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Figure 1: PURRtentio a) DIY electrochemical biosensor b) Litter Box System and mobile application readouts. c) Components. 

ABSTRACT 
Traditional collection and analysis of feline urine samples for health 
monitoring are invasive, expensive, and infrequent. This paper in-
troduces PURRtentio, a novel litter box system utilizing an elec-
trochemical biosensor to monitor analytes in feline urine. The sys-
tem comprises a DIY biosensor, potentiostat, microcontroller, dis-
tance sensor, and mobile application. Performance validation com-
pared PURRtentio with an industry-grade potentiostat. PURRtentio 
presents an innovative and non-invasive approach for consistent 
monitoring of chemistry elements in feline urine, enabling early 
detection and management of cat’s health conditions. This tech-
nology has the potential to revolutionize feline health monitoring, 
providing a solution for veterinarians and pet owners. 

CCS CONCEPTS 
• Human-centered computing → Interactive systems and 
tools; Interaction devices; • Applied computing → Life and 
medical sciences. 
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1 INTRODUCTION AND RELATED WORKS 
Electrochemical biosensors are devices that detect and measure 
specifc analytes, such as glucose, sodium, pH, and metal ions, by 
utilizing electrochemical reactions at electrodes. Typically, they 
consist of a working electrode, a counter electrode, and a reference 
electrode, with a potentiostat controlling the electrical potential 
and current between them. These biosensors have shown promise 
in health monitoring applications, from diabetes management to 
drug efcacy assessment [2, 25, 26]. 

Feline urine analysis is crucial for assessing the health status 
of cats, providing insights into hydration levels, kidney function, 
and metabolic disorders [3, 5, 18]. Sodium, potassium, glucose, and 
pH are common analytes in cat urine and serve as indicators of 
underlying health conditions [4, 10, 22, 23]. As a proof of concept, 
we focus on sodium levels due to they can a) vary signifcantly 
by dietary intake, making it easy to detect fuctuations even in 
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healthy cats [4], b) be an indicative marker of feline health [14, 16], 
and c) be more useful as a marker when assessed in combination 
with other anayltes, which follows our project goal of multiple 
analytes analysis in the future. Previous research explored colori-
metric biosensors and visual chemical indicators in cat litter for 
detection purposes [5, 10, 23]. However, colorimetric sensors have 
limitations in lifespan and reversibility compared to electrochemical 
biosensors, making them impractical for continuous use [1, 13, 15]. 

This project introduces PURRtentio, a litter box system that inte-
grates electrochemical biosensors for unobtrusive and continuous 
monitoring of feline health. We developed a cost-efective solution 
using DIY electrodes and a low-cost potentiostat to promote hard-
ware and software replicability. Our focus is on detecting sodium 
levels in cat urine as an initial step towards comprehensive health 
monitoring. By enabling continuous monitoring of feline’s health, 
PURRtentio facilitates early detection of health issues and person-
alized care without costly and time-consuming lab tests [17, 18]. 

2 IMPLEMENTATION 
We modifed a two-layer litter box to house the hardware. The 
bottom layer includes the potentiostat system (Adafruit Feather 
M4 Express board, Adafruit Bluefruit LE SPI Friend module, and 
1000uA Rodeostat Featherwing V0.3 R1) and a pee pad for fuid 
absorption. The biosensor receives fuids through a sift surface 
topped with non-absorbent cat litter. A second funnel layer ensures 
all liquids are directed to an opening to the biosensor. The upper 
layer incorporates VL53L0X Distance sensor (ToF) that triggers 
the system upon detecting the cat’s presence and departure. See 
Figure 1b. The system operates with Open Circuit Potential (OCP). 
OCP refers to the voltage present when a circuit’s terminals are 
disconnected. The form factor is designed to facilitate urine fow, 
allowing sufcient biosensor stabilization time before testing. 

The electrochemical biosensor is made using antioxidant-free, 
oxidation-resistant copper tape with an insulating adhesive, en-
suring resistance to oxidation and corrosion [7, 12]. This material 
choice provides a cost-efective alternative to traditional materials 
for biosensors [8, 9, 11, 20]. Fabrication involves cutting the copper 
tape with a home-crafter cutting machine to create electrodes with 
dimensions of 0.7 inches wide by 2 inches long (Fig. 1a), selected 
based on fuid fow areas, fexibility, and testing requirements. The 
working electrode undergoes treatment with a sodium activation so-
lution, making it sodium ion-selective and preventing interference 
from other elements [19]. An insulating barrier solution is applied 
to the exposed areas of the electrodes, not on the biosensor section, 
ensuring precise measurements and prevent contamination. 

The system operates asynchronously with optimized sampling 
rate to accommodate biosensor behavior and BLE communication 
with the application. Utilizing the p5ble.js library, the application 
establishes a connection with the device, enabling real-time data 
visualization through live graphs and concentration level gauges. 

3 TECHNICAL EVALUATION 
In choosing biosensor material, we compared our potentiostat in 
PURRtentio with the industry-grade potentiostat EmStat. Sodium 
test solutions were prepared using preferred electrochemical tech-
niques [6, 21] at concentrations based on feline urine levels [4, 14, 
24]: 43.48, 97.83, 156.52, 195.65, 234.8, and 391.3 mM. We prepared 

Figure 2: Comparision of EmStat and RodeoStat 

them through dilution of a highly concentrated of sodium solution 
with known tested value in deionized water. Solutions were mixed 
by machine controlling speed, time, temperature, and amount [21]. 

We conducted a technical evaluation to validate the performance 
of the DIY biosensor and the PURRtentio system by comparing 
them against EmStat using OCP with prepared test solutions. Our 
system show similar trends for either system used. This is evident 
from the trendline analyses and the r-squared values (shown in 
Figure 2), with slope values similar to the ten thousandth place 
and r-squared values <0.1 apart, which indicate the strength of the 
correlation between the measured values and the expected values. 

4 CONCLUSION AND FUTURE WORKS 
Our study presents PURRtentio, an innovative method for contin-
uous and non-invasive monitoring of feline health using electro-
chemical biosensors. By developing a DIY biosensor and low-cost 
potentiostat, we accurately measure sodium levels in feline urine. 
Our evaluation shows that PURRtentio performs comparably to an 
industry-grade potentiostat, providing reliable measurements for 
diferent sodium concentrations. 

Future work includes developing a rinsing system to prolong 
biosensor lifespan, conducting tests with various analytes and fe-
line urine, interviewing veterinarians, and performing user studies 
in real-world settings. Integrating PURRtentio with IoT devices 
like smart feeders and activity trackers enhances functionality for 
comprehensive feline health monitoring. Exploring other analytes 
such as glucose for feline diabetes and simultaneous detection of 
multiple analytes holds great potential. 

PURRtentio revolutionizes feline health monitoring, improving 
veterinary care and cat well-being. With further advancements and 
IoT integration, this technology has broader applications in animal 
and human health monitoring and beyond. 

ACKNOWLEDGMENTS 
This material is based upon work partially supported by the Na-
tional Science Foundation under Grant No 2146461. 

https://p5ble.js


PURRtentio: Implementing a Smart Liter Box for Feline Urinalysis with Electrochemical Biosensors UIST ’23 Adjunct, October 29-November 01, 2023, San Francisco, CA, USA 

REFERENCES 
[1] Wilson A. Ameku, Josué M. Gonçalves, Vanessa N. Ataide, Mauro S. Ferreira San-

tos, Ivano G. R. Gutz, Koiti Araki, and Thiago R. L. C. Paixão. 2021. Combined 
Colorimetric and Electrochemical Measurement Paper-Based Device for Chemo-
metric Proof-of-Concept Analysis of Cocaine Samples. ACS Omega 6, 1 (12 Jan 
2021), 594–605. https://doi.org/10.1021/acsomega.0c05077 

[2] Ananta Narayanan Balaji, Chen Yuan, Bo Wang, Li-Shiuan Peh, and Huilin 
Shao. 2019. pH Watch-Leveraging pulse oximeters in existing wearables for 
reusable, real-time monitoring of pH in sweat. In Proceedings of the 17th Annual 
International Conference on Mobile Systems, Applications, and Services. 262–274. 

[3] Catherine Bovens. 2011. Feline Lower Urinary Tract Disease A diagnostic ap-
proach. Feline Update (2011). 

[4] Y. H. Cottam, P. Caley, S. Wamberg, and W. H. Hendriks. 2002. Fe-
line Reference Values for Urine Composition. The Journal of Nutri-
tion 132, 6 (06 2002), 1754S–1756S. https://doi.org/10.1093/jn/132.6.1754S 
arXiv:https://academic.oup.com/jn/article-pdf/132/6/1754S/30067020/1754s.pdf 

[5] Lanny U. Franklin and Mary E. Sachs. 1993. PH-INDICATING MATERAL AND 
CAT LTTER CONTAINING SAME. 

[6] Guinevere Gifn. 2022. The role of concentration in electrolyte solutions for 
non-aqueous lithium-based batteries. Nature Communications 13 (09 2022). https: 
//doi.org/10.1038/s41467-022-32794-z 

[7] Alireza Khoshroo, Komail Sadrjavadi, Mojtaba Taran, and Ali Fattahi. 2020. 
Electrochemical system designed on a copper tape platform as a nonenzy-
matic glucose sensor. Sensors and Actuators B: Chemical 325 (08 2020), 128778. 
https://doi.org/10.1016/j.snb.2020.128778 

[8] P. Khullar, J. Badilla, and R. Kelly. 2015. The Use of a Sintered Ag/AgCl Electrode 
as Both Reference and Counter Electrode for Electrochemical Measurements 
in Thin Film Electrolytes. ECS Electrochemistry Letters 4 (01 2015), C31–C33. 
https://doi.org/10.1149/2.0051510eel 

[9] Tae Yong Kim, Sung A Hong, and Sung Yang. 2015. A Solid-State Thin-Film 
Ag/AgCl Reference Electrode Coated with Graphene Oxide and Its Use in a pH 
Sensor. Sensors 15, 3 (2015), 6469–6482. https://doi.org/10.3390/s150306469 

[10] Charles R. Kuhns. 1992. ANIMAL LITTER WITH CHEMICALLY BOUND CHEM-
ICAL INDICATORS. 

[11] Min Suk Lee, Akshay Paul, Yuchen Xu, W. David Hairston, and Gert Cauwen-
berghs. 2022. Characterization of Ag/AgCl Dry Electrodes for Wearable Electro-
physiological Sensing. Frontiers in Electronics 2 (2022). https://doi.org/10.3389/ 
felec.2021.700363 

[12] Emil R. Mamleyev, Peter G. Weidler, Alexei Nefedov, Dorothée Vinga Szabó, 
Monsur Islam, Dario Mager, and Jan G. Korvink. 2021. Nano- and Microstructured 
Copper/Copper Oxide Composites on Laser-Induced Carbon for Enzyme-Free 
Glucose Sensors. ACS Applied Nano Materials 4, 12 (2021), 13747–13760. https: 
//doi.org/10.1021/acsanm.1c03149 arXiv:https://doi.org/10.1021/acsanm.1c03149 

[13] Keiichiro MIE, Akiyoshi HAYASHI, Hidetaka Nishida, Mari OKAMOTO, Kazuo 
YASUDA, Mio NAKATA, Kazuyuki FUKATSU, Norie MATSUNAMI, Shogo YA-
MASHITA, Fumihito OHASHI, and Hideo AKIYOSHI. 2019. Evaluation of the 
accuracy of urine analyzers in dogs and cats. Journal of Veterinary Medical Science 
81 (10 2019). https://doi.org/10.1292/jvms.18-0468 

[14] P. Nguyen, B. Reynolds, J. Zentek, N. Paßlack, and V. Leray. 2017. 
Sodium in feline nutrition. Journal of Animal Physiology and Ani-
mal Nutrition 101, 3 (2017), 403–420. https://doi.org/10.1111/jpn.12548 
arXiv:https://onlinelibrary.wiley.com/doi/pdf/10.1111/jpn.12548 

[15] J. Pérez-Accino, L. Bernabe, E. Manzanilla, and J. Puig. 2020. The utility of 
combined urine dipstick analysis and specifc gravity measurement to determine 
feline proteinuria. Journal of Small Animal Practice 61 (07 2020). https://doi.org/ 
10.1111/jsap.13184 

[16] Yann Queau, Esther Bijsmans, Alexandre Feugier, and Vincent Biourge. 2020. 
Increasing dietary sodium chloride promotes urine dilution and decreases struvite 
and calcium oxalate relative supersaturation in healthy dogs and cats. Journal of 
Animal Physiology and Animal Nutrition 104 (03 2020). https://doi.org/10.1111/ 
jpn.13329 

[17] Rose E. Raskin, Kelly A. Murray, and Julie K. Levy. 2002. Comparison 
of Home Monitoring Methods for Feline Urine pH Measurement. Veteri-
nary Clinical Pathology 31, 2 (2002), 51–55. https://doi.org/10.1111/j.1939-
165X.2002.tb00279.x arXiv:https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.1939-
165X.2002.tb00279.x 

[18] George Reppas and Susan F Foster. 2016. Practical urinalysis in the cat: 2: 
Urine microscopic examination ‘tips and traps’. Journal of Feline Medicine 
and Surgery 18, 5 (2016), 373–385. https://doi.org/10.1177/1098612X16643249 
arXiv:https://doi.org/10.1177/1098612X16643249 PMID: 27143040. 

[19] Blaine F. Severin and Thomas D. Hayes. 2021. Efect of electrode rinse solutions 
on the electrodialysis of concentrated salts. Separation and Purifcation Technology 
274 (2021), 119048. https://doi.org/10.1016/j.seppur.2021.119048 

[20] KK Mohammed Shafeeq, Shiny Nair, G Uma, and T Mukundan. 2019. Fabrication 
of Ag/AgCl electrode for detection of electric feld in marine environment. In 
IOP Conference Series: Materials Science and Engineering, Vol. 561. IOP Publishing, 
012054. 

[21] Nikola Slaninova, Klara Fiedorova, Ali Selamat, Karolina Danisova, Jan Kubicek, 
Ewaryst Tkacz, and Martin Augustynek. 2020. Analysis and Testing of a Suit-
able Compatible Electrode’s Material for Continuous Measurement of Glucose 
Concentration. Sensors 20, 13 (2020). https://doi.org/10.3390/s20133666 

[22] Ralph J. Steckel and Larry J. Murphy. 2008. Animal litter having the property of 
detecting diabetes in felines. 

[23] Yuqiang Sun. 2019. Cat urine pH indicating material, pH indicating cat litter and 
preparation method thereof. 

[24] Hui Xu, Dorothy P.L. Lafamme, and Grace L. Long. 2009. Efects of dietary 
sodium chloride on health parameters in mature cats. Journal of Feline Medicine 
and Surgery 11, 6 (2009), 435–441. https://doi.org/10.1016/j.jfms.2008.10.001 
arXiv:https://doi.org/10.1016/j.jfms.2008.10.001 PMID: 19073369. 

[25] Yiran Yang and Wei Gao. 2019. Wearable and fexible electronics for continuous 
molecular monitoring. Chemical Society Reviews 48, 6 (2019), 1465–1491. 

[26] Meredith Young-Ng, Grace Chen, Danielle Kiyama, Anna-Sofa Giannicola, Erkin 
Şeker, and Katia Vega. 2023. Sweatcessory: a Wearable Necklace for Sens-
ing Biological Data in Sweat. In Adjunct Proceedings of the 2022 ACM Inter-
national Joint Conference on Pervasive and Ubiquitous Computing and the 2022 
ACM International Symposium on Wearable Computers (UbiComp/ISWC ’22 Ad-
junct). Association for Computing Machinery, New York, NY, USA, 141–143. 
https://doi.org/10.1145/3544793.3560342 

https://doi.org/10.1021/acsomega.0c05077
https://doi.org/10.1093/jn/132.6.1754S
https://arxiv.org/abs/https://academic.oup.com/jn/article-pdf/132/6/1754S/30067020/1754s.pdf
https://doi.org/10.1038/s41467-022-32794-z
https://doi.org/10.1038/s41467-022-32794-z
https://doi.org/10.1016/j.snb.2020.128778
https://doi.org/10.1149/2.0051510eel
https://doi.org/10.3390/s150306469
https://doi.org/10.3389/felec.2021.700363
https://doi.org/10.3389/felec.2021.700363
https://doi.org/10.1021/acsanm.1c03149
https://doi.org/10.1021/acsanm.1c03149
https://arxiv.org/abs/https://doi.org/10.1021/acsanm.1c03149
https://doi.org/10.1292/jvms.18-0468
https://doi.org/10.1111/jpn.12548
https://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1111/jpn.12548
https://doi.org/10.1111/jsap.13184
https://doi.org/10.1111/jsap.13184
https://doi.org/10.1111/jpn.13329
https://doi.org/10.1111/jpn.13329
https://doi.org/10.1111/j.1939-165X.2002.tb00279.x
https://doi.org/10.1111/j.1939-165X.2002.tb00279.x
https://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.1939-165X.2002.tb00279.x
https://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.1939-165X.2002.tb00279.x
https://doi.org/10.1177/1098612X16643249
https://arxiv.org/abs/https://doi.org/10.1177/1098612X16643249
https://doi.org/10.1016/j.seppur.2021.119048
https://doi.org/10.3390/s20133666
https://doi.org/10.1016/j.jfms.2008.10.001
https://arxiv.org/abs/https://doi.org/10.1016/j.jfms.2008.10.001
https://doi.org/10.1145/3544793.3560342

	Abstract
	1 Introduction and Related Works
	2 Implementation
	3 Technical Evaluation
	4 Conclusion and Future Works
	Acknowledgments
	References



