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ABSTRACT

The potential harmful environmg
products (PPCP’s) continue to W
compounds are not entirely ident
ensure water quality. Removal o
advanced oxidation processes, sy
This proposal investigates the inj
the degradation of common PPC
examines the degradation of naty
catalyst will be added to the watg
water taken periodically and test
including total organic carbon an
Standard Methods for the Exami
seeks to determine the effectiven

Alaska waters.

ntal implications of pharmaceuticals and personal care

orry scientists. Although the specific effects of these

ified, water treatment processes have to be employed to

f PPCP from wastewater or drinking water requires

Ich as ozonation and activated titanium dioxide (TiO,).

pact ultraviolet (UV) light activated TiO, may have on

P’s like caffeine and aspirin. In addition, the treatise

ral organic matter by UV activated TiO,. The TiO;

er and exposed to UV activation with samples of the

ed to determine a variety of water quality parameters

d color. All tests are performed in accordance with the
nation of Water and Wastewater manual. This project

ess of titanium dioxide photocatalysis in the treatment of
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INTRODUCTION
USGS studies have shown the
organic wastes in waterways tl
commodities such as medicing
pharmaceuticals and personal ¢

streams at low concentrations

ervasive nature of pharmaceuticals, hormones and other
iroughout the nation (Kolpin et al., 2002). Common
\l tablets, cosmetics and fragrances are examples of

are products (PPCP’s) that have been found in various

(Kolpin et al, 2002). The presence of stable organic

compounds has been recently detected, and scientists and engineers are struggling to

discern the implications of the
Nonetheless, while the levels o
worry that prolonged exposui
implications; of particular cond

water drinking supply (Huber et

The growing demand for person

continuous growth of the worl

environment must be prevented|

methods have to be developed.
only have a marginal effect on
are common disinfectants used

treatment alternative that was fo

compounds in our environment (Buxton et al., 2002).
f these compounds may not seem significant, scientists
re might lead to adverse health and environmental
ern is the threat that the compounds pose to the fresh

al., 2003).

1l care products may never be stopped especially with the
d population; hence, any accumulation in the aquatic

To be able to do this advanced wastewater treatment
Other methods do exist but they include processes that
PPCP levels. These include chlorine and UV rays which
o eliminate microorganisms in the water. Another water

und to be effective is ozone; however, this proves to be a

costly, power and man-hour intensive process. The limitations of the aforementioned

processes have driven the enviy

Ti0,.

onmental community to seek alternatives; one option is




Recent studies have shown t

contaminated with some of the

hat titanium dioxide could be used to treat water

most challenging organic compounds such as phenol,

(Manalo et al., 2004), dyes (Zou et al., 2005) and natural organic matter (Eggins et al.,

1997). As a photocatalyst, titamium dioxide generates free radicals when exposed to

ultraviolet light (Fujishima et a

H,0 (Parsons, 2004).

The research seeks to extend the
levels of natural organic matter
water treatment process. NOM 4
in rural Alaska waters. Its rem
systems; hence, many have aj
temperatures also pose a chal
degradation in the environment.

directly correlated with temperat

/., 1999), thereby oxidizing organic matter to CO, and

findings of these studies to Alaska where unusually high
NOM) and extremely low temperatures may impact the
re responsible for the brown, “tea-like” color often seen
loval has presented many challenges for public water
voided surface raw water sources. Like NOM, low
lenge to treatment because they reduce the rate of
This 1s because the kinetics or rate of reaction is usually

ire, 1.€., higher temperature equals higher rates.

Titanium dioxide is expected to feduce the concentration of organic matter in the water

samples by as much as 80%. Cor
several factors such as coagulatiq
Coagulation reduces the amount
the water sample; as a result, the

diminished.

nplete disinfection of water will not be possible due to
in of the titanium dioxide particles during the process.
pf catalyst surface area that is illuminated per volume of

ability of the TiO; to degrade organic compounds is




METHODS AND PROCHE

Description of Water Source
Originally, the source for raw wj
Cooperative, Inc. (BUECI), but 4
an alternative. The part of Chest
School of Engineering to the Stu
appropriate choice. In the said si
meanders through the east side
back of the School of Engineerir
from the latter site with the basig
through a preliminary test. The 4

about 30°F.

The spiked water samples, on th:
Aspirin and caffeine pills were b

mixed with tap water from the 14

DURES

iter was intended to be the Barrow Utilities & Electric

2 delayed response from BUECI prompted the search for
er Creek flowing under the spine connecting the UAA
dent Union building proved to be a convenient and

te, the creek separates into two segments: one that

f the Student Union building and the other, through the
Ig building. The raw water for this study was collected
for selection being the high turbidity value determined

mbient temperature during the time of collection was

e other hand, were prepared in the environmental lab.

ought from a local grocery store, pulverized and then

b.

Collection, Transportation and Storage

Two buckets of different volumg
purposes. A one-gallon bucket W
transfer it to a five-gallon contai

covered with a lid and then many

s were used separately for collection and transportation
ras used to draw water from the creek and subsequently
ner. When the five-gallon container was filled, it was

hally transported to the environmental laboratory where
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the raw water sample was dividg

volume of 2,360 milliliters (mL)

The storage bottles had to be stet

the samples. Each of the 2, 360 1

d for storage into three amber glass bottles, each with a

ilized before use in order to prevent contamination of

nL bottles was first soaked for at least 24 hours in a 0.2

fl oz. per gallon chlorine solution. The bottles were then rinsed multiple times with

distilled water and subsequently

process was applied for storage 1

air dried for another 24 hour. The same sterilization

jottles used for the spiked water samples.

Description of Water Quality Parameters

At the beginning of the research,)
quality of both the raw and treatg
TOC, Color, UV;s4 Absorbance,
Chloride. Equipment malfunctiof
Chloride test using Hach Method

performed using the Hach DR 2§

ten parameters were selected to evaluate the water

d water samples. These were namely, pH, conductivity,
Total Nitrogen, Nitrate, Phosphorus, Sulfate and

n prevented the testing for most of the anions while the
| 8113 was not pursued even though it may have been

00 Spectrophotometer. This was mainly because the test

involves handling of highly hazardous chemicals, namely, mercury and ferrous ion

solutions for which the researchd
parameters could have produced
focus of the research, which was

photocatalysis in breaking down

r was not properly trained. Although testing for these
significant data, these are only secondary to the main
to determine the effectiveness of titanium dioxide

organic matter in Alaska waters.




Table 1 summarizes the tests to |be used in analyzing the data of the experiment and their
corresponding functions and significance. These are standard tests that scientists use to

measure water quality. They dre all conducted using the Standard Methods for the

Examination of Water and Wastewater manual.

Table 1. Summary of Water Quality Parameters and Their Functions

Parameter Function Significance

pH To test whether the | Plays a key role in the rate of
water is acidic or reaction
basic

Conductivity To measure the Indicative of level of dissolved

ability of water to
pass an electric
current

solids in the solution

Total Organic Carbon (TOC)

To measure the
amount of organic
carbon present in the
water

Representative of NOM content

Turbidity

To measure the
cloudiness of water

Indicative of the amount of
suspended matter like clay, silt and
organic matter

*Nitrate, Sulfate, Chloride

To test for the
nitrate, sulfate and
chloride
contaminant content
of water

Indicative of water quality

True Color To test for the color | Indicative of the amount of
of filtered water dissolved organic material in water
Apparent Color To test for the color | Indicative of the amount of

of water containing
suspended matter

suspended organic matter

Nitrogen, *Phosphorus

To test for the
nitrogen and
phosphorus content
of water

Reduced quantities of N and P
would be desirable

UV 254 absorbance

To test for the levels
of natural organic
matter present in the
water

Indicative of amount of NOM in the
water

*Not performed for reasons state

8
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Project Design

Testing of the water samples fol
Creek water was treated first for
titanium dioxide. As shown in F
Labquake® Shaker to be agitate
with testing done hourly. Comp3

optimum photocatalyst concentr.

UVlamp

Figure 1. Experimental set-up showi
Labquake® Shaker while being expd

Selecting the optimum TiO; con
researcher to focus on the sampl
treatment to 12 hours with testin|

same concentration was used for

Testing location, equipment and
testing were performed accordin

and Wastewater manual.

owed the schedule outlined in Table 1. Note that Chester
various concentrations (0.01%, 0.1% and 1% TiO;) of
gure 1 below, the said samples were then placed in a

1 and simultaneously exposed to UV light for three hours

ring the results obtained the tests determined that the

ation was 0.01% TiOs.

Treated Samples

ng the treated samples being thoroughly mixed by the
sed to UV light.

centration was important because it allowed the
e with that particular concentration and extend its
g performed after every three hours. In addition, the

treating the aspirinated and caffeinated waters.

methods used are outlined in Table 3. Note that all

g to the Standard Methods for the Examination of Water




Table 2. Frequency of test and TiO,

toncentration for each water sample

Time (Hours)
Concentratioph

Water Source (mass % TiO,

0.01%
Chester Creek 01% |
Water 1%
Aspirinated Water 0.01%
Caffeinated
Water 0.01%

Table 3. A summary of the equipmen

t and methods used in testing for the selected water quality

parameters

Parameters

Tested Facility Equipment Method

TOC ASET lab HS9000 Tekmar-Dohrmann Apollo TOC Analyzer | SM 5310 B

uv254 ASET lab HP 8452A Diode Array Spectrophotometer SM 5910 B

Turbidity SOE lab Hach Model 2100P Portable Turbidimeter SM21308B

Total Nitrogen SOE lab DR2800 Spectrophotometer SM 4500-N
SM 4500-

pH SOE lab Ultrameter II™ by Myron L Company H'B

Conductivity SOE lab Ultrameter 1™ by Myron L Company SM 2510 B

Color SOE lab DR2800 Spectrophotometer SM 2120C

10




Water Quality Parameters Testing Procedures

pH

The pH of each of the water samples was determined using UltrameterII™ by Myron L

Company. Following manufacturer procedures, the pH sample cell was first rinsed three

times then filled to the line with the sample to be tested. Five different pH measurements

were then taken using the same s

Conductivity

ample.

The conductivity of each of the water samples was determined using UltrameterII'™ by

Myron L Company. Following manufacturer procedures, the conductivity sample cell

was first rinsed three times then filled to the line with the sample to be tested. Five

different conductivity measurements were then taken using the same sample.

TOC

A 12 cc syringe with a 0.45um membrane filter was used to filter both the deionized

water blank and the sample. Befpre a sample was tested, three filtrations had to be done

using the same syringe and filter]
running 5 mL of deionized watey
filtration using the water sample

with the filtered sample and then

The first involved rinsing the membrane filter by
through the apparatus. This was followed by a second
After the first 10 drops were discarded, a vial was filled

shaken before the sample was discarded. The third and

final filtration was then performed using a fresh sample.

11



Turbidity
The Hach Model 2100P Portable
Procedures followed were based

were warmed up to room temper

Before the turbidimeter was used
according to procedures outlined
later on no longer required recalj

before each use were well within

Turbidimeter was used for turbidity measurements.

on Standard Method 2130 B. Furthermore, the samples

ature before any measurement was made.

| for the first time in the experiment, it was calibrated

in the manufacturer’s manual. Turbidity analysis made

bration, as the Formazin standards that were checked

0.1 nephelometric turbidity units (NTU), which meant

that the instrument was still accurate. Prior to making any measurements, the vial

containing the sample was wiped
film of silicone oil to get rid of p

it. It was then placed in the turbigq

Color, True and Apparent
The true and apparent color of th|
Spectrophotometer using Hach M

to room temperature before any 1

To measure true color, a 12 cc s}

first with soft, lint-free cloth and applied with a thin
roteins that might have adhered to the vial from handling

limeter to measure the turbidity of the sample.

e samples were analyzed using the Hach DR2800
lethod 8025 (SM 2120 C). The samples were warmed up

heasurement was made.

yringe with a 0.45um membrane filter was used to filter

both the deionized water blank and the sample. Before a sample was tested, three

filtrations had to be done using th

membrane filter by running 5 ml|

le same syringe and filter. The first involved rinsing the

of deionized water through the apparatus. This was

12




followed by a second filtration using the water sample. After the first 10 drops were

discarded, a vial was filled with the filtered sample and then shaken before the sample

was discarded. The third and final filtration was then performed using a fresh sample.

No filtration was necessary in thg determination of apparent color. Hence, sample was

directly poured into a clean vial

Total Nitrogen
Testing for total nitrogen in watd
spectrophotometer according to |
Total Nitrogen Persulfate Reages
Nitrogen Hydroxide Digestion R
to one vial while the other was fj
Both vials were capped, shaken §
reactor for 30 minutes and subse
Total Nitrogen (TN) Reagent A ]
Each solution was allowed to red
Powder Pillow to each vial. Afte
minutes, 2 mL of TN Reagent C

mverted 10 times and then left tg

and compared to an unfiltered water blank.

r samples was performed using the Hach DR2800

Hach Method 10071 (SM 4500-N).

nt Power Pillows were added to each of two Total
eagent vials. Two milliliters of sample were then added
lled with 2 mL of deionized water to serve as blank.

aind mixed for 30 seconds. They were then heated in the
quently cooled down to room temperature. Thereafter, a
Powder was added and the vials were both shaken again.
ct for 3 minutes before adding the TN Reagent B

I a 15 second agitation, and letting the vials stand for 2
was added. To allow the solution to mix, the vials were

stand for a 5 minute reaction. The total nitrogen content

of the samples was then determined by inserting each vial to the spectrophotometer, the

blank being first.

13




UV354 Absorbance

A 12 cc syringe with a 0.45um 1
water blank and the sample. Beff
using the same syringe and filter
running 5 mL of deionized watel
filtration using the water sample
with the filtered sample and ther

final filtration was then performq

RESULTS

The effectivity of titanium dioxi
evaluated using the results obtail
True color, which is a good indig
for comparison in determining tf
mainly because the TOC test tak
performed in only a few minutes

Ti0; in creek water are presente

nembrane filter was used to filter both the deionized

bre a sample was tested, three filtrations had to be done

. The first involved rinsing the membrane filter by

- through the apparatus. This was followed by a second
After the first 10 drops were discarded, a vial was filled
shaken before the sample was discarded. The third and

ed using a fresh sample.

de photocatalyst in degrading organic carbon may be

ned from true color and total organic carbon (TOC) tests.
rator of NOM, was used in the experiment as the basis

1e optimum titanium dioxide concentration. This was

es relatively longer than that of true color, which may be
. True color results for 0.01% Ti0O,, 0.1% TiO; and 1%

d in Figures 2, 3 and 4, respectively. Values for true

color are expressed in Pt. Co. unjts (PCU).

A more accurate representation (
samples is given by the TOC tes
previously determined optimum

aspirinated waters respectively.

bf the amount of organic carbon in the treated water
L. Figures 5, 6 and 7 show TOC in ppm C using the

T10, concentration for treated creek, caffeinated and

14
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Figure 5. TOC vs. Time for creek water treated with 0.01% TiO,
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Caffeinated Water TOC vs. Time
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Figure 6. TOC vs. Time for caffeinated water treated with 0.01% TiO,
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Figure 7. TOC vs. Time for aspirinated water treated with 0.01% TiO,
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DISCUSSION OF RESULTS

Creek Water True Color vs. Time

To be able to determine the optimum concentration of TiO,, the true color results
presented in Figures 2-4 were stydied. It is noteworthy that for all three concentrations,
the true color of the creek water showed a significant increase after an hour of treatment.
Looking at Figure 2 for treatmen with 1% TiO,, the spike in the true color value from
zero (when creek water was yet Untreated) to first hour was about 500% from the original
whereas for 0.1% and 0.01% TiQ, this change was about 74% and 30%, respectively.
However, after one hour of agitation and exposure to UV light, the creek water showed a
generally decreasing trend in trug color for all three concentrations. While the trends were
very similar for all three data sets, the optimum concentration of 0.01% Ti0, was chosen
because it showed the least percent increase in true color after one hour of treatment.
Given the limited range of the spgctrophotometer used to measure true color, it was
decided that it was ideal to investigate the least saturated treated sample so that trends
may be better observed over an extended period of time. Otherwise, excessive increase in
true color value would have forcgd the instrument to go out of range, in which case, it
would no longer be accurate. Thys, 0.01% TiO, was chosen as the optimum
concentration not necessarily becpuse it was the most effective, but mainly due to the fact
that it was most likely to producel a useful data set from which conclusions can be made

regarding the performance of TiQ), photocatalyst as treatment for Alaska waters.

18




Creek Water TOC vs. Time
From Figure 5, it can be seen that the TOC level of creek water decreased from 2.47 ppm
to 1.99 ppm after being treated for one hour. This decrease, however, does not necessarily
warrant the effectivity of TiO, since after another hour of treatment, there was actually a
spike in the TOC level. This is interesting because for TOC to increase, a source
containing carbon must have been introduced into the system. Since TiO, does not
contain carbon, this spike may b¢en due to errors in the handling of samples or the use of

unthoroughly cleaned glassware.

In addition, it can be noted that the total organic carbon content of the creek water sample
basically fluctuated around the 3/0-3.5 ppm range, which indicates either of two things:
the titanium dioxide was not effegtive in treating the creek water or the rate of reaction
was simply too slow that the phofocatalyst may have been in need of more time to

degrade organic matter.

Caffeinated Water TOC vs. Time

The caffeinated water sample did|not show much change in the TOC level over time as
seen in Figure 6. The TOC content stayed between 640 ppm to 651 ppm throughout the
three hours indicating that again, gither titanium dioxide was not effective or more time is

necessary for the photocatalyst to|break up into free radicals and subsequently degrade

organic carbon.

19




Aspirinated Water TOC vs. Time

The treated aspirinated water sathple showed a 30% decrease in ppm C after one hour of
treatment as seen in Figure 7. Cqmpared to the creek water data set, this decrease may be
more representative of titanium dioxide breaking down organic matter because more
hours of treatment did not cause p spike in the TOC level. While the TOC in the third
hour may be seen as an increase, |it actually is not because as the standard error bars
show, the value is just well withip the range of the previous two values. A possible
coagulation of TiO; particles may have prevented further decrease in TOC values after

hour of treatment.

CONCLUSIONS & RECOMMENDATIONS

The main objectives of this research were to determine whether or not TiO; can remove
NOM from water as well as break minute traces of aspirin and caffeine in water. Contrary
to expectations, this research showed that TiO, photocatalysis may have a slow rate of
reaction in treating organic comppunds present in Alaska waters as well as those in
pharmaceuticals. The TOC results from creck and caffeinated water samples indicate that
more time may be necessary to allow free radicals generated by the UV activated TiO, to
degrade organic carbon. On other|hand, treated aspirinated water, while it showed
promising results with a significant reduction in TOC, would also benefit from extending

the time of agitation so that the tr¢gnd in TOC level would be clearly seen.

20




Therefore, for future studies, it i

recommended that more reaction time be allowed for

each sample. In addition, one copld also investigate the reasons for the spike in TOC for

creek and caffeinated water samyp

les when treated with TiO,. One could also increase the

concentration of TiO; to see its gffect in the rate of reaction, as well as investigate new

reactor designs that allow better mixing and UV light distribution than the one used in

this research.
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APPENDIX

Figures
Creek Water pH vs. Time
#0.1% Ti02 BO.01% TI02 4 1% Ti02 > With UV, Without TiO2
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Figure A 1. Creek Water pH vs. Timg for various TiO, concentrations including blank

Creek Water Conductivity vs. Time
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Figure A 2. Creek Water Conductivity vs. Time for various TiO, concentrations including blank
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Creek Wate

r Filtered Turbidity vs. Time
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Figure A 3. Creek Water Filtered Tu

rbidity vs. Time for various TiO, concentrations
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Creek Water|Unfiltered Turbidity vs. Time
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Figure A 4. Creek Water Unfiltered [Turbidity vs. Time for various TiO, concentrations
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Figure A 5. Creek Water Apparent Cplor vs. Time for various TiO, concentrations
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Figure A 6. Creek Water Total Nitrogen vs. Time for various TiO; concentrations
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Figure A 7. Creek Water UV Adsorption vs. Time for various TiO; concentrations
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Caffeinated Water pH vs. Time
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Figure A 8. Caffeinated Water pH vs| Time for optimum TiO, concentration (0.01% TiO,)
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Figure A 9.Caffeinated Water Conductivity vs. Time for optimum TiO, concentration (0.01% TiO,)
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Caffeinated Water Filtered Turbidity vs. Time
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Figure A 10. Caffeinated Water Filtered Turbidity vs. Time for optimum TiO, concentration 0.01%
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Figure A 11. Caffeinated Water Unfiltered Turbidity vs. Time for optimum TiO, concentration

(0.01% TiO,)
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Caffeinated Water Apparent Color vs. Time

Color {PCU}

1200

1000 %

800

@ ® ¢ 0.01%Ti02

600

400

200

1 2 3 4

Time {(Hours)
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Figure A 13. Caffeinated Water UV Adsorption vs. Time for optimum TiO, concentration 0.01%

TiO,)
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Figure A 14,
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Figure A 15. Aspirinated Water Cond ictivity vs. Time for optimum TiO, concentration (0.01%

TiO,)
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Aspirinated Water Apparent Color vs. Time
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Figure A 18. Aspirinated Water Apparent Color vs. Time for optimum TiO, concentration (0.01%

TiO,)
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Figure A 19. Aspirinated Water Total|Nitrogen vs. Time for optimum TiO, concentration (0.01%

TiO,)
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Aspirinated Water UV Adsorption vs. Time
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Figure A 20. Aspirinated Water UV Adsorption vs. Time for optimum TiO, concentration 0.01%
TiO,)
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Tables

Amt of
Creek Water | TiO, D 1(0.03 g TiO, or 0.1% TiO,)
Agitated RW
RW A B C BLANK
Time (Hrs) D 1 2 3 12
H 7.87 5.338 6.494 7.432 7.23
Conductivity (mS/cm) 305.9 298.94 305.1 304.8 332.76
True. 0.4 30 7 9.2 2.2
Color (Pt Co) | Apparent 525 342.6 366.4 366.6 303.4
Turbidity Unfiltered 70.1 273 300.8 300 73.9
(NTU) Filtered 01184 4.97 7.358 23.8 0.344
Total Nitrogen (mg/L) 0.8 2.32 8.6 6.4 4.12
TOC (ppm) P.47 1.87 217 7.99 1.45
UV Adsorption at 254 nm 0028 0.023 0.028 0.082 0.022

Table A 1. Summary of water quality

f parameter results for Creek Water treated with 0.1% TiO,

Creek Amt of
Water TiO, 2(0.003 g TiO, 0r 0.01% TiO,)
RW A B C D E F
Time (Hrs) 0 1 2 3 6 9 12
H 7.87 7.438 | 7.944 7.774 7.816 7.862 7.628
Conductivity (mS/cm) 305.9 | |308.58 | 302.1 302.94 | 308.26 | 307.48 | 305.82
Color (Pt True. 04 12.4 6 5] - 6 3.2
Co) Apparent 525 421.2 ] 413.2 356.6 311.6 309.6 3154
Turbidity Unfiltered 70.1 1498 | 1344 112.8 112.4 103.9 108.2
(NTU) Filtered 0.184 2.474 0.63 0.468 | -- 0.524 0.218
Total Nitrogen (mg/L) 0.8 6.96 6.68 6.1 4.3 4.02 2.66
TOC (ppm) 247 1.99 3.41 3 3.3 2.96 3.13
UV Adsorption at 254
nm 0.028 0.028 | 0.024 0.055 0.024 0.053 0.055

Table A 2. Summary of water quality
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parameter results for Creek Water treated with 0.01% TiO,




Creek Water Amt of TiO, 3(0.3gTiO, or 1% TiO,)
RW A B C
Time (Hrs) 0 1 2 3
H 7.87 6.812 6.536 6.952
Conductivity (mS/cm) 305.9 281.52 292.36 311.68
True. 0.4 2184 167.8 78.6
Color (Pt Co) Apparent 525 4077.8 3834.8 3264.2
Unfiltered 70.1 | error error error
Turbidity (NTU) | Filtered 0.184 40.16 42 33.14
Total Nitrogen (mg/L) 0.8 14.6 13.2 12.92
TOC (ppm) 2.47 6.3 10.65 9.4
UV Adsorption at 254 nm 0.028 0.07 0.069 0.08
Table A 3. Summary of water quality| parameter results for Creek Water treated with 1% TiO,
Caffeinated Water Amt of TiO, 0 (0.003 g TiO, or 0.01% TiO,
Cw A B C
Time (Hrs) 0 1 2 3
pH 7.622 7.536 7.334 6.212
Conductivity (mS/cm) 186 185.2 185 187.32
True. 107.2 113 103.6 102.2
Color (Pt Co) Apparen{ 1019.8 611.8 623 405
Unfiltered 271.2 191.2 173.2 160.4
Turbidity (NTU) Filtered 0.752 1.864 1.428 1.004
Total Nitrogen (mg/L) error error error error
TOC (ppm) 649.82 650.52 640.27 641.9
UV Adsorption at 254 nm 3.138 3.147 3.163 3.112

Table A 4. Summary of water quality
TiO,
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parameter results for Caffeinated Water treated with 0.01%




Aspirinated Water Amt of TiO, 0 (0.003 g TiO, or 0.01% TiO,)

AW A B C

Time (Hrs) 0 1 2 3
H 3.28 3.428 3.422 3.576
Conductivity (mS/cm) 394.92 374.14 378 384.8
True. -2.2 5 3.8 54
Color (Pt Co) Apparent 108.6 121 128.6 109.4
Unfilteregd 27.48 58.66 53.58 47.58
Turbidity (NTU) Filtered 0.086 0.72 0.604 0.582
Total Nitrogen (mg/L) 1.3 1.1 1.5 2.2
TOC (ppm) 717.70 497.40 498.60 553.26
UV Adsorption at 254 nm 3.086 2.929 2.880 3.000

Table A 5. Summary of water quality

TiO,
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parameter results for Aspirinated Water treated with 0.01%




