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ABSTRACT

Urban runoff usually contains significant amounfsooganic and inorganic
colloidal particles. Due to their high surface aama associated surface charges,
these colloidal particles become a strong bindittg and carriers to many
contaminants found in the runoff. This paper préeseour study on the
physicochemical properties and behaviours of silamad humic colloidal
particles found in urban runoff under different alated pH conditions. Four
optical characterisation techniques, namely (1) Wyectroscopy; (2)
Fluorescence spectroscopy; (3) Size exclusion catognaphy with UV
detector and (4) Dynamic light scattering were useeixamine and evaluate the
colloidal properties and behaviours. It was fouhdttthe colloidal particles
under both acidic and alkaline conditions exhibitad distinct bimodal
characteristic in particle size distribution. Pklainterpretation of the four
optical characterisation results revealed thainfisence of pH on the colloidal
particles were more prominent at alkaline condgjornhere a strong growth of
larger colloidal particles as a result of aggregatnd/or dissolution of humics,
fulvics as well as biopolymers and their precurseese observed. This study
showed that the colloidal particles behave diffdyeander acidic, neutral and
alkaline conditions, which has an important impgii@a on the water quality and
its immediate water treatment processes required.

Keywords. urban runoff, colloidal particles, contaminantsngport, silica,
humic substance.

INTRODUCTION

Urban runoff usually contains a wide range of cleainand biological contaminants.
These contaminants include organics (e.g. oil, grehumic substance, hydrocarbons),
inorganics (e.g. metals, silica and nutrients) pathogens, which often cause severe
water quality problem that results in detrimentapacts on ecology and biodiversity of
receiving water bodies (Schiff et al. 2003; Wal€l®£). The contaminants are usually
present in either solid, colloidal or dissolved gd® The partition of contaminants
between these phases depends on various envircainf@etors, and one of the more
prominent factors is the pH condition. The degteewhich the contaminants in
stormwater are being partitioned to particles, a@dll and dissolved states has an
important implication for their transport in receiy water bodies, as well as their
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bioavailability and inherent biological effects.

Among the partitioned phases, colloidal phase hasnbconsidered as the most
important area in contaminants transport becausehef high surface area and
associated surface charge. In general, colloidsdafimed as particles of size in the
range of 1 to 1,000 nm. Humic and silica colloigarticles are the major binding
substrates for contaminants transport becauseeofdbsociated surface charges. Awan
et al. (2003) reported that silica particles casoald metal ions onto its surface.
Similarly, He and Wang (2011) observed the adsomptof polycyclic aromatic
hydrocarbons (PAHs) on humic colloidal particlehiey observed that the aromatic
properties of humic substances are the main uridgrfactors to transport PAH; where
they are interacted via-n electrons transfer mechanism. Sharma et al. (1885)d
that the transport of bacteria in sandpacks inectagen their negative surface charge
also increased. Fletcher and Loeb (1979) foundpbsitively-charged surface attracted
more bacteria than negatively-charged surface.

As most of the contaminants in urban runoff arenobwo colloidal particles, the
bioavailability and inherent biological effects dileely to be strongly affected by the
pH conditions. While the particle bound contamisaahd their transport within the
urban environment is reasonably well understoog4Ret al., 2006; Kang et al., 2007;
Badin et al., 2008), there has been limited undadshg of colloidal particles in
stormwater and the environmental influence of pHdittons on them (Grout et al.,
1999; Zgheib et al.,, 2011). Existing stormwatereratures focuses mostly on
particle-bound or dissolved phases of heavy metatgnics, pathogens or nutrients.
Considering the limited available information ore tbolloidal particles in stormwater,
this study aims at evaluating the physicochemidadracteristics and behaviours of
colloidal particles at different simulated enviroemtal pH conditions.  This
knowledge will allows us to understand contamingpéstition under different pH
conditions which in turn, will inform the water &@nent operators to optimise their
removal efficiency in water treatment processeshsas coagulation, filtration,
ultraviolet disinfection and others.

MATERIALSAND METHODS

Stormwater samples were collected from urban drainfour different locations in

South East Queensland during rainfall events. The focations covered medium
density residential area (S1), low-density residérdrea (S2), street runoff (S3) and
green park runoff (S4). All the stormwater samplesre collected in polypropylene
tubes that were pre-washed with nitric acid (HN@nd milliQ water. This was

followed by samples filtration through 1i2n glass fibre filter (GF/C Whatman). The
pH of the solution was adjusted by adding HCI oONKiinto the filtrate to achieve the
respective simulated pH conditions (pH 3, 5, 7a®d 11). Each pH-adjusted solution
was analysed using four different optical spectwpgccharacterisation methods of (1)
UV spectroscopy, (2) Fluorescence spectroscopygk@tation emission matrix, EEM),

(3) Dynamic light scattering (DLS) particle sizealysis and (4) Gel permeation
chromatography equipped with UV detector.
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UV Analysis

The stormwater samples adjusted to various pH ¢@mdi were analysed using UV
spectrometer (Varian 50 Bio). The instrument wasrated at bandwidth 1 nm, with
quartz cell of 10 mm path length, wavelength of 1®@00 nm and at a scanning speed
of 190 nm/min (slow). In this instance, the photdmneeaccuracy was 0.004 Abs at 1.0
Abs.

Fluorescence Analysis

Three-dimensional fluorescence spectra (EEM) werdtaioed using a
spectrofluorometer (Perkin Elmer LS 55) with a wawgth range of 200 nm to 500 nm
(for excitation); and 280 nm to 500 nm (for emisgioThe spectra were taken at an
incremental wavelength of 5 nm in excitation; anah2 in emission. The EEM value of
blank (MQ water) data was subtracted from the a®alysamples for blank correction.
The data obtained from EEM was analysed using Maftd=xcel.

Particle Size Distribution Analysis

Particle size distribution was measured by dyndigit scattering (DLS) method using
Zetasizer NanoZS (Malvern). Humic and silica p#&tcwvere selectively measured by
selecting their refractive indices (humic refraetimdex 1.33; and silica refractive index
1.20) during analysis.

Size Exclusion Chromatography Analysis

Size exclusion analysis was carried out using HE-§khimadzu, Japan) that consisted
of column (TSK Gel G3000SWxI) with UV detector (SRI20A, Shimadzu, Japan). A
flow rate of 1.0 mL/min was used for elution of &/8NaCl in 0.05M phosphate buffer
solution. The samples injection volumes of 100 drewsed.

RESULTSAND DISCUSSION

UV Analysis

UV absorption spectra (190-400 nm) provide infoioraton both the nature and
quantity of substances, their functionality composichange and alteration in colloidal
particles (Korshin et al., 1997; Aryal et al., 2D1The method has also been used for
inorganic analysis: Aspanut et al. (2008) used ectroscopy to quantify the silica
colloidal size. They observed an increase in UVodtence with silica particle sizes.
Fardad and Massudi (2007) applied UV spectroscopyntlerstand the environmental
effect on metal oxide nanoparticles. They obsersedilar spectra for analogous
particles but a shift towards larger wavelength esdenced at higher pH values.

Figure 1 shows the UV absorbance of colloidal pkasi in four stormwater samples
(S1-S4) at pH 3, 7 and 11, respectively. All foamples had similar UV spectral
intensity, as well as their trend under both aciaind neutral pH conditions. Under
alkaline condition, the spectral intensity was adimtwo times higher at the lower
wavelength range (190-205 nm). This result shovilsidal particles behave differently
to a greater extent under alkaline conditions thamacidic condition.
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Fig. 1 - UV spectra of samples S1-S4 at differgthicpnditions. (a) pH 3; (b) pH 7 and
(c) pH 11.

Fluorescence Analysis

Fluorescent spectroscopy is one of the most progianalytical tools to identify the

nature of organics based on their properties. Tgectsa also known as excitation
emission matrix (EEM), and has been widely useddémtify the nature of organic

substances found in water, stormwater and waste{@ren et al., 2003; Sheng et al.,
2006; Aryal et al., 2009).

Figure 2 illustrates the fluorescence spectra ofpga S1 under different simulated pH
conditions. The spectra (Ex:Em 200-500nm:280-500sm)wed a significant pH

influence on fluorescence intensity for colloid fpdes. Among the three spectra, pH3
spectra exhibited peak at a lower excitation anésgon region (Ex 200-250nm and
Em 280-330nm). At neutral pH, the spectral chargtties are similar, but the peak
intensities are lower than the pH3 spectra. Howeatealkaline pH, the peak intensity
area was found to widen to a higher Ex and Em rediéx 200-500nm: Em

330-500nm). When the fluorescence intensity of @amat neutral pH was made as
the reference point, the lower pH samples (i.e 3phihd 5) was found to have 2.5 times
higher intensity peak whereas the higher pH sampkespH 9 and 11) have only halve
of the peak intensity at Ex:Em region 200-280nm0-280nm (e.g. amino acids,

peptides and biopolymers). At excitation emissiegion of 280-500nm: 380-500nm
(e.g. fulvic and humic substances), samples atri@and higher pH had 1.8 and 10 times
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higher intensity, respectively. Under acidic pH dibion, the peak appeared at lower
wavelength is possibly due to the amphoteric nadfingroteins and their precursors in
which case their existence have been verified. Vail alkaline pH, both the proteins
and its precursors, as well as the humics are koaral this is why a broader spectrum
of organics was observed.
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Fig. 2- Fluorescence spectra of colloids presesaimple S1 under different simulated
pH conditions (a) pH 3; (b) pH 7 and (c) pH 11.

Dynamic Light Scattering Analysis

Dynamic light scattering (DLS) is a technique usedneasure the Brownian motion
(diffusion) of the particle and its subsequent sdistribution (number) within the

solution. In this instance, the DLS was used tadtthe colloidal behaviour in

stormwater. Particles were measured at two difterefinactive indices (1.33 for humic;
1.22 for silica). Figure 3 illustrates the sizetdbution of particles by volume (%) in
sample S1 at three different pH conditions of pH and 11 respectively.

At neutral pH, the distribution exhibited a unimbdaaracteristic (50-200 nm) showing
the continuum in particles size within the samj@eth acidic and alkaline pH shifted
the unimodal to bimodal distribution charateristié®esults showed that acidic or
alkaline pH favours the formation of smaller, adlves larger colloidal particles. At
acidic pH, the abundance of smaller-size colloidas welatively low. This was
consistent with the fluorescence result mentiorteaa. The result reflects that pH is
an important factor in colloidal distribution withenvironmental stormwater samples.

Size Exclusion Analysis

Size exclusion chromatography (SEC) is a technigged to understand the particle
sizes of organics and inorganics present withirstimaples. In this method, the colloidal
particles in solution are separated according ®&irtkize. The media uses porous
particles to separate molecules of different siZsparation is achieved when the
particles passed through the pores of the packetgnmal. The larger particles will elute
prior to the smaller particles.
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Fig. 3- Particle size distribution of humics (led)d silica (right) in sample S1 at pH 3
(a, d), 7 (b, e)and 11 (c, f).

Figure 4 illustrates the size distribution of calal particles in sample S1 at pH 3, 7 and
11, respectively. It should be noted that the isitgrscale of Figure 4c is 5 times higher
than that of Figure 4a and 4b. The dotted lineasgnts the colloidal size present in the
peak region. At neutral pH, the peak intensity andth were narrow. At acidic pH,
ratio of smaller to larger particles was low andk tratio increased with pH. This is
because most of the inorganic colloids and fulyjetorganics are dissociated and/or
dissolved at acidic pH while many inorganics sushmeetal ions are precipitated and
some organics of high molecular weight are dissblstech as humics and biopolymers
at higher pH. Precipitation of metal ions and digson of humic and biopolymers may
increase volume/number of colloids. Broader andns¢ peaks around 5 to 9 minutes
for (at) alkaline pH provide justification for thabservation. In this instance, the earlier
peaks at 5.5 min are biopolymers whereas laterpaadund 8 min are humics and
fulvics type substances.
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Fig. 4- Size distribution of colloidal particles sample S1 at different pH conditions of
pH 3, 7 and 11 and UV wavelengths of 210 and228 nm.
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CONCLUSIONS

The influences of pH on colloidal particles founad stormwater was studied, by
analysing the colloidal samples (<1.2 um) usingr fdiiferent optical spectroscopy
characterisation methods.

e UV spectra showed differences in absorbance irtienat different pH
conditions. The differences in absorbance intensiye identified to be owing
to the shift in colloidal particle sizes at higlp¢t in stormwater.

 The fluorescence spectra showed a significant enfte of pH on the
fluorescence intensity of colloids, as well as t{heak appearance location.
Almost 2.5 folds higher intensity was found at lovigx:Em region for lower pH
condition while, nearly halves of the intensityh&gher pH condition. It was also
examined that almost 1.8 and 10 times higher intteas higher pH with respect
to fluorescence at neutral pH, which indicates thath acidic and alkaline
environment influences the physicochemical propsrtand behaviors of
colloidal particles significantly.

e Particle size distribution analysis showed bimodadtribution of colloidal
particles at acidic and alkaline condition, whereasntinuum unimodal
distribution characteristic was examined at neytkdl The result reflected the
presence of different types of contaminants innsteater which might have
drawn an electrostatic attraction charge towards tolloidal particles at
different pH conditions.

» Size exclusion chromatography shows a strong groeftHarger colloidal
particles at higher pH condition, indicating theyeagation and/or dissolution of
humics, fulvics as well as biopolymers and theeqoirsors.
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