Analyzing Inhibitors of CO2 Detectors in Mosquitoes

Authors: Sophie Bullen, Ryan Dempsey, Aneesh Mazumder, Danial Pitafi, Edward Thomas

O butl e Mentors: Rusty Low, Cassie Soeffing, Peder Nelson, Andrew Clark, Benito Espoti NCSCC

The material contained in this poster is based upon work supported by the National Aeronautics and Space Administration (NASA) cooperative agreements NNX16AE28A to the Institute for NASA Earth Science
Global Environmental Strategies (IGES) for the NASA Earth Science Education Collaborative (NESEC) and NNX16AB89A to the University of Texas Austin for the STEM Enhancement in Education Collaborative
Earth Science (SEES). Any opinions, findings, conclusions, or recommendations expressed in this material are those of the authors and do not necessarily reflect the views of NASA.

Introduction Resec Conclusion

Our project aimed to look at how ‘o T ) T
. . i e Ethyl pyruvate and the
CO2 concentration might affect & P e v A Prototype y! Pyt .
© o combination of 2,3 Butanedione,

Columbia

u . = = = Cl a 1125 Pi :2 77
28 651 252t o'f i Wilmi
u ' Bartow Forsyth 12 121 3 p 3 ilmington
38 20f 8f “;7‘: """"""" This design was not by us, but was publicly available on OnShape. Author: maxcene barataud; Source:
17 iz 3 B o https://cad.onshape.com/documents/778df5637361da6e492261ab/w/173f842e427819234c22acd7/e/fa6241eb9fd2983cf972fee? - u a n a - e X a n ‘ ' a n
On Li , ,

Important question to tackle because e T B = s -
CO2 levels are rising across the Earth It W FotatypelDlagram octere ooy 1-Pentanal seemed to be the
Alabama ® S T (mley o agime e ovar hChatieton em. It is an example of what the
ool 0 T, m S . dispenser will look like. S t . t d t
. . . pMontgomery  "IETLE RS NSRS Al & The cork and the canister were p
due to climate change. Using this e T Ry desigred by us using OnShape most convenient compounds 10

- - . . . B2l Trae" o e T s ", G CAD Potential pumps that can - "
information along with existing data A e use for our prototype in the state
" — | Pt of Georgia. Maximal coverage

on mosquito populations across oL G 'e
| cannot be guaranteed, so there
e IS no complete protection against

pump will go inside

Ll S vector-borne diseases.

compound out.

u n n
This design was not by us, but was publicly available on OnShape. Author: kenney; Source:
https://cad.onshape.com/documents/262689cce21167 1d9dfc84e1/w/22d2008ed26a0a51d0a61abd/e/6dbb83c54325baf55b17a8

- 80
N \ Q
2 \
> (3

Cork at the bottom of Canister where the

Georgia, we sought to increase < & 5
awareness and accessibility for cmiears  Somnd ol

: : : . : , : . lastic rod is where the
This map was created using ArcGIS and by inserting data published by the Georgia Department of Public Seouessag?et leak Eompound ol s

Ve Cto r— bO rn e d i Se ase p reve nti O n ] We Health in 2017. The number of mosquitoes per county include all species which were found in the i s o

numerous types of traps that were set. but recyclable

. . m carsiing %\Q\%\ PL:’ . .
potential compounds to use in a 5 : | - | e [arget audiences are counties
— T N s To create the prototype, we looked at different means of aerosol production. This included looking at
p rototype d |ffu ser we d esi g N ed N @ | 2 |Fndustr_|al solutions to germ prevention because it was the closest to what we were trying to do. Wlth h Ig h erm OSq u Ito pO p U Iatl ons
- g ollowing this, we looked at how we could most effectively automate the spray of the compound. The
... ... X existing devices were looked at and then a plan of a prototype was decided based on what we saw and (
CAD ] Ay - Ngy read in the literature. We used OnShape to create the prototype and Google Slides was used to create C h ath a m Y G Iyn n Y Lown d eS Y
TTTTT b %&\?\“‘\ the diagram. The prototype adopts an easily re-usable design to allow the user to easily change the -
- M 5 o Charleston tube in which the compound is stored. Additionally, everything on the design is either reusable or RI Ch m O n d a n d F u Ito n ) .
Resea rc h Q u GStI o n s recyclable making the prototype more environmentally friendly. On top of that, the design will be cheap
— "‘ and portable for the user. The chosen compound that is recommended will be stored in one of the
e Wl a  \d recyclable tubes and will be placed into the canister, screwed in by the cork at the bottom. It is important " " " :
NE— - T that it is also where there is a high risk of the spread of vector-borne diseases or for prevention ® LI m Itatl ons iIn CI U d e th ere on Iy
] ) l Al - 8L measures. It is important that a dispenser is placed in an area in which there is a large amount of . . .
o H OW m |g ht mosq u |toes be i - 3 people. This way it will be more efficient and all people are being protected from vector-borne disease bel n g O n e AO I O bse rvatl O n | n
| ‘ B carriers. The easy use of our design and re-usability will allow anybody to use the dispenser to protect G . d . t h .
affected by changes of carbon themselves especially if they are in an area of high risk for vector-bome diseases. eorglia and mosquitoes naving

dioxide concentration in the other olfactory neurons which

Ear‘th,s atmosphere? Iglijsn;;ai\r;]);vois;reated using an already existing layer in ArcGIS which had human population density per Acknowledgements + Badges Can detect Sme”S Other than
Georgia is the state with the highest mosquito abundance throughout the COZ Wh |Ch iS Why maXi mum

US. This could be due to its geographical location, or perhaps due to the . . . . .
land cover seen throughout the state. Temperature ranges also have been This project would not be possible without the guidance of the SEES

e \Which chemical compou nds are seen to have an affect on the amount of mosquitoes in an area, with higher Earth System Explorer mentors; Dr. Rusanne Low, Ms. Cassie Soeffing, prOteCtIOn agalnSt mOSqUItoeS

: TICTY temperatures correlating with larger amount of mosquitoes, specifically the Mr. Peder Nelson, Dr. Erika Podest, Andrew Clark, along with peer )
most adapted for the inhibition of Culex nigripalpus and Culex quinquefasciatus. mentors Benito Esposti, Matteo Kimura, and the entire SEES program. cant be guaranteed '
. J
d mOSq u |t0 S CpA Nerves frOm These two maps allowed us to determine which counties would have the _
: : . highest need for our product. These would be the counties with the highest ‘I am a STEM Professional”: Without the help of Dr. Andrew Clark, with whom ® ' I
funCthnlng and deteCtlng the human and mosquito population density. The three counties which fit this we attended office hours, we wouldn’'t have been able to compile and create No direct link found between

CarbOn dioxide that humanS criteria the most are Chatham county, Fulton county and Richmond layered maps using ArcGIS. Those maps enhanced our study on human Ievels Of COZ COncentratiOn in

county. populations and mosquito populations within the state of Georgia. With the
AOI Data

exhale?

combination of other sources of data including demographics and the atmOSphere and mOSqUitO
— socioeconomic backgrounds, we were able to formulate a comprehensive pOpUlatiOnS in those areas.

public health initiative for the prevention of vector-borne diseases in different
counties in the state of Georgia. Our project benefited greatly from Dr. Clark’s
collaboration and guidance.

Hypothesis

‘I am an Engineer”: Using the ArcGIS maps we created, we were able to
better understand mosquito densities across the populated counties in the
state of Georgia. This narrowed our results to identify specific compounds

References

that are usable in different regions using our prototype diffuser designed in

Baker, B. P., Grant, J. A., & Malakar-Kuenen, R. (n.d.). Cornell University. Integrated Pest Management - Cornell Cooperative Extension. Retrieved July 22, 2022,

Centers for Disease Control and Prevention. (2019, June 3). Search odors. Centers for Disease Control and Prevention. Retrieved July 22, 2022, from

C O n C e n t r ati O n O f C O 2 i n a n ‘ e R "” J ' , ‘} L '~ OnSh ape CAD. Our design presents a practical solution for vector-borne from https:/www.ecommons.corell.edu/bitstream/handle/1813/56119/citronella-MRP-NYSIPM.pdf
6;;'3_ L5 ' {-; : o JE ,m, o d |Se ase prevention’ as the des|g N |S affo rdable, S afe, and acces S|b|e across Buckner, E., Showman, A., & Connelly, C. R. (2012, September). common name: black-tailed mosquito scientific name: Culiseta melanura. Black-tailed Mosquito
. https://www.atsdr.cdc.gov/odors/search_results.html
“I Make an I m paCt” |SSUGS Of aﬂ:o rdablllty, acceSSI bl I |ty, and h |g h mosq u Ito Centers for Disease Control and Prevention. (2021, December 17). Final cumulative maps and data. Centers for Disease Control and Prevention. Retrieved July

. . L Culiseta melanura (Coquillett). Retrieved July 22, 2022, from https://entnemdept.ufl.edu/creatures/aquatic/culiseta_melanura.htm
ar a |S h| h r n V r a wide variety of citizens.
th . I I b i , & » /P . <, - iR uildin ‘ 22,2022, from https://www.cdc.gov/westnile/statsmaps/cumMapsData.html
e re W I e a g re ate r ountain Park \ Pl ‘ ‘ :;;i_ : / - | pOPUIatlon helped drlve Our prOJeCt Inltlatlve After Ou r researCh WaS Culex (Culex) quinquefasciatus (say) - SMSL. New Zealand BioSecure Entomology Laboratory. (2008, February 11). Retrieved July 22, 2022, from

com pleted, we were able to SuggeSt SpeC|f|C recom mendatIOnS for dlﬁ:erent https://www.smsl.co.nz/site/southernmonitoring/files/NZB/Mosquito%20Profiles/Cx.%20quinquefasciatus %20new%20profile%202015.pdf

Dormont, L., Mulatier, M., Carrasco, D., & Cohuet, A. (2021, March 16). Mosquito attractants - Journal of Chemical Ecology. SpringerLink. Retrieved July 22, 2022,

d e n S ity Of m Osq u itoes . \ " ’ | | . // %q ontainer pUbIIC health situations. Ethyl pyruvate was found to be effective in most from https://link.springer.com/article/10.1007/s10886-021-01261-2

Sltuatlonsa bUt a m IX Of 2 ’ 3 B Utaned |One, 1 _BUtanaI ’ 1 _HexanOI ’ and European Centre for Disease Prevention and Control. (2021, October 25). Aedes albopictus - factsheet for experts. European Centre for Disease Prevention and

u 1 : : = Control. Retrieved July 22, 2022, from
p rese nt I n th at a rea TO better UnderStand the Iand cover in our area Of StUdy (Georgia), any AOI 1-Pentana| COUId be used In areas Where CUIeX CIUInquefaSCIatUS mOSqUItoeS https://wvsllw.ecdc.euro};a.eg/er?/di.segse-vectors/facts/mosquito-factsheets/aedes-albopictus#:~:text:Aedes%ZOaIbopictus%20feeds%200n%20a,virus%2C%20den
- points in Georgia were looked at. This point was located in Forsyth county, are found in abundance. Wilkes county, Gwinnett county, and Clinch county eSS Aoarase

Georgia population 2022. Georgia Population 2022 (Demographics, Maps, Graphs). (2022). Retrieved July 22, 2022, from

which is a County with an abundance of Culex and Aedes albOpiCtUS WOUId beneflt greatly from the Iatter Compound because CUIeX https://worldpopulationreview.com/states/georgia-population
mosquitoes, which are some of the most harmful species of mosquitoes. quinquefasciatus has an abundant population in those counties. ]




