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[bookmark: OLE_LINK18][bookmark: OLE_LINK17][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK64][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK48][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK49][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK29][bookmark: OLE_LINK51][bookmark: OLE_LINK50][bookmark: OLE_LINK38][bookmark: OLE_LINK37][bookmark: OLE_LINK32][bookmark: OLE_LINK42][bookmark: OLE_LINK41][bookmark: OLE_LINK40][bookmark: OLE_LINK39][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK34][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK36][bookmark: OLE_LINK35][bookmark: OLE_LINK52][bookmark: OLE_LINK45][bookmark: OLE_LINK33][bookmark: OLE_LINK57][bookmark: OLE_LINK5][bookmark: OLE_LINK58][bookmark: OLE_LINK59]Horseradish peroxidase (HRP, 250 U/mg), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), methyl red, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), mercury (II) sulfate (HgSO4), iron (II) sulfate (FeSO4), glucose, sodium hydroxide, chitosan, citric acid and methanol were purchased from Shanghai Aladdin Biochemical Technology Co., Ltd. (China). Lactate, trehalose, bromothymol blue, potassium iodide, sodium chloride, sodium citrate and Tween-80 were provided by Energy Chemical (Shanghai, China). Glucose oxidase (GOD, 180 U/mg) and lactate oxidase (LOX, 100 U/mg) were purchased from Shanghai Macklin Biochemical Co., Ltd. (China) and Beijing Solarbio Science & Technology Co., Ltd. (China). Whatman No.1 filter paper and hydrochloric acid were purchased from GE Healthcare (Shanghai, China) and Chengdu Kelong Chemical Co., Ltd. (China). All the reagents used were at the analytical purity level. 
[bookmark: OLE_LINK60]Inkjet printing was performed using an Epson R330 inkjet printer (Epson, Japan). UV-vis absorption spectra were recorded on Shimadzu-UV-1800 spectrophotometer (Shimadzu, Japan). Ultrasonic treatment was carried out using the SB-100DT ultrasonic bath (XJ Biotechnology Instrument, Zhejiang, China). The structure and morphology of the materials were characterized by scanning electron microscope (SEM, Nano SEM-450, USA). Surface wettability of ﬁlter paper was evaluated using a DropMeter A-100 optical contact angle analyzer (Maist Testing Technology, Ningbo, China). The housing of the portable image acquisition device was fabricated using a HORI Z560 3D printer (HORI Technology, Beijing, China), and the integrated camera was a F1080p model (Zhongwei Aoke, China) with a resolution of 2 megapixels.
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[bookmark: OLE_LINK1]Fig. S1 Reaction mechanisms of colorimetric detection for lactate, Cl⁻, glucose and pH. 
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[bookmark: OLE_LINK4]Fig. S2 UV-vis absorption spectra validation of each colorimetric reaction system. (A) For the Cl- detection system, an enhancement of the characteristic absorption peak was observed at 595 nm, corresponding to the formation of the Fe2+-TPTZ complex. (B) As the glucose concentration increased, the characteristic absorption peak of the I₂ at approximately 350 nm gradually intensified, indicating the successful formation of the iodine oxidation product. (C) In the mixed indicator system, the position and intensity of the absorption peaks changed significantly under different pH conditions, with the acidic and alkaline characteristic peaks exhibiting a reciprocal increase and decrease. (D) For the lactate system, a clear absorption enhancement was observed at λ = 414-417 nm, confirming that ABTS was oxidized to ABTSOX. These results indicate that each colorimetric reaction occurred successfully, providing a mechanistic basis for colorimetric quantitative analysis.
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Fig. S3 Detailed structural diagram, dimensional drawing and photograph of the semi‑enclosed portable image acquisition device. The outer shell was made by 3D printing with resin material.
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[bookmark: _Hlk234250028]Fig. S4 Training convergence and recognition performance evaluation of the YOLOv8‑Seg model under small‑sample training data conditions. The training set consisted of 56 images, while the validation set contained 24 images. The ratio of the two sets was 7:3. (A) Variation of mAP@0.5 and mAP@0.5:0.95 with training epochs in the mask segmentation task. During the first 50 epochs of training, the model performance improved rapidly, with a significant increase in mAP values. After approximately 80-100 epochs, the performance stabilized and reached convergence. Ultimately, the mAP50 (Mask) approached 1.0, and the mAP50-95 (Mask) remained stable at a high level, indicating that the model achieved high segmentation accuracy across different IoU thresholds. Moreover, the curve fluctuations were small in the later stage of training, demonstrating that the training process was stable without obvious overfitting phenomenon. (B) Precision-Recall curve of the model. The PR curve was tightly aligned with the upper‑right corner of the coordinate space, indicating that the model maintained high precision and recall across different confidence thresholds. The model achieved mAP of 0.995 at IoU = 0.5, demonstrating its excellent detection accuracy and segmentation stability for image targets.



Table S1  Age and gender of volunteers
	Participant
	Age
	Gender

	1
	21
	Male

	2
	24
	Male

	3
	28
	Male

	4
	25
	Female

	5
	23
	Female

	6
	26
	Female



Table S2  Typical concentration ranges of major analytes in real human sweat (summary from literature)
	Analyte
	Concentration Range
	Reference

	Cl-
	25-100 mM
	[1]

	
	10-100 mM
	[2]

	
	1-100 mM
	[3]

	Glucose
	0.001-0.2 mM
	[4]

	
	0.03-1 mM
	[5]

	
	0.05-0.40 mM
	[6]

	pH
	4.5-7.5
	[7]

	
	5.5-8.5
	[8]

	
	5.0-9.0
	[9]

	Lactate
	0-25 mM
	[10]

	
	1-50 mM
	[11]

	
	3-25 mM
	[12]









Supplementary Equations
Equation S1

[bookmark: OLE_LINK3]Among them,  represents the RGB values of the paper-based chip at time t,  represents the blank background of the paper-based chip, and  represents the RGB values of the paper-based chip at time 0.
Equation S2
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