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Executive Summary

The effectiveness of a number of reportedly low cost sorbents a removing arsenic
(0.0045 mg/L), copper (0.13 mg/L), cadmium (0.0002mg/L), lead (0.003mg/L), and zinc.
(0.120 mg/L) from UBC storm-weater to beow discharge limits as defined by guiddines
issued by the federd and provincid governments, was examined as a preliminary step
towards the design of a stand-aone storm-water filtration system, within budget.

Two different kinds of tests were carried out to evauate the sorbents; the first set of tests
was used to identify appropriate sorbents, whereas the second test provided error
andyss.

The results of these tests showed that most of the low cost sorbents tested (Peet, Yeest,
Coffee, Compost, and Fe-oxide coated sand) were incapable of treating the University of
British Columbia storm water discharge a the Booming Grounds outfal done. Industrid
grade chitosan from Vanson Haosource was the most effective treatment sorbent for
heavy metals. It reduced Cu (dmost to compliance level) and Zn (below compliance
levd) & a highest effidency of 0.0070 mg/mg chitosan and 0.006 mg/mg chitosan
respectively. It somewhat trested lead to below compliance and instrumentation
sengtivity of 0.000Img/L. It aso reduced the cadmium concentration to below the
detection limit of 0.0002mg/L and the compliance leve of 0.017mg/L.

Based on the study conducted, trestment of the storm water runoff a the Booming
Grounds outfal would require a cost of between $150 and $1200 based on the flow rate
and load of Zn during the rainfdl event.

Before this sorbert is implemented in a design, further testing over a broader range of

metds concentrations must be conducted. The life of the chitoson media must be



determined as well as possble recharging and reusing techniques. The effectiveness over
a variation of ®lution chemistries (such as concentration Ca#* and pH) must be examined
as well, dong with the kinetics of the sorption to optimize sorbent concentration and time
requirements for storm-water treatment.

The impact of discharging the untreated storm-water onto a coastal habitat must also be
investigated in the future as wdl, snce agudic life is highly sendtive to these metds

being over-compliance.
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1.0INTRODUCTION
The Universty of British Columbia (UBC) is Stuated on an ocean peninsula,

surrounded by Pacific Spirit Park and a public beach on the outer perimeter. Typicdly,
after a few months dry summer, it darts to rain in October, and continues raining
intermittently until early May. During a given sorm (rain) event, water is collected into
the sform sewer network, and then removed through a number of discharge points, known
as outfals, which either discharge directly into the ocean or into creeks that run through
the park down into the ocean. The qudity of the sormwater discharged through these
outfals is of concern due to the negative effects it may have on organiams in both the
park and the receiving marine environmen.

The qudity of UBC's sormwater was routinely assessed at the maor outfals
over the past year, and the prdiminary results (Coast River Environmentad Services,
2002) indicated that the concentration of a number of metas, namey arsenic, copper,
iron, lead, and zinc, are above that recommended by both the provincidly and federdly
recommended guidelines for the protection of freshwater aguetic life, respectively the
British Columbia Water Quaity (BC WQ) and the Canadian Council of the Minigers of
the Environment (CCME). These guiddines are enforcesble by law, because the metd
compodition of this sorm-water affects coastal aquatic life.

Therefore, as a result of these high metds concentrations in the sorm-water, UBC
may be in contravention of a number of laws including the Fisheries Act, the Waste
Management Act and the Canadian Environmental Protection Act. Fish are not present in
the outfals streams themsdves, but the water does discharge in coastd aguatic habitat

(for more details, please refer to Appendix E — Laws).



The presence of metds in fresh water streams and the marine environment poses a
gonificant hedth threat the aguatic (and surrounding) community. At very low
concentrations, some of these metas are consdered micro-nutrients, however, a higher
levdls — such as are seen in UBC's sormrwater run-off, many metals cause disease and
degth in not only higher organisms such as fish, but dso on ther food supply. For
example, zinc causss the epithdid cdls of gills to become swallen and eventudly dough
off, causang the fish to die of asphyxiation (Lloyd, 1960; Skidmore, 1970; Skidmore and
Tovdl, 1972); copper sdts cause extensve breskdown of the gills (Pequignot, Labat and
Chantelet, 1975) as wel as detrimentad enzyme dterations in hepatic and liver
metabolism (Baker, 1969; Gardner and La Roche, 1973; Jackim, Hamlin and Sonis,
1970); cadmium causes, among other things, hyperplasia, breakdown of the secondary
lemellae of the gills (Ministry of Technology, 1970), extensve gill degeneration (Bilinski
and Jonas, 1973), pathologicd changes in kidney and intestind tract, leading to
imparment of respiratory and extrarend function through reduction in respiraory surface
(Gardner and Yevich, 1970). The combined effects of just these three metads was a
worst, severa-fold more than additive on a response and concentration basis (Eider and
Gardner, 1973), at best, depending on the relative concentrations, the effect was additive
(Eider and Gardner, 1973). A dmilar interaction is found between humans exposed to
higher concentrations of metds (especidly cadmium, arsenic and lead). (For more
information on the hedth effects caused by the exposure of high concentrations of these

metals on both fish and humans, please refer to Appendix G — Metads for a brief

summary).



In order to assst UBC in addressng storm-water quality, the students of CHBE
465 (the chemicd and biologicd engineering project-based course focussed on
rehabilitation of aguatic habitats), with support from the UBC Socid, Ecologicd,
Economic Development Studies (SEEDS) program undertook an investigation on how to
clean up the sorm-water.

After a literature search, it was discovered that contaminated storm-weter is a
common problem in the western civilization due to a combination of coverage of the
eath’'s surface with an impermeable layer of buildings and pavement, and the dispersion
of pollutants (from nonpoint pollution sources such as fetilizers, paking lots,
herbicides, pedticides, fungicides, concentrated anima waste, concentrated wood waste,
congruction and automobiles) that are trangported during rainstorm events into the storm
sewer network. (Refer to Appendix G — Metas for a description of possible sources and
effects that each individua meta poses on the environment.)

Urban storm-water problems can be dedt with in two ways. First, source control
IS necessary to reduce the quantity of flow, and to reduce/diminate the pollutant load to
both the groundwater and the storm sewer network. This is an integrd part of building a
sugtainable campus.  Secondly, pollutants may be immediaidy removed from the storm:
water using a trestment system.

Initidly, many biologicaly based treatment systems were evaduated (such as
wetlands and grass swales, see Appendix F for more information); however, they were
discounted due to the lage land aea necessary (but unavalable) for their
implementation, operating cost and ineffectiveness. Therefore a more compact and

economic treatment method using sorbents was sought.



2.0 OBJECTIVES

The main objective of this project was to examine the effectiveness of a number
of sorbents a removing Arsenic, Cadmium, Lead, Copper and Zinc from UBC sorm-
water to below discharge limits, intended as a preliminary step towards the design of a
gand-aone storm-water filtration system.

An additional objective that was dtated in the project proposad relating scde up
and pilot testing was not addressed due to the complexity and limitations of the sorbents
that were tested. This objective did not have a budget implication.

Tedting was essentid because of the very nature of the UBC storm-water runoff;
tesing was used to determine whether the sorbent could adsorb the maximum heavy
metal concentration found in UBC's storm water. Some values have been found in the
literature for maximum adsorption capacity of the adsorbents, but it is necessary to
conduct on-Site tests because:

The sorm water is contaminated with a cocktall of heavy metds, which may interact
with each other or with the adsorbent differently than if the water were only
contaminated with one metal species.

The adsorption characteristics of the adsorbents may depend on the water
characterigtics. It would be best to test the adsorbents using samples of storm water
from the proposed site.

The sdection of the above mentioned metas to be targeted in the biologicd
filtration sysem was determined by assessing both ther actuad concentration and reative
toxicity in the sormwater. The substances identified in the prdiminay sampling that
superceded regulations were arsenic, cadmium, chromium, copper, iron, lead,

magnesum, mercury, zinc and fecd coliform bacteria Due to gpparent low frequency of
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guiddine transcendence or inherent toxicity, chromium, iron, magnesum and mercury
were dropped from our focus (research time and sampling costs would be increased if
these metds were kept as a reduction target). The focus will be on heavy metds, not

fecd coliform, as heavy metas were consdered to represent a more serious issue due to

their ability to harm aguetic life.



3.0 BACKGROUND ON SORBENTS
Methods for treating heavy meta contaminated waste streams include chemica

precipitetion, membrane filtration, ion  exchange, cabon adsorption  and
coprecipitation/adsorption by sorbents (Baley e d, 1999). Precipitation requires
chemica reagents, and results in the formation of a dudge which is difficult to dispose of
(Sharma and Foster, 1995). Membrane filtration, ion exchange and carbon adsorption
systems require a high capitd investment; additiondly, orntdte regeneration and reuse of
the required materials has many problems associated with it (Sharma and Foster, 1995).

Codst effective drategies need to be employed in treating large volumes of water.
Thus sorbents were selected as a possble basis to treat UBC's storm-water, with cost
identified as a dominant factor in the sdection of a suitable sorbent in water trestment.
Another important factor which was consdered is the adsorptive capacity of the materid;
if the materid was expendve on a per mass bads but is far more effective than any other
method, the overdl cost of the sorbent would actudly be lower than that of an ineffective
sorbent with poor adsorptive capacity.

Natural materials or waste products from industrial or agricultural processes with
large adsorptive capacities can be ided sorbents, since they are abundant in nature,
require little processng, and can be disposed of in a sudanable manner if necessary
(Bailey et al, 1999). These sorbents are referred to as ‘low cost’ sorbents, and are the
largely the subject of thisinvestigation.

Sx man sorbents were tested in this investigation; this section detals why they

were chosen out of the many available sorbents for testing.



3.1 Leaf Compost
Leaf compost was tested as a suitable sorbent since there are studies hat show

certain kinds of leaves and bark provide a surface for heavy metds to adsorb onto
(Adeyiga et d, 1998; Sharma and Forgter, 1994). Unfortunately, since the compostion of
the leaf compost is not known, there are variable ranges of adsorption available for the
different leaves or wood species that could be in the compost (Adeyiga et d, 1998). This
means the effectiveness of the leaf compost will be quite variable as well, depending on
the seasond species found in the compost a any given time in any given pat of the
compost.

The mechanian that compost leaves remove heavy metds with is not dealy
understood; a dgnificant contribution is presumed to come from the leaf mold found
growing on composted leaves. Leaf mold has been studied to have favourable kinetics
and the adsorbance capacity to reduce heavy metds in solution, such as chromium,
nickel, copper, zinc and cadmium (Sharma and Forgser, 1994). The chemi-sorbant
adsorption has a second order reection rate, which means that a low heavy metd
concentrations, leaf mold efficiently and speedily reduces the soluble heavy metd
content. Leaf compost dso has bark in it, which can be an effective sorbent because of its
high tannin content. lon exchange takes place as metd cations displace adjacent phenalic
hydroxyl groups on the tannin, forming a chelae (Randd et a, 1974). One problem with
tannin-containing materias, however, is the discoloration of the water from the phenols,
which can intefere with the metd andyss insrument readings. Overdl, leaf based
wadewater treatment methods are fast, with absorption reaching equilibrium in less than

30 minutes (Adeyiga et a, 1998).



Leaf compost would be a sustainable, low-cost sorbent if the compost originating
from the UBC compost facility on average had appropriate absorbance capacity to treat
the UBC storm-water cocktall.

3.2 Peat Moss
Pest moss is a rddivdy inexpendve and widdy avaladle sorbent, with

adsorption capabilities for a number of different metals (Bailey et d, 1999), which iswhy
it was tested as a possible sorbent for the UBC storm-water system.

Peat is a complex soil materid with organic matter a various dages of
decomposition. It contains lignin and cdlulose as mgor condituents, these condituents
have a vaiety of different polar functiond groups that can be involved in chemicd
bonding (Baley & a, 1999). Because of these functiond groups, peat moss has a high
caion exchange surface capacity, meking it an effective adsorbent for the removd of
heavy metds. Initidly, these functiond groups are charged with cacium, magnesum and
iron (1) ions as well as a smal concentration of heavy metds, in raw pedt; thee ae
exchanged for the more stable heavy metd ion complexes that form instead (Chen et d.,
1990) Isotherms show the cation exchange nature of peet is limited but the complexation
Sites cannot be saturated.

Additiondly, peat moss regeneration can be carried out by passing large amounts
of IM sodium hydroxide solution (NaOH) over the spent peat. This regenerdion,
however, has a poor efficiency (less than 40%) (Sharma and Forster, 1995).

Metd adsorption on peat moss has been quite well studied (Bailey et a, 1999,
Ketman et a, 1993; McCeland and Rock, 1988; Sharma and Forster, 1995;
Tummavuori and Aho, 1980), and the literature values for metal adsorption are provided

in Table 1 at the end of this section.



3.3 Iron Oxide Coated Sand
Iron oxide coated sand (IOCS) is a typica regenerable sorbent used for

wastewater and stormrwater in traditiond trestment methods, wastewater is shunted
through 10CS beds, as it often controls free metals by adsorption. Depending on the pH,
IOCS has a charged surface, which alows soluble metas to adsorb onto it. Once the
IOCS bed is completely saturated with metas, it can be flushed with acid a a pH of 3.0
to resorb these metds and effectively regenerate the adsorption sites for further use (La
et a, 1994).

Literature vdues avaldble for the five metds this report is documenting were
unavailable (Bose e al, 2000). However, since traditional storm-water trestment involves
the use of iron oxide coated sand beds, this sorbent was sdected for testing in order to
check its gpplicability to this system.

3.4 Coffee Grounds

There is little literature avalable on the use of coffee ground as sorbents.
Extensve invedigaions have been caried out on the adsorbent capacity of coffee
grounds of auminum ions. Coffee grounds are documented to adsorb large amounts of
duminum ions as wdl as other miscdlaneous heavy metds unfortunately, metas that
this particular report is concerned with were not quoted (Adeyiga et d). Since duminum
is a typicd heavy metd, this sorbent was tested for it's gpplicability, as the metds this
invedtigation focuses on are of gmilar higher end molecular weights. Additiondly, coffee
grounds are a typica waste product, so reusing them to treat storm-water would be more

sugtainable than smply disposing of them.



3.5 Chitosan
Chitosan is the de-acylated derivative of chitin, a polysaccharide layer that forms

pat of the hard outer shell of crustaceans. Chitin is second only to cdlulose in terms of
abundance in nature, and is a waste product of the crab meet canning industry (Bailey et
al, 1999; Berkeley, 1979).

Chitosan possesses an exceptiond  affinity for adsorbing metd ions, with a
capacity grester than 1 mmol of meta/g for most metds, including arsenic (Balley et 4,
1999). Chitosan can be classfied as a coagulant, as it forms agglomerates comprising of
its long chanlike molecules and charged impurities in dorm-water (Muzzardli, 1977).
Chitosan is soluble in acidic solutions; it is however, non-porous, so it doesn't provide a
large surface area for adsorption to occur. The literature values found for adsorption are
provided in Table 1, given a the end of this section. The arsenic vaues could not be
found in literature, however, derivatives of chitosan are being invedtigated as arsenic
adsorbents. ‘Raw’ chitosan must have some of the properties of its derivatives, therefore,
arsenic should adsorb onto it as well.

3.6 Brewery waste
Brewery waste is the spent yeast remaining from the fermentation in the beer-

making process. Literature shows that brewery waste is capable of adlowing the
adsorption of copper, cadmium and lead, depending on the pH of the stormrwater
(Marques et d, 1999). The literature vaues for a moderate pH level are given in Table 1.
Inactive brewery waste is preferred over active brewery waste, as non-viable brewery
waste has reportedly had better metd binding capecities (Marques et a, 1999).

Additiondly, nonviable cultures do not require nutrition; they do not deveop a
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ressance to the hodile sormwater environment, and they present a reduced hedth

hazard than viable brewery cultures (Marques et a, 1999).

Table 1: Reported adsorption efficiencies

Arsenic Cadmium Copper Lead Zinc
chitosan n/a 559 mg metal / g sorbent* n/a 796 mg/g ™ n/a
brewery n/a 0.112 mg metal / g sorbent dry 0.0381 2072 n/a
waste weight mg/gdw 2 mg/gdw 2
peat moss n/a 58mg/g™ 19.6 mg/g * 230mg/g * 00111 mg/g

'Baley, SE., Olin, T.J, Bricka, RM. and Adrian, D.D. (1999) A review of

potentialy low-cost sorbents for heavy metas, Wat. Res. 33-11: pp 2469-2479.

’Marques, PA., Pinheiro, H. M., Teixeira, J. A. and Rosa, M.F. (1999). Remova

efficdiency of Cu#*, Cd** and Pb** by waste brewery biomass pH and cation association

effects, Desalination 124: 137-144
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4.0 METHODS AND MATERIALS

From a literature review, severd adsorbents were chosen for testing; these were:
leaf compost, pest moss, iron oxide coated sand, coffee grounds, chitosan and brewery
waste. The leaf compost came from UBC's compost facility in October. The peat moss
came from Home Depot. The iron oxide coated sand was bought from Target Play Sand
Incorporated. Coffee grounds were obtained from the Pendulum, an UBC oncampus
retaurant. The chitosan was <andard indudtrid grade, ordered in from Vanson
Halosource in Redmond Washington. Brewery waste was provided by Granville I1dand
Brewery. All sorbents except chitosan were dried at 102°C for greater than 24 hours, and
ther moisture contents are cdculated againg ther ar-dry weight. Each sorbent was
tested in digtilled water obtained from the booming grounds creek sampling Ste. Samples
were prepared in UBC Chemicd and Biologicd Engineering fecilities, while an outside
andyticd laboratory performed heavy metd andyss. Details on specific methods follow.

4.1 Sampling
It was important to collect a sample of highly contaminated water for testing and

design purposes. Preferably, a maximdly contaminated sample would be obtained, such
that design could be based on a worse case scenario. Due to the action of rain, heavy
metal contamination of runoff water occurred in basdines and pesks, with pesks
corresponding to the beginning of a sorm (the first wash of contaminated surfaces), and
intense periods of the rain. The pesks in the runoff experienced a time delay from point
of contamination to point of sampling.

In order © obtain representative results, ssorm water samples were collected at the
Booming Grounds Creek Outfdls, shown in Figure 1, on November 5, 2002, during the

firg flush ran event of a gorm. This sorm occurred after gpproximately two dry months,
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enauring that the storm would wash out

accumulated over the dry period.

a large concentration of heavy metds that had

F4
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‘.‘*;_? -_ 12";... Emlog ?|4 K'"x 2 .!
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™ '::’}*N n-/f"“ TR 15t Ave.
Y A

Figure 1: Booming Grounds Creek and surrounding areat. The arrow points to the
outfals where sampling took place.

The storm water samples were then used for the various sorbent tests.

Because of the unpredictable nature of rain and its intendty, it was impossble to

predict when heavy metd contaminants would pesk in concentration. Thus LaMotte

metd detection method (a portable water quaity meter) was used to determine when zinc

concentration (and thus, the overdl

metal concentration) would pesk. In LaMotte

detection, reagents are added to a sample to complex with zinc, and light spectroscopy is

used to determine the concentration of the complex, and subsequently the zinc

concentration. Zinc was the metd tested because LaMotte meta detection was not

! Greater Vancouver Regiona District. (2002).

Greater Vancouver Regional District Regional Parks:

Pacific Spirit Regional Park. http://www.gvrd.bc.ca/services/parks/pdf/webmaps/Pacificspiritmap. pdf
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aufficiently sengtive for the other metdls. We assumed by tegting only zinc that the other
metals concentrations would pesk at the same time.

The drategy for sample collection included performing LaMotte andyses at
goproximately 15-minute intervals, from the dart of the storm until a pesk was detected
and had passed. The overdl 20 L sample was a collection of smdl 500 ml samples
obtained over a span of gpproximately 30 minutes.

During the firg testing and collection period, a pesk was detected, thus only one
sample collection was required. The pesk lasted for a brief period of time, with much of
the runoff collected during increasing and decreasing periods of concentration.

Suitability of the collected sample was later confirmed by offste andyss for
heavy metals contamination by |CP scans.

The sample water was dlowed to gt in the lab, until dl the particulate and
sediment had settled. Only the clear supernatant a the top of the storage container was
obtained for testing; (excess particulate can interfere with the instruments that are used to
andyze the metd content of the sorm-water.

4.2 Sorbent Tesgting
The adsorptive capacity of each sorbent was tested using a 24-hour shake-flask

test where an amount of sorbent is mixed into a st volume of contaminated sample and
shaken for 24-, presumably long enough for the sorbent to ether reach its adsorption
capecity or completely remove dl heavy metds. Then the sorbent was removed and the
cleared sample was andyzed.

The adsorptive capecity of the sorbent was determined by comparing the heavy

metal concentration of the liquid sample before and after the test.
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4.2.1 Sample Preparation
Samples were prepared in the Chemica and Biologica Engineering laboratories.

The firgt set of shake flask adsorbent-experiments (Set 1), were conducted in order
to assess the efficient-range of sorbent concentrations a which removd of heavy metds
from the sorm-water sample. A range of sorbant-concentrations, were chosen based on
literature reports. The lowest concentration of sorbent required (as reported) or the
‘sorbent capacity’ was interpolated on a log scae over a 3-sample range (for example 87,
260, and 780 ¢g/L for Fe-oxide coaed sand), as generdly, the reationship between
concentration and absorption is hyperbolic.

The second set of shake flask adsorbent-experiments (Set 11) was conducted to
examine measurement error. Not al the sorbents were tested, but only the ones that
showed the most promise or the most scattered results (See Appendix D for detailed
results). The sorbent samples a the highest concentration were assessed as multiple
replicates (n = 1-5) except for chitosan, asit did not arrive in time,

Sample preparation consisted of 4 mgjor steps.

1) Mixing of sorbent and runoff

2) pH determination (for Set I1)

3) shaking; and

4) filtration

In sorbent and runoff mixing, a set mass of sorbent was weighed and added to 150
ml of runoff in a 250 ml Erlenmeyer flask. In Set 11, the pH of the sample was determined
before and after sorbent addition to check for mgor changes, because pH has an effect on

sorbent heavy metd uptake.

15



Samples were covered with a piece of parafilm to prevent exterior contaminant
effects. (Sample preparation is examined in more detal in Appendix C)

Shaking was performed on a standard Belco® Orbita laboratory sheker a a
gpeed setting of 5.

After the 24 hour shake period, samples were filtered and centrifuged, where
necessary, to remove dl solid particles. A standard millipore filter was used to clear dl
samples. For Set 1, a find pH measurement was carried out before filtration. Filtered or
centrifuged solids were discarded and the supernatant was then sent for heavy metds
andyss.

As a control on both sets of experiments, blank shake flasks filled with just storm-
water were adso subjected to the respective procedure, in order to quantify any changes
that occur due to the shaking in the sorm-water aone.

4.2.2 Desor ption
Along with the sorbent samples prepared for testing, desorption in water was aso

examined, conggting of runoff water done were put through the same procedure as
sorbent samples. Sorbent samples were prepared with didtilled water a the highest
sorbent concentration in the Set | of experiments, and at the highest concentration in SET
I, primarily as a check for sorbent heavy metds emisson. Additiondly, in Set 11, a pure
digilled water sample was prepared to test cleanliness of glassware, catch erors in
procedure, and to catch unaccounted for factors.

4.3 Heavy Metals Analysis
Heavy metds andyss is peformed offste a ALS Laboratories usng an ICP for

the Set | of expeiments. Initidly, five metas were tested Arsenic, Cadmium, Copper,

Lead, and Zinc. After Set | results, Arsenic and Cadmium were removed from testing, as
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the concentration was too close to the detection limit of the ICP ingtrument. Hardness and
akdinity were aso tested because of ther effects on the toxicity of heavy metds.
For the Set 1, Atomic Adsorption Spectroscopy (AAS) in flame ionization mode

was used for andysis.
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5.0RESULTS
5.1 Storm Water Runoff Sampling

Figure 2 contains the measured flow-rate, conductivity and concentration of zinc
during the firsd mgor storm event. The pesk concentration of Zn was taken a 8 pm on
November 5", 2002. Sample water used in dl sets of experiments in this report was

derived from water collected after this point.

0.9

——conductivity|
——zinc

Zn (ppm); conductivity(uS/cm)
o o o o o o o
N w S o o ~ o<}
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o
[

7:30 7:44 7:58 8:13 8:27 8:42 8:56 9:10 9:25

time

Figure 2: Monitoring UBC storm event for Zinc and Conductivity. (Conductivity data
was supplied by Nick Page of Coast River Environmental Services.

5.2 Testing of Storm Water Sample for Metals

Appendix D contans dl the data Previous storm water monitoring results a
U.B.C. outfals indicated concentrations of Arsenic (As), Cadmium (Cd), Copper (Cu),
Lead (Pb), and Zinc (Zn), to be above the water quality guiddines. Of these metds, in
our sample water, Copper and Zinc, a concentrations of 0.130 and 0.120 mg/L
respectively, were found to be above water qudity limits.  The concentrations of As, Cd,

and Pb, were below the detection limits of the ICP-AES instrument used for the analyss,
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and thus could not be detected. For al subsequent tests, Atomic Adsorption
Spectroscopy  (AAS) in flame ionization mode was then used (as described in the
Methods) in order to meet the low detection limits for metas As, Cd, and Pb.

5.3 Efficiency of Removal from Set | of Experiments
Detalled results from the testing are in Appendix D.

5.3.1 Fe-oxide Coated Sand
The efficiency of sorption is expressed as amount adsorbed in mg for amount of

sorbent (in mg), as shown in Figure 3. Fe-oxide coated sand adsorbed 1.65 x 10-5mg Zn
per mg sand. Over an increased concentration of sand, the efficiency of the sorbent to
remove Zn from solution decreased. Fe-oxide coated sand did not sorb As, Cu or Ph. Cu

was desorbed at high concentrations of sand.
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Fgure 3: Effect of iron oxide sand on water from one storm-water event

5.3.2 Indugtrial Chitosan
The indudtriad chitosan adsorbed Cu and Zn a efficiencies of 0.007mg/mg and

0.006mg/mg chitosan respectively at the lowest concentration of sorbent used. Sorption
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efficiency exhibited a linear decrease for Cu. Remova efficiency for Zn, did not follow a
linear decrease over the concentration range from 0.025 g/L to 0.25 g¢/L chitosan
(0.006mg/mg), however a a concentration of 25g/L, the removd efficiency lowered
from 0.006mg/mg (at 0.025 and 0.25g/L chitosan) to 0.0007 mg/mg. A logarithmic
decrease in sorption efficiency was observed for remova of As from solution. Industria
chitosan removed Pb from an initid concentration of 0.003 mg/L to a concentration
beow the detection limits of the AAS ingrument (0.001mg/L), which is incidentdly the
compliance concentration of Pb. As an exact find concentration of Pb is not known (due
to the limitations of the testing instrument), remova efficiency could not be shown on
this curve.  The concentration of Cd was below the detection limits of the AAS

instrument and consequently Cd was not reported or tested further.

0.008 0.003

0.007 = Cu Zn
& As —— Linear (Cu) + 0.0025
0.006 — —Power (As)

~ 0.005 -

0.004 -
0.003

sor bent

0.002 -

Amount absorbed (mg/mg
Amount As absorbed

0.001 -

0.000 | | i i 0
0.000 0.500 1.000 1.500 2.000 2.500

Sorbent (g/L)

Figure 4: Effect of indudtrial chitosan on water from one storm-water event.

5.3.3 Compost
Compost removed Zn ad Cu at sorption efficiencies of 0.008 and 0.007 mg/mg

respectivly.  The decrease in efficiency over incressed concentration followed was

20



amilar to a logarithmic decrease. Compost did not remove As or Pb from the storm

water solution.
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Figure 5: Effect of compost on water from one storm-water event

5.3.4 Peat
Peat removed Cu and Zn a efficiencies of 0.005 and 0.002 mg/mg pest

respectively a the lowest concentration of peat used (0.32 g/L). Sorption efficiency of
Cu followed a logarithmic decrease over increased concentration range. Pb was removed

at an efficiency of 0.00008 mg/mg pest (only at the lowest concentration peat 0.32g/L).
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Figure 6: Effect of peat on water from one storm-water event.

5.4 Assessment of mg Metal Absorbed or Released by Sorbents (Set |1 experiments)
As mentioned in methods, for this andyss the remova or desorption of the

metds Cu, Zn, and Pb by compog, peat, waste coffee grounds, and yeast samples a high
concentration was assessed in multiple replicate (n =1-5). Chitosan and Fe-oxide coated
sand were excluded from the andyss (chitosan did not arive in time, while sand was
deemed effective a its given concentration). The average amount of a given metd
absorbed/desorbed in one storm-water event are shown below, from Figures 6 to 9. These
results were quite scattered, and thus had very high sandard deviations (much higher
than the mg meta/mg sorbent itsdlf), which is why the standard deviation has not been
illustrated.

Figure 7 shows the average copper absorbed or desorbed in one storm water
event; peat was the only effective sorbent in this set, as copper was desorbed by dl the
others. Figure 8 shows that al the sorbents desorbed Pb. Figure 9 shows that yeast was

the only sorbent desorbing zinc, whereas al the others absorbed zinc.
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Figure 7: Average copper absorbed/desorbed in one storm-water event (n=3-5, except for
chitosan, wheren = 1)
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Figure 8: Average lead absorbed/desorbed in one storm-water event (n=3-5)
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Figure 9: Average zinc absorbed/ desorbed in one sorm-water event (n=3-5)

5.5 Desor ption of Metals from Sorbentsin Distilled Water (Set | of Experiments)
Some of the sorbents released in water only. For example, the concentration of Zn

in the yeast flask increased after the shake flask experiment. Figure 10 shows the release
profile for Zn a the highest concentration of the sorbentspest, Fe-oxide coated sand,
compost, yeadt, and indudtrid chitosan. Yeast, compost and peat dl reeased Zn in

digtilled water. Lead, copper and arsenic are smilarly shown in Figures 11, 12 and 13,

respectively. Chitosan released avery low levd of arsenic, as shown in Figure 13.
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Figure 10: Desorption of zinc in distilled water & high sorbent concentration (n=1)
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Figure 11: Desorption of lead in distilled water at high sorbent concentration (n=1)
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Figure 12: Desorption of copper in distilled water at high sorbent concentration (n=1)
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Fgure 13: Desorption of arsenic in digtilled water a high sorbent concentration (n=1)
5.6 Overall Treatment Resultsof Storm Water
The find concentration after treatment (usng the mogt effective treatment

method) and the initid concentration are shown in Fgures 14 through 16, reative to

compliance levels for copper, lead and zinc respectively.
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Figure 14: Copper concentration in the sorm-water after treatment (n =3-5, =1 for
chitosan). Bars indicate one standard devition..

Coffee, Indudtrid Chitosan and Peat dl showed potential to treat copper in the
storm-water sample, however a the lowest concentration sorbent used for his trestment
experiment, none brought the concentration below the compliance leve.

Indugtria chitosan and yeast showed potentid from the previous experiments to

remove lead from the sorm water sample.
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Figure 15: Lead concentration in storm-water after treatment (n = 3-5)
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All of the sorbents showed the cepacity to remove Zn from the storm water
sample. Nevertheless, a the lowest concentration used, indudtrial chitosan was the only

sorbent to remove zinc to a concentration below the compliance levd.
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Fgure 16: Zinc concentration in the sorm-water after treatment (n = 3-5)
5.7 pH Observations

The pH recorded before and after sorbents were added stays generdly the same,
with a change of no more than 0.20. Some of the samples are far more acidic than others,
especidly the coffee, yeast and didtilled water samples, which had pH’s of 5.10, 550 and
441, respectively. Storm water pH increased with time by 0.40; peat had no impact on
pH before and after conditioning. Coffee has a stable pH as well, and yeast increased the
pH from approximately 0.16 units. The distilled water and sorbent ‘blanks &l exhibited a
dight increase in pH. (This dataiis shown in Appendix B)

5.8 Design to Treat Zinc with Chitosan During a Typical Storm Event

In order to assess the amount of chitosan required to treat the Zn output in a

typicd storm, a desgn cdculation was caried out. This desgn was based on the Zn
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concentration observed in our sormrwater sample, and water volumetric flow rate (Q)
from a typica previous storm that had been monitored in February 17", 2002 by Coast
River Environmental Services. Figures 17 and 18 show the concentration of zinc and the
flow rate during the sorm event sampled on November 5th, 2002 and a typicd storm

event flow rate.
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Fgure 17: Booming Grounds Creek zinc concentration for one sorm-water event
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Figure 18: Discharge rate for Booming Grounds Creek for one storm-water event.
The amount of Zn flowing per second in the sorm-water, which is the product of

these two graphs, is illustrated in Figure 19. In order to determine the totad mass of Zn in

the sorm water, the aea under the curve from Figure 19 must be obtained.
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Approximating this area usng a triangular shape gives the tota zinc load of 25 920 mg a

aflow of 302.4 nv.

[Zn] * Q (mg/s)

approx. triangle

Time (hr)

2.5

Fgure 19: Zinc load for Booming Grounds Creek for one storm-water event.
Based on the total amount of Zn estimated from Figure 19, and using the cost of

chitosan as 0.0032 centsmg, the following design cost for the zinc and water loads of a

typica storm event at the Booming Grounds outfal was made per sorm.

Table 2: Design cost for zinc and water loads of atypica sorm event at the Booming

Grounds Creek outfal.
Sorbent per volume mg zinc zincremoval | mgsorbent | Cost (9)
(glL) absorbed / mg (mg/L)
sor bent
0.025 0.006 0.006 4320000 138.24
0.250 0.006 0.06 4320000 138.24
2.500 0.00069 0.069 37565217 1202.087
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6.0 DISCUSSIONS AND CONCLUSIONS

6.1 Storm Water Runoff Sampling
The concentrations of As (0.0045 mg/L), Cu (0.13 mg/L), Cd (0.0002mg/L), Pb

(0.003mg/L), and Zn (0.120 mg/L) are smilar to the storm water concentrations obtained
by the Universty of British Columbia Stormwater Sampling Program (Coast River
Environmental Serices Ltd). For example a storm monitored on August 21%, 2001 gave
the following concentrations of heavy metds As (0.014 mg/L), Cu (0.084 mglL), Cd
(0.0006 mg/L), Pb (0.023 mg/L), and Zn (0.24 mg/L). Typicd urban storm water values
are As (.013 mg/L), Cu (0.035 mg/L), Cd (0.008 mg/L), Pb (0.150 mg/L), and Zn (0.150
mg/L) (Stanley Associates Engineering, 1992)

6.2 Efficient Range of Sorbent Concentration
From the results of Anayss 1, it was shown that adsorption efficiency for metds

is decreased as the concentration of sorbent is increased. An increase in the concentration
of sorbent provides more sorption stes for the metals and thus more metals are adsorbed
(Bailey et d, 1999). However it was evident from these reaults, that the increase in the
amount of sorbent used was much greater than the kinetics of metds sorption, thus giving
a lower efficiency of sorption in mg of metd sorbed/mg sorbent. In severd cases the
decresse in sorption efficiency showed a linear or logarithmic path. For example, Figure
3 shows the linear decrease in sorption efficiency of industria chitosan for Cu.

6.3 Metals Adsorbed or Released by Compost, Peat, Coffee and Y east
Set | of the experiment sought to find a useful range of sorbent to remove heavy

metds from the sorm water. It was determined that the use of the low concentration of
sorbent, provided the most efficiency, especidly for chitosan and Fe-oxide coated sand.

Set 1l sought to determine the sorption efficiency of compost, pest, coffee, and yeast a
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the lowest concentration used in andyss 1 (for compost and peet) and reported in
literature (for yeast and waste coffee grinds). Whereas, peat showed a low treatment
efficiency for Cu, compogt, coffee and yeast increased the concentration Cu in solution (a
negative result). Likewise, the sorbents at increased concentrations appeared to increase
the amount of Pb in the sorm water sample. However, compost, peat and coffee dl
removed Zn from solution. These results warranted further investigation.

6.4 Metals Release in Distilled Water
Analyss 3 shows that dl of the sorbants (except chitosan and sand) desorbed

metas when sheken in didilled water in baich experiments  This is not surprising as in a
solution of low ionic grength, such as didtilled water, metds and cations with tend to
ionize into solution (La). Neverthdess, this gives evidence that the use of sorbants as
treetment for metals may exacerbate metd loads. In paticular, yee was shown to
greatly increase the concentration of Zn in digtilled water and in the sorm water sample.
Compost and peat may be a concern as they are routindy used as a soil amendment on
campus.

6.5 Assessment of Treatment Resultsfor Storm Water Sample
Indugtria Chitosan was the sorbent found to be most suitable a removing metds

from solution. It removed Cu (dmost to compliance level) and Zn (bdow compliance
level) a a highest efficency of 0.0070 mg/mg chitosan and 0.006 mg/mg chitosan
respectively. Only yeast and chitosan tested at low concentrations, somewhat treated Ph.
These results were somewhat surprisng as according to literature, of the five metas
tested, Pb is the one that is most readily adsorbed (0.796mg/mg chitosan). However, for
the sorm water of interest, the initid lead concentration was very low (0.003mg/L), and

the concentration after tretment was even lower (below the detection limit and
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compliance level of 0.001lmg/L). Chitosan is dso known to adsorb cadmium with an
efficiency of 0.559mg/mg chitosan. The concentrations of Cd before and after trestment
are both below the detection limit of 0.0002mg/L and the compliance level of 0.017mg/L,
thus this assessment could not be made.

6.6 Design for Treatment of Zn with Chitosan..
Based on the study conducted, trestment of the storm water runoff at the Booming

Grounds outfal would require a cost of between $150 and $1200 based on the flow rate
and load of Zn during the rainfdl event.

The chitosan can be encased into beads, that can be regenerated by usng EDTA
(Ngah . d, 2001; Erosa et d, 2001; Juang and Shao, 2001); these can be encased in a
detention pond, such as the one illustrated below in Figure 20 below. The section cut-outs
and overflow dructure details are given for this pond are given in Figure 21 and Figure
22 bdow. The mantenance details, dimensons and design equetions are dl provided in
pages 3-29 to 3-40 in Volume Il of the Storm Water Management in Western
Washington manud.

These designs propose a structure that can trap or ‘detain’ the storm-water, until
more storm-water arives or the trestment time of the water has been met. Other
treatment strategies that can be gpplied to this sysem are detention tanks and detention
vaults, al which trest the over-compliance storm-water by diverting just the toxic pesk
based on a conductivity reading over the basdine leved, and then letting the under-

compliance volume of weter in the sorm through.
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Figure 20: Typical detention pond. Section cut-out diagramsin Figures 21 and 22°.

2 Washington State Department of Ecology and Water Quality (2001): Storm Water Management for
Western  Washingtion  Volume Ill:  Hydrologic Analysis and Flow Control BMPs.

http://www.ecy.wa.gov/programs/wg/stormwater/manual .html, P. 3-29
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Figure 21: Section cut-outs for detention pond®.
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Figure 22: Overflow structure for detention pond®.

3 Washington State Department of Ecology and Water Quality (2001): Storm Water Management for
Western  Washingtion  Volume 1Il:  Hydrologic Analysis and Flow Control BMPs.
http://www.ecy.wa.gov/programs/wg/stormwater/manual .html, P. 3-30
4 Washington State Department of Ecology and Water Quality (2001): Storm Water Management for
Western  Washingtion  Volume Ill:  Hydrologic Analysis and Flow Control BMPs.
http://www.ecy .wa.gov/programs/wg/stormwater/manual .html, P. 3-31
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7.0 FUTURE WORK
The current study showed that most of the low cost sorbents tested (Peat, Yeast, Coffee,

Compost, and Fe-oxide coated sand) were incgpable of treating the Univergty of British
Columbia storm water discharge a the Booming Grounds outfdl. However, indudrid
grade chitosan from Vanson Halosource shows promise as treatment sorbent for heavy
metals. Before this sorbent is implemented in a design, further testing over a broader
range of metals concentrations must be conducted. The life of the chitosan media must be
determined as wdl as possble recharge techniques. As wdl, its effectiveness over a
variaion of solution chemistries (such as concentration C&* and pH) must be
determined. The kinetics of the sorption must dso be sudied in detall, in order to
determine the most efficient sorbent concentration and time required to treat the storm-
water.

Additiondly, the impact of discharging the untrested sorm-water onto a coastal habitat
must dso be investigated, sSnce aguatic habitat is highly susceptible to these metds being

over compliance..
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APPENDIX A: PROPOSAL

SUmmary

This is a proposad to discover a viable remediation technology to trest heavy
metds from UBC's sorm-water runoff. In prdiminary tesing of UBC's storm-water
runoff, severa heavy metals (Cadmium, Copper, Lead, Zinc and Arsenic) were found to
be above the BC Water Quality (BCWQA) guiddines for marine life. An overabundance
of heavy metals can cause harm and often death to the organiams living in and around the
water.  With regards to UBC's policy towards sustainability and minima environmentd
impact, heavy metad contamination is a very important issue that needs to be addressed.
In collaboration with UBC Plant Operations, and as part of a SEEDS (Socid, Ecological,
Economic Development Studies) project, the CHBE 465 — Aquatic Habitat Remediation
cdass will examine a prevdent exiding sormrwater trestment technology as wdl as a
newer and more innovative method to remove heavy metds from UBC's sorm-water.

The exiging technology being focussed on is sand filtration, snce sand is
commonly used to treat sorm-water. Asde from that, other low cost adsorbents will be
investigated as potentidl mediums to adsorb the heavy metas out of the storm-water.
After checking the avalable literature on severd adsorbents, nonliving organic and
inorganic adsorbents were selected for this application, since they are more effective a
adsorbing heavy metds over a rdaivdy smdl land areq, than living organic adsorbents
are.

Of these adsorbents, the most effective ones will be examined as pat of this
project. Laboratory tests will be conducted to determine the heavy meta adsorptive rate
and capacity from UBC's runoff usng agae, solid brewery waste, coffee grounds,

chitosan, iron oxide coated sand, peat moss, wood and leaf compost.
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After the laboratory tests, the design of a treatment system will be conducted
based on a 2-year dorm. The specific god of the treetment sysem will be to remove
arsenic, cadmium, copper, leed and zinc out of storm-water from the Booming Grounds
Outfdl to beow recommended vadues from the BC Minisry of Water, Land and Air
Protections- BC Approved Water Quaity Guiddines. The project cost is $5000 and the
ddiverables include a report outlining the findings of the laboratory tedts,
recommendations regarding the applicability of adsorbents that have been tested and a
vidble treatment sysem desgned specificdly for the UBC dormwater sysem. This
project is expected to be completed by the end of the year 2002.

A.1Introduction

“Water is H20, hydrogen two parts, oxygen one,

But thereis dso athird thing, that makes it water

And nobody knows what that is.”

-DH Lawrence (1885-1930)

The prdiminary sampling of UBC's sorm-water runoff program, conducted by
the CHBE 465 class of 2001, indicated that the discharge of toxic substances (as defined
in the Canadian Environmenta Protection Act) a the mgority of storm-water runoff
outfalls exceeded both the Provincid Approved Water Qudity Guidelines as wdl as the
Federd Environmenta Qudity Guiddines. As a consequence, UBC is in contravention
of the federd Fisheries Act, the Wase Management Act, and the Canadian
Environmenta Protection Act. According to the Fisheries Act, Chapter F14, line 35. (1)
“No person shdl cary on any work or undertaking that results in the harmful ateration,

disuption or dedruction of fish habitat”; additiondly, the Act dates on line 36. (3)



“Subject to subsection (4), no person shall deposit or permit the deposit of a deleterious
subgtance of any type in water frequented by fish or in any place under any conditions’.
Other regulations being refracted include BC Waste Management Act dating that it is
agang the law to discharge hazardous waste to the environment and onto fish habitat, as
well as onto recregtiond areas, which include primarily the beaches around UBC.

In order to assst UBC in addressing this issue, the students of CHBE 465 (the
chemicd and biological engineering project-based course focussed on rehabilitation of
aguatic habitats) undertook an investigation aimed at dleviating this problem.

Contaminated storm-waeter is a common problem in the western civilization due to
a combination of coverage of the earth’s surface with an impermesble layer of buildings
and pavement, and the disperson of pollutants (from nortpoint pollution sources such as
fertilizers, parking lots, herbicides, pedticides, fungicides, concentraied anima wadte,
concentrated wood waste, condtruction and automobiles) that are transported during
rangorm events partidly into the groundwater but mostly into the slorm sewer network.

Urban storm-water problems can be dedlt with in two ways. First, source control
is necessary to reduce the quantity of flow, and to reduce/diminate the pollutant load to
both the groundwater and the storm sewer network. This is an integra part of building a
sustainable campus.  Second, since it takes too much time to reverse the damage done by
the exiding infradructure, and aso in order to invoke others to change ther polluting
ways, pollutants should be immediately removed from the sorm-water runoff usng a
treatment sysem. The latter can be expensve (both the initid investment and on-going
operating costs), and will result in potentialy another problem with regards to what

should be done with the collected contaminants.

45



As the project team is a group of students in Chemica and Biologicd Engineering
sudying aqudtic habitat rehabilitation, and snce the project timdine is only three months
long, only two mgor treatment sysems are being investigated. One is based on a
conventiona treatment system (sand filtration), and the other is based on usng low-cost
adsorbents. A review of severd treatment systemsis attached.

The overdl god of this project, is to develop a sand done filtration system to
reduce the concentration of Arsenic, Cadmium, Copper, Lead and Zinc to below the
water quaity guiddines of the Canadian Environment Protection Act (Schedule 1). These
guiddines are comparativdly smilar to the British Columbia Approved Water Qudity
Act and the Canadian Council of Ministers of the Environment.

The sdection of the above mentioned metas to be targeted in the biologicd
filtration sysem was determined by assessng both the actual concentration and reative
toxicity of the substance in the stormrwater. The subgtances identified in the preiminary
sampling that superceded regulations were Arsenic, Cadmium, Chromium, Copper, Iron,
Lead, Magnesum, Mercury, Zinc and Feca Coliform Bacteria Due to apparent low
frequency of guiddine transcendence or inherent toxicity, Chromium, Iron, Magnesum
and Mercury were dropped from our focus (research time and sampling costs would be
increased if these metals were kept as a reduction target). The focus will be on heavy
metas, not Fecd Coliform, as heavy metds were conddered to represent a more serious
issue due to their ability to harm aguatic life.

The god of this testing is to determine whether the adsorbent can adsorb the

maximum heavy metd concentration found in UBC's sorm water. Some vaues have
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been found in the literature for maximum adsorption capacity of the adsorbents, but it is
necessary to conduct on-site tests because:
The sorm water is contaminated with a cocktall of heavy metds, which may interact
with each other or with the adsorbent differently than if the water were only
contaminated with one metal species.
The adsorption charecteristics of the adsorbents may depend on the water
characterigtics. It would be best to test the adsorbents using samples of storm water
from the proposed site.

Samples will be collected in 4L acid-washed containers during the firg flush (3
hours) rain event of a sorm. All samples and tests will be conducted within one week of
sampling in order to avoid microbid dteration of samples and results.

The objective is to assess which adsorbent(s) can effectively treat the maximum
metals concentraetion found in UBC's sorm water run-off.  Maximum adsorbent-
capacities for each adsorbent have been reported previoudy however it is necessary to
conduct our own tests to ensure trestment efficiency before implementing a full-scae
trestment system.

In order to design a filtration system, testing of various metd adsorbents is
necessary as UBC's storm-water is unique and the efficiency of metals adsorption by the
adsorbents has not yet been tested.

Mog specificdly, the short-term tasks of the project are:

1. To examine the behavior of heavy metds in the storm water.

2. To use dandard methods to test the efficiency of adsorbents in remove heavy

metas.
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3. To use the results to examine the technica/economica feashility of two
treetment methods (conventiona system and nontconventiond) to eiminate heavy metds
in UBC's storm-water.

This Document is a proposd providing an overview of this project, outlining
design consderations, sources of information, funding and project scheduling. Alternate
solutions and exiding forms of this dedgn are discussed and critiqued. Projected
financid requirements are provided, as are project Gantt and milestone charts.

A.2 Scope of Work

A.2.1. Task 1— Identify the properties of heavy metals recorded in the storm-
water report to determine design flow and factors that might affect the treatment
system.

Research typicd vaues and characteristics of metas found in typica stormwater
and compare to UBC' s stormwater
Andyse sorm defined data: max flow rate, land surveys
Identify the heavy metds that exceeded water discharge regulations. As, Cd, Cu,
Po, Zn
Research both chemical and physica properties of the heavy metas
A.2.2. Task 2 - Identify the Proper Adsorbentsfor the System
Research methods of heavy metd adsorbents Soil treatment, Wetland, Plants
and Vegetation, adsorbents, Moss, Fungi and Algae
|dentify advantages and disadvantages of the adsorbents chosen.
Select best adsorbents for testing

A.2.3. Task 3 - Test the selected Adsorbents
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Collect 8-15 samples a the Booming ground outfdl during the firs 3 hours of a

sorm.

Determine concentrations of As, Cd, Cu, Pb, Zn in the collected sample, if above

guiddines, usefor laboratory testing

Perform Adsorption capacity tests (repesat testing in different dilutions)

Perform Column tests (repeat testing in different dilutions)

Analyse treated storm-water for heavy metal concentration

Compare the test results and finalise adsorbents to be used in the treatment

system
Methods Advantages Disadvantages Pass/
Fail
Algae Abundant, and rddivelyLive cultures requirePass
Inexpensive, immobilizetion in a matrix,
Sdf-replenishing low uptake rates and high
residence times.
Bacteria Very good absorption withMediums and Fall

ome cations

immobilizetion required, for
gowth and to prevent
contamintion  of  water,

outsde. Comparatively dow|

uptake rates.
Brewery’' swaste Reuse waste  products|High concentretion of| Pass
Cheap to obtain Alcohol Acidic
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Methods Advantages Disadvantages Pasgy/
Fail
Chitosan renewable, natural sources|avalability fluctuateg Pass
nor-toxic, high seasondly, difficult  to
biodegradability extract the pure materids
Coffee Grounds Easy and cheap to obtain Addic Pass
Fungi Abundant, and rediveyLive cultures requirg Fal
inexpengive, immobilization in a mdarix,
SHf-replenishing low upteke raes and high
resdence  times. Need
massve land for growth
Iron Oxide Coated|Very good absorption withneeds to renew materid|Pass
Sand some cations congantly
M oss Easy and cheap to obtain Live cultures requirg Fall
immobilization in a matrix,
low uptake rates and high
resdence  times.  Need
massive land for growth
Soil treatment Effecive to treat heavy|Expansve Fal
metal
Trees/Plants Fast absorption rate Expansve Fal
Wet land Large storage Slow uptake rate, MassveFal
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Methods Advantages Disadvantages Pasgy/

Fail

land required

Wood and Leaf{contain natura ligninMay contain As Pass

Compost fractions

A.2.4. Task 4 - Design the pilot system by using the selected Adsor bents
Design and build a proper pilot system by using the sdected adsorbents
Perform |aboratory tests for the trested storm-water
Quantify the amount of heavy metd remova rate
Predict flow rates that can be tolerated by the system
Edimate a mantenance time scde based on typicd ranfal vaues for the
Vancouver area.
A.2.5 Task 5- Report
Literature review of the dterndive technologies avalable in heavy med
removal
Literature review of the Bio-filtration Channd’simpact on loca habitat
Long-term evauation of the pilot system
Desgn methods for bio-waste product removal
Tabulate long-term budget for maintaining the system
Andyds metd removal rate for the bio-filtration channe
Assessment of the ability of the adsorbents to dlow dormwater to meet

discharge regulations.
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Time permitting, the pilot systlem scadling up congderation
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APPENDIX B: BUDGET AND EXPENDITURES
Thisis the current budget, as of December 20", there are till afew expenses pending.

Person with Purchase

Expense Identification receipt Place Subtotal | GST PST | Total Amount | Total
1Sampling Equipment

sampling equipment Lin Xu Home Depot | $ 54.44| $ 381 $3.79 | $ 62.04

sampling equipment Lin Xu grocery store | $ 16.30| $ 1.14 $ 17.44

4 flasks, 1 box gloves,

stoppers, rack Royann CHBE Stores | $ 116.70 - - $ 116.70

Vanson

Chitosan (120.59$US) Halosource $ 196.56
2| Transportation

Fuel Lin Xu Esso $ 16.03( $ 1.12 $ 17.15
3 Food

Las
\Working Dinner Lin Xu Margaritas | $ 60.78 | $ 4.22 $ 65.00
One More

\Working Dinner Anita Ansari Sushi $ 8037 %571 $ 86.08

\Working Dinner Hank Wong Daimasu $91.00 $ 5.36 $ 91.00

\Working Dinner Peter/Janet $ 35.00

Banana Leaf
Final Group Dinner Royann Restaurant $ 375.00

N

Testing Services
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Expense ldentification

Person with

receipt

Purchase

Place

Subtotal GST

PST

Total Amount

Total

11/28/2002

Peter

ALS

Environmental

Services

$127440| $ -

$89.21

$ 1,363.61

ALS

Environmental

Services

$ 74.90

12/6/2002

ALS

Environmental

Services

$ 419.44

12/9/2002

ALS

Environmental

Services

$ 681.38

Dec. 20th, Overall Total to Date (not final):

$3,601.30




APPENDIX C: EXPERIMENTAL METHODS-SAMPLE

PREPARATIONS
Sample preparation is separated into 4 mgjor sections:.

Bulk runoff sample transfer to individua test flask
Sorbent weighing
Sorbent and Sample Mixing

Samplefiltration and centrifugation

Bulk Runoff Transfer

1)

2)

3)

4)

5)

6)

7)

8)

All required glassware (Erlenmeyer flask, graduated cylinders) was acid washed
in low concentration HNO3 and double rinsed with distilled water

The bulk sample was shaken for gpproximatdy 3 minutes to redigtribute dl
settled particles

Sample water was then poured to a 1 litre besker (sample beaker) for metering
into a 250 ml graduated cylinder. Precison isplusor minus 0.5 ml.

From the sample besker 3, 150 ml samples were measured into 250 mi
Erlenmeyer flasks. All three samples are used for 1 sorbent test in triplicate

A fourth sample is poured from the sample besker as a sample blank.

The sample blank pH is tested, this pH is used to represent al 4 samples poured.

After step 6, the remaining sample in the sample beeker is discarded.

Steps 2 to 7 are repeated for the remaining sorbents.

Sor bent Weighing

1

2)

Sorbents are weighed using an anaytica balance with a precison of 0.1 ug.
Weighing paper is zeroed on the scale, and a spedfied ar-dry sorbent mass is

measured onto the paper.
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3) The sorbent masses are prepared and weighed.

4) Each sampleiswrapped and set asde for transfer to the runoff sample

In the specid case of the brewery waste, which was dill very wet, weighing boats
were used for measurement, and the mass added to the runoff sample was determined
by difference after addition.

Sorbent and Sample Mixing
1) Sorbent isadded directly to the runoff sample

2) Gentle sheking is performed to dlow sorbent to mix with runoff

3) pH ismeasured and recorded

4) Mixtureis covered with parafilm and placed in the shaker

5) Stepslto 4 are repeated for the remaining samples

6) The shaker is st a level 5 and alowed to shake for 24 hours a ambient
temperature (19.5°C)

SampleFiltration and Centrifugation
After 24 hours of shaking, the samples were filtered and centrifuged (where necessary)

1) Sampleisremoved from shaker
2) Padfilmisremoved, and pH is measured
3) Mixtureisfiltered usng suction filtration
4) Approximately 50 ml of sampleis collected in centrifuge tubes
5) Steps1to 4 arerepeated for al samples
It was necessary to filter the brewery waste sample because of high turbidity even after

filtering.
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Table 3 Sample Preparation Data

Sample [Sample Volume |pH pre{Sorbent |pH posfpH  post
Label Composition (ml) sorbent  [Mass (g) |[sorbent [shake

w1 stormW-+wood 150 6.14] 0.0281 6.10 6.5
W2 stormW-+wood 152 6.14] 0.0281 6.10 6.5
W3 stormW-+wood 149 6.14 0.0281 6.12 6.7
SB1 stormW only 148 6.14 0 6.4
P1 stormW-+peat 151 6.08 0.0641 6.10 6.1
P2 stormW-+peat 150 6.08 0.0639 6.09 6.07
P3 stormW+peat 152 6.08 0.0640 6.11] 6.11]
SB2 stormW only 149 6.08 0 6.4
C1 stormW-+coffee 150 6.09 0.5005 6.12 6.1
C2 stormW+coffee 149 6.09 0.5000 6.14 6.2
C3 stormW+coffee 148 6.09 0.5003 6.16 6.26
SB3 stormW only 150 6.09 0 6.4
Y1 stormW+yeast 150 6.07] 20.8498 5.49 5.65]
Y2 stormW+yeast 150 6.07] 20.2680, 5.49 5.65]
Y3 stormW+yeast 150 6.07| 20.2072 5.50] 5.65)
Ww distilledw+wood 150 5.10 0.0280 4.94 5.74
PW distilledW+peat 150 5.07] 0.0638 5.07 5.1
CW distilledW+coffee 150 5.14 0.5000 5.10 5.5
YW distilledW+yeast 150 5.09) 20.5151 5.42 5.54
DW distilledwW 150 5.21 0 4.41
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APPENDIX D: DATA

Table4: Results of Stormwater Anayses

Metal Concentration (mg/L)
Arsenic <0.2
Cadmium <0.01
Copper 0.13
Lead <0.05
Zinc 0.12

Source: |CP-AES metals scan from ALS

Table 5: Conductivity for Booming Grounds Creek Stormwater During Sampling Time

Date / Time Sp Cond

mS/cm
11/5/2002 19:30f 0.383
11/5/2002 19:45(  0.358
11/5/2002 20:00f  0.332
11/5/2002 20:15  0.529
11/5/2002 20:30 0.852
11/5/2002 20:45 0.51
11/5/2002 21:00f 0.332
11/5/2002 21:15( 0.192
11/5/2002 21:30  0.155

Source Coast River Environmental Sarvices Ltd.

Table 6: Mass of Metal Sorbed per Mass of Sorbent

Actual Metal
Sample Sorbent per
Mass of sorbent Volume Volume As Cd Cu Pb Zn
(mg) (mL) (/L) (mg adsorbed/mg sorbent)
Blank (2)
50 | | 00053 | 00002 | 0066 | 0003 | 0.082
Blank (1)
50 | | 0004 | nd | 0101 | 0003 | o0.071
Sand
2600 30 87 0.0 nd 3.8E-07 | -3.8E-07 | 1.7E-05
2600 30 87 -3.8E-07 nd -15E-06 | -7.7E-07 | 1.4E-05
7800 30 260 -1.3E-07 nd -15E-05 | -7.7E-07 | 2.7E-06
7800 30 260 0.0 nd -2.8E-06 | -2.6E-07 | 5.1E-06
23400 30 780 4.3E-08 nd -8.5E-08 | -4.3E-08 | 2.1E-06
23400 30 780 4.3E-08 nd -15E-05 | -3.0E-07 | -4.7E-06
Peat
12.8 40 0.32 -7.8E-05 nd 4.9E-03 | 7.8E-05 | 2.2E-03
12.8 40 0.32 -7.8E-05 nd 4.8E-03 7.8E-05 2.2E-03
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Actual Metal
Sample Sorbent per
Mass of sorbent | Volume Volume As Cd Cu Pb Zn
i 0.42 nd 1.6E-04
128 40 3.2 -4.7E-05 nd 1.5E-04 | -7.8E-06 | -7.2E-04
128 40 3.2 -4,7E-05 nd 6.3E-04 nd 4.1E-04
1280 40 32 -5.5E-06 nd 1.3E-05 | -7.0E-06 | 3.2E-05
Coffee
100 40 2.5 -4.0E-05 nd 5.6E-04 | 0.0E+00 | 3.7E-04
100 40 2.5 -3.0E-05 nd 2.7E-04 | -5.0E-05 | 3.6E-04
> 40 3.4 nd 1.5E-05
Yeast
225 40 5.6 -2.7E-05 nd -44E-06 | -4.4E-06 | -1.2E-03
675 40 17 -7.4E-06 nd 5.9E-06 | 0.0E+00 | -9.3E-04
2025 40 51 -5.4E-06 nd -2.1E-04 | 4.9E-07 | -9.1E-04
Compost
5.6 40 0.14 -1.8E-04 nd 8.9E-03 | -1.1E-03 | 7.3E-03
5.6 40 0.14 0.0E+00 nd 7.5E-03 | 0.0E+00 7.1E-03
56 40 1.4 -3.6E-05 nd 1.1E-03 | -7.1E-05 | 8.0E-04
56 40 1.4 -1.8E-05 nd 1.2E-03 | -1.8E-05 | 8.8E-04
560 40 14 -2.9E-05 nd -5.5E-04 | -1.5E-04 | -4.4E-04
Industrial Chitosan
1 40 0.025 2.3E-03 nd 7.0E-03 | 0.0E+00 6.0E-03
10 40 0.25 2.2E-04 nd 5.6E-03 nd 6.0E-03
100 40 2.5 1.0E-05 nd 5.8E-04 nd 6.9E-04
Lactate Chitosan
1 40 0.025 -1.0E-04 | -1.0E-04 | -1.0E-02 | -1.0E-03 | -7.3E-02
10 40 0.25 -5.1E-04 | -3.0E-05 | -1.6E-02 | -1.3E-03 | -9.8E-03
* Third Experiment
Table 7: Data and Observations from Experiment 3
Sample
Compos Volume pH pre-Sorbent pH  post
Sample Label ition (ml) sorbent Mass (g) sorbent  Observations
stormwW
w1 +wood 150 6.14 0.0281 6.10
stormwW
W2 +wood 152 6.14 0.0281 6.10
stormwW
w3 +wood 149 6.14 0.0281 6.12
stormW
SB1 only 148 6.14 0
stormW
P1 +peat 151 6.08 0.0641 6.10slightly darker than P2 and P3 before adding sorbent
stormW
P2 +peat 150 6.08 0.0639 6.09 All peat: bits cling to side sometimes ABOVE water
stormW
P3 +peat 152 6.08 0.0640 6.11 swirling loosens
stormwW
SB2 only 149 6.08 0
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Sample

Compos Volume  pH pre-Sorbent pH  post
Sample Label ition (ml) sorbent Mass (g) sorbent  Observations
stormW
C1 +coffee 150 6.09 0.5005 6.12 slightly darker than C2 and C3 before adding sorbent
stormW
Cc2 +coffee 149 6.09 0.5000 6.14**NOTE all coffee samples were moist
stormW
C3 +coffee 148 6.09  0.5003 6.16
stormW
SB3 only 150 6.09 0
stormW
Y1 +yeast 150 6.07 19.1955 5.49 All yeast: Muddy, looks like cheap chocolate milk
stormW
Y2 +yeast 150 6.07 18.6137 5.49
stormW
Y3 +yeast 150 6.07 18.5529 5.50
distilled
W+woo
WwW d 150 5.10 0.0280 4.94
distilled
PW W+peat 150 5.07 0.0638 5.07
distilled
W+coffe
cw e 150 5.14  0.5000 5.10
distilled
W+yeas
YW t 150 5.09 18.8608 5.42
distilled
DW w 150 5.21 0
Table 8: Predicted Sorbent Masses to be used for Experiment 3
Required
Original Moisture  |Sorbent
Concentrations [x5 metalsix150 mlContent Sample
Sorbent  ftested (mg/ml) [(mg/ml)  |(mg) (assumed) [Mass (g)
\Wood 0.037 0.187 28 0 0.028
Peat 0.085 0.427 64 0 0.064
Coffee 0.667 3.333 500 0 0.5
Yeast 1.5 7.500 1125 0.95 22.5
Table 9: Moisture Content of Sorbents for Experiment 3
Moist
Sample & Wet Dry Dry
Crucible | Crucible | Sample |Sample & Sample | Percent
Sorbent (9) Mass (g) (9) Crucible | crucible (9) Moisture
Yeast 106.75/ 70.8965 35.8535 76.7023| 70.8965 5.8058 83.81
Coffee 2.8733 1.6487| 1.2246) 42.0178 41.6004 0.4174] 65.92
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Peat

3.31575]

1.42270

1.89305

40.3411

39.1722

1.1689 38.25

Compost

16.5576

1.41395

15.14365

61.9978

53.3207

8.6771 42.70

Table 10: Observations and pH after Shaker but before Filtration — Experiment 3

Sample [Sample

Label Composition pH Observations

W1 stormW+wood 6.9Small amount of dark brown particles floated to the top. Very
W2 stormW-+wood 6.9light yellow/brown supernatant, small particles of solids settled
W3 stormW-+wood 6.7/on bottom.

SB1 stormW only 6.4slightly turbid, small particles settled.

P1 stormW+peat 6.1

P2 stormW+peat 6.07]

P3 stormW-+peat 6.11{Slightly turbid, solids settled

SB2 stormW only 6.4same as SB1

Cl stormW+coffee 6.1

C2 stormW-+coffee 6.2

C3 stormW+coffee 6.26(Medium turbidity, solids settled

SB3 stormW only 6.4same as SB1

Y1 stormW+yeast 5.65Very turbid, light brown supernatant with solids settled forming
Y2 stormW-+yeast 5.65[a layer at the bottom. High turbidity was not decreased
Y3 stormW+yeast 5.65through filtration, centrifugation was carried out.

wWw distilledW+wood 5.74(Clear supernatant with small particles settled.

PW distilledW+peat 5.1|Clear supernatant with small brwon particles settled.

CW distilledW+coffee 5.5Light tea color with black solids (coffee grounds) settled out.
YW distilledW+yeast 5.54{Same as Y1,2 and 3

DW distilledW 4.41Clear solution, no solids.

Temperature: 19.5 deg C

Table 11: Andyses Data from Experiment 3

Physical
Tests Total Metals
Hardness Calcium | Magnesium Copper Avg Cu/ Lead Avg Pb/ Avg Zn/
Replicate | CaCO3 T-Ca T-Mg T-Cu Stdev T-Pb Stdev Zinc T-Zn Stdev
Compost 1 0.076 0.058 0.004 0.003 0.063 0.059
2 0.058 0.018 0.002 0.001 0.066 0.0096437
3 0.04 0.003 0.048
Peat 1 0.029 0.034 0.004 0.00375 0.038 0.0365
2 0.034 0.0033 0.003 0.0005 0.04 0.0034157
0.034 0.004 0.036
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4 0.037 0.004 0.032
Coffee 1 0.061 0.0528 0.006 0.0044 0.048 0.0342
2 0.059 0.0071903 0.004 0.0008944 0.027 0.0086429
3 0.052 0.004 0.037
4 0.048 0.004 0.028
5 0.044 0.004 0.031
Yeast 0.31 0.3133333 | <0.002 0.003 1.24 1.21
0.3 0.0152753 | <0.002 1.2 0.0264575
0.33 0.003 1.19
Storm 1 455 155 1.7 0.033 0.039 0.002 0.0027 0.064 0.067
water 2 457 155 1.7 0.041 0.005 0.003 0.0006 0.071 0.004
blanks 3 44.1 15 1.6 0.042 0.003 0.067
Sorbent+ water
Compost 1 0.008 <0.001 <0.005
Peat 1 <0.005 <0.001 <0.005
Coffee 1 0.019 <0.001 <0.005
Yeast 1 0.3 <0.002 0.68
Distilled Water 1 0.008 <0.001 <0.005
Table 12: Average Metd Sorbed in Didtilled Water for Each Sorbent
Sorbent
Conc. Cu sorbed|Pb sorbed|Zn sorbed|mg Cu/mg|mg Pb/mg{mg Zn/mg
Sorbent (g/ml)  |Cu (mg/L)[Pb (mg/L)|Zn (mg/L)| (mg/L) (mg/L) (mg/L) | sorbent | sorbent | sorbent
Compost 1.9E-04 | 5.8E-02 | 3.0E-03 | 5.9E-02 | -1.9E-02 | -3.3E-04 | 8.3E-03 | -1.0E-04 | -1.8E-06 | 4.5E-05
Peat 42E-04 | 3.4E-02 | 3.8E-03 | 3.7E-02 | 5.2E-03 | -1.1E-03 | 3.1E-02 | 1.2E-05 | -2.6E-06 | 1.6E-04
Coffee 2.2E-03 | 5.3E-02 | 4.4E-03 | 3.4E-02 | -1.4E-02 | -1.7E-03 | 3.3E-02 | -6.5E-06 | -7.9E-07 | 1.5E-05
Y east 14E-01 | 3.1E-01 | 3.0E-03 | 1.2E+00 | -2.7E-01 | -3.3E-04 |-1.1E+00 | -2.0E-06 | -2.4E-09 | -8.4E-06
Stormwater 0 0.038667 | 0.002667 | 0.067333

Table 13: Rough Cogt Estimate to Remove Zinc Using Chitosan for a 2-year Storm

mg Zn Zn
Sorbent per absorbed/mg| removal mg
Volume (g/L) sorbent (mg/L) sorbent | Cost ($)
0.025 0.006 0.006 [ 4320000 138
0.250 0.006 0.06 4320000 138
2.500 0.00069 0.069 |37565217| 1202
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APPENDIX E: LAWS
The three federd legidative documents that are most related to discharging stormwater

are the Environment Management Act, the Waste Management Act, and the Fisheries
Act.

To expand on these acts, there have been guiddines published which describe acceptable
levels of pollutants in different aguetic environments including fresh water, maine or
recregtional use. The Provincid Government has published BC Approved Water Quality
Guiddines (BC WQ) that date specific concentration discharge limits for certan
common pollutants, these include guidelines for copper, lead and zinc. For other metals
not covered by BC WQ guideines, there is a working document caled BC Working
Water Qudity Criteria (BC WWQ). BC WWQ criteria does not differentiate between
different aguetic environments, and the levels are seen as a generd benchmark.  To
determine the acceptable limits for metals which fal outsde of the BC WQ, the Canadian
Council of Minigers of the Environment (CCME) have prepared Water Quadlity
Guiddines (CCME WQ), which both differentiate between aguetic habitats, and include
alarger array of pollutants than the BC WQ criteria

In prdiminary testing of UBC's dorm-water runoff, severd heavy metds (Cadmium,
Copper, Lead, Zinc and Arsenic) were found to be above both the BC Water Qudlity
guiddines and the BC Working Water Quality Guiddines for the protection of fresh
water aguetic life.

Whether or not discharging stormwater containing metas above that specified in the

guiddinesisin contravention of alaw, has not been determined.
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From a review of the three legidative acts mentioned above, the seemingly strongest
worded section is from the fisheries act, which staes on line 35. (1) “No person shall
cary on any work or undertaking that results in the harmful dteration, disruption or
dedtruction of fish habitat”; additionaly, the Act dates on line 36. (3) “Subject to
subsection (4), no person shall deposit or permit the deposit of a deleterious substance of
any type in water frequented by fish or in any place under any conditions’ It should be
noted that in thislaw, fish is described as any aqudtic organism.

It follows from the above paragraph, that if the sormwater is harming aguétic life, then

it' s discharge would be in contravention of the fisheries act.

Table 14 Guiddinesfor Sdected Metds Concentrations

Freshwater Aquatic Life Recreational Use Marine Environments
BC

BC AWQ BC WWQ CCMEWQ BCAWQ BCWWQ [AWQ [BCWWQ|CCMEWQ

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Arsenic 5 5 10 12 125
Cadmium 10(0-86l0g{ hardness}-3.2) 0.017 0.1 0.12

0.094* (hardnes
Copper s)+2 2 100( 3

e(1.273ln(hardness)-
Lead 1-460) 1 50 140

33+0.75* (hard
Zinc ness-90) 3 500( 10

Note: Used maximum concentrations for BC AWQ Guidelines, 30-day average values were often much lower.
Note 2: BC AWQ = BC Approved Water Quality Guidelines, BC WWQ = BC Working Water Quality Guidelines
CCME WQ = Canadian Council of Ministers of the Environment Water Quality Criteria |




APPENDIX F: COST ANALYSES OF TRADITIONAL
TREATMENTS

The cog of implementing a new minimum sormwater control requirements for new
developments and redevelopments is very high. Such treatment system include provisions
for controlling eroson and sediment trangport during congtruction, as well as permanent
fadilities for treating and controlling pesk runoff flows from developed Stes. A basic cost
andyss has been compared in between severd resdentid and commercid treatment
systems similar to the one is needed for UBC. Similar to the west coast soil and weather
conditions, several compared dtes incdude a 10-acre  dngle-family  resdentid
devdopment (dte 1), a l-acre commercid development (dte 2), and a 10-acre
commercia development (site 3). These examples are based on the assumption that new
development has no existing development on the gStes, that greater than 2,000 square feet
of impervious surface is added, and that greater than 7,000 square feet of land area is
cleared.

Severd different trestment designs are used for the storm-water treatment. Both Capita
cost and Annua maintenance are compared for the three sites. Such comparison indicates
that it is very expangve to build and to mantan a web-land storm-water treatment
system that is capable for tregting storm-water quality smilar to the ones & UBC. The
tota capitd cost only does not include the cost land. Since land in UBC area is extremdy
expensve, large land usage will increase the cost dramatically.

Table 15: Cogt Summary of Traditiond Storm-water management

Total Annual
Total CapitalMaintenance
Methods Cost (US$) [Cost (US$)
10-acre residential development with infiltration $488,000 $15,600
10-acre residential development without infiltration
and with wet season shutdown $323,000 $9,100
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Total Annual
Total CapitalMaintenance
Methods Cost (US$) [Cost (US$)
10-acre residential development without infiltration. $230,000 $14,500
1-acre commercial development with infiltration. $280,000 $6,900
1-acre commercial development without infiltration. $570,000 $8,600
10-acre commercial development with infiltration. $320,000 $54,200
10-acre commercial development without infiltration. $860,000 $62,900
10-acre commercial development without infiltration
and with open air sand filter. $490,000 $6,200
Reference:

Herera Environmenta Conaultants (2001). Cost Andysis Washington Depatment of
Ecology Year 2001 Minimum Requirements for Stormwater Management in Washington

State. Washington Sate Department of Transport, Washington.
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Appendix G: Meds

Heavy metds are dements having atomic weights between 63.546 and 200.590
(Kennish, 1992), and a specific gravity greater than 4.0 (Conndl et d., 1984). Living
organisms require trace amounts of some heavy metds, including cobalt, copper, iron,
manganese, molybdenum, vanadium, drontium, and zinc. Excessve levels of essentid
metals, however, can be detrimentad to the organism. Nonessentid heavy metds of
paticular concern to surface water sysems are cadmium, chromium, mercury, leed,
arsenic, and antimony (Kennish, 1992).

All heavy metds exig in surface waters in colloidd, particulate, and dissolved
phases, dthough dissolved concentrations are generdly low (Kennish, 1992). The
colloidd and paticulate metd may be found in 1) hydroxides, oxides, dSlicates, or
aulfides, or 2) adsorbed to clay, slica, or organic matter. The soluble forms are generaly
ions or unionized organometdlic chelaies or complexes. The solubility of trace metas in
surface waters is predominately controlled by the water pH, the type and concentration of
ligands on which the metd could adsorb, and the oxidation State of the minerd
components and the redox environment of the system (Connell et d., 1984).

Arsenic
Arsenic is an ever-present element that ranks 20" in abundance in the earth's

crust, and 12" in the human body. It is widdy recognized that even low-leve
consumption of arsenic can lead to canceriogeniss (Mandal and Suzuki, 2002).

The teredrid abundance of arsenic is ranges between 1.5 to 3 mg per kg.
Anthropogenic sources exceed naturd sources in the environment by at least three times,

manrmade sources of asenic include herbicides, insectides, dessicants, wood
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preservatives, feed additives, drugs and poison (Mandal and Suzuki). Napolean is
rumoured to have died from arsenic poisoning.

Arsenic toxicity, both long and short term, has severd effects in humans; it causes
repritory, pulmonary, cardiovascular, gaestrointestina, hematologica, hepatic, rend,
dermd, nuerologicd,  deveopmental,  reproductive,  immonologic,  genotoxic,
mutagenetic, carcinogenic diseases, as wdl as diabetes millitus. Arsenic is known to
inhibit more than 200 enzymes in human biochemidry. Sudies indicate arsenic
accumulates in humaen tissue with age, which is consgent with observations on
laboratory animas (Mandd and Suzuki). Studies on laboratory animads have indicated
that the toxicity of arsenic is dependent on its form and oxidation dtate. Soluble inorganic
arsenicas are more toxic than organic arsenicas. Clearly, it is very important to maintain
veay low leves of arsenic in a given waer sysem, snce it accumulates to toxic levels
within organisms over time.

Traditiond  methods of reducing asenic levds in wae  ae
precipitation/coagulation and ion-exchange (Dambies, 2001). For
preciptiation/coagulation, the chemigry of the type of arsenic in the water is sudied and
reduced by oxidizing it into a solid date. lon exchange is a more applicable water
trestment method, since it does not involve the sudies have been carried out with
commercid resn Amberlite IRA 900. The results indicated that the best pH is around 6
and the maximum uptake capecity is about 75 mg/g of resn dry weight. However, can be
quite expensve when treating a large body of water, so other trestment methods for

arsenic reduction are il in the making.
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Cadmium

Cadmium can exist in water as the hydrated ion, as inorganic complexes such as
carbonates, hydroxides, chlorides or sulphates, or as organic complexes with humic acids.

At auffidently high levels is very toxic to both humans and aguetic and other
organisms.  The most serious consequence of chronic cadmium poisoning is cancer (lung
and progtate). The firg observed chronic effect is generaly kidney damage. Cadmium
adso is beieved to cause pulmonary emphysema and bone disease (osteomdcia and
osteoporosis). Fish are typicdly more sendgtive to cadmium in aguetic habitat than are
humans to drinking water. Cadmium causes hyperplasa, breskdown of the secondary
lemdlae of the gills (Ministry of Technology, 1970), extensve gill degeneration (Bilinski
and Jonas, 1973), pathologicd changes in kidney and intestind tract. Ultimately,
prolonged cadmium exposure leads to the impairment of respiratory and extrarend
function through reduction in respiratory surface (Gardner and Y evich, 1970).

In urban aress, the mgority of Cd is released through wear of rubber of
automobile tires on the surface of roads and parking lots. Other possible sources include
phosphate fertilizers, manure, insecticides, indudrid paints, meta coaings (possbly on
buildings), and may be present in road sdts used for de-icng.

Detention ponds and wetlands may be used to remove cadmium from stormwater
run-off. Remova efficiencies of 26% for a detention pond, followed by 33% by a
wetland trestment have been reported for stormwater trestment in Orlando (McKann and
Olson, 1994). Cadmium can be sorbed onto marine algae under specific conditions (Yin,

et. d. 2001).
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Copper
Copper is a widely used industrid metd whose applications include eectricd

wiring, plumbing and ar conditioning tubing and roofing. The properties of copper,
which make it suitable for these applications indude high dectricd and thermd
conductivity, good corroson resstance, ease of fabrication and inddlaion, attractive
gopearance, ready avallability, and high recyclability. Additiondly, copper, which is an
esentid nutrient to humans and other life forms, is biodatic/biocidd to certan
organians. A common gpplication of the latter is its antifouling properties in seaweaer.
Only a smal pat of the totd copper and, for some sources, dissolved copper is in a
toxic/avaladble form. From the information available, it gppears that the brake pad-
derived copper is in nontoxic/non-avalable forms. That Stuation does not gpply to dl
sources of copper in dl water bodies. Copper is extremely toxic to aquatic organisms and
it killsin the parts per billion range.

Sources of copper in sormwater runoff include petroleum products, wood
product, mining sources, antifreeze, brake linings, asphdt, concrete and engine wears.
Another source of copper in urban stormwaters is from copper agicide. (Kelevin, 1998).
Possible sources of copper from UBC stormwater may include wood compost leakage,
bresk linings from parking lot, antifreeze from cars, concrete and engine wears.Copper
comes from car exhaust and wear, pants, and downspouts, as well as from fossl fud
combustion.

The copper concentration in the runoff sample collected for the November 5th,
the concentration of copper tested was 0.13 mg/L with a hardness of 45.1 mg/L. This is
above the 30-day average concentretion criteria for freshwater aguatic life, but below the
maximum concentration alowed.
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Only a smal part of the tota copper and, for some sources, dissolved copper is in
a toxiclavalable form. From the information avallable, it gppears that the brake pad-
derived copper is in nontoxic/non-avalable forms. That dStuation does not gpply to dl
sources of copper in al water bodies. Copper is extremely toxic to aguatic organisms and
it kills in the parts per hillion range. For juvenile fish, & the temperature of 22C, sub-
letha dose of copper a 0.2ppm to 1.2ppm for four weeks will result accumulation within
the fish. Thiswill result feta problems.

Copper is a pertinacious precipitant; it causes fish to produce more mucus. This
may ad the in the suffocation or doughing off of paradtes, but dso interferes with
respiraion through their skin and gills Species of "native' fishes, trout, sunfishes catfish
ae very sendtive, dying near concentrations near 0.10 ppm. Mogt desrable aguatic
plants are unaffected at these doses.

- Iron-Infused Media

SMI's newest addition to media filtration is the iron-infused media This open-cdl
gructured media is infused with smal bits of iron to remove dissolved phosphate. This
media has aso been shown to reduce soluble copper and zinc, making it extremey

vauable for sengtive watersheds with nutrient loading problems.

- A pond can remove about hdf the copper in sormwater. Recharging
sormwater into the soil removes up to 98% of the copper. MDE's proposed recharge
requirement and a pond would reduce parking lot copper loads by 62%. Recharging the
firg 1.5-inches of runoff would reduce copper loads by 90%. While copper loads would

remain higher than the forest rdease rate, with 1.5-inches of recharge the impact would
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be one-fourth of that resulting from MDE's proposed recharge requirement. The cost and
maintence of this method is rdetively low.

At pH's beow 7.0, the toxicity of copper is greatly enhanced. For this reason,
among others, frequent partid water changes, dilution of organics, checking and
adjusting pH prior to copper trestment, if necessary, is warranted. Regular, routine
maintenance and checking of water chemistry assures that the proper amount of free
copper is present, without premature absorption or precipitation.

The effectiveness of copper decreases as water hardness increases. A dgnificant
reduction occurs when the bicarbonate alkdinity exceeds 150 ppm as cacium carbonate.
Conversdy, toxicity to fish decreases as dkalinity increases.

Copper is dmost ineffective at temperatures below 60 degrees F. and likewise
more dgicidd when dgee ae a ther mog active metabolicaly. Sunny days between
1000 and 200 ae optimd treatment times. Overcat or murky waters are
contraindicated; wait till it's warm and sunny to apply copper.

Lead
Lead occurs naturdly in the environment as Gaena (PbS), it is the 36th most

common eement on earth. Apart from background levels of lead, and natura sources,
lead finds its way into the environment through severd human ectivities. Lead is present
in . Vehicleexhaudt (Liu et d. 1995)

Emissions from such industries as stedl production (Liu et d. 1995)

Emissons from garbage incinerators (Liu et d. 1995)

Old paint (Lanphesr, et a. 1996)

Building dding, higher where painted with lead based paint (Davis & 4.
2000)
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Automobile brakes (Davis et a. 2000)
Automobiletires (Daviset d. 2000)

Used engine il (Daviset d. 2000)

Lead Batteries (US EPA)

Solder in old piping (US EPA)

Lead Arsenate in Fungicides and Herbicides

In the case of vehicle exhaust and paint, lead levels have dropped dradticaly with
the banning of leaded gasoline and leaded paint, respectively. The mgority of sources
come from the breakdown of materias used by the automobile.

Of the above human-use related sources UBC can be adding lead through:
herbicides and fungicides, old paint, old piping, and through its many automobile users.

The lead concentration in the runoff sample collected for the November 5th, 2002
Evening storm event was 0.003 mg/L with a hardness of 45.1 mg/L. This is above the
30-day average concentration criteria for freshwater aguatic life, but below the maximum
concentration allowed.

The oxidation dstate of dissolved Lead in water is very smilar to Cdcium (Po+2
and Cat2). Cdcum is a beneficid dement in fish physology and is taken up through
the gills  Because of its andogous nature, Lead is dso taken up. High lead
concentrations tend to cause acute and chronic effects in fish, but not immediate degth.
Levels of lead grester than 170000 ug/L were required to adversdy affect a variety of
fish in a mortdity experiment (Buhl, K.J. 1996). Lead at leves higher than background
tend to adversdly affect body weight, digestive enzymes, and lipase (Jain, SK. 1999)

(Macdonald et d. 2002).
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There are two basc methods for removing dissolved Lead from water: Adsorption
and Precipitation. The effectiveness of each depends very much on the conditions of the
water and the concentration of Lead in the water.

Adsorption works by adding a sorbent to the contaminated water. Lead ions then
adsorb ether onto or into he sorbent. Activated carbon is widdly used sorbent used for
removing contaminants from liquid and gas dreams. A large amount of research has
been devoted to finding suitable sorbents for removing lead from water. Some sorbents
tested include:

Non-living brewery yeast (Riordan C. et d. 1998)
Peat (Brown P.A. et al. 2000)

Talc, chalcopyrite, and barite (Rashed M.N. 2001)
Crab shell (An H.K. 2001)

The percent remova of Lead from solution depends on severd factors such as
pH, hardness. Adsorption is typicaly an ion-exchange process, with a Lead ion taking up
agte vacated by another ion (Brown P.A. et al. 2000).

There are expensve and chegp sorbents avalable for water treatment, al with
varying efficacies.  Maintenance issues include the remova of spent sorbent, addition of
new sorbent, and the regeneration or disposal of spent sorbent. Most spent sorbents can

be regenerated by washing in alow pH solution (Rashed M.N. 2001).
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Chemicd precipitation works by complexing the Lead ion with another chemica
and thereby reducing its solubility. There are a large number of complexing agents
avallable for the trestment of Lead in solution:

NTA, EDTA, gluconic acid (StrnadovaN. et d. 1997)
Oil soluble surfactants (Schwuger M.J. et d. 2001)
TMT, Thio-Red, STC, SDTC (Matlock M.M. et d. 2002)

Complexing agents manufactured resgents and tend to be expensve. There
addition and remova, and regeneration or disposd ae mantenance problems. Also,
some complexes begin bresking down in a reatively short amount of time (20 hours)
(Matlock M.M. et a. 2002).

Lead disolves readily in water in its vaious ionic forms. In gened as
temperature increases, the solubility of Lead increases (CRC Handbook). Based on water
qudity guiddines the alowable concentration of Lead in water increases as hardness
increases. For the purposes of adsorption, ahigh pH isless favorable for Lead remova.

Zinc

Zinc is typicdly 5 to 45 ng/L in river water. Streams affected by mine drainage
commonly contain 100 ng/L. or more

Above 5mg/L (upper limit by Water Quality Criteria, 1972), people can begin to
detect zinc by taste. Although humans are unlikdy to have any hedth effects from zinc
toxiticity a this point, some aguatic life has much lower tolerance for the levd of zinc
concentration.

Too much zinc can lead to respiratory incapecitation, as indicated by increased

respiratory activity (i.e. breathing rate, volume and frequency of verilaion, coughing,
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decrease  in oxygen uptake efficiency). Zinc damage enhances lactic acid
production/accumulation as temperature and exposure time are increased

Zinc can kill agudic life by caudng “direct damage to the gill membranes by
ionic  zinc-separation of epithdium from undelying centrd pillar cdls of the gill
lamelae.  Such dructurd damage increases the effective disance that oxygen must
diffuse to reach the blood, with desth resulting from the eventua collgpse of the
weakened pillar cel sysem and consequent restricted blood flow through gill capillaries’
(Hem, 1985). Sdlers (1975) used a lower levd of zinc concentration, which was
ggnificant enough to cause accumulaion of mucus on the gills from zinc exposure
causes oxygen tenson in the arterid blood of fish

Chronicaly toxic effects of zinc include:

- Less obvious, but just as hazardous as acutely toxic effects for fish

- Sudtained exposure to zinc sulfate can cause damaege to dvelopment of
liver blood vessels, kidney, heat muscles, sexua maturity, vacuoles, nucle.

- Inhibits norma growth and maturation by inducing Sress causng severe
hormond disorder

Effects of zinc depend on zinc concentration, time of exposure, and species. They
ae further modified by environmentd factors, eg. water hardness, oxygen and CO2
conc., pH, sdinity, and temperature. Influences of age, stage in life cycle, behavior,
metabolism, acclimation, and sdective mortdity must be consdered/controlled while
studying zinc aswdll.

Zinc has only 1 ggnificant oxidation date (Zn2+), more soluble in most types of

naiura water than the other 2 metds it is widdy used in metdlurgy, especidly as a
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condtituent of dloys, eg. brass and bronze; it's dso used in gavanizing - deposited as a
protective coating to prevent corroson of sed or other metds, which are used in
building, transportation and appliance industries.

Zinc is 1 of the 3 mgor trace metds in sormwater runoff dong with leed and
copper = account for 90-98% total metals observed. Of this amount, zinc accounted for
approx. 35% (lead 54% and copper 9%).

Peak concentrations of zinc generdly observed shorty after runoff begin, usudly
within first 30 min. Solidstend to settle out at latter stages of a storm as flow tepers off.

Zinc avalability for solution in water has increesed due to indudrid civilization
(higher concentration near indugtrid and commercia |land-use than resdential.)

Over the pH range from 8 to 11, with water containing 610mg/L HCO3-, there
should be less than 100ng/L of zinc. Presence of zinc dlicate willemite and adsorption to

other minerd inhibit zinc concentration at the same pH range.
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