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1. Abstract

a. Concise
Our main research question is about the subject aerosols. Aerosols are little pieces dust or parcels,
for example soot and water droplets. They are present at all the levels of the air up to the ozone
layer. If they are in the bottom layer of the atmosphere, they can cause breathing problems. In that
context, they are also known as particulate matter content. The number of aerosols is phrased in
AOT. We will measure the AOT with a device called Calitoo, it is a sun photometer. We will compare
our measurements with data from satellites.
he health effects of aerosols consist of short-term acute symptoms, such as asthma and bronchitis,
and long-term chronic irritation and inflammation of the respiratory tract.

It is known that particulate matter content is increased by the fireworks during New Year's Eve. We
don't know if this influences the AOT. When fireworks explode, a lot of particulate matter is
released. The size of the air pollution from the fireworks particles in the air depends on the weather
conditions. The high number of particles in the air will disappear rather quickly, they mostly do not
last long.

b. Context of research
There is a lot of attention for the environment nowadays. There are many research projects about
the subject and there are a lot of conventions to reduce pollution. Aerosols are a problem for the
environment. Aerosols can, if they are in the bottom layer of the atmosphere, cause breathing
problems. Particulate matter is a part of aerosols and it is known that the amount particulate matter
increases during New Year's Eve. The influence of fireworks on the aerosol optical thickness has not
been investigated yet. That is why we are going to research this subject, so we can answer an
unanswered question.

c. Research questions
Our main research question is:
Do the fireworks during New Year's Eve affect the amount of aerosols?

The sub-questions are:
e What are Aerosols?
o Whatis the influence of aerosols on the climate?
o How do aerosols affect health?
o How can you measure the amount of aerosols?
e How reliable are our sources?
o The Calitoo (sun photometer)
o The satellite
e Whatis the connection between aerosols and fireworks?
o What do fireworks consist of?
o How do the fireworks particles react in the atmosphere?

d. Objectives set
The objective of this research is to give some information about if the fireworks during New Year's
Eve affect the amount of aerosols. We will do this by do measurements in the Netherlands a while
before and a while after New Year's Eve. The exact moment is in each country different because of
the lag. That is why also researched the direction of the wind, that stipulates how fast and in which
direction the particulate matter flows. This way we want to declare a prospective random high AOT.



e. Brief methods description
We have used the following methods:
e Satellite data
e (Calitoo measuring instrument
e We compared our measurements with measurements of a school in Croatia.

f. Results
We have three different kind of results:
e We have our own measurements. (measured with a sun photometer)
e We have satellite data
e We have measurements from Croatia.

g. Conclusions
We could not conclude if the fireworks during New Year's Eve affected the amount of aerosols. The
sub-conclusions were too different.

h. Recommendations for a way forward

Overall, the research project went relatively well. We have had some struggles, such as the bad
weather, which was unfortunate, but we pulled through. We are very satisfied with our end result.

We have learned a few things from this project:
e Always have a backup plan for when things go wrong.
e Don't be afraid to ask for help if you are stuck.
e Never give in immediately if someone disagrees with you.

As for our next project, we are probably going to collect money for the trip to Ireland.
Next time we would like to do research to a different measuring instrument. One that can measure

the AOT on all days, so also days with clouds.

i. Key words that emphasize key ideas in the paper
AOT, particulate matter, fireworks pollution.



2. Research Questions

a. Include why they are important and are of scientific interest.
It's important to get to know if the amount of aerosols increases after New Year's Eve, because
aerosols are bad for your health. If the amount of aerosols after New Year's Eve is so high that it
becomes too dangerous for your health, measures must be taken.

We also research the reliability of our sources. We do this because we want reliable results.

b. Concern some aspect of Earth’s environment (local or global issue)
Aerosols are a global issue. If the amount of aerosols is high the environment is not very good.

c. Include a well-written description of background information.
You can find the description below where we answered our research questions.
Our main research question is: Do the fireworks during New Year's Eve affect the amount of
aerosols?

What are Aerosols?

Aerosols are little pieces of dust or particles, for example soot and water droplets. These float in the
air. Aerosols scatter and absorb sunlight, with the result that they affect the climate. How they do
that depends on several factors, such as the concentration and the kind of aerosols. Aerosols are
present at all the levels of the air up to the ozone layer. If they are in the bottom layer of the
atmosphere, they can cause breathing problems. In that context they are also known as particulate
matter. One measure of the number of aerosols in the atmosphere is the aerosol optical thickness
(AOT).

"Optical" means: in relation to light, and in this case, with respect to sunlight. Solar radiation
becomes weaker because of the aerosols in the air. To measure AOT, you measure the amount of
solar radiation at the surface of the Earth and compare that to what you would expect outside the
Earth’s atmosphere. The decrease in solar radiation is converted to AOT.

What is the influence of aerosols on the climate?

The role of aerosols is still a bit unclear. What we know for sure is this. Aerosols have a cooling
effect on the climate. The reason for this is that aerosols sent back a part of the incoming solar
radiation. How big those climate effect are depends on:

- The optical properties (is material properties that determine how the material influences light
rays)

- The chemical compositions (is the identity and the relative number of the elements that make
up a certain connection)

- The atmospheric distribution (how the ideal gas properties of an atmosphere change)

- The hygroscopicity (attracting and retaining water molecules from the surrounding
environment)

- The ability to serve CCN(cloud condensation nuclei, the size of a cloud droplet)
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How do aerosols effect health?

The health effects of aerosols consist of short-term acute symptoms, such as asthma and bronchitis,
and long-term chronic irritation and inflammation of the respiratory tract. PM2.5 and narrow UFP
penetrate deep into the lung and are therefore more likely to have adverse health effects. Since
PAHs, a class of organic matter found in the aerosol particles, are known to be carcinogenic.
According to the World Health Organization (WHO), particulate matter (PM) is on 13th place as a
cause of death.

How can you measure the amount of aerosols?

There are different ways you can measure the amount of aerosols. You can for example use a
radiometer. Radiometers measure the amount of electromagnetic radiation. (e.g., light) * Terra, a
satellite also measures the optical thickness, with a sensor called: MODIS. This is a radiometer. You
can also measure the amount of aerosols with ground-based instruments, such as a sun photometer.
(Calitoo) The Calitoo measures not only the optical thickness, but also other things such as: the
temperature, the pressure and it determines an Alpha coefficient. The alpha coefficient expresses
the difference in AOT at two different wavelengths of light. The higher the exponent, the smaller the
particles. The average value of the Alpha coefficient is 1,3. The typical value range is 0,5 to 2,5.

e How reliable are our sources?
o Sun photometer (Calitoo)

We use the Calitoo to measure the AOT. This is a sun photometer. The Calitoo measures at three
wavelengths. (red, blue and green). The results are only reliable when the sun shines and when
there are no clouds. Clouds scatter a lot of solar radiation, so if there are clouds, the sun photometer
will give a very high optical thickness.

According to the KNMI 2, the best time to do your measurements is between 10h and 16h. During
this time the sun is high in the sky. This gives a better reliability of the measurement. Also, at this
time the satellites fly over, so it’s more reliable to compare the data from satellites with the Calitoo,
if you measure between these times.

1 https://www.earthobservatory.nasa.gov/Features/Aerosols/page5.php
2 http://projects.knmi.nl/globe/meetinstructies.html
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o Terra (satellite)

Satellites can, of course, be wrong sometimes. For that reason, scientists often compare data from
the satellite with data from ground-based instruments. 'Globe Nederland' 3also compares data from
the Aura satellite with measurements from the Calitoo. (sun photometer)

We use measurements from the MODIS sensor from the Terra satellite. MODIS can view aerosols at
many different angels and wavelengths. This gives more accurate results.

A satellite is no longer used when the fuel runs out or when the systems fail. Solar panels are a very
important energy source of a satellite. When the solar panel panels fail, the satellite will fail too. One
unofficial survey puts solar panel failure as the cause for 40% of satellite failures. (10) Solar panels
fail sometimes, because the temperatures rapidly change from very cold to very hot. (From the hot
sunlight to the cold and dark space) This can damage the solar panels. The solar panels must meet
certain requirements before they can go to the space. Scientist also do research into better solar
panels. If the solar panels are well tested before they go to the space, satellites are a pretty reliable
source.

e What is the connection between aerosols and fireworks?
o What do fireworks consist of?
Fireworks generate a lot of particulate matter. Particulate matter is another word for a blend of solid
particles and liquid droplets in the air. Some are visible and others are too small for that.

A lot of fireworks contain potassium nitrate. Also, gunpowder is often used. When you light that up,
there will take place a chemical reaction whereby a lot of carbon dioxide and nitrogen will be
released. This comes together with a bang. One adds other substances in fireworks for the different
colors. Depending on the required color, you can use: sulphur oxide-, titan-, iron-, charcoal-,
aluminum-, copper-, antimony-, strontium-, barium- and magnesium compounds. In addition, silicon
and boron are often used as fuels in the wicks.

According to the RIVM?, fireworks results into particles in the air. These are: soot, sulfur dioxide,
nitrogen oxides and dust particles. This is detrimental for asthma patients. Sulfur dioxide and
nitrogen oxides are gas-phase products, but can be converted into particle-phase sulfate and nitrate
though chemical reactions

Product Normal total Extra pollution by Share fireworks (%)
pollution (kg x 1000) fireworks (Kg x 1000)

Dust 100.000 500 0,5

Sulphur dioxide 207.000 300 0,02

Mg-, and Al-oxides 3000 20 0,07

Barium 3 10 >300

Strontium 0,03 10 >30000

Source table.> Normal total pollution and fireworks pollution for some products over a year. As you
can see some products are heavily influenced by fireworks while other products are less influenced
by fireworks.

3 http://globenederland.nl/onderzoeksproject/aerosolen/
*http://www.rivm.nl/Documenten en publicaties/Algemeen Actueel/Nieuwsberichten/2017/Vuurwerk zorgt

voor smog door fijnstof
5> http://www.chemischefeitelijkheden.nl/Uploads/Magazines/CF-194-vuurwerk.pdf
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o How do the fireworks particles react in the atmosphere?
Most of the substances will end up in the ground and cause pollution, because of the high melting
points. Examples are: magnesium-, titanium-, boron-, copper- and strontium.

Other substances will remain in the air, as particulate matter. How much air pollution is caused by
fireworks particles in the air depends on the state of the weather. When there is no wind and a high
humidity, the fireworks smog will linger longer. The high amount of particles in the air mostly does
not last long, because they are larger than typical air pollution and fall out of the air faster.

The RIVM® measured the amount of particles in big Dutch cities during New Year's Eve 2002. The
amount of particles in the night was so high, that the average particulate matter concentration the
next day rose to 150 pg/m3, with peaks of 1000-1700 pg/m3. In the course of the next day this
amount decreased. (Compare this with the average of a day with 'serious smog' is 200 pg/m3.)

d. Provide significant insight into both the topic of investigation and the
research process

Do the fireworks during New Year's Eve affect the amount of aerosols?

The sub-questions are:
e What are Aerosols?
o What is the influence of aerosols on the climate?
To answer this question, we used research reports from scientists. We also got information
about this from an aerosol scientist, we had mail contact with.
o How do aerosols affect health?
We used research reports from scientist.
o How can you measure the amount of aerosols?
We already had instructions about how to use the sun photometer, but we did not
understand it all the way, so we also watched YouTube videos about how to use the sun
photometer. To find out what other measuring instruments there are to measure the
amount of aerosols we did literature review.
e How reliable are our sources?
o The Calitoo (sun photometer)
To answer this question we did literature review. We used different sites, but it was hard to
find useful information. We also asked question to our experts and to people who did this
project before. With this we found enough information to answer our question.
o The satellite
To answer this question we did literature review, using different kind of sites. We also
approached a professor who should know more about satellites. However, he did not have
enough time to help us with our questions.
e Whatis the connection between aerosols and fireworks?
o What do fireworks consist of?
We did literature review, using different kind of sites. We also used knowledge ready
available to us.
o How do the fireworks particles react in the atmosphere?
We did literature review, using different kind of sites. We also asked our teacher,
because she knew more about this topic.

Shttp://www.rivm.nl/Documenten en publicaties/Algemeen Actueel/Nieuwsberichten/2017/Vuurwerk zorgt
voor smog door fijnstof
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e. Answering them requires an advanced understanding of the subject matter
Answering the research questions requires an advanced understanding of the subject matter.
Basically, anyone can look up that aerosols are tiny particles in the air, but you are going to need to
go deeper to find out exactly what properties these particles have and how they affect the air.

f. Require a thoughtful research plan
A thoughtful research plan is essential. We decided to just measure whenever there was clear
weather. When we were able to measure, we tracked the following things:
e The temperature.
e  We will take photos of the sky
o  We will write down the wind velocity and the wind direction
o  We will write down the sun intensity.

If the weather is bad for measuring, we have a backup plan. Satellites are in orbit around the earth,
some of these measure the AOT. We could use the satellite data to draw a conclusion.

g. Are answerable through scientific research appropriate to the scope of the
report.
The scope of the report is relatively small, because it is a high school research project and not
something students from college would make. The scientific research that is needed to answer the
research questions is appropriate to the scope of the report, because we only need to learn to use a
measurement system and we can use satellite data if it goes wrong. Some of the questions are also
easily answerable through using Google.



3. Introduction and review of the literature

a. Thorough
For our literature research we used Dutch and English sources. We have a good premium if they
were reliable. We have, for example, noticed who wrote it and when it was published. A few
important Dutch sources are: the KMNI and the RIVM. These are two government organizations.
From this we can conclude that they can be trusted. We have also used Universities that have
researched this. These universities have conducted research into aerosols more often. We also use
papers from Google Scholar. Sometimes we were not sure if we could use a source. We have then
looked for more sources with about the same information and so we could conclude that the source
and information were trust worthy. The last step to be sure of the information was correct, we
consulted professors. They have checked our research to see if it all worked out. These professors
are at badges B3.
See 3c for our literature research.

b. Description of the problem
Many accidents happen during the new year eve with regard to fireworks. It is also said that
fireworks have a lot of effect on your health and on the aerosols content. With the literature
research we have looked at the effect of aerosols on your health, the climate and what do fireworks
consist of and so on. Based on results, we checked whether the aerosol content changed before and
after the new year.

c. State of the science
The state of science is good. They can already do a lot of research about aerosols. Not everything is
known, but a lot is. what this research is good is that there are measuring instruments.

d. Importance
It is important that research is done on aerosols. Aerosols affect health (see 2C.) So the more we
know about it, the more we can do about it.

e. Community relevance
Because aerosols have an effect on health and climate (see 2C) It is important to reduce it. For
example, in Eindhoven (the Netherlands), they placed large quantities of fine dust filters in the inner
city to reduce the aerosol content.

10



4. Research Methods

a. There is a direct link provided between the datasets and the research
questions.

We did research about aerosols, so in our graphics you can see the AOT. This is a direct link between
the datasets and the research questions.

b. Study site

The study site is located in Almere, the Netherlands. The land is made out of clay and it is relatively
flat. The climate of the Netherlands is affected by the Atlantic Ocean and the North Sea, so it is cool,
cloudy and humid for most of the year.

)
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c. Data collection
When the sun was shining we immediately took measurements. We measured with a sun
photometer. Each time we took measurements we did at least four of them. Sometimes we
measured more times a day, because the sun shone the whole day.

A globe protocol we used is the cloud protocols. We carefully looked at the clouds, if there were
clouds, to check if our results were reliable.

d. Print screen of data entry in the Web page of GLOBE.
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e. Data analysis
We calculated the average amount of aerosols per day, before and after New Year's Eve. There are
measurements you can use to calculate the alpha coéfficiént. However, we used a sun photometer
who immediately gives the alpha coefficient, so we did not need to use the calculations.

f.  The data presented are sufficient to answer the research question(s)
Yes, with the average AOT before and after New Year's Eve we can conclude if the AOT is higher
after New Year's Eve or not. The reason for a higher AOT after New Year's Eve can be the fireworks.

12



5. Results

a. Tables and graphics
Our measurements:

22-11-2017

Data Vision - CALITOD #0103 - x
0%

015bies . H : N : I : ;
123110 123130 123150 123210 123230 123250 123310 123330 123350 123410 123430 123450 123510 123530 123550 123610 12:36:30 123650 123710 123730 1237:50 123810 1238:
Operations Data Source

Graphics

Datalevel: @10 (15 ()20 Date:2017.11.22 Measures:6 Level:1.0 Aerosol Class Angstrom Raw Data
CALITOO #xxxx - XxXX-XX-XX

Sorr Y, you must
Alpha (Angstrém coef.) 15 _tion
— 155519

[JAlpha curve visible E M |RAWA65 | RAWS40 |RAWG19 | AOT465 | AOT540 |AOT619 | ~ 1= working with 1.5 data level ™

Data update 05  todisplay Angstrom informations

7 74
123109 | 160 (363 0785 1081 1089 02303 01978 | 0,591 D_i. [ Ocean drizzie

123357 | 158 367 0820 124 117 02122 | 01848 | 0,504

gstrém exponent (465 - 61

Save in 1.5

Average AOT:
e AOQT 465 (blue): 0,2208
e AOT 540 (green) : 0,1913
e AOT619 (red):0,1551

16-12-2017

Data Vision - CALITOD #0103 - X

01257
\
H-t

0,084 e deen

101540 101620 101700 101740 10:1820 131900 101940 102020 102100 1021:40 102220 102300 102340 102420 102500 102540 102620 102700 102740 102820  10:29:00
Operations Data Source

Graphics Datalevel: @10 (15 (20 Date:20171216 Measures:4 Level:1.0 Aerosol Class Angstrom Raw Data

CALITOO #0103 . 2017.11.22

s 540 nm. Planenl 7 2018

—
Sorry, you must

Months
8 > |
Alpha (Angstrom coef.) Days Bas
— 465-619 pm

15

ation

ngstrém exponent (465 - 619)

[JAlpha curve visible Day | Timi M |RAWA465 | RAWS40 |RAWG19 | AOT465 | AOT540 |AOT619 - -
o5 to display Angstrém informations
e B 2 16 101635 124 486 1035 1310 1188 00785 | 00882 00881 i B Oceon crizs
cean drizzle
Save in 1.5 2 3 16 10:16:51 124 (466 1036 1309 1205 00786 0,0886 0,0872 D—i‘ .
oD F 4 18 102917 | 130 (445 1080 1382 1240 00791 00886 | 00878 4 0v 0 O clear

10spheric Optical Depth| [,

origin

Average AOT:
e AOT 465:0,0896
e AOT 540: 0,0976
e AOT 619:0,0968



17-12-2017

Data Vision - CALITOO #0103

090500 01500 032500 033500 094500  09:55:00

025500 100500 10500 | 102500 103500 000 L1500 | 112500 | 11354
Operations Data Source
Graphi rosol
r-phulm Datalevel: @10 O15 (20 Date:20171217 Measures:18 Level:1.0 Aerosol Class Angstrom Raw Data
g CALITOO #0103 - 2018.01.14
— 455 nm =
540 nm, n
— 619 nm 2 I
E Sorry, you must
Alpha (Angstrbm coef.) § 15 tion
— 465619 3
[ClAipha carve visible | @ | n | Day | Time |Elev. | M |RAWAGS |[RAWS40 |RAWG19 | AOT4SS |AOTS40 [AOTe9 [~ & - Working with 1.5 data level e
5
oate pdote 1 17 085202 04 837 0505 | 0848 | 0342 00235 00349 00344 £ qx todispiay Angstrim Informations
W 2 17 085232 | 054 BT 0510 | 0853 | 0345 00240 00353 00348 2 e
Savein 1.5 T 3 17 104315 | 134 (432 184 | M95 | 1412 00707 | 00728 | 00625 8 o}
Save picture F 4 17 104326 | 134 (432 1289 | 1654 | 1624 00471 | 00484 00440 @ o 1z |[Cdcer
@ = a7 anasms | 435 lave  woas | as30 | smaa  nmos | nnses | nase ¥ 'Spheric Optical Depth| ™ nigentifiable origin
e AOT465:0,0523
e AOT 540: 0,0535
e AQOT618:0,0481
Data Vision - CALITOO #0103 - X
“‘
(! - (R AR | I ] L \ 2
¥ |
ol f
I 1
I .
- sy
1 i}
113800 11:4200 T1:46:00 11:50:00 115400 15800 120200 1206:00 121000 12:14:00 12:1800 12:22:00 12:26:00 123000 123400 123800 12:42:00 1246:00 1250:00 12:54:00 12:55:00 13:0:00 1506:00 131000 13:1400 131800
Operations Data Source
Eaplics e Datalevel: @10 (15 ()20  Dato:2018.01.07 Measures:10 Level:1.0 Aerosol Class Angstrom Raw Data
— 455 nm 9 -5
— 540 nm Years > 017 2 ni‘ |
— 519 o J—.—L—L—' bt
Months g5
&> | sanuary = Sorry, you must =
Alpha (Angstrom coof)  pays 3 )
— 465619
Clalpha curve visible [n | Day | Time |Elev. | M |RAWdSS |RANS40|RANS1S AOT4Ss [AOTsd0 AOTE1S |~ IR ET
s
et e F 1 7 132 152 381 1528 | 17z | 1704 003w 00388 00315 T todisplay Ansgtrim informations
F 2 7  m3s41 | 152 381 1537 | 1882 | 1712 0032 00375 00303 L
Savein 1.5 P 3 7  ma3ss | 152 381 1538 | 1879 | 1713 001 | 00379 | 00301 01466.540 = (g5 ' w '
~ 4 7 122403 148 391 1501 1839 1688 00312 0,0385 0,0305 -
Save picture 540619 = 000 oo o .

Average AOT:
e AOT 465:0,0309
e AOT 540:0,0372
e AOT 618:0,0293



8-01-2018

Data Vision - CALITOO #0103

B Lol RN S .-
Co e o S P

L T S T T S G Aeiet SIS SN IS SIS SR SO 008
0o 1
0076 Y
007 10074
00724 - 0072
0,07~ 0,07
00834 008
13302 113306 N30 13314 USkE | 11332 13326 113330 113334 113338 113342 113346 113350 113354 113358 113402 113406
Operations Data Source

e Datalevel: @10 (15 ()20 Date:2018.01.08 Measures:5 Level: 1.0 Aerosol Class. Angstrom  Raw Data

AOT

— 455 nm

540 nm. flonesb 7
— 619 N
Months
s>
wompoonts T T

-1

Log( A0D )
'ﬁ G L b )

Sorry, you must _J
8

465-619 ym

—
[ClAlpha curve visible {n | Day | Time ]Elw

|m \m[wm{mw Ao'rase[w'rm {Ao'rmk

working with 1.5 data level

Resy
Duta update 2 8 11:3302 amn 1214 1567 1489 0,0968 0,0874 0,0681 a to display Ansgtrém informations
2 2 8 1:3316 154 (377 1223 1581 1483 0,0849 0,0850 0,0674
Save in 1.5 o3 8 113338 | 154 (377 1223 1582 1491 00840 | 00849 | 0,0878 (465540 = ¢ é.‘
2 4 8 13353 154 277 1216 1572 1492 0,0965 00866 0,0675 -
Save pictur = o
= T Gsa0.619 Cnm Fme
e AOT 465:0,0955
e AOT 540: 0,0858
e AOT618:0,0677
Data Vision - CALITOD #0103 - X
0; L  EEEL et - et 026
s R R SETEE LT Fn 025
0. = S 024
[}¥ = - 023
0
0. 0
[ 02
0 e — o
1420040 14:20:50  14:21:00 142100 1421220 1421:30 142140 1421:50 142200 142210 142220 142230 14:22:40 142250 14:23:00 142310 142320 14:23:30  14:23:40 142350 14:24:00
Operations Data Source
Gi i
raphics ot Datalevel: 10 ®15 ()20  Dato:2018.0114 Measures:5 Level:15 Aerosol Class Angstrom Raw Data
E CALITOO #0103 . 2018.01.14
— 455 NM lb 5=
— 540 nm. loxs 7 2 2
— 515 nem 3
Months = 4 Measures
&> $
Alpha (Angstrom coef) Dy e JE E 15 [ siomass fires and poliution
455519 pm o
ClAlpha curve visible n | Day | Time | Elw | M |Rmms |RAWS40 |RAWE19 | AOT465 |AOTS40 AOTE1S [~ = - [ fine and coarse particies
i §
Data update F B 1 14 142036 09, 6.3 0201 0351 0481 02622 02395 0,1942 E 05 D Desert dust
~ 2 1 142134 090 (6539 0200 0350 0461 02586 02365 0,1917 :; - O e
Save in 1.5 1 3 14 142221 089 |646 0203 0357 0469 02527 0.2307 0,1869 El 0+
e F 4 14 142313 | 088 654 0200 0351 0463 02511 02302 | 0,1865 < boa [ ctear
© & a4 saoenn | map lssa moen | nama | naee | noara | nomea | napas ¥ '@sRheric Optical Depth| [, origin

Average AOT:
e AOT 465:0,2544
e AOT 540:0,2327
e AOT 618:0,1885

Average amount of aerosols before New Year's Eve:

e AOT 465:0,1209
e AOT540:0,1141
e AOT 618:0,1000

Average amount of aerosols after New Year's Eve:
e AOT465:0,1269
e AOT540:0,1186
e AOT618:0,0952

AOT before and after New Year's Eve

0,12
0,1

— Reeks1

e R 22K 5 2

1 Blue is before and orange is after New year's Eve



Data from the satellite:
22-11-2017

(%> GLose

NORWAY.

oo

UZBEKL

s sl TR TURKMENISTAN

TUNISA

Wind velocity: 6,3 m/s from south west

16-12-2017

uniTED
KINGOOW

Wind velocity: 2,2 m/s from the West

17-12-2017

GLOBE

FINLAND.

]

fRance
sty s UZBEKIS
ia S
L sPAIN TURKMENISTAN
T g
oIS
MOROCCO. =

Winrd veIoéit&: 3.0m/s from“South-West‘



30-12-2017

2017-12-30

FINLAND
etk
HOMA $#9  DENMARK. 'copeoniien
N g
pevensi sbe Wargde SELARUS
oot hnbterdam g
- GERMANY )  POLAND g o
UKRAWE
FRANCE i ehin
s ROMANIA
syl JTALY » - UzBEKI
e SPAIN ryeet S S TURKMENISTAN
PoRTUG i B PR
TUNISIA = syRia |
5 ) a5 erminens S o o <\ it
MG70CCO 4 PO oy e
,- 1RAQ AN

Wind velocity: 6.2 m/s from Sortrjth West

31-12-2017

FINLAND

myvs 4

1
peith DENVARK e ool Maoscon
warsly BELARUS
GERMANY POLAND
o UKRAINE
vierea K
FRANCE E Chigintu
e s o
by 118 qT— < D
Aedorbiayels ITALY alicr-e oy ruzBEK!
e Rome e ?
K iy TR
SPAIN : : 4
e Grerce TURKEY
SATUEAL 25 g
2 i 3\ Aoy bt
Tonisy : W symia Y
Rabt P dh 2
J ; Oumascat’ | aontad
MOROCCO i B ey i o
2 1RAG IRAN

Wind velocity: 5.0 m/s from South West

01-01-2018

2018-01-01
—

NORWAY.

Myvs 4

North $60. {DENVARK Vopanniinr g o
L. unimo f o
o TiNGoom T g
b RELAND s po el BELARUS
v Lo+ Ao A
SR . GERMANY POLAND
- % - | Pigue, 10 3
¢ Ports gty G UKRAINE (
By s B e S 0oy I
G G PSR A
FRANCE £ ,
P i S ROMANIA
> s Sigade  Sechsd
L oo vl o
Aecnibi et Sy X y
E ITALY gt otole sl 8 ~ ]
Maded name L (s oS o :
= it Gaere " TuRkey 7 TURKMENISTAN
) . “hshgabat
TUNISIA W syria s
e, Toumassud’ |\ aonau
g o iy 5 AR
: 1RAQ IRAN
g g <
i

Wind velocity: 5 m/s from South West




02-01-2018

Myvs 4

NORWAY Gulf o
oup g
? stockholen 1L
Higa,
Nerth Sea. O NMARKE ¢ ounnigen Moncom
UNITED - F
KINGDOM Vgl Minsk
darsde BELARUS
POLAND t
o ¥
UKRAINE
st k
RIS ehigin
A 1 " ROMANIA
- g “Bligrade  Buchaist
sevdors ITALY : y aeos
Madrid e o
. Ankars O rian
e SPAIN i3 \ ¢ 3
L Uitipn Greece TURKEY TURKMENISTAN
20kTUfA sgers : .
= ? A Ashabar
= TUNISIA >
i ol &° dohdad
MOROCCO ¥ 0 A AR
. 1RAQY, ) IRAN

Wind velocity: 4,5 m/s from South West

07-01-2018
Measurements

Myvis 4

(S
$ DENMARK  open S Moscow
UNITC™ 2 a
wate saia o+ 'NGDOI .
R st
rondon “Amterdam A
. ~J GERMANY + sl
Parts iy UKRAINE { =
e KAZARHSTAD
FRANCE - “chigis
AN 4 < Romania (S
: duchi?
Boy of Riscay ponmco vig LSS, oo
ey iaveta b Sobe
crsiayels 1 ITALY . Focots % soucasy _cUZBEKISTAN
Rome . hopye L At - . Y
Madnd L4 R Vi Y A Toshuu
o SPAIN - Tyrrhenion Gaece TURKEY V3 TURKMENISTAN “\QusharBs xvesr|
UBAL B : 1
Tunk - Aubgabor
b a g, Tehean
J SYRIA - ~ X
Rabat TUNISIA ; . byl
5 an Sea Damascur’ ahited
Tripoll , %
MOROCCO . " AFGHANISTAN
4 IRAQ IRAN
oo
g ALGERIA o PAKIST,
4 EGYPT

A

Wind velocity: 5,9 m/s from North East

08-01-2018

Ros
Narth § nark e
UNITE ~ sl 2
wera iy ¥INGDOR Vil Minsk
% RELAND fenage e o BELARUS ¢
London * Amterdam ' A
t5 ~J GERMANY POLAND
gy ", o
! . UKRAINE
Viafa-(<ovas
. <5t
e ¥ oo ot
FRANCE 3 NvcARY » W
3 ROMANIA
! » <Biigrade ,Buchict

Myvis 4

Moscow

KAZ/{%F%‘ STAI

Andorbiayels 50 suicandl Bl FUZBEKISTAN
. “ abren . ~ L]
Makid s ToaKy 2
SPAIN Greect S TURKMENISTAN “Qushar. sum
A ¢ )
. ‘ Habgabat 1
B s g 3 FR—
IRAN
{ ALGERIA " PAKISTS
| AL EGYPT \."'-%‘s -
LR - o —

Wind velocity: 5,5 m/s from East




14-01-2018

Measurements Data Counts Sites on Map: 0 &3

Myvis 4

North Sea DENMARK 'Copachigen 9 Moscow
Baltic Sea. =\ e
b UNITED il
seene i KINGDOM ¥ . \ sl 4]
5 e aios B warsaw BELARUS ¢ 2
JRELAND + Amiterdam 1 i A
tondon AT ( \ 7 < A
. ~J GERMANY { Ty P i A Eal
<oy - Kyiv ¢ Vg W
e ny
6 f ‘ ﬂ
3 (4 KAZ STAI
FRANCE ¢ Q
Bise N
. i ~ -
o ‘Andoria yella 2 suLs Black Sea <UZBEKISTAN']
o . |7 s 5 E
[ Modia P SAas \ Tk
i _Lison  SPAIN T ‘N"(w." Greece TURKEY TURKMENISTAN “\Dushanb
SOKTUGA 2 g, J
RTUGAL ¥ : Ashgabat el
J - Wi e \ Tehran T b
A TUNISIA USSR SYRIA 5 Kabyl
R \ 3 Damascus 8igindad ¢ e
Tripol S D {AFGHANISTAN .

MOROCCO ‘Amenag

RAQ IRAN S

. 1 (
{ A Kuwait City

{ ALGERIA ) = N PAKISTAN.: _/
N J LIBYA EGYPT o Tima : b
| e R Riyadh o Jog {

. Velbéify: 5,5 m/s from East.

e Data from Skola Za Medicinske Sestre Vrapce (School in Croatia)

Day Average AOT
19-12-2017 0,0965
22-12-2017 0,3294
31-12-2017 0,0493
3-1-2018 0,2826
5-1-2018 0,2277
6-1-2018 0,2289

Average AOT before New Year's Eve: 0,1584
Average AOT after New Year's Eve: 0,2464

b. Data support the conclusions
We only use good data for our conclusion. We did more measurements, but some of them were not
reliable. We have determined the reliability by looking to various factors. If the results were higher
than 0,5 we didn’t use them. (The manual says that results above 0,5 are not reliable) After every
measurement, we made photos of the sky too. With this, we could explain the divergent results.
When we had a very high AOT and we saw clouds on our photos of that day, the high AOT was
probably because of the clouds.

We also tracked the wind strength and wind direction after every measurement.
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6. Discussion

a. interpretation of results
According to our literature study, we can explain our results. Particulate matter is a part of the
aerosols. During New Year's Eve, the amount of particulate matter is higher than normal, because of
the fireworks. Because of this you might expect that the AOT also is higher than normal. However,
the aerosols are the particles from the ground to the ozone layer and particulate matter is only the
bottom layer of the atmosphere. It is possible that most of the aerosols are in another layer than the
bottom layer and that the amount of aerosols in the bottom layer does not really affect the AOT.

b. possible sources of error
We could not measure the day after New Year's Eve, because it was cloudy. The days after these
days, there was a storm. Our first measurement after New Year's Eve was after one week. It is
conceivable that a high number of aerosols flew away before we could measure them. It was also
very cloudy during this period of the year (autumn/winter), so we could only measure eight times.
Six of these measurements were reliable. If we could do more measurements, our results would be
more reliable.

We could not check the reliability of the Croatian measurements. However, we assume that their
measurements were reliable. We also didn't have the wind velocity from Croatia, so we could not
take this into account. In the Globe visualization system, we could not select different wavelengths.
We took the average of the aerosol optical thickness. Also, they measured the aerosols in the
wavelength green and red and did not measure the blue wavelength.

c. comparison with similar studies

e The RIVM did a similar study. They measured the amount of particulate matter during New
Year's Eve. Their conclusion was that the particulate matter content became higher because
of the fireworks during New Year's Eve.

e SATLINK did an expletory research about the connection between the AOT and particulate
matter content.

e Chemical Engineering & Technology also did a research about the AOT during New Year's
Eve. They detected aerosols from 30 to 450 nm.

e There also was a research 7 about the effect of fireworks display perchlorate in air aerosols
during the spring festival. Their conclusion was that the fireworks display can result into the
levels of perchlorate increase.

d. discuss whether results support the hypothesis or not, and why
Our hypothesis was that the fireworks during New Year's Eve would increase the AOT, because the
particulate matter content increases too. Our results do not support this.

7 https://www.sciencedirect.com/science/article/pii/S1352231010010277
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7. Conclusion

a. Gives a thorough and insightful explanation as to how the conclusion was
reached
Based on our measurements we can draw the following sub-conclusions:

e [fyou look at our measurement results, you can see that the average amount of aerosols
one week after New Year's Eve, was not higher than before New Year's Eve. With these
results, we can conclude that one week after New Year's Eve, the fireworks do not affect the
amount of aerosols.

e When we looked at the satellite data from Terra, we could see that the amount of aerosols
do not change very much before and after New Year's Eve. Most of the time, there were no
aerosols above the Netherlands according to the satellite data. Because of this, we took the
wind directions into account. If, for example, the wind came from the South, we looked to
the aerosols in the South, who were the closest to the Netherlands. With this, we can
conclude that the fireworks during New Year's Eve do not affect the amount of aerosols
according to the satellite data.

e According to the measurements from Skola Za Medicinske Sestre Vrapce, the average AOT
before New Year's Eve and after New Year's Eve is higher. You can also see a big difference
between the AOT on 31-12-2017 and on 3-01-2018.

Conclusion:
Our sub(-)conclusions were very different. With our sub(-)conclusions we cannot conclude if the
fireworks during New Year's Eve affect the amount of aerosols.

b. Put findings in context, why it’s important/relevant, impact, with regard to
the science
Due to the increasing focus on the climate changing and the improvement of the climate.

¢. What improvements in methods.
Next time, we would like to do research to a different measuring instrument. One that can measure
the AQT on all days, so also days with clouds.

d. What follow-on research/actions to be taken, future protocols that could be
added

e A next research which can be done, is measuring the AOT before and after New Year's Eve
three years in a row. With this you have a more reliable conclusion. It is also better to take
the measurements in a country where it is always sunny, so we can measure for sure on
New Year's Day. This gives a better conclusion.

e Another possible next research is doing research to the effect of fireworks in the summer.
You can light fireworks on a special place and then immediately take measurements. With
this you can say something about the amount of aerosols immediately after lighting
fireworks.

e. Impact of working with a project mentor
Our project mentor helped us with various things. For example, with how you send a good e-mail to
an expert and with the basics of doing good research. This gave us a good base for our further
research. Our project mentor also helped us with making a good research question, because we had
some trouble with that.
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https://www.sciencedirect.com/science/article/pii/S1352231010010277

By Yali Shi, Ning Zhang, Jianmin Gao, Xin Li and Jaqi Cai. Consulted at 27 January 2018.

Wind directions:

https://earth.nullschool.net/#current/wind/isobaric/1000hPa/orthographic=-6.30,39.94,431

http://projects.knmi.nl/klimatologie/daggegevens/index.cgi

We consulted these sources every day we took measurements and on the days we used satellite
data.



https://www.sciencedirect.com/science/article/pii/S1352231010010277
https://earth.nullschool.net/#current/wind/isobaric/1000hPa/orthographic=-6.30,39.94,431
http://projects.knmi.nl/klimatologie/daggegevens/index.cgi

Badges:

B1: Collaboration

All team members are listed, along with clearly defined roles, how
these roles support one another, and descriptions of each student’s
contribution. The descriptions clearly indicate the advantages of the
collaboration. We were all responsible for the research we did on the
internet.

Eva Janssen

My name is Eva. My task was to search for professionals and schools. My
job was to find professionals and schools who could help us with our
research. My other task was to maintain contact with the schools and

- professionals, together with Rozemarijn.

My name is Rozemarijn. | am the planner of the group. My job is to set
deadlines for the group and adjust the planning, if necessary. | discuss
the planning frequently with the group, so everyone knows what they
have to do and when it needs to be done. My other task is to do research
on the Calitoo and to help with keeping contact with the professionals.

My name is Sander. | am the group 'translator'. | translate from English
to Dutch and vice versa. When other people in the team don't know
some of the more difficult words in English, | help them with translating.
My other task is to help Rozemarijn with the research on the Calitoo.

Sanne Streekstra

Hello, my name is Sanne. This project, | did several things. | had contact
with two of the three professionals. Because | checked my mail so
frequently, we were able to respond quickly. The information which the
professors sent us through mail was very helpful. Besides, | made the
poster. | also worked on the research report.




B3: Connecting to a STEM Professional

The report clearly describes collaboration with a STEM professional that enhanced the research
methods, contributed to improved precision, and supported more sophisticated analyses and
interpretations of results.

We would like to thank our professors. We had three STEM professionals that helped us during the
project. We also had contact with Globe Nederland. Two teachers of our school helped us with the
research, this was not related to the content but to the way of researching.

Our three STEM professionals are:
e Joost Wesseling, from the RIVM (in the Netherlands)

He helped us to draw up our research question. He also helped us with the things we did not
understand about aerosols. Besides that, he helped us partially with understanding the Calitoo (our
measure device).

e Hester Volten, from the RIVM (in the Netherlands)

She is a colleague of Joost Wesseling. She helped us to find satellites, so we could compare our
results with it. Besides that, she read our research report (3c) and gave a reaction. Finally, she
helped us with understanding the Calitoo.

e Leah Williams, from the Aerodyne Research Inc. Center for Aerosol & Cloud Chemistry
(America)
Leah Williams is an aerosol expert. She answered our questions and she gave comments on the
information we wrote at 3c (Include a well-written description of background information). She also
gave tips about information we could add to our research and corrected our English.

Other professionals

e Our teachers, from Helen Parkhurst (the Netherlands)

We have two teachers who helped us with this project. Those are Maaike Vollebregt and Joris ten
Barge. They helped us to draw up our research question. Besides, we conferred with them about the
research plan. They did not help us with the content of our report.

e Professional, from Globe Nederland (the Netherlands)

During the project, we had some questions about the commission. Globe Nederland answered those
questions.

e Koen Michels, a Calitoo professional (the Netherlands)

He helped us with the questions about the Calitoo, that the other professionals could not answer.
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B4: Interscholastic connection

The report describes a carefully planned interscholastic or international collaboration that describes
rationales for data collection in different regions and the advantages of comparing results.

We compared our data with a school in Croatia. (Skola Za Medicinske Sestre Vrapce)
The advantages of comparing results for our research:

e We have more data for our conclusion. With more results you get a more reliable
conclusion.

e In Croatia, the sun shines more than in the Netherlands. This is an advantage for our
research, because we measure the AOT with a sun photometer, which you can only use
when the sun shines and when there are no clouds in front of the sun.

We wanted to compare our data with another country. First we searched on the Globe site to
schools who measure the AOT. We send an email to a lot of schools. Skola Za Medicinske Sestre
Vrapce answered to our mail. They also measured the AOT, so we could exchange results. We also
told each other about our schools and what we already did with Globe. We both plan to go to the
Globe Learning Expedition in Ireland, so it would be fun to meet each other there.

GLE theme:

Environmental problems and solutions.

We choose this theme, because we did research about aerosols, which is an environmental problem.
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