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Table S1. Cancer risk and regulatory levels for N-nitrosamines in drinking water 

N-Nitrosamine 10-6 Risk Level (ng/L) Notification 
Level1 (ng/L)

Response 
Level2

(ng/L)
N-Nitrosodiethylamine (NDEA)3,4 1 10 100
N-Nitrosodimethylamine (NDMA)3,5 3 10 300
N-Nitrosodi-n-propylamine (NDPA)3,4 5 10 500
N-Nitrosodi-n-butylamine (NDBA)3,4 3 NA NA
N-Nitrosomethylethylamine (NMEA)3,4 1.5 NA NA
N-Nitrosopiperidine (NPIP)4 3.5 NA NA
N-Nitrosopyrrolidine (NPYR)3,4 15 NA NA

NA = not applicable
1 Notification Levels for NDEA, NDMA, and NDPA are established in California at 10 ng/L, 
somewhat above the de minimis level, to take into account the very low detection limits and their 
potential presence in association with drinking water treatment.
2 Response Levels are drinking water concentrations at which California recommends removing 
the source from service. They correspond to a 10-4 risk, 100 times the de minimis (10-6) value.
3 Chemical is on US EPA's Unregulated Contaminant Monitoring Rule List 2.
4 Risk levels for N-nitrosamines in drinking water can be derived from the 10-5 lifetime cancer 
risk levels in California’s 27 CCR §25705, which sets forth "no significant risk" levels of 
carcinogens for the purposes of Proposition 65, in terms of daily exposures. From these, de 
minimis cancer risks (i.e., lifetime cancer risks of 10-6), commonly used by California 
for Notification Levels for other carcinogens can be calculated, using an assumed drinking water 
consumption of two liters per day.
5 California’s Office of Environmental Health Hazard Assessment (OEHHA)'s public health goal 
(PHG) for NDMA is established at the 10-6 risk level.
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Text S1. Analytical methods

 

Basic water quality analyses: Water samples were filtered upon receipt using 0.7-m glass-fiber 

filters pre-baked at 450 °C for 3 h and stored at 4 °C. Table S2 provides basic water quality results. 

UV254 was measured using an Agilent Cary 60 UV-Vis spectrophotometer and dissolved organic 

carbon (DOC) was measured using a Shimadzu TOC-L CPH total organic carbon analyzer. 

Specific ultraviolet absorbance at 254 nm (SUVA254) was calculated by normalizing UV254 by 

DOC. 

N-nitrosamine analysis: A modified US EPA Method 521 was used to measure 8 N-nitrosamines, 

including NDMA, NMOR, NMEA, NDEA, NDPA, NDBA, NPYR and NPIP. Briefly, 500-mL 

samples were spiked with 20 ng/L deuterated NDMA (NDMA-d6) and NMOR (NMOR-d8) for 

isotope dilution analysis and then extracted using Enviro-Clean Method 521 solid phase extraction 

cartridges (United Chemical Technologies, Inc, Horsham, PA). The cartridges were eluted with 

methylene chloride.  The methylene chloride extracts were dried with sodium sulfate and 

concentrated to ~1 mL under a gentle stream of nitrogen gas. The extracts were analyzed using an 

Agilent 7890N gas chromatography system coupled with a 240 Ion Trap mass spectrometry system 

using large volume (5 μL) injections and methanol chemical ionization in the tandem mass 

spectrometry (i.e., MS/MS) mode. Method reporting limits were 7 ng/L due to the dilution of the 

samples described above.

UFC details: The DOC concentrations in the primary effluent samples ranged from 35-84 mg/L, 

while those in the industrial discharges varied from 5 mg/L in one of the electronics/metal 

finishing facility discharges to 904 mg/L in one of the cosmetics/personal care product 

manufacturing discharges (Table S2). Because the maximum ozone stock concentration was ~50 
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mg/L, some samples were diluted by the addition of the ozone stock solution to achieve the 0.8 

mg O3/mg DOC target. Samples for background N-nitrosamine analysis and the chloramination 

UFC test were diluted with deionized water to the same extent to maintain a consistent dilution 

of matrix components.
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