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Figure S1. Forest plots showing reported concentration ranges (µg/L) of THMs: (a) TCM, (b) BDCM, (c) DBCM, and (d) TBM in swimming pools and tap water from previous studies. Horizontal lines represent the minimum–maximum concentration range reported in each study, and solid circles indicate the corresponding mean values when available. Studies are grouped by water matrix and disinfectant type: swimming pools treated with chlorine and sodium hypochlorite (SP (Cl₂), blue dashed box), swimming pools treated with cyanuric acid–stabilized chlorine (SP (Cy), red dashed box), and tap water (black dashed box).
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Figure S2. Forest plots showing reported concentration ranges (µg/L) of HAAs: (a) MCAA, (b) DCAA, (c) TCAA, (d) MBAA, (e) DBAA, (f) TBAA, (g) BDCAA, and (h) BCAA in swimming pools and tap water from previous studies. Horizontal lines represent the minimum–maximum concentration range reported in each study, and solid circles indicate the corresponding mean values when available. Studies are grouped by water matrix and disinfectant type: swimming pools treated with chlorine and sodium hypochlorite (SP (Cl₂), blue dashed box), swimming pools treated with cyanuric acid–stabilized chlorine (SP (Cy), red dashed box), and tap water (black dashed box).
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Figure S3 Pathway-specific contributions of ingestion, inhalation, and dermal exposure to the total chronic daily intake (CDI) of disinfection by-products (DBPs) grouped by water matrix and disinfectant type: (a) swimming pools treated with chlorine and sodium hypochlorite (Swimming pool (Cl₂)), (b) swimming pools treated with cyanuric acid–stabilized chlorine (Swimming pool (Cyanuric acid)), and (c) tap water.
For each compound, contributions were normalized to 100% of total CDI. The red-labeled “Total” bar denotes the cumulative exposure across all DBPs within each scenario.

Table S1. Exposure parameter values and their references

	Parameter
	Explanation
	Unit
	Swimming pool
	Tap water (Shower)
	Tap water (Drinking)

	EF
	Exposure Frequency
	event/yr
	34.8a
	384.8a
	365(days/yr)

	ED
	Exposure Duration
	yr
	53b
	70
	-

	ET
	Exposure Time
	h/event
	0.887a
	0.237a
	-

	AT
	Average Life Time
	yr
	70
	70
	-

	SA
	Body Surface Area
	cm2
	17352a
	17352a
	-

	BW
	Body Weight
	kg
	64.5a
	64.5a
	64.5a

	IR
	Inhalation Rate
	m3/day
	14.62a
	14.62a
	-

	ITSP
	Oral Intake rate (Swimming pool)
	L/h
	0.05b
	0.05b
	-

	ITDW
	Oral Intake Rate
(Tap water drinking)
	L/day
	-
	-
	2 



a National Institute of Environmental Resesarch, 2019,  Korean Exposure Factors Handbook
 b Li et al., (2023a)
Table S2 Summary of calculated human health risks associated with chlorinated disinfectants evaluated in this study. (a) Annual daily uptake (ADD), (b) Excess cancer risk (ECR), and (c) Harzardous quotient (HQ)

(a) Annual daily uptake (ADD)
	
	ADD_Inhalation (μg/m3)
	ADD_Dermal (mg/kg/dy)
	ADD_Ingestion (mg/kg/day)

	
	SP(Cl2)
	SP(Cy)
	Tap
	SP(Cl2)
	SP(Cy)
	Tap
	SP(Cl2)
	SP(Cy)
	Tap

	
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max

	TCM
	3.1E-02
	4.1
	9.3E-03
	2.2
	3.1E-02
	2.4
	4.8E-07
	6.4E-05
	1.4E-07
	3.4E-05
	4.9E-07
	3.7E-05
	1.5E-07
	2.1E-05
	4.7E-08
	1.1E-05
	2.5E-05
	1.9E-03

	BDCM
	7.3E-03
	7.4E-01
	1.8E-02
	1.1
	1.7E-02
	5.3E-01
	1.3E-07
	1.3E-05
	3.2E-07
	2.0E-05
	3.1E-07
	9.4E-06
	6.5E-08
	6.6E-06
	1.6E-07
	1.0E-05
	2.4E-05
	7.5E-04

	DBCM
	1.2E-03
	6.3E-02
	1.5E-03
	2.0E-02
	4.1E-03
	2.1E-01
	4.0E-08
	2.0E-06
	4.7E-08
	6.5E-07
	1.3E-07
	6.8E-06
	3.0E-08
	1.5E-06
	3.5E-08
	4.8E-07
	1.6E-05
	8.1E-04

	TBM
	7.2E-04
	8.6E-02
	2.9E-04
	4.1E-02
	3.9E-03
	1.9E-01
	2.2E-08
	2.7E-06
	9.0E-09
	1.3E-06
	1.2E-07
	5.8E-06
	2.5E-08
	3.0E-06
	9.9E-09
	1.4E-06
	2.2E-05
	1.0E-03

	MCAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1.2E-04
	4.5E-07
	2.4E-06
	1.6E-05
	3.7E-05

	DCAA
	3.7E-08
	2.9E-04
	6.6E-07
	6.6E-06
	1.8E-09
	2.1E-06
	4.0E-08
	3.1E-04
	7.1E-07
	7.1E-06
	1.9E-09
	2.3E-06
	8.3E-08
	6.4E-04
	1.5E-06
	1.5E-05
	6.2E-07
	7.5E-04

	TCAA
	9.6E-07
	9.6E-04
	8.0E-06
	2.6E-04
	1.5E-08
	3.3E-05
	7.4E-08
	7.5E-05
	6.2E-07
	2.0E-05
	1.1E-09
	2.5E-06
	1.3E-07
	1.3E-04
	1.1E-06
	3.4E-05
	3.1E-07
	6.9E-04

	MBAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.0E+00
	1.3E-06
	1.1E-07
	1.1E-07
	6.2E-07
	2.1E-04

	DBAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1.7E-09
	4.0E-06
	5.0E-08
	1.4E-07
	9.3E-07
	2.4E-04

	TBAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	8.3E-10
	1.8E-06
	-
	-
	3.1E-06
	2.1E-04

	BDCAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	9.3E-08
	1.3E-06
	7.4E-08
	5.9E-07
	6.2E-07
	2.3E-04

	BCAA
	-
	-
	-
	-
	-
	-
	1.2E-08
	4.0E-06
	1.3E-07
	2.4E-05
	1.1E-08
	5.6E-07
	2.2E-08
	7.2E-06
	2.4E-07
	4.3E-05
	3.1E-06
	1.6E-04

	CDBAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	3.5E-08
	1.2E-06
	-
	-
	3.1E-06
	1.5E-04




(b) Excess cancer risk (ECR)
	
	ECR_Inhalation
	ECR_Dermal
	ECR_Ingestion

	
	SP(Cl2)
	SP(Cy)
	Tap
	SP(Cl2)
	SP(Cy)
	Tap
	SP(Cl2)
	SP(Cy)
	Tap

	
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max

	TCM
	7.0E-07
	9.5E-05
	2.1E-07
	5.0E-05
	7.3E-07
	5.5E-05
	1.5E-08
	2.0E-06
	4.5E-09
	1.0E-06
	1.5E-08
	1.2E-06
	4.8E-09
	6.4E-07
	1.4E-09
	3.4E-07
	7.9E-07
	6.0E-05

	BDCM
	2.7E-07
	2.7E-05
	6.6E-07
	4.2E-05
	6.4E-07
	1.9E-05
	8.2E-09
	8.3E-07
	2.0E-08
	1.3E-06
	1.9E-08
	5.9E-07
	4.0E-09
	4.1E-07
	9.8E-09
	6.2E-07
	1.5E-06
	4.6E-05

	DBCM
	3.4E-08
	1.7E-06
	3.9E-08
	5.4E-07
	1.1E-07
	5.7E-06
	3.4E-09
	1.7E-07
	3.9E-09
	5.5E-08
	1.1E-08
	5.7E-07
	2.5E-09
	1.3E-07
	2.9E-09
	4.0E-08
	1.3E-06
	6.8E-05

	TBM
	7.9E-10
	9.4E-08
	3.2E-10
	4.5E-08
	4.3E-09
	2.0E-07
	2.9E-10
	3.5E-08
	1.2E-10
	1.7E-08
	1.6E-09
	7.5E-08
	2.0E-10
	2.3E-08
	7.8E-11
	1.1E-08
	1.7E-07
	8.1E-06

	MCAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	DCAA
	-
	-
	-
	-
	-
	-
	2.0E-09
	1.5E-05
	3.5E-08
	3.6E-07
	9.4E-11
	1.1E-07
	4.1E-09
	3.2E-05
	7.3E-08
	7.3E-07
	3.1E-08
	3.8E-05

	TCAA
	-
	-
	-
	-
	-
	-
	7.4E-08
	7.5E-05
	6.2E-07
	2.0E-05
	1.1E-09
	2.5E-06
	8.9E-09
	8.9E-06
	7.4E-08
	2.4E-06
	2.2E-08
	4.8E-05

	MBAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	DBAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	4.1E-10
	1.0E-06
	1.2E-08
	3.4E-08
	2.3E-07
	5.9E-05

	TBAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	BDCAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	BCAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	CDBAA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	
	
	
	
	
	




 (c) Harzardous Quotient (HQ)
	
	HQ_Ingestion

	
	SP(Cl2)
	SP(Cy)
	Tap

	
	Min
	Max
	Min
	Max
	Min
	Max

	TCM
	1.5E-05
	2.1E-03
	4.7E-06
	1.1E-03
	2.5E-03
	1.9E-01

	BDCM
	8.1E-06
	8.2E-04
	2.0E-05
	1.3E-03
	3.1E-03
	9.3E-02

	DBCM
	1.5E-06
	7.5E-05
	1.7E-06
	2.4E-05
	7.8E-04
	4.0E-02

	TBM
	1.2E-06
	1.5E-04
	5.0E-07
	7.0E-05
	1.1E-03
	5.1E-02

	MCAA
	0.0E+00
	3.5E-02
	1.3E-04
	6.9E-04
	4.6E-03
	1.1E-02

	DCAA
	2.1E-05
	1.6E-01
	3.6E-04
	3.7E-03
	1.6E-04
	1.9E-01

	TCAA
	6.4E-06
	6.4E-03
	5.3E-05
	1.7E-03
	1.6E-05
	3.5E-02

	MBAA
	0.0E+00
	7.6E-04
	6.7E-05
	6.7E-05
	3.6E-04
	1.2E-01

	DBAA
	5.5E-06
	1.3E-02
	1.7E-04
	4.6E-04
	3.1E-03
	7.9E-01

	TBAA
	-
	-
	-
	-
	-
	-

	BDCAA
	-
	-
	-
	-
	-
	-

	BCAA
	-
	-
	-
	-
	-
	-

	CDBAA
	-
	-
	-
	-
	-
	-
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(9) Forest plot: BDCAA  SP(CI2)
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(b) Swimming pool (Cyanuric acid)
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(a) Forest plot: TCM
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(C) Forest plot: DBCM
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(d) Forest plot: TBM
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