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ABSTRACT

DETECTING AND MEASURING CONCENTRATION OF UREA IN THE BLOOD USING
AN ELECTRONIC SENSOR

By

Gerald Justin Goenawan
Dr.rer.nat Maruli Pandjaitan. Advisor

SWISS GERMAN UNIVERISTY

People who suffer from chronic kidney disease require the use of hemodialysis. The
monitoring of blood urea concentration during therapy is important to evaluate the
progress of therapy. The higher the concentration of urea in the blood, the more lethal
it is for the patient. Urea is broken down into ammonia and carbon dioxide with the
help of enzyme urease. High concentrations of ammonia in the blood can further
damage the kidneys. Ammonia ions dissolved in the blood can be detected using a
potentiometric conductivity sensor. The sensor has two electrodes that detect changes
in electrical potential difference between them. Results show that as the concentration
of ammonia dissolved in distilled water increases, the conductivity of the solution
increases. On the other hand, an increase in ammonia concentration dissolved in
diluted blood would show a decrease in conductivity. This shows that ammonia has an
effect on a solution’s overall conductivity, but not as much as the difference caused by
blood. The undetected changes made by ammonia in diluted blood can be calculated,
and these values can be referred as the fixed relation of ammonia concentration and

solution conductivity.

Keywords: Chronic Kidney Disease, Hemodialysis, Potentiometric, Conductivity.

Gerald Justin Goenawan



DETECTING AND MEASURING CONCENTRATION OF UREA IN THE BLOOD Page 4 of 39
USING AN ELECTRONIC SENSOR

SWISS GERMAN UNIVERSITY

Gerald Justin Goenawan



DETECTING AND MEASURING CONCENTRATION OF UREA IN THE BLOOD Page 5 of 39
USING AN ELECTRONIC SENSOR

DEDICATION

| dedicate this work to my family, for whom | cannot love enough, my Lecturers, for
whom | cannot thank enough, and my friends, for whom have all been there for me

regardless of the time, place, and condition.

Gerald Justin Goenawan



DETECTING AND MEASURING CONCENTRATION OF UREA IN THE BLOOD Page 6 of 39
USING AN ELECTRONIC SENSOR

ACKNOWLEDGEMENTS

| wish to thank Dr.rer.nat Maruli Pandjaitan for being my advisor and giving me this
task. It has taught me many things both academically and non-academically. | hope

that you will continue making Indonesia a better place.

My deepest appreciation for my parents Goenardjoadi Goenawan, and Ivone Aryanti
for supporting me in everything | do and for teaching me what it means to be a good
child and student.

To Tabligh Permana, for his ideas and support, without him | would never have
finished this work. Keep teaching the students with your great mind and knowledge

for 1 am sure all will appreciate it.

To Fuad Ughi, MT., for being very supportive and for teaching me the ways of
becoming a better student, and thus a better person.

To Megantara Pura, for helping me with this project in the most unexpected of ways.

To all my friends in SGU and those who are not. Thank you for cheering me on in the

hardest of times. | wish you all achieve the goals you aim for.

Lastly to my little J. it has been a good 21 years, but now I must leave you. | must
thank you for all the times you have been with me, I will cherish them forever and

always.

Gerald Justin Goenawan



DETECTING AND MEASURING CONCENTRATION OF UREA IN THE BLOOD Page 7 of 39
USING AN ELECTRONIC SENSOR

TABLE OF CONTENTS

Page
STATEMENT BY THE AUTHOR ..ottt 2
ABSTRACT .ottt sttt r e sttt r e reereene e s 3
DEDICATION ..ottt sttt ettt sa s et e e e bestesteenaeneeneeneens 5
ACKNOWLEDGEMENTS ..ottt 6
LIST OF FIGURES ......ooiiiiiiiieie it 9
LIST OF TABLES .............. oI, ... ........c.ceueecceneeneeneeneeseesennenabanans 10
CHAPTER 1 - INTRODUCTION ..ottt 11
1.1 Research BaCKgroUNG..........c.....oviiieiiiiecic ittt nne e 11
1.2 Research ProbIBMIS ciiiiiir. ... s dibe st sba st e e e ste e sre e beeaeeseebannas 13
1.3 ReSEarch ODJECLIVES .............ccccveiviiiirteestesiee e ste e naeseeste e e stee e e eesreesreeeessananeas 13
1.4 Significance OF STUAY............c.cccvoiiiieiiese e e st saaesre s 13
1.5 Research QUESHIOMS Sitiiih. ............ooveveruees SuatnRat et te et bttt st e evveaeesseeseesaeessdannanas 14
1.6 HypOIRESISINY.. Vo SO ... ... ... 14
CHAPTER 2 - LITERATURE REVIEW ......coooiiiiiiiiiiiieiisisieienie e 115
2.1  AZOteMIA AN UTEIMIA ... . ieerteeuesueesueenesseesseasnesseessesnsesssesesseesseessesssesseessessasssens 15
2.1.1 Chronic KidNeY DISEASE ......cceeiiieriieiieeiiee st siiesieesiee st sree e snee e sreas 15
2:1=2:End StageRepalPiseasest 2t st s vl st o e e 16
et EYER L W O OB Tl VLRI LI R 16
B3 B odEECaRCEhANDN R0, B N RN N A EE RN .. 17
2 4= CondietVItyEMeter R L s s R e e T e et 17
CHAPTER 3 — RESEARCH METHODS .......cooiiiiiiieiectceeeie e 18
3.1 VENUE AN THME 1.ttt nne s 18
3.2 CONAUCTIVITY SENSOT ...ttt 18
3.3 Data ACQUISITION ...ooviiieiieciie ettt ae e e eesree s 19
3.4 Equipment and MaterialS........cooveiiiiiiiiii et 20
3.4.1 Laboratory EQUIPMENT .......cviiieieiesiieeeeeee et 20
3.4.2 Chemicals and MaterialS..........cccooiiiiiiiiieiee s 21
3.5 ANalYtical MEthOU .......coiiiieiee e 22
3.5.1 SIMUIALION OF UFBA.......eiiiiiiieiiie e 22
3.5.2 Initial Conductivity Meter TESTING ........ccuuiririeiiie e 23
3.5.3 Ammonia Concentration in Distilled Water............ccoccovvvviiniiiicieneee e 24
CHAPTER 4 — RESULTS AND DISCUSSIONS ......ccooiiiiesiereie e 27

Gerald Justin Goenawan



DETECTING AND MEASURING CONCENTRATION OF UREA IN THE BLOOD Page 8 of 39
USING AN ELECTRONIC SENSOR

4.1 Initial TeStING RESUILS .....c..ciieie e 27
4.2 Ammonia Concentration to Voltage OULPUL ...........cccveiiiiireiiien e, 29
CHAPTER 5 — CONCLUSIONS AND RECCOMENDATIONS..........cccoovninnniannn, 34
5.1 CONCIUSIONS ...ttt bbbt b e bbbt 34
5.2 ReCOMMENTALIONS ....oviiiiiiiiiieie ettt nreas 34
GLOSSARY L.ttt bbb e s 35
REFERENCES ...ttt bbbt 36
APPENDICES ... .ottt bttt ettt nnenne e ne e e 37
CURRICULUM VITAE ...ttt bbb 38

Gerald Justin Goenawan



