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Supplementary Fig. 1. The sensing system with battery and its wireless display via mobile phone App. a The image of the sensing system includes sensors, flexible PCB, battery and b Wireless display via cellphone App.
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Supplementary Fig. 2. Schematic design of the sensing system. a Signal conditioning module. b MCU control module. c Power management module. d Programming module.
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[bookmark: _Hlk180870639]Supplementary Fig. 3. SEM characterization of different layers for the NH4+ sensor. a Au electrode. b&c Dendritic Au at X3000 and X20000 magnifications. d PEDOT: PSS on dendritic Au. e Selective membrane.
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[bookmark: _Hlk180751231][bookmark: _Hlk180852632]Supplementary Fig. 4. EDX characterization of different layers for the NH4+ sensor. a Au electrode with Au element. b Dendritic Au with Au element. c PEDOT: PSS on dendritic Au with C and O elements. d Selective membrane with C, O and Cl elements.
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Supplementary Fig. 5. XRD characterization of different layers for the NH4+ sensor. 
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Supplementary Fig. 6. NH4+ sensor hybrid response with different concentrations of K+ as an interfering ion. 
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[bookmark: _Hlk180865441]Supplementary Fig. 7. EIS characterization of NH4+ sensor and K+ sensor for different concentrations. a 1 mM NH4Cl. b 10 mM NH4Cl. c 100 mM NH4Cl.
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Supplementary Fig. 8. Optimization of NH4+ sensors. a Performance comparison of the sensors with and without dendritic Au. b PEDOT: PSS mass loading optimization with different deposition cycle numbers.
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[bookmark: _Hlk170638389]Supplementary Fig. 9. Characterization of the NH4+ ion-selective sensors. a&b The repeatability in the range of 1 μM - 100 μM with a sensitivity of 51 mV/decade. c Potential drift of NH4+ sensor in 0.05 mM NH4Cl solution. d The sensor performance in different bending angle: 0°, 30°, 60° and 90°.
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[bookmark: OLE_LINK1]Supplementary Fig. 10. Optimization of K+ sensors. a Sensing performance in the range of 1.6 mM - 160 mM with sensitivity of 64 mV/decade. b Selectivity including interference biomarkers NH4Cl, NaCl, CaCl2 and glucose. c Bending stability after different bending times.
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Supplementary Fig. 11. In vivo cytotoxicity: HE staining of other muscle tissues. a Heart. b Liver. c Spleen. d Lung. e Kidney.
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Supplementary Fig. 12. Characterization of the sensing system. a The OCP of the NH4+ sensor as input for the signal processing module and processed output verified with artificial sweat. b The long-term stability of the sensing system when using batteries with different capacities. c The flexibility of the sensing system.
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Supplementary Fig. 13. The ammonium concentration in tears. a The OCP response of tears with NH4+ sensor. b Sensitivity before and after tears interpolation. The concentration of NH4+ in tears was initially measured to be 4.93 mM and it was determined to be 1.74 mM after cross-calibration. c The OCP response of tears with K+ sensor. d Sensitivity of K+ sensor. The concentration of K+ in tears is 28.89 mM.
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Supplementary Fig. 14. The ammonium concentration in saliva. a The OCP response of saliva with NH4+ sensor. b Sensitivity before and after saliva interpolation. The concentration of NH4+ in saliva was initially measured to be 15.89 mM and it was determined to be 13.78 mM after cross-calibration. c The OCP response of saliva with K+ sensor. d Sensitivity of K+ sensor. The concentration of K+ in saliva is 19.17 mM.
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Supplementary Fig. 15. The ammonium concentration in sweat. a The OCP response of sweat with NH4+ sensor. b Sensitivity before and after sweat interpolation. The concentration of NH4+ in sweat was initially measured to be 4.39 mM and it was determined to be 3.30 mM after cross-calibration. c The OCP response of sweat with K+ sensor. d Sensitivity of K+ sensor. The concentration of K+ in sweat is 9.88 mM.
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Supplementary Fig. 16. The ammonium concentration in urine. a The OCP response of urine with NH4+ sensor. b Sensitivity before sweat interpolation. The concentration of NH4+ in urine was initially measured to be 20.52 mM and it was determined to be 16.40 mM after cross-calibration. c The OCP response of urine with K+ sensor. d Sensitivity of K+ sensor. The concentration of K+ in urine is 37.59 mM.
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Supplementary Fig. 17. Modeling of cirrhotic mice with morphological changes in mice. a Total protein concentration. b Albumin concentration. c Total cholesterol. d Morphological changes in mice - day 0, day 20, day 40.
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Supplementary Fig. 18. Inflammation of liver cirrhosis modeling cells. a Healthy mouse liver slice. b Liver slices from mice in the liver cirrhosis model exhibiting notable features such as collagen deposition, the formation of fibrotic tissue masses, and the aggregation of lipid droplets. c Healthy mouse spleen slices. d Spleen slices from mice in the liver cirrhosis model revealing discernible alterations in cell nucleus size, division, and staining depth.
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[bookmark: _Hlk180863549]Supplementary Fig. 19. In vivo demonstration of the integrated and wireless biosensing patch for continuously NH4+ concentration monitoring.
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Supplementary Fig. 20. The calculated results of blood K+ concentration. a The OCP response of Blood K+. b The concentration of blood K+.
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Supplementary Fig. 21. The cross-calibration and calculated results of blood NH4+ concentration. a The OCP response of blood NH4+ before and after calibrating the influence of amino acids. b The extracted NH4+ concentrations without cross-calibration of K+. c The concentration of Blood NH4+.


[bookmark: _Hlk180766711][bookmark: _Hlk180861819]Supplementary Table 1. Various potentiometric sensors applied for ammonium detection in the last 10 years. 
	[bookmark: _Hlk181882773]Sensing element/structure
	Sensitivity (mV)
	Selectivity
(logKij)*
	Detection range
(mM)
	Detection limit
(μM)
	Interference elimination
	Application
	Ref.

	Nonactin
	59.5
	-0.9
	0.01-1
	1
	No
	Sea water
	1

	Nonactin
	54.2
	-0.6
	0.1-100
	10
	No
	Agricultural water
	2

	Nonactin
	52.9
	-0.85
	0.1-10
	4
	No
	Tap and well water
	3

	Nonactin
	57.0
	-0.8
	0.01-100
	1
	No
	Human urine
	4

	Nonactin
	55.3
	-
	2.5-40
	500
	No
	Sweat
	5

	Nonactin
	53.0
	-0.81
	0.1-150
	100
	No
	Urine
	6

	Tripodal Tris(pyrazolyl) Compounds
	63.0
	-0.74
	0.01-10
	10
	No
	Sea water
	7

	Poly (o-phenylenediamine)
	55.7
	-0.94
	0.02-100
	12
	No
	rivers, lakes and industrial sewage
	8

	Thiazole benzo-crown ether ethylamine-thioctic acid
	53.0
	-1.1
	0.01-100
	10
	No
	-
	9

	Prussian blue analogue of
Cu (II)-hexacyanoferrate
	56.0
	-1.1
	0.01-100
	42
	No
	-
	10

	Nonactin
	58.7
	-0.96
	0.01-100
	1
	Yes
	Universal body fluids
	This work


* The smaller the selectivity coefficient, the better the selectivity


Supplementary Table 2. Common concentrations of NH4+ and K+ in different body fluids
	Body fluid
	Human Blood
	Mice blood 
	Tear
	Saliva
	Sweat
	Urine

	NH4+
	[bookmark: OLE_LINK2]18-72 μM11
	13-63 μM12
	-
	7-16 mM13
	1-8 mM14
	15-56 mM15

	K+
	3.5-5.5 mM11
	3.1-6.1 mM16
	15-35 mM
	10-36 mM
	2-8 mM14
	25-125 mM15


[bookmark: _Hlk180766397]

Supplementary Table 3. Human and mice plasma amino acid concentrations
	Amino acid
	Human average value (μM)
	Human range (μM)
	Ref.
	Mice average value(μM)
	Ref.

	Alanine
	333
	S.D. 74
	17
	370
	18

	Arginine
	80
	S.D. 20
	
	85
	

	Citrulline
	38
	S.D. 8
	
	58
	

	Glutamic acid
	24
	S.D. 15
	
	70
	

	Glutamine
	586
	S.D. 84
	
	457
	

	Glycine
	230
	S.D. 52
	
	254
	

	Histidine
	82
	S.D. 10
	
	55
	

	Leucine
	123
	S.D. 25
	
	78
	

	Lysine
	188
	S.D. 32
	
	181
	

	Methionine
	25
	S.D. 4
	
	39
	

	Phenylalanine
	57
	S.D. 9
	
	45
	

	Threonine
	140
	S.D. 33
	
	112
	

	Tyrosine
	59
	S.D. 12
	
	47
	

	Valine
	233
	S.D. 43
	
	85
	



[bookmark: _Hlk169079925]
Supplementary Table 4. Comparison of different ions and molecular radii. 
	Ionic/molecular
	Ammonium
	Potassium
	Calcium
	Sodium
	Glucose

	Radius (pm)
	14319
	13820
	10021
	10219
	36122




[bookmark: _Hlk181217721]
[bookmark: _Hlk170676232]Supplementary Table 5. Summary of NH4+ concentration in body fluids.
	Body fluid
	Healthy mouse serum 1
	Liver cirrhosis mouse serum 2
	Liver cirrhosis mouse serum 3
	Healthy human tears
	Healthy human sweat
	Healthy human saliva
	Healthy human urine

	Normal value
	13-63
μM19
	Greater than 144 μM
	Greater than 144 μM
	-
	1-8
mM
	7-16
mM
	15-56
mM

	Ammonium ion results after cross-calibration
	36.86
μM
	166.28
μM
	179.39
μM
	1.74
mM
	3.30
mM
	13.78
mM
	16.40
mM

	Standard test results
	28.7
μM
	158.2
μM
	151.2
μM
	2.25
mM
	3.53
mM
	13.07
mM
	17.39
mM

	Relative error
	28.43%
	5.11%
	18.64%
	22.57%
	6.42%
	5.44%
	5.72%
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