phytoplankton and zooolankton collected from various samplirg sta-
tions was difficult to assess. However, the data indicated that Annelida
(Oligochaeta, Tubifex) in the west pond, S-2, showed significantly high concen-
trations of 7Zn and Cr than the control station S-4, with a probability in excess
of 80%. Also, Tvpha showed significantlv higher concentrations of 7n and Cr

with higher than 80% nrobability from the east pond. S-1, as compared to the
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west vond, S-2. Typha was surroundina the perimenter of the east mond and high-
way runoff is filtered throuah the plant before it is discharged to the pord
which mav have caused the increased concentrations of heavy metals in the
plants.

The concentration factors presented in Appendices 13-17 showed that Hvper-
cium axhibited the highest average concentration factors for Ph, Fe, Cu, Ni, Zn

and Cd which amounted to 3488, 12448, 2119, 1467, 7068 and 920, respectively.

Chara, Twoha, Fichorina and Water Lily exhibited lower concentration factors

than those shown by Hypercium. The lowest concentration factors for heavy
metals were associated with Typha. Again, it appears that the surface area to
weight ratio of a particular plant is important in determining their sorption
capacity of heavy metals.

Similarly, the concentration factors oresented in Anpendices 13-18 for
benthic organisms showed that the highest average concentration factors for Cd,
Ni, Cu, Fe, Pb and Cr were associated with Oligochaeta {Tubifex) and Hirudinea
aounted to 41500, 88922, 20897, 18670, 27116, 103937, respectively. The con-
centration factors for Arthrooodea (Crustacea) were calculated from concentra-
tions measured from one single sample collected from Lake Lucien contreol sta-—
tion, S-4, and may not he reoresentative of the entire population.

The limited results collected on concentration of heavy metals by biota
from Lake Ivanhoe site and Maitland Interchange site suggested that the capacity
of the olant or macro-alaae to concentrate heavy metals from highway runoff mav
be dependant on its surface area to weight ratio. Spirogyra and/or Hvpercium
may be aood indicators for detection of highwav runoff contaminants, as owpposed

to ™oha, Water Lily, Hvdrilla or Chara. Also, Annelids (Oligochaeta, Tubifex

and/or Hirudinea) proved to have high capacity for concentration of heavy metals

from highway runoff and mav hbe used as irdicators for detection of mollutants in

benthic organisms.
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The Molluska, Gastropoda and Pelecypoda exhibited the lowest concentratiocn
factors, however they are of importance as pollution indicators because it ig
easv to obtain large enough samples for accurate analvsis and they are filter
feeders ingestina the susvended matter with which heavy metal pollutants are
often associated.

Biota may have shown high concentration factors for heavv metals, however
their relative abundance on the basis of weight per unit area of the bottom
sediments or weight ver unit volume of the water column in receiving water bods
is very small. Therefore the total mass of heavv metals associated with bicts
is insignificant relative to the total mass associated with the bottom sedimer-—=z
and the entire water column. This was ‘found true bv many researchers (Bell are

Wanielista, 1979).

Relative Distribution of Heavv Metals

The relative distribution of heaw metals between the water clumn and =
bottom sediments in terms of the total mass ver unit area were calcul ated. fre
Sauare meter of the water column was considered and the dissolved and particu-
late mass of heavv metals were calculated from the average concentrations pre—
sented in Appendices A-2 to A-5 and B-2 to B-5. Also, the total weight in one
Square meter of bottom sediments was estimated bv averaging the weight of sed:-
ments collected per one stroke of the Fkman dredae and considering each stroke
to cover 6 inches x 6 inches (0.0232 53. meter) of the bottom sediment surface
area. Six strokes of sediments were collected at each samling station, homo—
genized, dried, weighed, averased and orocessed. From the estimated weight of
hottom sediments per Square meter and concentrations presented in Appendices

A-f to A~9 and B-6 to B-9 it was possible to calculate heavy metals associlater
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per one square meter of bottom sediments. However, it is generally assumed that
all heavy metals are concentrated in the top layer of bottom sediments which is
removed by the Fkman dredge.

The calculated surface Aistribution of the heavv metals between the water
column and the bottom sediments were shown in Table 5-10 for Lake Ivanhoe site
and 5-11 for Maitland Interchange site. The heavv metals 2n, Cd, As, Ni, Cu.
Fe, Pb and Cr in Lake Ivanhoe bottom sediments averased 96.6, 74.6, 86.3, 95.5,
97,9, 99.A, 99.3 and 98.8% of the total metals associated with the water column
plus bottom sediments. The same heavy metals in the Maitland Interchanae bottom
sediments averaged 97.6, 79.5, 87.9, 95.7, 95.6, 99.7, 98.1 and 98.6%, resvec-
tively. The balance of heavy metals_ was divided between particulate and dissol-
ved fractions of the water column. It is interesting to notice that each of the
metals tested showed similar results in the two sites tested. 1In fact, all
metals tested, except Cd, showed that the percent associated with bottom sedi-
ments did not differ hetween sites by more than plus or minus one percent from
the average of the two sites. The metal Cd showed a dAifference of plus or minus
two percent. The overall average of heavv metals associated with bottom sedi-
ments showed 93.4% at Lake Ivanhoe and 94.1% at Maitland Interchange.

The total mass of heavy metals associated with the water column is very
small relative to the mass associated with the bottom sediments. The fraction
associated with the water column averaged 6.4% for Lake Ivanhoe and 5.9% for the
Maitland Interchange site. The mass of heavy metals in the water column was di-
vided between dissolved and particulate fractions. The dissclved fraction aver-
aged 43,4% of the total mass in the water column of Lake Ivanhoe and 352% of the
total mass of the water colum in the Maitland Interchange site. From the anal-
yvsis of these data, it was concluded that bottom sediments were sinks for heavv

metals released from highway bridges. ™e high concentration of metals may have
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impacted the Aiversity and concentration of benthic organisms since very few

organisms were detected.

TABLE 5-10. AVERAGE AREAL DISTRIRUTTON OF HEAVY METALS
IN LAKE IVANHOE

Samoling Fstimated Heavvy Metal Concentration

Station Fraction Zn Cd AsS Ni Cu Fe Pb Cr
S-1 8719 44 319 {1059 5622 | 160527 | 34065 | 1809
S-2 Bottom 7432 | 37 462 548 6144 | 129546 | 32444 | 1833
S-3 Sediments | 2980 20 219 199 2079 45775 9397 783
S-4 ma /m 9802 74 1340 11039 118599 |149799 | 17259 | 6459

Average 7233 44 585 711 8111 |121412 | 23291 | 2721
S-1 Water 30 14 70 6 25 50 53 5
§-2 Column 235 7 11 11 98 210 158 25
S-3 (Dissolved) 104 5 62 23 41 99 92 8
5-4 mg /m2 186 9 69 36 51 150 159 15

Average 139 9 53 19 54 127 116 13
s-1 Water 45 |10 10 5 43 145 24 10
S-2 Column 207 4 109 28 189 525 116 28
S-3 (Particulate) 38 2 5 5 66 162 17 14
S—4 mg,/m2 177 6 36 18 177 435 72 3n

Aver e 117 6 40 14 119 317 57 21

PFRCENT | Sediments 96.6 | 74.6 | R6.3 | 95.6 97.9 99.6 99.3 ] 98.8

TARLE 5-11. AVERAGE ARFAL DISTRIBUTION OF HEAVY METALS
IN MAITLAND INTERCHANGE SITE

Sampling Fstimated Heavv Metal Concentration

Station Fraction Zn Cqd As Ni Cu Fe Ph Cr
s-1 506 4 230 62 154 30171 575 | 161
S-2 Rottom 3252 47 | 1432 979 1404 | 301621 9090 | 3132
S-3 Sediments 13392 66 | 1317 664 3873 | 226115 8426 | 1707
5-4 ma,/m?2 1501 6 106 88 357 | 29458 9251 179

Average 4663 3] 771 448 1447 | 147716 4754 | 1295
s-1 Water 48 3 92 12 26 198 f6 11
g-2 Column 65 3 80 8 32 192 99 11
5-3 (Dissolved) 34 1 11 4 18 87 25 7
S-4 ma,/m2 119 0 98 11 67 287 67 11

Aver age &7 2 70 9 36 191 64 11
5-1 Water 59 2 17 18 23 164 14 12
§-2 Column 32 2 117 15 26 429 39 15
S-3 (Particul ate) 23 1 2 7 10 53 5 2
S-4 ma /m2 77 18 7 4 60 350 49 4

Average 48 6 36 11 30 249 27 8

PFRCENT |  Sediments 97.6 [ 79.5187.9 |g95.7 95.6 99,7 98.1 { 98.5




e i

REFERENCES

Angino, E. E.; Magnuson, L. M. and Wangh, T. C., "Mineralogy of Suspended
Sediment and Concentration of Fe, Mn, Ni, Zn, Cu, and Pb in Water and Fe,
Mn, and Pb in Suspended Load of Selected Kansas Streams," Water Resources
Research, Vol. 10, No. 6, December 1974, po. 1187-1191. N

Baretta, C., "Effetti Del Piombo Nel Settore Zootecnico," Paper presented
at Centro Ceramico Problems of Leal and Fuorine Air Pollution From Indus-—
trial Sources, Intermational Conference, Rologna, France, January 1978,

r. 81.

Barkdoll, Michael P.: Overton, Monald F. and Betson, Roaer P., "Some
Fffects of Dustfall on Urban Stormwater Ouality," Journal of the Water
Pollution Control Federation, Vol. 49, No. 9, September 1977, mo. 1976-
1984.

Bell, John H., "Shallow Water Roadside Ditches for Stormwater Purifica-
tion," M.S.E. Thesis, Universitv of Central Florida, Orlando, Florida,

1978.

Rell, John H. and Martin P. Wanielista, "Use of Overland Flow in Stormwater
Manatement on Interstate Hiahways," Transportation Research Record 736,
Transportation Research Roard, National Academy of Sciences, Washington
n.C., 1979,

Renes, P.: Giessing, E. T. and Steinnes, F., "Interaction Between Humus and
Trace Flements in Fresh Water," Water Research, Vol. 10, No. 8, 1974,
op. 711-716.

Boagess, W. R., and Wixson, B. G. (Bditors), "lead in the Environment,"
Geological Survev Professional Paper 957, U.S. Government Printing Office,
Washinaton D.C., 1976,

sradford, Weslev L., "lUrban Stormwater Pollutant Loadings: A Statistical
Summary Throuah 1972," Journal of the Water Pollution Control Federation,
Vol. 49, No. 4, April 1977, op. 613-622.

Brosett, C., "Danger of Water Pollution Through Air," Fod. Furopaiskher
Gewasserchutz, Informationsblatt, 21, 1974.

Christensen, E. R., et al., "Metals from Urban Runoff in Dated Sediments
of a Verv Shallow Estuarv," Fnvironmental Science and Technoloav, Vol. 12,

1978, o. 1168.

Camittee on Water Quality Criteria, Environmental Studies Board, National
Academy of Sciences and Natiocnal Academy of Engineering, Water Quality
Criteria 1972, published by United States Environmental Protection Agency,
EPA-R-3-73-033, March 1973.

88




FEdginton, David N. and Robbins, John A., "Records of Lead Deposition in
Lake Michigan Sediments Since 1800," Environmental Science and Technology,

Vol. 10, No. 3, March 1976, po. 266-274.

Fnk, M. D. and Mathis, B. J., "Distribution of Cadmium and Lead in a
Stream Ecosystem," Hydrobiologica, Vol. 52, No. 2-3, 1977, mo. 153-158.

Ganley, J. T. and Springer, G. S., "Phvsical and Chemical Characteristics
of Particulates in Spark Ignition Fnaine Exhausts," Environmental Science
and Technology, Vol. 8, No. 4, April 1974, op. 340-347,

Gardirer, J., "Chemistrv of Admium in Natural Water—2. The Adsorption
of Cadmium on River Muds and Naturally Occurring Solids," Water Research
Vol. 12, 1978, . 1168,

Getz, Lowell L.: Verner. Louis and Prather, Martin, "Lead Concentrations
in Small Mamals Living Near Hichways," Environmental Pollution, Vol. 13,
No. 2, June 1977, o, 151.

Gunta, M, K,, "Constituents of Highwav Runoff, An Executive Summarv, "
1.5. Devartment of Transportation, Federal Highway Administration, Office
of Research and Develorment, Washington D.C., 1978.

Guy, R. D.; Chakrabarti and McRBain, D. C., "An Fvaluation of Fxtraction
Techniques for the Fractionation of Comper and Lead in Model Sediment
Systems," Water Research, Vol. 12, No. 1, January 1978, op. 21-24.

Aabibi, K., "Characterization of Particulate Matter in Vehicle Fxhaust,"
Fnvironmental Science and Technoloay, Vol. 7, No. 3, March 1973,
pp. 223-234,

Harrell, Navid, FDOT Traffic Volume, Personnel Communication, Deland,
Florida, 1980,

Hassett, John J. and Miller, J. F., "Uptake of Lead hy Corn from Roaiside
So0il Samples," Communications in Soil Science and Plant Analysis, Vol. 8,
No. 1, 1977, p. 49,

Helmke, P.A., et al. ,"Determination of Trace Element Contamination of
Sediment by Multi-element Analysis of Clay Size Fractions," Evironmental
Science and Technology, Vol. 11, P, 984, 1977.

Helsel, Dennis R.; Kim, Jung I.-: Grizzard, Thomas J.: Randall, Clifford
and Hoehn, Robert ., "Land Use Influences on Metals in Storm Drainage,"
Journal of the Water Pollution Control Federation, Vol. 51, No. 4, April
1979, p. 709.

Hirschler, D. A. and Gilbert, L. F., "Nature of Lead in Automobile Fxhaust
Gas," Archives of Environmental Health, Vol. 8, 1964, po. 109-125.

Hosie, D. J.: Boggoiais A.: Pe Laeter, J. R. and Rosman, K. J., "The
Cadmium Content in Soil at Heirisson Island, Western Australia," Search,
Western Australia Institute of Technoloav, Vol. 9, MNo. 1-2, Tahuary -
February 1978, o, 47.

39




'._ e

Htun, Maung Nay and Ramachandran, P. N., "An Investigation of Blood Lead
Content and Atmospheric Lead Levels in Banakok," Water, Air, and Soil

Pollution, Vol. 7, No. 1, January 1977, p. 79.

Huang, C. P.: Rlliot, H. A. and Asmead, R. M., "Interfacial Reactions and
the Fate of Heavy Metals in Soil-Water Svstems," Journal of the Water
Pollution Control Federation, Vol. 49, No. 5, May 1977, po. 745-746.

Iskandar, K. and Keeney, Nennis R., "Concentration of Heavy Metals in
Sediment Cores from Selected Wisconsin Lakes," Fnvironmental Science and
Technologv, Wwl. 8, No. 2, February 1974, oo. 165-170.

Johnson, R. EB.; Fossano, A. T. and Svlvester, R. O., "Dustfg_ll as a Source
of Water Qualitv Impairment," Journal of the Sanitarv Engineering Divi-
sion, ASCE 4694, 1966, on. 245-271.

Joselow, Morris M.: Tobias, Ed:; Koehler, Robert: Coleman, Scott; Boaden,
John and ~ause, Douglas, "Manganese Pollution in the City Pnvironment and
its Relationship to Traffic Density," Americen Journal of Public Health,
Vol. 68, No. 6, June 1978, p. 557.

Laxen, D. P. H. and Harrison, R. M., "Highwav a a Source of Water Pollu-
tion: An Appraisal with the Heavy Metal Lead," Water Research, Vol. 11,
No. 1, 1977, po. 1-11.

Lazrus, A.L.: [oranae, E.: and Lodae, J.P., "Leal and Other Metal Ions in
J.8. Precinitation," Environmental Science and Technology, Vol. 4, 1970,
op. 55-67.

leland, H. V.: Luoma, S. N.; Flder, J. F. and Wilkes, D. J., "Heavv Metals
and Related Trace Elements," Journal of the Water Pollution Control Feder-—
ation, ¥ol. 50, June 1978, po. 1466-1514,

Malmyuist, Per Arne, "Atmospheric Fallout and Street Cleaning--Fffects on
lrban Stormwater and Snow," Proa. Water Techneloav, Vol. 10, MNo. 5,
International Conference on Water Pollution Research 9th {(pt. 1), Stock-
holm, Sweden, June 12-26, 1978, 1973, mo. 495-505.

Mathis, B, J. and Cummings, T. F., "Selected Metals in Sediments, Water,
and Riota in the Illinois River,"™ Journal of the Water Pollution Control
Federation, Vol. 45, July 1973, pp. 1573-1583.

Mciean, R. 0. and Shields, B., "A Study of Factors Causing Changes in the
lead Levels of Crops Growing Beside Roadways," Fnvironmental Pollution,
Vol. 14, No. 4, December 1977, p. 267.

Naminga, H. and Wilhm, J., "Heavy Metals in Water, Sediments, and Chiro—
nomids," Journal of the Water Pollution Control Federation, Vol. 49,
July 1977, pp. 1725-1731.

Nliver, Rarrv G.: Nilne, .John B. and LaBarre, Norman, "Chloride and Lead
in Urban Snow," Journal of the Water Pollution Control Federation, Vol. 46,
No. 4, April 1974, mp. 766-771.

Olson, K, W, and Skoqgerboe, R, K., "Identification of Soil Leal Compourxis
from Automotive Sources," Envirommental Science and Technoloay, Vol. 9,
No. 3, March 1975, oo, 227-230.

30




Pierson, William R.; McKee, Nowglas E.: Brachaczek, Wanda W. and Butler,
James W., "Methylcvclopentadienyl Manganese Tricarbonyl: Effect on Man-
ganese Emissions from Vehicles on the Road," APCA Journal, Vol. 28, No. 7,
July 1978, o. 692,

Pitt, R.E. and Arnev, G., "Toxic Material Analvsis of Street Surface Con-
taminants," U.S. EPA Report No. RZ-72-081, November, 1972.

Plurarg, et al., Fnvironmental Management Strateqv for the Great Lakes
System, Final Report to the International Joint Commission, Windsor,
Ontario, Canada, 1978.

N

Pooe, W., ot al., "Urban Runoff From a Road Surface——aA Water Quality
Study," Prog. Water Technoleay (G.B.), Vol. 10, No. 5-6, 1978, ». 553,

Randall, C. W,; Helsel, D. R.: Grizzard, T. J. and Hoehn, R. C., "The
Impact of Atmospheric Contaminants on Storm Water Quality in an Urban
Area," Progress in Water Technology, Vol. 10, No. 5, Internation Confer-
ence on Water Pollution Research, 9th {(pt. 1), Stockholm, Sweden, June
12-26, 1978, mo. 417-431.

Rickert, D, A.; Rennedv, V. C.; McKenzie, S. W. and Hines, W. G., "A Synop-
tic Survev of Trace Metals in Bottom Sediments of the Willamette River,
Oregon," 11.5. Geological Survey Circular 715-F, Arlington, Virginia, 1977.

Rimer, A. E., et al., "Characterization and Impact of Stormwater Runoff
from Various Land Cover Types," Journal of the Water Pollution Control
Federation, ¥l. 50, 1978, . 252.

Sartor, James D.; Rovd, Gail B. and Agardy, Franklin J., "Water Pollution
Aspects of Street Surface Contaminants,” Journal of the Water Pollution
Control Federation, Vol. 46, No. 3, Part 1, March 1974, pp. 458-467.

Shaheen, N. G., Contributions of Urban Roaxdwav Usage to Water Pollution,
U.S. Fnvironmental Protection Agency Report EPA 600/2-75-004, Washington
D.C., EPA, 1975,

Shuldiner, N.F., Cope and R.R. Newton, "Ecological REffects of Highway
Fills on Wetlands," National Cooperative Highway Research Program Report
No. 218A, Transportation Research RBoard, National Research (ouncil, D.C.,
Necember, 1979,

Suzuki, Motovuki: Yamada, Toshimasa- Mivazaki, Toshio and Kawazoe,
Kunitaro, "Sorption and Accumulation of Cadmium in the Sediment of the Tama
River," Water Research, Vol. 13, No. 1, 1979, p. 57.

Ter Haar, G. L. and Bayard, M. A., "Composition of Airborne Lead Parti-
cles," Nature, Vol. 232, london, 1971, mo. 553-554.

Ter Haar, G. L.: Llenane, N. L.: Ru, J. N. and Rrandt, M., "Composition,
Size, and Control of Automotive Exhaust Particulates," Journal of the Air
Pollution Control Association, Vol. 22, No. 1, January 1972, po. 39-4A.




Uken, E. A., et al., "Distribution of Selected Trace Elements in Samples
of Sediment Suspension and Water Taken Along the Isar River, Bavaria,”
Journal of Radioanalytical Chemistry, Vol. 37, 1977, p. 741.

Ward, Neil I.: Roberts, Edward and Roswell, Colin R., "Heavy Metal Pollu-
tion from Automotive Emissions and its Effect on Roadside Soils and Pasture
Species in New Zealand," Environmental Science and Technology, Vol. 11,

No. 9, September 1978, p. 917.

whipple, W. Jr., et al., "Characterization of Urban Runoff," Water
Resource Research, Vol. 14, 1978, p. 370,

Williams, L. G.; Jovee, J. C. and Monk, J. T. Jr., "Stream Yelocity Effects
on the Heavy Metal Concentration," Journal of the American Water Works
Association., Vol. 65, April 1973, pp. 275-279,

Wong, M. H. and Tam, F. Y., "Lead Contamination of Soil and Vegetables
Grown Near Motorways in Hong Kong,™ Journal of Fnvironmental Science and
Health--Environmental Science and Engineering, Vol. 13, No. 1, 1978, p. 13.

7imishl, R. L. and Skoaerhoe, R. ¥., "Behavior of Lead in Soil," Environ-
mental Science and Technoloayv, Vol. 11, 1977, p. 1202.

92




6 § L £ L 2l {1l 92 L 0 4] pBAL0sSL(]
i gL * 6 g 6 9l {2 92 61 [ 49 P10}
(2 £s 0l {9 28 9/ 25 Lol L9 G/ a4 paArjossiq
02 L4 8¢ v 8L 9¢ 9 Lot 0L G/ qd Le30]
09 0s 9L 99 LZ Gy £6l == 56 0 84 paa|ossLq
80L G61 291 vetl 2el Let 8LY 2t Ote 88 a] |e10]
02 G2 {2 G 8l Ll 6L 2L LS 6 N3 paAajossLg
A 89 G¢ 09 061 9¢ Ot 6 86 Lt n) Le1o}
9 9 8L L 0 £ g 6 0 S LN pP3A|0SSLQ -
t L 8l oL - 9 Gl vl £l 0t S LN {e30) o
€L 01 e (51 S0l 981 £l Gl 0 0 SY paAlosslg
v9 £8 L€ L51 501 98l €L el A9 0 SY Lelo]
é vl ¢ 0 0 0 é L 0 0 P3 PaAL0ssLQ
£ ve ¢ 0 0 { Z L 1 0 PJ Leio)
6¢ 0t 0% tG 68 ol 9l Z 8 91 U7 paAlossig
£¢ St 96 £9 g8 rol 06 LY al oy uz |e10j
o X v2/8 € /8 EL/4 02/9 | LL/S 6L/t 91/¢ | St/2 Jajauvdey
sLsAleuy |eJ211s13e38 (1/61) uoL3edjuadun) '

JOHNYAL X1 NO (LS) S$3901d9 HINOS 40 1S¥I WO
SITdWYS YILYM NI SNOILVYLINIOINOD TWLIW AAY3H J0O SNOTLVINYA *2-V - XI1ON3ddY




4 L 9 b b g 9L 8 9 £ A) paALOSSL(Q
{ 51 Al 6 Lt L1 61 2 Ll £ J4J |ejo]
£2 Gty LZ 99 51 9¢ LY 9G £t £8 94 paAlossLg
Gl 8/ S 68 74 L6 L5 6 8/ £8 ad |e30]
2L 09 82 LZ1 0 L 9/1 0¢ 97 0 34 paAjossig
pel 012 9/2 002 26 i3S 51t 001 G522 G2 34 [P10]
81 8¢ 97 Z€ 81 LL Gl 89 81 8¢ N3 paArlossig
Ot 28 L8 2L 851 96 9¢ 001 L1t bh ny Lejof
£ £ b 9- | o 2 9 g 0 0 LN paajossiq &
9 Lt 6 0¢ il 8l [ £l LL 0 IN [e30]
Y £ 0 86 96 0 0 2l 0 0 SY paAjossLg
2t 9 G§ 86 96 S/ 98 001 0 0 Sy |e3jo0]
£ 2 0 2 0 b 0 2 [ "0 PJ PaAlossLQ
€ ¢ 0 £ | b 0 8 / 0 P) |®310]
8LL /9 zZ€ 9¢¢ 6E 1L 0 9] 9 0 g Uz paAlossig
oLl 921 ~- 9¢g 651 661 S Ot 8/ L€ uz [e30}
5 X ¥2/8 £ /8 €177 0279 | 7175 6170 91/¢ | s1/2 18] 8URARy
m_g.—m:_q LIS ETEEETS :\m_: ugLleqjuaducy :
JOHNYAT 3XVT NO (2S) S3IDAING HLAOS NIIMLION] WOy
SITWYS Y3ILYM NI SNOILYYLINIONOD TvLIW AAVIH 40 SNOILVINVA "€-¥ - XION3ddy




9 S . ¢ 0 £ £ {1l 9 v -- 4 PRALOSSL(
9 il 8 9 L 8 81 22 9t 12 4) Le10)
£2 L9 22 09 £6 96 28 LS 59 L6 Gd paAtossig
02 2l 8t 2L 201 96 £5 69 G9 L6 qd P30l
L5 99 2 65 9| e 81 (2 G -- 93 PaAL0OSSLQ
001 1721 £92 201 89 821 GLE 281 8e L £el 94 |®30]
g [2 £ 62 82 p2 12 L2 G 61 n) paAlossig
VA% L e 8y 9l L€ LS £S 9¢1 £y ny Lejol
Al 51 ¥ 9¢ b { 8 L Sl LY IN paAlossig
Gl 8l 0t 9¢ - Lt L 6 2t i Ly LN Le3o}
£9 Ly 8¢ LE1 0 0 0 ge1 0¢ 6 SY paArlossig
85 vy 82 LEL €2 0 0 gel 02 6 Sy |ei0})
v £ 0 0 8 9 0 0 9 0 P) P3ALOSSLQ
£ t £ L 8 6 2 b 9 0 Py P10}
8 69 0¢ 692 65 2 52 8l il 96 Uz paaLossLg
2L v6 8¢ 692 LL 25 29 G 18 96 uz Le3joy
3 X ve/8 £ /8 eL/L 02/9 | Z1/5 6L/t 91/¢ | GL/2

StsAleuy |ed13siie}s (1/B1) uo11847Ua3u09 1a]sueded

JOHNYAT AYT NO (€S) SIVGINS HLYON IHL NIIMLIGNI WOH4
SIIdWYS YILYM NI SNOILWYINIONOD TYLIW AAVIH JO SNOILYIYVA

‘b-¥ - X1O0N3ddY

96




6 S L 0 ¢ b £ == 0 == 43 PaALossLQ
L Gl 8 € £l < £e 4 Ll el 43 [R30f
L2 £§ 6l 65 9¢ 94 G4 €/ 0§ ¢8 4d parjossiq
0¢ L G§ L9 8LlL 8 §§ 18 LL 28 4d 1ejo]
09 0§ Le L9 £ LS 841 13 1 -- 941 PaAjossiq
801 G61 89¢ tirL £el 62¢€ 8G¢€ €Lt €9l 04 34 €30}
9 {1l gl 9¢ £l vl Al éé 61l 6 ) paAalossiQ
8% 94 LL 2 L{L v9 {2 vy t91 L ny [e3o0]
61 2t b 61 0 2 1l 9 0 95 LN pan(ossiq o
91 8l 0l 6t vl G 61 tl S 99 LN |e30]
¢t £ LZt 0 8¢ 0 0 g¢ 0 0 SY paAlossig
A Ge 12l L2 8¢ 0 {9 9¢ 0 0 SY [rj0)
t € 14 0 0 1l £ 14 0 £ PJ PaAOSSL(Q
£ G 14 0 9 Ll £ g 1 £ PJ teiol
el 29 £ Gel 6LE 9 tL 0 6 4 UZ paAtossiqg
{8 tel L9 G2l 6LE ttl el 801 66 £l uz (ejojl
0 X ve/8 € /8 eL/s 0279 17175 6L/t 91/¢€ | 5172 Jajawedey
SLSA | euy 1BOL}SL3e1S {1/Br) Uo LI PLIUIIUDY

JOHNVAL BAYT NO ($S) NOILVLS 10¥LNOD WOY4
S3TdWYS YILVM NI SNOILWYLNIINOGD V13N AVY3H 40 SNOILVINYA 'S-v - XIAN3ddy




00" 60€ 00794/ 00°999{ 00°129| 00°2€/| 00°89%| 00'v0L| 00°OLZI{ 00°805 | 00°S62! d
0£° L6 00" %02 00°9€L| 00°2ZPlL| ©00°00€| 00°€SL| 00°60Z | 00720V | 00°OVL | 007261 biy
00°268l{ 00°29¢S | 00°698% 00°//89 00°19v8 00°82¢4] 00°€SEH 00°/8SS| 00 LEBE] 0071652 e)
06°¢l 05702 Ov"0l | O0E°0L | OF'22 | 0S'LL | OL'GL 0F 1S | Ol'6l | Ov €2 49
00°642 00" 98¢ 007602 | 00°(GL} 00°02p| 00°89L| OO LLE] 00°L6G | 007698 | 00" 89¢ Qd
00°¥18 006181 | 00" 18V} 00°€22d 00°LLL4 OO0'Ebbl 00°6£6Z 0070892 00°€vL2{ 007 29b1 o
08" Gt 04°€9 00°61L 02 | 05°68 | 06°€ 04" €S 00" ¥9L | 0L LS 01765 n3
159 00°21 182 0E°0L | Ov'e€z | O/°LL | 06°LL | 08°8L 09°01 be 9 IN
(82 29°¢€ 89°2 ST byt 0 AL £V 6 £€°2 0p'¢€ SY
06€ " 205" €oL 12¢" 29%° 86t 2LL 9e "t 969° 9 p P)
0£°9% 08°86 08°t€ | 02°9Z | 00°8GL| 0£°18 | OL°Ll6 | 00°S/L| 06°%L | DO"20L uz
mwmzw@cq Hmuwpmempm ¥2/8 £ /8 EL/L 02/9 L1/G 6L/ 91/2 51/2 1938l ey

(1ybram A4p usao) wh/Dr uoL3PLIUBIUO)

WOYd SINIWIGIS WOLLOG 40 SISATYNY

JOHNVAL 3HyT NO (1S) $3901¥9 HINOS 1Svi
'9-¥ - XION3dd¥

98




00°£0¢ 00°¢€8 00°0¢0] 00°9/0i 00°/08| 00 09t 00" LYOlY 007669 | 00°19¢ | 00 66/ d
08729 00728l 00°8LLj 00°S6L| 00°€/t| ov g/ 007022 ) 00°P8L | 007652 | 0076/ biy
00°¢/41 007451ty 00°909% 00°6604 006l 00 yvld 00 859C 0°GE¥Zl 00°26SP| 00°G06E £
66°8 06°€¢ oL 8L 0¢°2¢ 0¥ €e 067 LI 08°6¢ 061 LTS 08" Z¢ 43
00" PLL 0o"gey 00°89€ | 00°¥.¥| 00°26E! 00°pEE| 00" 28¢ 00°{8€ | 00°/89 | 00°€9¢ | qd -
007928 00°689( 00" 296 oo.mef‘ 00°912l 00°618{ 00°SOEEl 00°Zibl| 00" /957 00" LF6L 94 &
0L 2t GL708 oL Zb 0t "84 0V 99 0¢°9¢ 04728 00 val { 09°¢2s go cot n
672 St° ¢/ 997y £€9°¢ 829 92°¢ 9" 3 88" I 86 02721 LN
08°¢ 20’9 2R AR 09°¢ ov 21 09°11 ¢6°¢ £9° Y 92" v Sy
L £8p” L0’ 986" AN 6v0° AAN 88" 0v8” Ll PJ
097 pE 06796 08729 00°SLLy 02°98 QL7 1S 00°60L | 0L €/ 007921 | 007€S1 uz
9 X v2/8 £ /8 €1/L 02/9 L1/S 6L/ 91/¢ §1/2 1338URARy
stsAjeuy |edi3stye3s (3ybram Aup uaao) wh /b UoL3ed3uaduny

JONNVAL 33V NO (2S) 5390149 HLNOS MIIMLIGH]
WOU4 SINIWIO3S WOLLOG 0 SISAWNY ‘/-y - XT1aN3ddy




(2ybtam Aup uaao) wb/bri uoljedjussuo)

00° 01§ 0029 00°29% | 00°9LE| 00'%9G| 00°€EpZ| 00°29% =~ § 00°2(5 | 00°8¥/I d
00°62 0L €6 06708 | Ov'26 { Ob'26 | 0£°05 | OL° LS8 -= | 00°8LL | 00" Lyl Oiy
00°0ELL| 00°6/£2 | 00°L2€] 00°285Y 00°010¢ 00°y002 00 8Lyl ==} 00°9zZv2| 00° 6981 e}
AN 00" 11 AN 6€°S 002t | b5y LG°G -- | o6l | 0922 9
04" 99 00°2El 00°0€L| 08789 | 0D0°0SL| 0€°28 | 09709 == | 007002 | 00°€22 ad
00°§22 00" €¥9 00°18E| 00°695| 00°99%| 00 ¥9¥ | 00 L8S == | 00°6LL | 0070901 34
00722 0262 02°8L | 09°vE | 09°92 | 188 L - | oee 05 v! n)
e L 08°2 8L°€ 29°1 257 | ey’ 281 A 28°¢ IN
18" 80°¢ 8L°G 28°2 99°z | GbE 509 S R vS°2 sy
£81° 9.2 toy" 861" 292" £80° v50° i VAN 795" Pd
0L°62 00" 2Y 0671 | 0§°£2 | 00°Ly | OE'ZL | Of£'€E -] oUiy | 02796 uz
0 X ve/8| € /3 €L/e 02/9 L1/5 6L/Y 91/¢€ 51/2 19130RdR
__StsAjeuy |edL3SL]e3§

JOHNVAT 34¥71 HO (€S} SI00THE HLAON NITMLIANT
WOY4 SIN3WIQ3S WOLL089 40 SISATUNY

g-v

- XION3IddY

160



00°ZcEL] 00°09L | 00°¥98| 00°vEE| 00°6/b | 00°8897 00°S/pc 00°0SEEl 00°0£/ | 00°856 d
00" €2l 00°0/6 00°pLL] 08795 | OP'LS | 00°€bbg 00 Z£bl 00°9502] 00°ble | 00° /22 bl )
0076249  00°0LL9 | 0070024 00°6/LY 00°€0zi 2904 252°7| 00°589/ 00°2S6F| 00°Z1GE )
0£° /6 oL 4L 022l oL/ L/ 00°0vZ | 00792 OL'¥8 | 05° ¢ 02791 )
00" $5¢2 00°902 06°0v | Op"ve | 0070z | 007029 00°€eS| 00790z | 00 Lol | oL°Lg qd
00" b/t 0078BLL | 00°£0S| 00°9¥Z| 00°98L| 00°pLOY 00°€vSH 00°858el 00" 176 00" 186 94 WM
00" $92 00°222 OL'6v | 067l | 02"yl | 00°82¢| 007005 | 00°/82 | 0z'8/ | 0916 nj
0£° €l o 2l 89" L 852 50" 2 00°v€ | 02'62 | 01702 2 08°¢ LN
0681 00°91 WA 90" ¥ 08°2 05°Ly | 081y | 09°12 | €¢°¢ 06°¢ sy
609" 188 692" 0 2% 0€°2 2571 05" 1 b99° 60/ P)
00°911t 00" /1L 00°Z¢ | OL'€z | 06'7L | 00282 | 00°582 | 00°s8L| 08'0S5 | 05 L/ uz
m_mxwmcq _mu.SmeSm —_— £ /8 A.ﬁmm“%z \Cvom%ov Emm\wmm:o_ummwwwgou L 2L 1a1auesed
JOHNVAT AYT NO (PSINOILYLS 10¥1M0D
W04 SINIWIOIS WOLLOQ 40 SISAWNY  ‘6-¥ - XIONIddy




8y ¢ FA I £5°9 AN A'AN ] == --- - 69 LL°S §-S I
29°21 L*21 €679  [bTL -20°L  08°/LE 06°22 09l 6v'S  LL°G S oyg Lub] =
76" | pL2 27l 8.0 08L €0l #8°0  ---  60°€ 919 £-5 4o 501
571 [2°¢ Gv°¢ e8¢ 06°¢ 6671 VAR VA1 (WA ve-a 2-S
1872 99°¢ 861 Ly™ 1 E0'b Bv'2 {L-¢ 68°6 LL'e 6L"G 1-S
0791 0E" 29 09°G64 02°9% 08¢ === == --- 01729 08°tb G-S
08" 12 08" v9 09°6/ 02°9¢ 08¢ 08'06 02°68 02°ZL 0129 08'vy t-S 1U33U0)
08°01 09°3¢ Ov"2¢e 0192 OF'¢v 06°2¢ 02°G¢ --- P96t 09719 £-S 121ep
07178 06° G 09°€y OL'Ly 0295 0G6°2¢ 06°9% 04762 O0OL°VS 0625 ¢-S
0 0t Q" Ly 09°ly 00'6E 06°65 0G§°6% 02°Gv 0OL°FV9 02°vb 00°%¢ 1-S
o X #Z-8 £ -8 EL-£ 0Z-9 L1-5 6l-t 91-¢ Gi-¢
SLsA{RuUy [eD13513°03S vap:mugma o O uoLIeIs Lmam:_m:e%m

JOHNYAT IV }
WOY4 SINIWICIS WOLLOA 40 SIIISTHILOVEVHY  "OL-V - XJANIddY




3
i
i
¥

APPENDIX - A-T1.

BOTTOM SEDIMENT CHARACTERISTICS

FOR PARTICLE SIZE LESS THAN 105
MICRON FROM LAKE IVANHQE

Average Concentration
Parameter 51 52 S3 54 Units
hg’ifog”(l‘f‘ 9.8 7.6 6.9 21.8 ]  percent
n 253.0 244.0 149.0 245 .0
Pb 984.0 827.0 491.0 335.0
Cr 85.5 68.9 44.8 130.0
N 1.0 33.7 14.7 32.0 £
Cu 282.0 241.0 143.0 - %
Fe 3560 3191 1880 a0, E
cd 2.1 1.5 1.0 | 2.0 ‘g
As 15.4 9.2 | 8.0 | 21.2 |
Ca 8209.0 7945.0 f 6629.0 J 11695.0 f
p 3869.0 2530.0 ; 2227.0 ! 1446.0 |
| } |
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APPENDIX - B-1.

WATER QUALITY CHARACTERISTICS IN MAITLAND INTERCHANGE

Concentration

| Statistical Analysis

Parameter 7-22 | 3-20 _5- 3 6-25 ' 7-20 330 i 3

.09 | 7.57 | 9.86 9.18 | 7.94 8.40 8.19 -

97 | 7.43 ] 7.93 7.99 | 7.85 7.70 7.76 -

pH 57 | 6.65 | 7.39 7.52 | 7.82 7.45 7.13 -

40 | 706 1 o7.32 7.41 7.09 7.24 -

00 | 5.50 | 5.00 4,00 | 12.50 7.50 7.35 4.39

e .50 142,00 | 15.20 1.00 | 10.80 :41.C0 22.00 90
furcigity .40 11,90 ¢ 5.00 3.50 | 2.20 2,00 2.70 .06
.C 4.70 | 4.00 3.50 | 13.30 2.40 5,46 98

.30 | 8.80 l13.80 6.00 | --- 9.36 .86

TOC .90 | 11.90 {13.20 4.50 | --- 8.82 3.62
g/ 1 .50 | 9.30 }34.90 8.50 | --- .- 15.10 .10
.20 110.30 | 16.60 6.60 | --- --- 12.00 3.73

Inoraanic .50 |13.70 ! 16.00 10.20 | --- 14.30 .78
-"Eaggon .30 | 28.10 1 64.00 26.80 | --- 30.80 .60
“ﬂ’.1 .00 | 3.50 ! 9.80 4,00 | --- 6.76 .64
mas .00 | 3.50 | 4.50 4,40 | --- --- 7.08 .56

i

. N .00 | 5.60 | 5.60 6.20 | 29.70 3.10 17.20 30
m]ot:pny11 .40 }12.96 7.30 4.50 .20 7.30 8.05 .35
iy .50 | 5.00 | 6.20 3.96 | 5.00 3.40 4,76 .896
™ .00 | 7.30 | 5.00 2.80 | 3.50 4.50 5.39 .15
- 0.79 - 1.34 0.89 1.01 .263

. - 2.1 2.59 1.95 2.22 .333
N1tr;ates 0.52 0.58 0.29 0.497 .097
ag/1-4 - -—- 0.70 . .07 0.4 0.370 .316
- 067 121 . 065 .228 P73 .133 .1076
- 4810 145 L3517 .18 L .530 .365 .2004

2 e

nesEhorus _-- 008 | Lo75 m -06% UD -038 .0346
®/1-7 - 046 110 ) .159 .034 .093 L0761
39.50 [35.00 [18.40 1.00 | 33.30 38.20 29.50 8.69

Caled 57.80 |64.20 |52.00 2.20 |52.60 55.10 56.10 4.25
alcium 11.00 113.00 |11.40 0.00 |11.60 11.70 12.00 1.66
2g/1 - 113.60 '10.80 0.00 111.70 11.70 11.90 1.27
2.00° | 2.10 | 1.70 150 5 2.00 | 1.96 | 2.4 1.38 1 .29%

u ‘ 4.60 | 3.60 | 6.20 4,60 ' 5.00 | 4.0 . 5.10 4.91 .80l
2gnesum 3.90 | 3.70 ; 4.20 3,70 | 4.00 | 3.70 | 3.00 3.93 1 .22
"2/l 5,50 | 3.80 3.30 | 3.90 | 3.20 | 4.00 8.17 | e27
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APPENDIX - B-11. BOTTOM SEDIMENT CHARACTERISTICS FOR PARTICLE SIZE
LESS THAN 105 MICRON FROM MAITLAND INTERCHANGE

Parameter - Avergqe Concengratmn - Units
1 2 3 3
Loss on [g- 3.2 20.8 2.6 1.9 | Percent
nition (%)
Zn 29.7 101.0 96.7 80.7
Pb 39.7 205.0 179.0 58.3
Cr 13.9 190.0 73.1 1.7
Ni 4.4 28.3 28,4 6.0 o
' =
Cu 27.2 184.0 72.4 40.3 =
=
Fe 2267.0 7756.0 | 6428.0 1739.0 >
[am]
Cd 0.3 2.1 1.1 0.7 g
>
As 10.1 1.7 34.3 5.8 =
Ca 8108.0 | 14131.0 |11936.0 | 2972.0 l
p 902.0 8331.0 | 6834.0 739.0
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APPENDIX - C-3.

ON LAKE IVANHOE

WATER QUALITY ANALYSIS FOR RUNOFF WATER SAMPLES

COLLECTED FROM SCUPPER DRAINS ON SOUTHERN BRIDGES

Scupper .
Drain Date pH Tur3%81ty 20?;N
Location 9
NW 8-3-79 7.11 27.5 3.60
NE 6.75 37.0 8.20
SW 6.82 21.5 3.76
SE 6.94 20.0 4.96
NW 8-17-79 7.20 37.5 3.76
NE 6.97 26.5 3.88
Si 6.99 41.0 2.48
SE 7.06 18.0 4.60
NW 8-24-79 8.43 43.0 2.68
NE 8.80 12.0 3.24
SW 6.91 82.5 1.44
SE -- -- --
' AVERAGE 33.3 3.87
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APPENDIX - C-4. WATER QUALITY CHARACTERISTICS FOR RUNOFF THROUGH
BRIDGE SCUPPERS ON I-4 AND LAKE IVANHOE

L

i Mumber Concentrations {mg/1) Average
Parameters Form of B : s
{ Sampleg  Range  Mean 5td. Dev. In Solution
. Total 11 10.228-1.120] 0.498 ! 0.263 -
Dissolved 0.028 1.120¢ 0.336 ' 0.300
cd . Total 11 .10.003-0.0091 0.005 | 0.002 -
* Dissolvad 0.060-0.005| 0.C01 + 0.002
[ ,
s . Total ;] 10.000-0.145] 0.058 : 0.049 56
Dissolved + 0.000-0.1457 0.050 | 0.055
0 Total 17 1.0.013-0.263 | 0.053 | 0.07] %
Dissolved | 0.006-0.261 0.049 | 0.072
| ! i
o Tota) 11 1.0.032-0.101/ 0.052 | 0.023 60
Dissolved j 0.010-0.055] 0.027 | 0.014
- | Total - ! 0.510-6.850 2.429 | 2.290 | -
. Dissolved +0.034-2.170; 0.287 | 11,628 ! -
| | f |
o | Total i ;1 1.0.690-3.250 1.558 | 0.939 >
| Dissolved | "0.063-0.50¢ 7 0.187 1 0.136
! | |
- | Total 1 1.0.003-0.027: 0.011 ; 0.008 -
\  Dissolved | 70.000-0.009 © 0.002 : 0.003
. . Total .y .25.10-53.80] 38.0731 9.837 | 97
Dissolved 21.30-53.80; 36.300; 11.110
; " Total 17 10.493-2.7901 1.062 | 0.673 -
; I Dissolved | 0.294-2.790i 0.831 ' 0.738
: | |
3 5 Total - | 0.160-1.220 1 0.426 | 0.382 16
g i Dissolved 1 0.000-0.137} 0.067 | 0.059
t | ] |






