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Table S1. Compound name, retention time, concentration range, regression coefficient (R2), recovery, precision, limit of detection (LOD),  

and internal standards (IS) of all target N-Nitrosamines. 

compounda retention time range R2 recovery (%), n=6 precision (% RSDb), n=6 LOD 

(ng/L) 

IS 

 (min) (µg/mL) 10 ng/L 100 ng/L 10 ng/L 100 ng/L  

NDMA 6.01 0.01-1 0.9996 100.64 91.30 6.33 14.24 2.00 Naphthalene-d8 

NMEA 7.56 0.01-1 0.9995 94.26 99.44 11.63 13.89 3.45 Naphthalene-d8 

NDEA 8.93 0.01-1 0.9997 101.10 86.01 12.98 12.80 4.12 Naphthalene-d8 

NPYR 12.38 0.01-1 0.9985 100.71 90.85 8.40 13.04 2.66 Naphthalene-d8 

NMOR 12.52 0.01-1 0.9923 100.92 89.51 7.96 12.69 2.52 Naphthalene-d8 

NPIP 13.28 0.01-1 0.9973 100.29 93.80 3.34 12.88 1.05 Naphthalene-d8 

NDPA 13.33 0.01-1 0.9941 94.26 89.89 8.18 9.87 2.42 Naphthalene-d8 

NDBA 16.28 0.01-1 0.9947 88.87 85.28 7.92 14.86 2.21 Naphthalene-d8 

a The full compound name: NDMA, N-nitrosodimethylamine; NMEA, N-nitrosomethylethylamine; NDEA, N-nitrosodiethylamine; NPYR, N-nitrosopyrrolidine; NMOR, N-

nitrosomorpholine; NPIP, N-nitrosopiperidine; NDPA, N-nitrosodipropylamine; NDBA, N-nitrosodibutylamine. b Relative standard deviation. 
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Table S2. Parameters values used for risk calculations in the central tendency exposre (CTE) and reasonable maximum exposure (RME) scenario. 

Age Groupa 

(year) 

IRb 

(L/day) 

InhRb 

(m3/day) 

EF 

(day/year) 

EDc 

(year) 

EVd 

(events/day) 

ETb 

(min/day) 

tevent
b 

(min/event) 

SAb 

(cm2) 

BWb 

(kg) 

LT (AT)c 

(days) 

 

ADAF 

 CTE RME     CTE RME CTE RME CTE RME    

Birth to 0.25 0.182 0.6 3.7 365 0.25 1 5 16 5 16 3400 4300 6.4 91.25 10 

0.25 to 0.5 0.345 1.2 4.7 365 0.25 1 7 16 7 16 4000 4800 7.9 91.25 10 

0.5 to 0.75 0.592 1.625 5.4 365 0.25 1 8 19 8 19 4500 5200 9.1 91.25 10 

0.75 to 1 0.813 2.25 5.9 365 0.25 1 8 20 8 20 4700 5400 9.8 91.25 10 

1 to 2 0.911 2.125 5.7 365 1 1 8 19 8 19 5200 6100 11.2 365 10 

2 to 3 0.809 1.675 6.3 365 1 1 9 19 9 19 6100 7100 13.5 365 10 

3 to 4 0.863 1.75 8.0 365 1 1 9 19 9 19 6800 7900 15.6 365 3 

4 to 5 0.851 1.75 8.4 365 1 1 9 19 9 19 7400 8800 17.7 365 3 

5 to 6 0.861 1.75 8.8 365 1 1 9 18 9 18 8000 9500 19.6 365 3 

6 to 9 1.186 2.15 10.1 365 3 1 9 20 9 20 9900 12500 26.5 1095 3 

9 to 12 1.28 2.3 13.2 365 3 1 10 22 10 22 12300 15800 36.8 1095 3 

12 to 15 1.383 2.7 13.5 365 3 1 12 28 12 28 14600 17900 47.3 1095 3 

15 to 18 1.414 3.254 14 365 3 1 10 26 10 26 16100 19000 54.8 1095 3 

Adults 1.85 5.2 15.7 365 76.34 1 7 18 7 18 16000 19000 60.6 27864.1 1 

18 to 45 1.875 5.25 16 365 27 1 8 19 8 19 16000 19000 60.1 9855 1 

45 to 60 1.9 5.35 16 365 15 1 7 18 7 18 16000 19000 62.4 5475 1 

60 to 80 1.8 4.85 13.7 365 20 1 6 15 6 15 16000 19000 59.4 7300 1 

≥80 1.525 4.5 12 365 20 1 5 16 5 16 15000 18000 54.3 7300 1 

a Chosen age intervals are recommended by the Exposure Factors Handbook of Chinese Population (0-5 years, 2016) (6-17 years, 2016) (adults, 2013). 1-3 
b IR, ingestion rate; InhR, inhalation rate; ET, exposure time; tevent, event duration; SA, skin surface area; BW, body weight. Values of these parameters are derived from the 

Exposure Factors Handbook of Chinese Population.  

c ED, exposure duration; LT, lifetime. Values of these parameters are derived from China Statistical Yearbook (2015). 4 

d EV, event frequency. Value of EV is recommended by Exposure Factors Handbook from U.S. EPA. 5 
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Table S3. Chemical-specific factorsa, cancer classification and guideline values of patterns of N-Nitrosamines. 

Factors NDEA NDMA NDPA NMEA NPYR Data Source 

Kp (cm/hr) 1.20E-03 2.70E-04 2.80E-03 5.41E-04 3.27E-04 U.S. EPA 

HLC (atm·m3/mol) 6.55E-06 (37℃) 1.08E-06 (20℃) 5.38E-06 (37℃) 1.44E-06 (20℃) 4.89E-08 (37℃) HSBS 

FA (unitless) 1 1 1 1 1 U.S. EPA 

τevent (hr/event) 3.0E-01 2.5E-01 5.4E-01 3.3E-01 3.8E-01 U.S. EPA 

SF (mg/kg/day)-1 1.5E+02 5.1E+01 7.0E+00 2.2E+01 2.1E+00 IRIS 

IUR (µg/m3)-1 4.3E-02 1.4E-02 2.0E-03 6.3E-03 6.1E-04 IRIS, OEHHA 

Cancer Classification B2 B2 B2 B2 B2 IRIS 

 2A 2A 2B 2B 2B IARC 

Guideline Values (ng/L)       

U.S. California, 2013       

notification level 10 10 10 - -  

response level 100 300 500 - -  

Canada, 2010 - 40 - - -  

Australia, 2013 - 100 - - -  

WHO, 2006 - 100 - - -  

 

a Kp: Permeability coefficient, data of NDEA, NDMA and NDPA from Exposure Factors Handbook (2011), data of NMEA and NPYR from the formula Logkp=-

2.80+[0.66*log(kow)]-0.0056*MW; HLC: Henry’s law constant; SF: oral slope factor; FA: fraction absorbed water; τevent: lag time per event; IUR: Inhalation unit risk, data of 

NDPA and NMEA from The Office of Environmental Health Hazard Assessment (OEHHA) (2009). B2: Probable human carcinogen defined by IRIS (2002); 2A: Probably 

carcinogenic to humans defined by International Agency for Research on Cancer (IARC) (2013); 2B: Possibly carcinogenic to humans defined by IARC (2013). 
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Table S4. Parameter values used for the calculation of disease burden. 6-9 

Parameter Age-weighting 

Factor C 

Age-weighting 

Function Parameter β 

Annual 

Discount Rate r 

Disability 

Weights D 

Duration of Disability (year) Life Expectancy  

0-4 year 5-14 year 15-44 year 45-59 year 60 year- Male Female 

Values 0.1658 0.04 3% 0.78 0.00 0.00 4.56 3.68 2.78 71.5 78.5 

 

 

 

 

 

 

Table S5. Regional screening levels (SL) (μg/L) corresponding to a 10-4 risk level for N-Nitrosamines. 10 

N-Nitrosamines CAS No. Ingestion SL  Dermal SL  Inhalation SL  Carcinogenic SL 

NDEA 55-18-5 1.7E-02 1.7E+00 - 1.7E-02 

NDMA 62-75-9 4.9E-02 2.0E+01 1.4E-02 1.1E-02 

NDPA 621-64-7 1.1E+00 3.5E+01 - 1.1E+00 

NMEA 10595-95-6 3.5E-01 6.4E+01 8.9E-02 7.1E-02 

NPYR 930-55-2 3.7E+00 1.0E+03 - 3.7E+00 
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Table S6. Comparison of boiling point of N-Nitrosamines and Haloacetic acids. 

Compounds Boiling Point (˚C) Data Source 

N-Nitrosamines (NAms)   

N-Nitrosodiethylamine (NDEA) 176 HSDB 

N-Nitrosodimethylamine (NDMA) 152 HSDB 

N-Nitrosodipropylamine (NDPA) 194.5 OSHA  

N-Nitrosomethylethylamine (NMEA) 163 HSDB 

N-Nitrosopyrrolidine (NPYR) 214 HSDB 

Haloacetic acids (HAAs)   

Chloroacetic acid 189.3 HSDB 

Dichloroacetic acid 194 HSDB 

Trichloroacetic acid 195.5 HSDB 

Bromoacetic acid 208 HSDB 

Dibromoacetic acid 233 HSDB 
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Table S7. The Octanol/Water Partition Coefficient of N-Nitrosamines, Haloacetic Acids and Trihalomethanes. 

N-Nitrosamines N-nitrosodimethylamine N-nitrosodiethylamine N-nitrosodipropylamine N-nitrosomethylethylamine N-nitrosopyrrolidine 

  log Kow -0.57 0.48 1.36 0.04 -0.19 

Haloacetic acids Chloroacetic acid Dichloroacetic acid Trichloroacetic acid Bromoacetic acid Dibromoacetic acid 

  log Kow 0.22 0.92 1.33 0.41 0.70 

Trihalomethanes Chloroform Bromodichloromethane Chlorodibromomethane Bromoform - 

  log Kow 1.97 2.00 2.16 2.40 - 

 

 

 

 

 

Table S8. Proportion (%) of different N-Nitrosamines in two water treatment plants (WTPs) in total DALYs.  

WTP-A WTP-B 

NDMA NDPA NMEA NDEA NDMA NPYR 

67.8 13.3 18.9 77.7 15.4 6.9 
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Table S9. Concentrations (µg/L) and patterns of trihalomethanes (THMs) and haloacetic acids (HAAs)  

in raw water of water treatment plant A and B (WTP-A and WTP-B). 

DBPs WTP-A WTP-B 

Mean SD Mean SD 

THMs     

CF 4.18 0.91 4.06 0.85 

BDCM 0.20 0.04 0.30 0.05 

DBCM ND ND ND ND 

BF ND ND ND ND 

IF 0.07 0.04 0.08 0.03 

HAAs     

 CAA 2.10 0.17 1.60 0.08 

 BCAA 0.04 0.01 0.04 0.02 

 BAA ND ND ND ND 

 DCAA 0.94 0.07 0.51 0.03 

 TBAA ND ND ND ND 

 TCAA 0.14 0.06 0.25 0.04 

 BDCAA 0.15 0.03 0.37 0.03 

 DBAA ND ND ND ND 

 CDBAA 0.33 0.04 0.28 0.06 

Abbreviations: CF, chloroform; BDCM, bromodichloromethane; DBCM, dibromomethane; BF, bromoform; IF, iodoform; CAA, chloroacetic acid; BCAA,  

bromochloro-acetic acid; BAA, bromoacetic acid; DCAA, dichloroacetic acid; TBAA, tribromoacetic acid; TCAA, trichloroacetic acid; BDCAA, bromodichloroacetic acid; DBAA, 

dibromoacetic acid; CDBAA, dibromochloroacetic acid; SD, standard deviation; ND, not-detectable. 
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Table S10. Estimated lifetime cancer risk (ELCR) of NDMA by age groups and sex under central tendency exposure. 

 

Age Group 

(year) 

ELCRoral ELCRdermal ECLRinhalation 

WTP-B WTP-A WTP-B WTP-A WTP-B WTP-A 

Male/Female Total Male/Female Total Male/Female Total Male/Female Total Male/Female Total Male/Female Total 

Birth to 0.25 7.45E-05/7.33E-05 7.36E-05 5.26E-04/5.18E-04 5.20E-04 1.49E-07/1.37E-07 1.48E-07 1.06E-06/9.68E-07 1.05E-06 1.11E-07/8.85E-08 1.11E-07 7.82E-07/6.26E-07 7.82E-07 

0.25 to 0.5 1.16E-04/1.08E-04 1.13E-04 8.19E-04/7.60E-04 7.98E-04 1.63E-07/1.72E-07 1.67E-07 1.16E-06/1.21E-06 1.18E-06 1.54E-07/1.54E-07 1.54E-07 1.09E-06/1.09E-06 1.09E-06 

0.5 to 0.75 1.64E-04/1.75E-04 1.69E-04 1.16E-03/1.23E-03 1.19E-03 1.62E-07/1.74E-07 1.74E-07 1.14E-06/1.23E-06 1.23E-06 1.54E-07/1.77E-07 1.77E-07 1.09E-06/1.25E-06 1.25E-06 

0.75 to 1 2.15E-04/2.13E-04 2.14E-04 1.52E-03/1.50E-03 1.52E-03 1.68E-07/1.81E-07 1.69E-07 1.19E-06/1.28E-06 1.20E-06 1.77E-07/1.99E-07 1.77E-07 1.25E-06/1.41E-06 1.25E-06 

1 to 2 2.10E-04/2.11E-04 2.10E-04 1.48E-03/1.49E-03 1.48E-03 1.63E-07/1.67E-07 1.64E-07 1.14E-06/1.18E-06 1.16E-06 1.77E-07/1.77E-07 1.77E-07 1.25E-06/1.25E-06 1.25E-06 

2 to 3 4.53E-05/4.82E-05 4.65E-05 3.20E-04/3.40E-04 3.28E-04 4.99E-08/5.10E-08 5.07E-08 3.53E-07/3.60E-07 3.58E-07 5.97E-08/5.97E-08 5.97E-08 4.22E-07/4.22E-07 4.22E-07 

3 to 4 4.24E-05/4.39E-05 4.29E-05 2.99E-04/3.10E-04 3.03E-04 4.83E-08/4.91E-08 4.89E-08 3.41E-07/3.47E-07 3.46E-07 5.97E-08/5.97E-08 5.97E-08 4.22E-07/4.22E-07 4.22E-07 

4 to 5 3.75E-05/3.73E-05 3.73E-05 2.65E-04/2.64E-04 2.64E-04 4.69E-08/4.77E-08 4.68E-08 3.32E-07/3.37E-07 3.31E-07 5.97E-08/5.97E-08 5.97E-08 4.22E-07/4.22E-07 4.22E-07 

5 to 6 3.39E-05/3.42E-05 3.40E-05 2.40E-04/2.42E-04 2.41E-04 4.30E-08/4.61E-08 4.57E-08 3.04E-07/3.26E-07 3.24E-07 5.30E-08/5.97E-08 5.97E-08 3.75E-07/4.22E-07 4.22E-07 

6 to 9 3.42E-05/3.54E-05 3.47E-05 2.42E-04/2.50E-04 2.45E-04 4.15E-08/4.49E-08 4.19E-08 2.93E-07/3.17E-07 2.96E-07 5.97E-08/6.63E-08 5.97E-08 4.22E-07/4.69E-07 4.22E-07 

9 to 12 2.66E-05/2.75E-05 2.70E-05 1.89E-04/1.94E-04 1.91E-04 3.91E-08/4.23E-08 3.95E-08 2.76E-07/2.99E-07 2.79E-07 6.63E-08/7.30E-08 6.63E-08 4.69E-07/5.16E-07 4.69E-07 

12 to 15 2.25E-05/2.30E-05 2.27E-05 1.58E-04/1.62E-04 1.60E-04 3.77E-08/4.22E-08 3.99E-08 2.66E-07/2.98E-07 2.82E-07 7.30E-08/8.63E-08 7.97E-08 5.16E-07/6.09E-07 5.62E-07 

15 to 18 2.04E-05/1.95E-05 2.00E-05 1.44E-04/1.38E-04 1.42E-04 3.25E-08/3.88E-08 3.47E-08 2.30E-07/2.75E-07 2.45E-07 5.97E-08/7.97E-08 6.63E-08 4.22E-07/5.62E-07 4.69E-07 

18 to 45 7.91E-06/8.14E-06 8.07E-06 5.59E-05/5.76E-05 5.70E-05 9.17E-09/9.50E-09 9.38E-09 6.49E-08/6.71E-08 6.63E-08 1.77E-08/1.77E-08 1.77E-08 1.25E-07/1.25E-07 1.25E-07 

45 to 60 7.94E-06/7.61E-06 7.87E-06 5.60E-05/5.37E-05 5.56E-05 8.48E-09/8.86E-09 8.45E-09 6.00E-08/6.27E-08 5.97E-08 1.54E-08/1.54E-08 1.54E-08 1.09E-07/1.09E-07 1.09E-07 

60 to 80 8.08E-06/7.54E-06 7.83E-06 5.71E-05/5.33E-05 5.54E-05 7.82E-09/9.34E-09 8.22E-09 5.53E-08/6.59E-08 5.81E-08 1.33E-08/1.33E-08 1.33E-08 9.37E-08/9.37E-08 9.37E-08 

≥80 7.87E-06/6.97E-06 7.26E-06 5.57E-05/4.93E-05 5.13E-05 7.54E-09/7.65E-09 7.69E-09 5.33E-08/5.41E-08 5.44E-08 1.11E-08/1.11E-08 1.11E-08 7.82E-08/7.82E-08 7.82E-08 
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Table S11. Estimated lifetime cancer risk (ELCR) of NDMA by age groups and sex under reasonable maximum exposure. 

 

Age Group 

(year) 

ELCRoral ELCRdermal ECLRinhalation 

WTP-B WTP-A WTP-B WTP-A WTP-B WTP-A 

Male/Female Total Male/Female Total Male/Female Total Male/Female Total Male/Female Total Male/Female Total 

Birth to 0.25 3.04E-04/3.79E-04 3.33E-04 1.88E-03/2.35E-03 2.05E-03 4.39E-07/4.63E-07 4.59E-07 2.71E-06/2.86E-06 2.84E-06 4.85E-07/4.55E-07 4.85E-07 3.00E-06/2.81E-06 3.00E-06 

0.25 to 0.5 5.34E-04/4.98E-04 5.39E-04 3.29E-03/3.08E-03 3.33E-03 4.03E-07/4.32E-07 4.15E-07 2.49E-06/2.66E-06 2.56E-06 4.85E-07/5.15E-07 4.85E-07 3.00E-06/3.18E-06 3.00E-06 

0.5 to 0.75 6.22E-04/6.62E-04 6.33E-04 3.84E-03/4.09E-03 3.91E-03 4.16E-07/4.27E-07 4.25E-07 2.57E-06/2.64E-06 2.63E-06 5.46E-07/5.77E-07 5.77E-07 3.37E-06/3.56E-06 3.56E-06 

0.75 to 1 8.86E-04/6.53E-04 8.13E-04 5.47E-03/4.03E-03 5.02E-03 4.16E-07/4.26E-07 4.20E-07 2.57E-06/2.63E-06 2.59E-06 6.06E-07/6.06E-07 6.06E-07 3.75E-06/3.75E-06 3.75E-06 

1 to 2 6.94E-04/6.56E-04 6.72E-04 4.28E-03/4.06E-03 4.15E-03 4.01E-07/4.14E-07 4.06E-07 2.47E-06/2.55E-06 2.50E-06 5.77E-07/5.77E-07 5.77E-07 3.56E-06/3.56E-06 3.56E-06 

2 to 3 1.28E-04/1.40E-04 1.32E-04 7.87E-04/8.68E-04 8.15E-04 1.16E-07/1.18E-07 1.17E-07 7.14E-07/7.31E-07 7.25E-07 1.73E-07/1.73E-07 1.73E-07 1.07E-06/1.07E-06 1.07E-06 

3 to 4 1.17E-04/1.22E-04 1.20E-04 7.27E-04/7.51E-04 7.38E-04 1.10E-07/1.15E-07 1.13E-07 6.80E-07/7.11E-07 6.98E-07 1.64E-07/1.82E-07 1.73E-07 1.01E-06/1.13E-06 1.07E-06 

4 to 5 1.04E-04/1.07E-04 1.05E-04 6.42E-04/6.60E-04 6.49E-04 1.14E-07/1.12E-07 1.11E-07 7.03E-07/6.89E-07 6.86E-07 1.82E-07/1.73E-07 1.73E-07 1.13E-06/1.07E-06 1.07E-06 

5 to 6 9.35E-05/9.70E-05 9.49E-05 5.77E-04/5.98E-04 5.86E-04 1.04E-07/1.09E-07 1.05E-07 6.40E-07/6.74E-07 6.50E-07 1.64E-07/1.73E-07 1.64E-07 1.01E-06/1.07E-06 1.01E-06 

6 to 9 8.37E-05/8.97E-05 8.62E-05 5.17E-04/5.53E-04 5.33E-04 1.07E-07/1.08E-07 1.08E-07 6.58E-07/6.65E-07 6.67E-07 1.82E-07/1.82E-07 1.82E-07 1.13E-06/1.13E-06 1.13E-06 

9 to 12 6.47E-05/6.81E-05 6.64E-05 4.00E-04/4.21E-04 4.10E-04 1.00E-07/1.06E-07 1.03E-07 6.17E-07/6.54E-07 6.37E-07 1.91E-07/2.10E-07 2.01E-07 1.18E-06/1.29E-06 1.24E-06 

12 to 15 5.89E-05/6.26E-05 6.07E-05 3.64E-04/3.86E-04 3.75E-04 9.58E-08/1.04E-07 1.03E-07 5.92E-07/6.44E-07 6.33E-07 2.19E-07/2.73E-07 2.55E-07 1.35E-06/1.68E-06 1.57E-06 

15 to 18 6.24E-05/6.40E-05 6.31E-05 3.85E-04/3.95E-04 3.89E-04 8.34E-08/9.47E-08 9.06E-08 5.15E-07/5.84E-07 5.59E-07 2.10E-07/2.64E-07 2.37E-07 1.29E-06/1.63E-06 1.46E-06 

18 to 45 2.94E-05/3.12E-05 3.10E-05 1.82E-04/1.92E-04 1.92E-04 2.22E-08/2.47E-08 2.36E-08 1.37E-07/1.53E-07 1.45E-07 5.46E-08/6.06E-08 5.77E-08 3.37E-07/3.75E-07 3.56E-07 

45 to 60 3.06E-05/2.89E-05 3.04E-05 1.89E-04/1.79E-04 1.88E-04 2.13E-08/2.19E-08 2.21E-08 1.31E-07/1.35E-07 1.36E-07 5.15E-08/5.46E-08 5.46E-08 3.18E-07/3.37E-07 3.37E-07 

60 to 80 2.99E-05/2.76E-05 2.89E-05 1.84E-04/1.70E-04 1.79E-04 2.02E-08/2.18E-08 2.12E-08 1.25E-07/1.34E-07 1.31E-07 4.55E-08/4.85E-08 4.55E-08 2.81E-07/3.00E-07 2.81E-07 

≥80 3.00E-05/2.73E-05 2.94E-05 1.85E-04/1.69E-04 1.81E-04 2.32E-08/2.20E-08 2.27E-08 1.43E-07/1.36E-07 1.40E-07 5.46E-08/4.55E-08 4.85E-08 3.37E-07/2.81E-07 3.00E-07 
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Table S12. Estimated lifetime cancer risk (ELCR) of NDEA by age groups and sex under central tendency exposure.  

Age Group ELCRoral ELCRdermal ECLRinhalation 

(yeas) Male Female Total Male Female Total Male Female Total 

Birth to 0.25 3.13E-04 3.08E-04 3.10E-04 3.06E-06 2.81E-06 3.03E-06 2.79E-06 2.23E-06 2.79E-06 

0.25 to 0.5 4.88E-04 4.53E-04 4.76E-04 3.34E-06 3.51E-06 3.42E-06 3.90E-06 3.90E-06 3.90E-06 

0.5 to 0.75 6.90E-04 7.36E-04 7.09E-04 3.31E-06 3.57E-06 3.57E-06 3.90E-06 4.46E-06 4.46E-06 

0.75 to 1 9.06E-04 8.98E-04 9.06E-04 3.44E-06 3.71E-06 3.46E-06 4.46E-06 5.02E-06 4.46E-06 

1 to 2 8.89E-04 8.89E-04 8.89E-04 3.33E-06 3.41E-06 3.36E-06 4.46E-06 4.46E-06 4.46E-06 

2 to 3 1.91E-04 2.03E-04 1.96E-04 1.03E-06 1.04E-06 1.04E-06 1.50E-06 1.50E-06 1.50E-06 

3 to 4 1.78E-04 1.85E-04 1.80E-04 9.93E-07 1.01E-06 1.00E-06 1.50E-06 1.50E-06 1.50E-06 

4 to 5 1.58E-04 1.57E-04 1.57E-04 9.67E-07 9.75E-07 9.58E-07 1.50E-06 1.50E-06 1.50E-06 

5 to 6 1.42E-04 1.44E-04 1.43E-04 8.81E-07 9.50E-07 9.41E-07 1.34E-06 1.50E-06 1.50E-06 

6 to 9 1.44E-04 1.48E-04 1.46E-04 8.50E-07 9.24E-07 8.59E-07 1.50E-06 1.67E-06 1.50E-06 

9 to 12 1.12E-04 1.16E-04 1.14E-04 8.01E-07 8.63E-07 8.10E-07 1.67E-06 1.84E-06 1.67E-06 

12 to 15 9.41E-05 9.67E-05 9.58E-05 7.73E-07 8.63E-07 8.19E-07 1.84E-06 2.18E-06 2.01E-06 

15 to 18 8.58E-05 8.22E-05 8.43E-05 6.66E-07 7.97E-07 7.12E-07 1.50E-06 2.01E-06 1.67E-06 

18 to 45 3.33E-05 3.43E-05 3.40E-05 1.88E-07 1.95E-07 1.93E-07 4.46E-07 4.46E-07 4.46E-07 

45 to 60 3.34E-05 3.20E-05 3.31E-05 1.74E-07 1.81E-07 1.74E-07 3.90E-07 3.90E-07 3.90E-07 

60 to 80 3.40E-05 3.18E-05 3.30E-05 1.61E-07 1.92E-07 1.68E-07 3.35E-07 3.35E-07 3.35E-07 

≥80 3.31E-05 2.94E-05 3.06E-05 1.55E-07 1.57E-07 1.58E-07 2.79E-07 2.79E-07 2.79E-07 
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Table S13. Estimated lifetime cancer risk (ELCR) of NDEA by age groups and sex under reasonable maximum exposure. 

Age Group ELCRoral ELCRdermal ECLRinhalation 

(yeas) Male Female Total Male Female Total Male Female Total 

Birth to 0.25 1.10E-03 1.37E-03 1.20E-03 7.74E-06 8.18E-06 8.10E-06 1.05E-05 9.87E-06 1.05E-05 

0.25 to 0.5 1.94E-03 1.81E-03 1.96E-03 7.11E-06 7.63E-06 7.33E-06 1.05E-05 1.12E-05 1.05E-05 

0.5 to 0.75 2.26E-03 2.40E-03 2.30E-03 7.35E-06 7.56E-06 7.51E-06 1.18E-05 1.25E-05 1.25E-05 

0.75 to 1 3.21E-03 2.37E-03 2.95E-03 7.35E-06 7.53E-06 7.43E-06 1.31E-05 1.31E-05 1.31E-05 

1 to 2 2.52E-03 2.38E-03 2.44E-03 7.08E-06 7.31E-06 7.16E-06 1.25E-05 1.25E-05 1.25E-05 

2 to 3 4.63E-04 5.09E-04 4.79E-04 2.05E-06 2.09E-06 2.08E-06 3.75E-06 3.75E-06 3.75E-06 

3 to 4 4.27E-04 4.42E-04 4.33E-04 1.95E-06 2.04E-06 2.00E-06 3.55E-06 3.95E-06 3.75E-06 

4 to 5 3.77E-04 3.88E-04 3.81E-04 2.01E-06 1.97E-06 1.96E-06 3.95E-06 3.75E-06 3.75E-06 

5 to 6 3.39E-04 3.51E-04 3.44E-04 1.84E-06 1.93E-06 1.86E-06 3.55E-06 3.75E-06 3.55E-06 

6 to 9 3.04E-04 3.25E-04 3.13E-04 1.89E-06 1.91E-06 1.91E-06 3.95E-06 3.95E-06 3.95E-06 

9 to 12 2.35E-04 2.47E-04 2.41E-04 1.77E-06 1.87E-06 1.83E-06 4.14E-06 4.55E-06 4.35E-06 

12 to 15 2.14E-04 2.27E-04 2.20E-04 1.70E-06 1.85E-06 1.81E-06 4.74E-06 5.92E-06 5.53E-06 

15 to 18 2.27E-04 2.32E-04 2.29E-04 1.48E-06 1.68E-06 1.60E-06 4.55E-06 5.73E-06 5.14E-06 

18 to 45 1.06E-04 1.13E-04 1.12E-04 3.91E-07 4.37E-07 4.15E-07 1.18E-06 1.31E-06 1.25E-06 

45 to 60 1.11E-04 1.04E-04 1.10E-04 3.76E-07 3.87E-07 3.89E-07 1.12E-06 1.18E-06 1.18E-06 

60 to 80 1.08E-04 9.99E-05 1.05E-04 3.55E-07 3.83E-07 3.73E-07 9.87E-07 1.05E-06 9.87E-07 

≥80 1.08E-04 9.93E-05 1.06E-04 4.11E-07 3.89E-07 3.99E-07 1.18E-06 9.87E-07 1.05E-06 
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Table S14. Estimated lifetime cancer risk (ELCR) of NDPA by age groups and sex under central tendency exposure. 

Age Group ELCRoral ELCRdermal ECLRinhalation 

(yeas) Male Female Total Male Female Total Male Female Total 

Birth to 0.25 8.59E-05 8.45E-05 8.48E-05 2.63E-06 2.41E-06 2.60E-06 6.25E-07 5.00E-07 6.25E-07 

0.25 to 0.5 1.33E-04 1.24E-04 1.30E-04 2.86E-06 3.01E-06 2.94E-06 8.75E-07 8.75E-07 8.75E-07 

0.5 to 0.75 1.89E-04 2.01E-04 1.94E-04 2.83E-06 3.07E-06 3.07E-06 8.75E-07 9.97E-07 9.97E-07 

0.75 to 1 2.48E-04 2.46E-04 2.48E-04 2.95E-06 3.18E-06 2.97E-06 9.97E-07 1.13E-06 9.97E-07 

1 to 2 2.43E-04 2.43E-04 2.42E-04 2.85E-06 2.93E-06 2.88E-06 9.97E-07 9.97E-07 9.97E-07 

2 to 3 5.23E-05 5.55E-05 5.36E-05 8.78E-07 8.96E-07 8.91E-07 3.37E-07 3.37E-07 3.37E-07 

3 to 4 4.88E-05 5.06E-05 4.95E-05 8.48E-07 8.63E-07 8.59E-07 3.37E-07 3.37E-07 3.37E-07 

4 to 5 4.32E-05 4.30E-05 4.31E-05 8.26E-07 8.39E-07 8.24E-07 3.37E-07 3.37E-07 3.37E-07 

5 to 6 3.91E-05 3.95E-05 3.93E-05 7.57E-07 8.11E-07 8.04E-07 3.00E-07 3.37E-07 3.37E-07 

6 to 9 3.95E-05 4.08E-05 4.01E-05 7.30E-07 7.90E-07 7.36E-07 3.37E-07 3.76E-07 3.37E-07 

9 to 12 3.08E-05 3.17E-05 3.11E-05 6.87E-07 7.43E-07 6.94E-07 3.76E-07 4.13E-07 3.76E-07 

12 to 15 2.59E-05 2.65E-05 2.62E-05 6.63E-07 7.41E-07 7.03E-07 4.13E-07 4.87E-07 4.50E-07 

15 to 18 2.35E-05 2.26E-05 2.31E-05 5.71E-07 6.83E-07 6.10E-07 3.37E-07 4.50E-07 3.76E-07 

18 to 45 9.13E-06 9.41E-06 9.31E-06 1.61E-07 1.67E-07 1.65E-07 9.97E-08 9.97E-08 9.97E-08 

45 to 60 9.15E-06 8.78E-06 9.09E-06 1.49E-07 1.56E-07 1.48E-07 8.75E-08 8.75E-08 8.75E-08 

60 to 80 9.32E-06 8.70E-06 9.04E-06 1.38E-07 1.64E-07 1.44E-07 7.50E-08 7.50E-08 7.50E-08 

≥80 9.09E-06 8.04E-06 8.38E-06 1.32E-07 1.34E-07 1.35E-07 6.25E-08 6.25E-08 6.25E-08 
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Table S15. Estimated lifetime cancer risk (ELCR) of NDPA by age groups and sex under reasonable maximum exposure. 

Age Group ELCRoral ELCRdermal ECLRinhalation 

(yeas) Male Female Total Male Female Total Male Female Total 

Birth to 0.25 3.07E-04 3.84E-04 3.36E-04 6.75E-06 7.13E-06 7.07E-06 2.40E-06 2.26E-06 2.40E-06 

0.25 to 0.5 5.40E-04 5.03E-04 5.44E-04 6.21E-06 6.65E-06 6.39E-06 2.40E-06 2.55E-06 2.40E-06 

0.5 to 0.75 6.28E-04 6.69E-04 6.40E-04 6.41E-06 6.59E-06 6.55E-06 2.70E-06 2.86E-06 2.86E-06 

0.75 to 1 8.95E-04 6.60E-04 8.23E-04 6.41E-06 6.56E-06 6.48E-06 3.01E-06 3.01E-06 3.01E-06 

1 to 2 7.01E-04 6.63E-04 6.79E-04 6.18E-06 6.37E-06 6.25E-06 2.86E-06 2.86E-06 2.86E-06 

2 to 3 1.29E-04 1.41E-04 1.33E-04 1.78E-06 1.83E-06 1.81E-06 8.56E-07 8.56E-07 8.56E-07 

3 to 4 1.19E-04 1.23E-04 1.21E-04 1.69E-06 1.77E-06 1.75E-06 8.11E-07 9.04E-07 8.56E-07 

4 to 5 1.05E-04 1.08E-04 1.07E-04 1.75E-06 1.72E-06 1.71E-06 9.04E-07 8.56E-07 8.56E-07 

5 to 6 9.49E-05 9.76E-05 9.58E-05 1.60E-06 1.68E-06 1.62E-06 8.11E-07 8.56E-07 8.11E-07 

6 to 9 8.47E-05 9.04E-05 8.72E-05 1.64E-06 1.66E-06 1.66E-06 9.04E-07 9.04E-07 9.04E-07 

9 to 12 6.54E-05 6.88E-05 6.71E-05 1.54E-06 1.63E-06 1.59E-06 9.49E-07 1.04E-06 9.94E-07 

12 to 15 5.96E-05 6.32E-05 6.13E-05 1.48E-06 1.61E-06 1.58E-06 1.08E-06 1.35E-06 1.26E-06 

15 to 18 6.31E-05 6.47E-05 6.38E-05 1.29E-06 1.46E-06 1.40E-06 1.04E-06 1.31E-06 1.17E-06 

18 to 45 2.97E-05 3.16E-05 3.13E-05 3.42E-07 3.80E-07 3.62E-07 2.70E-07 3.01E-07 2.86E-07 

45 to 60 3.10E-05 2.92E-05 3.07E-05 3.28E-07 3.37E-07 3.40E-07 2.55E-07 2.70E-07 2.70E-07 

60 to 80 3.02E-05 2.78E-05 2.93E-05 3.10E-07 3.35E-07 3.26E-07 2.26E-07 2.40E-07 2.26E-07 

≥80 3.03E-05 2.77E-05 2.97E-05 3.59E-07 3.39E-07 3.49E-07 2.70E-07 2.26E-07 2.40E-07 
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Table S16. Estimated lifetime cancer risk (ELCR) of NPYR by age groups and sex under central tendency exposure. 

Age Group ELCRoral ELCRdermal ECLRinhalation 

(yeas) Male Female Total Male Female Total Male Female Total 

Birth to 0.25 3.58E-05 3.52E-05 3.53E-05 1.07E-07 9.82E-08 1.06E-07 2.41E-09 1.93E-09 2.41E-09 

0.25 to 0.5 5.56E-05 5.17E-05 5.42E-05 1.16E-07 1.23E-07 1.20E-07 3.36E-09 3.36E-09 3.36E-09 

0.5 to 0.75 7.86E-05 8.39E-05 8.08E-05 1.15E-07 1.25E-07 1.25E-07 3.36E-09 3.85E-09 3.85E-09 

0.75 to 1 1.03E-04 1.02E-04 1.03E-04 1.20E-07 1.30E-07 1.21E-07 3.85E-09 4.33E-09 3.85E-09 

1 to 2 1.01E-04 1.01E-04 1.01E-04 1.16E-07 1.20E-07 1.18E-07 3.85E-09 3.85E-09 3.85E-09 

2 to 3 2.18E-05 2.31E-05 2.23E-05 3.58E-08 3.66E-08 3.64E-08 1.30E-09 1.30E-09 1.30E-09 

3 to 4 2.04E-05 2.10E-05 2.06E-05 3.46E-08 3.52E-08 3.50E-08 1.30E-09 1.30E-09 1.30E-09 

4 to 5 1.80E-05 1.78E-05 1.80E-05 3.36E-08 3.42E-08 3.36E-08 1.30E-09 1.30E-09 1.30E-09 

5 to 6 1.63E-05 1.64E-05 1.63E-05 3.08E-08 3.31E-08 3.28E-08 1.15E-09 1.30E-09 1.30E-09 

6 to 9 1.64E-05 1.70E-05 1.67E-05 2.97E-08 3.22E-08 3.00E-08 1.30E-09 1.45E-09 1.30E-09 

9 to 12 1.28E-05 1.32E-05 1.30E-05 2.80E-08 3.03E-08 2.83E-08 1.45E-09 1.59E-09 1.45E-09 

12 to 15 1.08E-05 1.10E-05 1.09E-05 2.70E-08 3.03E-08 2.86E-08 1.59E-09 1.87E-09 1.73E-09 

15 to 18 9.78E-06 9.37E-06 9.61E-06 2.33E-08 2.79E-08 2.49E-08 1.30E-09 1.73E-09 1.45E-09 

18 to 45 3.80E-06 3.91E-06 3.87E-06 6.57E-09 6.81E-09 6.73E-09 3.85E-10 3.85E-10 3.85E-10 

45 to 60 3.81E-06 3.66E-06 3.78E-06 6.08E-09 6.36E-09 6.05E-09 3.36E-10 3.36E-10 3.36E-10 

60 to 80 3.87E-06 3.62E-06 3.77E-06 5.61E-09 6.69E-09 5.89E-09 2.88E-10 2.88E-10 2.88E-10 

≥80 3.78E-06 3.35E-06 3.48E-06 5.41E-09 5.47E-09 5.52E-09 2.41E-10 2.41E-10 2.41E-10 
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Table S17. Estimated lifetime cancer risk (ELCR) of NPYR by age groups and sex under reasonable maximum exposure. 

Age Group ELCRoral ELCRdermal ECLRinhalation 

(yeas) Male Female Total Male Female Total Male Female Total 

Birth to 0.25 1.12E-04 1.40E-04 1.22E-04 2.40E-07 2.54E-07 2.52E-07 8.05E-09 7.56E-09 8.05E-09 

0.25 to 0.5 1.96E-04 1.83E-04 1.97E-04 2.21E-07 2.36E-07 2.27E-07 8.05E-09 8.57E-09 8.05E-09 

0.5 to 0.75 2.29E-04 2.43E-04 2.32E-04 2.27E-07 2.34E-07 2.33E-07 9.06E-09 9.57E-09 9.57E-09 

0.75 to 1 3.25E-04 2.40E-04 2.98E-04 2.27E-07 2.33E-07 2.31E-07 1.01E-08 1.01E-08 1.01E-08 

1 to 2 2.54E-04 2.41E-04 2.46E-04 2.20E-07 2.26E-07 2.22E-07 9.57E-09 9.57E-09 9.57E-09 

2 to 3 4.68E-05 5.14E-05 4.84E-05 6.34E-08 6.49E-08 6.43E-08 2.87E-09 2.87E-09 2.87E-09 

3 to 4 4.32E-05 4.46E-05 4.37E-05 6.02E-08 6.31E-08 6.19E-08 2.72E-09 3.02E-09 2.87E-09 

4 to 5 3.82E-05 3.93E-05 3.86E-05 6.24E-08 6.11E-08 6.08E-08 3.02E-09 2.87E-09 2.87E-09 

5 to 6 3.43E-05 3.55E-05 3.48E-05 5.68E-08 5.99E-08 5.77E-08 2.72E-09 2.87E-09 2.72E-09 

6 to 9 3.07E-05 3.28E-05 3.16E-05 5.84E-08 5.90E-08 5.91E-08 3.02E-09 3.02E-09 3.02E-09 

9 to 12 2.37E-05 2.50E-05 2.44E-05 5.48E-08 5.80E-08 5.65E-08 3.17E-09 3.47E-09 3.33E-09 

12 to 15 2.16E-05 2.30E-05 2.23E-05 5.25E-08 5.71E-08 5.61E-08 3.63E-09 4.54E-09 4.23E-09 

15 to 18 2.29E-05 2.35E-05 2.32E-05 4.57E-08 5.18E-08 4.96E-08 3.47E-09 4.38E-09 3.93E-09 

18 to 45 1.08E-05 1.14E-05 1.13E-05 1.22E-08 1.35E-08 1.29E-08 9.06E-10 1.01E-09 9.57E-10 

45 to 60 1.12E-05 1.06E-05 1.11E-05 1.16E-08 1.20E-08 1.21E-08 8.57E-10 9.06E-10 9.06E-10 

60 to 80 1.09E-05 1.01E-05 1.06E-05 1.10E-08 1.19E-08 1.15E-08 7.56E-10 8.05E-10 7.56E-10 

≥80 1.10E-05 1.00E-05 1.08E-05 1.28E-08 1.21E-08 1.24E-08 9.06E-10 7.56E-10 8.05E-10 
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Table S18. Estimated lifetime cancer risk (ELCR) of NMEA by age groups and sex under central tendency exposure. 

Age Group ELCRoral ELCRdermal ECLRinhalation 

(yeas) Male Female Total Male Female Total Male Female Total 

Birth to 0.25 1.70E-04 1.66E-04 1.67E-04 7.84E-07 7.17E-07 7.75E-07 3.50E-07 2.79E-07 3.50E-07 

0.25 to 0.5 2.64E-04 2.44E-04 2.57E-04 8.53E-07 8.97E-07 8.74E-07 4.89E-07 4.89E-07 4.89E-07 

0.5 to 0.75 3.72E-04 3.97E-04 3.82E-04 8.44E-07 9.12E-07 9.12E-07 4.89E-07 5.60E-07 5.60E-07 

0.75 to 1 4.89E-04 4.86E-04 4.88E-04 8.77E-07 9.47E-07 8.84E-07 5.60E-07 6.30E-07 5.60E-07 

1 to 2 4.79E-04 4.81E-04 4.78E-04 8.50E-07 8.70E-07 8.57E-07 5.60E-07 5.60E-07 5.60E-07 

2 to 3 1.03E-04 1.09E-04 1.06E-04 2.62E-07 2.67E-07 2.65E-07 1.89E-07 1.89E-07 1.89E-07 

3 to 4 9.62E-05 9.98E-05 9.76E-05 2.53E-07 2.57E-07 2.55E-07 1.89E-07 1.89E-07 1.89E-07 

4 to 5 8.52E-05 8.48E-05 8.48E-05 2.47E-07 2.49E-07 2.45E-07 1.89E-07 1.89E-07 1.89E-07 

5 to 6 7.71E-05 7.79E-05 7.75E-05 2.25E-07 2.42E-07 2.39E-07 1.67E-07 1.89E-07 1.89E-07 

6 to 9 7.80E-05 8.04E-05 7.90E-05 2.18E-07 2.35E-07 2.19E-07 1.89E-07 2.10E-07 1.89E-07 

9 to 12 6.06E-05 6.25E-05 6.14E-05 2.05E-07 2.21E-07 2.06E-07 2.10E-07 2.31E-07 2.10E-07 

12 to 15 5.09E-05 5.22E-05 5.16E-05 1.97E-07 2.20E-07 2.09E-07 2.31E-07 2.73E-07 2.52E-07 

15 to 18 4.64E-05 4.44E-05 4.55E-05 1.70E-07 2.04E-07 1.81E-07 1.89E-07 2.52E-07 2.10E-07 

18 to 45 1.80E-05 1.85E-05 1.84E-05 4.81E-08 4.98E-08 4.91E-08 5.60E-08 5.60E-08 5.60E-08 

45 to 60 1.80E-05 1.74E-05 1.79E-05 4.44E-08 4.64E-08 4.43E-08 4.89E-08 4.89E-08 4.89E-08 

60 to 80 1.84E-05 1.71E-05 1.79E-05 4.10E-08 4.89E-08 4.30E-08 4.20E-08 4.20E-08 4.20E-08 

≥80 1.79E-05 1.58E-05 1.65E-05 3.95E-08 4.00E-08 4.03E-08 3.50E-08 3.50E-08 3.50E-08 
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Table S19. Estimated lifetime cancer risk (ELCR) of NMEA by age groups and sex under reasonable maximum exposure. 

Age Group ELCRoral ELCRdermal ECLRinhalation 

(yeas) Male Female Total Male Female Total Male Female Total 

Birth to 0.25 6.85E-04 8.56E-04 7.49E-04 2.27E-06 2.40E-06 2.38E-06 1.52E-06 1.43E-06 1.52E-06 

0.25 to 0.5 1.20E-03 1.12E-03 1.21E-03 2.09E-06 2.24E-06 2.15E-06 1.52E-06 1.62E-06 1.52E-06 

0.5 to 0.75 1.41E-03 1.50E-03 1.43E-03 2.16E-06 2.22E-06 2.20E-06 1.71E-06 1.80E-06 1.80E-06 

0.75 to 1 1.99E-03 1.47E-03 1.83E-03 2.16E-06 2.20E-06 2.18E-06 1.90E-06 1.90E-06 1.90E-06 

1 to 2 1.56E-03 1.47E-03 1.52E-03 2.08E-06 2.15E-06 2.10E-06 1.80E-06 1.80E-06 1.80E-06 

2 to 3 2.87E-04 3.16E-04 2.97E-04 6.01E-07 6.14E-07 6.08E-07 5.41E-07 5.41E-07 5.41E-07 

3 to 4 2.65E-04 2.74E-04 2.69E-04 5.70E-07 5.98E-07 5.86E-07 5.13E-07 5.70E-07 5.41E-07 

4 to 5 2.34E-04 2.41E-04 2.37E-04 5.90E-07 5.79E-07 5.76E-07 5.70E-07 5.41E-07 5.41E-07 

5 to 6 2.10E-04 2.18E-04 2.14E-04 5.38E-07 5.67E-07 5.47E-07 5.13E-07 5.41E-07 5.13E-07 

6 to 9 1.89E-04 2.02E-04 1.95E-04 5.52E-07 5.59E-07 5.60E-07 5.70E-07 5.70E-07 5.70E-07 

9 to 12 1.46E-04 1.53E-04 1.50E-04 5.18E-07 5.49E-07 5.35E-07 5.98E-07 6.56E-07 6.28E-07 

12 to 15 1.33E-04 1.41E-04 1.37E-04 4.97E-07 5.41E-07 5.32E-07 6.84E-07 8.55E-07 7.98E-07 

15 to 18 1.41E-04 1.44E-04 1.42E-04 4.33E-07 4.90E-07 4.70E-07 6.56E-07 8.27E-07 7.41E-07 

18 to 45 6.63E-05 7.04E-05 6.97E-05 1.15E-07 1.28E-07 1.21E-07 1.71E-07 1.90E-07 1.80E-07 

45 to 60 6.89E-05 6.51E-05 6.85E-05 1.11E-07 1.14E-07 1.15E-07 1.62E-07 1.71E-07 1.71E-07 

60 to 80 6.71E-05 6.21E-05 6.52E-05 1.04E-07 1.12E-07 1.10E-07 1.43E-07 1.52E-07 1.43E-07 

≥80 6.76E-05 6.16E-05 6.61E-05 1.20E-07 1.15E-07 1.17E-07 1.71E-07 1.43E-07 1.52E-07 
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Figure S1. Estimated lifetime cancer risk associated with ingestion, dermal contact, and inhalation of 

nitrosamines-contained water from WTP-A and WTP-B under different genders in CTE and RME scenarios. 
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Figure S2. Estimated lifetime cancer risk associated with ingestion, dermal contact, inhalation, and total exposure of pattern of  

nitrosamines-contained drinking water from WTP-A and WTP-B by age groups. The risk in this figure is estimated under the reasonable 

maximum exposure scenario. 
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Figure S3. Treatment scheme of two water treatment plants (WTP-A and WTP-B) in Shanghai. 
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