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Engaging students and communities in learning about our radioactive world

Nuclear Science & Security Ali Hanks, Kai Vetter, and the RadWatch/DoseNet team
Consortium

. Abstract DoseNet Network Sensor System Highlights DoseNet Student Analyses
The UC Berkeley RadWatch project, founded in 2011 following the : The Dotseclj\letl sengcir SyS:[temt 'SCIl_JdeSd? ‘:’_et of bj\sm Sensor .
Fukushima Da'ichi Nuclear Power Plant accident, focuses on a range ) W WW il i e iaioslndonssvdanuiadugnimissivifiomaelnrinainboiliote
of activities designed to improve public understanding of radiation Nl H il Ul H | i HH il i 4 > dditional Csl P g
in our environment. This program relies on a team of undergraduate o Y radiation Counter1, N ssome pasl,es an additional Cs .ganllma-rla.lyh t
researchers to provide a range of measurements of radiation in our N m =0 e pneatos g / spectrqmeter, a 1 cm® particu a_te ma;cctgr sen301r0u3|pg aser r;g ”
food, water, ground, and air. These students make use of a range of Wi, P scatten?gt?o extracft CfoncznltratloT)s 0 q = ar|1 C (;n icron pa IClCJj ate
. . . . R e Y cheverry . : - -
technical methodologies to provide accessible and transparent data ¥ o -Q bbb i it e 8 \ _ _ concentrations, an nirared laser-based analog L, sensor, and a
for our local communities. RadWatch also launched the DoseNet \ (5000 pswnr] North s Zooolifh it T g nucling raciation counter {tséte)m é”c'fh{rﬁévﬁiﬂaiierﬂi'ny{ BMEZ280 pressure, temperature, and humidity breakout sensor (see
. 1 - | T Ty e rigure 2: Fortable version of sensor system front/back with botto lof, and itemporatre/humidity (bottom right Fig. 3). Our portable devices (Fig. 2) include an additional GPS sensor
project several years ago, which involves a network of radiation and M| Tine {imerkilon bngelis example display | (botiom lef, and pressure/temperature/numidity {bottom foht)_ 9. 9). P _ 9. _ _ _
environmental sensors connecting schools in the Bay Area and . - 4000“{9'“11”;1“ exploratorium_aq_1, Dosenet VS Purpleair, Pearsons = 0.928, Spearmans r = 0.922 R e R LR ) that allows for the mapping of data collected in real-time (Fig. 5).
3 o ) ; L Nigeria{ 2 300.0 s}‘ 4™ | - \ : : : .
internationally. This network and the technologies involved are also R I | == LY . : = We hav”e. lnsl,tadllatloniof _SyStCej_mS_ 'ndUd'ntg some Su?ﬁ’et;f tf'lfse
student driven. The sensor systems, including the software and : ) =] = I shennels 2 " 7 ~— SENsors (a Include our basic ra _'atlon counter) across '€ Bay Area
hardware interface and the 3D printed housing, were designed and Etcheverry Roof Air Quality (1, 2.5, 10 PM) 5 e and internationally (Fig. 1), allowing us to explore the variation in
< 15 i - : % g s ) . '“”'%Zouumidny (%) | . : . .
implemented largely by undergraduates under the guidance of 3 . : ey g B radl_atlon levels across our network (Flg_. 6_) an(_j explore potential
graduate students, and project scientists. The work done by this - 2 = | ", | environmental causes for observed vquatlons In dose-rate. We ha\_/e
team of undergraduates provides a model for a hands-on learning ; : S il now used the data collected across this network for a range of basic
environment that has been applied in classrooms and through a R P S T N P | B Dosenet Air Quality = SR ol 87 G 3 PR R & analyses exploring the 3ccur§cy (Fig. 4|)fantd Se?hSITVIty (Fig. 7 - 9) of
. . . o pE8Geste o @ o a80g0°%°%, g 0ge807% e 0008000088 o, o8 JrR T - . ) = ! - 3 g WL Bl e | 3%
summer internship program offered for Bay Area high school Eroee! Figure 4: Summer student result showing good | g " e, P s e s Y our Sysftems. to expected environmenta aclors that may cause
) i i eGoogle Iime (Amerioa/Los Angeles) agreement between .DoseNet air quality sensors s S| \todkings (™ cnamrioa ¥ e OpenStmettap, under ODBL. ﬂUCtuatlonS in dOSG-rate These analyses Include |00k|ng at hOW dOSG
students. Highlights from our ongoing RadWatch analyses and the Figure 1- Map of DoseNat sensor locations (main). Example pop-up araphs showing fime series data from various and nearby Purple Air sensor Figure 5: Summer student project result producing graphical interface for _ _ e ' _ _ : _
sumimer analysis work completed by our hlgh school interns is segnsors:. radiation counter (top), radiation spectror-neter (middle) and particulate matter air quality sensor (bottom). collecting and displaying mapped sensor data in real-time. varies C.jurlng wildfi res, When there is a marked mcre.ase N partlculate
ShOWIl. Average dose rate over last month Linear regression on 1 year of Radon counts data, Pinewood OS site matter In the atmosphere (Flg 8)’ radon WaShOUt (Flg 7)’ andhOW
(Gaumsians, Lt the i o as ihe Fiaks Sioma==31) temperature might impact radon levels seen in our systems (Fig. 9).
: 40 - (Peak location was not forced, but still confined to a range 600-650 keV)
u 0.2 35 4 ° © \N
= o’ Jou
Introduction B! Ve 4 ]
s 9 25 8 ‘ ’VM
- . - WMW\NN. M’h
Home Air Activi Sample Activi About People DoseNet Rad 101 ,O . ) N Lé ] z .
y y jj_wa : g1 M\MM“ ) The work done by our students has served to establish an
m : i 1 [ 'VW'W independent baseline for background radiation activity in our
e L e o il Sl S e environment, helping to demonstrate to our communities that radiation
oSeRgz2BEESEag 2oF 53 SA3gLfTs i Time (local) © 5 1 15 22 2 3 3 : : . . .
589 %% Sl A g3zt~ 22 , . Figure 9: Research experience for teachers IS everyWhere and to quantlfy the |mpaCt of human aCt|V|ty. Slmllarly,
§h Figure 7: Summer student result looking at variation in e | ewoun spetiic radon markers (B1-214) and they have expanded this expertise to include looking at a range of
Figure 6: Summer student data visualization combining radlatloq resulting from rain and ex.plorlng _the exponential Campolindo -0.0083 0.0001 | ©.61 temperature at various DoseNet network th t . th t b f . t t h h t |
: 17 [ ’ monthly dose averages across the DoseNet network drop off in counts measured following a rain event. eve 0 89e station locations. Top-left shows an example other metrics a may € of Interest, such as eavy meta
'y BT | ! : : ‘ . Etcheverry Roof 0.197 0.013 2.8%e-42 - . . - . . . . . . _
= | s ? N __ Etcheverry Roof, Paradise Fire 2018 Pinewood Outside, Paradise Fire 2018 University of Washington, baseline Exploratorium -0.347 0.132 | 6.26e-26 !\n;:arrrzgcrjzstzlotr(]);c-)rri;r?ttzr?;vegea;ogiESnnploereitr Concentratlons, while hlgh“ghtmg the power of gamma-ray
ourmiSSionistoprgizam:ri?rleg;tmeasurememsof ' ,’ré ' _ Y7, p;v:xzéed?.ee.:;gse:stzr.ljzi?ziizi: y;;‘;i;gzgzél 1635.197 p;viiﬂiied?'ee.iigie:st;;zﬁzsﬁ?zi: ye?;z;;;zgge 1252.866 pév‘iﬂ:;ed?e'é?esiiopiéanzgi?ziﬁii?s e;ﬁg:;;;;g;: 1062.031 | Miramonte 0.434 0.205 1.62e-78 for extracting (’:ounts within the Bi-214 pgak. SpeCtrOmetI'y to eXplOre our environ ment MOSt recently, StUdentS have
’adi°ac‘l‘(’)“myr:‘ui‘i’t’i::rl"r’:;‘:t‘r:i’:g;:";:::ﬁ:::zznat';fe"ab'e ) ‘i’i iy P o ‘\‘ ‘ Air Quality vs. Cesium 'OdidecwntS. Air Quality vs. Cesium lodide Counts Air Quality vs. Cesiim lodide Counts Pinewood -0.182 0.08 1e-99 The tab!e (bottom) shows the full §et ofllngar Worked to make SUCh analysis more Streamlined and robust’ in
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samples, and to allow for communities to request information from
samples collected from their local area.
Within the DoseNet project, our students have explored the
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A collection of highlighted results are presented in this panel. These
focus on exploring the capabilities and sensitivities of the DoseNet
sensor system, which includes data from radiation, weather, air
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The RadWatch program focuses on maintaining a record of the
observed levels of key radioisotopes in our environment, specifically
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those measurable through gamma-ray spectroscopy. We focus on e | ¥ ' , _ _ itivity of basic. affordable. an ibl nsor m
highlighting levels of k back d kers for Urani d Z G0 A mn wo s B T T N R T oo s W e quality, and CO, sensors, looking at known environmental factors sensitivity of basic, affordable, and accessible sensor systems toa
Iigniignting 1€vels of Known background markers for Uranium an — . . — —— - : range of environmental factors that can lead to observable variations in
. . Figure 8: Summer student correlation analysis of radiation count-rate (as proxy for dose-rate versus air quality under normal that can |ead to variations in dose rates ~ _ _ o )
Thorium, such as Bi-214 and TI-208, as well as K-40, and the most conditions and during wild-fire related periods of poor air-quality. activity from common radiological markers. This includes looking for

prominent indicators of human activity — specifically Cs-137 and Cs-134, . sensitivity to expected radon washout resulting from rain, and negative
which we track as an indicator of potential recent activity. We have also RadWatch Environmental Sample Results correlations in radon concentration and temperature. In these cases,
expanded these capabilities to include looking at heavy metal imitati iahli

P P J y Students collect samples from fish suppliers around the Bay Area. Samples are analyzed using o the limitations of our systems help to highlight the challenges that such

concentrations in similar biological samples using neutron activation. _ _ _ , _ ) Map of arsenic levels from all samples networked sensor systems face while expanding student
The purpose of this expanded effort is to put the radiological data we spectra from a high purity germanium (HPGe) detector with a lead (Figure 2). The same o understanding of the factors that can contribute to observed variations

orovide within the context of the broader array of potential contaminants basic sgtup_ IS used for neutron activation an?Iysis (NAA) samples (previlou§ reshu_ltrs] are s . 8 n activity from various radiological sources.
we typically find within biological materials. shovynr:n F&g:re él_).z'l;Ze_lr_rll (;St recenéresiult% oérlour per\]sswelgellzr.nma ?In?rﬁSIS’ Wi NAA Future efforts from our students include building a new radiation
The RadWatch team is typically is made up of between 4 and 10 highlights K-40, BI-214, 11-208 and Cs-137/134 are shown in Figure 1. The current NA/ ®° sensor with a chip that will allow for increased sensitivity and spectral
analysis is being finalized, and will include heavy metal concentrations from the same fish . o

undergraduates working on a range of projects. Students are
responsible for the general maintenance of our detection systems, and
In making ongoing improvements in tools used to produce, analyze, and
display the data we make available to the public. Most recently, several 2019 Fish Samples
of our students have worked to develop a robust set of analysis tools for

information without the need for the externally supplied Csl
spectrometer, improving data visualization to make our results more
accessible to the public, and expanding our system capabilities with
additional sensor technologies (e.g. distance, seismic data, etc).

samples. These recent results include a major improvements in the automation of the
analysis process with the intention of making all steps more accessible to non-experts.

more rapid processing of the various biological samples we collect. - : Acknowledgements
DoseNet focuses on a set of much less sophisticated sensor = @ Figure 4: NAA results with map of Cardinal snapper from MEXICO
systems and understanding what can be learned about radiation in our g 1. (atove) all rosolts for amenample| 1 e B Reterence Lt This poster bresentation bulls from work combleted by man
environment through a network of such systems. This effort was initiated : a sample (right). | §1 | L articpi atin phi h school Eummer Ntermns andeC Berli/ele Y
§ix ysars ago by a subset of the RadWe-\tch team Wij[h radiation SeNSor | L ' \'im\“;’m o S ~ ol - Endergradugateg. Highlights include work from Ben Huang%/ Dani
;ncsgﬁg?gzrrhsr:]r;:vivnciel?’sg ,i\;eeasscsz?eorcr)lls.hiilnece thet?, WItI:\ the r(;etlrp]) of high f > § N oll il : Solakian, Brian Fu, Richie Woo, Katrina Lee, Jonathan Cline, Albert
’ Y > greatly ehhanced the range o B pat 1& L ﬂ Qiang, and Edward Lee, with additional support from Chris Lamb and
data collected and grown to include locations around the world. S S o S e, g, g i, 0, Kalie Knecht.
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