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METHOD TO-7

METHOD FOR THE DETERMINATION OF N-NITROSODIMETHYLAMINE

IN AMBIENT AIR USING GAS CHROMATROGRAPHY

Thi s docunent describes a nethod for deternmination of N

ni trosodi met hyl am ne (NDMA) in ambient air. Although the nethod,
as described, enploys gas chromat ography/ nass spectronetry
(GCI'Ms), other detection systens are all owed.

Al t hough additional docunentation of the performance of this
method is required, a detection linmt of better than 1 ug/n? is
achi evabl e using GO Ms (1,2). Alternate, selective GC detection
systens such as a thermal energy analyzer (2), a thernmionic

ni trogen-sel ective detector (3), or a Hall Electrolytic
conductivity detector (4) may prove to nore sensitive and

sel ective in some instances.

Appl i cabl e Document s

ASTM St andar ds

D1356 Definitions of Terms Related to Atnospheric Sanpling and
Anal ysis (5)

O her Documents

Anbient air studies (1, 2)

U.S. EPA Techni cal Assistance Docunent (6)

Sunmary of Method

3.2

Anmbient air is drawn through a Thernosorb/ N adsorbent cartridge at
a rate of approximately 2 L per minute for an appropriate period
of time. Breakthrough has been shown not to be a problemwth
total sanmpling volunes of 300 L (i.e., 150 minutes at 2 L per

m nute). The selection of Thernosorb/N absorbent over Tenax GC,
was due, in part, to recent |laboratory studies indicating artifact
formation on Tenax fromthe presence of oxides of nitrogen in the
sanmple matri x.

In the laboratory, the cartridges are pre-eluted with 5 nL of

di chl oronet hane (in the same direction as sanple flow) to renpve
interferences. Residual dichloromethane is renmoved by purging the
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cartridges with air in the same direction. The cartridges are
then eluted, in the reverse direction, with 2 nL of acetone. This
eluate is collected in a screw capped vial and refrigerated unti
anal ysi s.

NDMA i s determ ned by GC/ MS using a Carbowax 20M capillary col um.
NDMA is quantified fromthe response of the mle 74 nol ecul ar ion
using an external standard calibration nethod.

Si gni fi cance

Ni t rosam nes, including NDMA, are suspected human carci nogens.
These compounds may be present in anbient air as a result of
direct emssion (e.g., fromtire manufacturing) of from

at nospheric reactions between secondary or tertiary am nes and
NQ..

Several papers (1,2,4) have been published describing anal ytica
approaches for NDVA determ nation. The purpose of this docunment
is to conbine the attractive features of these nethods into one
standardi zed method. At the present time, this nethod has not
been validated in its final form and, therefore, one nust use
cauti on when enploying it for specific applications.

Definitions

Definitions used in this docunent and in any user-prepared SOPs shoul d
be consistent with ASTM D1356(5). All abbreviations and synbols are
defined within this document at the point of use.

I nterferences

Conpounds having retention tinmes simlar to NDMA, and yi el ding
detectable me 74 ion fragments, may interfere in the nethod. The
inclusion of a pre-elution step in the sanple desorption procedure
m ni m zes the nunber of interferences. Alternative GC colums and
conditions may be required to overconme interferences in unique
situations.
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Appar at us
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GC/ M5 System - capabl e of tenperature-progranmed, fused-silica
capillary colum operation. Unit mass resolution or better to 300
amu. Capable of full scan and selected ion nmonitoring with a scan
rate of 0.8 second/scan or better.

Sanpling system - capabl e of accurately and precisely sanpling
100- 2000 mL/m nute of anbient air. (See Figure 1.) The dry test
nmeter may not be accurate at flows bel ow 500 nmL/minute; in such
cases it should be replaced by recorded flow readings at the
start, finish, and hourly during the collection. See Section 9.4.
St opwat ch.

Friction top netal can, e.g., one-gallon (paint can) - to hold

cl ean cartridges and sanpl es.

Thernoneter - to record anbi ent tenperature.

Bar oneter (optional).

G ass syringe - 5 nL with Luer®fitting.

Vol unmetric flasks - 2 m., 10 nl, and 100 miL.

G ass syringe - 10 uL for GC injection.

Reagents and Materials

® © o o
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Thernmosorb/ N - Avail able from Thernedics Inc., 470 WIdwood St.,
P. O, Box 2999, Wburn, Mss., 01888-1799, or equival ent.

Di chl oronet hane - Pesticide quality, or equivalent.

Helium - U trapure conpressed gas (99.9999% .
Perfluorotributylam ne (FC-43) - for GO MS calibration.

Chemi cal Standards - NDVA solutions. Available fromvarious
chem cal supply houses. Caution: NDMA is a suspected human
carci nogen. Handle in accordance with OSHA regul ati ons.
Granul ar activated charcoal - for preventing contam nation of
cartridges during storage.

G ass jar, 4oz- to hold cartridges.

Gass vial - 1 dram with Tefl on® -1ined screw cap.

Luer® fitti ngs - to connect cartridges to sanpling system
Acet one - Reagent grade.



9.

TO7- 4

Sanpl i ng

Cartridges (Thernosorb/N) are purchased prepacked from Thernedics
Inc. These cartridges are 1.5 cmID x 2 cm|ong pol yethyl ene
tubes with Luercltype fittings on each end. The adsorbent is
held in place with 100-nesh stainless steel screens at each end.
The cartridges are used as received and are discarded after use.

At | east one cartridge fromeach production |ot should be used as
a blank to check for contam nation. The cartridges are stored in
screw capped glass jars (with Luer® style caps), and placed in a
charcoal - contai ni ng netal can when not in use.

The sanpling system may enploy either a nass flow controller or a
dry test neter. (See Figure 1.) For purposes of discussion, the
foll owi ng procedure assunes the use of a dry test neter.

Bef ore sanple collection, the entire assenbly (including a "dumy"
sanpling cartridge) is installed and the flow rate is checked at a
val ue near the desired rate. 1In general, flow rate of 100-2000
nm./ m nute should be enployed. The flow rate should be adjusted so
that no nore than 300 L of air is collected over the desired
sampling period. Generally, calibration is acconplished using a
soap bubble flow neter or calibrated wet test meter connected to
the flow exit, assum ng the systemis sealed. ASTM Method 3686
descri bes an appropriate calibration schene not requiring a seal ed
fl ow system downstream of the punp.

Ideally, a dry gas nmeter is included in the systemto record tota
flow |If a dry gas nmeter is not available, the operator nust
measure and record the sampling flow rate at the begi nning and end
of the sanpling period to determ ne sanple volunme. |If the
sanpling period exceeds two hours, the flow rate should be
measured at intermediate points during the sanpling period.
Ideally, a rotanmeter should be included to all ow observation of
the flowrate without interruption of the sanpling process.

To collect an air sanple, a new Thernosorb/N cartridge is renmoved
fromthe glass jar and connected to the sanpling systemusing a
Luer ® adapter fitting. The glass jar is sealed for |ater use.

The foll owi ng paraneters are recorded on the data sheet (see
Figure 2 for an exanple): date, sanpling |location, tine, anbient
tenmperature, baronetric pressure (if available), relative humidity
(if available), dry gas neter reading (if appropriate), flow rate,
rotameter setting, cartridge batch nunber, and dry gas neter and
punp identification nunbers.
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The sanpler is allowed to operate for the desired period, with
periodic recording of the variables |isted above. The total flow
shoul d not exceed 300 L.

At the end of the sanpling period. the paranmeters listed in
Section 9.5 are recorded and the sanple flowis stopped. |If a dry
gas neter is not used, the flow rate nust be checked at the end of
the sanpling interval. |If the flowrates at the beginning and end
of the sanpling period differ by nore than 15% the sanple should
be marked as suspect.

| mredi ately after sanpling, the cartridge is renoved fromthe
sanmpl ing system capped, and placed back in the 4-0z glass jar.
The jar is then capped, sealed with Tefl on® tape, and placed in a
friction-top can containing 1-2 inches of granular charcoal. The
sanmpl es are stored in the can until analysis.

If a dry gas neter or equivalent total flow indicator is not used,
the average sanple flow rate nmust be cal cul ated according to the
foll owi ng equati on:

Q +Q, +... Q
N

Qu =

wher e
Q. = average flow rate (mL/mnute).
Q, ....Q = flow rates determ ned at begi nning, end, and
i medi ate points during sanpling.

N = nunber of points averaged.

9.10 The total flowis then cal culated using the follow ng equation

V. o= (T27T1) X QA
m 1000
wher e
Vo = total sanple volune (L) at neasured tenperature
and pressure.
T, = stop tinme.
T, = start tine.

T-T, = sanpling time (mnutes).
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The total volune (V,) at standard conditions, 25°C and 760 mm Hg,
is calculated fromthe foll owi ng equation:

VooV x A 298
s m 760 273 + t,
where V, = total sanple volume (L) at standard conditions
of 25°C and 760 mm Hg.
Vo, = total sanple volune (L) at neasured tenperature

and pressure.
P, = average baronetric pressure (mm Hg).
ta = average anbient tenperature (°C).

Sanpl e Desorption

10.1

10. 2

10.3

10. 4

Sanples are returned to the | aboratory and prepared for analysis
wi thin one week of collection.

Using a gl ass syringe, the sanples are pre-eluted to renove
potential interferences by passing 5 nmL of dichloronethane through
the cartridge, in the same direction as sanple flow. This
operation should be conducted over approxinmately a 2-mnute
period. Excess solvent is expelled by injecting 5 nL of air

t hrough the cartridge, again using the glass syringe.

The NDVA is then desorbed passing 2 nL of acetone through the
cartridge, in the direction opposite to sanple flow, using a gl ass
syringe. A flowrate of approximately 0.5 mL\ninute is enployed
and the eluate is collected in a 2-nmL volunetric flask.

Desorption is halted once the volunetric flask is filled to the
mark. The sample is then transferred to a 1-dramvial having a
Tefl on®lined screw cap and refrigerated until analysis. The via
is wapped with aluminumfoil to prevent photol ytic decomnposition
of the NDMVA

GC/ M5 Anal ysi s

Al't hough a variety of GC detectors can be used for NDMA deternination,

the foll owi ng procedure assunmes the use of GC/MS in the selected ion

nmonitoring (SIM node.
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11.1 Instrunment Setup

11.1.1

11.1.2

11.1.3

Consi derabl e variation in instrument configuration is
expected fromone | aboratory to another. Therefore,
each | aboratory must be responsible for verifying that
its particular systemyields satisfactory results.

The GC/ M5 system nust be capabl e of accommdating a
fused-silica capillary colum, which can be inserted
directly into the ion source. The system nmust be
capabl e of acquiring the processing data in the
selected ion nmonitoring node.

Al 't hough al ternative columm systens can be used, a 0.2
mm|.D. x 50 m Carbowax 20M fused-silica col um

(Hewl ett-Packard Part No. 19091- 60150, or equival ent)
is recoomended. After installation, a heliumcarrier
gas flow of 2 nL per minute is established and the
colum is conditioned at 250°C for 16 hours. The
injector and GC/ Ms transfer |ine tenperatures should
al so be set at 250°C

The M5 and data systemare set up according to

manuf acturer's specifications. Electron inpact

i oni zation (70eV) should be enployed. Once the entire
GC/ M5 systemis set up, it is calibrated as described
in Section 11.2. The user should prepare a detailed
standard operating procedure (SOP) describing this
process for the particular instrument being used.

11.2 Instrunent Calibration

11.2.1

Tuni ng and mass standardi zati on of the M5 systemis
performed according to manufacturer's instructions and
rel evant information fromthe user-prepared SOP
Perfluorotributyl am ne shoul d generally be enpl oyed
for this purpose. The material is introduced directly
into the ion source through a nol ecul ar | eak. The

i nstrumental paraneters (e.g., lens, voltages,
resolution, etc.) should be adjusted to give the

rel ative ion abundances shown in Table 1 as well as
accept abl e resolution and peak shape. |[If these
approxi mate rel ati ve abundances cannot be achieved,
the ion source may require cleaning according to

manuf acturer's instructions. In the event that the
user's instrunment cannot achieve these relative ion
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abundances, but is otherw se operating properly, the
user may adopt another set of relative abundances as
performance criteria. However, these val ues nust be
repeat abl e on a day-to-day basis.

After the mass standardi zati on and tuni ng process has
been conpleted and the appropriate values entered into
the data system the user should set the SIM
nonitoring paranmeters (i.e., mass centroid and wi ndow
to be nonitored) by injecting a noderatley high |eve
standard solution (100 ug/m) of NDVA onto the GO/ MS
in the full scan node. The scan range should be 40 to
200 anu at a rate of 0.5 to 0.8 scans/second. The
nonmi nal mass 42, 43, and 74 amu ions are to be used
for SIMmonitoring, with the 74 amu i on enpl oyed for
NDMA quantification.

Before injection of NDMA standards, the GC oven
tenperature is stabilized at 45°C. The filanent and
electron multiplier voltage are turned off. A 2-uL

al i quot of an appropriate NDVA standard, dissolved n
acetone, is injected onto the GO M5 systemusing the
splitless injection technique. Concentrated NDVA
standards can be purchased from chem cal supply
houses. The standards are diluted to the appropriate
concentration with acetone. CAUTION: NDMA is a
suspect ed carci nogen and nust be handl ed according to
OSHA regul ations. After five mnutes, the electron
multiplier and filament are turned on, data
acquisition is initiated, and the oven tenperature is
programmed to 250°C at a rate of 16°C/m nute. After
elution of the NDMA peak fromthe GO Ms (Figure 3),
the data acquisition process an be halted and data
processing initiated.

Once the appropriate SI M paraneters have been
establ i shed, as described in Section 11.2.2, the
instrument is calibrated by analyzing a range of NDVA
standards using the SIM prodecure. |f necessary, the
electron multiplier voltage or anplifier gain can be
adjusted to give the desired sensitivity for standards
bracketing the range of interest. A calibration curve
of me 74 ion intensity versus quantity of NDVA
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injected is constructed and used to cal cul ate NDVA
concentration in the sanples.

11.3 Sanple Anal ysis

11.3.1

11.3.2

Cal cul ati ons
12.1 Calibr
12.1.1

12.1.2

ation

wher e

The sanpl e anal ysis process is the sane as that
described in Section 11.2.3 for calibration standards.
Sanpl es shoul d be handled so as to nininize exposure
to |ight.

If a peak is observed for NDVA (within 6 seconds of
the expected retention tine), the areas (integrated
ion intensities) for me 42, 43, and 74 are

cal cul ated. The area of me 74 peak is used to

cal cul ate NDVMA concentration. The ratios of me 42/74
and 43/74 ion intensities are used to deternine the
certainty of the NDMA identification. Ideally, these
rati os should be within £20% of the ratios for an
NDVA standard in order to have confidence in the peak
identification. Figure 4 illustrates the MS scan for
N- ni t r osodi met hyl am ne

Response Factors

Data from calibration standards are used to cal cul ate
a response factor for NDVA. Ildeally, the process

i nvol ves analysis of at least three calibration levels
of NDMA during a given day and determ nation of the
response factor (area/ng injected) fromthe |inear

| east squares fit of a plot of nanograms injected
versus area (for the me 74 ion). |n general
gquantities of NDVA greater than 1000 nanograms shoul d
not be injected because of columm overl oadi ng and/ or
M5 response nonlinearity.

If substantial nonlinearity is present in the
calibration curve, a nonlinear |east squares fit

(e.g., quadratic) should be enmployed. This process
involves fitting the data to the follow ng equation

Y = A + BX + CX?

Y = peak area
X = quantity of NDMA (ng)
A, B, and C are coefficients in the equation
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12.2 NDMA Concentration

12.2.1

wher e

12.2.2

12.2.3

wher e

A, B,
curve

Anal yte quantities on a sanple cartridge are
cal cul ated fromthe foll owi ng equation:

2
Y, = A+ BX, + CX}

is the area of the me 74 ion for the sample

i njection.

is the calculated quantity of NDMA (ng) on the sanple
cartridge.

C are the coefficients calculated fromthe calibration
described in Section 12.1.2.

If instrumental response is essentially |inear over
the concentration range of interest, a |linear equation
(C=0in the equation above) can be enpl oyed
Concentration of analyte in the original air sanple is
cal cul ated fromthe foll owi ng equation

X
C, - _A
A Vs

C, is the calcul ated concentrati on of analyte (ng/L).

V, and X, are as previously defined in Sections 9.11 and

12.2.1, respectively.

13. Performance Criteria and Quality Assurance

13.1 Standard Operating Procedures (SOPs).

13.1.1

User shoul d generate SOPs describing the foll ow ng
activities in their |aboratory: 1) assenbly,

cal i bration, and operation of the sanpling systemwith
make and nodel of equi pment used; 2) preparation
purification, storage, and handling of Thernosorb/N
cartridges and sanples; 3) assenbly, calibration, and
operation of the GO Ms systemwi th make and nodel of
equi pment used; and 4) all aspects of data recording
and processing, including |lists of conputer hardware
and software used.
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13.1.2 SOPs shoul d provide specific stepw se instructions and
shoul d be readily available to and understood by the
| aborat ory personnel conducting the work

13.2 Sanple Collection

13.2.1 During each sanpling event, at |east one clean
cartridge will acconpany the sanples to the field and
back to the |aboratory, having been placed in the
sanmpl er but without sanpling air, to serve as a field
bl ank. The average amount of material found on the
field blank cartridges may be subtracted fromthe
amount found on the actual sanples. However, if the
bl ank | evel is greater than 25% of the sanple anount,
data for that conmponent must be identified as suspect.

13.2.2 Duri ng each sanpling event, at |east on set of
paral l el sanmples (two or nore sanples collected
si mul t aneously) should be collected. |If agreement
bet ween parallel sanples is not generally within +25%
t he user should collect parallel sanples on a much
nore frequent basis (perhaps for all sanpling points).

13.2.3 Backup cartridges (two cartridges in series ) should
be collected with each sanpling event. Backup
cartridges should contain |l ess than 10% of the anpunt
of NDMA found in the front cartridges, or be
equi valent to the blank cartridge |evel, whichever is
greater.

13.2. 4 NDVA recovery for spiked cartridges (using a solution-
spi ki ng techni que) should be determ ned before initial
use of the method on real sanples. Currently
avai l abl e information indicates that a recovery of 75%
or greater should be achieved.

13.3 GC/ Ms Analysis

13.3.1 Performance criteria for M5 tuning and mass
standardi zati on are di scussed in Section 11.2 and
Table 1. Additional criteria can be used by the
| aboratory, if desired. The follow ng section provide
per f ormance gui dance and suggested criteria for
determining the acceptability of the GO M5 system

13.3.2 Chr omat ogr aphi ¢ efficiency should be evaluated daily
by the injection of NDVA calibration standards. The
NDMA peak shoul d be plotted on an expanded tinme scale
so that its width at 10% of the peak hei ght can be
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cal cul ated, as shown in Figure 5. The width of the
peak at 10% hei ght should not exceed 10 seconds. More
stringent criteria my be required for certain
applications. The asymetry factor (see Figure 5)
shoul d be between 0.8 and 2.0.

The detection Iinmit for NDVA is calculated fromthe
data obtained for calibration standards. The
detection limt is defined as

DL = A +3.3S

is the calculated detection limt in nanograns

i nj ected.

is the intercept calculated in Section 12.1.2.

is the standard deviation of replicate determ nations
of the lowest-level standard (at |east three such
deternminations are required). The |owest-I|eve
standard should yield a signal-to-noise ratio (from
the total ion current response) of approximtely 5.
Replicate GC/ Ms anal ysis of NDMA standards and/ or
sanpl e extracts shoul d be conducted on a daily basis.
A precision of x15% RSD or better shoul d be achieved.
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MASS FLOW
CONTROLLERS

Coupling to
connect
Thermosorb® N
Adsorbent
Cortridges

L

OILLESS
PUMP
VENT
(o) MASS FLOW CONTROL
ROTAMETER
- DRY = T
VENT — | TEST + -
METER — PUMP v
— NEEDLE
VALVE

(DRY TEST METER SHOULD NOT BE USED
FOR FLOW OF LESS THAN 500 ml/minutes)

(b) NEEDLE VALVE/DRY TEST METER

Coupling to
connect
Thermosorb® N
Adsorbent
Cartridge

FIGURE 1. TYPICAL SAMPLING SYSTEM CONFIGURATION
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SAVPLI NG DATA SHEET

(One_Sampl e per

Dat a_Sheet)

DATES(S) SAMPLED:

TI ME PERI OD SAMPLED:

LOCATI ON:
I NSTRUVENT MODEL NO.
PUMP SERI AL NO

OPERATOR:

CAL| BRATED BY:

SAMPLI NG DATA

Sanpl e Nunber:

Start Tinme: Stop Tine:
Dry Gas Fl ow Anbi ent Barometric
Met er Rot anet er Rate, *Q | Tenperature Pressure, Rel ati ve
Ti me Readi ng Readi ng nm/mn °C nm Hg Hum dity, % | Conments
1.
2.
3.
4.
N.
Total Volune Data**
V, = (Final - Initial) Dry Gas Meter Reading, or = L
Q% Q. Q 1 _ L
N 1000 x (Sampling Time in Minutes)  ———

Flow rate fromrotanmeter or soap bubble calibrator
** Use data fromdry gas neter

(specify which).

i f avail abl e.

FIGURE 2. EXAMPLE SAMPLING DATA SHEET
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NDBA

NDPA

\— RESIDUAL SOLVENT

NDEA
NPIP

NMOR

NPYR

TOTAL ION CURRENT

NDMA

TIME (MIN.)

FIGURE 3. TOTAL ION CURRENT CHROMATOGRAM RESULTING
FROM INJECTION OF 15 uL SAMPLE OF NDMA STANDARD (10
NG/uL IN ETHANOL).
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Asymmetry Factor = AB

BC
B
Exomple Calculation:
Peak Height = DE = 100mm
10% Peok Height = BD = 10mm
Peak Width ot 10% Peok Height
AB = 11mm
BC = 12mm

AC = 23mm

Therefore: Asymmetry Foctor =% = 1.1

FIGURE S. PEAK ASYMMETRY CALCULATION
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SUGGESTED PERFORMANCE CRITERIA FOR RELATIVE
ABUNDANCES FROM FC-43 MASS CALIBRATION

10N

% Rel ati ve

M E Abundance
51 1.8 £ 0.5
69 100
100 12.0 + 1.5
119 12.0 + 1.5
131 35.0 £ 3.5
169 3.0+ 0.4
219 24.0 £ 2.5
264 3.7 £+ 0.4
314 0.25 £ 0.1




