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Abstract

Many studies have identified metals in urban runoff as ameajntributor to the
degradation of urban streams and rivers. Metals of cor&tern are copper,
cadmium, chromium, lead, mercury, and zinc. Metalgloan runoff can occur as
dissolved, colloidal and particulate-bound species. Towxeit is important to
measure all forms of heavy metals, especially thequdaite and filterable fractions,
when determining their fate and effects.

The objectives of these tests were to determine tloeiasens of heavy
metals (along with some major constituents and nusjewth different-sized
particulates using cascade sieves and filters. Sequexttiaction experiments were
also conducted to examine the treatability and other desustecs of the filterable
(<0.45 pm) portion of the heavy metals using Chelex-100 rgsirlight exposure,
and Anodic Stripping Voltammetry (ASV).

Preliminary results show that total phosphorus and @amxygen demand are
associated with the particulates and in general dexkeitis a decrease in particle
size. Obviously, concentrations should all decreasefikiithation. However, there
were periodic jumps in concentrations for some comlti reflecting variability in
the analytical method and the sample handling. Ressihg ASV show the metals
of concern (Zn, Cd, Pb and Cu) all present in the disslo<0.45um) fraction of the
stormwater samples with Zn normally present in tighdxst concentration.
Exposure of the samples to UV light increases theeatnation of most of the
metals, indicating a dissociation of metals from aigaomplexes or colloids.
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Introduction

Many studies have identified metals in urban runoff as ameajntributor to
the degradation of urban streams and rivers. Metalet ooncern in urban runoff
are copper, cadmium, chromium, lead, mercury, and zinthé3é metals, copper
and zinc are currently the most prevalent in termscoficence and concentration in
urban runoff with trace quantities of lead, nickel, cadmand chromium commonly
found in all areas of the United States. Metals inmmog@off can occur as dissolved,
colloidal and particulate-bound species. Therefore,iih@rtant to measure all
forms of heavy metals, especially the particulate dredble fractions, when
determining their fate and effects. If possible, assiociatof the metals with
different particle sizes should also be determined. Kirtal obtain the most
meaningful data on either bioavailability or toxicityjstimportant that chemical
speciation techniques be applied (Florence and Bately 19B8iniCal speciation
may be defined as the determination of the individuateotrations of the various
chemical forms of an element when together make umthkeconcentration of that
element in a sample. Speciation of metals is dependentalfgmical and physical
parameters such as pH, temperature, and the presenganuisliand particulates.
Depending upon the chemical form of the metal, a wattéravhigh total metal
concentration may be less toxic than another waitbraMower total metal
concentration (Florence and Bately 1980).

The threat from metals to humans and aquatic life idaltieeir toxicity, persistence
and bioaccumulation. It is important to determine theigfien of a metal because
the toxicity of many metals is related to their specratind valence state. Most
metals are essential nutrients for living cells, but amlgmall quantities. When
metals are present in excess, they can become dunautaxins. Other metals, such
as lead and mercury, have no nutritional value andlaeys considered dangerous,
even at relatively small concentrations. Associaiwith fine particulates also affect
heavy metal toxicity to many forms of aquatic life.

Pitt, et al. (1998) analyzed 550 samples for a broad list of constguemiuding the
total and filtered observations shown in Table 1. Thepgasnwere collected from
telecommunication manhole vaults that were mostlycadid by stormwater. These
data are very similar to cold and warm season stormwlata collected during other
projects. This is the largest data base available drains both total and filtered
analyses. These samples were obtained throughout ttedl($tates and represent
all seasons.



Table1l. Average Particulate Fraction of Selected Constituents from 550
Nationwide Samples (mg/L, unless otherwise noted)

Filtered Percent Percent
Total Concentration Associated Associated
Congtituents Concentration (&tér a0.45um with with
membrane Filterable Particulates
filter) Fraction

Turbidity 0 0
(NTU) 13 1.2 8% 91%
COD 25 22 86% 14%

Color 0 0
(HACH) 34 20 59% 41%
Copper 29 9.5 33% 67%

(Mg/L)

Lead (g/L) 14 3 21% 79%
Zinc (ug/L) 230 160 70% 30%

Pitt, et al. (1998)

The development of analytical techniques which can reliadggisure the
concentration of the various chemical forms of adrmetal in a water sample is a
challenging problem. The analytical schemes developed bbgriele and Batley
(1980), and Florence (1977) and Bott (1995) enable associatioreta$ o
different categories to be measured. Their schemestdarovide a detailed species
distribution, but rather an estimation of the fraetad the metal present in toxic
forms. Florence and Bately (1980) used Anodic Strippingarathetry (ASV) with

a chelating resin separation and UV irradiation tarena the dissolved (<0.45
micron) metal fractions, as shown in Figure 1. A ctiedaresin (Chelex-100) was
used to separate ionic metals from metals strongly boumetal-ligand complexes,
or strongly adsorbed to colloidal particles. The U\adiiation was applied to the
water at a pH of 4.8 to cause dissociation of the métais organic complexes, or
colloids. The use of a chelating resin such as CHH)@x4in combination with ASV,
has been utilized by many researchers, and various fafrthe resin have been
characterized (Figura and McDuffle 1977, 1979, 1980; Yoesal, 1985). The
methods used during this project were modified, based ondhenEke and Bately
scheme.



HEAYY MF&L& i Mi%} URAL WATERS

CLABSt ciases iASSH Y
oy i e éfmrf wnntia | o i |
i el P ogaric | Lol | | organi | ; w1
i kwim framplosasl  jcomploxss 3 LT ;x@s% @ ;
. 4 C cop s ol owas T §
T etdewelsl  feblls et } : noishi i me‘pniﬁ,ﬁe
r Iafiie ! ackoted oY ' &Wxﬁéaé s | oo
b ooepani opanks ¢ intepics erenirbdd o) bl e
conhenas) i R % inerganic
2Lt L 2 3 Maz | WA bobsa
sabsie ] :
i g :
ST i
: s : . : : :
¥ L4 Y 4 ¥ Yo ¥ ¥
;‘; : MOT ﬁﬁ%ﬂm BY (a48um FILTER .
PETAIMED BY . P
; | DIRECT ASV I ACETATE EL!?:FFL% pH &8 E COTAL METAL MINUS LABILE METAL
i frAE-4m 7 r e -]
o biot s by e".«‘mm ”*M? | Perraesen Iy Cheloe-400  { Mot reenovsd by Ol 100
BLTER i R B PO St - E—— St M
e | Chates 308 3 Ratsased by g . ’ § Fatomand by % ot ralamedd r:f,fi Released Uy | Hot wisased By
: L L matiadion | UY %rml;:::zm ﬁf éw#Mm; Ly mmm 3""»‘ ek U‘w kawﬁsﬂ(zﬁ i
1. £ . el e R S S S — —— e 2 e sl

Figure 1. Diagram of sequential extraction (Florence and Batley 1980), as
presented by Bott (1995).

The main purpose of treating stormwater is to reducelitsrae impacts on
receiving waters. One of the most important charatiesiaffecting the treatability
and fate of heavy metals in stormwater is their aasioai with different particle
sizes. Most stormwater treatment methods include thagathysmoval of
particulates. Since many pollutants of interest areceést®d with particulates in
stormwater, knowledge of the critical size of thesei@aates is crucial for the
design of stormwater treatment. Basic particle sizgiloigions of stormwater need
to be known as well as the associations of the pollsitaih the different sizes.

M ethodol ogy

Sampling
For each sample, six liters of stormwater wasectdld manually into acid

washed HDPE or LDPE sample bottles and then storéitCaintil further
processing and analysis. To date, ten samples haveblssied and are described



in Table 3. Collection sites were either roof runafsheetflow runoff from the

Tuscaloosa, Alabama area.

Table2: Sample collection information.

Sample | Sampling
No. Date Site Description Type of Sample
sheetflow runoff
1 7/25/2004 Local mall parking lot in front of storm
drain inlet
2 7/26/2004 | Departmentstore roof | o oome
runoff
sheetflow runoff
3 8/20/2004 Courthouse parking lot | in front of storm
drain inlet
4 | 81202004 Roof runoff from Grab sample
courthouse
Drain from upper
5 8/20/2004 parking deck and roof Grab sample
of courthouse
Roof runoff from
6 8/20/2004 building next to Grab sample
courthouse
sheetflow runoff
7 1/13/2005 courthouse parking lot | in front of storm
drain inlet
Roof runoff from
8 1/13/2005 courthouse Grab sample
Drain from upper
9 1/13/2005 parking deck and roof Grab sample
of courthouse
Roof runoff from back
10 1/13/2005 of engineering building Grab sample

Sample Processing

The processing and analysis scheme for each stormseatgle is shown in
Figure 2. Each water sample was first processed byirgpline sample into
homogenous fractions using a Defricone splitter. One split sample was set aside
as the “unfiltered/unsieved” fraction, three otherssiering through the 250, 106
and 45um sieves, and the last for use in filtering the satiugh the 10, 2, 1 and
0.45um filters.
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Figure 2: Sample processing scheme

Sormwater Analyses

Each unfiltered/unsieved water sample was analyzadt@irsolids,

turbidity, pH, alkalinity, hardness, total phosphoiaus)] chemical oxygen demand
using the standard procedures listed in Table 3. Each samaplalso analyzed for
toxicity using the MicrotoX Test System and for metals using voltammetric methods
with an Epsilon™ Electrochemical Analyzer and CongaiGrowth Mercury

Electrode (CGME). Particle distributions were detasdiusing a Beckman

Coulter Multisizer™ 3 Coulter Counter. The sieved andritl fractions were also
analyzed for total solids, turbidity, pH, total phosphaand chemical oxygen



demand according to the methods listed in Table 3. Iniaddihey were analyzed
for toxicity and heavy metals using ICP-MS.

Table 3: Analytical proceduresfor analysis of water samples.

Analytical Parameter Analysis Method
pH EPA Method 150 (Standard Methods 4500-H".B.)
Turbidity EPA Method 180.1 (Standard Methods 2130.B.)

EPA Method 365.2 (Standard Methods 4500-P B, 5 and

Total Phosphorus P.E)
Chemical Oxygen Demand EPA Method 410.4 (Standard Methods 5220.D.)
pardhess, Total — fitimetric EPA Method 130.2 (Standard Methods 2340C)
Alkalinity (Titrimetric, pH 4.5) EPA Method 310.1
Solids, Total EPA Method 160.3 (Standard Methods 2540B)

The filtered fraction of each sample was subjectedsegaential extraction
procedure. Each fraction was exposed to ultraviolet f@hsix hours while
continuously being stirred in a Rayonet Chamber ReactordYdeer to cause
dissociation of metals from organic complexes oroaddl. The portion of the same
filtered sample will also be exposed to Chelex-100 iarhange resin using a batch
procedure in order to separate ionic metals from metalsgdy bound to metal-
ligand complexes or those strongly adsorbed to colipadicles. For each 100mL
of filtered sample, 5g of Chelex-100 resin is added andahwle is gently shaken
for one hour on a shaking table. After the Chelex axggghe sample is again
filtered through a 0.45um filter and a portion put asidaerfetals analysis. After
Chelex exposure, the rest of the sample is then W@diated for 6 hours and
processed for metals analysis.

Reaults

Figures 3-5 are representative preliminary plots fronfitse10 samples
collected showing concentrations after filtering theagkes through the different
sized sieves and polycarbonate membrane filters. Figumad 4 show the decrease
in the concentration of total phosphorus and chemicaj@xylemand, respectively.
The general trend is towards a decrease in pollutant coatien with a decrease in
particle size. Obviously, concentrations should all e@se with filtration. However,
there were periodic jumps in concentrations for sooraitions, reflecting
variability in the analytical method and the samplediiag. Figures 5 and 6 show
the measured changes in total solids after sieving aadrfdt through different sizes
apertures. As expected, the general trend is a loweentmtion of total solids as
the particle size decreases. All samples were arihlyziag three different apertures
of the coulter counter that then could be combined tordtveeentire size range of
0.45 to over 250 pm.



R = & R R N

=]

Total-P (as PO,*) mg/L

Figure 3: Total phosphorus associations with particle sizesfor preliminary
samples (separations with sieves and membrane filters).
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Figure4: Association of chemical oxygen demand with particle size for
preliminary samples (separations with sieves and membranefilters).
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Figure4: Total solidsconcentrations after filtering through sievesand
membrane filters.
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Figure5: Particle sizedistributions of preliminary samples.



Preliminarily, results using Anodic Stripping Voltammetoymeasure dissolved
metals in solution have found all four metals of ingestill present in the 0.45um -
filtered fractions, with Zn normally being present ie tiighest concentration. The
range of Zn concentrations so far has been les0tbang/L to almost 1 mg/L.
After exposure of the same fractions to ultraviolettlighe concentrations of most
of the metals increase slightly, and in the casenptZn concentration can double
indicating a dissociation of metals from organic comeeor colloids. Results
using the Chelex-100 ion exchange resin have not fullg bealyzed at this time.
Previous results using the Chelex-100 resin showed thatahtist Zn, Pb and Cd
were present in ionic forms and removed by the ion-exgdaesin whereas only
around 30% of copper was ionic and removed from solution.

Discussion

Most stormwater treatment efforts involve the physieaioval of
particulates. In order to better design sedimentatmmstater treatment devices, it
is important to understand what pollutants are associatbdlifferent sized
particulates and how they may be controlled during the vahad the particulates.
Although results from our most recent samples havgetdbeen fully analyzed at
this time, previous results from this laboratory havenhesed to show the
concentrations of pollutants remaining after controllingplarticle sizes ranging
from 20 to 0.45um. These concentrations are shownhbie®a The corresponding
percentage reductions are shown in Table 5.

Table 4. Average Remaining Concentrations after Controlling for Different
Sized Particles

Residual Concentration after Removing all Particulates
Greater than Size Shown (mg/L, unless otherwise noted)
Unfiltered 20 um S5um lpum | 0.45um

Total Solids 178 106 102 86 84
Suspended Solids 94 22 18 2 0
Turbidity (NTU) 53 30 24 4 2
Total-P 0.38 0.12 0.07 0.04 0.03
Total-N 2.13 1.50 1.25 1.38 1.63
Nitrate 0.6 0.60 0.60 0.53 0.50
Phosphate 0.8 0.23 0.18 0.15 0.10
COD 99 51 48 47 52
Ammonia 0.26 0.17 0.14 0.12 0.11
Cadmium [1g/L) 4.9 3.9 3.8 3.8 3.8
Copper [1g/L) 24.6 18.3 16.2 17.8 15.6
Lead (1g/L) 15.7 9.2 6.0 3.7 2.8
Zinc (ug/L) 179 64 53 53 51
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Table5. Average Percentage Reduction in Pollutants after Controlling for
Different Particle Sizes

Percent Pollutant Reduction after
Removing all Particulates Greater
than Size Shown

20um  5um lpum  045um
Total Solids 40% 43% 52% 53%
Suspended Solids 76 81 98 10(
Turbidity 43 55 92 96
Total-P 68 82 89 92
Total-N 30 41 35 23
Nitrate 0 0 12 17
Phosphate 71 78 81 88
COD 48 52 52 47
Ammonia 35 46 54 58
Cadmium 20 22 22 22
Copper 26 34 34 37
Lead 41 62 76 82
Zinc 64 70 70 72

Some pollutants can be reduced by a reduction in paresulstich as suspended
solids, total phosphorus and most heavy metals. Othert@iais, such as nitrates, are
reduced much less, even after filtration down to Qa5

Most well designed wet detention ponds remove most pkatigsudown to about 1 to
5 um, depending on the rain conditions and drainage aredlepands may only
be able to remove the particulates down to abopt20while no pond can remove
the filterable fraction by physical removal procesdese Of course, samples for
other locations and situations would likely result in différdevels of control.
However, the predicted level of control associated péttticulate control at least to
1 to 5um are close to what is expected for a well-designeadietention pond
designed for the control of these particulates, Withexception of copper which
would normally be better controlled than indicated \liils data. These data enable

us to specify the level of treatment of particulateshitain specific pollutant
treatment goals.
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