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Helpful Hints

Ştart early-Junior year

M̧ake sure projects are ñdoableò.

B̧e creative, ask ñWhat if ____?ò

Ştudents, advisors and mentors should have a passion for 
the topic.

B̧e prepared for most of your time to be spent in the 
planning and preparation phase of the project.

I̧tôs OK if the product doesnôt turn out ñrightò.  Youôll still 
learn something!

ŞCIENCE INVESTIGATIONS MAKE 
GREAT GRADUATION PROJECTS!!!



Some examples:

Ȩric Luibrand

P̧aolo Valerio

Ķyle OôDonnell



The Effect of Suburban Retention Ponds on the Concentration of Polluted 

Runoff
Question

Are suburban retention ponds effective at 

reducing the amount of pollutants entering 

streams as they are designed to do?

Procedures
ÅCollect  water samples approximately an 

hour and a half into a rainfall to identify 

the spate.

ÅCollect two samples from each of three 

locations by submerging the top of a 

nalgene bottle.

ÅTest the samples for nitrites and nitrates, 

ions contributing to hardness, alkalinity, 

and pH will also be tested.

Sample collection                        Testing

Date SS NO3+NO2 Total Hardness Total Alkalinity pH

Collected Site Name mg/L µg/L gpg ppm

12/6/06 BL IN - 1 11.70 278.83 15 10 6.2

12/6/06 BL IN - 2 12.80 274.42 10 10 6.2

12/6/06 BL OUT - 1 11.60 285.39 10 15 6.6

12/6/06 BL OUT - 2 10.80 285.08 10 10 6.7

12/6/06 BL STREAM -1 6.96 455.54 15 20 6.7

12/6/06 BL STREAM -2 11.09 477.40 10 20 6.7

12/13/06 IN-1-12:30 8.11 200.93 20 25 6.2

12/13/06 IN-2-12:30 22.43 136.53 20 20 6

12/13/06 OUT-1-12:30 20.23 160.40 15 10 6

12/13/06 OUT-2-12:30 19.87 253.96 10 10 6

12/13/06 STREAM-1-12:30 8.64 446.32 20 30 6.2

12/13/06 STREAM-2-12:30 14.51 456.08 25 25 6.2

Date SS NO3+NO2 Total Hardness Total Alkalinity pH

Collected Site Name mg/L µg/L gpg ppm

12/19/06 BL IN -1 15.51 119.38 10 15 6.4

12/19/06 BL IN -2 15.33 89.17 10 10 6.3

12/19/06 BL OUT -1 20.71 98.58 15 15 6.5

12/19/06 BL OUT -2 18.71 84.38 10 15 6.6

12/19/06 BL STREAM -1 20.17 219.48 10 15 6.6

12/19/06 BL STREAM -2 12.77 367.17 10 10 6.7

1/5/07 IN -1-4:45 1.50 3817.44 40 40 6.8

1/5/07 IN-2-4:45 1.89 367.26 25 15 6.3

1/5/07 OUT-1-4:45 12.73 233.40 10 10 6.2

1/5/07 OUT-2-4:45 14.46 226.24 10 10 6.2

1/5/07 STREAM-1-4:45 15.00 364.03 180 250 6.9

1/5/07 STREAM-2-4:45 14.03 371.33 10 10 6.4

Data

 Suspended Nitrites & Total Total   

BASELINE Solids Nitrates Hardness Alkalinity pH 

Mean Baseline Sample 14.01 252.90 11.25 13.75 6.52 

Mean Precipitation Sample 12.78 586.16 32.08 37.92 6.28 

Variance Baseline Sample 17.43 18701.19 5.11 14.20 0.04 

Variance Precipitation Sample 45.10 1047021.55 2247.54 4556.63 0.09 

Observations Baseline Sample 12.00 12.00 12.00 12.00 12.00 

Observations Precipitation Sample 12.00 12.00 12.00 12.00 12.00 

Pearson Correlation -0.09 -0.26 -0.20 0.16 0.02 

Hypothesized Mean Difference 0.00 0.00 0.00 0.00 0.00 

df 11.00 11.00 11.00 11.00 11.00 

t Stat 0.52 -1.08 -1.51 -1.25 2.33 

P(T<=t) one-tail 0.31 0.15 0.08 0.12 0.02 

t Critical one-tail 1.80 1.80 1.80 1.80 1.80 

P(T<=t) two-tail 0.62 0.30 0.16 0.24 0.04 

t Critical two-tail 2.20 2.20 2.20 2.20 2.20 

 

Statistics
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Results
ÅAfter a rainfall, the pollution and ions 

increased, while the pH decreased 

significantly.

ÅThe greatest concentration of pollution was 

at sites 1 and 2, where runoff water entered 

the pond, the least was where the water 

exited the pond, effluent  sites 1 and 2, even 

though the differences were not significant.

ÅSite 1,  where the runoff water entered the 

pond, had about ten times more nitrites and 

nitrates than any other sample.  It also had 

greater hardness and alkalinity. 

ÅThe first stream site had a dramatic rise of 

hardness, alkalinity, and pH on January 5, 

2007.

ÅThe stream had the highest concentration 

of suspended solids, followed by Sites E1 

and E2. 

ÅMore precipitation samples are needed.
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Critical Question

Are suburban retention ponds effective at 

reducing the amount of pollutants entering 

streams as they are designed to do?



Retention Ponds

Man-made ponds in residential areas designed to 

reduce pollutants

Drainage from neighborhoods flows into the ponds

The pollution settles and is absorbed by aquatic plants

The water than leaves the pond and enters a stream



The Tested Retention Pond



Procedure

Collect water samples approximately an hour and a half into a 
rainfall to identify the spate.

Collect baseline samples so that the spate will have something to 
be compared to.

Test the samples collected for the indicator pollutants of nitrites 
and nitrates, ions contributing to hardness, alkalinity, and pH 
will also be tested.

Compare results from baseline samples and rainfall samples to 
determine if the retention pond is a effective.



Baseline Sample

A sample taken when there had been no 
precipitation events for at least one week.

Baseline samples were taken in order for the 
precipitation events to be compared to, so that the 
size of the spate may be determined.

This will also help to determine if the retention 
pond is effective when there has been a rainfall or 
if there has not.



Details on Procedures

Collect two samples from each of three locations by 
submerging the top of a nalgene bottle.

Two samples were collected from the two feeder 
concrete culverts running into the pond.

Two additional samples were taken from the area 
where the water left the pond and entered the stream.

The last two samples were taken from the stream.  



Testing Pictures



Statistical Results

Date SS NO3+NO2 Total Hardness Total Alkalinity pH

Collected Site Name mg/L µg/L gpg ppm

12/6/06 BL IN - 1 11.70 278.83 15 10 6.2

12/6/06 BL IN - 2 12.80 274.42 10 10 6.2

12/6/06 BL OUT - 1 11.60 285.39 10 15 6.6

12/6/06 BL OUT - 2 10.80 285.08 10 10 6.7

12/6/06 BL STREAM -1 6.96 455.54 15 20 6.7

12/6/06 BL STREAM -2 11.09 477.40 10 20 6.7

12/13/06 IN-1-12:30 8.11 200.93 20 25 6.2

12/13/06 IN-2-12:30 22.43 136.53 20 20 6

12/13/06 OUT-1-12:30 20.23 160.40 15 10 6

12/13/06 OUT-2-12:30 19.87 253.96 10 10 6

12/13/06 STREAM-1-12:30 8.64 446.32 20 30 6.2

12/13/06 STREAM-2-12:30 14.51 456.08 25 25 6.2



Statistical Results

Suspended Solids       

Base Line   Precipitation   

Mean 14.01 Mean 12.78 

Standard Error 1.21 Standard Error 1.94 

Median 12.79 Median 14.25 

Mode #N/A Mode #N/A 

Standard Deviation 4.17 Standard Deviation 6.72 

Sample Variance 17.43 Sample Variance 45.10 

Kurtosis -0.57 Kurtosis -0.52 

Skewness 0.31 Skewness -0.44 

Range 13.75 Range 20.93 

Minimum 6.96 Minimum 1.50 

Maximum 20.71 Maximum 22.43 

Sum 168.15 Sum 153.40 

Count 12.00 Count 12.00 

 



Statistical Graph Nitrites & Nitrites
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Interpreting the Results

After a rainfall, the pollution and ions increased, and the 
pH decreased.

The most pollution was where the runoff water entered the 
pond, the least was where the water exited the pond, and 
the stream was in between.

The first site where the runoff water entered the pond had 
about ten times more nitrites and nitrates than any other 
sample.  It also had a more hardness and alkaline ions and 
a higher pH.  This was on January 5, 2007.

The first stream site had a dramatic rise of hardness, 
alkalinity, and pH on January 5, 2007.



Problems Encountered

At first I had only collected from the stream in order to 
determine the spate.  After consulting with Dr. Burkholder, 
I changed my process to testing the spate and testing the 
effectiveness of the retention ponds.

I could not collect samples during school hours or late at 
night.

I did not collect samples if there had been rain within a 
week in order to make each event as independent as 
possible.

The test strips I used were meant to measure only large 
quantities of pollutants so the results would usually show a 
zero, so I had to change which pollutants I would measure.



Conclusions and Implications

The suburban retention pond is 

effective at reducing the amount of 

pollutants. entering the stream.  

Trash was also prevented from 

entering the stream.



An Analysis of Rain Water Runoff Using City Green

Question: Is there a difference in 

pollution amounts immediately after, 24 

hours after and 48 hours after a rain 

event in a suburban retention pond and 

stream?

Procedure:

ÅFor every significant rainfall, water 

samples were collected after 24 and 48 

hours by submerging a nalgene bottle 

into the water source. 

ÅTest water samples with test papers 

used to identify the quantitative value of 

pollutants per sample. (Carolina 

Biological 9 Factor Water Test Kit)
The main focus was to be 

able to catch spates each time 

it rained. Spates are important 

because they contain the bulk 

of runoff material which were 

used to identify the 

concentration of pollutants in 

the study. Pollution 

concentrations increased over 

time.

Data

Date Precipitation Hour pH Total Alkalinity Total Hardness Copper Free Chlorine Total Chlorine

10/22/2006 .12 inches initial 5.7 5 20 0 0 0

10/23/2006 .12 inches 24 6.4 30 70 0.05 0 0

10/24/2006 .12 inches 48 6.8 35 40 0 0 0

10/28/2006 .55 inches 24 6.2 20 25 0 0.1 0.1

10/29/2006 .55 inches 48 6.8 50 15 0 0 0.1

11/10/2006 .63 inches 24 6.1 20 45 0 0 0

11/5/2006 .63 inches 48 6.2 15 25 0 0 0

11/17/2006 1.77 inches 24 6.4 5 30 0 0 0.1

18-Nov 1.77 inches 48 6.5 10 40 0 0 0
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Analysis

pH Total Alkalinity Total Hardness Copper Free Chlorine Total Chlorine

Mean 6.344 Mean 21.11111111 Mean 34.444 Mean 0.005555556 Mean 0.011111 Mean 0.033333

Standard Error 0.116 Standard Error 4.984544012 Standard Error 5.5556 Standard Error 0.005555556 Standard Error 0.011111 Standard Error 0.016667

Median 6.4 Median 20 Median 30 Median 0 Median 0 Median 0

Mode 6.4 Mode 5 Mode 25 Mode 0 Mode 0 Mode 0

Standard Deviation 0.347 Standard Deviation 14.95363204 Standard Deviation 16.667 Standard Deviation 0.016666667 Standard Deviation 0.033333 Standard Deviation 0.05

Count 9 Count 9 Count 9 Count 9 Count 9 Count 9



The Effect of Temperature on the Frequency of Mallet

Instruments

Basis of Western Music 

ÅWestern music is arranged in half-steps throughout an octave.

ÅIn Hertz, the relation between half steps is defined as  

Frequency + (12throot of 2)*(Frequency)

ÅAfter twelve half-steps the frequency is doubled           

producing a note one octave higher

How does change in temperature effect the sound produced by mallet instruments?

In what aspects is that change detrimental to the bandôs overall sound, in regards to the four basic elements of music?

Procedures

ÅMaterials: digital thermometer, instrument bars from the 

bells, marimba, xylophone, and vibraphone

ÅEach bar is suspended on its own rack ïBars tested in same 

order ïMarimba, xylo, vibes, bells

ÅA quiet room was climate controlled to 24°C ïTesting 3/day 

Sounds recorded using Post Code Modulation (PCM - 22.050 

kHz, 16 Bit, Mono, 43kb/s)  format ïbasis of .wav file

ÅStanding freezer was brought to warmest setting(8°C)  

thermometer suspended from the center testing 2/day  

ÅFreezer lowered to -7°C same sampling                       

methods used as described above

Results

5 cents between half-steps is significant  

This creates destructive interference 

The goal is to create constructive interference
Bells            Ą 3.1and 7.3cents

Vibraphone Ą 6.3and 16.5cents 

Xylophone  Ą 2.3and 4.3cents

Marimba     Ą Fundamental pitch displacement

Final Conclusions

Temperature change makes mallet 

instruments resonate at higher frequencies, 

which is opposite of the bandôs trend

Temperature change has greater impact in a 

group situation than in a solo setting

Limit or remove mallet performance in 

temperatures less than 10°C

Except for Xylophone and exposed or 

necessary mallet sections

ProblemsĄMinor software problems - Minor 

format incompatibilities - Band missing all of the 

malletôs Aôs

Future Project ImprovementsĄ Use an industrial 

freezer - Test more notes and     temperatures, 

particularly warmer temperatures Attain instruments 

made from different materials


