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ABSTRACT: To assess the occurrence and fate of nitrosodimethylamine
(NDMA) and its precursors in wastewater treatment plants, samples from
wastewater treatment plants and industrial sources were analyzed for
NDMA, total NDMA precursors, and dimethylamine (DMA). The median
concentration of NDMA in untreated wastewater was approximately
80 ng/L, with maximum concentrations up to 790 ng/L presumably occuring because of sources unrelated to domestic wastewater. Concentrations
of DMA in untreated wastewater ranged from approximately 50 to 120
lg/L and accounted for a majority of the NDMA precursors. The removal
of NDMA during secondary biological treatment exhibited considerable
variability, with overall removal ranging from 0 to 75%. In contrast,
removal of NDMA precursors and DMA generally exceeded 70%. The
median concentration of NDMA in secondary effluent before disinfection
was 46 ng/L. Although DMA was removed during secondary treatment,
other NDMA precursors in wastewater effluent will result in formation of
additional NDMA upon disinfection with chloramines. Water Environ.
Res., 77, 32 (2003).
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Introduction
Nitrosodimethylamine (NDMA) is a suspected human carcinogen that has recently caused great concern in the water industry,
especially among utilities engaged in intentional or unintentional
potable water reuse (see Mitch et al., 2003b for a review). In
particular, water utilities in California have had difficulties meeting
the state’s NDMA drinking water action level of 10 ng/L,
especially at locations where recycled water is used to recharge
groundwater (Cal DHS, 2004). Nitrosodimethylamine is produced
during chlorine disinfection, when chloramines react with
dimethylamine (Choi and Valentine, 2002; Mitch and Sedlak,
2002) and other nitrogen-containing compounds (Mitch and
Sedlak, 2004) in wastewater effluent. Once formed, NDMA is
difficult to remove by most conventional treatment processes.
Several water recycling plant operators have installed UV
treatment systems after reverse osmosis treatment to remove
NDMA. However, the cost of UV treatment systems is considerable because the dose of UV radiation required to achieve
acceptable levels of NDMA is approximately an order of
magnitude higher than those used for wastewater disinfection.
As an alternative to UV treatment, it may be cost-effective to
control the sources of NDMA and its precursors. For example,
eliminating certain types of cationic sludge-thickening polymers
that contain dimethylamine (DMA) functional groups can significantly reduce the concentrations of NDMA precursors in wastewater
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effluent (Mitch and Sedlak, 2004). Restricting specific industrial
practices that are major sources of NDMA also may be effective,
especially if NDMA is not well removed during wastewater
treatment. Alternatively, if the amount of NDMA formed during
wastewater disinfection is large relative to the concentration of
NDMA remaining in the wastewater after secondary treatment, then
it may be advantageous to focus on source control for NDMA
precursors or the use of alternative disinfectants.
To assess the feasibility of using source control to reduce the
concentrations of NDMA and its precursors in wastewater effluent,
wastewater influent, primary effluent, and secondary effluent
samples were analyzed from seven municipal wastewater treatment
plants representing a range of different collection areas and treatment systems. Twenty-four hour composite samples were analyzed
for NDMA, total NDMA precursors (as measured by extended
chloramination of samples), and DMA. Results were compared to
identify contaminant sources and to assess the efficacy of different
treatment plants. In addition, samples were collected from residential sewer trunk lines and industrial wastewater dischargers to
assess the contribution of dithiocarbamate (DTC)-based precursors.
Materials and Methods
Sampling Locations and Methods. Samples were collected
from seven municipal wastewater treatment plants (Table 1)
between August 2002 and April 2004. All the treatment plants used
activated sludge or high purity oxygen-activated sludge for
secondary treatment and chlorine for disinfection. Four of the
treatment plants also used nitrification and denitrification. Nitrification and denitrification was not complete at the Whittier Narrows (El
Monte, California) and San Jose Creek West (Los Angeles County,
California [Note that the plant is in an unincorporated township near
Whittier, California]) wastewater treatment plants (WWTPs), with
effluent ammonia concentrations ranging from approximately 1 to 5
mg as nitrogen per liter (N/L). The relative contribution of industrial
facilities varied considerably between the seven sites. For example,
the San Jose/Santa Clara (San Jose, California) and Orange County
Sanitation District (OCSD) WWTP (Fountain Valley, California)
received 11% and 8% of their flows from industrial sources,
respectively, including printed circuit board and computer hard
drive manufacturing facilities. In contrast, the Inland Empire Utility
District’s RP-1 treatment plant (Ontario, Canada) received less than
2% of its flow from industrial dischargers.
Another potentially important difference between the sampling
sites was the age and setting of the wastewater collection systems.
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Table 1—Summary of wastewater characteristics and treatment technologies of wastewater treatment plants.

Location1
Inland Empire RP-1
Whittier Narrows
OCSD Plant 1
OCSD Plant 2
San Jose Creek West
San Jose/Santa Clara
Scottsdale

Design ﬂow
(m3/s [MGD])
1.9
0.66
2.5
3.9
1.3
7.3
0.69

[44]
[15]
[58]2
[90]2
[30]
[167]
[16]

Industrial
contribution
(%)

Secondary treatment

Advanced
treatment

Disinfection

,2
18
5
8
4
11
Unknown4

Activated sludge
Activated sludge
Activated sludge
O2-activated sludge
Activated sludge
Activated sludge
Activated sludge

NDN
NDN
None
None
None/NDN3
NDN, Filtration
NDN

HOCl
HOCl
HOCl
HOCl
Cl2
HOCl
HOCl

Abbreviations: NDN ¼ Nitrification/denitrification; OCSD ¼ Orange County Sanitation District;
1
The Whittier Narrows and San Jose Creek West WWTPs were operated by the Los Angeles Country Sanitation District.
2
Value represents the design flow for secondary treatment. The OCSD’s Plant 1 WWTP has a design flow of 4.7 m3/s for primary treatment and
the OCSD’s Plant 2 WWTP has a design flow of 7.3 m3/s for primary treatment. Primary effluent from both WWTPs was discharged through an
ocean outfall.
3
The San Jose Creek West WWTP was operated without nitrification/denitrification before June 2003.
4
Estimates of the industrial contribution to the Scottsdale WWTP are unavailable. However, plant operators are unaware of large metal plating
or printed circuit board manufacturing facilities in the service area.

For example, the Inland Empire and the City of Scottsdale’s
(Arizona) wastewater collection systems were comparatively new,
and maintenance activities such as application of root control
chemicals, which are known sources of NDMA (OCSD, 2002),
should have been less common than in older communities. Furthermore, the types of plants that grow in Scottsdale’s arid climate
generally do not have the type of deep root systems that necessitate
frequent root control treatments.
To minimize variability associated with industrial and residential
flow variations, 24-hour composite samples were collected in all
cases. When samples were collected from multiple locations within
a treatment plant, sample collection starting times were staggered
to account for the hydraulic residence time of the WWTP. To
minimize variations in wastewater composition from industrial
sources, most samples were collected between Tuesday and
Thursday, when industrial activities were expected to be at their
highest levels.
All of the composite samples were collected in glass sample
containers. For samples collected after chlorine disinfection, 0.5
mg/L of sodium thiosulfate was added directly to the composite
sample container before sample collection. Immediately after
collection, composite samples were gently mixed and decanted into
separate containers for analysis of NDMA, total NDMA precursors, DMA, and water quality parameters. The containers were
refrigerated or, when necessary, placed on ice and shipped by
overnight courier to the laboratory responsible for analysis.
To identify potential sources of NDMA and its precursors in raw
wastewater, samples also were collected from sewer trunk lines and
industrial sources in Orange County. Twelve-hour composite
sewer trunk line samples were collected from a neighborhood
composed exclusively of residential dwellings. The composite
samples were obtained by combining several grab samples
collected over the course of the day. Grab samples were also
collected before, during, and after a section of a residential trunk
line was treated with Vaporroter (Rancho Cordova, California),
a foaming root-control product that contains approximately 30%
sodium methyldithiocarbamate (metam sodium) as the active
ingredient. During the treatment, a total of approximately 4 to 12
liters of Vaporooter was applied upstream of the composite
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sampler. Twelve- or twenty-four-hour composite samples of
industrial wastewater also were collected at two printed circuit
board (PCB) manufacturing facilities, immediately before discharge of wastewater to the sanitary sewer. One circuit board
manufacturing facility used dimethyldithiocarbamate for metal
removal, while the other did not.
Analytical Methods. Nitrosodimethylamine was analyzed by
continuous liquid–liquid extraction or liquid–liquid extraction
followed by chemical ionization isotope dilution gas chromatography/mass spectrometry (GC/MS) by OCSD and Los Angeles
County Sanitation District (LACSD). Several secondary and final
effluent samples also were analyzed by Orange County Water
District by GC/MS as part of the quality assurance program.
Although there is no approved NDMA analytical method or
accreditation available from state or federal agencies in the United
States, these utility districts have had NDMA monitoring programs in place for several years and have met performance-based
guidelines established by the California Department of Health
Services (Cal DHS, 2004) through modification of standard U.S.
Environmental Protection Agency analytical methods (U.S. EPA,
1989). The detection limit for NDMA in raw wastewater ranged
from 10 to 40 ng/L, depending on the complexity of the matrix.
The detection limit for NDMA in samples collected after secondary treatment ranged from 1 to 10 ng/L. Interlaboratory
comparisons performed on secondary and final effluent samples
indicated good agreement, with an average coefficient of variation
of 20%.
Nitrosodimethylamine precursors were analyzed according to the
method described by Mitch et al. (2003a) at the three laboratories
listed above. The method involved the addition of a pH buffer and
2 mM monochloramine (i.e., 140 mg/L as chlorine [Cl2]), followed
by a 5- to 10-day reaction period. During this time, the monochloramine slowly decayed and the NDMA precursors were
converted to NDMA and a variety of other products. The NDMA
formed during this reaction serves as a surrogate for the total concentration of NDMA precursors initially present in the sample. This
method has been used previously to study NDMA precursors in
wastewater effluent (Mitch and Sedlak, 2004) and surface waters
(Gerecke and Sedlak, 2003).
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Figure 1—Concentrations of nitrosodimethylamine detected in inﬂuent and primary efﬂuent samples from
municipal wastewater treatment plants. Abbreviations:
LA SJCrW = San Jose Creek West; LA Whittier = Whittier
Narrows; OCSD = Orange County Sanitation District;
SJSC = San Jose/Santa Clara.

Dimethylamine was analyzed at the University of California at
Berkeley by derivitization with 4-methoxybenzenesulfonyl chloride followed by GC/MS/MS analysis (Mitch et al., 2003a). The
detection limit for DMA was approximately 0.5 lg/L.
Water quality parameters were analyzed according to American
Public Health Association standard methods (APHA et al., 1995) at
City of San Jose, City of Scottsdale, OCSD, and LACSD laboratories. Parameters analyzed included total suspended solids (TSS)
(method 2540D), pH (method 4500 HþB), dissolved organic
carbon (DOC) (method 5310 C), nitrite (NO2) (method 4500-NO2
B), Kjeldhal nitrogen (method 4500-Norg D), alkalinity (method
2320 B), total organic carbon (method 5310B), ammonia (NH3)
(method 4500-NH3 C), biochemical oxygen demand (method 5210
B), and free and total chlorine (Cl) (method 4500 Cl G). Results of
these analyses are discussed briefly here and will be included in
a separate publication (WateReuse, 2005).
Results and Discussion
Nitrosodimethylamine in Wastewater. Concentrations of
NDMA in the wastewater influent (i.e., raw wastewater) and
primary effluent samples ranged from 7 to 790 ng/L, with a median
concentration of 88 ng/L for wastewater influent and 73 ng/L for
primary effluent (Figure 1). When wastewater influent and primary
effluent samples were collected from the same location (compare
black and gray bars in Figure 1), concentrations generally showed
good agreement, which was expected because NDMA exhibits
a low affinity for the particles present in wastewater (Mitch and
Sedlak, 2004). The highest concentration of NDMA was observed
at the Whittier Narrows WWTP during March 2004 and the San
34

Figure 2—Concentrations of nitrosodimethylamine, dimethylamine, and total nitrosodimethylamine precursors
detected in residential trunk lines (background); a trunk
line before, during, and after root control treatment; and
two printed circuit board manufacturing facilities, one of
which used dimethyldithiocarbamate-based treatment
chemicals.

Jose/Santa Clara WWTP during November 2002, while the
lowest concentrations were observed at the Inland Empire WWTP.
The Whittier Narrows and the San Jose/Santa Clara WWTPs received a considerable percentage of their inflow from industrial
sources, including PCB and hard drive manufacturing facilities,
whereas the Inland Empire WWTP had few industrial sources
(Table 1). Furthermore, the Inland Empire WWTP was located in
an area with a relatively new wastewater collection system, which
probably did not require as much root control treatment chemicals
as the other, more established communities. The relatively large
day-to-day variation in influent NDMA concentrations (e.g., the
NDMA concentration in 24-hour composite samples ranged from
66 to 360 ng/L over a four-day period starting on Monday,
November 18, 2002, at the San Jose/Santa Clara WWTP), and
event-to-event variation was consistent with industrial waste discharges that occur in batches.
To gain further insight to the importance of different sources of
NDMA, background samples collected from a residential community were compared with samples taken from industrial wastewater
treatment facilities and a section of sewer undergoing treatment
with metam sodium. The concentration of NDMA in the residential
trunk line samples ranged from 17 to 63 ng/L (Figure 2), which
was comparable to or slightly lower than concentrations measured
in the wastewater influent samples from plants that receive a small
fraction of their flow from industrial sources (e.g., the Inland
Empire WWTP) and slightly lower than the concentrations
observed in residential sewer trunk lines in Orange County during
2000–2001 (i.e., 65 to 170 ng/L with a median of 86 ng/L [OCSD,
2002]). These results suggest that domestic sources account for
a significant fraction of the NDMA in wastewater, but that other
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Figure 3—Concentrations of total nitrosodimethylamine
precursors detected in inﬂuent and primary efﬂuent
samples from municipal wastewater treatment plants.
Abbreviations: LA SJCrW = San Jose Creek West; LA
Whittier = Whittier Narrows; OCSD = Orange County
Sanitation District; SJSC = San Jose/Santa Clara.
sources also contribute to the NDMA loading, especially when
concentration spikes (in excess of 100 ng/L) occur.
Analysis of samples collected during the application of metam
sodium indicated that root control treatment resulted in the release
of pulses of NDMA-containing water with concentrations of over
2000 ng/L (Figure 2). A similar study conducted in June 2001
indicated that the stock solution of metam sodium used for root
treatment contained 1 100 000 ng/L of NDMA. Furthermore,
a mass balance calculation for OCSD’s Plant 1 indicated that the
application of the metam sodium in the 380 L tank used to treat the
trunk line could elevate the concentration of NDMA at the plant’s
headworks by 50 to 100 ng/L for one to two hours (OCSD, 2002).
Analysis of samples from two metal plating facilities and from
a previous study conducted by the OCSD illustrated the potential
importance of DTC-using facilities as sources of NDMA (Figure
2). A more extensive data set on NDMA concentrations in wastewater from PCB manufacturing facilities in Orange County
(OCSD, 2002) indicated average NDMA concentrations ranging
from 139 to 56 000 ng/L. Although the PCB manufacturing
facilities accounted for less than 1% of the flow to OCSD’s Plant 1
WWTP, they contributed approximately 22% of the NDMA
detected in the WWTP’s influent (OCSD, 2002).
Other sources may have contributed to NDMA detected in
untreated wastewater. For example, LACSD staff members have
measured NDMA concentrations above 750 000 ng/L in
wastewater discharged by a drum recycling facility. The illicit
disposal of used antifreeze from automobiles also could have
contributed to pulses of elevated concentrations of NDMA in
untreated wastewater: Samples collected from automobile crankcases indicated NDMA concentrations as high as 350 000 ng/L
January/February 2005

Figure 4—Concentrations of dimethylamine detected in
inﬂuent and primary efﬂuent samples from municipal
wastewater treatment plants. Abbreviations: LA SJCrW =
San Jose Creek West; LA Whittier = Whittier Narrows;
OCSD = Orange County Sanitation District; SJSC = San
Jose/Santa Clara.

(unpublished data from Steve Carr, Los Angeles County Sanitation
District, California).
Nitrosodimethylamine Precursors in Wastewater. After
excluding an anomalously low concentration observed in an
influent sample from the San Jose/Santa Clara treatment plant
(September 17, 2003), the total concentration of total NDMA
precursors in the wastewater influent and primary effluent samples
evaluated here ranged from 2400 to 9400 ng/L, with median values
of 4600 and 3800 ng/L for wastewater influent and primary effluent, respectively (Figure 3), which was consistent with previous
analyses of grab samples at WWTPs (Mitch and Sedlak, 2004). At
locations where both wastewater influent and primary effluent
samples were collected (compare black and gray bars in Figure 3),
there was close agreement between total NDMA precursor
concentrations with no evidence for precursor removal during
primary treatment. No clear correlation was observed between
NDMA precursor concentrations and variable such as TSS, DOC,
or NDMA concentrations (data not shown).
Concentrations of the known NDMA precursor, DMA, ranged
from 43 to 120 lg/L (Figure 4), with a median of 81 lg/L, which
was consistent with previous observations (Mitch and Sedlak,
2004). Assuming that the yield of NDMA from DMA under the
conditions of the NDMA precursor test was 2.6%, as observed
previously (Mitch and Sedlak, 2004), the 81 lg/L of DMA
accounted for approximately 3700 ng/L of total NDMA precursors.
Therefore, DMA is the most prevalent NDMA precursor in untreated wastewater, accounting for most of the precursors detected
in wastewater before secondary treatment.
The concentrations of NDMA precursors (89 000 ng/L) in the
trunk line samples during the metam sodium treatment and in the
35
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wastewater from the DTC-using facility (83 000 ng/L) (Figure 2)
were over an order of magnitude higher than that observed in the
wastewater influent samples (Figure 3), while the concentration of
DMA (71 to 92 lg/L) were comparable to the concentrations
observed in the influent samples. Therefore, domestic wastewater
is the most important source of DMA, whereas sources unrelated to
domestic wastewater may increase concentrations of total NDMA
precursors. The identity of the NDMA precursor detected during
the root control treatment is unclear because the active ingredient in
the root control product is methyldithiocarbamate, which does not
form appreciable amounts of NDMA upon chloramination (Mitch
and Sedlak, 2004). However, it is possible that the commercial
Vaporooter formulation contained trace amounts of dimethyldithiocarbamates or some other NDMA precursor.
Dimethylamine accounted for most of the total NDMA precursors detected in the samples from the DTC-using industrial facility
(Figure 2). Assuming a 2.6% yield of NDMA from the chloramination of DMA, over 80% of the observed precursors were attributable to DMA, which is produced when dimethyldithiocarbamate
undergoes hydrolysis (Mitch and Sedlak, 2004). The remaining
NDMA precursors in the industrial wastewater sample were most
likely related to the presence of dimethyldithiocarbamate that
hydrolyzed during the 10-day test but had not yet undergone
hydrolysis at the time of DMA analysis. If the other PCB
manufacturing facilities all discharged similar concentrations of
NDMA precursors as those detected in the DTC-using facility, the
PCB manufacturing facilities would have accounted for approximately 5% of the total NDMA precursors and DMA in the influent
to OCSD’s Plant 1 WWTP.
Fate of Nitrosodimethylamine and its Precursors during
Secondary Treatment. Nitrosodimethylamine and NDMA precursors exhibit different removal behavior during secondary treatment. For example, at the San Jose/Santa Clara WWTP, NDMA
removal varied between little or no removal on three dates to
approximately 75% removal on three dates (Figure 5a). In contrast,
NDMA precursors (Figure 5b) and DMA (Figure 5c) were
removed consistently at the San Jose/Santa Clara WWTP, averaging 81 and .98%, respectively, after eliminating the apparent
anomalous total NDMA precursor measurement on September 17.
Variable removal of NDMA and good removal of DMA were
also observed at the Whittier Narrows wastewater treatment plant
(Figure 6) with NDMA removal ranging from 34 to 92% and DMA
removal consistently greater than 95%. Removals of NDMA
ranging from 53 to 93% were observed at the Inland Empire,
OCSD Plant 2, and Scottsdale WWTPs (Figure 6a), whereas poor
removal of NDMA was observed at OCSD’s Plant 1 WWTP. The
removal of total NDMA precursors at Inland Empire, OCSD Plants
1 and 2, and Scottsdale WWTPs ranged from 73 to 84%, while
DMA removal exceeded 98%. There was no obvious explanation
(e.g., plant upsets or variability in wastewater composition) for the
variability in NDMA removal between consecutive days at the
San Jose/Santa Clara WWTP or between the different plants.

!
Figure 5—Concentrations of (a) nitrosodimethylamine,
(b) total nitrosodimethylamine precursors, and (c) dimethylamine detected in inﬂuent and secondary efﬂuent
samples from the San Jose/Santa Clara wastewater
treatment plant. Dimethylamine samples were not analyzed during September 2003.
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Results from the San Jose Creek West WWTP indicated an
increase in NDMA between primary and secondary effluent
accompanied by elevated concentrations of total NDMA precursors
and DMA in the secondary effluent. At the San Jose Creek West
WWTP, cationic polymers, prepared in chlorinated final effluent,
were dosed into the clarifiers. Certain cationic polymers can serve
as significant sources of total NDMA precursors (Mitch and Sedlak
2004; Wilczak et al., 2003) and DMA (Najm et al., 2004) and,
therefore, the increase in NDMA and precursors may have been
related to the use of cationic polymers.
Results of this study indicated that the concentration of NDMA
in secondary effluent was almost always high enough to yield
concentration in excess of 10 ng/L (i.e., the Cal DHS action limit)
even if the wastewater is not disinfected with chlorine before
discharge. The concentrations of NDMA in 17 of the 21 secondary
wastewater effluent samples analyzed in this study exceeded the
Cal DHS action limit before disinfection, with median concentrations of 46 ng/L and a maximum concentration of 380 ng/L.
Although it is possible that NDMA undergoes attenuation by
biotransformation when it is discharged to groundwater and by
photolysis when it is discharged to surface water (Mitch et al.,
2003b), little or no attenuation may occur before drinking water
abstraction in some situations. For example, wastewater effluent
discharged into a river at night may be extracted before sunrise,
eliminating NDMA attenuation by photolysis. In other situations,
light penetration may be decreased by shading or competitive
absorption. In such cases, a significant amount of dilution would be
required before the concentration in the abstracted water is below
the Cal DHS action level. In the United States, a study conducted
in the 1970s indicated that over 20 utilities serving communities of
25 000 to 2 000 000 people used surface waters in which wastewater effluent accounted for over half of the flow during low-flow
conditions (Swayne et al., 1980). Given the increases in population
during the last 25 years, especially in arid regions of the United
States and the increasing prevalence of indirect potable water
reuse, even more people may be served by utilities that exploit
effluent-dominated waters. Similar situations are probably common
in Europe and other populated regions. Further investigation is
needed to assess the concentrations of NDMA in drinking water
derived from effluent-dominated waters.
Nitrosodimethylamine precursor concentrations in the wastewater effluent samples also present a potential problem for utilities
engaged in planned or unplanned water reuse efforts, especially
when chloramine is used for drinking water disinfection or as
a residual disinfectant. Gerecke and Sedlak (2003) showed that an
NDMA precursor concentration of approximately 50 ng/L typically
results in the formation of more than 10 ng/L of NDMA after
chloramination under typical drinking water treatment conditions.
Nitrosodimethylamine precursor concentrations in secondary effluent samples measured during this study ranged from 660 to 29 000
ng/L, with a median value of 1340 ng/L. Therefore, a considerable

Figure 6—Concentrations of (a) nitrosodimethylamine, (b)
total nitrosodimethylamine precursors, and (c) dimethylamine detected in inﬂuent and secondary efﬂuent samples
from the Inland Empire, Whittier Narrows, Orange County
Sanitation District, and Scottsdale wastewater treatment
plants. Dimethylamine samples were not analyzed at
Orange County Sanitation District’s Plants 1 and 2.
January/February 2005
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The data on total NDMA precursors suggested that source
control activities would not have a large effect on the concentrations of NDMA precursors. Most of the NDMA precursors in
wastewater effluent consist of unidentified organic nitrogen species
that have not been characterized fully, rather than DMA (Mitch and
Sedlak, 2004). These NDMA precursors are difficult to remove
during conventional wastewater treatment (Mitch and Sedlak,
2004) and further research is needed to assess their fate in
advanced wastewater treatment systems and receiving waters.

Figure 7—Concentrations of nitrosodimethylamine measured before and after chlorination at the Whittier
Narrows wastewater treatment plant.
amount of attenuation or dilution of NDMA precursors would be
required to assure that the 10 ng/L action level will not be violated
upon chloramination of recycled water.
Additional evidence for the formation of NDMA during chloramine disinfection of wastewater effluent was obtained from the
Whittier Narrows WWTP, where the median concentration of
NDMA formed during chlorine disinfection in the presence of
ammonium was 120 ng/L in samples collected between June 2002
and February 2004 (n ¼ 44) compared to the 45 ng/L of NDMA
present in the same samples before disinfection (Figure 7). In
contrast, no production of NDMA was observed during chlorine
disinfection of nitrified effluent at the San Jose/Santa Clara WWTP
between September 16 and 18, 2003. These data were consistent
with results from laboratory studies, indicating that disinfection with
free chlorine (i.e., HOCl) results in much less production of NDMA
than disinfection with chloramines (Mitch and Sedlak, 2004).
Approaches for Controlling Nitrosodimethylamine and its
Precursors in Wastewater Effluent. Analysis of secondary
effluent samples indicates that NDMA entering WWTPs was not
removed consistently. However, an assessment of the efficacy of
source control activities still can be made with these data. In
approximately one-third of the samples, little or no removal occurred
during secondary treatment, while, in the other samples, approximately 75% of the NDMA was removed. Therefore any source
control activity that reduces the amount of NDMA in the untreated
wastewater by 10 ng/L will reduce the concentration of NDMA in the
effluent by anywhere from 2.5 to 10 ng/L. Source control activities
involving root control applications and metal treatment systems also
may help to eliminate the occasional pulses of NDMA observed in
treatment plants. A previous study showed that point sources (root
control treatments with metam sodium and DTC-containing metal
treatment systems) accounted for approximately one-half of the
identified sources of NDMA entering OCSD’s Plant 1 WWTP with
the other one-half originating in domestic wastewater (OCSD, 2002).
Therefore, source control activities involving these two specific
activities probably might eliminate the occasional pulses of NDMA
observed in some treatment plants. Elimination of NDMA pulses is
desirable at plants where UV treatment is used for NDMA removal
because the removal efficiency is generally constant and the UV
system is typically designed to treat the maximum concentration
detected in the effluent.
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Conclusions
Nitrosodimethylamine and NDMA precursors derived from untreated wastewater are present in municipal wastewater effluent.
The concentration of NDMA in wastewater effluent samples often
exceeds the Cal DHS action level before disinfection and the
relatively high concentrations of NDMA precursors in wastewater
effluent will lead to formation of additional NDMA upon chlorine
disinfection of wastewater or chloramine treatment in drinking
water treatment plants. Source control activities may be able to
reduce episodic spikes in the concentration of NDMA, but contributions of NDMA and NDMA precursors from difficult-to-control
domestic sources still may result in concentrations of NDMA
above action levels and NDMA precursor concentrations that are
high enough to create more NDMA upon chloramine disinfection.
Additional research is needed to identify methods improving the
removal of NDMA during secondary treatment and controlling
NDMA formation during disinfection.
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