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METHOD FOR THE DETERMINATION OF VOLATILE ORGANIC COMPOUNDS
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IN AMBIENT AIR USING TENAX® ADSORPTION AND
GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS)

The docunent describes a generalized protocol for
collection and determnation of certain volatile organic
conmpounds whi ch can be captured on Tenax® GC (pol y(2, 6-
D phenyl phenyl ene oxide)) and determ ned by thermal
desorption GO M5 techni ques. Specific approaches using
t hese techniques are described in the literature (1-3).

This protocol is designed to allow sonme flexibility in
order to accommpdate procedures currently in use.
However, such flexibility also results in placenment of
considerable responsibility with the user to docunent
that such procedures give acceptable results (i.e.,
docunentation of met hod performance wthin each
| aboratory situation is required). Types  of
docunentation required are described el sewhere in this
nmet hod.

Conpounds which can be determned by this nethod are
nonpol ar organi cs having boiling points in the range of
approximately 80° - 200°C. However, not all conpounds
falling into this category can be determned. Table 1
gives a listing of compounds for which the nmethod has
been used. O her compounds may yield satisfactory
results but wvalidation by the individual wuser is
required.

cabl e Docunents

ASTM St andar ds:

D1356 Definitions of Terns Related to Atnospheric
Sanpling and Anal ysi s.
E355 Recommended Practice for Gas Chronmatography

Ternms and Rel ati onshi ps.
O her docunents:

Exi sting procedures (1-3).
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U. S. EPA Technical Assistance Docunent (4).
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Anbient air is drawn through a cartridge containing ~1-2
grans of Tenax and certain volatile organi c conpounds are
trapped on the resin while highly volatile organic
conpounds and npbst inorganic atnospheric constituents
pass through the cartridge. The cartridge is then
transferred to the | aboratory and anal yzed.

For analysis the cartridge is placed in a heated chanber
and purged with an inert gas. The inert gas transfers
the volatile organi c conpounds fromthe cartridge onto a
cold trap and subsequently onto the front of the GC
colum which is held at |ow tenperature (e.g., -70°C).
the GC colum tenperature is then increased (tenperature
programred) and the conponents eluting from the colum
are identified and quantified by mass spectronetry.
Conponent identification is normally acconplished, using
a library search routine, on the basis of the CC
retention tinme and mass spectral characteristics. Less
sophi sticated detectors (e.g., electron capture or flanme
ionization) may be used for certain applications but
their suitability for a given application nust be
verified by the user.

Due to the conplexity of anbient air sanples only high
resolution (i.e., capillary) GC techni ques are consi dered
to be acceptable in this protocol.

ficance

Vol atile organic conpounds are emtted into the
at nosphere froma variety of sources including industrial
and commercial facilities, hazardous waste storage
facilities, etc. Many of these conpounds are toxic

hence know edge of the |levels of such materials in the
anbi ent atnosphere is required in order to determ ne
human heal t h i npacts.

Conventional air nonitoring nethods (e.g., for workspace
nmoni toring) have relied on carbon adsorption approaches
wi th subsequent solvent desorption. Such techni ques
al l ow subsequent injection of only a small portion,
typically 1-5% of the sanple onto the GC system
However, typical anbient air concentrations of these
conpounds require a nore sensitive approach. The thernal



desorption process, wherein the entire sanple 1is
introduced into the analytical (GO M) system fulfills
this need for enhanced sensitivity.

Definitions

Definitions used in this docunent and any user prepared SOPs
shoul d be consistent with ASTM D1356(6). All abbreviations
and synbols are defined with this docunent at the point of
use.

| nterferences

6.1 Only conpounds having a simlar mass spectrum and GC
retention tine conpared to the conpound of interest wll
interface in the nethod. The npbst commonly encountered
interferences are structural isoners.

6.2 Contam nation of the Tenax cartridge with the conpound(s)
of interest is a comonly encountered problem in the
met hod. The wuser nust be extrenely careful in the
preparation, storage, and handling of the cartridges
t hroughout the entire sanpling and anal ysis process to
mnimze this problem

Appar at us

7.1 Gas Chronat ograph/ Mass Spectronetry system - should be
capabl e of subanbi ent tenperature programmng. Unit nass

resolution or better up to 800 anu. Capabl e of scanni ng
30-400 anu region every 0.5-1 second. Equipped with data
system for instrunment control as well as data

acqui sition, processing and storage.

7.2 Thermal Desorption Unit - Designed to acconmodate Tenax
cartridges in use. See Figure 2a or b.

7.3 Sanpling System - Capable of accurately and precisely
drawing an air flow of 10-500 m/m nute through the Tenax
cartridge. (See Figure 3a or b.)

7.4 Vacuumoven - connected to water aspirator vacuum supply.

7.5 Stopwat ch.

7.6 Pyrex disks - for drying Tenax.
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Gass jar - Capped with Teflon-lined screw cap. For
storage of purified Tenax.

Powder funnel - for delivery of Tenax into cartridges.

Culture tubes - to hold individual glass Tenax
cartridges.

Friction top can (paint can) - to hold clean Tenax
cartridges.

Filter holder - stainless steel or alumnum (to
accomodate 1 inch dianeter filter). Oher sizes may be
used if desired. (optional)

Thernoneter - to record ambi ent tenperature.

Baroneter (optional).

Dlution bottle - Two-liter with septumcap for standards
preparation.

Teflon stirbar - 1 inch |ong.

Gas-tight glass syringes with stainless steel needles -
10-500 pl for standard injection onto GO/ MS system

Liquid mcroliter syringes - 5.50 puL for injecting neat
liquid standards into dilution bottle.

Oven - 60 + 5°C for equilibrating dilution flasks.
Magnetic stirrer

Heati ng mantel .

Vari ac

Soxhl et extraction apparatus and glass thinbles - for
purifying Tenax.

Infrared lanp - for drying Tenax.

&C colum - SE-30 or alternative coating, glass capillary
or fused silica.

Psychroneter - to determne anbient relative humdity.
(optional)
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Enmpty Tenax cartridges - glass or stainless steel (see
Figure la or b).

Tenax 60/ 80 nmesh (2, 6-di phenyl phenyl ene oxi de pol yner).
d asswool - silanized.

Acetone - Pesticide quality or equival ent.

Met hanol - Pesticide quality or equivalent.

Pentane - Pesticide quality or equival ent.

Helium - Utra pure, conpressed gas. (99.9999%
Nitrogen - Utra pure, conpressed gas. (99.9999%

Li qui d ni trogen.

Pol yester gloves - for handling glass Tenax cartridges.

dass Fiber Filter - one inch dianmeter, to fit in filter
hol der. (optional)

Perfluorotributyl am ne (FC 43).

Chem cal Standards - Neat conpounds of interest. H ghest
purity avail abl e.

G anul ar activated char coal - for preventing
contam nation of Tenax cartridges during storage.

Cartridge Construction and Preparation

9.1

Cartridge Design

9.1.1 Several cartridge designs have been reported
inthe literature (1-3). The nost common (1)
is showm in Figure la. This design mnimzes
contact of the sanple wth netal surfaces,
which can lead to deconposition in certain
cases. However, a disadvantage of this design
is the need to rigorously avoid contam nation
of the outside portion of the cartridge since
the entire surface is subjected to the purge
gas stream during the desorption process.
Cl ean polyester gloves nust be worn at all



9.

2

9.1.2

9.1.3

Tenax

9.2.1

9.2.2

9.2.3

9.2. 4

Pur i

times when handling such cartridges and
exposure of the open cartridge to anbient air
nmust be m nim zed.

A second common type of design (3) is shown in
Fi gure 1b. VWiile this design uses a neta
(stainless steel) construction, it elimnates
the need to avoid direct contact with the
exterior surface since only the interior of
the cartridge is purged.

The thermal desorption nodule and sanpling
system nust be selected to be conpatible with
the particular cartridge design chosen.
Typi cal nodul e designs are shown in Figure 2a
and b. These designs are suitable for the
cartridge designs shown in Figures la and b,
respectively.

fication

Prior to use the Tenax resin is subjected to a
series of solvent extraction and thernal
treatment steps. The operation should be
conducted in an area where levels of volatile
organi ¢ conpounds (other than the extraction
sol vents used) are mnimzed.

Al'l glassware used in Tenax purification as
wel | as cartridge materials should be
t horoughly cleaned by water rinsing foll owed
by an acetone rinse and dried in an oven at
250°C.

Bul k Tenax is placed in a glass extraction
thinble and held in place with a plug of clean
gl asswool . The resin is then placed in the
soxhl et extraction apparatus and extracted
sequentially with nethanol and then pentane
for 16- 24 hour s (each sol vent) at
approximately 6 cycl es/ hour. d asswool for
cartridge preparation should be cleaned in the
sanme nmanner as Tenax.

The extracted Tenax is inmediately placed in
an open glass dish and heated under an
infrared lanp for two hours in a hood. Care
nmust be exercised to avoid over heating of the
Tenax by the infrared |lanp. The Tenax is then
pl aced in a vacuum oven (evacuated using a



9.3 Cartridge
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3.2

3.3

3.4

wat er aspirator) w thout heating for one hour.
An inert gas (heliumor nitrogen) purge of 2-3
mM/mnute is used to aid in the renoval of
sol vent vapors. The oven tenperature is then
increased to 110°C, maintaining inert gas flow
and held for one hour. The oven tenperature
control is then shut off and the oven is
allowed to cool to roomtenperature. Prior to
opening the oven, the oven is slightly
pressuri zed W th nitrogen to pr event
contam nation with anbient air. The Tenax is
removed from the oven and sieved through a
40/ 60 nesh sieve (acetone rinsed and oven
dried) into a clean glass vessel. If the
Tenax is not to be wused immediately for
cartridge preparation it should be stored in a
clean glass jar having a Teflon-lined screw
cap and placed in a desiccator.

Preparation and Pretreatnent

All cartridge materials are pre-cleaned as

described in Section 9.2.2. If the glass
cartridge design shown in Figure 1la is
enpl oyed all handling should be conducted

weari ng pol yester gl oves.

The cartridge is packed by placing a 0.5-1cm
gl asswool plug in the base of the cartridge
and then filling the cartridge to wthin
approximately 1 cm of the top. A 0.5-1cm
gl asswool plug is placed in the top of the
cartridge.

The cartridges are then thermally conditioned
by heating for four hours at 270°C under an
inert gas (helium) purge (100 - 200 m /mn).

After the four hour heating period the
cartridges are allowed to cool. Cartridges of
the type shown in Figure la are imrediately
pl aced (wi thout cooling) in clean culture
tubes having Teflon-lined screw caps with a
gl asswool cushion at both the top and the
bottom Each tube should be shaken to ensure
that the cartridge is held firmy in place.
Cartridges of the type shown in Figure 1b are
allowed to cool to room tenperature under
inert gas purge and are then closed wth
stai nl ess steel plugs.



10.

9.3.5

9.3.6

Sanpl i ng
10.1 Flow Rate

10.1.1

10.1.2

wher e

The cartridges are |abeled and placed in a
tightly sealed netal can (e.g., paint can or
simlar friction top container). For
cartridges of the type shown in Figure la the
culture tube, not the cartridge, is |abeled.

Cartridges should be used for sanpling within
2 weeks after preparation and anal yzed within
two weeks after sanpling. | f possible the
cartridges should be stored at -20°C in a
clean freezer (i.e., no solvent extracts or
ot her sources of volatile organics contained
in the freezer).

and Total Vol ume Sel ection

Each conpound has a characteristic retention
volume (liters of air per gram of adsorbent)
which nust not be exceeded. Since the
retention volune is a function of tenperature,
and possibly other sanpling variables, one
must include an adequate nmargin of safety to

ensure good collection efficiency. Some
considerations and guidance in this regard
ar eprovi ded in a recent report (95).

Approxi mate breakt hrough volunes at 38°C
(100°F) in liters/gram of Tenax are provided
in Table 1. These retention volunme data are
supplied only as rough guidance and are
subject to considerable variability, depending
on cartridge design as well as sanpling
paraneters and at nospheric conditions.

To calculate the maxi mum total volune of air
which can be sanpled use the follow ng
equat i on:

__VbxW

VMAX_ 1.5

Vimxk 1S the calcul ated maximumtotal volune in
liters.

Vy i s the breakthrough volume for the |east
retai ned conpound of interest (Table 1)
inliters per gramof Tenax.

W is the weight of Tenax in the cartridge,
in grans.



wher e

10.1.3

wher e

10.1. 4

1.5 is a dinensionless safety factor to all ow
for wvariability in atnospheric conditions.
This factor is appropriate for tenperatures in
the range of 25-30°C. If higher tenperatures
are encountered the factor should be increased
(1.e. maximum total volunme decreased).

To calculate mximum flow rate use the
foll ow ng equati on:

v
MAX
Qux=—p2x1000

Qux 1S the calculated maximum flow rate in
milliliters per mnute.

t is the desired sanpling tinme in mnutes.
Times greater than 24 hours (1440
m nutes) generally are unsuitabl e because
the flowrate required is too |low to be
accurately maintai ned.

The maximum flow rate Qu should yield a
linear flow velocity of 50-500 cm mnute.
Cal cul ate the linear velocity corresponding to
the maximum flow rate using the follow ng
equat i on:

B- Quiax
Br?2
B is the calculated linear flow velocity in
centinmeters per mnute.
r is the internal radius of the cartridge

in centineters.

If B is greater then 500 centineters per
mnute either the total sanple flow rate (Vya
should be reduced or the sanple flow rate
(Qmnx) should be reduced by increasing the
collection tine. If B is less then 50
centinmeters per mnute the sanpling rate (Qu
shoul d be increased by reducing the sanpling
time. The total sanple value (V) cannot be
i ncreased due to conponent breakt hrough.



10.1.5

The flow rate calculated as described above
defines the maximum flow rate all owed. I n
general, one should collect additional sanples
in parallel, for the sanme tine period but at

| ower flow rates. This practice yields a
measure of quality control and is further
di scussed in the literature (5). In general,

flowrates 2 to 4 fold | ower than the nmaxi mum
flow rate should be enployed for the parall el

sanpl es. In all cases a constant flow rate
shoul d be achieved for each cartridge since
accurate i ntegration of t he anal yte

concentration requires that the flow be
constant over the sanpling period.

10. 2 Sanpl e Coll ection

10. 2.1

10. 2.2

10. 2.3

Coll ection of an accurately known volune of
air is critical to the accuracy of the
results. For this reason the use of nmass fl ow
controllers, rather than conventional needle
valves or orifices is highly recomended,
especially at low flow velocities (e.g., less
than 100 mlliliters/ mnute). Figure 3a
illustrates a sanpling system utilizing mass
flow controllers. This systemreadily all ows
for collection of parallel sanples. Figure 3b
shows a commercially avail abl e system based on
needl e valve flow controllers.

Prior to sanple collection insure that the
sanpling flow rate has been calibrated over a
range including the rate to be wused for
sanpling, with a "dummy" Tenax cartridge in
pl ace. Cenerally calibration is acconplished
using a soap bubble flow neter or calibrated
wet test neter. The flow calibration device
is connected to the flow exit, assumng the
entire flow system is seal ed. ASTM Met hod
D3686 describes an appropriate calibration
schene, not requiring a sealed flow system
downst ream of the punp.

The flow rate should be checked before and
after each sanple collection. |If the sanpling
interval exceeds four hours the flow rate
should be checked at an internediate point
during sanpling as well. In general, a
rotaneter should be included, as shown in
Figure 3b, to allow observation of the
sanpling flow rate wthout disrupting the
sanpl i ng process.



10. 2.4

10.2.5

10. 2.6

10. 2.7

To collect an air sanple the cartridges are
removed from the seal ed container just prior
to initiation of the collection process. | f
gl ass cartridges (Figure la) are enpl oyed they
must be handled only with pol yester gl oves and
shoul d not contact any other surfaces.

A particulate filter and hol der are placed on
the inlet to the cartridges and the exit end
of the cartridge is connected to the sanpling
appar at us. In many sanpling situations the
use of a filter is not necessary if only the
total concentration of a conponent is desired.
G ass cartridges of the type shown in Figure
la are connected using teflon ferrules and
Swagel ok (stainless steel or teflon) fittings.
Start the punp and record the follow ng
paraneters on an appropriate data sheet
(Figure 4): data, sanpling location, tine,
anbient tenperature, Dbaronetric pressure,
relative humdity, dry gas neter reading (if
applicable), flowrate, rotaneter reading (if
applicable), cartridge nunber and dry gas
meter serial nunber.

Al low the sanpler to operate for the desired
time, periodically recording the variables
listed above. Check flowrate at the m dpoint
of the sanpling interval if |onger than four
hour s. At the end of the sanpling period
record the paraneters listed in 10.2.5 and
check the flow rate and record the value. |If
the flows at the beginning and end of the
sanmpling period differ by nore than 10% t he
cartridge should be marked as suspect.

Renmove the cartridges (one at a tine) and
place in the original container (use gloves
for glass cartridges). Seal the cartridges or
culture tubes in the friction-top can
containing a |layer of charcoal and package for
i medi ate shipnment to the |laboratory for
anal ysi s. Store cartridges at reduced
tenperature (e.g., -20°C) before analysis if
possi ble to maxi m ze storage stability.



10.2. 8

wher e

10.2.9

wher e

10. 2. 10

Cal cul ate and record the average sanple rate
for each cartridge according to the foll ow ng
equat i on:

- Q1+Q2+. .. QN
B N

Qu

Q. = Average flowrate in m/mnute.

Q, @, ....Q = Flow rates determned at
begi nning, end, and internedi ate points during
sanpl i ng.

N = Nunmber of points averaged.

Calcul ate and record the total volunetric flow
for each cartridge wusing the follow ng
equat i on:

T=Q,
" 1000
V, = Total volune sanpled in liters at
measured tenperature and pressure.
T, = Stop tine.
T, = Start tine.
T = Sanpling time = T, = T,, mnutes

The total volune (V,) at standard conditions,
25°C and 760 mmHg, is calculated from the
fol |l ow ng equati on:

P
V v x_TA 298
s 'n760 273+t,

Aver age baronetric pressure, mhHg
Aver age anbi ent tenperature, °C.



11.

GC/ M5 Anal ysi s

11.1 Instrunent Set-up

11.1.1

11.1.2

11.1.3

11.1. 4

11.1.5

Consi derabl e variation fromone |aboratory to
another is expected in terns of instrunment
configuration. Therefore each | aboratory nust
be responsible for verifying that their
particular systemyields satisfactory results.
Section 14 discusses specific performance
criteria which should be net.

A Dbl ock diagram of the typical GO M system
required for analysis of Tenax cartridges is
depicted in Figure 5. The operation of such
devices is described in 11.2.4. The thermal
desorption nodule nust be designed to

acconmodat e t he particul ar cartridge
configuration. Exposure of the sanple to
metal surfaces should be mnimzed and only
stainless steel, or nickel netal surfaces

shoul d be enpl oyed. The vol une of tubing and
fittings leading fromthe cartridge to the GC
colum nust be mnimzed and all areas nust be
wel | -swept by heliumcarrier gas.

The GC colum inlet should be capable of being
cooled to -70°C and subsequently increased
rapidly to approximately 30°C. This can be
nost readily acconplished using a GC equi pped
w th subanbient cooling capability (liquid
ni trogen) although other approaches such as
manual Iy cooling the inlet of the colum in
liquid nitrogen may be acceptabl e.

The specific GC columm and tenperature program

enployed will be dependent on the specific
conpounds of interest. Appropriate conditions
are described in the Iliterature (1-3). 1In

general a nonpol ar stationary phase (e.g., SE-
30, OV-1) tenperature programred from 30°C to
200°C at 8°/mnute will be suitable. Fused
silica bonded phase colums are preferable to
gl ass colums since they are nore rugged and
can be inserted directly into the M5 ion
source, thereby elimnating the need for a
GC/ Ms transfer line.

Capillary colum dinensions of 0.3 mm ID and
50 neters long are generally appropriate
al t hough shorter |l engths may be sufficient in
many cases.



11.1.6

11.1. 7

11.1.8

Prior to instrunment calibration or sanple
analysis the GO M5 system is assenbled as
showmn in Figure 5. Hel ium purge flows
(through the cartridge) and carrier flow are
set at approximately 10 m/mnute and 1-2
m/mnute respectively. | f applicable, the
injector sweep flowis set at 2-4 ml/ m nute.

Once the colum and other system conponents
are assenbl ed and the various fl ows
est abl i shed t he col um tenperature IS
increased to 250°C for approximately four
hours (or overnight if desired) to condition
t he col umm.

The M5 and data system are set according to
the manufacturer's instructions. El ectron
i npact ionization (70eV) and an electron
mul tiplier gain of approximately 5 x 10% shoul d
be enployed. Once the entire GC/ M5 system has
been setup the system is calibrated as
described in Section 11.2. The user should
prepare a detailed standard operating
procedure (SOP) describing this process for
the particular instrunent being used.

11. 2 Instrument Calibration

11. 2.1

Tuning and mass standardi zation of the M
system IS per f or med accordi ng to
manufacturer's instructions and relevant
information from the wuser prepared SOP
Perfluorotributylam ne should generally be
enpl oyed for this purpose. The material is
introduced directly into the ion source though
a nol ecul ar I eak. The instrunental paraneters

(e.g., lens voltages, resolution, etc.) should
be adjusted to give the relative 1ion
abundances shown in Table 2 as well as
acceptable resolution and peak shape. | f

t hese approximte rel ative abundances cannot
be achieved, the ion source may require

cl eani ng accordi ng to manuf acturer's
i nstructions. In the event that the user's
i nstrunent cannot achieve these relative ion
abundances, but is otherwise operating

properly, the user nmay adopt another set of
rel ati ve abundances as performance criteria.
However, these alternate values nust be
repeat abl e on a day-to-day basis.



11.2.2

11. 2.3

After the mass standardization and tuning
process has been conpleted and the appropriate
values entered into the data system the user
should then calibrate the entire system by
i ntroduci ng known quantities of the standard
conponents of interest into the system Three
alternate procedures may be enpl oyed for the
calibration process including 1) di rect
syringe injection of dilute vapor phase
standards, prepared in a dilution bottle, onto
the GC colum, 2) injection of dilute vapor
phase standards into a carrier gas stream
directed through the Tenax cartridge, and 3)
i ntroduction of perneation or diffusion tube
standards onto a Tenax cartridge. The
standards preparation procedures for each of
t hese approaches are described in Section 13.
The fol |l ow ng par agr aphs descri be t he
instrunment calibration process for each of
t hese approaches.

If the instrument is to be calibrated by
direct injection of a gaseous standard, a
standard is prepared in a dilution bottle as
described in Section 13.1. The GC colum is
cooled to -70°C (or, alternately, a portion of
the colum inlet is manually cooled wth
liquid nitrogen). The MS and data systemis
set up for acquisition as described in the
rel evant user SOP. The ionization filanment
should be turned off during the initial 2-3
m nutes of the run to allow oxygen and ot her
highly volatile conponents to elute. An
appropriate volune (less than 1 m) of the
gaseous standard is injected onto the GCC
system using an accurately calibrated gas
tight syringe. The system clock is started
and the colum is nmaintained at -70°C (or
liquid nitrogen inlet cooling) for 2 mnutes.
The column tenperature is rapidly increased to
the desired initial tenperature (e.g., 30°C).
The tenperature program is started at a
consistent time (e.g., four mnutes) after

i njection. Si mul t aneously the ionization
filament is turned on and data acquisition is
initiated. After the |ast conponent of

interest has eluted acquisition is term nated
and the data is processed as described in
Section 11.2.5. The standard injection
process is repeated using different standard
vol unes as desired.



11.2. 4 If the systemis to be calibrated by anal ysis
of spi ked Tenax cartridges a set of cartridges
is prepared as described in Sections 13.2 or
13. 3. Prior to analysis the cartridges are
stored as described in Section 9.3. |If glass
cartridges (Figure la) are enpl oyed care nust
be taken to avoid direct contact, as descri bed

earlier. The GC columm is cooled to -70°C,
the collection loop is imersed in liquid
nitrogen and the desorption nmodule is
mai ntai ned at 250°C. The inlet valve is

pl aced in the desorb node and the standard
cartridge is placed in the desorption nodul e,
maki ng certain that no |eakage or purge gas
occurs. The cartridge is purged for 10
m nutes and then the inlet valve is placed in
the inject node and the Iiquid nitrogen source
renmoved from the collection trap. The GCC
colum is maintained at -70°C for two m nutes
and subsequent steps are as described in
11. 2. 3. After the process is conplete the
cartridge is renmoved from the desorption
modul e and stored for subsequent use as
described in Section 9.3.

11.2.5 Data processing for instrunent calibration
involves determning retention tines, and
integrated characteristic ion intensities for
each of the conpounds of interest. I n
addition, for at |east one chronmatographic
run, the individual mass spectra should be
i nspected and conpared to reference spectra to
ensure proper instrunental performance. Since
the steps involved in data processing are
highly instrunent specific, the user should
prepare a SOP describing the process for
i ndi vi dual use. Overall performance criteria
for instrument calibration are provided in
Section 14. If these <criteria are not
achi eved t he user shoul d refine t he
i nst runent al paraneters and/or operating
procedures to neet these criteria.

11. 3 Sanpl e Analysis
11.3.1 The sanple analysis process is identical to

that described in Section 11.2.4 for the
anal ysis of standard Tenax cartridges.



12.

11.3.2

Cal cul ati ons

Data processing for sanple data generally
involves 1) qualitatively determning the
presence or absence of each conponent of
i nt er est on the basis of a set of
characteristic ions and the retention tine
using a reverse-search software routine, 2)
quantification of each identified conponent by
integrating the intensity of a characteristic
ion and conparing the value to that of the
calibration standard, and 3) tentative
identification of other conponents observed
using a forward (library) search software
routine. As for other user specific
processes, a SCP shoul d be prepared descri bi ng
the specific operations for each individual
| aboratory.

12.1 Calibration Response Factors

12.1.1

12.1.2

Data from calibration standards is used to
cal cul ate a response factor for each conponent
of interest. Ideally the process involves
anal ysis of at least three calibration |evels
of each conponent during a given day and
determ nation of t he response factor
(area/ nanograminjected) fromthe |inear | east
squares fit of a plot of nanograns injected
versus area (for the characteristic ion). In
general quantities of conponent greater than
1000 nanogranms should not be injected because
of colum overloading and/or MS response
nonl i nearity.

In practice the daily routine may not always
allow analysis of three such «calibration
standards. In this situation calibration data
from consecutive days nmay be pooled to yield a
response factor, provided that analysis of
replicate standards of the sanme concentration
are showmn to agree wthin 20% on the
consecutive days. One standard concentration,
near the mdpoint of the analytical range of
interest, should be chosen for injection every
day to det erm ne day-t o- day response
reproducibility.



12.1. 3 | f substantial nonlinearity is present in the
calibration curve a nonlinear |east squares
fit (e.g., quadratic) should be enployed.
This process involves fitting the data to the
fol |l ow ng equati on:

Y =A+BX+CX?
wher e
Y = peak area
X = quantity of conponent, nanograns
A, B, and C are coefficients in the equation

12.2 Anal yte Concentrations

12.2.1 Anal yte quantities on a sanple cartridge are
calculated fromthe follow ng equation

YA:A+BXA+CXA

wher e
Ya is the area of the analyte characteristic ion
for the sanple cartridge.
Xa is the calculated quantity of analyte on the

sanpl e cartridge, in nanograns.
A, B, and C are the coefficients calculated from
the calibration curve described in Section 12.1. 3.

12.2.2 If instrumental response is essentially |inear
over the concentration range of interest a
linear equation (C=O in the equation above)
can be enpl oyed.

12.2. 3 Concentration of analyte in the original air
sanple is calculated from the follow ng
equat i on:

C:XA
A VT
S
wher e
Ca is the cal cul ated concentration of analyte in

nanograns per liter.
Vg and X are as previously defined in Section
10.2.10 and 12.2.1, respectively.



13.

Standard Preparation

13.1 Direct

13.1.1

13.1.2

13.1.3

wher e

=

13.1. 4

wher e

I nj ection

This process involves preparation of a
dilution bottle containing the desired
concentrations of conpounds of interest for
direct injection onto the GO/ M5 system

Fifteen three-mllinmeter dianmeter glass beads
and a one-inch Teflon stirbar are placed in a
clean two-liter glass septum capped bottle and
t he exact volume is determ ned by wei ghing the
bottl e before and after filling with deionized
water. The bottle is then rinsed with acetone
and dried at 200°C.

The anmount of each standard to be injected
into the vessel is calculated fromthe desired
injection quantity and volunme using the
foll ow ng equati on:

is the total quantity of analyte to be
injected into the bottle in mlligrans

is the desired weight of analyte to be
injected onto the GOM system or spiked
cartridge in nanograns

is the desired GC/MS or cartridge injection
vol une (shoul d not exceed 500) in mcroliters.
is total volume of dilution bottle determ ned
in 13.1.1, in liters.

The volune of the neat standard to be injected
into the dilution bottle is determ ned using
the foll om ng equati on:

w

_T
VT_TT

is the total volune of neat liquid to be
injected in mcroliters.

is the density of the neat standard in grans
per mlliliter.



13.1.6

13.1.7

The bottle is placed in a 60°C oven for at
| east 30 mnutes prior to renoval of a vapor
phase st andard.

To withdraw a standard for GO MS injection the
bottle is renoved from the oven and stirred
for 10-15 seconds. A suitable gas-tight
m crober syringe, warned to 60°C, is inserted
t hrough the septum cap and punped three tinmes
sl ow y. The appropriate volume of sanple
(approximately 25% l|larger than the desired
injection volune) is drawn into the syringe
and the volune is adjusted to the exact val ue
desired and then imediately injected over a
5-10 seconds period onto the GO M5 system as
described in Section 11.2. 3.

13.2 Preparation of Spiked Cartridges by Vapor Phase |njection

13.2.1

13.2.2

This process involves preparation of a
dilution Dbottle containing the desired
concentrations of the conmpound(s) of interest
as described in 13.1 and injecting the desired
volume of vapor into a flowng inert gas
stream directed through a clean Tenax
cartridge.

A helium purge systemis assenbl ed wherein the
heliumflow 20-30 nL/m nute is passed through
a stainless steel Tee fitted wth a septum

i nj ector. The clean Tenax cartridge is
connected downstream of the tee using
appropriate Swagelok fittings. Once the

cartridge is placed in the flow ng gas stream
the appropriate volune vapor standard, in the
dilution bottle, is injected through the
septum as described in 13.1.6. The syringe is
flushed several tines by alternately filling
the syringe with carrier gas and displacing
the contents into the flow stream w thout
renoving the syringe fromthe septum Carrier
flow is maintained through the cartridge for
approximately 5 mnutes after injection.

13. 3 Preparation of Spiked Traps Using Perneation or D ffusion

Tubes

13.3.1

A flow ng streamof inert gas containing known
anounts of each conmpound of interest is
generated according to ASTM Met hod D3609(6).



14.

Note that a method of accuracy nmaintaining
tenmperature within + 0.1°Cis required and the
system generally nust be equilibrated for at
| east 48 hours before use.

13.3.2 An accurately known vol unme of the standard gas
stream (usually 0.1-1 liter) is drawn through
a clean Tenax cartridge using the sanpling
system described in Section 10.2.1, or a
simlar system However, if mass flow
controllers are enployed they nust be
calibrated for the carrier gas used in Section

13.3.1 (usually nitrogen). Use of air as the carrier
gas for perneation systens is not recommended,
unl ess the conpounds of interest are known to
be highly stable in air.

13.3.3 The spiked cartridges are then stored or
i mredi ately analyzed as in Section 11.2. 4.

Performance Criteria and Quality Assurance

This section summarizes quality assurance (QA) neasures and
provi des gui dance concerni ng performance criteria which shoul d
be achieved wthin each |aboratory. In many cases the
specific QA procedures have been described wthin the
appropriate section describing the particular activity (e.g.,
paral |l el sanpling).

14.1 Standard Operating Procedures (SOPs)

14.1.1 Each user shoul d generate SOPs descri bing the
followng activities as they are perforned in
their | aboratory:

1) assenbly, calibration, and operation of
the sanpling system

2) preparation, handling and storage of
Tenax cartridges,

3) assenbly and operation of GO M system

i ncl udi ng t he t her mal desorption
appar atus and data system and
4) al | aspects of data recording and

processi ng.

14.1. 2 SOPs shoul d provi de specific st epw se
instructions and should be readily avail abl e
to, and understood Dby, the [|aboratory
per sonnel conducting the work.



14. 2 Tenax Cartridges Preparation

14. 2.1

14. 2. 2.

14.2.3

Each batch of Tenax cartridges prepared (as
described in Section 9) should be checked for
contam nation by analyzing one cartridge
imedi ately after preparation. Wile analysis
can be acconpl i shed by GC/ MBS, many
| aboratories may choose to use GO FID due to
| ogi stical and cost considerations.

Analysis by GOFID is acconplished as
described for GO MS (Section 11) except for
use of FID detection.

Wi | e acceptance criteria can vary dependi ng
on the conponents of interest, at a m ninmm
the clean cartridge should be denpbnstrated to
contain less than one fourth of the m ninmm
| evel of interest for each conponent. For
nost conpounds the bl ank | evel should be |ess
t han 10 nanograns per cartridge in order to be

accept abl e. More rigid criteria may be
adopted, if necessary, wthin a specific
| aborat ory. If a cartridge does not neet

these acceptance criteria the entire |lot
shoul d be rejected.

14. 3 Sanpl e Coll ection

14. 3.1

14.3.2

During each sanpling event at |east one clean
cartridge wll acconpany the sanples to the
field and back to the laboratory, wthout
bei ng used for sanpling, to serve as a field
bl ank. The average amount of material found
on the field blank cartridge may be subtracted
from the anmount found on the actual sanples.
However, if the blank level is greater than
25% of +the sanple anount, data for that
conponent nust be identified as suspect.

During each sanpling event at | east one set of
par al | el sanples (two or nore sanpl es

coll ected sinultaneously) will be collected,
preferably at di fferent flow rates as
described in Section 10.1. | f agreenent

between parallel sanples is not generally
wthin + 25% the user should collect parallel
sanpl es on a nmuch nore frequent basis (perhaps
for all sanpling points). |If a trend of |ower
apparent concentrations with increasing flow



14.3.3

rate i s observed for a set of parallel sanples
one shoul d consider using a reduced flow rate
and |l onger sanpling interval if possible. |If
this practice does not i nprove t he
reproducibility further evaluation of the
met hod performance for the conpound of
i nterest nmay be required.

Backup cartridges (two cartridges in series)

shoul d be collected with each sanpling event.

Backup cartridges should contain | ess than 20%
of the anmount of conponents of interest found
in the front cartridges, or be equivalent to
the blank <cartridge |Ilevel, whichever s
greater. The frequency of use of backup
cartridges should be increased if increased
flowrate is shown to yield reduced conponent

| evels for parallel sanpling. This practice
will help to identify problens arising from
breakt hrough of the conponent of interest

during sanpling.

14. 4 GC/ M5 Anal ysi s

14.4. 1

14. 4.2

Performance criteria for MS tuning and nass
calibration have been discussed in Section
11.2 and Table 2. Additional criteria nmay be
used by the Ilaboratory if desired. The
fol |l ow ng sections provi de per f or mance
gui dance and suggest ed criteria for
determining the acceptability of the GO M
system

Chr onmat ogr aphi ¢ effici ency shoul d be eval uated
using spiked Tenax cartridges since this
practice tests the entire system |n general
a reference conpound such as perfl uorotol uene
shoul d be spiked onto a cartridge at the 100
nanogram | evel as described in Section 13.2 or
13.3. The cartridge is then anal yzed by GC/ M5
as described in Section 11. 4. The
perfl uorotol uene (or other reference conpound)
peak is then plotted on an expanded tine scal e
so that its wdth at 10% of the peak can be
cal cul ated, as shown in Figure 6. The wdth
of the peak at 10% hei ght shoul d not exceed 10
seconds. More stringent criteria may be
required for certain applications. The
asymmetry factor (see Figure 6) should be
between 0.8 and 2.0. The asymetry factor for



14. 4.3

wher e

14.4. 4

any polar or reactive conpounds should be
determ ned using the process described above.
| f peaks are observed that exceed the peak
wi dth or asymmetry factor criteria above, one
shoul d inspect the entire systemto determ ne
i f unswept zones or cold spots are present in
any of the fittings and are necessary. Sone
| aboratories may choose to evaluate colum
performance separately by direct injection of
a test mxture onto the GC colum. Suitable
schemes for colum evaluation have been
reported in the literature (7). Such schenes
cannot be conducted by placing the substances
onto Tenax because nmany of the conpounds
(e.g., acids, bases, alcohols) contained in
the test mx are not retained, or degrade, on
Tenax.

The system detection [imt for each conponent
is calculated from the data obtained for
calibration standards. The detection limt is
defined as

DL=A+3. 3S

DL is the calculated detection limt in
nanograns i njected.

A is the intercept calculated in Section
12.1.1 or 12.1.3.

S is the standard deviation of replicate
determ nations of the | owest | evel
st andard (at | east t hree such

determ nations are required).

In general the detection Iimt should be 20
nanograns or less and for many applications
detection limts of 1-5 nanograns nmay be
required. The | owest |evel standard should
yield a signal to noise ratio, fromthe tota
ion current response, of approximately 5.

The relative standard deviation for replicate
anal yses of cartridges spi ked at approxi mately
10 times the detection Iimt should be 20% or
less. Day to day relative standard devi ation
shoul d be 25% or | ess.



14.4. 5

A useful performance evaluation step is the
use of an internal standard to track system
performance. This is acconplished by spiking
each cartridge, including blank, sanple, and
calibration cartridges with approxi mately 100
nanograns of a conpound not generally present
in anbient air (e.g., perfluorotoluene). The
integrated ion intensity for this conpound
helps to identify problens with a specific
sanple. In general the user should cal cul ate
the standard deviation of the interna
standard response for a given set of sanples
anal yzed under i denti cal t uni ng and
calibration conditions. Any sanple giving a
value greater than + 2 standard deviations
from the nmean (calculated excluding that
particular sanple) should be identified as
suspect. Any marked change in internal
standard response may indicate a need for
i nstrunment recalibration.
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TABLE 1. RETENTION VOLUME ESTIMATES FOR COMPOUNDS ON TENAX

ESTI MATED RETENTI ON VOLUVE AT

COMPOUND 100°F (38°C) - LI TERS/ GRAM
Benzene 19
Tol uene 97
Et hyl Benzene 200
Xyl ene(s) ~200
Cunmene 440
n- Hept ane 20
| - Hept ene 40
Chl orof orm 8
Car bon Tetrachl ori de 8
1, 2- Di chl or oet hane 10
1,1, 1-Tri chl or oet hane 6
Tetrachl or oet hyl ene 80
Trichl or oet hyl ene 20
1, 2- Di chl or opr opane 30
1, 3- Di chl or opr opane 90
Chl or obenzene 150
Br onof or m 100
Et hyl ene Di brom de 60

Br onbbenzene

300




TABLE 2. SUGGESTED PERFORMANCE CRITERIA FOR RELATIVE 10N
ABUNDANCES FROM FC-43 MASS CALIBRATION

% RELATI 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




Tenax

~ 1.5 Grams (6 cm Bed Depth)

Glass Wool Plugs
Glass Cartridge

(0.5 cm Long)
(13.5 mm OD o

100 mm Long)

(@) Glass Cartridge

1/2" to
1/8"
Reducing
- Glass Wool
Union 1/8" End Cap
Plugs

(0.5 cm Long)

1/2" Metal Cartridge
Tenax

Swagelok (12.7 mm OD
_ 1.5 Grams (7 cm Bed Depth)

Fitting 100 mm Long)

(b) Metal Cartridge

FIGURE 1. TENAX CARTRIDGE DESIGNS



Purge

Gas

Latch for

Teflon Compression

Compression Seal

Seal

Purge

Gas

Cavity for 7>
Tenax

Cartridge

Effluent to
it 6-Port Valve

To GC/MS
Carrier

Gas — Vent

Freeze-Out

Loop

Liquid
Nitrogen
Coolant

(a) Glass Cartridges (Compression Fit)

To GC/MS

Effluent to
Tenax

6-Port Valve
Trap

Swagelok
End Fittings

Carrier
Heated Block

Gas
Liquid
Nitrogen
(b) Metal Cartridges (Swagelok Fittings) Coolant

Figure 2. Tenax Cartridge Desorption liodules

FIGURE 2. TENAX CARTRIDGE DESORPTION MODULES



Couplings

to Connect

Tenax
Cartridges
Mass Flow
- Controllers
Oilless
Pump
e (a) Mass Flow Control
Rotameter
e Dry _
Vent Test g
Meter Pump
Needle Coupling to
Valve Connect Tenax
Cartridge
Figure 3. Typical Sarpling Systen Configurations (b) Needle Valve Control

FIGURE 3. TYPICAL SAMPLING SYSTEM CONFIGURATIONS



SAMPLING DATA SHEET
(One _Sample Per Data Sheet)

PRQJECT: DATE(S) SAMPLED:

Sl TE: TI ME PER OD SAMPLED:
LOCATI ON: OPERATOR:

| NSTRUVENT MODEL NO CAL| BRATED BY:

PUVP SERI AL NGO

SAMPLING DATA

Sanpl e Nunber:
Start Tine: Stop Tine:

*Dry Gas=> * Fl ow *Anbi ent *Baronetric* *

* Meter *Rotaneter*Rate,*Q~ Tenp. *Pressure, *Relative =
Ti re*Readi ng* Reading *mM/Mn = °C * nmHg *Hum dity, % Conments
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))

))))))2)))))))2)))))))))2)))))))2)))))))2))))))))))2))))))))))2))))))))))

Total Vol une Dat a**

= (Final - Initial) Dry Gas Meter Reading, or = Liters

=Q +0Q +Q...Q X 1 = Liters
N 1000 x (Sanmpling Time in M nutes)

Flowate fromrotaneter or soap bubble calibrator (specify which).
** Use data fromdry gas neter if avail able.

FIGURE 4. EXAMPLE SAMPLING DATA SHEET
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Valve
Capillary
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Mass
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FIGURE 5. BLOCK DIAGRAM OF ANALYTICAL SYSTEM

Freeze-Out Loop

Data

System

Figure 5.

Block Diagran of Analytical Systen




BC
Asymmetry Factor = —

Example Calculation:

Peak Height = DE = 100 mm
10% Peak Height = BD = 10 mm
Peak Width at 10% Peak Height = AC = 23 mm

AB = 11 mm
BC = 12 mm
12
Therefore: Asymmetry Factor = _ =1.1
11

FIGURE 6. PEAK ASYMMETRY CALCULATION



METHOD TO-2
Revision 1.0
April, 1984

METHOD FOR THE DETERMINATION OF VOLATILE ORGANIC COMPOUNDS IN
AMBIENT AIR BY CARBON MOLECULAR SIEVE ADSORPTION AND GAS
CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS)

1. Scope

1.1

Thi s docunent describes a procedure for collection and
determnation of selected volatile organic conpounds
whi ch can be captured on carbon nol ecul ar sieve (CVB)
adsorbents and determ ned by thermal desorption GO M5
t echni ques.

1.2 Conpounds which can be determined by this nethod are
nonpol ar and nonreactive organi cs having boiling points
in the range -15 to +120°C. However, not all conpounds
neeting these criteria can be determ ned. Conpounds for
whi ch the performance of the nmethod has been docunented
are listed in Table 1. The nethod may be extended to
ot her conpounds but additional validation by the user is
required. This nmethod has been extensively used in a
single | abor at ory. Consequent |y, its gener al
applicability has not been thoroughly docunented.

2. Applicable Documents

2.1 ASTM St andar ds
D 1356 Definitions of Terns Related to Atnospheric
Sanpling and Anal ysi s.

E 355 Recomended Practice for Gas Chronat ography Terns
and Rel ati onshi ps.

2.2 O her Docunents

Ambient Air Studies (1,2).
U.S. EPA Techni cal Assistance
Docunent (3).

3. Summary of Method

3.1

Anbient air is drawn through a cartridge containing ~0.4
of a carbon nol ecul ar sieve (CM5) adsorbent. Volatile
organi c conpounds are captured on the adsorbent while
maj or inorganic atnospheric constituents pass through (or
are only partially retained). After sanpling, the
cartridge is returned to the | aboratory for anal ysis.



3.2 Prior to analysis the cartridge is purged with 2-3 liters
of pure, dry air (in the sanme direction as sanple flow
to renove adsorbed noisture.

3.3 For analysis the cartridge is heated to 350°-400°C, under
helium purge and the desorbed organic conpounds are
collected in a specially designed cryogenic trap. The
collected organics are then flash evaporated onto a
capillary colum GO Ms system (held at -70°C). The
i ndi vi dual conponents are identified and quantified
during a tenperature programed chromat ographic run.

3.4 Due to the conmplexity of ambient air sanples, only high
resolution (capillary columm) GC techniques are
acceptabl e for nost applications of the nethod.

Significance

4.1 Volatile organic conpounds are emtted into the
at nosphere froma variety of sources including industrial
and comercial facilities, hazardous waste storage and
treatnent facilities, etc. Many of these conpounds are
toxic; hence know edge of the concentration of such
materials in the anbi ent atnosphere is required in order
to determ ne human heal th i npacts.

4.2 Traditionally air nonitoring methods for volatile organic
conmpounds have relied on carbon adsorption foll owed by
sol vent desorption and GC analysis. Unfortunately, such
met hods are not sufficiently sensitive for anbient air
monitoring, in nost cases, because only a small portion
of the sanple is injected onto the GC system Recently
on-line thermal desorption nethods, wusing organic
pol ymeri c adsorbents such as Tenax® GC, have been used
for anbient air nonitoring. The current method uses CMS
adsorbents (e.g. Spherocarb® to capture highly volatile
organics (e.g., vinyl chloride) which are not collected
on Tenax® The use of on-line thermal desorption GS/ M5
yields a sensitive, specific analysis procedure.

Definitions

Definitions used in this docunent and any user prepared SOPs
shoul d be consistent with ASTM D1356 (4). All abbreviations
and synbols are defined with this docunent at the point of
use.



Interferences

6.1 Only conpounds having a mass spectrum and GC retention
time simlar to the conpound of interest will interfere
in the nethod. The nmost commonly encountered
interferences are structural isoners.

6.2 Contam nation of the CMS cartridge with the conpound(s)
of interest can be a problemin the nethod. The user
nmust be careful in the preparation, storage, and handling
of the cartridges through the entire process to mnimze
contam nati on

Apparatus

7.1 Gas Chromatograph/ Mass Spectronetry system - nust be
capabl e of subanbi ent tenperature programmng. Unit nass
resolution to 800 anmu. Capable of scanning 30-300 anu
region every 0.5-0.8 seconds. Equipped with data system
for instrument control as well as data acquisition,
processi ng and storage.

7.2 Thermal Desorption Injection Unit - Designed to
accommopdate CMS cartridges in use (See Figure 3) and
i ncluding cryogenic trap (Figure 5) and injection valve
(Carl e Model 5621 or equivalent).

7.3 Sanpling System - Capable of accurately and precisely
drawing an air flow of 10-500 m/m nute through the CMS
cartridge. (See Figure 2a or b.)

7.4 Dewar flasks - 500 nL and 5 liter.

7.5 St opwat ches.

7.6 Various pressure regulators and valves - for connecting
conpressed gas cylinders to GO M5 system

7.7 Calibration gas - In alumnumcylinder. Prepared by user
or vendor. For GC/Ms calibration.

7.8 High pressure apparatus for preparing calibration gas
cylinders (if conducted by user). Alternatively, custom
prepared gas m xtures can be purchased from gas supply
vendor s.

7.9 Friction top can (e.g. one-gallon paint-can) - Wth | ayer

of activated charcoal to hold clean CV5 cartri dges.

7.10 Thernoneter - to record anbi ent tenperature.



7.13

Baroneter (optional).

Dilution bottle - Two-liter with septum cap for standard
preparation.

Teflon stirbar - 1 inch |ong.

Gas tight syringes - 10-500 wul for standard injection
onto GC/ M5 system and CMS cartridges.

Liquid mcroliter syringes - 5-50 uL for injecting neat
liquid standards into dilution bottle.

Oven - 60 + 5°C for equilibrating dilution bottle.
Magnetic stirrer

Vari abl e voltage transfornmers - (120 V and 1000 VA) and
el ectrical connectors (or tenperature controllers) to
heat cartridge and cryogenic | oop.

Digital pyronmeter - 30 to 500°C range.

Soap bubble flow neter - 1, 10 and 100 ni calibration
poi nts.

Copper tubing (1/8 inch) and fittings for gas inlet
l'ines.

&C colum - SE-30 or alternative coating, glass capillary
or fused silica.

Psychroneter (optional).
Filter holder - stainless steel or alumnum (to

accommodate 1 inch dianeter filter). Oher sizes may be
used if desired. (optional)

Reagents and Materials

8.1

8.2

8.3
8.4

Empty CMS cartridges - N ckel or stainless steel (See
Figure 1).

CVB Adsor bent, 60/ 80 mesh- Spherocarb® from Anal abs Inc.,
or equival ent.

d asswool - sil ani zed.

Met hyl ene chl oride - pesticide quality, or equivalent.
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8.10

8.11

Gas purifier cartridge for purge and GC carrier gas
containing charcoal, nolecular sieves, and a drying
agent . Avai | able from various chromatography supply
houses.

Helium- Utra pure, (99.9999% conpressed gas.
Nitrogen - Utra pure, (99.9999% conpressed gas.
Liquid nitrogen or argon (50 liter dewar).

Conpressed air, if required - for operation of GC oven
door.

Perfluorotributylamne (FC-43) for GO MS calibration.

Chem cal Standards - Neat conpounds of interest. H ghest
purity avail abl e.

Cartridge Construction and Preparation

9.1

9.2

9.3

9.4

A suitable cartridge design is shown in Figure 1

Alternate designs have been reported (1) and are
accept abl e, provi ded t he user docunent s their
performance. The design shown in Figure 1 has a built-in
heater assenbly. Many users may choose to replace this
heater design with a suitable separate heating bl ock or
oven to sinplify the cartridge design

The cartridge is assenbled as shown in Figure 1 using
standard 0.25 inch OD. tubing (stainless steel or
nickel), 1/4 inch to 1/8 inch reducing unions, 1/8 inch
nuts, ferrules, and endcaps. These parts are rinsed with
nmet hyl ene chl ori de and heated at 250°C for 1 hour prior
to assenbly.

The t hernocouple bead is fixed to the cartridge body, and
insulated with a layer of Teflon tape. The heater wre
(constructed froma |l ength of thernocouple wire) is wound
around the length of the cartridge and wapped wth
Teflon tape to secure the wire in place. The cartridge
is then wapped wth woven silica fiber insulation (Zetex
or equivalent). Finally the entire assenbly is w apped
with fiber glass tape.

After assenbly one end of the cartridge is marked with a
serial nunber to designate the cartridge inlet during
sanpl e col | ecti on.



. 10

.11

The cartridges are then packed with ~0.4 granms of CMS
adsor bent . G ass wool plugs (~0.5 inches long) are
pl aced at each end of the cartridge to hold the adsorbent
firmy in place. Care nust be taken to insure that no
strands of glasswool extend outside the tubing, thus
causing | eakage in the conpression endfittings. After
| oading the endfittings (reducing unions and end caps)
are tightened onto the cartridge.

The cartridges are conditioned for initial use by heating
at 400°C overnight (at least 16 hours) with a 100
nm./ m nute purge of pure nitrogen. Reused cartridges need
only to be heated for 4 hours and should be reanal yzed
before use to ensure conpl ete desorption of inpurities.

For cartridge conditioning ultra-pure nitrogen gas is
passed through a gas purifier to renbve oxygen, noisture
and organic contam nants. The nitrogen supply is
connected to the unmarked end of the cartridge and the
flow adjusted to ~50 nL/ m nute using a needl e valve. The
gas flow fromthe inlet (nmarked) end of the cartridge is
vented to the atnosphere.

The cartridge thernocouple lead is connected to a
pyroneter and the heater lead is connected to a variable
vol tage transforner (Variac) set at 0 V. The voltage on
the Variac is increased to ~15 V and adjusted over a 3-4
mnute period to stabilize the cartridge tenperature at
380-400°C.

After 10-16 hours of heating (for new cartridges) the
Variac is turned off and the cartridge is allowed to cool
to ~30°C, under continuing nitrogen flow

The exit end of the cartridge is capped and then the
entire cartridge is renoved fromthe flow line and the
ot her endcap immediately installed. The cartridges are
then placed in a netal friction top (paint) can
containing ~2 inches of granul ated activated charcoal (to
prevent contam nation of the cartridges during storage)
in the bottom beneath a retaining screen. C ean paper
tissues (e.g., Kimupes) are placed in can to avoid
damage to the cartridges during shipnent.

Cartridges are stored in the netal can at all tines
except when in use. Adhesives initially present in the
cartridge insulating materials are "burnt off" during
initial condi ti oni ng. Ther ef or e, uncondi ti oned
cartridges should not be placed in the netal can since
they nmay contam nate the other cartridges.
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9.12 Cartridges are conditioned wwthin two weeks of use. A

bl ank from each set of cartridges is analyzed prior to
use in field sanpling. If an acceptable blank level is
achieved, that batch of cartridges (including the
cartridge serving as the blank) can be used for field

sanpl i ng.

Sampling

10.1 Flow Rate and Total Vol une Sel ecti on

10.1.1 Each conpound has a characteristic retention
volume (liters of air per wunit weight of
adsor bent). However, all of the conpounds
listed in Table 1 have retention volunes (at
37°C) in excess of 100 liters/cartridge (0.4
gram CVS cartridge) except vinyl chloride for
which the value is ~30 |liters/cartridge.
Consequently, if vinyl chloride or simlarly
vol atil e conpounds are of concern the maxi num
al I owabl e sanpling volune is approxi mately 20
liters. |If such highly volatile conpounds are
not of concern, sanples as large as 100 liters
can be coll ected.

10.1.2 To cal culate the maxi num all owabl e sanpling
flowrate the foll ow ng equati on can be used:

v
MAX
Qux=—p2x1000

wher e
Qux 1S the calculated maxi num sanpling rate
in b/ mnute.
t is the desired sanpling tinme in mnutes.
Viexk 1S the maximum allowable total volune
based on the discussion in 10.1.1

10.1.3 For the cartridge design shown in Figure 1 Qux
should be between 20 and 500 nl/m nute. | f
Quc |1 es outside this range the sanpling tine
or total sanpling volunme nust be adjusted so
that this criterion is achieved.

10.1.4 The flow rate calculated in 10. 1.3 defines the
maxi num al l owabl e flow rate. |n general, the
user should collect additional sanples in
parallel, at successive 2- to 4-fold | ower
flowrates. This practice serves as a quality



control procedure to check on conponent
br eakt hr ough and rel ated sanpl i ng and
adsorption problens, and is further discussed
inthe literature (5).

10. 2 Sanpl e Coll ection

10. 2.1

10. 2.2

10. 2.3

10. 2.4

10. 2.5

Coll ection of an accurately known volune of
air is critical to the accuracy of the
results. For this reason the use of nmass fl ow
controllers, rather than conventional needle
valves or orifices is highly recomended,
especially at low flowrates (e.g., less than
100 milliliters/ mnute). Fi gure 2a
illustrates a sanpling system based on mass
flow controllers which readily allows for
collection of parallel sanples. Figure 2b
shows a comercially avail able sanpling system
based on needl e valve flow controllers.

Prior to sanple collection the sanpling flow
rate is calibrated near the value used for
sanpling, with a "dumy" OCMS cartridge in
pl ace. Cenerally calibration is acconplished
using a soap bubble flow neter or calibrated
wet test meter connected to the flow exit,
assumng the entire flow system is seal ed

ASTM Method D 3686 (4) describes an
appropriate calibration schene, not requiring
a sealed flow system downstream of the punp.

The flow rate should be checked before and
after each sanple collection. | deally, a
rotoneter or mass flow neter should be
included in the sanpling system to allow
periodi c observation of the flow rate w thout
di srupting the sanpling process.

To collect an air sanple the cartridges are
removed from the seal ed container just prior
to initiation of the collection process.

The exit (unmarked) end of the cartridge is
connected to the sanpling apparatus. The
endcap is left on the sanple inlet and the
entire system is |eak checked by activating
t he sanpling punp and observing that no flow
is obtained over a 1 mnute period. The
sanpling punp is then shut off.



10. 2.6

10. 2.7

10.2. 8

10.2.9

wher e

The endcap is renoved from the cartridge, a
particulate filter and holder are placed on
the inlet end of the cartridge, and the
sanpling punp is started. |In many situations
a particulate filter is not necessary since
the conpounds of interest are in the vapor
st at e. However, if | arge anounts of
particul ate matter are encountered, the filter
may be useful to prevent contam nation of the
cartridge. The followng paraneters are
recorded on an appropriate data sheet (Figure
4): date, sanpling location, time, anbient
tenperature, Dbaronetric pressure, relative
hum dity, dry gas nmet er r eadi ng (if
applicable), flowrate, rotoneter reading (if
applicable), cartridge nunber, punp, and dry
gas neter serial nunber.

The samples are collected for the desired
time, periodically recording the variables
listed above. At the end of the sanpling
period the paraneters listed in 10.2.6 are
recorded and the flowrate is checked. If the
flows at the begi nning and end of the sanpling
period differ by nore than 10% the cartridge
shoul d be marked as suspect.

The cartridges are renoved (one at a tine),
the endcaps are replaced, and the cartridges
are placed into the original container. The
friction top can is sealed and packaged for
i medi at e shi prment to t he anal ytica
| aboratory.

The average sanple rate is calculated and
recorded for each cartridge according to the
fol |l ow ng equati on:

::Q1+Q2+...QN

Qa N

Q. = Average flowrate is ml/mnute

Q, LQ....Q = Flow rates determned at
begi nning, end, and imediate points during
sanpl i ng.

N = Nunber of points averaged.
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10. 2. 10

wher e

10. 2. 11

wher e

The total volunetric flowis obtained directly
from the dry gas neter or calculated and
recorded for each cartridge wusing the
fol |l ow ng equati on:

T=Q,
m 1000

V, = Total volune sanpled in liters at
measured tenperature and pressure.
T = Sanpling time = T,-T,, m nutes.

The total volune sanpled (V,) at standard
conditions, 760 mm Hg and 25°C, is calcul ated
fromthe foll ow ng equation

v oy x P2, 298
s 'n"760 273-ta

Pa
ta

Aver age baronetric pressure, mm Hg
Aver age anbi ent tenperature, °C.

Sample Analysis

11.1 Sanpl e Purging

11.1.1

11.1.2

11.1.3

Prior to analysis all sanples are purged at
room tenperature wth pure, dry air or
nitrogen to renove water vapor. Purging is
acconpl i shed as described in 9.7 except that
the gas flow is in the same direction as
sanple flow (i.e. marked end of cartridge is
connected to the fl ow systen)

The sanple is purged at 500 mi./mnute for 5
m nut es. After purging the endcaps are
i mredi ately replaced. The cartridges are
returned to the netal can or anal yzed
i mredi atel y.

If very humd air is being sanpled the purge
time may be increased to nore efficiently
remove water vapor. However, the sum of
sanpl e volunme and purge volune nust be |ess
than 75% of the retention volunme for the nost
vol ati |l e conponent of interest.



11.2 GO/ M5 Setup

11. 2.1

11.2.2

11. 2.3

11.2. 4

Consi derabl e variation fromone |aboratory to
another is expected in terns of instrunment
configuration. Therefore, each |aboratory
must be responsible for verifying that their
particular systemyields satisfactory results.
Section 14 discusses specific performance
criteria which should be net.

A Dblock diagram of the analytical system
required for analysis of CMS cartridges is
depicted in Figure 3. The thernmal desorption
system nust be designed to accomobdate the
particular cartridge configuration. For the
CMS cartridge design shown in Figure 1, the
cartridge heating is acconplished as descri bed
in 9.8. The use of a desorption oven, in
conjunction with a sinpler cartridge design is
al so accept abl e. Exposure of the sanple to
metal surfaces should be mnimzed and only
stai nl ess steel or nickel should be enpl oyed.
The volume of tubing l|eading from the
cartridge to the GC colum nust be mnimzed
and all areas mnust be well-swept by helium
carrier gas.

The GC colum oven nust be capable of being
cooled to -70°C and subsequently tenperature
programmed to 150°C.

The specific GC columm and tenperature program
enpl oyed wi Il be dependent on the conpounds of
i nterest. Appropri ate condi tions are
described in the literature (2). |In general,
a nonpol ar stationary phase (e.g., SE-30, Ov-
1) tenperature programmed from-70 to 150°C at
8°/mnute will be suitable. Fused silica,
bonded- phase columms are preferable to gl ass
columms since they are nore rugged and can be
inserted directly into the M ion source,
thereby elimnating the need for a GO M
transfer line. Fused silica colums are also
nore readily connected to the GC injection
valve (Figure 3). A drawback of fused silica,
bonded- phase colums is the |ower capacity
conpared to coated, glass capillary colums.
I n nost cases the colum capacity will be | ess
than 1 mcrogram injected for fused silica
col ums.



11. 2.5

11.2.6

11. 2.7

11.2.8

11.3 GO Ms Cal

11. 3.1

Capillary colum dinmensions of 0.3nmm | D and 50
nmeters long are generally appropriate although
shorter lengths may be sufficient in many
cases.

Prior to instrument calibration or sanple
analysis the GO Ms system is assenbled as
shown in Figure 3. Helium purge flow (through
the cartridge) and carrier flow are set at
approximately 50 nmL/m nute and 2-3 nlL/m nute
respectively. When a cartridge is not in
pl ace a union is placed in the helium purge
line to ensure a continuous inert gas flow
t hrough the injection |oop.

Once the colum and other system conponents
are assenbl ed and the various fl ows
est abl i shed t he col um tenperature IS
increased to 250°C for approximately four
hours (or overnight if desired) to condition
t he col umm.

The M5 and data systemare set up according to
the manufacturer's instructions. El ectron
i npact ionization (70eV) and an electron
mul tiplier gain of approximately 5 x 10% shoul d
be enployed. Once the entire GC/ M5 system has
been setup the system is calibrated as
described in Section 11.3. The user should
prepare a detailed standard operating
procedure (SOP) describing this process for
the particular instrunent being used.

bration

Tuning and mnmass standardi zation of the M
system IS per f or med accordi ng to
manuf acturer's instructions and rel evant user
prepared SOPs. Perfluorotributyl am ne (FC- 43)
shoul d generally be enployed as the reference
conpound. The material is introduced directly
into the ion source through a nol ecul ar | eak.
The instrunental paraneters (e.g., | ens
vol tages, resolution, etc.) should be adjusted
to give the relative ion abundances shown in
Table 2, as well as acceptable resolution and

peak shape. | f these approximate relative
abundances cannot be achi eved, the ion source
may require cl eani ng accordi ng to

manuf acturer's instructions. In the event



11.3.2

11.3.3

that the wuser's instrunment cannot achieve
these relative i1on abundances, but IS
otherwi se operating properly, the user may
adopt another set of relative abundances as
per f or mance criteria. However, t hese
al ternate val ues nust be repeatable on a day-
t o-day basi s.

After the mass standardization and tuning
process has been conpleted and the appropriate
val ues entered into the data system the user
should then calibrate the entire GO M5 system
by introducing known quantities of the
conponents of interest into the system Three
alternate procedures may be enpl oyed for the
calibration process including 1) direct
injection of dilute vapor phase standards,
prepared in a dilution bottle or conpressed
gas cylinder, onto the GC columm, 2) injection
or dilute vapor phase standards into a flow ng
inert gas stream directed onto a CMS
cartridge, and 3) introduction of perneation
or diffusion tube standards onto a OCM
cartridge. Direct injection of a conpressed
gas cylinder (alum num standard containing
trace levels of the conpounds of interest has
been found to be the nobst convenient practice
since such standards are stable over a several

mont h  peri od. The standards preparation
processes for the various approaches are
described in Section 13. The follow ng

par agr aphs describe the instrunment calibration
process for these approaches.

If the systemis to be calibrated by direct
injection of a vapor phase standard, the
standard, in either a conpressed gas cylinder
or dilution flask, is obtained as described in
Section 13. The MsS and data system are setup
for acquisition, but the ionizer filanent is
shut off. The GC colum oven is cooled to

-70°C, the injection valve is placed in the
| oad node, and the cryogenic loop is imrersed
in liquid nitrogen or liquid argon. Li quid
argon is required for standards prepared in
nitrogen or air, but not for standards
prepared in helium A known volune of the
standard (10-1000 mL) is injected through the
cryogenic loop at a rate of 10-100 ni/ m nute.



11.3. 4

11.3.5

11.3.6

| medi ately after |oading the vapor phase
standard, the injection valve is placed in the
inject node, the GC program and system cl ock
are started, and the cryogenic | oop is heated
to 60°C by applying voltage (15-20 volts) to
the thernocouple wre heater surrounding the
| oop. The voltage is adjusted to maintain a
| oop tenperature of 60°C An automatic
tenmperature controller can be used in place of
t he manual control system After elution of
unretained conponents (~3 mnutes after
injection) the ionizer filament is turned on
and data acquisitionis initiated. The helium
purge line (set at 50 nmL/m nute) is connected
to the injection valve and the valve is
returned to the |oad node. The | oop
tenperature is increased to 150°C, with helium
purge, and held at this tenperature until the
next sanple is to be | oaded.

After the Ilast conponent of interest has
eluted, acquisitionis termnated and the data
is processed as described in Section 11.3. 8.
The standard injection process is repeated
using different standard concentrati ons and/ or
volunes to cover the analytical range of
i nterest.

If the systemis to be calibrated by anal ysis
of standard CMS cartridges, a series of
cartridges is prepared as described in
Sections 13.2 or 13.3. Prior to analysis the
cartridges are stored (no longer than 48
hours) as described in Section 9.10. For
analysis the injection valve is placed in the
| oad node and the cryogenic loop is imrersed
in liquid nitrogen (or liquid argon if
desired). The CMS cartridge is installed in
the heliumpurge line (set at 50 nL/m nute) so
that the heliumflow through the cartridge is
opposite to the direction of sanple flow and
the purge gas 1is directed through the
cryogenic loop and vented to the atnosphere.
The CMS cartridge is heated to 370-400°C and
mai ntai ned at this tenperature for 10 m nutes
(using the tenperature control process
described in Section 9.8). During the
desorption period, the GC colum oven is
cooled to -70°C and the M5 and data system are
setup for acquisition, but the ionizer
filament is turned off.



11.3.7

11.3.8

At the end of the 10 m nute desorption period,
t he anal ytical process described in Sections
11.3.4 and 11.3.5 is conducted. During the
& M5 anal ysis heating of the CMS cartridge is

di sconti nued. Helium flow is nmaintained
through the CMS cartridge and cryogenic | oop
until the <cartridge has <cooled to room

tenperature. At that time, the cryogenic | oop
is allowed to cool to roomtenperature and the
system is ready for further cartridge
anal ysi s. Hel ium flow is maintained through
the cryogenic loop at all tines, except during
the installation or renoval of a Cws
cartridge, to mnimze contam nation of the
| oop.

Data processing for instrunment calibration
involves determning retention tines, and
integrated characteristic ion intensities for
each of the conpounds of interest. I n
addition, for at |east one chromatographic
run, the individual mass spectra should be
i nspected and conpared to reference spectra to
ensure proper instrunental performance. Since
the steps involved in data processing are
highly instrunent specific, the user should
prepare a SOP describing the process for
i ndi vidual use. Overall performance criteria
for instrunent calibration are provided in
Section 14. If these criteria are not
achi eved, the user should refine the
i nstrunent al paraneters and/or operating
procedures to neet these criteria.

11.4 Sanpl e Analysis

11. 4.1

11.4.2

The sanple analysis is identical to that
described in Sections 11.3.6 and 11.3.7 for
t he anal ysis of standard CVS cartri dges.

Data processing for sanple data generally
involves 1) qualitatively determning the
presence or absence of each conponent of
i nt er est on the basis of a set of
characteristic ions and the retention tine
using a reversed-search software routine, 2)
quantification of each identified conponent by
integrating the intensity of a characteristic
ion and conparing the value to that of the
calibration standard, and 3) tentative
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Calculations

identification of other conponents observed
using a forward (library) search software
routine. As for other user specific
processes, a SCP shoul d be prepared descri bi ng
the specific operations for each individual
| abor atory.

12.1 Calibration Response Factors

12.1.1

12.1.2

12.1.3

wher e

Data from calibration standards is used to
cal cul ate a response factor for each conponent
of interest. |deally the process involves
anal ysis of at least three calibration |evels
of each conponent during a given day and
determ nation of t he response factor
(area/ nanograminjected) fromthe |inear | east
squares fit of a plot of nanograns injected
versus area (for the characteristic ion). In
general, quantities of conponents greater than
1, 000 nanograns should not be injected because
of colum overloading and/or MS response
nonl i nearity.

In practice the daily routine may not always
allow analysis of three such calibration
standards. In this situation calibration data
from consecutive days nmay be pooled to yield a
response factor, provided that analysis of
replicate standards of the sanme concentration
are showmn to agree wthin 20% on the
consecutive days. In all cases one given
standard concentration, near the mdpoint of
the analytical range of interest, should be
injected at |east once each day to determ ne
day-t o-day precision of response factors.

Since substantial nonlinearity may be present
in the calibration curve, a nonlinear | east
squares fit (e.qg. quadratic) should be
enpl oyed. This process involves fitting the
data to the foll ow ng equati on:

Y=A+BX+CX?

Y = peak area
X = quantity of conponent injected nanograns
A, B, and C are coefficients in the equation.



12.2 Anal yte Concentrations

12. 2.1

wher e

12. 2.2

12.2.3

wher e

Anal yte quantities on a sanple cartridge are
calculated fromthe follow ng equation

YA:A+BXA+CX2

Ya (IS t he area of t he anal yte
characteristics ion for the sanple
cartridge.

Xa is the calculated quantity of analyte on

the sanple cartridge, in nanograns.

A, B, and C are the coefficients cal cul at ed
fromthe calibration curve described in
Section 12.1. 3.

If instrumental response is essentially |inear
over the concentration range of interest, a
linear equation (C=O in the equation above)
can be enpl oyed.

Concentration of analyte in the original air
sanple is calculated from the follow ng
equat i on:

C - 2h
AV
s

C, is the calcul ated concentration of analyte
in ng/L.

V, and X, are as previously defined in Section
10.2.11 and 12.2.1, respectively.

13. Standard Preparation

13.1 Standards for Direct Injection

13.1.1

Standards for direct injection can be prepared
in conpressed gas cylinders or in dilution
vessels. The dilution flask protocol has been
described in detail in another nethod and is
not repeated here (6). For the CMS nethod
where only volatile conpounds (boiling point
<120°C) are of concern, the preparation of
dilute standards in 15 liter al um num



13.1.2

13.1.3

13.1. 4

wher e

conpressed gas cylinders has been found to be
nmost  conveni ent . These standards are
generally stable over at least a 3-4 nonth
period and in sonme cases can be purchased from
commercial suppliers on a custom prepared
basi s.

Preparation of conpressed gas cylinders
requires working with high pressure tubing and
fittings, thus requiring a user prepared SOP
whi ch ensures that adequate safety precautions
are taken. Basically, the preparation process
involves injecting a predeterm ned anount of
neat liquid or gas into an enpty high pressure
cylinder of known volunme, using gas flow into
the cylinder to conplete the transfer. The
cylinder is then pressurized to a given val ue
(500-1000 psi). The final cylinder pressure
must be determined using a high precision
gauge after the «cylinder has thermally
equilibrated for a 1-2 hour period after
filling.

The concentration of conponents in the
cylinger standard should be determ ned by
conparison with National Bureau of Standards
reference standards (e.g., SRM 1805-benzene in
ni trogen) when avail abl e.

The theoretical concentration (at 25°C and 760
mm pressure) for preparation of cylinder
standards can be calculated wusing the
foll ow ng equati on:

V xd
C - x 147 24 4x1000
V. P.14.7

C; is the conmponent concentration, in ng/nm
at 25°C and 760 nm Hg pressure.

V, is the volune of neat |iquid conponent
injected in uL.

V, is the internal volunme of the cylinder,
in L.

d is the density of the neat liquid
conmponent, in g/nL.

P, is the final pressure of the cylinder
standards, in pounds per square inch

gauge (psigQ).
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13.2 Preparation of Spiked Traps by Vapor Phase Injection

This process involves preparation of dilution flask or
conpressed gas cyl i nder containing the desired
concentrations of the conpound(s) of interest and
injecting the desired volune of vapor into a flow ng gas
streamwhich is directed onto a clean CV5 cartridge. The
procedure is described in detail in another nethod wthin
t he Conpendium (6) and will not be repeated here.

13. 3 Preparation of Spiked Traps Using Perneation or D ffusion
Tubes

13.3.1 A flow ng streamof inert gas containing known
anounts of each conpound of interest is
generated according to ASTM Met hod D3609 (4).
Note that a nethod of accurately maintaining
temperature within + 0.1°Cis required and the
system generally nust be equilibrated for at
| east 48 hours before use.

13.3.2 An accurately known volunme of the standard gas
stream (usually 0.1-1 liters) is drawn through
a clean CM5 cartridge using the sanpling
system described in Section 10.2.1, or a
simlar system However, if mass flow
controllers are enployed, they nust be
calibrated for the carrier gas used in Section
13.3.1 (usually nitrogen). Use of air as the
carrier gas for perneation systens is not
recomended, unless the conpounds of interest
are known to be highly stable in air.

13.3.3 The spiked traps are then stored or
i mredi ately anal yzed as in Sections 11.3.6 and
11. 3. 7.

Performance Criteria and Quality Assurance

This section sunmarizes the quality assurance (QA) neasures
and provi des gui dance concerning performance criteria which
shoul d be achieved within each | aboratory. In many cases the
specific QA procedures have been described wthin the
appropriate section describing the particular activity (e.g.
paral |l el sanpling).



14.1 Standard Operating Procedures (SOPs)

14.

2

14.1.1

14.1.2

CVS Cartri

14. 2.1

14.2.2

14.2.3

Each user shoul d generate SOPs describing the
followng activities as acconplished in their
| abor at ory: 1) assenbly, <calibration and
operation of the sanmpling system (2)
preparation, handling and storage of CMS
cartridges, 3) assenbly and operation of GO M
system including the thernal desor ption
apparatus and data system and 4) all aspects
of data recording and processing.

SOPs shoul d provi de specific st epw se
instructions and should be readily avail abl e
to, and understood by the | aboratory personnel
conducting the work.

dge Preparation

Each batch of CMS cartridges, prepared as
described in Section 9, should be checked for
contam nation by analyzing one cartridge,
imedi ately after preparation. Wile analysis
can be acconpl i shed by GC/ MBS, many
| aboratories may choose to use GO FID due to
| ogi stical and cost considerations.

Analysis by GOFID is acconplished as
described for GO MS (Section 11) except for
use of FID detection.

Wi | e acceptance criteria can vary dependi ng
on the conponents of interest, at a m ninmm
the clean cartridge should be denponstrated to
contain |ess than one-fourth of the m ninmm
| evel of interest for each conponent. For
nost conpounds the bl ank | evel should be |ess
t hen 10 nanograns per cartridge in order to be

accept abl e. More rigid criteria may be
adopted, if necessary, wthin a specific
| aboratory. If a cartridge does not neet

these acceptance criteria, the entire |ot
shoul d be rejected.

14. 3 Sanpl e Col |l ection

14. 3.1

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 sanpler but wthout sanpling



14.3.2

14.3.3

air, to serve as field blank. The average
amount of material found on the field blank
cartridges may be subtracted from the anopunt
found on the actual sanples. However, if the
bl ank level is greater than 25% of the sanple
anount, data for that conponent nust be
identified as suspect.

During each sanpling event at | east one set of
par al | el sanples (two or nore sanpl es
col l ected sinmultaneously) should be coll ected,
preferably at di fferent flow rates as
described in Section 10.1.4. | f agreenent
between parallel sanples is not generally
wthin +25% the user should collect parallel
sanpl es on a nmuch nore frequent basis (perhaps
for all sanpling points). |If a trend of |ower
apparent concentrations with increasing flow
rate i s observed for a set of parallel sanples
one should consider using a reduced sanpling
rate and | onger sanpling interval, i f
possi bl e. If this practice does not inprove
the reproducibility further evaluation of the
met hod performance for the conpound of
i nterest m ght be required.

Backup cartridges (two cartridges in series)

shoul d be collected with each sanpling event.

Backup cartridges should contain | ess than 10%
of the anmount of conponents of interest found
in the front cartridges, or be equivalent to
the blank <cartridge level, whichever s
greater.

14. 4 GC/ M5 Anal ysi s

14.4. 1

14. 4.2

Performance criteria for MS tuning and nass
st andar di zati on have been di scussed in Section
11.2 and Table 2. Additional criteria can be
used by the |laboratory, if desired. The
fol |l ow ng sections provi de per f or mance
gui dance and suggest ed criteria for
determining the acceptability of the GO M
system

Chr omat ogr aphi ¢ efficiency shoul d be eval uated
daily by the injection of cal i bration
standards. A reference conpound(s) shoul d be
chosen from the calibration standard and
plotted on an expanded tine scale so that its



14. 4.3

wher e

14.4. 4

width at 10% of the peak height can be
cal cul ated, as shown in Figure 6. The wdth
of the peak at 10% hei ght shoul d not exceed 10
seconds. More stringent criteria may be
required for certain applications. The
asymmetry factor (see Figure 6) should be
between 0.8 and 2.0. The user should also
eval uat e chromat ographi c performance for any
pol ar or reactive conpounds of interest, using
the process described above. | f peaks are
observed that exceed the peak wdth or
asymmetry factor criteria above, one should
inspect the entire system to determne if
unswept zones or cold spots are present in any
of the fittings or tubing and/or i f
replacenent of the GC colum is required.
Sone |aboratories may choose to evaluate
col um per f or mance separate by di rect
injection of a test mxture onto the GCC
col um. Suitable schemes for col um
evaluation have been reported in the
literature (7).

The detection |imt for each conponent is
calculated from the data obtained for
calibration standards. The detection limt is
defined as

DL=A+3. 3S

DL is the calculated detection limt in
nanograns i njected.
Ais the intercept calculated in Section

12. 1. 3.

S is the standard deviation of replicate
determ nations of the | owest | evel
st andard (at | east t hree such

determnations are required). The | owest
| evel standard should yield a signal to
noise ratio (fromthe total ion current
response) of approxi mately 5.

The relative standard deviation for replicate
anal yses of cartridges spi ked at approxi mately
10 tinmes the detection limt should be 20% or
less. Day to day relative standard devi ation
for replicate cartridges should be 25% or
| ess.



14.4. 5

A useful performance evaluation step is the
use of an internal standard to track system
performance. This is acconplished by spiking
each cartridge, including blank, sanple, and
calibration cartridges with approxi mately 100
nanograns of a conpound not generally present
in anbient air (e.g., perfluorotoluene).

Spiking is readily acconplished using the
procedure outlined in Section 13.2, using a
conpressed gas standard. The integrated ion
intensity for this conpound helps to identify
problens with a specific sanple. |In genera

the wuser should <calculate the standard
deviation of the internal standard response
for a given set of sanples analyzed under
identical tuning and calibration conditions.

Any sanple giving a value greater than + 2
standard devi ations fromthe nean (cal cul ated
excluding that particular sanple) should be
identified as suspect. Any marked change in
internal standard response may indicate a need
for instrunment recalibration.

14.5 Method Precision and Recovery

14.5.1

14.5.2

Recovery and precision data for selected
vol atile organic conpounds are presented in
Tabl e 1. These data were obtained using
anbient air, spiked with known anounts of the
conmpounds in a dynam c m xi ng systen(?2).

The data in Table 1 indicate that in general
recoveries better than 75% and precision
(relative standard devi ations) of 15-20% can
be obt ai ned. However, selected conpounds
(e.g. carbon tetrachloride and benzene) wll
have poorer precision and/or recovery. The
user nust check recovery and precision for any
conpounds for which quantitative data are
needed.
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TABLE 1. VOLATILE ORGANIC COMPOUNDS FOR WHICH THE CMS ADSORPTION METHOD HAS BEEN EVALUATED

V.V VY.V V.V VY.V V.YV V...V .V V.V V. V.V.V.V.V.V.V.V.V. V. V.V V. V. V. V.V.V.V.V.V.V. V. V. V. V. V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V.V. V. V. V.]
Characteristic

Ret enti on Mass Fragnent Met hod Per f or mance Dat a'®
Ti me, Used for Concentration, Percent St andar d
Conpound M nut es(® Quantification ng/ L Recovery Devi ation
Vi nyl Chloride 6.3 62 17 74 19
Acrylonitrile 10. 8 53 20 85 18
Vi nyl i dene Chl ori de 10.9 96 36 94 19
Met hyl ene Chl ori de 11.3 84 28 93 16
Allyl Chloride 11. 4 76 32 72 19
Chl orof orm 13.8 83 89 91 12
1, 2- Di chl or oet hane 14.5 62 37 85 11
1,1,1-Trichl oroet hane 14.7 97 100 75 9.1
Benzene 15. 4 78 15 140 37
Carbon Tetrachloride 15.5 117 86 55 2.9
Tol uene 18.0 91 4.1 98 5 4

A4444444444444444444444444444444444444444444444444484444444444444444444444444444444444444
(a) GC conditions as foll ows:
Colum - Hewl ett Packard, crosslinked nethyl silicone, 0.32 mmID x 50 m | ong,
thick film fused silica.

Tenperature Program - 70°C for 2 mnutes then increased at 8°C/ mnute to
120°C.

(b) From Reference 2. For spiked anmbient air.



TABLE 2. SUGGESTED PERFORMANCE CRITERIA FOR RELATIVE 10N
ABUNDANCES FROM FC-43 MASS CALIBRATION

VWV ViV V. V.V.V.V.V. V. V. V.V V.V V.V V. V. V. V.V.V.V.V.V.V. V. V. V.V V. V. V. V.V.V.V.V.V.V.V. V. V. V. V. V. V: V. V. V. V. V. V. V. V. V. V. V.
% Rel ati ve

M E Abundance
D333 0330303033300 0300330303000 0303 000000003030)))

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

Q4444444484449 449444444444444444444444444444444444444444444444
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FIGURE 1. DIAGRAM SHOWING CARBON MOLECULAR SIEVE
TRAP (CMS) CONSTRUCTION
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Flow Controllers

Helium Tank

Couplings for

cS Cartridge

Heated 6-Port
Inspection Valve

<7 Cryogenic Loop (see Figure 5)
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SAMPLING DATA SHEET
(One _Sample Per Data Sheet)

PRQJECT: DATE(S) SAMPLED:

Sl TE: TI ME PER OD SAMPLED:
LOCATI ON: OPERATOR:

| NSTRUVENT MODEL NO CAL| BRATED BY:

PUVP SERI AL NGO

SAMPLING DATA

Sanpl e Nunber:
Start Tine: Stop Tine:

*Dry Gas=> * Fl ow *Anbi ent *Baronetric* *

* Meter *Rotaneter*Rate,*Q~ Tenp. *Pressure, *Relative =
Ti mre*Readi ng* Reading *m/mn = °C * nmHg *Hum dity, % Conments
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))

))))))2)))))))2)))))))))2)))))))2)))))))2))))))))))2))))))))))2))))))))))

Total Vol une Dat a**

= (Final - Initial) Dry Gas Meter Reading, or = Liters

=Q +0Q +Q...Q X 1 = Liters
N 1000 x (Sanmpling Time in M nutes)

Flowate fromrotaneter or soap bubble calibrator (specify which).
** Use data fromdry gas neter if avail able.

FIGURE 4. EXAMPLE SAMPLING DATA SHEET



1/8" to 1/16" Reducing Union

1/8" Swagelok Nut and Ferrule

Silanized
Glass
Wool

1/2" Long

60/80 Mesh Silanized Glass Beads

Stainless Steel
Tubing
1/8" 0.D. x 0.08" 1.D. x 8" Long

FIGURE 5. CRYOGENIC TRAP DESIGN



BC
Asymmetry Factor =

Example Calculation:

Peak Height = DE = 100 mm
10% Peak Height = BD = 10 mm
Peak Width at 10% Peak Height = AC = 23 mm

AB = 11 mm
BC = 12 mm
12
Therefore: Asymmetry Factor = _ =1.1
11

FIGURE 6. PEAK ASYMMETRY CALCULATION



METHOD TO-3 REVISION 1.0
April, 1984

METHOD FOR THE DETERMINATION OF VOLATILE ORGANIC COMPOUNDS
IN AMBIENT AIR USING CRYOGENIC PRECONCENTRATION TECHNIQUES

AND GAS CHROMATOGRAPHY WITH FLAME I10ONIZATION AND

ELECTRON CAPTURE DETECTION

Scope

1.1

1.2

Thi s docunent describes a nmethod for the determnation of
hi ghly volatile conpounds having boiling points in the
range of -10 to 200°C

The et hodol ogy detailed in this docunent is currently
enpl oyed by numer ous | aborat ori es (1-4;8-11).
Modi fications to this nethodol ogy shoul d be acconpani ed
by appropriate docunentation of the wvalidity and
reliability of these changes.

Applicable Documents

2.1

2.2

ASTM St andar ds

D1356 Definition of Terns Related to Atnospheric Sanpling
and Anal ysi s

E 355 Recommended Practice for Gas Chromat ography Terns
and Rel ati onshi ps

O her Docunents

Ambient Air Studies (1-4).
U. S. EPA Technical Assistance Docunent (5).

Summary of Method

3.1

Ambient air analyses are perforned as follows. A
collection trap, as illustrated in Figure 1, is submerged
in either liquid oxygen or argon. Liquid argon is highly
recoomended for use because of the safety hazard
associated wth liquid oxygen. Wth the sanpling val ve
inthe fill position an air sanple is then admtted into
the trap by a volunme neasuring apparatus. In the
meantinme, the colum oven is cooled to a sub-anbient
tenperature (-50°C). Once sanple collection is
conpleted, the valve is switched so that the carrier gas
sweeps the contents of the trap onto the head of the
cooled G&C colum. Sinmultaneously, the liquid cryogen is



removed and the trap is heated to assist the sanple
transfer process. The GC colum is tenperature
programmed and the conponent peaks eluting from the
colums are identified and quantified wusing flanme
ionization and/or electron capture detection. Alternate

detectors (e.g., photoionization) can be wused as
appropri ate. An automated system incorporating these
various operations as well as the data processing

function has been described in the literature (8,9).

3.2 Due to the conplexity of anbient air sanples, high
resolution (capillary colum) GC techniques are
recomended. However, when highly selective detectors
(such as the electron capture detector) are enployed,
packed columm technol ogy w thout cryogenic tenperature
progranmm ng can be effectively utilized in sone cases.

Significance

4.1 Volatile organic conpounds are emtted into the
at nosphere froma variety of sources including industrial
and commercial facilities, hazardous waste storage
facilities, etc. Many of these conpounds are toxic
hence know edge of the |levels of such materials in the
anbi ent atnosphere is required in order to determ ne
human heal th i npacts.

4.2 Because these organic species are present at ppb levels
or below, sone neans of sanple preconcentration is
necessary in order to acquire sufficient material for
identification and quantification. The two primary
preconcentration techni ques are cryogenic collection and
the use of solid adsorbents. The nethod described herein
i nvol ves the forner technique.

Definitions

Definitions used in this docunent and any user prepared SOPs
shoul d be consistent with ASTM D1356(6). All abbreviations
and synbols are defined wwthin this docunment at the point of
use.

Interferences/Limitations

6.1 Conpounds having simlar GC retention tinmes wll
interfere in the nethod. Replacing the flane ionization
detector with nore selective detection systens will help
to mnimze these interferences. Chlorinated species, in
particular, should be determined using the electron
capture detector to avoid interference from volatile
hydr ocar bons.



6.2

An inportant I|imtation of the technique 1is the
condensation of noisture in the collection trap. The
possibility of ice plugging the trap and stopping the
flowis of concern, and water subsequently transferred to
the capillary colum may also result in flow stoppage and
cause del eterious effects to certain colum material s.
Use of permasel ective Nafion® tubing in-line before the
cryogenic trap avoids this problem however, the nmateri al
must be used with caution because of possible | osses of
certain conpounds. Anot her potential problem is
contam nation fromthe Nafion® tubing. The user should
consult the literature (7-12) for details on the use of
perneation-type driers.

Apparatus

7.1 Gas chromatograph/Flane 1onization/Electron Capture
Detection System - nust be capable of subanbient
tenperature programm ng. A recent publication (8)

descri bes an automated GC systemin which the cryogenic
sanpling and anal ysis features are conbined. This system
al l ows sinultaneous flanme ionization and el ectron capture
det ecti on.

Si x-port sanpling valve - nodified to accept a sanple
collection trap (Figure 1).

Collection trap - 20 cmx 0.2 cm |.D. stainless stee
t ubi ng packed with 60/80 nmesh sil anized gl ass beads and
sealed with glass wool. For the manual system (Section
9.2) the trap is externally wapped with 28 gauge (dupl ex
and fiberglass insulated) type "K' thernocouple wre.
This wire, beaded at one end, is connected to a powerstat
during the heating cycle. A thernocouple is also
attached to the trap as shown in Figure 1.

Powerstat - for heating trap.

Tenperature readout device - for measuring trap
tenperature during heating cycle.

A ass dewar flask - for holding cryogen

Sanpl e vol une nmeasuring apparatus - capable of accurately
and precisely neasuring a total sanple volune up to 500
cc at sanpling rates between 10 and 200 cc/m nute. See
Section 9.

St opwat ch



7.9 Dilution container for standards preparation - glass
flasks or Teflon (Tedlar) bags, .002 inch filmthickness
(see Figure 2).

7.10 Liquid mcroliter syringes - 5-50 ul for injecting liquid
standards into dilution container.

7.11 Volunetric flasks - various sizes, 1-10 nL.
7.12 GC colum - Hewl ett Packard 50 neter nethyl silicone

cross-linked fused silica colum (.3 mMm1.D., thick film
or equival ent.

7.13 Mass flow controller - 10-200 nmb/mnute flow control
range.

7.14 Perneation drier - PermaPure® - NMbdel M 125F, or
equi val ent.. Alternate designs described in the

literature (7-12) may al so be acceptabl e.
Reagents and Materials

8.1 d ass beads - 60/80 nesh, silanized.

8.2 {dasswool - silanized.

8.3 Helium- zero grade conpressed gas, 99.9999%

8.4 Hydrogen - zero grade conpressed gas, 99.9999%

8.5 Air - zero grade conpressed gas.

8.6 Liquid argon (or liquid oxygen).

8.7 Liquid nitrogen.

8.8 SRM 1805 - benzene in nitrogen standard. Available from

the National Bureau of Standards. Addi tional such
standards will becone available in the future.

8.9 Chem cal standards - neat compounds of interest, highest
purity avail abl e.

Sampling and Analysis Apparatus

Two systens are descri bed bel ow which allow coll ection of an
accurately known volunme of air (100-1000 nL) onto a
cryogenically cooled trap. The first system (Section 9.1) is
an automated device described in the literature (8,9). The
second system (Section 9.2) is a nmanual device, also described
inthe literature(2).
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The automated sanpling and analysis systemis shown in
Fi gure 3. This system is conposed of an automated GC
system (Hewl ett Packard Mddel 5880A, Level 4, or
equi valent) and a sanple collection system (Nutech Mdel
320-01, or equivalent). The overall systemis described
inthe literature (8).

9.1.1 The electronic console of the sanpling unit
controls the nmechani cal operation of the six-
port valve and cryogenic trapping conponents
as well as the tenperatures in each of the
three zones (sanple trap, transfer line, and
val ve) .

9.1.2 The valve (six-port air activated, Seiscor
Model 8 or equivalent) and transfer line are
constantly maintained at 120°C. During sanple
collection the trap tenperature is naintained
at -160 + 5°C by a flow of liquid nitrogen
controlled by a solenoid valve. A cylindrical
250 with heater, held in direct contact with
the trap, is used to heat the trap to 120°C in
60 seconds or less during the sanple
desorption step. The construction of the
sanple trap is described in Section 7. 3.

9.1.3 The sanple flow is controlled by a punp/nass
flow controller assenbly, as shown in Figure
3. A sample flow of 10-100 nL/mnute is
general ly enpl oyed, depending on the desired
sanpling period. A total volune of 100-1000
mL is comonly coll ected.

9.1.4 In many situations a permaselective drier
(e.g., Nafion® may be required to renove
moi sture from the sanple. Such a device is
installed at the sanple inlet. Two

configurations for such devices are avail abl e.
The first configuration is the tube and shel

type in which the sanple flow tube is
surrounded by an outer shell through which a
countercurrent flow of «clean, dry air is
mai nt ai ned. The dry air stream nust be free
fromcontam nants and its flow rate should be
3-4 times greater than the sanple flow to

achi eve ef fective dryi ng. A second
configuration (7) involves placing a drying
agent, e.g., magnesium carbonate, on the
outside of the sanple flow tube. Thi s

approach elimnates the need for a source of
clean air in the field. However, contam nation
fromthe drying agent can be a problem



9.

2

The manual sanpling consists of the sanple volune
measuring apparatus shown in Figure 4 connected to the
cryogenic trap/ GC assenbly shown in Figure 1. The
operation of this assenbly is described bel ow

9.2.1 Punp- Down Posi tion

The purpose of the punp-down node of operation
is to evacuate the ballast tank in preparation
for collecting a sanple as illustrated in
Figure 4. (Wile in this position, heliumcan
also be utilized to backflush the sanple Iine,
trap, etc. However, this cleaning procedure
is not normally needed during nost sanpling
operations). The punp used for evacuating the
system shoul d be capabl e of attaining 200 torr
pressure.

9.2.2 Vol ume Measuring Position

Once the system has been sufficiently
evacuated, the 4-way ball valve is switched to
prepare for sanple collection. The 3-position
valve is used to initiate sanple flow while
the needl e valve controls the rate of flow

9.2.3 Sanpl e Vol une Cal cul ati on

The volune of air that has passed through the
collection trap corresponds to a known change
in pressure within the ballast tank (as
measure by the Wallace Tiernan gauge).
Knowi ng the volune, pressure change, and
tenperature of the system the ideal gas |aw
can be used to calculate the nunber of noles
of air sanpled. On a volune basis, this
converts to the foll ow ng equati on:

v P, 298
s 760 T,+273

wher e
V, = Volunme sanpled at 760 mm Hg pressure and
25°C.
)P = Change in pressure wthin the ballast
tank, mm of Hg.
V = Volune of ballast tank and gauge.
T, = Tenperature of ballast tank, °C
The internal volume of the ballast tank and gauge can be
determ ned either by HO displacenent or by injecting
calibrated volunes of air into the system using |arge
vol unme syringes, etc.



10.

Sampling and Analysis Procedure - Manual Device

10.1 This procedure assunes the use of the manual sanpling

10. 2

10. 3

10. 4

10.

10.

5

6

system descri bed in Section 9. 2.

Prior to sanple collection, the entire assenbly shoul d be
| eak-checked. This task is acconplished by sealing the
sanpling inlet line, punping the unit down and pl acing
the unit in the flow nmeasuring node of operation. An
initial reading on the absolute pressure gauge is taken
and rechecked after 10 m nutes. No apparent change
shoul d be detected.

Preparation for sanple collection is carried out by
swtching the 6-port valve to the "fill" position and
connecting the heated sanple Iine to the sanple source.
Meanwhile the collection trap is heated to 150°C (or
ot her appropriate tenperature). The vol une neasuring
apparatus is punped-dowmn and switched to the flow
measuring node. The 3-position valve is opened and a
known vol unme of sanple is then passed through the heated
sanple line and trap to purge the system

After the systempurge is conpleted, the 3-position valve
is closed and the corresponding gauge pressure 1is
recorded. The collection trap is then immersed into a

dewar of liquid argon (or liquid oxygen) and the 3-
position valve is tenporarily opened to draw in a known
volunme of air, i.e. a change in pressure corresponds to
a specific volume of air (see Section 9). Li quid

nitrogen cannot be used as the cryogen since it will also
condense oxygen fromthe air. Liquid oxygen represents
a potential fire hazard and shoul d not be enpl oyed unl ess
absol utely necessary.

After sanple collection is conpleted, the 6-port valve is
switched to the inject position, the dewar is renoved and
the trap is heated to 150°C to transfer the sanple
conponents to the head of the GC colum which is
initially maintained at -50°C. Tenperature progranm ng
isinitiated to elute the conpounds of interest.

A GC integrator (or data system if available) is
activated during the injection cycle to provide conponent
identification and quantification.



11.

12.

Sampling and Analysis Procedure - Automated Device

11.1 This procedure assunes the use of the automated system
shown in Figure 3. The conponents of this system are
di scussed in Section 9.1

11.2 Prior to initial sanple collection the entire assenbly
shoul d be | eak-checked. This task is conpleted by
sealing the sanple inlet line and noting that the fl ow
indication or the nmass flow controller drops to zero
(less than 1 nL/m nute).

11.3 The sanple trap, valve, and transfer line are heated to
120°C and anbient air is drawn through the apparatus
(~60nL/ mnute) for a period of tine 5-10 mnutes to flush
the system wth the sanple valve in the inject position.
During this time the GC colum is maintained at 150°C to
condition the colum.

11.4 The sanple trap is then cooled to -160 + 5°C using a
controlled flow of |liquid nitrogen. Once the trap
tenperature has stabilized, sanple flow through the trap
isinitiated by placing the valve in the inject position

and the desired volune of air is coll ected.

11.5 During the sanple collection period the GC colum is
stabilized at -50°C to allow for imediate injection of
the sanple after collection.

11.6 At the end of the collection period the valve is
i medi ately placed in the inject position, and the
cryogenic trap is rapidly heated to 120°C to desorb the
conponents onto GC colum. The GC tenperature program
and data acquisition are initiated at this tine.

11.7 At the desired tinme the cryogenic trap is cooled to
-160°C, the valve is returned to the collect position and
the next sanple collectionis initiated (to coincide with
the conpletion of the GC analysis of the previous

sanpl e) .
Calibration Procedure

Prior to sanple analysis, and approximately every 4-6 hours
thereafter, a calibration standard nmust be anal yzed, using the
i dentical procedure enployed for anbient air sanples (either
Section 10 or 11). This section describes three alternative
approaches for preparing suitable standards.



12.1 Teflon® (or Tedl ar® Bags

12.1.1

12.1.2

12.1.3

12.1. 4

The bag (nomnal size; 20L) is filled with
zero air and | eak checked. This can be easily
acconplished by placing a nobderate weight
(text book) on the inflated bag and | eaving
over ni ght. No visible change in bag vol une
i ndicates a good seal. The bag should al so be
equi pped with a quick-connect fitting for
sanple wthdrawal and an insertion port for
liquid injections (Figure 2).

Before preparing a standard m xture, the bag
is sequentially filled and evacuated with zero
air (5 tines). After the 5th filling, a
sanple blank is obtained using the sanpling
procedure outlined in Section 10.

In order to prepare a standard m xture, the
bag is filled with a known vol une of zero air.
This flow should be neasured via a calibrated
mass flow controller or equivalent flow
measuri ng device. A neasured aliquot of each
analyte of interest is injected into the bag
t hrough the insertion port using a mcroliter
syringe. For those conmpounds wth vapor
pressures |ower than benzene or for strongly
adsorbed species, the bag should be heated
(60° C oven) during the entire calibration
peri od.

To wthdraw a sanmple for analysis, the
sanpling line is directly connected to the
bag. Quick connect fittings allow this hook-
up to be easily acconplished and also
m nimzes bag contam nation from |aboratory
air. Sanple collection is initiated as
descri bed.

12. 2 d ass Fl asks

12. 2.1

12. 2.2

If a glass flask is enployed (Figure 2) the
exact volume is determned by weighing the

flask before and after filling wth deionized
wat er . The flask is dried by heating at
200°C.

To prepare a standard, the dried flask is
flushed with zero air until cleaned (i.e., a
blank run is nade). An appropriate aliquot of



12.2.3

each analyte is injected using the sane
procedures as described for preparing bag
st andar ds.

To withdraw a standard for analysis, the GC
sanpling line is directly connected to the
flask and a sanpl e obtained. However, because
the flask is a rigid container, it wll not
remai n at atnospheric pressure after sanpling
has commenced. In order to prevent roomair
| eakage into the flask, it is recommended that
no nore than 10% of the initial volunme be
exhausted during the calibration period (i.e.,
200cc if a 2 liter flask is used).

12. 3 Pressurized Gas Cylinders

12. 3.1

12.3.2

12.3.3

12.3. 4

12.3.5

Pressuri zed gas cylinders containing sel ected
anal ytes at ppb concentrations in air can be
prepared or purchased. A limted nunber of
anal ytes (e.g., benzene, pr opane) are
avai |l abl e from NBS

Specialty gas suppliers wll prepare custom
gas mxtures, and wll cross reference the
anal yte concentrations to an NBS standard for
an additional charge. In general, the user
shoul d pur chase such custom m xtures,
ratherthan attenpting to prepare them because
of the special high pressure filling apparatus
requi red. However, the concentrations should
be checked, either by the supplier or the user
using NBS reference materi al s.

CGenerally, alumnum cylinders are suitable
since nost analytes of potential interest in
this nethod have been shown to be stable for
at least several nonths in such cylinders.
Regul ators constructed of stainless steel and
Tefl on® (no silicon or neoprene rubber).

Before wuse the tank regulator should be
flushed by alternately pressuring with the
tank mxture, closing the tank valve, and
venting the regulator contents to the
at nosphere several tines.

For calibration, a continuous flow of the gas
m xture should be maintained through a gl ass
or Teflon® mani fold fromwhich the calibration



standard is drawn. To generate various
calibration concentrations, the pressurized
gas m xture can be diluted, as desired, with
zero grade air using a dynamc dilution system
(e.g., CSI Model 1700).

13. Calibration Strategy

13.1

13.2

13.3

Vapor phase standards can be prepared with either neat
liquids or diluted liquid m xtures dependi ng upon the
concentration |evels desired. It is reconmended that
benzene also be included in this preparation schene so
that flane ionization detector response factors, relative
to benzene, can be determ ned for the other conpounds.
The benzene concentration generated in this fashion
shoul d be cross-checked with an NBS (e.g., SRM 1805) for
accuracy determ nati ons.

Under normal conditions, weekly multipoint calibrations
shoul d be conducted. Each multipoint calibration should
i nclude a blank run and four concentration levels for the
target species. The generated concentrations should
bracket the expected concentration of anbient air
sanpl es.

A pl ot of nanograns injected versus area using a |linear
| east squares fit of the calibration data will yield the
foll ow ng equati on:

Y=A+BX

wher e
Y = quantity of conponent, nanograns
A = intercept
B = sl ope (response factor)

| f substantial nonlinearity is present in the calibration
curve a quadratic fit of the data can be used:

Y=A+BX+CX?

wher e
C = const ant

Alternatively, a stepwise nmultilevel calibration scheme may be

used

if nmore convenient for the data systemin use.



14.

Performance Criteria and Quality Assurance

This section sunmarizes the quality assurance (QA) neasures
and provi des gui dance concerning performance criteria which
shoul d be achi eved within each | aboratory.

14.1 Standard Operating Procedures (SOPs)

14.1.1 Each user shoul d generate SOPs describing the
followng activities as acconplished in their
| abor at ori es:

1) assenbly, calibration and operation of
the sanpling system

2) preparation and handling of calibration
st andar ds.

3) assenbly, calibration and operation of
the GO/ FID system and

4) al | aspects of data recording and
processi ng.

14.1. 2 SOPs shoul d provi de specific st epw se
instructions and should be readily avail abl e
to, and understood Dby, the Iaboratory
per sonnel conducting the work.

14.2 Method Sensitivity, Precision and Accuracy

14.2. 1 System sensitivity (detection limt) for each
conponent is calculated fromthe data obtained
for calibration standards. The detection

limt is defined as

DL=A+3. 3S
wher e
DL = calcul ated detection limt in nanograns
i nj ect ed.
A = intercept calculated in Section 13.
S = standard devi ati on of replicate
determ nation  of the | owest | evel

standard (at |east three determ nations
are required).

For many conpounds detection limts of 1 to 5
nanograns are found using the flanme ionization
det ecti on. Lower detection limts can be
obtained for chlorinated hydrocarbons using
the el ectron capture detector.



14.2.2

14.2.3

A precision of + 5% (relative standard
devi ati on) can be readily achieved at
concentrations 10 tines the detection limt.
Typi cal performance data are included in Table
1.

Met hod accuracy is estimted to be within +
10% based on National Bureau of Standard
calibrated m xtures.
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TABLE 1. VOLATILE ORGANIC COMPOUNDS FOR WHICH THE CRYOGENIC SAMPLING METHOD HAS BEEN EVALUATED®

Q4444444444444 44444444444 4444444444444 4444444444444 4444444444444 444444444444 444444444444

Test 1 Test 2
(4 runs, 200cc sanples) (8 runs, 200-cc sanples)
Retention Tine, Mean Mean

Conpound M nut es(® (ppb) %RSD (ppb) %RSD
2333333333133333313131313333311131313133333113131313333331131313131333311131313133333111131313331111111131))))))
Vi nyl i dene Chl ori de 9. 26 144 4.4 6.1 3.9
Chl orof orm 12. 16 84 3.8 3.5 5.8
1, 2- Di chl or oet hane 12. 80 44 3.7 1.9 5.1
Met hyl chl or of orm 13. 00 63 4.5 2.7 4.9
Benzene 13. 41 93 4.0 3.9 5.1
Trichl or oet hyl ene 14. 48 84 3.7 3.5 4.1
Tetrachl or oet hyl ene 17. 37 69 3.7 2.9 4.3
Chl or obenzene 18. 09 46 3.3 1.9 3.2

Q4444444444444 4444444444444 4444444444444 4444444444444 4444444444444 444444444444444444

(a) Recovery efficiencies were 100 + 5% as determ ned by conparing direct sanple | oop (5cc)
injections with cryogenic collection techniques (using test 1 data). Data from
reference 10.

(b) GC conditions as foll ows:

Colum - Hew ett Packard, crosslinked nethyl silicone, 0.32 mID x 50 m | ong,

thick film fused silica.

Tenperature Program - 50°C for 2 mnutes, then increased at 8°C/ mnute to 150°C.
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METHOD TO-4A

Determination of Pesticides and Polychlorinated Biphenyls in
Ambient Air Using High VVolume Polyurethane Foam (PUF) Sampling
Followed by Gas Chromatographic/Multi-Detector
Detection (GC/MD)

1. Scope

1.1 This document describes a method for sampling and analysis of a variety of common pesticides and for
polychlorinated biphenyls (PCBs) in ambient air. The procedure is based on the adsorption of chemicals from
ambient air on polyurethane foam (PUF) using a high volume sampler.

1.2 The high volume PUF sampling procedureis applicable to multicomponent atmospheres containing common
pesticide concentrations from 0.001 to 50 .g/m® over 4- to 24-hour sampling periods. The limits of detection
will depend on the nature of the analyte and the length of the sampling period.

1.3 Specific compounds for which the method has been employed are listed in Table 1. The analytica
methodology described in Compendium Method TO-4A is currently employed by laboratories throughout the
U.S. The sampling methodology has been formulated to meet the needs of common pesticide and PCB sampling
inambient air.

1.4 Compendium Method TO-4 was originally published in 1989 (1). Further updates of the sampling protocol
were published as part of Compendium Method TO-13 (2). The method was further modified for indoor air
application in 1990 (3). In an effort to keep the method consistent with current technology, Compendium
Method TO-4 has incorporated the sampling and analytical proceduresin ASTM Method D4861-94 (4) and is
published here as Compendium Method TO-4A.

2. Summary of Method

2.1 A high-volume (~8 cfm) sampler is used to collect common pesticides and PCBs on a sorbent cartridge
containing PUF. Airborne particles may also be collected, but the sampling efficiency is not known (5). The
sampler is operated for 24-hours, after which the sorbent is returned to the laboratory for analysis.

2.2 Pedticides and PCBs are extracted from the sorbent cartridge with 10 percent diethyl ether in hexane and
determined by gas chromatography coupled with an electron capture detector (ECD), nitrogen-phosphorus
detector (NPD), flame photometric detector (FPD), Hall electrolytic conductivity detector (HECD), or a mass
spectrometer (MS). For common pesticides, high performance liquid chromatography (HPLC) coupled with an
ultraviolet (UV) detector or electrochemical detector may be preferable.

2.3 Interferences resulting from analytes having similar retention times during GC analysis are resolved by
improving the resolution or separation, such as by changing the chromatographic column or operating parameters,
or by fractionating the sample by column chromatography.
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3. Significance

3.1 Pesticide usage and environmental distribution are common to rural and urban areas of the United States.
The application of pedticides can cause adverse health effects to humans by contaminating soil, water, air, plants,
and animd life. PCBsarelesswiddy used, dueto extensive restrictions placed on their manufacturer. However,
human exposure to PCBs continues to be a problem because of their presence in various electrical products.

3.2 Many pegticides and PCBs exhibit bioaccumulative, chronic hedth effects; therefore, monitoring the presence
of these compounds in ambient air is of great importance.

3.3 Therdatively low leves of such compoundsin the environment requires the use of high volume sampling
techniques to acquire sufficient sasmple for analysis. However, the volatility of these compounds prevents
efficient collection onfilter media. Consequently, Compendium Method TO-4A utilizes both afilter and a PUF
backup cartridge which provides for efficient collection of most common pesticides, PCBs, and many other
organics within the same volatility range.

3.4 Moreover, modifications to this method has been successfully applied to measurement of common pesticides
and PCBsin outdoor air (6), indoor air (3) and for personal respiratory exposure monitoring (3).

4. Applicable Documents
4.1 ASTM Standards

» D1356 Definition of Terms Relating to Atmospheric Sampling and Analysis

» D4861-94 Standard Practice for Sampling and Analysis of Pesticides and Polychlorinated Biphenyls
in Air

» E260 Recommended Practice for General Gas Chromatography Procedures

» E355 Practice for Gas Chromatography Terms and Relationships

» D3686 Practice for Sampling Atmospheres to Collect Organic Compound Vapors (Activated Charcoal
Tube Adsorption Method

» D3687 Practice for Analysis of Organic Compound Vapors Collected by the Activated Charcoal Tube
Adsorption

» D4185 Practice for Measurement of Metals in Workplace Atmosphere by Atomic Absorption
Spectrophotometry

4.2 EPA Documents

» Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air: Method
TO-10, Second Supplement, U. S. Environmental Protection Agency, EPA 600/4-89-018, March 1989.

e Manual of Analytical Methods for Determination of Pesticides in Humans and Environmental
Standards, U. S. Environmental Protection Agency, EPA 600/8-80-038, June 1980.

» Compendium of Methods for the Determination of Air Pollutants in Indoor Air: Method IP-8, U. S.
Environmental Protection Agency, EPA 600/4-90-010, May 1990.
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4.3 Other Documents

» Code of Federal Regulations, Title 40, Part 136, Method 604

5. Definitions

[Note: Definitions used in this document and in any user-prepared Standard operating procedures (SOPs)
should be consistent with ASTM D1356, E260, and E355. All abbreviations and symbols are defined within
this document at point of use.]

5.1 Sampling efficiency (SE)-ability of the sampling medium to trap analytes of interest. The percentage of
the analyte of interest collected and retained by the sampling medium when it isintroduced as avapor in air or
nitrogen into the air sampler and the sampler is operated under normal conditions for a period of time equal to
or greater than that required for the intended use isindicated by %SE.

5.2 Retention efficiency (RE)-ahility of sampling medium to retain a compound added (spiked) to it in liquid
solution.

5.3 Retention time (RT)-timeto eute aspecific chemica from a chromatographic column, for a specific carrier
gasflow rate, measured from the time the chemical isinjected into the gas stream until it appears at the detector.

5.4 Relative retention time (RRT)-arate of RTsfor two chemicals for the same chromatographic column and
carrier gas flow rate, where the denominator represents a reference chemical.

5.5 Method detection limit (MDL)-the minimum concentration of a substance that can be measured and
reported with confidence and that the value is above zero.

5.6 Kuderna-Danish apparatus-the Kuderna-Danish (K-D) apparatus is a system for concentrating materials
dissolved in volatile solvents.

5.7 MS-SIM-the GC is coupled to a mass spectrometer where the instrument is programmed to acquire data for
only the target compounds and to disregard all others, thus operating in the select ion monitoring mode (SIM).
Thisis performed using SIM coupled to retention time discriminators. The SIM analysis procedure provides
guantitative results.

5.8 Sublimation-the direct passage of a substance from the solid state to the gaseous state and back into the
solid form without any time appearing in the liquid tate. Also applied to the conversion of solid to vapor without
the later return to solid state, and to a conversion directly from the vapor phase to the solid state.

5.9 Surrogate standard-achemically compound (not expected to occur in the environmental sample) whichis
added to each sample, blank and matrix spiked sample before extraction and analysis. The recovery of the
surrogate standard is used to monitor unusual matrix effects, gross sample processing errors, etc. Surrogate
recovery isevaluated for acceptance by determining whether the measured concentration falls within acceptable
limits.
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6. Interferences

6.1 Any gasor liquid chromatographic separation of complex mixtures of organic chemicalsis subject to serious
interference problems due to coel ution of two or more compounds. The use of capillary or microbore columns
with superior resolution or two or more columns of different polarity will frequently eliminate these problems.
In addition, selectivity may be further enhanced by use of a M S operated in the selected ion monitoring (SIM)
mode as the GC detector. In this mode, co-€luting compounds can often be determined.

6.2 The ECD responds to a wide variety of organic compounds. It is likely that such compounds will be
encountered asinterferences during GC/ECD analysis. The NPD, FPD, and HECD detectors are element specific,
but are still subject to interferences. UV detectors for HPLC are nearly universal, and the electrochemical
detector may also respond to avariety of chemicals. Mass spectrometric analyses will generally provide positive
identification of specific compounds.

6.3 PCBsand certain common pesticides (e.g., chlordane) are complex mixtures of individual compounds which
can cause difficulty in accurately quantifying a particular formulation in a multiple component mixture. PCBs
may interfere with the determination of pesticides.

6.4 Contamination of glassware and sampling apparatus with traces of pesticides or PCBs can be a major source
of error, particularly at lower analyte concentrations. Careful attention to cleaning and handling proceduresis
required during all steps of sampling and analysisto minimize this source of error.

6.5 The genera approaches listed below should be followed to minimize interferences.

6.5.1 Polar compounds, including certain pesticides (e.g., organophosphorus and carbamate classes) can be
removed by column chromatography on alumina. Alumina clean-up will permit analysis of most common
pesticides and PCBs (7).

6.5.2 PCBsmay be separated from other common pesticides by column chromatography on silicic acid (8,9).

6.5.3 Many pesticides can be fractionated into groups by column chromatography on Florisil (9).

7. Safety

7.1 Thetoxicity or carcinogencity of each reagent used in this method has not been precisaly defined; however,
each chemica compound should be treated as a potential health hazard. From this viewpoint, exposure to these
chemicals must be reduced to the lowest possible level by whatever means available. The laboratory is
responsible for maintaining acurrent awareness file of Occupational Safety and Health Administration (OSHA)
regulations regarding the safe handling of the chemicas specified in this method. A reference file of material data
handling sheets should also be made available to all personnel involved in the chemical analysis. Additional
references to laboratory safety are available and have been identified for the analyst (10-12).

7.2 PCBs have been classified as a known or suspected, human or mammalian carcinogen. Many of the other
common pesticides have been classified as carcinogens. Care must be exercised when working with these
substances. This method does not purport to address all safety problems associated with its use. It is the
responsibility of whoever uses this method to consult and establish appropriate safety and health practices and
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determine the applicability of regulatory limitations prior to use. The user should be thoroughly familiar with
the chemical and physical properties of targeted substances.

7.3 Treat dl target andytes as carcinogens. Neat compounds should be weighed in aglove box. Spent samples
and unused standards are toxic waste and should be disposed according to regulations. Regularly check counter
tops and equipment with "black light" for fluorescence as an indicator of contamination.

7.4 The collection efficiency for common pesticides and PCBs has been demonstrated to be greater than 95
percent for the sampling configuration described in the method (filter and backup adsorbent). Therefore, no field
recovery evaluation will occur as part of this procedure.

8. Apparatus

[Note: This method was developed using the PS-1 semi-volatile sampler provided by General Metal Works,
Village of Cleves, OH as a guideline. EPA has experience in use of this equipment during various field
monitoring programs over the last several years. Other manufacturers' equipment should work as well.
However, modifications to these procedures may be necessary if another commercially available sampler is
selected.]

8.1 Sampling

8.1.1 High-volume sampler (see Figure 1). Capable of pulling ambient air through the filter/adsorbent
cartridge at a flow rate of approximately 8 standard cubic feet per minute (scfm) (0.225 std m*/min) to obtain
atotal sample volume of greater than 300 scm over a 24-hour period. Major manufacturers are:

 Tisch Environmental, Village of Cleves, OH
» Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
e Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.1.2 Sampling module (see Figure 2). Metal filter holder (Part 2) capable of holding a 102-mm circular
particlefilter supported by a 16-mesh stainless-stedl screen and attaching to ametal cylinder (Part 1) capable of
holding a65-mm O.D. (60-mm |.D.) x 125-mm borosilicate glass sorbent cartridge containing PUF. Thefilter
holder is equipped with inert sealing gaskets (e.g., polytetrafluorethylene) placed on either side of the filter.
Likewise, inert, pliable gaskets (e.g., siliconerubber) are used to provide an air-tight seal at each end of the glass
sorbent cartridge. The glass sorbent cartridge isindented 20 mm from the lower end to provide a support for a
16-mesh stainless-steel screen that holds the sorbent. The glass sorbent cartridge fits into Part 1, which is
screwed onto Part 2 until the sorbent cartridge is sealed between the silicone gaskets. Major manufacturers are:

 Tisch Environmental, Village of Cleves, OH
» Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
e Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA

A field portable unit has been developed by EPA (see Figure 3).
8.1.3 High-volume sampler calibrator. Capable of providing multipoint resistance for the high-volume
sampler. Magjor manufacturers are:
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 Tisch Environmental, Village of Cleves, OH
» Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
e Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.1.4 Ice chest. Tohold samplesat <4°C or below during shipment to the laboratory after collection.
8.1.5 Data sheets. For each samplefor recording the location and sample time, duration of sample, starting
time, and volume of air sampled.

8.2 Sample Clean-up and Concentration (see Figure 4).

8.2.1 Soxhlet apparatus extractor (see Figure 4a). Capable of extracting filter and adsorbent cartridges
(2.3" x 5" length), 1,000 mL flask, and condenser, best source.

8.2.2 Pyrex glass tube furnace system. For activating silicagd at 180°C under purified nitrogen gas purge
for an hour, with capability of raising temperature gradually, best source.

8.2.3 Glass vial. 40 mL, best source.

8.2.4 Erlenmeyer flask. 50 mL, best source.

[Note: Reuse of glassware should be minimized to avoid the risk of cross contamination. All glassware that
is used, especially glassware that is reused, must be scrupulously cleaned as soon as possible after use. Rinse
glassware with the last solvent used in it and then with high-purity acetone and hexane. Wash with hot water
containing detergent. Rinse with copious amount of tap water and several portions of distilled water. Drain,
dry, and heat in a muffle furnace at 400°C for 4 hours. Volumetric glassware must not be heated in a muffle
furnace; rather, it should be rinsed with high-purity acetone and hexane. After the glassware is dry and cool,
rinse it with hexane, and store it inverted or capped with solvent-rinsed aluminum foil in a clean
environment.]

8.2.5 White cotton gloves. For handling cartridges and filters, best source.

8.2.6 Minivials. 2 mL, borosilicate glass, with conical reservoir and screw caps lined with Teflon®-faced
silicone disks, and avial holder, best source.

8.2.7 Teflon®-coated stainless steel spatulas and spoons. Best source.

8.2.8 Kuderna-Danish (K-D) apparatus (see Figure 4b). 500 mL evaporation flask (K ontes K-570001-
500 or equivalent), 10 mL graduated concentrator tubes (Kontes K570050-1025 or equivalent) with ground-glass
stoppers, and 3-ball macro Snyder Column (Kontes K-570010500, K-50300-0121, and K-569001-219, or
equivalent), best source.

8.2.9 Adsorption column for column chromatography (see Figure 4c). 1-cm x 10-cm with stands.

8.2.10 Glove box. For working with extremely toxic standards and reagents with explosion-proof hood for
venting fumes from solvents, reagents, etc.

8.2.11 Vacuum oven. Vacuum drying oven system capable of maintaining a vacuum at 240 torr (flushed
with nitrogen) overnight.

8.2.12 Concentrator tubes and a nitrogen evaporation apparatus with variable flow rate. Best source.

8.2.13 Laboratory refrigerator. Best source.

8.2.14 Boiling chips. Solvent extracted, 10/40 mesh silicon carbide or equivalent, best source.

8.2.15 Water bath. Heated, with concentric ring cover, capable of £5°C temperature control, best source.

8.2.16 Nitrogen evaporation apparatus. Best source.

8.2.17 Glass wool. High purity grade, best source.

Page 4A-6 Compendium of Methods for Toxic Organic Air Pollutants January 1999



Pesticides/PCBs Method TO-4A

8.3 Sample Analysis

8.3.1 Gas chromatograph (GC). The GC system should be equipped with appropriate detector(s) and
either an isothermally controlled or temperature programmed heating oven. Improved detection limits may be
obtained with a GC equipped with a cool on-column or splitless injector.

8.3.2 Gas chromatographic column. Asan example, a0.32-mm (1.D.) x 3-mm DB-5, DB-17, DB-608,
DB-1701 are available. Other columns may also provide acceptable results.

8.3.3 HPLC column. Asan example, a4.6-mm x 25-cm Zorbax SIL or pBondpak C-18. Other columns
may also provide acceptable results.

8.3.4 Microsyringes. 5 L volume or other appropriate sizes.

8.3.5 Balance. Mettler balance or equivalent.

8.3.6 All required syringes, gases, and other pertinent supplies. To operate the GC/MS system.

8.3.7 Pipettes, micropipettes, syringes, burets, etc. To make calibration and spiking solutions, dilute
samplesif necessary, etc., including syringes for accurately measuring volumes such as 25 L and 100 L.

9. Equipment and Materials
9.1 Materials for Sample Collection (see Figure 5)

9.1.1 Quartz fiber filter. 102-millimeter bindless quartz microfiber filter, Whatman Inc., 6 Just Road,
Fairfield, NJ 07004, Filter Type QMA-4.

9.1.2 Polyurethane foam (PUF) plugs (see Figure 5a). 3-inch thick sheet stock polyurethane type (density
.022 g/lem?®). The PUF should be of the polyether type used for furniture upholstery, pillows, and mattresses. The
PUF cylinders (plugs) should be dlightly larger in diameter than the internal diameter of the cartridge. Sources
of equipment are Tisch Environmental, Village of Cleves, OH; University Research Glassware, 116 S. Merritt
Mill Road, Chapd Hill, NC; Thermo Environmenta Instruments, Inc., 8 West Forge Parkway, Franklin, MA;
Supelco, Supelco Park, Bellefonte, PA; and SKC Inc., 334 Valley View Road, Eighty Four, PA.

9.1.3 Teflon® end caps (see Figure 5a). For sample cartridge. Sources of equipment are Tisch
Environmental, Village of Cleves, OH and University Research Glassware, Chapel Hill, NC.

9.1.4 Sample cartridge aluminum shipping containers (see Figure 5b). For sample cartridge shipping.
Sources of equipment are Tisch Environmental, Village of Cleves, OH and University Research Glassware,
Chapel Hill, NC.

9.1.5 Glass sample cartridge (see Figure 5a). For sample collection. Sources of equipment are Tisch
Environmental, Village of Cleves, OH; Thermo Environmental Instruments, Inc., 8 West Forge Parkway,
Franklin, MA; University Research Glassware, 116 S. Merritt Mill Road, Chapel Hill, NC; and Supelco, Supelco
Park, Bellefonte, PA.

9.1.6 Aluminum foil. Best source.

9.1.7 Hexane, reagent grade. Best source.

9.2 Sample Extraction and Concentration

9.2.1 Methylene chloride. Chromatographic grade, glass-distilled, best source.

9.2.2 Sodium sulfate-anhydrous (ACS). Granular (purified by washing with methylene chloride followed
by heating at 400°C for 4 hoursin ashallow tray).

9.2.3 Boiling chips. Solvent extracted or heated in a muffle furnace at 450°C for 2 hours, approximately
10/40 mesh (silicon carbide or equivalent).
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9.2.4 Nitrogen. High purity grade, best source.

9.2.5 Ether. Chromatographic grade, glass-distilled, best source.

9.2.6 Hexane. Chromatographic grade, glass-distilled, best source.

9.2.7 Dibromobiphenyl. Chromatographic grade, best source. Used for interna standard.
9.2.8 Decafluorobiphenyl. Chromatographic grade, best source. Used for internal standard.
9.2.9 Glass wool. Silanized, extracted with methylene chloride and hexane, and dried.
9.2.10 Diethyl ether. High purity, glass distilled.

9.2.11 Hexane. High purity, glass distilled.

9.2.12 Silica gel. High purity, type 60, 70-230 mesh.

9.2.13 Round bottom evaporative flask. 500 mL, § 24/40 joints, best source.
9.2.14 Capacity soxhlet extractors. 500 mL, with reflux condensers, best source.
9.2.15 Kuderna-Danish concentrator. 500 mL, with Snyder columns, best source.
9.2.16 Graduated concentrator tubes. 10 mL, with 19/22 stoppers, best source.
9.2.17 Graduated concentrator tubes. 1 mL, with 14/20 stoppers, best source.
9.2.18 TFE fluorocarbon tape. 1/2in., best source.

9.2.19 Filter tubes. Size 40-mm (1.D.) x 80-mm.

9.2.20 Serum vials. 1 mL and 5 mL, fitted with caps lined with TFE fluorocarbon.
9.2.21 Pasteur pipetter. 9in., best source.

9.2.22 Glass wool. Fired at 500°C, best source.

9.2.23 Alumina. Activity Grade IV, 100/200 mesh.

9.2.24 Glass chromatographic column. 2-mm [.D. x 15-cm long.

9.2.25 Vacuum oven. Connected to water aspirator, best source.

9.2.26 Die. Best source.

9.2.27 lce chest. Best source.

9.2.28 Silicic Acid. Pegticide quality, best source.

9.2.29 Octachloronaphthalene (OCN). Research grade, best source.

9.2.30 Florisil. Pesticide quality, best source.

9.3 GC Sample Analysis

9.3.1 Gas cylinders of hydrogen, nitrogen, argon/methane, and helium. Ultrahigh purity, best source.

9.3.2 Combustion air. Ultrahigh purity, best source.

9.3.3 Zero air. Zero air may be obtained from a cylinder or zero-grade compressed air scrubbed with
Drierite® or sllicagel and 5A molecular sieve or activated charcoal, or by catalytic cleanup of ambient air. All
zero air should be passed through aliquid argon cold trap for final cleanup.

9.3.4 Chromatographic-grade stainless steel tubing and stainless steel fitting. For interconnections,
Alltech Applied Science, 2051 Waukegan Road, Deerfield, IL 60015, 312-948-8600, or equivalent.

[Note: All such materials in contact with the sample, analyte, or support gases prior to analysis should be
stainless steel or other inert metal. Do not use plastic or Teflon® tubing or fittings.]
10. Preparation of PUF Sampling Cartridge

[Note: This method was developed using the PS-1 sample cartridge provider by General Metal Works, Village
of Cleves, OH as a guideline. EPA has experience in use of this equipment during various field monitoring
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programs over the last several years. Other manufacturers' equipment should work as well. However,
modifications to these procedures may be necessary if another commercially available sampler is selected.]

10.1 Summary of Method

10.1.1 Thispart of Compendium Method TO-4A discusses pertinent information regarding the preparation
and cleaning of thefilter, adsorbent, and filter/adsorbent cartridge assembly. The separate batches of filters and
adsorbents are extracted with the appropriate solvent.

10.1.2 At least one PUF cartridge assembly and one filter from each batch, or 10 percent of the batch,
whichever is greater, should be tested and certified clean before the batch is considered for field use.

10.2 Preparation of Sampling Cartridge

10.2.1 Bake the Whatman QMA-4 quartz filters at 400°C for 5 hours before use.

10.2.2 Sat asdethefiltersin aclean container for shipment to the field or prior to combining with the PUF
glass cartridge assembly for certification prior to field deployment.

10.2.3 The PUF plugs are 6.0-cm diameter cylindrical plugs cut from 3-inch sheet stock and should fit, with
dight compression, in the glass cartridge, supported by the wire screen (see Figure 2). During cutting, rotate the
die at high speed (e.g., in adrill press) and continuously lubricate with deionized or distilled water. Pre-cleaned
PUF plugs can be obtained from many of the commercial sourcesidentified in Section 9.1.2.

10.2.4 Forinitid cleanup, placethe PUF plugs in a Soxhlet apparatus and extract with acetone for 16 hours
at approximately 4 cycles per hour. When cartridges are reused, use diethyl ether/hexane (10 percent
volume/volume [v/v]) as the cleanup solvent.

[Note: A modified PUF cleanup procedure can be used to remove unknown interference components of the
PUF blank. This method consists of rinsing 50 times with toluene, acetone, and diethyl ether/hexane (5 to
10 percent v/v), followed by Soxhlet extraction. The extracted PUF is placed in a vacuum oven connected to
a water aspirator and dried at room temperature for approximately 2 to 4 hours (until no solvent odor is
detected). Alternatively, they may be dried at room temperature in an air-tight container with circulating
nitrogen (zero grade). Place the clean PUF plug into a labeled glass sampling cartridge using gloves and
forceps. Wrap the cartridge with hexane-rinsed aluminum foil and placed in a jar fitted with TFE
fluorocarbon-lined caps. The foil wrapping may also be marked for identification using a blunt probe. The
extract from the Soxhlet extraction procedure from each batch may be analyzed to determine initial
cleanliness prior to certification.]

10.2.5 Fit anickel or stainless steel screen (mesh size 200/200) to the bottom of a hexane-rinsed glass
sampling cartridge to retain the PUF adsorbents, asillustrated in Figure 2. Place the Soxhlet-extracted, vacuum-
dried PUF (2.5-cm thick by 6.5-cm diameter) on top of the screen in the glass sampling cartridge using polyester
gloves.

10.2.6 Wrap the sampling cartridge with hexane-rinsed aluminum fail, cap with the Teflon® end caps, place
in acleaned labeled auminum shipping container, and sedl with Teflon® tape. Analyze at least 1 PUF plug from
each batch of PUF plugs using the procedure described in Section 10.3, before the batch is considered acceptable
for field use. A blank level of <10 ng/plug and filter for single component compounds is considered to be
acceptable. For multiple component mixtures (e.g., PCBs), the blank level should be <100 ng/plug and filter.
Cartridges are considered clean for up to 30 daysfrom date of certification when stored in their sealed containers.
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10.3 Procedure for Certification of PUF Cartridge Assembly

10.3.1 Extract 1 filter and PUF adsorbent cartridge by Soxhlet extraction and concentrate using a Kuderna-
Danish (K-D) evaporator for each lot of filters and cartridges sent to the field.

10.3.2 Assamble the Soxhlet apparatus. Charge the Soxhlet apparatus (see Figure 4a) with 300 mL of the
extraction solvent [10 percent (v/v) diethyl ether/hexane] and reflux for 2 hours. Let the apparatus cool,
disassembleit, and discard the used extraction solvent. Transfer the filter and PUF glass cartridge to the Soxhlet
apparatus (the use of an extraction thimble is optional).

[Note: The filter and adsorbent assembly are extracted together in order to reach detection limits, to
minimize cost and to prevent misinterpretation of the data. Separate analyses of the filter and PUF would not
yield useful information about the physical state of most of the common pesticides and PCBs at the time of
sampling due to evaporative losses of the analyte from the filter during sampling.]

10.3.3 Add between 300 and 350 mL of diethyl ether/hexane (10 percent v/v) to the Soxhlet apparatus.
Reflux the sample for 18 hours at a rate of at least 3 cycles per hour. Allow to cool, then disassemble the
apparatus.

10.3.4 Assemble aK-D concentrator (see Figure 4b) by attaching a 10-mL concentrator tube to a 500-mL
evaporative flask.

10.3.5 Transfer the extract by pouring it through a drying column containing about 10 cm of anhydrous
granular sodium sulfate (see Figure 4c) and collect the extract in the K-D concentrator. Rinse the Erlenmeyer
flask and column with 20 to 30 mL of 10 percent diethyl ether/hexane to complete the quantitative transfer.

10.3.6 Add 1 or 2 clean boiling chips and attach a 3-ball Snyder column to the evaporative flask. Pre-wet
the Snyder column by adding about 1 mL of the extraction solvent to the top of the column. Place the K-D
apparatus on a hot water bath (50°C) o that the concentrator tube is partially immersed in the hot water, and the
entire lower rounded surface of the flask is bathed with hot vapor. Adjust the vertical position of the apparatus
and the water temperature as required to complete the concentration in one hour. At the proper rate of distillation,
the balls of the column will actively chatter but the chambers will not flood with condensed solvent. When the
gpparent volume of liquid reaches approximately 5 mL, remove the K-D apparatus from the water bath and allow
ittodrain and cool for at least 5 minutes. Remove the Snyder column and rinse the flask and its lower joint into
the concentrator tube with 5 mL of hexane. A 5-mL syringe is recommended for this operation.

[Note: The solvent may have to be exchanged to another solvent to meet the requirements of the analytical
procedure selected for the target analytes.]

10.3.7 Concentrate the extract to 1 mL and analyze according to Section 13.

10.3.8 Acceptableleves of common pesticides must be less than 10 ng for each pair of filter and adsorbent
assembly analyzed. For multiple component mixtures (e.g., PCBS), the blank level should be less than 100 ng
for each pair of filter and adsorbent. Once certified clean, the cartridges can be shipped to the field without being
chilled.

11. Assembly, Calibration and Collection Using High-Volume Sampling System
[Note: This method was developed using the PS-1 semi-volatile sampler provided by General Metal Works,

Village of Cleves, OH as a guideline. EPA has experience in use of this equipment during various field
monitoring programs over the last several years. Other manufacturers' equipment should work as well.
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However, modifications to these procedures may be necessary if another commercially available sampler is
selected.]

11.1 Description of Sampling Apparatus

The entire sampling system is diagrammed in Figure 1. This apparatus was developed to operate at arate of 4
to 10 scfm (0.114 to 0.285 std m*min) and is used by EPA for high-volume sampling of ambient air. The
method write-up presents the use of this device.

The sampling module (see Figure 2) consists of afilter and aglass sampling cartridge containing the PUF utilized
to concentrate common pesticides and PCBs from the air. A field portable unit has been developed by EPA (see
Figure 3).

11.2 Calibration of Sampling System

Each sampler should be calibrated (1) when new, (2) after major repairs or maintenance, (3) whenever any audit
point deviates from the cdibration curve by more than 7 percent, (4) before/after each sampling event, and
(5) when adifferent sample collection media, other than that which the sampler was originally calibrated to, will
be used for sampling.

11.2.1 Calibration of Orifice Transfer Standard. Calibrate the modified high volume air sampler in the
fidd using acdibrated orifice flow rate transfer standard. Certify the orifice transfer standard in the laboratory
againgt a positive displacement rootsmeter (see Figure 6). Once certified, the recertification is performed rather
infrequently if the orifice is protected from damage. Recertify the orifice transfer standard performed once per
year utilizing a set of five multiple resistance plates.

[Note: The set of five multihole resistance plates are used to change the flow through the orifice so that
several points can be obtained for the orifice calibration curve. The following procedure outlines the steps
to calibrate the orifice transfer standard in the laboratory.]

11.2.1.1 Record the room temperature (T, in °C) and barometric pressure (P, in mm Hg) on the Orifice
Cdlibration Data Sheet (see Figure 7). Calculate the room temperature in K (absolute temperature) and record
on Orifice Calibration Data Sheet.

T,inK =273°+T,in°C

11.2.1.2 Set up laboratory orifice calibration equipment asillustrated in Figure 6. Check the oil level of
the rootsmeter prior to starting. There are 3 il level indicators, 1 at the clear plastic end and 2 site glasses, 1 at
each end of the measuring chamber.

11.2.1.3 Check for leaks by clamping both manometer lines, blocking the orifice with cellophane tape,
turning on the high volume motor, and noting any change in the rootsmeter'sreading. |f the rootsmeter's reading
changes, thereisaleak inthe system. Eliminate the leak before proceeding. If the rootsmeter's reading remains
constant, turn off the hi-vol motor, remove the cellophane tape, and unclamp both manometer lines.

11.2.1.4 Install the 5-hole resistance plate between the orifice and the filter adapter.

11.2.1.5 Turn manometer tubing connectors 1 turn counter-clockwise. Make sure all connectors are open.

11.2.1.6 Adjust both manometer midpoints by diding their movable scales until the zero point corresponds
with the meniscus. Gently shake or tap to remove any air bubbles and/or liquid remaining on tubing connectors.
(If additional liquid is required for the water manometer, remove tubing connector and add clean water.)
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11.2.1.7 Turn on the high volume motor and let it run for 5 minutes to set the motor brushes. Turn the
motor off. Insure manometers are set to zero. Turn the high volume motor on.

11.2.1.8 Record thetime, in minutes, required to pass aknown volume of air (approximately 200 to 300 ft*
of air for each resistance plate) through the rootsmeter by using the rootsmeter's digital volume dial and a
stopwatch.

11.2.1.9 Record both manometer readings-orifice water manometer (aH) and rootsmeter mercury
manometer (aP) on Orifice Calibration Data Sheet (see Figure 7).

[Note: aH is the sum of the difference from zero (0) of the two column heights.]

11.2.1.10 Turn off the high volume motor.

11.2.1.11 Replace the 5-hole resistance plate with the 7-hole resistance plate.

11.2.1.12 Repeat Sections 11.2.1.3 through 11.2.1.11.

11.2.1.13 Repeat for each resistance plate. Note results on Orifice Calibration Data Sheet (see Figure 7).
Only aminute is needed for warm-up of the motor. Be sure to tighten the orifice enough to eliminate any leaks.
Also check the gaskets for cracks.

[Note: The placement of the orifice prior to the rootsmeter causes the pressure at the inlet of the rootsmeter
to be reduced below atmospheric conditions, thus causing the measured volume to be incorrect. The volume
measured by the rootsmeter must be corrected.]

11.2.1.14 Correct the measured volumes on the Orifice Calibration Data Sheet:

P, -aP T
Vaa = Vin (C5—)=5)

std a

V¢, = Standard volume, std m®
V., = actuad volume measured by the rootsmeter, m?

P,= barometric pressure during calibration, mm Hg
AP=differentia pressure at inlet to volume meter, mm Hg
Py = 760 mm Hg
Tee= 273+25°C=298K

T,= ambient temperature during calibration, K.

11.2.1.15 Record standard volume on COrifice Calibration Data Sheet.
11.2.1.16 The standard flow rate as measured by the rootsmeter can now be cal culated using the following
formula

where:
Qqq = standard volumetric flow rate, std m*min
0 = elapsed time, min
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11.2.1.17 Record the standard flow rates to the nearest 0.01 std m*min.
11.2.1.18 Calculate and record (/aH (P,/Py)(298/T,) value for each standard flow rate.

11.2.1.19Plot each \/ aH (P/P,)(298/T ) value (y-axis) versusits associated standard flow rate (x-
axis) on arithmetic graph paper and draw aline of best fit between the individual plotted points.

[Note: This graph will be used in the field to determine standard flow rate.]

11.2.2 Calibration of the High Volume Sampling System Utilizing Calibrated Orifice Transfer
Standard
For this calibration procedure, the following conditions are assumed in the field:

» Thesampler is equipped with avalve to control sample flow rate.

» The sample flow rate is determined by measuring the orifice pressure differential, using a Magnehelic
gauge.

« Thesampler is designed to operate a a standardized volumetric flow rate of 8 ft3/min (0.225 m*min), with
an acceptable flow rate range within 10 percent of thisvalue.

» Thetransfer standard for the flow rate calibration is an orifice device. The flow rate through the orifice
is determined by the pressure drop caused by the orifice and is measured using a "U" tube water
manometer or equivalent.

» Thesampler and the orifice transfer standard are calibrated to standard volumetric flow rate units (scfm
or scmm).

» Anorificetransfer standard with calibration traceable to NIST is used.

» A "U" tube water manometer or equivalent, with a 0- to 16-inch range and a maximum scale division of
0.1 inch, will be used to measure the pressure in the orifice transfer standard.

» A Magnehdic gauge or equivadent, with a 9- to 100-inch range and a minimum scale division of 2 inches
for measurements of the differential pressure across the sampler's orifice is used.

» A thermometer capable of measuring temperature over the range of 32° to 122°F (0° to 50°C) to +2°F
(x1°C) and referenced annually to a calibrated mercury thermometer is used.

» A portable aneroid barometer (or equivalent) capable of measuring ambient barometric pressure between
500 and 800 mm Hg (19.5 and 31.5in. Hg) to the nearest mm Hg and referenced annually to a barometer
of known accuracy is used.

» Miscellaneous handtools, calibration data sheets or station log book, and wide duct tape are available.

11.2.2.1 Set up the calibration system asillustrated in Figure 8. Monitor the airflow through the sampling
system with aventuri/Magnehelic assembly, asillustrated in Figure 8. Audit the field sampling system once per
quarter using aflow rate transfer standard, as described in the EPA High Volume-Sampling Method, 40 CVR 50,
Appendix B. Perform asingle-point calibration before and after each sample collection, using the procedures
described in Section 11.2.3.

11.2.2.2Prior to initial multi-point calibration, place an empty glass cartridge in the sampling head and
activate the sampling motor. Fully open the flow control valve and adjust the voltage variator so that a sample
flow rate corresponding to 110 percent of the desired flow rate (typically 0.20 to 0.28 m*min) isindicated on the
Magnehedlic gauge (based on the previoudy obtained multipoint calibration curve). Allow the motor to warm up
for 10 minutes and then adjust the flow control valve to achieve the desire flow rate. Turn off the sampler.
Record the ambient temperature and barometric pressure on the Field Calibration Data Sheet (see Figure 9).

11.2.2.3 Place the orifice transfer standard on the sampling head and attach a manometer to the tap on
thetransfer standard, asillustrated in Figure 8. Properly aign the retaining rings with the filter holder and secure

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 4A-13



Method TO-4A Pesticides/PCBs

by tightening the three screw clamps. Connect the orifice transfer standard by way of the pressure tap to a
manometer using alength of tubing. Set the zero level of the manometer or Magnehelic. Attach the Magnehelic
gauge to the sampler venturi quick release connections. Adjust the zero (if needed) using the zero adjust screw
on face of the gauge.

11.2.2.4Toleak test, block the orifice with arubber stopper, wide duct tape, or other suitable means. Sedl
the pressure port with arubber cap or similar device. Turn on the sampler.
Caution: Avoid running the sampler for too long a time with the orifice blocked. This precaution will reduce
the chance that the motor will be overheated due to the lack of cooling air. Such overheating can shorten the
life of the motor.

11.2.2.5 Gently rock the orifice transfer standard and listen for awhistling sound that would indicate a
leak inthe system. A leak-free system will not produce an upscal e response on the sampler's Magnehdlic. Leaks
are usualy caused either by damaged or missing gaskets by cross-threading and/or not screwing sample cartridge
together tightly. All leaks must be diminated before proceeding with the calibration. When the sample is
determined to be leak-free, turn off the sampler and unblock the orifice. Now remove the rubber stopper or plug
from the calibrator orifice.

11.2.2.6 Turnthe flow control valve to the fully open position and turn the sampler on. Adjust the flow
control valve until a Magnehelic reading of approximately 70 in. is obtained. Allow the Magnehelic and
manometer readings to stabilize and record these values on the orifice transfer Field Calibration Data Sheet (see
Figure 9).

11.2.2.7 Record the manometer reading under Y 1 and the Magnehdlic reading under Y 2 on the Field
Cadlibration Data Sheet. For thefirst reading, the Magnehdlic should still be at 70 inches as set above.

11.2.2.8 Set the Magnehelic to 60 inches by using the sampler's flow control valve. Record the
manometer (Y1) and Magnehelic (Y 2) readings on the Field Calibration Data Sheet (see Figure 9).

11.2.2.9 Repeat the above steps using Magnehelic settings of 50, 40, 30, 20, and 10 inches.

11.2.2.10 Turn the voltage variator to maximum power, open the flow control valve, and confirm that the
Magnehelic reads at least 100 inches. Turn off the sampler and confirm that the Magnehelic reads zero.

11.2.2.11 Read and record the following parameters on the Field Calibration Data Sheet. Record the
following on the calibration data sheet:

Data, job number, and operator's signature;

e Sampler serial number;
» Ambient barometric pressure; and
* Ambient temperature.

11.2.2.12 Remove the"dummy" cartridge and replace with a sample cartridge.

11.2.2.13 Obtain the Manufacturer High Volume Orifice Calibration Certificate.

11.2.2.141f not performed by the manufacturer, calcul ate values for each calibrator orifice static pressure
(Column 6, inches of water) on the manufacturer's calibration certificate using the following equation:

J[~R(P760)(2981T, + 273])

where:
P,= the barometric pressure (mm Hg) at time of manufacturer calibration, mm Hg
T,= temperature at time of calibration, °C

11.2.2.15 Perform alinear regression analysis using the values in Column 7 of the manufacturer High
Volume COrifice Calibration Certificate for flow rate (Qqy) asthe"X" values and the calculated values asthe Y
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vaues. From thisrelationship, determine the correlation (CC1), intercept (B1), and slope (M1) for the Orifice
Transfer Standard.
11.2.2.16 Record these values on the Field Calibration Data Sheet (see Figure 9).
11.2.2.17 Using the Field Calibration Data Sheet values (see Figure 9), calculate the Orifice Manometer
Calculated Values (Y 3) for each orifice manometer reading using the following equation:
Y3 Calculation
Y3=[Y1(P/760)(298/{ T, + 273})]*

11.2.2.18 Record the values obtained in Column Y 3 on the Field Calibration Data Sheet (see Figure 9).
11.2.2.19 Cdculate the Sampler Magnehelic Calculate Vaues (Y 4) using the following equation:

Y4 Calculation
Y4 =[Y2(P/760)(298/{ T, + 273})]*
11.2.2.20 Record the value abtained in Column Y 4 on the Field Calibration Data Sheet (see Figure 9).
11.2.2.21 Cdculate the Orifice Flow Rate (X1) in scm, using the following equation:

X1 Calculation
Y3 - Bl
M1

X1 =

11.2.2.22 Record the values obtained in Column X1, on the Field Calibration Data Sheet (see Figure 9).

11.2.2.23 Paformalinear regression of the valuesin Column X1 (as X) and the valuesin Column Y4 (as
Y). Record therdationship for correlation (CC2), intercept (B2), and slope (M2) on the Field Calibration Data
Shest.

11.2.2.24 Using the following equation, calculate asat point (SP) for the manometer to represent adesired
flow rate:

Set point (SP) = [(Expected P,)/(Expected T,)(T4/Pss)][M2 (Desired flow rate) + B2)?
where:

P, = Expected atmospheric pressure (P,), mm Hg
T,= Expected atmospheric temperature (T,), °C
M2 = Slope of developed relationship
B2 = Intercept of developed relationship
T4q = Temperature standard, 25°C
P,s = Pressure standard, 760 mm Hg

11.2.2.25 During monitoring, calculate a flow rate from the observed Magnehdlic reading using the
following equations:
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Y5 = [Average Magnehelic Reading (aH) (P/T)(T4y/Ps)]™

Y5 - B2
M2

X2 =

where:

Y5 = Corrected Magnehelic reading
X2 = Instant calculated flow rate, scm

11.2.2.26 Therelationship in calibration of a sampling system between Orifice Transfer Standard and
flow rate through the sampler isillustrated in Figure 10.
11.2.3 Single-Point Audit of the High Volume Sampling System Utilizing Calibrated Orifice Transfer
Standard
Single point calibration checks are required as follows:

 Prior to the start of each 24-hour test period.

» After each 24-hour test period. The post-test cdibration check may serve as the pre-test calibration check
for the next sampling period if the sampler is not moved.

 Prior to sampling after asample is moved.

For samplers, parform a calibration check for the operational flow rate before each 24-hour sampling event and
when required as outlined in the user quality assurance program. The purpose of this check is to track the
sampler's caibration stability. Maintain acontrol chart presenting the percentage difference between a sampler's
indicated and measured flow rates. This chart providesa quick reference of sampler flow-rate drift problems and
is useful for tracking the performance of the sampler. Either the sampler log book or a data sheet will be used
to document flowcheck information. Thisinformation includes, but is not limited to, sampler and orifice transfer
standard serial number, ambient temperature, pressure conditions, and collected flow-check data.

In this subsection, the following is assumed:

» Theflow rate through asampler isindicated by the orifice differential pressure;

» Samplersare designed to operate at an actual flow rate of 8 scfm, with a maximum acceptable flow-rate
fluctuation range of £10 percent of thisvalue;

» Thetransfer standard will be an orifice device equipped with apressure tap. The pressure is measured
using a manometer; and

» Theorificetransfer standard's calibration relationship isin terms of standard volumetric flow rate (Qgg).

11.2.3.1 Perform a single point flow audit check before and after each sampling period utilizing the
Cadlibrated Orifice Transfer Standard (see Section 11.2.1).

11.2.3.2 Prior to single point audit, placea"dummy" glass cartridge in the sampling head and activate the
sampling motor. Fully open the flow control valve and adjust the voltage variator so that a sasmple flow rate
corresponding to 110 percent of the desired flow rate (typically 0.19 to 0.28 m*min) is indicated on the
Magnehelic gauge (based on the previoudy obtained multipoint calibration curve). Allow the motor to warm up
for 10 minutes and then adjust the flow control valve to achieve the desired flow rate. Turn off the sampler.
Record the ambient temperature and barometric pressure on the Field Test Data Sheet (see Figure 11).

11.2.3.3 Placetheflow rate transfer standard on the sampling head.
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11.2.3.4 Properly align the retaining rings with the filter holder and secure by tightening the 3 screw
clamps. Connect the flow rate transfer standard to the manometer using a length of tubing.

11.2.3.5 Usingtubing, attach 1 manometer connector to the pressure tap of the transfer standard. Leave
the other connector open to the atmosphere.

11.2.3.6 Adjust the manometer midpoint by diding the movable scale until the zero point corresponds with
the water meniscus. Gently shake or tap to remove any air bubbles and/or liquid remaining on tubing connectors.
(If additional liquid is required, remove tubing connector and add clean water.)

11.2.3.7 Turn on high-volume motor and let run for 5 minutes.

11.2.3.8 Record the pressure differential indicated, aH, ininches of water, on the Field Test Data Sheet.
Be sure stable aH has been established.

11.2.3.9 Record the observed Magnahdlic gauge reading, in inches of water, on the Field Test Data Sheet.
Be sure stable AM has been established.

11.2.3.10 Using previous established Orifice Transfer Standard curve, calculate Q.. (see
Section 11.2.2.23).

11.2.3.11 Thisflow should be within +10 percent of the sampler set point, normally, 8 ft3. If not, perform
anew multipoint calibration of the sampler.

11.2.3.12 Remove flow rate transfer standard and dummy adsorbent cartridge.

11.3 Sample Collection

11.3.1 General Requirements

11.3.1.1 Thesampler should belocated in an unobstructed area, at least 2 meters from any obstacle to air
flow. The exhaust hose should be stretched out in the downwind direction to prevent recycling of air into the
sample head.

11.3.1.2 All cleaning and sample module loading and unloading should be conducted in a controlled
environment, to minimize any chance of potential contamination.

11.3.1.3 When new or when using the sampler at a different location, all sample contact areas need to be
cleared. Use triple rinses of reagent grade hexane contained in Teflon® rinse bottles. Allow the solvent to
evaporate before loading the PUF modules.

11.3.2 Preparing Cartridge for Sampling

11.3.2.1 Detach the lower chamber of the cleaned sample head. While wearing disposable, clean, lint-free
nylon, or powder-free surgical gloves, remove a clean glass adsorbent module from its shipping container.
Removethe Teflon® end caps. Replace the end caps in the sample container to be reused after the sample has
been collected.

11.3.2.2 Insert the glass module into the lower chamber and tightly reattach the lower chambers to the
module.

11.3.2.3 Using clean rinsed (with hexane) Teflon-tipped forceps, carefully place a clean conditioned fiber
filter atop the filter holder and secure in place by clamping the filter holder ring over the filter. Place the
aluminum protective cover on top of the cartridge head. Tighten the 3 screw clamps. Ensure that all module
connections aretightly assembled. Place a small piece of aluminum foil on the ball-joint of the sample cartridge
to protect from back-diffusion of semi-volatile into the cartridge during transporting to the site.

[Note: Failure to do so could result in air flow leaks at poorly sealed locations which could affect sample
representativeness.]
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11.3.2.4 Placein acarrying bag to take to the sampler.
11.3.3 Collection

11.3.3.1 After the sampling system has been assembled, perform a single point flow check as described
in Sections 11.2.3.

11.3.3.2 With the empty sample module removed from the sampler, rinse all sample contact areas using
reagent grade hexanein a Teflon® squeeze bottle. Allow the hexane to evaporate from the module before loading
the samples.

11.3.3.3 With the sample cartridge removed from the sampler and the flow control valve fully open, turn
the pump on and allow it to warm-up for approximately 5 minutes.

11.3.3.4 Attach a"dummy" sampling cartridge loaded with the exact same type of filter and PUF media
to be used for sample collection.

11.3.3.5 Turn the sampler on and adjust the flow control valve to the desired flow as indicated by the
Magnehdlic gauge reading determined in Section 11.2.2.24. Oncetheflow is properly adjusted, take extreme care
not to inadvertently alter its setting.

11.3.3.6 Turnthesampler off and remove the "dummy" module. The sampler is now ready for field use.

11.3.3.7 Check the zero reading of the sampler Magnehelic. Record the ambient temperature, barometric
pressure, € gpsed time meter setting, sampler seria number, filter number, and PUF cartridge number on the Field
Test Data Sheet (see Figure 11). Attach the loaded sampler cartridge to the sampler.

11.3.3.8 Place the voltage variator and flow control valve at the settings used in Section 11.3.2, and the
power switch. Activate the elapsed time meter and record the start time. Adjust the flow (Magnehelic setting),
if necessary, using the flow control valve.

11.3.3.9 Record the Magnehelic reading every 6 hours during the sampling period. Usethe calibration
factors (see Section 11.2.2.24) to calculate the desired flow rate. Record the ambient temperature, barometric
pressure, and Magnehelic reading at the beginning and during sampling period.

11.3.4 Sample Recovery

11.3.4.1 At the end of the desired sampling period, turn the power off. Carefully remove the sampling
head containing the filter and adsorbent cartridge. Place the protective "plate" over the filter to protect cartridge
during transport to clean recovery area. Also, place a piece of aluminum foil around the bottom of adsorbent
sampler head.

11.3.4.2 Perform afind cdculated sampler flow check using the calibration orifice, as described in Section
11.3.2. If calibration deviates by more than 10 percent from initial reading, mark the flow data for that sample
as suspect and inspect and/or remove from service, record results on Field Test Data Sheet, Figure 11.

11.3.4.3 Transport adsorbent sasmpler head to a clean recovery area.

11.3.4.4 While wearing disposable lint free nylon or powder-free surgical gloves, remove the PUF
cartridge from the lower module chamber and lay it on the retained aluminum foil in which the sample was
originally wrapped.

11.3.4.5 Carefully remove the glass fiber filter from the upper chamber using clean Teflon®-tipped
forceps.

11.3.4.6 Foldthefilter in haf twice (sample side inward) and placeit in the glass cartridge atop the PUF.

11.3.4.7 Wrap the combined samplesin the original hexane rinsed aluminum foil, attached Teflon® end
caps and place them in their original aluminum sample container. Complete asample label and affix it to the
aluminum shipping container.

11.3.4.8 Chain-of-custody should be maintained for all samples. Store the containers under dry ice and
protect from UV light to prevent possibly photo-decomposition of collected analytes. If the time span between
sample collection and laboratory analysisisto exceed 24 hours, refrigerate sasmple at 4°C.

11.3.4.9 Return at least 1 fidd filter/PUF blank to the laboratory with each group of samples. Treat afield
blank exactly as the sample except that no air is drawn through the filter/adsorbent cartridge assembly.
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11.3.4.10 Ship and storefield samples chilled (<4°) (blueiceis acceptable) until receipt at the analytical
laboratory, after which they should be refrigerated at less than or equal to 4°C. Extraction must be performed
within 7 days of sampling and analysis within 40 days of extraction.

12. Sample Extraction Procedure
[Note: Sample extraction should be performed under a properly ventilated hood.]
12.1 Sample Extraction

12.1.1 All samples should be extracted within 1 week after collection. All samples should be stored at <4°C
until extracted.

12.1.2 All glassware should be washed with a suitable detergent; rinsed with deionized water, acetone, and
hexane; rinsed again with deionized water; and fired in an oven (500°C).

12.1.3 Prepare a spiking solution for determination of extraction efficiency. The spiking solution should
contain one or more surrogate compounds that have chemical structures and properties similar to those of the
analytes of interest. Octachloronaphthalene (OCN) and dibutylchlorendate have been used as surrogates for
determination of organochlorine pesticides by GC with an ECD. Tetrachloro-m-xylene and decachlorobiphenyl
can d o be used together to insure recovery of early and late € uting compounds. For organophosphate pesticides,
tributylphosphate or triphenylphosphate may be employed as surrogates. The surrogate solution should be
prepared so that addition of 100 wL into the PUF plug results in an extract containing the surrogate compound
at the high end of the instrument's calibration range. Asan example, the spiking solution for OCN is prepared
by dissolving 10 mg of OCN in 10 mL of 10% acetone in n-hexane, followed by seria dilution n-hexane to
achieve afinal spiking solution of OCN is1 ng/mL.

[Note: Use the recoveries of the surrogate compounds to monitor for unusual matrix effects and gross sample
processing errors. Evaluate surrogate recovery for acceptance by determining whether the measured
concentration falls within the acceptance limits of 60-120 percent.]

12.1.4 Theextracting solution (10% diethyl ether/hexane) is prepared by mixing 1800 mL of freshly opened
hexane and 200 mL of freshly opened diethyl ether (preserved with ethanol) to aflask.

12.1.5 All clean glassware, forceps, and other equipment to be used should be rinsed with 10% diethyl ether/
hexane and placed on rinsed (10% diethyl ether/hexane) aluminum foil until use. The condensing towers should
aso be rinsed with 10% diethyl ether/hexane. Then add 700 mL of 10% diethyl ether/hexane to the 1,000 mL
round bottom flask and add up to three boiling granules.

12.1.6 Using precleaned (i.e., 10% diethyl ether/hexane Soxhlet extracted) cotton gloves, the filter/PUF
cartridge is removed from the sealed container, the PUF removed from the glass cartridge, and the filter/PUF
together are placed into the 300 mL Soxhlet extractor using prerinsed forceps.

12.1.7 Before extraction begins, add 100 pL of the OCN solution directly to the top of the PUF plug.

[Note: Incorporating a known concentration of the solution onto the sample provides a quality assurance
check to determine recovery efficiency of the extraction and analytical processes.]

12.1.8 Connect the Soxhlet extractor to the 1,000 mL boiling flask and condenser. Wet the glassjoints with
10% diethyl ether/hexaneto ensure atight seal between the fittings. If necessary, the PUF plug can be adjusted
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using forceps to wedge it midway along the length of the siphon. The above procedure should be followed for
all samples, with the inclusion of a blank control sample.

12.1.9 Thewater flow to the condenser towers of the Soxhlet extraction assembly should be checked and the
heating unit turned on. Asthe samples boil, the Soxhlet extractors should be inspected to ensure that they are
filling and siphoning properly (4 to 6 cycles’hour). Samples should cycle for aminimum of 16 hours.

12.1.10 At theend of the extracting process (minimum of 16 hours), the heating unit is turned off and the
sample cooled to room temperature.

12.1.11 Theextracts are then concentrated to 5 mL using a Kuderna-Danish (K-D) apparatus. The K-D is
st up, assembled with concentrator tubes, and rinsed. The lower end of the filter tube is packed with glass wool
and filled with sodium sulfate to a depth of 40 mm. Thefilter tube isthen placed in the neck of the K-D. The
Soxhlet extractors and boiling flasks are carefully removed from the condenser towers and the remaining solvent
isdrained into each boiling flask. Sample extract is carefully poured through the filter tube into the K-D. Each
boiling flask isrinsed three times by swirling hexane dong the sides. Once the sample has drained, the filter tube
is rinsed down with hexane. Each Snyder column is attached to the K-D and rinsed to wet the joint for atight
seal. The complete K-D apparatus is placed on a steam bath and the sample is evaporated to approximately 5
mL.

[Note: Do not allow samples to evaporate to dryness.]

Remove sample from the steam bath, rinse the Snyder column with a minimum of hexane, and allow to cool.
Adjust sample volume to 10 mL in a concentrator tube, close with a glass stopper, and seal with TFE
fluorocarbon tape. Alternatively, the sample may be quantitatively transferred (with concentrator tube rinsing)
to prescored vials and brought up to final volume. Concentrated extracts are stored at <4°C until analyzed.
Analysis should occur no later than 40 days after sample extraction.

12.2 Sample Cleanup

12.2.1 If only polar compounds are sought, an alumina cleanup procedure is appropriate. Before cleanup,
the sample extract is carefully reduced to 1 mL using a gentle stream of clean nitrogen.

12.2.2 A glass chromatographic column (2-mm 1.D. x 15-cm long) is packed with alumina (7), activity grade
IV, and rinsed with approximately 20 mL of n-hexane. The concentrated sample extract is placed on the column
and duted with 10 mL of n-hexane at arate of 0.5 mL/minute. The eluate volume is adjusted to exactly 10 mL
and analyzed as per Section 13.

12.2.3 If both PCBsand common pesticides are sought, alternate cleanup procedures (8,9) may be required
(i.e., silicic acid).

12.2.4 Finaly, class separation and improved specificity can be achieved by column clean-up and separation
on Florisil (9).

Page 4A-20 Compendium of Methods for Toxic Organic Air Pollutants January 1999



Pesticides/PCBs Method TO-4A

13. Analytical Procedure

13.1 Analysis of Organochlorine Pesticides by Capillary Gas Chromatography with Electron Capture
Detector (GC/ECD)

[Note: Organochlorine pesticides, PCBs and many nonchlorinated pesticides are responsive to electron
capture detection (see Table 1). Most of these compounds can be analyzed at concentration of 1 to 50 ng/mL
by GC/ECD. The following procedure is appropriate. Sampling and analytical methods that have been used
to determine pesticides and PCBs collected from air using a modification of this methodology have been
published (14-22).]

13.1.1 Sdect GC column (e.g., 0.3-mm by 30-m DB-5 column) and appropriate GC conditions to separate
the target analytes. Typical operating parameters for this column with splitless injection are: Carrier gas-
chromatography grade helium at a flow rate of 1 to 2 mL/min and a column head pressure of 7to 9 psi (48 to
60 kPa); injector temperature of 250°C; detector temperature of 350°C; initial oven temperature of 50°C held
for 2.0 min., ramped a 15°C/min to 150°C for 8 min, ramped at 10°C/min to 295°C then held for 5 min; purge
time of 1.0 min. A typical injection volumeis2to 3 uL.

13.1.2 Remove sample extract from refrigerator and allow to warm to room temperature.

13.1.3 Prepare standard solution from reference materials of known purity. Analytically pure standards of
organochlorine pesticides and PCBs are available from several commercial sources.

13.1.4 Usethe standard solutions of the various compounds of interest to determine relative retention times
(RRTS) to aninternal standard such as p,p'-DDE, aldrin or octachloronaphthalene. Use 1 to 3-xL injections or
other appropriate volumes.

13.1.5 Determine detector linearity by injecting standard solutions of three different concentrations (amounts)
that bracket the range of analyses. The calibration is considered linear if the relative standard deviation (RSD)
of the three response factors for the three standards is 20 percent or less,

13.1.6 Cdibrate the system with aminimum of three levels of calibration standards in the linear range. The
low standard should be near the analytical method detection limit. The calibration is considered linear if the
relative standard deviation (RSD) of the three response factors for the three standardsis 20 percent or less. The
initia calibration should be verified by the analysis of a standard from an independent source. Recovery of 85
to 115 percent isacceptable. Theinitid calibration curve should be verified at the begining of each day and after
every ten samples by the analysis of the midpoint standard; an RPD of 15% or lessis acceptable for continuing
use of theinitial calibration curve.

13.1.7 Inject 1to 3 uL of sample extract. Record volume injected to the nearest 0.05 L.

13.1.8 A typical ECD response for a mixture of single component pesticides using a capillary column is
illustrated in Figure 12. If the response (peak height or ared) exceeds the calibration range, dilute the extract and
reanalyze.

13.1.9 Quantify PCB mixtures by comparison of the total heights or areas of GC peaks (minimum of five)
with the corresponding peaksin the best-matching standard. Use Araclor 1242 for early-eluting PCBs and either
Aroclor 1254 or Aroclor 1260 as appropriate for late-eluting PCBs.

13.1.10 If both PCBs and organochlorine pesticides are present in the same sample, use column
chromatographic separation on silicic acid (8,9) prior to GC analysis.

13.1.11 If polar compounds are present that interfere with GC/ECD analysis, use column chromatographic
cleanup or alumina (7), activity grade 1V, in accordance with Section 12.2.
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13.1.12 For confirmation use a second GC column such as DB-608. All GC procedures except GC/MS
require second column confirmation.

13.1.13 For improved resolution use acapillary column such asan 0.25-mm |.D. x 30-m DB-5 with 0.25 xm
film thickness. The following conditions are appropriate.

e Hdium carrier gasat 1 mL/min.

»  Column temperature program, 90°C (4 min)/16°C/min to 154°C/4°C/min to 270°C.
+ Detector, *Ni ECD at 350°C.

» Make up gas, nitrogen, or 5% methane/95% argon at 60 mL/min.

e Splitlessinjection, 2 xL maximum.

» Injector temperature, 220°C.

13.1.14 Class separation and improved specificity can be achieved by column chromatographic separation
on Florisil (9).

13.1.15 A Hall dectrolytic conductivity detector (HECD) operated in the reductive mode may be substituted
for the ECD for improved specificity. Sensitivity, however, will be reduced by at least an order of magnitude.

13.2 Analysis of Organophosphorus Pesticides by Capillary Gas Chromatography with Flame
Photometric or Nitrogen-Phosphorus Detectors (GC/FPD/NPD)

[Note: Organophosphorus pesticides are responsive to flame photometric and nitrogen-phosphorus (alkali
flame ionization) detection. Most of these compounds can be analyzed at concentrations of 50 to 500 ng/mL
using either of these detectors.]

13.2.1 Proceduresgivenin Section 13.1.1 through 13.1.9 and Section 13.1.13 through 13.1.14 apply, except
for the selection of surrogates.

13.2.2 Use tributylphosphate, triphenylphosphate, or other suitable compound(s) as surrogates to verify
extraction efficiency and to determine RRTSs.

13.3 Analysis of Carbamate and Urea Pesticides by Capillary Gas Chromatography with Nitrogen-
Phosphorus Detector

13.3.1 Trazine, carbamate, and urea pesticides may be determined by capillary GC (DB-5, DB-17, or
DB-1701 gtationary phase) using nitrogen-phosphorus detection or MS-SIM with detection limitsin the 0.05 to
0.2 uL/mL range. Proceduresgiven in Section 13.1.1 through 13.1.9 and Section 13.1.13 through 13.1.14 apply,
except for the selection of surrogates, detector, and make up gas.

13.3.2 Therma degradation may be minimized by reducing the injector temperature to 200°C. HPLC may
also be used, but detection limits will be higher (1to 5 ng/mL).

13.3.3 N-methyl carbamates may be determined using reverse-phase high performance liquid
chromatography (HPLC) (C-18) (Section 13.4) and post-column derivization with o-phthaldehyde and
fluorescence detection (EPA Method 531). Detection limits of 0.01 to 0.1 n.g/mL can be achieved.
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13.4 Analysis of Carbamate, Urea, Pyrethroid, and Phenolic Pesticides by High Performance Liquid
Chromatography (HPLC)

[Note: Many carbamate pesticides, urea pesticides, pyrethrins, phenols, and other polar pesticides may be
analyzed by high HPLC with fixed or variable wavelength UV detection. Either reversed-phase or normal
phase chromatography may be used. Detection limits are 0.2 to 10 ng/mL of extract.]

13.4.1 Sdect HPLC column (i.e,, Zorbax-SIL, 46-mm |.D. x 25-cm, or w-Bondapak C18, 3.9-mm x 30-cm,
or equivalent).

13.4.2 Sdect solvent system (i.e., mixtures of methanol or acetonitrile with water or mixtures of heptane or
hexane with isopropanal).

13.4.3 Follow analytical procedures given in Sections 13.1.2 through 13.1.9.

13.4.4 If interferences are present, adjust the HPLC solvent system composition or use column
chromatographic clean-up with silicagel, alumina, or Florisil (9).

13.4.5 An eectrochemical detector may be used to improve sensitivity for some ureas, carbonates, and
phenolics. Much more careisrequired in using this detector, particularly in removing dissolved oxygen from the
mobile phase and sample extracts.

13.4.6 Chlorophenal (di- through penta-) may be analyzed by GC/ECD or GC/MS &fter derivatization with
pentafluorobenzylbromide (EPA Method 604).

13.4.7 Chlorinated phenoxyacetic acid herbicides and pentachl orophenol can be analyzed by GC/ECD or
GC/MS after derivatization with diazomethane (EPA Method 515). DB-5 and DBJ-1701 columns (0.25-mm
[.D. x 30-m) at 60 to 300°C/4°C per min have been found to perform well.

13.5 Analysis of Pesticides and PCBs by Gas Chromatography with Mass Spectrometry Detection
(GC/MS)

[Note: A mass spectrometer operating in the selected ion monitoring mode is useful for confirmation and
identification of pesticides.]

13.5.1 A mass spectrometer operating in select ion monitoring (SIM) mode can be used as a sensitive
detector for multi-residue determination of awide variety of pesticides. Mass spectrometers are now available
that provide detection limits comparable to nitrogen-phosphorus and €l ectron capture detectors.

13.5.2 Mot of the pesticides shown in Table 1 have been successfully determined by GC/MS-SIM. Typical
GC operating parameters are as described in Section 13.1.1.

13.5.3 The mass spectrometer is typically operated using positive ion electron impact ionization (70 eV).
Other instrumental parameters are instrument specific.

13.5.4 p-Terphenyl-d,, iscommonly used as a surrogate for GC/M S analysis.

13.5.5 Quantification is typically performed using an interna standard method. 1,4-Dichlorobenzene,
naphtha ene-d,, acenaphthene-d,,, phenanthrene-d,,, chrysene-d,, and perylene-d,, are commonly used as internal
standards. Procedures given in Section 13.1.1 through 13.1.9 and Section 13.1.13 through 13.1.14 apply, except
for the selection of surrogates, detector, and make up gas.

13.5.6 See ASTM Practice D 3687 for injection technique, determination of relative retention times, and
other procedures pertinent to GC and HPL C analyses.
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13.6 Sample Concentration

13.6.1 If concentrations are too low to detect by the analytical procedure of choice, the extract may be
concentrated to 1 mL or 0.5 mL by carefully controlled evaporation under an inert atmosphere. The following
procedure is appropriate.

13.6.2 Place K-D concentrator tube in a water bath and analytical evaporator (nitrogen blow-down)
apparatus. The water bath temperature should be from 25°C to 50°C.

13.6.3 Adjust nitrogen flow through hypodermic needle to provide a gentle stream.

13.6.4 Carefully lower hypodermic needle into the concentrator tube to a distance of about 1 cm above the
liquid level.

13.6.5 Continue to adjust needle placement asliquid level decreases.

13.6.6 Reduce volumeto dightly below desired level.

13.6.7 Adjust tofina volume by carefully rinsing needle tip and concentrator tube well with solvent (usually
n-hexane).

14. Calculations
14.1 Determination of Concentration

14.1.1 The concentration of the analyte in the extract solution can be taken from a standard curve where peak
height or areais plotted linearly against concentration in nanograms per milliliter (ng/mL). If the detector
response is known to be linear, asingle point is used as a calculation constant.

14.1.2 Fromthe standard curve, determine the nanograms of analyte standard equivalent to the peak height
or areafor a particular compound.

14.1.3 Ascertain whether the field blank is contaminated. Blank levels should not exceed 10 ng/sample for
organochlorine pesticides or 100 ng/sample for PCBs and other pesticides. If the blank has been contaminated,
the sampling series must be held suspect.

14.2 Equations

14.2.1 Quantity of the compound in the sample (A) is calculated using the following equation:
A xV
A = 1000 ( :)
Vi

where:
A = total amount of analyte in the sample, ng.
A, = calculated amount of material injected onto the chromatograph based on calibration
curve for injected standards, ng.
V.= final volume of extract, mL.
V; = volume of extract injected, nL.
1000 = factor for converting microliters to milliliters.
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14.2.2 Theextraction efficiency (EE) is determined from the recovery of surrogate spike as follows:

gs’ [100]

a

EE(%) -

where:
EE = extraction efficiency, %
S= amount of spike recovered, ng.
S,= amount of spike added to plug, ng.

The extraction efficiency (surrogate recovery) must fall between 60-120% to be acceptable.

14.2.3 Thetotd volume of air sampled under ambient conditions is determined using the following equation:

n

> (T xF)
Va _i=1
1000 L/m?®

where:
V,= total volume of air sampled, m®.
T, = length of sampling segment between flow checks, min.
F, = average flow during sampling segment, L/min.

14.2.4 Theair volumeis corrected to EPA standard temperature (25°C) and standard pressure (760 mm Hg)

asfollows:
P. -P
V.=V, b W 298K
760 mm Hg t

A

where:

V.= volume of air at standard conditions (25°C and 760 mm Hg), std. m®.
V,= total volume of air sampled, m®.

P, = average ambient barometric pressure, mm Hg.

P, = vapor pressure of water at calibration temperature, mm Hg.

t, = average ambient temperature, °C + 273.

14.2.5 If the proper criteriafor a sample have been met, concentration of the compound in a standard cubic
meter of air sampled is calculated as follows:

(A)

C(ng/std. m3) = V)
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If it is desired to convert the air concentration value to parts per trillion (ppt) in dry air at standard
temperature and pressure (STP), the following conversion is used:

ppt = 0.844 (C)

The air concentration can be converted to parts per trillion (v/v) in air at STP asfollows:

(24.45) (C)

tv = | 7 ‘¥
pptv )

where:
MW = molecular weight of the compound of interest, g/g-mole.

14.2.6 If quantification is performed using an interna standard, arelative response factor (RRF) is calculated
by the equation:
(19(Cy
((CY

where:

I,= integrated area of the target analyte peak, counts.
l..= integrated area of the internal standard peak, counts.
C.= concentration of theinternal standard, ng/u.L.

C,= concentration of the analyte, ng/pL.

14.2.7 The concentration of the analyte (C,) in the sample isthen calculated as follows:
1)(CY
2 (RRA(lY

where:
I,= integrated area of the target analyte peak, counts.
RRF = relative response factor (see Section 14.2.7).

15. Performance Criteria and Quality Assurance

[Note: This section summarizes required quality assurance (QA) measures and provides guidance concerning
performance criteria that should be achieved within each laboratory.]
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15.1 Standard Operating Procedures (SOPs)

15.1.1 Usersshould generate SOPs describing the following activities accomplished in their laboratory: (1)
assembly, calibration, and operation of the sampling system, with make and model of equipment used; (2)
preparation, purification, storage, and handling of sampling cartridges, (3) assembly, calibration, and operation
of the analytical system, with make and model of equipment used; and (4) all aspects of data recording and
processing, including lists of computer hardware and software used.

15.1.2 SOPs should provide specific stepwise instructions and should be readily available to, and understood
by, the |aboratory personnel conducting the work.

15.2 Process, Field, and Solvent Blanks

15.2.1 One filter/PUF cartridge from each batch of approximately twenty should be analyzed, without
shipment to the field, for the compounds of interest to serve as a process blank.

15.2.2 During each sampling episode, at least one filter/PUF cartridge should be shipped to the field and
returned, without drawing air through the sampler, to serve asafield blank.

15.2.3 Before each sampling episode, one PUF plug from each batch of approximately twenty should be
spiked with aknown amount of the standard solution. The spiked plug will remain in a sealed container and will
not be used during the sampling period. The spiked plug is extracted and analyzed with the other samples. This
field spike acts as a quality assurance check to determine matrix spike recoveries and to indicate sample
degradation.

15.2.4 Duringthe anaysis of each batch of samples, at least one solvent process blank (all steps conducted
but no filter/PUF cartridge included) should be carried through the procedure and analyzed.

15.2.5 Levelsfor process, field and solvent blanks should not exceed 10 ng/sample for single components
or 100 ng/sample for multiple component mixtures (i.e., for organochlorine pesticides and PCBS).

15.3 Method Precision and Bias

15.3.1 Precision and biasin thistype of analytical procedure are dependent upon the precision and bias of
the analytical procedure for each compound of concern, and the precision and bias of the sampling process.

15.3.2 Severa different parameters involved in both the sampling and analysis steps of this method
collectively determine the precision and bias with which each compound is detected. As the volume of air
sampled isincreased, the sensitivity of detection increases proportionately within limits set by: (a) the retention
efficiency for each specific component trapped on the polyurethane foam plug, and (b) the background
interference associated with the analysis of each specific component at a given site sampled. The sensitivity of
detection of samples recovered by extraction depends on: (a) the inherent response of the particular GC detector
used in the determinative step, and (b) the extent to which the sample is concentrated for analysis. It isthe
responsibility of the analyst(s) performing the sampling and analysis steps to adjust parameters so that the
required detection limits can be obtained.

15.3.3 The reproducibility of this method for most compounds for which it has been evaluated has been
determined to range from 5 to +30% (measured as the relative standard deviation) when replicate sampling
cartridges are used (N>5). Sample recoveries for individual compounds generally fall within the range of 90 to
110%, but recoveries ranging from 65 to 125% are considered acceptable.
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15.4 Method Safety

15.4.1 Thisprocedure may involve hazardous materials, operations, and equipment. This method does not
purport to address all of the safety problems associated with its use.

15.4.2 It isthe users responsibility to consult and establish appropriate safety and health practices and
determine the applicability of regulatory limitations prior to the implementation of this procedure. This should
be part of the users SOP manual.
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TABLE 1. COMPOUNDS FOR WHICH PROCEDURE HAS BEEN TESTED*

Recommended Recommended
Compound Andysis® Compound Andysis
Alachlor GC/ECD Folpet GC/ECD
Aldrin GC/ECD Heptachlor GC/ECD
Allethrin HPLC/UV Heptachlor epoxide GC/ECD
Aroclor 1242 GC/ECD Hexachlorobenzene GC/ECD
Aroclor 1254 GC/ECD Lindane (y-BHC) GC/ECD
Aroclor 1260 GC/ECD Linuron HPLC/UV
Atrazine GC/NPD Malathion GC/NPD or FPD
Bendiocarb HPLC/UV Methyl parathion GC/NPD or FPD
BHC («- and B-Hexachlorocyclohexanes) GC/ECD Methoxychlor GC/FCD
Captan GC/ECD Metolachlor GC/ECD
Carbaryl HPLC/UV M exacarbate GC/FCD
Carbofuran HPLC/UV Mirex GC/ECD
Chlordane, technical GC/ECD Monuron HPLC/UV
Chlorothalonil GC/ECD Trans-nonachlor GC/ECD
Chlorotoluron HPLC/UV Oxychlordane GC/ECD
Chlorpyritos GC/ECD Pentachl orobenzene GC/ECD
2,4-D esters and salts GC/ECD Pentachl ophenol GC/ECD
Dacthal GC/ECD Permethrin (cis and trans) HPLC/UV
p,p-'DDT GC/ECD o-Phenylphenol HPLC/UV
p,p-DDE GC/ECD Phorate GC/NPD or FPD
Diazinon GC/NPD or FPD Propazine GC/NPD
Dicloran GC/ECD Propoxur (Baygon) HPLC/UV
Diddrin GC/ECD Pyrethrin HPLC/UV
Dicofal GC/ECD Resmethrin HPLC/UV
Dicrotophos HPLC/UV Ronnel GC/ECD
Diuron HPLC/UV Simazine HPLC/UV
Ethyl parathion GC/NPD or FPD Terbuthiuron HPLC/UV
Fenvalerate HPLC/UV Trifluralin GC/ECD
Fluometuron HPLC/UV

NP

The following recommendations are specific for that analyte for maximum sensitivity.
GC = gas chromatography; ECD = electron capture detector, FPD = flame photometric detector; HPLC = high performance

liquid chromatography; NPD = nitrogen-phosphorus detector; UV = ultraviolet absorption detector; GC/MS = gas chromatography/mass

spectrometry may also be used.
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Figure 1. Typical high volume air sampler for monitoring common pesticides and PCBs.
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Figure 2. Typical absorbent cartridge assembly for sampling common pesticides and PCBs.
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Figure 3. Portable high volume air sasmpler developed by EPA.
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Figure 4. Apparatus used for sample clean-up and extraction.
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5a. Glass PUF cartridge, plug, and end caps.
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5b. PUF shipping container.

Figure 5. Glass PUF cartridge (54) and shipping container
(5b) for use with high-volume sampling systems.
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Figure 6. Positive displacement rootsmeter used to calibrate orifice transfer standard.
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ORIFICE CALIBRATION DATA SHEET
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Orifice No.
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Factors: (R?)(0.02832 —) - m? and (in. Hg) 25.4 (m‘m H’o’) - mm Hg

Calculation EquationS'

- AP T
1. V = V ( )(—)
Pstd 1

where:

Tgq = 296°K

Pyq = 760.0 mm Hg

Vstd

2 Q= 5

Figure 7. Orifice calibration data shest.
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Figure 8. Field calibration configuration of the high-volume sampler
for common pesticides and PCBs.
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COMPENDIUM METHOD TO-4A
FIELD CALIBRATION DATA SHEET FOR SAMPLER CALIBRATION

Sampler ID: Cadlibration Orifice ID:
Sampler Location: Job No.:
High Volume Transfer Orifice Data:
Correlation Coefficient (CC1): Slope (M1):
(CC2): (M2):
Intercept (B1):
(B2):
Cdlibration Date: _ Time:
Cdlibration Ambient Temperature: __ °F __ °C CALIBRATOR'S SIGNATURE
Calibration Ambient Barometric Pressure: _ "Hg__ mmHg

Cadlibration set point (SP):

SAMPLER CALIBRATION

Actual values from calibration

Calibrated values

Orifice Monitor

manometer,
inches
(Y1)

Magnehdlic,
inches
(Y2)

Orifice
manometer
(Y3)

Monitor
Magnehelic
(Y4)

Calculated value
orifice flow, scm
(X1)

70

60

50

40

30

20

10

Definitions

Y1 = Cdlibration orificereading, in. H,O
Y2 = Monitor Magnehelic reading, in. H,O

P, = Barometric pressure actual, mm Hg

B1 = Manfacturer's Calibration orifice I ntercept

M1 = Manufacturer's Calibration orifice manometer
slope

Y3 = Cdculated value for orifice manometer

= [Y1(Pal760)(298/{ Ta+ 273})]*

Y4 = Calculated valuefor Magnehelic
= [Y2(Pal760)(298/{ Ta+ 273})]*

X1 = Calculated value orifice flow, scm
_ Y3-B1
T M1
P,y = Barometric pressure standard, 760 mm Hg
T, = Temperatureactual, °C
Tqe = Temperature standard, 25°C

Figure 9. Orifice transfer standard field calibration data sheet.
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Figure 10. Relationship between orifice transfer standard and flow rate through sampler.
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Method TO-4A

COMPENDIUM METHOD TO-4A
FIELD TEST DATA SHEET
GENERAL INFORMATION

Sampler 1.D. No.:

Lab PUF Sample No.:

Sample location:

Operator:

Other:

PUF Cartridge Certification Date: Start Stop
Date/Time PUF Cartridge Installed: Barometric pressure (*'"HQg)
Elapsed Timer: Ambient Temperature (°F)
Start Rain Yes Yes
Stop No No
Diff. Sampling time
Sampling Start
Stop
M1 B1 Diff.
M2 B2
Audit flow check within £10 of set point
Yes
No
CALCULATED
BAROMETRIC MAGNEHELIC FLOW RATE
TIME TEMP PRESSURE READING (scmm) READ BY
Avg.
Comments

Figure 11. Field test data sheet.

January 1999

Compendium of Methods for Toxic Organic Air Pollutants

Page 4A-45



Method TO-4A Pesticides/PCBs

Page 4A-46 Compendium of Methods for Toxic Organic Air Pollutants January 1999



Pesticides/PCBs Method TO-4A

OPERATING CONDITIONS

Column Type: DB-5 0.32 capillory, Dibutylchlorendate
0.25 um film thickness

Column Temperature Program: 90°C(4min)/16'C per min to
154'C/4'C per min to 270°C.

Detector: Electron Capture
Carrier Gas: Helium ot 1 mL/min.

Make Up Gas: 5% Methane/95% Argon at 60 mL/min.

Methoxychior

Heptachior Aldrin

Lindane Endrin
p,p'DDT
Dieldrin

A AL_RK

L 4 iy

s

TIME ——i

Figure 12. Chromatogram showing a mixture of single component pesticides determined
by GC/ECD using a capillary column.
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METHOD TO-5 Revision 1.0
April, 1984

METHOD FOR THE DETERMINATION OF ALDEHYDES AND KETONES IN AMBIENT
AIR USING HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

1.

Scope

1.1

1.2

Thi s docunent describes a nethod for determ nation
of i1ndividual al dehydes and ketones in anbient air.
Wth careful attention to reagent purity and ot her
factors the nethod can detect npbst nonofunctional
al dehydes and ketones at the 1-2 ppbv |evel.

Specific conmpounds for which the nmethod has been
enpl oyed are listed in Table 1. Several studies
have wused the sane basic nethod, wth mnor
procedural differences, for analysis of anbient air
(1-3).

Applicable Documents

2.1

2.2

ASTM St andar ds:
D 1356 Definitions of Terns Related to Atnospheric
Sanpling and Anal ysi s(s)

O her Docunents
Anmbi ent air studies (1-3)
U.S. EPA Techni cal Assistance Docunent (4)

Summary of Method

3.1

3.2

Anmbient air is drawn through a mdget inpinger
cont ai ni ng 10 nmL of 2N HC1/0.05% 2, 4-
di ni trophenyl hydrazi ne (DNPH reagent) and 10 nL of
i sooct ane. Al dehydes and ketones readily form
st abl e 2,4-dinitrophenyl hydrazones ( DNPH
derivatives).

The inpinger solution is placed in a screw capped
vial having a teflon-lined cap and returned to the
| aboratory for analysis. The DNPH derivatives are
recovered by renoving the isooctane |ayer,
extracting the aqueous layer with 10 nL of 70/30
hexane/ net hyl ene chl ori de, and conbining the
organi c | ayers.



3.3

3.4

The conbined organic |layers are evaporated to
dryness under a stream of nitrogen and the residue
di ssol ved i n met hanol .

The DNPH derivatives are determ ned using reversed
phase HPLC with an wultraviolet (UV) adsorption
detector operated at 370 nm

Significance

4.1

4.2

Al dehydes and ketones are emtted into the
at nosphere from chem cal operations and various
conmbustion sources. In addition, several of these
conmpounds (e.g., formal dehyde and acet al dehyde) are
produced by photochem cal degradation of other
organi ¢ conpounds. Many of these conpounds are
acutely toxic and/or carcinogenic, thus requiring
their determnation in anmbient air in order to
assess human heal th inpacts.

Conventional nethods for al dehydes and ket ones have
general ly enpl oyed colorinetric techniques wherein
only one or two conpounds are detected, or the sum
of nunmerous conpounds is determ ned. The net hod
descri bed herein provides a neans for specifically
determning a wide variety of al dehydes and ketones
at typical anbient concentrations.

Definitions

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

use.

Interferences

6.1

6.2

The only significant interferences in the nethod
are certain isoneric aldehydes or ketones which may
be unresolved by the HPLC system Such
interferences can often by overcone by altering the
separation conditions (e.g., using alternate HPLC
columms or nobil e phase conpositions).

For mal dehyde contam nati on of the DNPH reagent is a
frequently encountered problem The reagent nust
be prepared within 48 hours before use and nust be
stored in an uncontam nated environnent before and
after sanpling to mnimze blank problens. Acetone
contam nati on IS apparently unavoi dabl e



Apparatus

7.1

7.10

7.14

Consequently, the nethod cannot be wused to
accurately nmeasure acetone |evels except in highly
cont am nat ed envi ronnents.

| socratic HPLC systemconsisting of high pressure
punp, injection valve, Zorbax ODS colum (25 cm x
4.6 mm ID), variable wavelength UV detector, and
data systemor stripchart recorded. See Figure 3.
Sanpl i ng system capabl e of accurately and precisely
sanpling 100-1000 ni/m nute of anbient air. See
Figure 1.

St opwat ch

Friction top netal can, e.g., one-gallon (paint
can) - to hold DNPH reagent and sanpl es

Thernoneter - to record anbi ent tenperature

Bar onmet er (optional)

Anal ytical balance - 0.1 ng sensitivity

Reci procati ng shaker

M dget inpingers - jet inlet type - 25 nL vol une
|ce bath - for cooling inpingers during sanpling

Ni trogen evaporator wth heating block - for
concentrating sanpl es

Suction filtration apparatus - for filtering HPLC
nobi | e phase.

Vol unetric flasks - 100 nL and 500 ni.
Pipettes - various sizes, 1-10 ni.

Helium purge line (optional) - for degassing HPLC
nobi | e phase.

Erl enneyer flask, 1-liter - for preparing HPLC
nobi | e phase.

Graduated cylinder, 1 liter - for preparing HPLC
nobi | e phase.



7.18 Mcroliter syringe, 10-25 uL - for HPLC injector.

Reagents and Materials

8.1 Bottles, 10 oz. glass, wth teflon-lined screw cap
- for storing DNPH reagent.

8.2 Vials, 50 m., with teflon-lined screw cap - for
hol di ng sanpl es and extracts.

8.3 Di sposabl e pi pettes and bul bs.

8.4 G anul ar char coal

8.5 Met hanol , hexane, nethylene chloride, isooctane -
distilled in glass or pesticide grade.

8.6 2, 4-Di ni trophenyl hydr azi ne - hi ghest purity
avai |l abl e (20% noi sture).

8.7 Ni trogen, conpressed gas cylinder - 99.99% purity
for sanpl e evaporation.

8.8 Pol yester filters, 0.22 um - Nucl epore or equiv.

8.9 DNPH derivatives of the conponents of interest -
synt hesi zed from DNPH and neat al dehydes accordi ng
to reference (7). Recrystalized from ethanol

bef ore use.
Preparation of DNPH Reagent

9.1 Each batch of DNPH reagent should be prepared and
purified within 48 hours of sanpling, according to
the procedure described in this section.

9.2 Two hundred and fifty mlligrans of solid 2,4-
di ni trophenyl hydrazine and 90 nL of concentrated
hydrochloric acid are placed into a 500 nL
volunmetric flask and the flask is filled to the
mark with reagent water. The flask is then
inverted several times or sonified until all of the
solid material has dissol ved.

9.3 Approxi mately 400 nmL of the DNPH reagent is placed
in a 16 ounce glass screw capped bottle having a
teflon-lined cap. Approximately 50 nL of a 70/ 30
(M'V) hexane/ net hyl ene chloride m xture is added to
the bottle and the capped bottle is shaken for 15
m nutes on a reciprocating shaker. The organic



10.

9.4

9.5

Sampling

10.1

10. 2

10. 3

| ayer is then renoved and di scarded by decanting as
much as possible and using a di sposable pipette to
remove the remai ning organic |ayer.

The DNPH reagent is extracted two nore tinmes as
described in 9.3. The bottle is then tightly
capped, sealed wth teflon tape, and placed in a
friction top can (paint can) containing a 1-2 inch
| ayer of granulated charcoal. The bottle is kept
in the sealed can prior to use.

A portion of the DNPH reagent is anal yzed using the
procedure described in Section 11 prior to use in
order to ensure that adequate background | evels are
mai nt ai ned.

The sanpling apparatus is assenbled and should be
simlar to that shown in Figure 1. EPA Method 6
uses essentially the sane sanpling system (8). Al
gl assware (e.g., inpingers, sanpling bottles, etc.)
must be thoroughly rinsed with nmethanol and oven
dri ed before use.

Prior to sanple collection the entire assenbly
(including enpty sanple inpingers) is installed and
the flow rate checked at a val ue near the desired
rate. In general flow rates of 100-1000 niL/m nute
are useful. Flow rates greater than ~1000
m./ m nute should not be wused because inpinger
collection efficiency may decrease. Generally
calibration is acconplished using a soap bubble
flow nmeter or calibrated wet test neter connected
to the flow exit, assumng the entire systemis
seal ed. ASTM Met hod D3686 descri bes an appropriate
calibration schenme not requiring a sealed flow
system downstream of the punp.

ldeally a dry gas neter is included in the system
to record total flow If a dry gas neter is not
avai |l abl e the operator nust neasure and record the
sanpling flow rate at the beginning and end of the
sanpling period to determ ne sanple volune. |f the
sanmpling period exceeds two hours the flow rate
should be neasured at internediate points during
the sanpling period. Ideally a rotaneter should be
included to allow observation of the flow rate
W thout interruption of the sanpling process.



10. 4

10.

10.

10.

5

6

7

To collect an air sanple two cl ean m dget inpingers
are loaded with 10 nL of purified DNPH reagent and
10 nL of isooctane. The inpingers are connected in
series to the sanpling system and sanple flow is
started. The follow ng paraneters are recorded on
the data sheet (see Figure 3 for an exanple):
date, sanpling location, tine, anbient tenperature,
baronetric pressure (if avai l abl e), relative
humdity (if available), dry gas nmeter reading (if
appropriate), flow rate, rotaneter setting, DNPH
reagent batch nunber, and dry gas neter and punp
identification nunbers.

The sanpler is allowed to operate for the desired
period, with periodic recording of the variables
listed above. The total flow should not exceed ~80
liters. The operator must ensure that at |east 2-3
mL of isooctane remains in the first inpinger at
the end of the sanpling interval (i.e., for high
anbi ent tenperatures | ower sanpling volunes may be
required).

At the end of the sanpling period the paraneters
listed in 10.4 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
i nterval. If the flow rate at the beginning and

end of the sanpling period differ by nore than 15%
t he sanpl e shoul d be marked as suspect.

| medi ately after sanpling the inpingers are
renoved fromthe sanpling system The contents of
the first inpinger are enptied into a clean 50 nL
glass vial having a teflon-lined screw cap. The
first inpinger is then rinsed with the contents of
t he second (backup) inpinger and the rinse solution
is added to the vial. The vial is then capped,
sealed with teflon tape and placed in a friction
top can containing 1-2 inches of granul ar charcoal.
The sanples are stored in the can, refrigerated
until anal ysis.



11.

10. 8

10.9

If a dry gas neter or equivalent total flow
indicator is not used the average sanple flowrate
must be calculated according to the follow ng
equat i on:

- Q,4Q,. ... Q
- N

Qu

wher e

Q. = Average flowrate in nL/ m nute.

Q) Q....Q = Flow rate determned at
t he beginning, end, and
i ntermedi at e poi nts
during sanpling.

N = Nunber of points averaged.

The total flow is then calculated using the
fol |l ow ng equati on:

_ ( T2 _Tl) QA
m 1000
V,= Total volunme sanpled in liters at
measured tenperature and pressure
T, = Stop tine
T, = Start tine (T, - T, given in m nutes)

Sample Analysis

11.1

Sanpl e Preparation

11.1.1 The sanples are returned to the |aboratory in

50 nL screw capped glass vials. To recover the
DNPH derivatives the follow ng procedure is
enpl oyed.

11.1.2 The vials are shaken in a horizontal position

on a reciprocating shaker for 10 mnutes. The
vials are then renoved fromthe shaker and the
i sooctane layer is renoved and placed in a
second clean 50 nL screw capped glass via
usi ng a di sposabl e pi pette.

11.1.3 The remai ni ng aqueous |layer is extracted with

10 nL of 70/30 (V/V) hexane/ net hyl ene chl ori de
in the sane manner as described in 11.1.2

The organic |ayer is renoved and conbined with
t he i sooctane extract.



11.1. 4
11. 2 HPLC
11.2.1

11.

11.

11.

11.

11.

The conbined organic extracts are then
concentrated to dryness at 40°C under a stream
of pure nitrogen. Wen the sanple |ust
reaches dryness the vial is renoved fromthe
nitrogen streamand a neasured volune (2-5 nlL)
of nethanol is added to the vial. The vial is
tightly capped and stored refrigerated unti
anal ysi s.

Anal ysi s

The instrunent is assenbled and calibrated as
described in Section 12. Prior to each
anal ysis the detector baseline is checked to
ensure stabl e operation.

A 5-25 uL aliquot of the sanple, dissolved in
met hanol, is drawn into a clean HPLC injection
syringe. The sanple injection loop is |oaded
and an injection is nade. The data system if
avai lable, is activated simultaneously wth
the injection and the point of injection is
mar ked on the stripchart recorder.

After approximately one mnute, the injection
valve is returned to "load" position and the
syringe and valve are flushed with nethanol in
preparation for the next sanple anal ysis.

After elution of the |l|ast conponent of
interest the acquisition is termnated and the
conmponent concentrations are calculated as
described in Section 13.

After a stable baseline is achieved the system
can be used for further sanple anal yses as
descri bed above.

If the concentration of a conponent exceeds
the linear range of the instrunent the sanple
shoul d be diluted with nethanol, or a smaller
vol unme can be injected onto the HPLC

12. HPLC Assembly and Calibration

12.1

The HPLC systemis assenbl ed as shown in Figure 3.

The

typi cal chromat ographic performance and

operating paraneters are shown in Figure 4.



12.

12.

12.

12.

12.

2

3

4

5

6

Mobile phase is prepared by mxing 800 nL of
met hanol and 200 nL of reagent water. This m xture
is filtered through a 0.22 um polyester nenbrane
filter in all glass and teflon suction filtration
apparatus. The filtered nobile phase is degassed
by purging with heliumagas for 10-15 m nutes (~100
m./ m nute) or by heating to ~60°C for 5-10 m nutes
in an Erlenneyer flask covered with a watch gl ass.
A constant back pressure restrictor (~50 psi) or
short length (6-12 inches) of 0.01 inch I.D. teflon
tubing should be placed after the detector to
further elimnate nobil e phase outgassing.

The nobile phase is placed in the HPLC sol vent
reservoir and the punp flowis set at 1 ni/mnute
and allowed to punp for 20-30 mnutes prior to the
first analysis. The detector is switched on at
| east 30 mnutes prior to the first analysis and
the detector output is displayed on a stripchart
recorder or simlar output device at a sensitivity
of .008 absorbance units full scale (AUFS). Once a
stabl e baseline is achieved the systemis ready for
cal i bration.

Cal i bration standards are prepared in nmethanol from
the solid DNPH derivatives. | ndi vi dual stock
solutions of ~100 ng/L are prepared by dissolving
10 ng of the solid derivative in 100 nL of
met hanol . These individual solutions are used to
prepare calibration standards containing all of the
derivatives of interest at concentrations of 0.1 -
10 ng/L, which spans the concentration of interest
for nost anmbient air work.

Al'l calibration runs are perforned as descri bed for
sanpl e analyses in Section 11. Before initial use
the operator should inject a series of calibration
standards (at least three |evels) spanning the
concentration range of interest. Using the WV
detector, a |linear response range of approximtely
0.1 to 10 ng/L should be achieved, for ~10 uL

i njection vol unes. Li near response is indicated
where a correlation coefficient of a |east 0.999
for a linear least squares fit of the data

(concentration versus area response) is obtained.

Once linear response has been docunented an
intermediate concentration standard near the
anticipated | evels for each conponent, but at |east
10 times the detection Iimt, should be chosen for



12.

7

daily calibration. The response for the various
DNPH conponents should be within 10% day to day.
|f greater variability is observed nore frequent
calibration may be required to ensure that valid
results are obtained.

The response for each conponent in the daily
calibration standard is wused to calculate a
response factor according to the followng
equat i on:

o C.XxV,
¢ R

Cc

wher e
RF. = response factor for the conponent of
i nterest in nanograns injected/response
unit (usually area counts).
C. = concentration of conmponent in the daily
calibration standard (ng/L).
V, = volune of calibration standard injected

(uLb).
response for conponent of interest in
calibration standard (area counts).

13. Calculations

13.

1

The volunme of air sanpled is often reported
uncorrected for atnospheric conditions (i.e. under
anmbi ent conditions). However, the value can be
adjusted to standard conditions (25°C and 760 mm
pressure) using the follow ng equati on:

P
W x— A x_298
s 760" 273+,

wher e

V, = total sanple volune at 25°C and 760 nmm Hg
pressure (liters).

V, = total sanple volune under anbi ent
conditions (liters). Calculated in 10.9
or fromdry gas neter reading.

P, = anbient pressure (mHg).

T, = anbient tenperature (°C).



13.2

13.3

13. 4

The concentration of each aldehyde (as the DNPH
derivative) is calculated for each sanple using the
foll ow ng equati on:

VE
Wd:RFCXRdXVI

wher e

W = total quantity of derivative in the
sampl e (ug).

RF. = response factor calculated in 12.7

R, = response for conponent in sanple extract
(area counts or other response units).

Ve = final volune of sanple extract (nliL).

V, = volunme of extract injected onto the HPLC

system (ulL).

The concentration of aldehyde in the original
sanple is calculated fromthe foll owm ng equati on:

W, MW,
C,= X x1000
V. (orV) Mw,

wher e

C, = concentration of aldehyde in the original
sanple (ng/L).

V,or V, are as specified in Section 13. 1.

MA and MW\, are the nol ecul ar wei ghts (g/nole)

of the aldehyde and its correspondi ng DNPH

derivative, respectively.

The al dehyde concentrations can be converted to
ppbv using the foll ow ng equation:

24. 4

MW,

C,(ppbv) =C,(ng/ L) x

wher e

C, (ng/L) is calculated using V..



14.

Performance Criteria and Quality Assurance

This section sunmarizes the quality assurance (QA) neasures
and provi des gui dance concerning performance criteria which
shoul d be achi eved within each | aboratory.

14.

14.

1

2

St andard Operating Procedures (SOPs)

14.1.1

14.1.2

HPLC

14. 2.1

14.2.2

Each user shoul d generate SOPs describing the
followng activities as acconplished in their

| abor at ory: 1) assenbly, <calibration and
operation of the sanpling system 2)
preparation, purification, st orage and

handling of DNPH reagent and sanples, 3)
assenbly, calibration and operation of the
HPLC system and 4) all aspects of data
recordi ng and processi ng.

SOPs shoul d provi de specific stepw se
instructions and should be readily avail abl e
to, and understood Dby, the [|aboratory
per sonnel conducting the work.

Syst em Per f or mance

The gener al appear ance of t he HPLC
chromat ograph should be simlar to that shown
in Figure 4.

The HPLC system efficiency and peak asymetry
factor should be determned in the foll ow ng
manner. A solution of the fornmal dehyde DNPH
derivative corresponding to at |east 20 tines
the detection limt should be injected with
the recorder chart sensitivity and speed set
to yield a peak approximately 75% of full
scale and 1 cmw de at half height. The peak
asymmetry factor is determned as shown in
Figure 5, and should be between 0.8 and 1. 8.



14.2.3

wher e

HPLC systemefficiency is cal cul ated accordi ng
to the foll ow ng equation:

t
N=5.54( —")
Wl/2

N = colum efficiency, t heoreti cal
pl at es
t, = retention tinme of conponent s
(seconds)
W,, = width of conponent peak at half
hei ght (seconds)

A columm of efficiency of >5,000 shoul d be obtai ned.

14.2. 4

Precision of response for replicate HPLC
injections should be + 10% or less, day to
day, for calibration standards. Precision of
retention tinmes should be + 2% on a given
day.

14. 3 Process Bl anks

14. 3.1

14.3.2

Prior to use a 10 nL aliquot of each batch of
DNPH reagent should be anal yzed as descri bed
in Section 11. In general, formal dehyde
| evel s equivalent to >5 ng/L in a 60 liter
sanpl e shoul d be achieved and ot her al dehyde
| evel s should be <1 ng/L.

At | east one field blank should be shi pped and
anal yzed wth each group of sanples. The
field blank is treated identically to the
sanpl es except that no air is drawn through
t he reagent. The sane performance criteria
described in 14.3.1 should be net for process
bl anks.

14. 4 Met hod Preci sion and Accuracy

14.4. 1

Analysis of replicate sanples indicates a
precision of + 15-20% relative standard
deviation can be readily achieved. Each
| aboratory should collect parallel sanples
periodically (at |east one for each batch of
sanples) to docunent their precision in
conducting the nethod.



14. 4.2

14. 4.3

14.4. 4

Precision for replicate HPLC i njections should
be + 10% or better, day to day, for
cal i bration standards.

Met hod accuracy is difficult to assess because
of the difficulty in generating accurate
gaseous standards. Literature results
indicate (1-3) recoveries of 75% or greater
are achieved for a broad range of al dehydes.
Each | aboratory should periodically collect
field sanples wherein the inpinger solution is
spi ked wth a known quantity of the conpound
of interest, prepared as a dilute nethanol
sol uti on. For mal dehyde cannot be spiked in
this manner and therefore a solution of the
DNPH derivative should be used for spiking
pur poses.

Before initial use of the nethod each
| aboratory should generate triplicate spiked
sanples at a mninmum of three concentration
| evel s, bracketing the range of interest for
each conmpound. Triplicate nonspi ked sanpl es
must al so be processed. Recoveries of >70 +
20% and blank levels of <5 ng/L for
f or mal dehyde and 1 ng/L for the other
conpounds (assumng a 60 liter air sanple)
shoul d be achi eved.
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TABLE 1. ALDEHYDES AND KETONES FOR WHICH THE METHOD HAS BEEN EVALUATED
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(a) Usi ng HPLC condi tions shown in Figure 4.

For mal dehyde = 1.0

(b) Acet one background levels in the reagent prevent

determ nation in nbst cases.
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FIGURE 1. TYPICAL SAMPLING SYSTEM



SAMPLING DATA SHEET
(One _Sample Per Data Sheet)

PRQJECT: DATE(S) SAMPLED:

Sl TE: TI ME PER OD SAMPLED:
LOCATI ON: OPERATOR:

| NSTRUVENT MODEL NO CAL| BRATED BY:

PUVP SERI AL NGO

SAMPLING DATA

Sanpl e Nunber:
Start Tine: Stop Tine:

*Dry Gas=> * Fl ow *Anbi ent *Baronetric* *

* Meter *Rotaneter*Rate,*Q~ Tenp. *Pressure, *Relative =
Ti re*Readi ng* Reading *mM/Mn = °C * nmHg *Hum dity, % Conments
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))

))))))2)))))))2)))))))))2)))))))2)))))))2))))))))))2))))))))))2))))))))))

Total Vol une Dat a**

= (Final - Initial) Dry Gas Meter Reading, or = Liters

=Q +0Q +Q...Q X 1 = Liters
N 1000 x (Sanmpling Time in M nutes)

Flowate fromrotaneter or soap bubble calibrator (specify which).
** Use data fromdry gas neter if avail able.

FIGURE 2. EXAMPLE SAMPLING DATA SHEET
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CO_eB0 A 20

Col um - Zorbax ODS, 250 x 4.6 nmm
Mobi | e Phase - 80/20 Met hanol / H,O
Flow Rate - 1 nL/M nute
Detector - UV at 370 nm

FIGURE 4. TYPICAL HPLC CHROMATOGRAM



BC
Asymmetry Factor = —

Example Calculation:

Peak Height = DE = 100 mm
10% Peak Height = BD = 10 mm
Peak Width at 10% Peak Height = AC = 23 mm

AB = 11 mm
BC = 12 mm
12
Therefore: Asymmetry Factor = _ =1.1
11

FIGURE 5. PEAK ASYMMETRY CALCULATION



METHOD TO-6 Revision 1.0
Sept ember, 1986

METHOD FOR THE DETERMINATION OF PHOSGENE

IN AMBIENT AIR USING HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Scope

1.2

Thi s docunent describes a nmethod for determ nation of phosgene in
ambient air, in which phosgene is collected by passage of the air
t hrough a solution of aniline, form ng carbanilide. The
carbanilide is deternmined by HPLC. The nmethod can be used to

det ect phosgene at the 0.1 ppbv |evel

Preci sion for phosgene spiked into a clean air streamis +15-20%
rel ati ve standard deviation. Recovery is quantitative within that
preci sion, down to |less than 3 ppbv. This method has been

devel oped and tested by a single |aboratory (1), and,
consequently, each |laboratory desiring to use the method shoul d
acquire sufficient precision and recovery data to verify
performance under those particular conditions. This method is
nore sensitive, and probably nore selective, than the standard
colorimetric procedure currently in w despread use for workpl ace
noni toring (2).

Appl i cabl e Docunents

2.1

ASTM St andar ds

D1356 - Definitions of Terns Related to Atnospheric Sanpling and
Anal ysis (3).

Ot her Docunents

Standard NI OSH Procedure for Phosgene (2).
U.S. EPA Techni cal Assistance Docunent (4).

Sunmary of Method

Anmbient air is drawn through a mdget inpinger containing 10 nL of
2/ 98 aniline/toluene (by volunme). Phosgene readily reacts with
aniline to formcarbanilide (1, 3-di phenylurea), which is stable
indefinitely.
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After sanpling, the inpinger contents are transferred to a screw
capped vial having a Teflon-lined cap and returned to the

| aboratory for analysis.

The solution is taken to dryness by heating to 60°C on an al unmi num
heating bl ock under a gentle stream of pure nitrogen gas. The
residue is dissolved in 1 nL of acetonitrile.

Carbanilide is deternmined in the acetonitrile solution using
reverse-phase HPLC with an ultraviol et absorbance (UV) detector
operating at 254 nm

Si gni ficance

Def i ni

Phosgene is widely used in industrial operations, primarily in the
synthetic organic chemicals industry. |In addition, phosgene is
produced by photochem cal degradation of chlorinated hydrocarbons
(e.g., trichloroethylene) enmitted from various sources. Although
phosgene is acutely toxic, its effects at lowlevels (i.e., 1 ppbv
and bel ow) are unknown. Nonetheless, its em ssion into and/or
formation in anbient air is of potential concern.

The conventional nethod for phosgene has utilized a colorinmetric
procedure involving reaction with 4,4'-nitrobenzyl pyridine in

di et hyl phthal ate. This method cannot detect phosgene |evels bel ow
10 ppbv and is subject to nunerous interferences. The nethod
described herein is nore sensitive (0.1 ppbv detection linit) and
is believed to be nore selective due to the chromat ographic
separation step. However, the nmethod needs to be nore rigorously
tested for interferences before its degree of selectivity can be
firmy established.

tions
Definitions used in this docunment and in any user-prepared SOPs

shoul d be consistent with ASTM D1356 (3). All abbreviations and
synbol s are defined within this docunment at the point of use.

I nterferences

There are very few interferences in the nethod, although this
aspect of the nmethod needs to be nore thoroughly investigated.
Anmbi ent | evel s of nitrogen oxides, ozone, water vapor, and SO, are
known not to interfere. Chloroformates can cause interferences by
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reacting with the aniline to formurea, which produces a peak that
overlies the carbanilide peak in the HPLC trace. Presence of

chl or of ormat es shoul d be docunment ed before use of this nethod.
However, the inclusion of a HPLC step overcones npst potentia
interferences fromother organic conpounds. Hi gh concentrations
of acidic materials can cause precipitation of aniline salts in
t he inpinger, thus reducing the anmount of avail abl e reagent.
Purity of the aniline reagent is a critical factor, since traces
of carbanilide have been found in reagent-grade aniline. This
probl em can be overcone by vacuumdistillation of aniline in an
al | - gl ass appar at us.

Appar at us

7.1

NN N NN
© © ~N o O

.11
12
13
14
.15
.16

NN NN NN N

I socratic high performance |iquid chromatography (HPLC) system
consi sting of a nobil e-phase reservoir, a high-pressure punp, an
i njection valve, a Zorbax ODS or C-18 reverse-phase col um, or
equi valent (25 cmx 4.6 mMmm I D), a variabl e-wavel ength UV detector
operating at 254 nm and a data systemor strip-chart recorder
(Figure 1).

Sanpl i ng system - capabl e of accurately and precisely sanpling
100-1000 i/ m nute of anbient air (Figure 2).

St opwat ch.

Friction-top netal can, e.g., one-gallon (paint can) - to hold
sampl i ng reagent and sanpl es.

Thernoneter - to record anbi ent tenperature.

Barormeter (optional).

Anal ytical balance - 0.1 ng sensitivity.

M dget inpingers - jet inlet type, 25 mlL.

Ni trogen evaporator with heating block - for concentrating
sanpl es.

Suction filtration apparatus - for filtering HPLC nobile phase.
Vol unmetric flasks - 100 nL and 500 nL.

Pi pettes - various sizes, 1-10 ni.

Hel i um purge line (optional) - for degassing HPLC nobil e phase.
Erl enneyer flask, 1-L - for preparing HPLC nobil e phase.
Graduated cylinder, 1 L - for preparing HPLC nobil e phase.
Mcroliter syringe, 10-25 uL - for HPLC injection
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Reagents and Materials

Bottles, 16 oz. glass, with Teflon-lined screw cap - for storing
sampl i ng reagent.

Vials, 20 mL, with Teflon-lined screw cap - for holding sanpl es
and extracts.

Granul ar charcoal .

Acetonitrile, toluene, and nmethanol - distilled in glass or
pestici de grade.

Aniline - 99+% gold | abel from Aldrich Chem cal Co., or
equi val ent .

Carbanilide - highest purity available; Aldrich Chem cal Co., or
equi val ent .

Ni t rogen, conpressed gas cylinder - 99.99% purity for sanple
evapor ati on.

Pol yester filters, 0.22 um - Nucl epore, or equiv.

Preparati on of Sanpling Reagent

Sanpl i

10. 1

10. 2

Sanpling reagent is prepared by placing 5.0 nL of aniline in a
250-nmL volunetric flask and diluting to the mark with tol uene.

The flask is inverted 10-20 tines to mx the reagent. The reagent
is then placed in a clear 16-ounce bottle with a Teflon-1ined
screw cap. The reagent is refrigerated until use.

Bef ore use, each batch of reagent is checked for purity by

anal yzing a 10-nL portion according to the procedure described in
Section 11. If acceptable purity (<50 ng of carbanilide per 10 nmL
of reagent) is not obtained, the aniline or toluene is probably
cont ani nat ed.

ng

The sanpling apparatus is assenbl ed and should be sinmilar to that
shown in Figure 2. EPA Method 6 uses essentially the sane
sampling system (5). All glassware (e.g., inpingers, sanpling
bottles, etc.) nust be thoroughly rinsed with nmethanol and oven-
dried before use.

Bef ore sanple collection, the entire assenbly (including enpty
sanmple inmpingers) is installed and the flow rate checked at a

val ue near the desired rate. Flow rates greater than

1000 ni/mnute (£2% should not be used because inpinger
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collection efficiency may decrease. Generally, calibration is
acconpl i shed using a soap bubble flow neter or calibrated wet test
meter connected to the flow exit, assuming that the entire system
is sealed. ASTM Method D3686 describes an appropriate calibration
schene that does not require a seal ed-fl ow system downstream of

t he punp (3).

Ideally, a dry gas neter is included in the systemto record tota
flow, if the flowrate is sufficient for its use. If a dry gas
meter is not available, the operator must neasure and record the
sampling flow rate at the begi nning and end of the sanpling period
to determne sample volume. |f the sanpling tinme exceeds two
hours, the flow rate should be neasured at intermediate points
during the sampling period. Ildeally, a rotaneter should be
included to allow observation of the flow rate without
interruption of the sanpling process.

To collect an air sample, the nidget inpingers are |oaded with

10 mL each of sanpling reagent. The inpingers are installed in
the sanpling systemand sanple flowis started. The follow ng
paranmeters are recorded on the data sheet (see Figure 3 for an
exanpl e): date, sanpling |location, tine, anbient tenperature,
barometric pressure (if available), relative humdity (if

avail able), dry gas neter reading (if appropriate), flowrate,
rotameter setting, sanpling reagent batch nunber, and dry gas
meter and punp identification nunbers.

The sanpler is allowed to operate for the desired period, with
periodi c recording of the variables |listed above. The total flow
shoul d not exceed 50 L. If it does, the operator nust use a
second i npi nger.

At the end of the sanpling period, the parameters listed in
Section 10.4 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 sampling interval. |If the flowrates at the beginning
and end of the sanpling period differ by nore than 15% the sanple
shoul d be marked as suspect.

| mredi ately after sanpling, the inpinger is removed fromthe
sampling system The contents of the inpinger are enptied into a
clean 20-nlL glass vial with a Teflon-lined screw cap. The

i mpinger is then rinsed with 2-3 nL of toluene and the rinse
solution is added to the vial. The vial is then capped, seal ed
with Teflon tape, and placed in a friction-top can containing 1-2



TO6- 6

i nches of granular charcoal. The sanples are stored in the can
and refrigerated until analysis.

10.8 |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:

0 2% 0
A N
wher e
Q. = average flowrate (nL/nminute).
Q Q. ....Q = flowrates determned at the begi nning, end, and
i nternedi ate points during sanpling.
N = nunmber of points averaged.

10.9 The total flowis then calculated using the foll ow ng equation:

_ (T2_T1)QA
m 71000
wher e
V, = total sanple volume (L) at neasured tenperature and
pressure.

T, = stop tine.
T, = start tine.

T,-T, = total sanpling time (m nutes).
Q = average flowrate (nlL/nminute).

11. Sanpl e Anal ysi s

11.1 Sanple Preparation

11.1.1 The sanples are returned to the | aboratory in 20-m
screw capped vials and refrigerated in charcoa
contai ning cans until analysis.

11.1.2 The sanple vial is placed in an al unm num heating bl ock
mai nt ai ned at 60°C and a gentle stream of pure nitrogen
gas is directed across the sanple.

11.1.3 \When the sanple reaches conplete dryness, the vial is
renoved fromthe heating bl ock, capped, and cooled to
near roomtenperature. A 1-nlL volunme of HPLC nobile
phase (50/50 acetonitrile/water) is placed in the vial
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The vial is then capped and gently shaken to dissolve the
resi due.

The concentrated sanple is then refrigerated until HPLC
anal ysis, as described in Section 11.2.

11.2 HPLC Anal ysis

11.2.1

11.2.2

11.2.3

11.2. 4

11.2.5

11.2.6

11.2.7

The HPLC systemis assenbled and calibrated as descri bed
in Section 12. The operating paraneters are as follows:
Colum: C-18 RP
Mobi | e Phase: 30% acetonitrile/70% distilled water
Detector: ultraviolet, operating at 254 nm
Flow Rate: 1 ni/nmin

Bef ore each anal ysis, the detector baseline is checked to
ensure stable operation.
A 25-uL aliquot of the sanple, dissolved in HPLC nobile
phase, is drawn into a clean HPLC injection syringe. The
sample injection loop is | oaded and an injection is made.
The data systemis activated sinmultaneously with the
injection and the point of injection is marked on the
strip-chart recorder.
After approximately one nminute, the injection valve is
returned to the "l oad" position and the syringe and val ve
are flushed with nobile phase in preparation for the next
sanmpl e anal ysi s.
After elution of carbanilide, data acquisition is
term nated and the conmponent concentrations are
cal cul ated as described in Section 13.
Once a stable baseline is achieved, the system can be
used for further sanple anal yses as described above.
If the concentration of carbanilide exceeds the |inear
range of the instruments, the sanmple should be diluted
with mobil e phase, or a smaller volunme can be injected
into the HPLC
If the retention tinme is not duplicated, as determ ned by
the calibration curve, you may increase or decrease the
acetonitrile/water ratio to obtain the correct elution
time, as specified in Figure 4. If the elutiontine is
too long, increase the ratio; if it is too short,
decrease the ratio.
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11.2.8 If a dirty colum causes inproper detection of
carbanilide, you may reactivate the colum by reverse
solvent flushing utilizing the foll ow ng sequence:
wat er, nethanol, acetonitrile, dichloromethane, hexane,
acetonitrile, then 50/50 acetonitrile in water.

HPLC Assenbly and Cali bration

12.

12.

12.

12.

12.

1

The HPLC systemis assenbl ed and operated according to the
parameters outlined in Section 11.2.1. An exanple of a typica

chr omat ogr am obt ai ned using the above paraneters is shown in

Fi gure 4.

The nobil e phase is prepared by m xing 500 nL of acetonitrile and
500 nlL of reagent water. This mxture is filtered through a

0. 22-um pol yester menbrane filter in an all-glass and Tefl on
suction filtration. A constant back pressure restrictor (50 psi)
or short length (6-12 inches) of 0.01-inch I.D. Teflon tubing
shoul d be placed after the detector to elimnate further nobile
phase out gassi ng.

The nobile phase is placed in the HPLC sol vent reservoir and the
punp is set at a flowrate of 1 m./minute and allowed to punmp for
20-30 minutes before the first analysis. The detector is swtched
on at least 30 nminutes before the first analysis and the detector
out put is displayed on a strip-chart recorder or simlar output
device at a sensitivity of ca 0.008 absorbance units full scale
(AUFS). Once a stable baseline is achieved, the systemis ready
for calibration.

Carbanilide standards are prepared in HPLC nobil e phase. A
concentrated stock solution of 100 nmg/L is prepared by dissolving
10 mg of carbanilide in 100 nL of nobile phase. This solution is
used to prepare calibration standards containing concentrations of
0.05-5 ng/ L.

Each calibration standard (at least five levels) is analyzed three
times and area response is tabul ated against mass injected. Al
calibration runs are performed as described for sanple analyses in
Section 11. Using the UV detector, a linear response range
(Figures 5a through 5e) of approxinmately 0.1 to 10 ng/L shoul d be
achieved for a 25-uL injection volumes. The results may be used
to prepare a calibration curve, as illustrated in Figure 6.

Li near response is indicated where a correlation coefficient of at
| east 0.999 for a linear |least-squares fit of data (concentration
versus area response) is obtained.
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Once linear response has been docunmented, an internediate
concentration standard near the anticipated | evels for anbient
air, but at least 10 tines the detection linmt, should be chosen
for daily calibration. The response for carbanilide should be
within 10% day to day. |If greater variability is observed, nore
frequent calibration may be required to ensure that valid results
are obtained or a new calibration curve nmust be devel oped from
fresh standards.

The response for carbanilide in the daily calibration standard is
used to calculate a response factor according to the follow ng

equat i on:
C XV
_ c |
et TR
C
wher e
RF. = response factor (usually area counts) for carbanilide
i n nanograns injected/ response unit.
C. = concentration (ng/L) of carbanilide in the daily
cal i brati on standard.
V, = volume (uL) of calibration standard injected.
R. = response (area counts) for carbanilide in calibration
st andar d.
ations

The volume of air sanpled is often reported uncorrected for

at nospheric conditions (i.e., under anmbient conditions). The
val ue shoul d be adjusted to standard conditions (25°C and 760 mm
pressure) using the follow ng equation:

P
VooV x A . 298
s 'n" 760 273 + 1,

wher e
V, = total sanple volume (L) at 25°C and 760 mm Hg
pressure.
V, = total sanple volume (L) under anbient conditions,

calcul ated as in Section 10.9 or fromdry gas neter
readi ng.

P, = anbient pressure (nmm Hg).

T, = anbient tenperature (°C).
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13.2 The concentration of carbanilide is calculated for each sanple
using the foll owi ng equation:

VE
Wy = RF, X Ry X2
1

wher e
W = total quantity of carbanilide (ug) in the sanple.
RF. = response factor calculated in Section 12.7.
R, = response (area counts or other response units) for
carbanilide in sanple extract.
Ve = final volune (nmL) of sanple extract.
V, = volume (uL) of extract injected into the HPLC system

13.3 The concentration of phosgene in the original sanple is cal cul ated
fromthe foll owi ng equation:
Wy 99

C, = X x 1000
AV (or V) 212

wher e
C. = concentration of phosgene (ng/L) in the origina
sanmpl e.
W = total quantity of carbanilide (ug) in sanple.
V, = total sanple volune (L) under ambient conditions.
V, = total sanple volune (L) at 25°C and 760 nm Hg.
— = t he nol ecul ar wei ghts (g/ nole) of phosgene and

carbanilide are 99 and 212 g/ nol e, respectively.
13.4 The phosgene concentrati ons can be converted to ppbv using the
foll owi ng equati on:

24. 4

C, (pPbV) - C, (ng/L) x

wher e
C, (ng/L) is calculated using V..
14. Performance Criteria and Quality Assurance

This section summari zes required quality assurance (QA) neasures and
provi des gui dance concerni ng performance criteria that should be
achi eved within each | aboratory.
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14.1 Standard Operating Procedures (SOPs).

14.1.1 Users shoul d generate SOPs describing the follow ng
activities in their laboratory: 1) assenbly, calibration,
and operation of the sanpling systemw th make and nodel of
equi prent used; 2) preparation, purification, storage, and
handl i ng of sanpling reagent and sanples; 3) assenbly,
calibration, and operation of the HPLC system wi th nake and
nodel of equi pment used; and 4) all aspects of data
recordi ng and processing, including |ists of conputer
har dwar e and software used.

14.1.2 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

14.2 HPLC System Performance

14.2.1 The general appearance of the HPLC chromat ogram shoul d be
simlar to that illustrated in Figure 4.

14.2.2 The HPLC system efficiency and peak asymmetry factor shoul d
be deternmined in the foll owing manner: A solution of
carbanilide corresponding to at least 20 tines the
detection limt should be injected with the recorder chart
sensitivity and speed set to yield a peak approxi mately 75%
of full scale and 1 cmw de at half height. The peak
asymmetry factor is determ ned as shown in Figure 7, and
shoul d be between 0.8 and 1. 8.

14.2.3 HPLC system efficiency is cal cul ated according to the
foll owi ng equati on:

t
N =5.54 d
1/2
wher e
N = colum efficiency (theoretical plates).
t, = retention time (seconds) of carbanilide.
W,, = width of conmponent peak at half hei ght
(seconds).

A columm efficiency of >5,000 theoretical plates should be
obt ai ned.
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Preci sion of response for replicate HPLC injections
shoul d be +10% or less, day to day, for calibration
standards. Precision of retention times should be 2%
on a given day.

anks

Bef ore use, a 10-nmL aliquot of each batch of sanpling
reagent shoul d be anal yzed as described in Section 11
The bl ank should contain | ess than 50 ng of carbanilide
per 10-mL aliquot.

At | east one field blank or 10% of the field sanples,
whi chever is larger, should be shipped and anal yzed
with each group of sanples. The field blank is treated
identically to the sanples except that no air is drawn
t hrough the reagent. The same performance criteria
described in Section 14.3.1 should be net for process
bl anks.

Met hod Preci sion and Recovery

14. 4.1

14.4.2

14.4.3

14.4. 4

Anal ysis of replicate sanples indicates that a

preci sion of +15-20% rel ative standard devi ati on can be
readi |y achi eved (see Table 1). Each laboratory should
coll ect parallel sanples periodically (at |east one for
each batch of sanples) to docunment its precision in
conducti ng the nethod.

Precision for replicate HPLC injections should be +10%
or better, day to day, for calibration standards.
Before using the method in the field, each |l aboratory
nmust confirmthe performance of the nethod under its
particul ar conditions. Since static, dilute, gas phase
st andards of phosgene are unstable, a dynamic

flow permeation tub system should be assenbl ed as
described in the literature (1). ASTM Method D 3609( 3)
shoul d be used as the protocol for operating such a
system

Once a suitable dynam c fl ow perneation tube system has
been constructed, a series of three sanples fromthe
outlet gas stream (60 L) should be sanpled at three

di fferent spike levels (achieved by adjusting the air
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flow t hrough the pernmeation chanmber). Precision and
recovery data conparable to those shown in Table 1
shoul d be achi eved.
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SAVPLI NG DATA SHEET

(One_Samnpl e per

Dat a_Sheet)

DATES(S) SAMPLED:

TI ME PERI OD SAMPLED:

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 m./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-+ Qy 9 1 _ L
N 1000 x ( Sampling Tame inMx 7

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

(specify which).

i f avail abl e.

FIGURE 3. TYPICAL SAMPLING DATA FORM
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3.59

OPERATING PARAMETERS
HPLC

Column: C-18 RP

Mobile Phase: 30% Acetonitrile/70% Distilled Water
Detector: Ultra violet operoting ot 254 nm

Flow Rate: 1 ml/min

Retention Time: 3.59 minutes

AUG. 22, 1986 15.25:17 CHART 0.50 CM/MIN
RUN #50 CALC #0
COLUMN SOLVENT  OPR ID: 3

EXTERNAL STANDARD QUANTITATION

PEAKF AMOUNT  RT EXP RT AREA RF
2.75300 2.74 2753 L 0.000000e0
10020.20000 3.59 10020345 L 0.000000E0

TOTAL 10023.00000

FIGURE 4. CHROMATOGRAM FOR 3 ppbv OF
PHOSGENE SPIKED INTO CLEAN AIR



TO6- 21



Column: C-18

Mobile Phose: 30% Acetonitrile/70% Distilled Water
Detector: Ultro violet operoting ot 254 nm

OPERATING PARAMETERS
HPLC

RP

Flow Rate: 1 mi/min

Retention Time:

3.59 minutes

AREA

CONC | COuNnTs

19
2ug
3ug
4ug
Sug

2126577
4243289
5312128
8373790
10020345

FIGURE 5a-Se.
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3.59

(@)

‘ TIME &= !
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3 1ug w
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F4
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3.55

(b)

3.57

(c)

l
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A TIME &=
3 5
w “9
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HPLC CHROMATOGRAM OF VARYING
CARBANILIDE CONCENTRATIONS
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ZA COUNT (x100)

AR:

4OIOO 6000 8000 1 0.900

2000
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CORRELATION COEFFICIENT:
0.9999

OPERATING PARAMETERS
HPLC

Column: C-18 RP

Mobile Phase: 30% Acetonitrile/70% Distilled Water
Detector: Ultra violet operating at 254 nm

Flow Rate: 1 ml/min

Retention Time: 3.59 minutes

CARBANILIDE (ug)

FIGURE 6. CALIBRATION CURVE FOR
CARBANILINE
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- BC
Asymmetry Faoctor = 2B

Exaomple Calculation:

Peak Height = DE = 100mm
10% P=ok Height = BD = 10mm

Peok Width ot 10% Peok Height = AC = 23mm
AB = 11mm

BC

12mm

—_
N

Therefore: Asymmetry Foctor = T = 1.1

-

FIGURE 7. PEAK ASYMMETRY CALCULATION
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TABLE 1: PRECI SI ON AND RECOVERY DATA
FOR PHOSGENE I N CLEAN Al R

Phosgene

Concentrati on, Recovery, St andard
ppbv % Devi ati on

0.034 63 13

0.22 87 14

3.0 99 3

4.3 109 12

20 99 14

200 96 7
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METHOD TO-7

METHOD FOR THE DETERMINATION OF N-NITROSODIMETHYLAMINE
IN AMBIENT AIR USING GAS CHROMATROGRAPHY

Scope

1.1 Thi s docunent describes a nethod for deternination of N
ni trosodi met hyl am ne (NDMA) in ambient air. Although the nethod,
as described, enploys gas chromat ography/ nmass spectronetry
(GC/ M), other detection systems are all owed.

1.2 Al t hough addi ti onal docunentation of the performance of this
method is required, a detection limt of better than 1 ug/nf 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 Docunents

2.1 ASTM St andar ds
D1356 Definitions of Terms Related to Atnospheric Sanpling and
Anal ysi s (5)
2.2 O her Documents
Anmbi ent air studies (1, 2)
U.S. EPA Techni cal Assistance Docunent (6)

Sunmary of Method

3.1 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 sanpling 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 |aboratory studies indicating artifact
formati on on Tenax fromthe presence of oxides of nitrogen in the
sample matri x.

3.2 In the laboratory, the cartridges are pre-eluted with 5 nL of
di chl oronmet hane (in the same direction as sanple flow) to renmove
interferences. Residual dichloronethane is renoved 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 screwcapped vial and refrigerated unti
anal ysi s.

NDMVA i s deternined by GO MS using a Carbowax 20M capillary col um.
NDMA is quantified fromthe response of the nmle 74 nol ecular ion
using an external standard calibration nethod.

Si gni ficance

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

at nospheric reactions between secondary or tertiary am nes and
NQG,.

Several papers (1,2,4) have been published describing anal ytica
approaches for NDVA determ nation. The purpose of this docunent
is to conbine the attractive features of these methods into one
standardi zed method. At the present tinme, this nethod has not
been validated in its final form and, therefore, one nust use
caution 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 docunent 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

i nclusion of a pre-elution step in the sanple desorption procedure

m nimzes the nunber of interferences. Alternative GC colums and

conditions may be required to overcone interferences in unique

si tuati ons.
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Appar at us

NN N NN
© © ~N o U

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 i/ 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.

Baronmeter (optional).

G ass syringe - 5 nL with Luer®fitting.

Vol umetric flasks - 2 m., 10 m, and 100 ni.

G ass syringe - 10 uL for GC injection.

Reagents and Materials

© © © ®©
oA W N

® 0 ®

.10

Thernmosorb/ N - Avail able from Thernedics Inc., 470 WI dwood St.,
P. 0. Box 2999, Whburn, 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.

Chem cal Standards - NDVA solutions. Available fromvarious
chemical supply houses. Caution: NDMA is a suspected human
carcinogen. Handle in accordance with OSHA regul ati ons.
Granul ar activated charcoal - for preventing contanination of
cartridges during storage.

G ass jar, 4oz- to hold cartridges.

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

Luer® fitti ngs - to connect cartridges to sanpling system
Acet one - Reagent grade.
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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"
sampling 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, assumi 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 neter is included in the systemto record tota
flow If a dry gas meter is not avail able, the operator nust
nmeasure and record the sanpling flow rate at the begi nning and end
of the sanpling period to determ ne sanple volume. |If the

sampl ing period exceeds two hours, the flow rate should be
nmeasured at intermediate points during the sanpling period.
Ideally, a rotameter 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 renoved
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 nmeter reading (if appropriate), flow rate,
rotameter setting, cartridge batch nunmber, and dry gas nmeter and
punp identification nunbers.
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9.6 The sanpler is allowed to operate for the desired period, with
periodi c recording of the variables |isted above. The total flow
shoul d not exceed 300 L.

9.7 At the end of the sanpling period. the parameters listed in
Section 9.5 are recorded and the sanple flowis stopped. |If a dry
gas neter is not used, the flow rate nmust be checked at the end of
the sanpling interval. |If the flow rates at the begi nning and end
of the sanpling period differ by nore than 15% the sanple shoul d
be marked as suspect.

9.8 | mredi ately after sanpling, the cartridge is renoved fromthe
sampl 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.

9.9 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 ....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 flow is 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-Ty = 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 volunme (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

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

Using a glass syringe, the sanples are pre-eluted to renmove
potential interferences by passing 5 nmL of dichloromethane through
the cartridge, in the same direction as sanple flow. This
operation should be conducted over approximtely a 2-mnute

peri od. Excess solvent is expelled by injecting 5 nL of air

t hrough the cartridge, again using the glass syringe.

The NDMA is then desorbed passing 2 nmL of acetone through the
cartridge, in the direction opposite to sanple flow, using a glass
syringe. A flowrate of approximately 0.5 ni\mnute is enpl oyed
and the eluate is collected in a 2-nL volunetric flask.

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

GC/ M5 Anal ysi s

Al t hough a variety of GC detectors can be used for NDMA determ nation,

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

noni toring (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 nmust 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 nust be
capabl e of acquiring the processing data in the

sel ected ion nonitoring node.

Al t hough alternative colum systens can be used, a 0.2
mml.D. x 50 m Carbowax 20M fused-silica col um

(Hew ett-Packard Part No. 19091-60150, or equival ent)
is recoomended. After installation, a heliumcarrier
gas flow of 2 mL per minute is established and the
colum is conditioned at 250°C for 16 hours. The
injector and GC/ MS transfer |ine tenperatures shoul d
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 detail ed
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

Perfl uorotributyl am ne should 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 paranmeters (e.g., lens, voltages,

resol ution, etc.) should be adjusted to give the
relative ion abundances shown in Table 1 as well as
acceptabl e resol uti on and peak shape. |f these
approxi mate rel ati ve abundances cannot be achi eved,
the ion source may require cleaning according to

manuf acturer's instructions. In the event that the
user's instrument 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

noni toring paraneters (i.e., mass centroid and wi ndow
to be nonitored) by injecting a noderatley high | eve
standard solution (100 ug/nL) of NDMA onto the GO/ M
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
noni 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
tenmperature is stabilized at 45°C. The fil anent 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 system using the
splitless injection technique. Concentrated NDVA

st andards can be purchased from chenical 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/minute. After
elution of the NDVA peak fromthe GO M5 (Figure 3),
the data acquisition process an be halted and data
processing initiated.

Once the appropriate SIM paranmeters have been
established, as described in Section 11.2.2, the
instrument is calibrated by analyzing a range of NDMVA
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 handl ed so as to mnimze exposure
to light.

If a peak is observed for NDMA (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 mle 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
NDMVA standard in order to have confidence in the peak
identification. Figure 4 illustrates the MS scan for
N- ni t r osodi et hyl am ne

Response Factors

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

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

| east squares fit of a plot of nanograns injected
versus area (for the me 74 ion). |In general
quantities of NDMA greater than 1000 nanograms shoul d
not be injected because of col um 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 enployed. This process

i nvol ves fitting the data to the followi 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 sample 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 should generate SOPs describing the follow ng
activities in their laboratory: 1) assenbly,
calibration, and operation of the sanpling systemwth
make and nodel of equi pnent used; 2) preparation
purification, storage, and handling of Thernosorb/N
cartridges and sanples; 3) assenbly, calibration, and
operation of the GO M5 system wi th nake and nodel of
equi prent 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 Duri ng each sanpling event, at |east one clean
cartridge will acconmpany the sanmples to the field and
back to the |I|aboratory, having been placed in the
sampl er but without sanpling air, to serve as a field
bl ank. The average anpunt 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 conponent nmust be identified as suspect.

13.2.2 Duri ng each sanpling event, at |east on set of
paral l el samples (two or nore sanples collected
si mul t aneously) should be collected. |f agreenent
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 initia
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 GO/ M5 Anal ysis

13.3.1 Performance criteria for M5 tuning and nmass
standardi zati on are discussed in Section 11.2 and
Table 1. Additional criteria can be used by the
| aboratory, if desired. The follow ng section provide
per formance gui dance and suggested criteria for
determ ning the acceptability of the GO M5 system

13.3.2 Chr omat ogr aphi ¢ efficiency should be evaluated daily
by the injection of NDMA calibration standards. The
NDMVA peak should 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 limt for NDMA is calculated fromthe
data obtained for calibration standards. The
detection Iimt 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 |owest-level standard (at |east three such
determ nations are required). The |owest-Ieve
standard should yield a signal-to-noise ratio (from
the total ion current response) of approximtely 5.
Replicate GC/ M5 anal ysis of NDMA standards and/ or
sampl e extracts shoul d be conducted on a daily basis.
A precision of +15% RSD or better should 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 m./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
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METHOD TO-8

METHOD FOR THE DETERMINATION OF PHENOL
AND METHYLPHENOLS (CRESOLS) IN AMBIENT AIR USING
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Thi s docunent describes a nmethod for determ nation of phenol and
nmet hyl phenol s (cresols) in anmbient air. Wth careful attention to
reagent purity and other factors, the method can detect these
conpounds at the 1-5 ppbv |evel

The nethod as witten has not been rigorously evaluated. The
approach is a conposite of several existing methods (1-3). The
choi ce of HPLC detection systemw |l be dependent on the

requi rements of the individual user. However, the UV detection
procedure is considered to be nost generally useful for relatively
cl ean sanpl es.

Appl i cabl e Docunents

ASTM St andar ds

D1356 - Definitions of Terns Related to Atnospheric Sanpling and
Anal ysi s(4).

O her Documents

U.S. EPA Techni cal Assistance Docunent (5).

Sunmary of Method

Ambient air is drawn through two midget inpingers, each containing
15 mL of 0.1 N NaCH. The phenols are trapped as phenol at es.

The i npi nger solutions are placed in a vial with a Tefl on® 1ined
screw cap and returned to the | aboratory for analysis. The
solution is cooled in an ice bath and adjusted to pH <4 by
addition of 1 m of 5%v/v sulfuric acid. The sanple is adjusted
to a final volume of 25 nL with distilled water.

The phenols are determ ned using reverse-phase HPLC with either
ultraviolet (UV) absorption detection at 274 nm el ectrochem ca
detection, or fluorescence detection. In general, the UV detection

approach shoul d be used for relatively clean sanples.
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Si gni ficance

4.1 Phenol s are enitted into the atnosphere from chenical operations
and various combustion sources. Many of these compounds are
acutely toxic, and their determination in anmbient air is required
in order to assess human health inpacts.

4.2 Conventional methods for phenols have generally enpl oyed
colorimetric or gas chromatographic techniques with relatively
| arge detection linmts. The nethod descri bed here reduces the
detection limt through use of HPLC.

Definitions

Definitions used in this docunment and in any user-prepared Standard
Operating Procedures (SOPs) should be consistent with ASTM D1356 (5).
Al'l abbreviations and synbols are defined within this docunent at the
poi nt of use.

I nterferences

6.1 Conpounds having the sane retention tines as the conpounds of
interest will interfere in the nethod. Such interferences can
often be overcone by altering the separation conditions (e.g.
using alternative HPLC col utms or nobil e phase conpositions) or
detectors. Additionally, the phenolic compounds of interest in
this method may be oxidized during sanpling. Validation
experiments may be required to show that the four target conpounds
are not substantially degraded.

6.2 If interferences are suspected in a "dirty" sanple, prelimnary
cl eanup steps may be required to identify interfering conpounds by
recordi ng infrared spectrophotonetry foll owed by specific
i on- exchange col uim chromat ography. Li kew se, overl appi ng HPLC
peaks may be resol ved by increasing/decreasi ng conponent
concentration of the nobile phase.

6.3 Al'l reagents nust be checked for contanination before use.

Appar at us

7.1 I socratic HPLC system consisting of a nobil e-phase reservoir, a
hi gh- pressure punp, an injection valve, a Zorbax ODS or C 18
reverse- phase columm, or equivalent (25 cmx 4.6 nmID), a
vari abl e-wavel ength UV detector operating at 274 nm and a data
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systemor strip-chart recorder (Figure |). Anperonetric

(el ectrochem cal) or fluorescence detectors may al so be enpl oyed.
Sanpl i ng system - capabl e of accurately and precisely sanpling
100-1000 i/ m nute of anbient air (Figure 2).

St opwat ch.

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

Thernoneter - to record anbi ent tenperature.

Baronmeter (optional).

Anal ytical balance - 0.1 ng sensitivity.

M dget inpingers - jet inlet type, 25-mlL.

Suction filtration apparatus - for filtering HPLC nobile phase.
Vol unmetric flasks - 100 nL and 500 nL.

Pi pettes - various sizes, 1-10 ni.

Hel i um purge line (optional) - for degassing HPLC nobil e phase.
Erl enneyer flask, 1 L - for preparing HPLC nobil e phase.
Graduated cylinder, 1 L - for preparing HPLC nobil e phase.
Mcroliter syringe, 100-250 uL - for HPLC injection

Reagents and Materials

© ® 0 ® 0 ® ©
0N O U R W N

.10

.11

.12

Bottles, 10 oz, glass, with Tefl on®1ined screw cap - for storing
sampl i ng reagent.

Vials, 25 m, wth Tefl on®1ined screw cap - for holding sanples.
Di sposabl e pi pettes and bul bs.

Granul ar charcoal .

Met hanol - distilled in glass or pesticide grade.

Sodi um hydr oxi de - anal ytical reagent grade.

Sul furic acid - analytical reagent grade.

Reagent water - purified by ion exchange and carbon filtration, or
distillation.

Pol yester filters, 0.22 um - Nucl epore, or equivalent.

Phenol, 2-nethyl-, 3-nethyl-, and 4-nethyl phenol - neat standards
(99+ % purity) for instrument calibration.

Sanpling reagent, 0.1 N NaOH. Di ssolve 4.0 grans of NaOH in
reagent water and dilute to a final volume of 1L. Store in a

gl ass bottle with Tefl on® 1 ned cap

Sul furic acid, 5% v/v. Slowy add 5 nL of concentrated sulfuric
acid to 9S nL of reagent water.
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Acetate buffer, 0.1M pH 4.8 - Dissolve 5.8 nmL of glacial acetic
acid and 13.6 grans of sodium acetate trihydrate in 1 L of reagent
wat er .

Acetonitrile - spectroscopic grade.

G acial acetic acid - analytical reagent grade.

Sodi um acetate trihydrate - anal ytical reagent grade

Sanpl i ng

The sanpling apparatus is assenbl ed and should be sinmilar to that
shown in Figure 2. EPA Federal Reference Method 6 uses essentially
the sane sanpling system (6). Al glassware (e.g., inpingers,
sampling bottles, etc.) nust be thoroughly rinsed with nethano

and oven-dried before use.

Bef ore sanple collection, the entire assenbly (including enpty
sampl e inmpingers) is installed and the flow rate checked at a

val ue near the desired rate. I n general, flow rates of 100-1000
m./m nute are useful. Flow rates greater than 1000 mli/m nute
shoul d not be used because inpinger collection efficiency may
decrease. Generally, calibration is acconplished using a soap
bubble flow neter or calibrated wet test meter connected to the
flow exit, assuming the entire systemis seal ed. ASTM Met hod D3686
descri bes an appropriate calibration schene that does not require
a seal ed-fl ow system downstream of the punp (4).

Ideally, a dry gas neter is included in the systemto record tota
flow, if the flowrate is sufficient for its use. |If a dry gas
nmeter is not available, the operator must neasure and record the
sampling flow rate at the begi nning and end of the sanpling period
to determ ne sanple volune. If the sanpling tinme exceeds two
hours, the flow rate should be neasured at intermediate points
during the sampling period. ldeally, a rotaneter should be
included to allow observation of the flow rate without
interruption of the sanpling process.

To collect an air sanmple, two clean nidget inpingers are |oaded
with 15 nL of 0.1 N NaOH each and sanple flowis started. The

foll owi ng paraneters are recorded on the data sheet (see Figure 3
for an exanple): date, sanpling location, tinme, amnbient
tenmperature, baronetric pressure (if available), relative humidity
(if available), dry gas nmeter reading (if appropriate), flow rate,
rotameter setting, 0.1 N NaCH reagent batch nunber, and dry gas
meter 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 vol une
shoul d not exceed 80 L. The operator nust ensure that at |east

5 nmL of reagent remamins in the inpinger at the end of the sanpling
interval. (Note: for high anmbient tenperatures, |ower sanpling

vol unes may be required.)

At the end of the sanpling period, the parameters listed in
Section 9.4 are recorded and the sanple flow is stopped. If a dry
gas neter is not used, the flow rate nmust be checked at the end of
the sanpling interval. If the flow rates at the begi nning and end
of the sanpling period differ by nore than 15% the sanple shoul d
be di scarded.

| mredi ately after sanpling, the inpinger is removed fromthe

sampl ing system The contents of the inpinger are enptied into a
clean 25-nm glass vial with a Tefl on® 1 ned screw cap. The

i mpinger is then rinsed with 5 nL of reagent water and the rinse
solution is added to the vial. The vial is then capped, sealed
with Tefl on® tape, and placed in a friction-top can containing 1-2
i nches of granul ar charcoal. The sanples are stored in the can and
refrigerated until analysis. No degradation has been observed if
the tine between refrigeration and analysis is |less than 48 hours.
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
QA: 1 2N N
wher e
Q. = average flow rate (mL/mnute).
Q Q ----Q = flow rates determ ned at begi nning,

end, and intermediate points during

sanpl i ng.
N = nunber of points averaged.
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The total flow is then calculated using the foll owi ng equation:
V. o= (T27T1) X QA
m 1000
wher e
Vo, = total volume (L) sanpled at nmeasured tenperature
and pressure.
T, = stop tinme.
T, = start tine.
T,-T, = total sanpling tinme (mnutes).
Q. = average flow rate (m/mnute).

The volume of air sanpled is often reported uncorrected for

at nospheric conditions (i.e., under anbient conditions). However,
t he val ue should be adjusted to standard conditions (25°C and 760
nm pressure) using the followi ng equation:

V.-V x Pa 298
760 273 + T,
wher e
V, = total sanple volune (L) at 25°C and 760 nm Hg
pressure.
Vo = total sanple volune (L) under anbient
conditions. Calculated as in Section 9.9 or from
dry gas neter reading.
P, = ambi ent pressure (nmm Hg).
Ta = ambi ent tenperature (°C).

Sanpl e Anal ysi s

10.1 Sanple Preparation

10.1.1 The sanples are returned to the |aboratory in 25-nL
screw capped vials. The contents of each vial are
transferred to a 25-nL volunmetric flask. A 1-niL
volume of 5% sulfuric acid is added and the final
volune is adjusted to 25 nL with reagent water.

10.1.2 The solution is thoroughly m xed and then placed in a
25-m screw capped vial for storage (refrigerated)
until HPLC anal ysi s.
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10.2 HPLC Analysis

10.2.1

Ret ention Ti ne:

10. 2.2

10. 2.3

10.2. 4

10. 2.5

10. 2.6

The HPLC systemis assenbl ed and calibrated as
described in Section 11. The operating paranmeters are
as follows:
Col um: C 18 RP
Mobi | e Phase: 30% acetonitril e/ 70% acetate buffer
sol ution

Det ect or: ultraviolet, operating at 274 nm
Fl ow Rate: 0.3 nmL/mnute

phenol - 9.4 m nutes

o-cresol -12.5 m nutes L
m-cresol - 11.5 minutes I ndi vi dual
p-cresol - 11.9 mnutes

phenol - 9.4 m nutes
o-cresol - 12.8 m nutes Conbi ned
m p-cresol - 11.9 m nutes

Bef ore each anal ysis, the detector baseline is checked
to ensure stable operation.

A 100-uL aliquot of the sanple is drawn into a clean
HPLC injection syringe. The sanple injection |oop

(50 uL) is loaded and an injection is made. The data
system if available, is activated sinultaneously with
the injection and the point of injection is marked on
the strip-chart recorder

After approximately one nminute, the injection valve is
returned to the "l oad" position and the syringe and
valve are flushed with water in preparation for the
next sanple anal ysis.

After elusion of the |ast conponent of interest, data
acquisition is term nated and the conponent
concentrations are cal cul ated as described in Section
12.

Phenol s have been successfully separated fromcresols
utilizing HPLC with the above operating paraneters.
However, meta- and para-cresols have not been
successfully separated. Figure 4 illustrates a typica
chr omat ogr am

After a stable baseline is achieved, the systemcan be
used for further sanple anal yses as described above.
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10. 2.7 If the concentration of anal yte exceeds the linear
range of the instrument, the sanple should be diluted
with mobil e phase, or a smaller volunme can be injected
into the HPLC

10.2.8 If the retention tine is not duplicated, as deternned
by the calibration curve, you may increase or decrease
the acetonitrile/water ratio to obtain the correct
elution time, as specified in Figure 4. If the elution
time is long, increase the ratio; if it is too short,
decrease the ratio.

11.0 HPLC Assenbly and Calibration

11.

11.

11.

11.

1

The HPLC systemis assenbl ed and operated according to Section
10. 2. 1.

The HPLC nobil e phase is prepared by m xing 300 nL of acetonitrile
and 750 nmL of acetate buffer, pH 4.8. This mxture is filtered

t hrough a 0.22-um pol yester menbrane filter in an all-glass and
Tefl on® suction filtration apparatus. The filtered nobile phase is
degassed by purging with heliumfor 10-15 minutes (100 nl/m nute)
or by heating to 60°C for 5-10 m nutes in an Erlenneyer flask
covered with a watch glass. A constant back pressure restrict or
(50 psi) or short length (6-12 inches) of 0.01-inch I.D. Tefl on®
t ubi ng shoul d be placed after the detector to elinminate further
nobi | e phase out gassi ng.

The nobile phase is placed in the HPLC sol vent reservoir and the
punp is set at a flowrate of 0.3 nL/mnute and all owed to punp
for 20-30 minutes before the first analysis. The detector is
switched on at |east 30 mnutes before the first analysis and the
detector output is displayed on a strip-chart recorder or simlar
out put device. UV detection at 274 nmis generally preferred.

Al ternatively, fluorescence detection with 274-nm excitation at
298-nm eni ssion (2), or electrochem cal detection at 0.9 volts

(gl assy carbon el ectrode versus Ag/AgCl) (3) may be used. Once a
stabl e baseline is achieved, the systemis ready for calibration.
Calibration standards are prepared in HPLC nobil e phase fromthe
neat materials. Individual stock solutions of 100 ng/L are
prepared by dissolving 10 ng of solid derivative in 100 nL of
nobi | e phase. These individual solutions are used to prepare
calibration standards containing all of the phenols and cresols of
i nterest at concentrations spanning the range of interest.
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Each calibration standard (at least five levels) is analyzed three
times and area response is tabul ated agai nst mass injected.
Figures 5a through 5e illustrate HPLC response to vari ous pheno
concentrations (1 m./minute flowrate). Al calibration runs are
performed as described for sanple analyses in Section 10. Using
the UV detector, a linear response range of approximately 0.05 to
10 mg/ L shoul d be achi eved for 50-uL injection volunmes. The
results may be used to prepare a calibration curve, as illustrated
in Figure 6 for phenols. Linear response is indicated where a
correlation coefficient of at |least 0.999 for a |linear

| east-squares fit of the data (concentration versus area response)
is obtained. The retention tinmes for each anal yze shoul d agree
within 2%

Once linear response has been docunmented, an internediate
concentration standard near the anticipated | evels for each
conponent, but at |east 10 tinmes the detection lint, should be
chosen for daily calibration. The response for the various
conponents should be within 10% day to day. If greater variability
is observed, recalibration may be required or a new calibration
curve rmust be devel oped from fresh standards.

The response for each conponent in the daily calibration standard
is used to calculate a response factor according to the foll ow ng

equat i on:
C.xV
RF, = —=—1
(o3 RC
wher e
RF¢ = response factor (usually area counts) for the
conponent of interest in nanograns injected/
response unit.
Cc = concentration (ng/L) of analyte in the daily
cal i brati on standard.
Vi = vol unme (ulL) of calibration standard injected.
Rc = response (area counts) for analyte in the

cal i bration standard.
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Cal cul ati ons

12.1 The concentration of each conpound is cal culated for each sanple
using the foll owi ng equation:

W, = RF_XR, X EE X XB
d c d VI VA
wher e
W, = total quantity of analyze (ug) in the sanple.
RF, = response factor calculated in Section 11.6.
Ry = response (area counts or other response units)

for analyte in sanple extract.

Ve = final volume (m) of sanple extract.

Vv, = vol une of extract (uL) injected onto the HPLC
system

Vp = redilution volunme (if sanple was redil uted).

V, = aliquot used for redilution (if sanmple was
redil uted).

12.2 The concentration of analyte in the original sanple is cal cul ated
fromthe foll owi ng equation:

C, = '—Wd x 1000
AV, (orVy
wher e

Ca = concentration of analyte (ng/L) in the origina
sanpl e.

W, = total quantity of analyte (ug) in sanple.

Vo, = total sanple volune (L) under anbient
condi tions.

V, = total sanple volune (L) at 25°C and 760 nm Hg.

12.3 The anal yte concentrations can be converted to ppbv using the
foll owi ng equati on:

24. 4
C, (PPBV) = C, (ng/L) x 2

A

wher e
C, (ng/L) is calculated using V..

MM, = nol ecul ar wei ght of anal yte.
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Performance Criteria and Quality Assurance

This section summari zes required quality assurance (QA) neasures and
provi des gui dance concerni ng performance criteria that should be achi eved
wi thin each | aboratory.

13.1 Standard Operating Procedures (SOPs).

13.1.1 Users shoul d generate SOPs describing the follow ng
activities in their laboratory: (1) assenbly,
calibration, and operation of the sanpling system wth
make and nodel of equi pnent used; (2) preparation
purification, storage, and handling of sanpling reagent
and sanples; (3) assenbly, calibration, and operation of
the HPLC system with nake and nodel of equi pnent used;
and (4) all aspects of data recordi ng and processing,
including lists of conputer hardware and software used.

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 HPLC System Performance

13.2.1 The general appearance of the HPLC chromat ogram shoul d be
simlar to that illustrated in Figure 4.
13.2.2 The HPLC system efficiency and peak asymetry factor

shoul d be determined in the followi ng manner: A sol ution
of phenol corresponding to at |east 20 tines the
detection Iimt should be injected with the recorder
chart sensitivity and speed set to yield a peak
approxi mately 75% of full scale and 1 cm w de at half
hei ght. The peak asymetry factor is deternined as shown
in Figure 7, and should be between 0.8 and 1.8.

13.2.3 HPLC system efficiency is cal cul ated according to the
foll owi ng equati on:

t 2
N—5.54[ f)
W1/2

wher e
N = columm efficiency (theoretical plates).
t, = retention time (seconds) of analyte.
W,, = width of conmponent peak at half hei ght
(seconds).

A columm efficiency of >5,000 theoretical plates should
be obt ai ned.
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Preci si on of response for replicate HPLC injections
shoul d be +#10% or less, day to day, for calibration
standards. Precision of retention times should be 2%
on a given day.

Process Bl anks

13.3.1

13.3.2

Met hod Pr eci
13. 4.1

13.4.2

13.4.3

13.4. 4

Bef ore use, a 15-nmL aliquot of each batch of 0.1 N
NaOH reagent should be anal yzed as described in
Section 10. In general, analyte levels equivalent to
<5 ng/L in an 80-L sanple shoul d be achieved.

At | east one field blank, or 10% of the field sanples,
whi chever is larger, should be shipped and anal yzed
with each group of sanples. The nunber of sanples
within a group and/or tine frame should be recorded so
that a specified percentage of blanks is obtained for
a given nunber of field sanples. The field blank is
treated identically to the sanples except that no air
is drawn through the reagent. The sane performance
criteria described in Section 13.3.1 should be net for
process bl anks.

sion and Accuracy

At | east one duplicate sanple, or 10% of the field
sanmpl es, whichever is larger, should be collected
during each sanpling episode. Precision for field
replication should be +20% or better

Precision for replicate HPLC injections should be +10%
or better, day to day, for calibration standards.

At | east one spiked sanple, or 10% of the field

sampl es, whichever is larger, should be collected. The
i mpi nger solution is spiked with a known quantity of

t he conpound of interest, prepared as a dilute water
solution. A recovery of >80% should be achi eved
routinely.

Before initial use of the nethod, each | aboratory
shoul d generate triplicate spiked sanples at a m ni mum
of three concentration |evels, bracketing the range of
i nterest for each conpound. Triplicate nonspiked
sampl es rmust al so be processed. Spi ke recoveries of
>80 +10% and bl ank levels of <5 ng/L (using an 80-L
sampl ing vol ume) shoul d be achi eved.
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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 m./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
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OPERATING PARAMETERS
HPLC

Column: C-18 RP

Mabile Phose: 30% Acetonitrile/70% Acetote Buffer
Detector: Ultro violet operoting ot 274 nm

Flow Rate: 1 ml/min

Retention Time: 3.4 minutes
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JuL. 30, 1986 15:07:17  CHART 0.50 CM/MIN
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COLUMN SOLVENT OPR ID: 3

EXTERNAL STANDARD QUANTITATION

PEAK# AMOUNT  RT  EXP RT AREA RF

790.82600 8.81 790826 L 0.000000E0
2686.95000 11.30 2686966 F 0.000000E0
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FIGURE 4. TYPICAL CHROMATOGRAM ILLUSTRATING
SEPARATION OF PHENOLS/CRESOLS BY HPLC
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Column: C-18 RP
Mobile Phase: 30% Acetonitrile/70% Acetote Buffer

o Detector: Ultra violet operating at 274 nm
o _] Flow Rate: 1 mi/min
1 Retention Time: 3.4 minutes
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FIGURE 6. CALIBRATION CURVE FOR PHEHNOL
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FIGURE 7. PEAK ASYMMETRY CALCULATION
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METHOD TO-9A

Determination Of Polychlorinated, Polybrominated And
Brominated/Chlorinated Dibenzo-p-Dioxins
And Dibenzofurans In Ambient Air

1. Scope

1.1 This document describes a sampling and analysis method for the quantitative determination of
polyhalogenated dibenzo-p-dioxins and dibenzofurans (PHDDS/PHDFS) in ambient air, which include the
polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD</PCDFs), polybrominated dibenzo-p-dioxins and
dibenzofurans (PBDDS/PBDFs), and bromo/chloro dibenzo-p-dioxins and dibenzofurans (BCDDSBCDFs). The
method uses a high volume air sampler equipped with a quartz-fiber filter and polyurethane foam (PUF)
adsorbent for sampling 325 to 400 m® ambient air in a 24-hour sampling period. Analytical procedures based
on high resolution gas chromatography-high resolution mass spectrometry (HRGC-HRMS) are used for analysis
of the sample.

1.2 The sampling and analysis method was evaluated using mixtures of PHDDs and PHDFs, including the
2,3,7,8-substituted congeners (1,2). It has been used extensively in the U.S. Environmental Protection Agency
(EPA) ambient air monitoring studies (3,4) for determination of PCDDs and PCDFs.

1.3 Themethod provides accurate quantitative data for tetra- through octa-PCDDS/PCDFs (total concentrations
for each isomeric series).

1.4 Specificity isattained for quantitative determination of the seventeen 2,3,7,8-substituted PCDD<s/PCDFs and
specific 2,3,7,8-substituted PBDD/PBDF and BCDD/BCDF congeners.

1.5 Minimum detection limits (MDLS) in the range of 0.01 to 0.2 picograms/meter® (pg/m?®) can be achieved for
these compoundsin ambient air.

1.6 Concentrations as low as 0.2 pg/m? can be accurately quantified.

1.7 The method incorporates quality assurance/quality control (QA/QC) measures in sampling, analysis, and
evaluation of data.

1.8 Theandytica procedures also have been used for the quantitative determination of these types of compounds
in sample matrices such as stack gas emissions, fly ash, soil, sediments, water, and fish and human tissue (5-9).

1.9 Themethod is similar to methods used by other EPA, industry, commercial, and academic |aboratories for
determining PCDDs and PCDFs in various sample matrices (10-25). This method is an update of the original
EPA Compendium Method TO-9, originally published in 1989 (26).

1.10 The method does not separately quantify gaseous PHDDs and PHDFs and particul ate-associated PHDDs
and PHDFs because some of the compounds volatilize from the filter and are collected by the PUF adsorbent.
For example, most of the OCDD is collected by thefilter and most of the TCDDs are collected by the PUF during
sampling. PCDDYPCDFsmay be distributed between the gaseous and particle-adsorbed phasesin ambient air.
Therefore, the filter and PUF are combined for extraction in this method.
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1.11 The sampling and analysis method is very versatile and can be used to determine other brominated and
brominated/chlorinated dioxins and furansin the future when more analytical standards become available for use
in the method. A recent modification of the sample preparation procedure provides the capability required to
determine PCDDs, PCDFs, PCBs, and PAHs in the same sample (27).

2. Summary of Method

2.1 Quartz-fiber filters and glass adsorbent cartridges are pre-cleaned with appropriate solventsand dried in a
clean atmosphere. The PUF adsorbent plugs are subjected to 4-hour Soxhlet extraction using an oversized
extractor to prevent distortion of the PUF plug. The PUF plugs are then air dried in a clean atmosphere and
installed in the glass cartridges. A 50 microliter («L) aiquot of a 16 picogram/microliter (pg/xL) solution of
%Cl,-2,3,7,8-TCDD is spiked to the PUF in the laboratory prior to field deployment. (Different amounts and
additional **C,,-labeled standards such as **C,,-1,2,3,6,7,8-HXCDF may also be used if desired.) The cartridges
are then wrapped in aluminum foil to protect from light, capped with Teflon® end caps, placed in a cleaned
|abel ed shipping container, and tightly sealed with Teflon® tap until needed.

2.2 For sampling, the quartz-fiber filter and glass cartridge containing the PUF are installed in the high-volume
air sasmpler.

2.3 The high-volume sampler is then immediately put into operation, usually for 24 hours, to sample 325 to
400 m® ambient air.

[Note: Significant losses were not detected when duplicate samplers were operated 7 days and sampled 2660
m? ambient air (1-4).]

2.4 Theamount of ambient air sampled is recorded a the end of the sampling session. Sample recovery involves
placing thefilter on top of the PUF. The glass cartridge is then wrapped with the original aluminum fail, capped
with Teflon® end caps, placed back into the original shipping container, identified, and shipped to the analytical
laboratory for sample processing.

2.5 Sample preparation typically is performed on a"set" of 12 samples, which consists of 9 test samples, afield
blank, a method blank, and a matrix spike.

2.6 Thefilter and PUF are combined for sample preparation, spiked with 9 *3C,,-labeled PCDD/PCDF and 4
PBDD/PBDF internal standards (28), and Soxhlet extracted for 16 hours. The extract is subjected to an acid/base
clean-up procedure followed by clean-up on micro columns of silicagel, alumina, and carbon. The extract isthen
spiked with 0.5 ng *C,,-1,2,3,4-TCDD (to determine extraction efficiencies achieved for thé G -labeled
internal standards) and then concentrated to 10 L for HRGC-HRMS analysisin a1 mL conical reactivial.

2.7 Thesat of sample extractsis subjected to HRGC-HRM S selected ion monitoring (SIM) analysis using a 60-
m DB-5 or 60-m SP-2331 fused silica capillary column to determine the sampler efficiency, extraction efficiency,
and the concentrations or the MDLs achieved for the PHDDS/PHDFs (28). Defined identification criteriaand
QA/QC criteriaand requirements are used in evauating the analytical data. The analytical results along with the
volume of air sampled are used to calcul ate the concentrations of the respective tetra- through octa-isomers, the
concentrations of the 2,3,7,8-chlorine or -bromine substituted isomers, or the MDLs. The concentrations and/or
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MDLsarereported in pg/m®. The EPA toxicity equivalence factors (TEFs) can be used to calculate the 2,3,7,8-
TCDD toxicity equivalents (TEQS) concentrations, if desired (18).

3. Significance

3.1 The PHDDs and PHDFs may enter the environment by two routes. (1) manufacture, use and disposal of
specific chemical products and by-products and (2) the emissions from combustion and incineration processes.
Atmospheric transport is considered to be amajor route for widespread dispersal of these compounds in stack
gas emissions throughout the environment. The PCDDs/PCDFs are found as complex mixtures of all isomers
in emissons from combustion sources. The isomer profiles of PCDDS/PCDFs found in ambient air are similar
to those found in combustion sources. |somer profiles of PCDDs/PCDFs related to chemical products and by-
products are quite different in that only afew specific and characteristic isomers are detectable, which clearly
indicate they are not from a combustion source.

3.2 The 2,3,7,8-subgtituted PCDDS/PCDFs are considered to be the most toxic isomers. Fortunately, they
account for the smallest percentage of the total PCDD/PCDF concentrations found in stack gas emissions from
combustion sources and in ambient air. The 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), 1 of 22 TCDD
isomers and the mogt toxic member of PCDDS/PCDFs, is usually found as a very minor component in stack gas
emissions (0.5 to 10 percent of total TCDD concentration) and is seldom found in ambient air samples. All of
the 2,3,7,8-substituted PCDDSPCDFs areretained in tissue of life-forms such as humans, fish, and wildlife, and
the non 2,3,7,8-substituted PCDDs/PCDFs are rapidly metabolized and/or excreted.

3.3 Attention has been focused on determining PHDDS/PHDFsin ambient air only in recent years. The analyses
are time-consuming, complex, difficult, and expensive. Extremely sensitive, specific, and efficient analytical
procedures are required because the analysis must be performed for very low concentrations in the pg/m® and sub
pg/m*range. The MDLs, likewise, must be in the range of 0.01 to 0.2 pg/m?® for the results to have significant
meaning for ambient air monitoring purposes. The background level of total PCDDs/PCDFs detected in ambient
arisusudly intherange of 0.5to 3 pg/m?, and the PBDFsisin the range of 0.1 to 0.2 pg/m? (2,3,14). Because
PCDDs/PCDFs, PBDDs/PBDFs, and BCDDSBCDFs can be formed by thermal reactions, there has been an
increasing interest in ambient air monitoring, especidly in the vicinities of combustion and incineration processes
such as municipal waste combustors and resource recovery facilities (19,20). PBDDYPBDFs can be created
thermally (22,23), and they may a so be formed in certain chemical processes (21). BCDDs/BCDFs have been
detected in ash from combustion/incineration processes (9). The sampling and analysis method described here
can be used in monitoring studies to accurately determine the presence or absence of pg/m? and sub pg/m? levels
of these compounds in ambient air (26,27).

4. Safety

4.1 The2,3,7,8-TCDD and other 2,3,7,8-chlorine or bromine substituted isomers are toxic and can pose health
hazards if handled improperly. Techniques for handling radioactive and infectious materials are applicable to
2,3,7,8-TCDD and the other PHDDs and PHDFs. Only highly trained individuals who are thoroughly versed in
appropriate |aboratory procedures and familiar with the hazards of 2,3,7,8-TCDD should handle these substances.
A good laboratory practice involves routine physical examinations and blood checks of employees working with
2,3,7,8-TCDD. It istheresponsihility of the laboratory personnel to ensure that safe handling procedures are
employed.
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4.2 Thetoxicity or carcinogenicity of the other penta-, hexa-, hepta-, and octa-PHDDs/PHDFs with chlorine or
bromine atomsin positions 2,3,7,8 are known to have similar, but lower, toxicities. However, each compound
should be treated as a potential health hazard and exposure to these compounds must be minimized.

4.3 Whilethe procedure specifies benzene as the extraction solution, many laboratories have substituted toluene
for benzene (28). This is due to the carcinogenic nature of benzene. The EPA is presently studying the
replacement of benzene with toluene.

4.4 A laboratory should develop agtrict safety program for working with these compounds, which would include
safety and health protocols; work performed in well ventilated and controlled access laboratory; maintenance of
current awareness file of OSHA regulations regarding the safe handling of chemicals specified in the method,;
protective equipment; safety training; isolated work area; waste handling and disposal procedures,
decontamination procedures; and laboratory wipetests. Other safety practices as described in EPA Method 613,
Section 4, July 1982 version, EPA Method 1613 Revison A, April 1990, Office of Water and €l sewhere (29,30).

5. Applicable Documents
5.1 ASTM Standards

» Method D1365 Definitions of Terms Relating to Atmospheric Sampling and Analysis.
» Method E260 Recommended Practice for General Gas Chromatography Procedures.
» Method E355 Practice for Gas Chromatography Terms and Relationships.

5.2 EPA Documents

 Quality Assurance Handbook for Air Pollution Measurement Systems, Volume |1, U. S. Environmental
Protection Agency, EPA 600/R-94-038b, May 1994.

e Protocol for the Analysis of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin by High Resolution Gas
Chromatography-High Resolution Mass Spectrometry, U. S. Environmental Protection Agency,
EPA 600/40-86-004, January 1986.

e "Evaluation of an EPA High Volume Air Sampler for Polychlorinated Dibenzo-p-Dioxins and
Polychlorinated Dibenzofurans," undated report by Battelle under Contract No. 68-02-4127, Project Officers
Robert G. Lewis and Nancy K. Wilson, U. S. Environmental Protection Agency, Research Triangle Park,
North Carolina.

e Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air:
Method TO-9, Second Supplement, U. S. Environmental Protection Agency, EPA 600/4-89-018,
March 1989.

» Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in Ambient
Air, U. S. Environmental Protection Agency, EPA 600/4-83-027, June 1983.

» "Analytical Procedures and Quality Assurance for Multimedia Analysis of Polychlorinated Dibenzo-p-
Dioxins and Dibenzofurans by High Resolution Gas Chromatography - Low Resolution Mass Spectrometry,”
U. S. Environmental Protection Agency/OSW, SW-846, RCRA 8280 HRGC-LRMS, January 1987.

» "Analytical Procedures and Quality Assurance for Multimedia Analysis of Polychlorinated Dibenzo-p-
Dioxins and Dibenzofurans by High Resolution Gas Chromatography - High Resolution Mass Spectrometry,”
U. S. Environmental Protection Agency/OSW, SW-846, RCRA 8290 HRGC-HRMS, June 1987.
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» Harless, R, "Analytical Procedures and Quality Assurance Plan for the Determination of PCDDs and
PCDFs Ambient Air near the Rutland, Vermont Municipal Incinerator,” Final Report, U. S. Environmental
Protection Agency, AREAL, RTP, NC, 1988.

« Feasibility of Environmental Monitoring and Exposure Assessment for a Municipal Waste Combustor:
Rutland, Vermont Pilot Study, U. S. Environmental Protection Agency, EPA 600/8-91/007, March 1991.
» "Method 23, Determination of Polychlorinated Dibenzo-p-Dioxins (PCDDs) and Dibenzofurans (PCDFs)
from Stationary Sources." Federal Register, Vol. 56, No. 30, February 13, 1991.

» Method 1613 Tetra- through Octa-Chlorinated Dioxins and Furans by Isotope Dilution HRGC-HRMS,
U. S. Environmental Protection Agency, Office of Solid Waste, Washington, DC, April 1990.

5.3 Other Documents

* "Operating Proceduresfor Model PS-1 Sampler," Graseby/General Metal Works, Inc., Village of Cleves,
OH 45002 (800-543-7412).

» "Chicago Air Quality: PCB Air Monitoring Plan, Phase 2," IEAP/APC/86-011, Illinois Environmental
Protection Agency, Division of Air Pollution Control, April 1986.

 "Operating Procedures for the Thermo Environmental Semi-volatile Sampler,” Thermo Environmental
Instruments, Inc. (formerly Wedding and Associates), 8 West Forge Parkway, Franklin, MA 02038 (508-520-
0430).

6. Definitions

[Note: Definitions used in this document and any user-prepared Standard Operating Procedures (SOPs)
should be consistent with those used in ASTM D1356. All abbreviations and symbols are defined within this
document at the point of first use.]

6.1 Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs)—compounds
that contain from 1 to 8 chlorine atoms, resulting in atotal of 75 PCDDs and 135 PCDFs. The structures are
showninFigure 1. The numbersof isomersat different chlorination levels are shown in Table 1. The seventeen
2,3,7,8-substituted PCDDS/PCDFs are shown in Table 2.

6.2 Polybrominated dibenzo-p-dioxins (PBDDs) and polybrominated dibenzofurans (PBDFs)—compounds
that have the same structure and contain from 1 to 8 bromine atoms, resulting in atotal of 75 PBDDs and 135
PBDFs. The gtructures and isomers are the same as those of the PCDD</PCDFs shown in Figure 1 and Tables 1
and 2.

6.3 Brominated/chlorinated dibenzo-p-dioxins (BCDDs) and brominated/chlorinated dibenzofurans
(BCDFs)—compounds with the same structures and may contain from 1 to 8 chlorine and bromine atoms,
resulting in 1550 BCDD congeners and 3050 BCDF congeners.

6.4 Polyhalogenated dibenzo-p-dioxins (PHDDs) and polyhalogenated dibenzofurans (PHDFs)—dibenzo-
p-dioxins and dibenzofurans substituted with 1 or more halogen atoms.

6.5 Isomer—compounds having the sample number and type of halogen atoms, but substituted in different
positions. For example, 2,3,7,8-TCDD and 1,2,3,4-TCDD areisomers. Additionally, there are 22 isomers that
congtitute the homologues of TCDDs.
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6.6 Isomeric group—agroup of dibenzo-p-dioxins or dibenzofurans having the same number of halogen atoms.
For example, the tetra-chlorinated dibenzo-p-dioxins.

6.7 Internal Standard—isanisotopicdly-labeled analog that is added to all samples, including method blanks
(process and field) and quality control samples, before extraction. They are used along with response factors to
measure the concentration of the analytes. Nine PCDD/PCDF and 4 PBDD/PBDF internal standards are used
in this method. There is one for each of the chlorinated dioxin and furan isomeric groups with a degree of
hal ogenation ranging from four to eight, with the exception of OCDF.

6.8 High-Resolution Calibration Solutions (see Table 3)—solutions in tridecane containing known amounts
of 17 selected PCDDs and PCDFs, 9 internal standards (**C,,-labeled PCDDS/PCDFs), 2 field standards, 4
surrogate standards, and 1 recovery standard. The set of 5 solutionsis used to determine the instrument response
of the unlabeled andytes relative to the *C,,-labded internal standards and of the **C,,-labeled internal standards
relativeto the surrogate, field and recovery standards. Different concentrations and other standards may be used,
if desired. Criteriafor acceptable calibration as outlined in Section 13.5 should be met in order to use the analyte
relative response factors.

6.9 Sample Fortification Solutions (see Table 4)—solutions (in isooctane) containing the *C,,-labeled internal
standards that are used to spike all samples, field blanks, and process blanks before extraction. Brominated
standards used only when desired.

6.10 Recovery Standard Solution (see Table 5)—Recovery Standard Solution (see Table 5)—an isooctane
solution containing the **C,,-1,2,3,4-TCDD (*C,,-2,3,7,8,9-HxDD optional) recovery standards that are added
to the extract before final concentration for HRGC-HRMS analysis to determine the recovery efficiencies
achieved for the *C,,-labeled internal standards.

6.11 Air Sampler Field Fortification Solution (see Table 6)—an isooctane solution containing the *’Cl,-
2,3,7,8-TCDD standard that is spiked to the PUF plugs prior to shipping them to the field for air sampling.

6.12 Surrogate Standard Solution (see Table 7)—an isooctane solution containing 4 *C,,-labeled standards
that may be spiked to the filter or PUF prior to air sampling, to the sample prior to extraction, or to the sample
extract before cleanup or before HRGC-HRMS analysis to determine sampler efficiency method efficiency or
for identification purposes (28). Other standards and different concentrations may be used, if desired.

6.13 Matrix Spike and Method Spike Solutions (see Table 8)—isooctane solutions of native (non-label ed)
PCDDs and PCDFs and PBDDs and PBDFs that are spiked to a clean PUF prior to extraction.

6.14 Sample Set—consists of nine test samples, field blank, method blank, and matrix spiked with native
PHDD</PHDFs. Sample preparation, HRGC-HRM S analysis, and evaluation of datais performed on asample
Set.

6.15 Lab Control Spike—standard that is prepared during sample preparation and that contains exactly the
same amounts of al of the labeled and unlabeled standards that were used in extraction and cleanup of the sample
set for HRGC-HRMS analysis.
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6.16 Field Blank—consists of a sample cartridge containing PUF and filter that is spiked with the filed
fortification solution, shipped to the field, installed on the sampler, and passively exposed at the sampling area
(the sampler is not operated). It is then sealed and returned to the laboratory for extraction, cleanup, and
HRGC-HRMS analysis. Itistreated in exactly the same manner asatest sample. A field blank is processed with
each sampling episode. The field blank represents the background contributions from passive exposure to
ambient air, PUF, quartz fiber filter, glassware, and solvents.

6.17 Laboratory Method Blank—represents the background contributions from glassware, extraction and
cleanup solvents. A Soxhlet extractor is spiked with a solution of **C,,-labeled internal standards, extracted,
cleaned up, and analyzed by HRGC-HRMS in exactly the same manner as the test samples.

6.18 Solvent Blank—an aiquot of solvent (the amount used in the method) that is spiked with the *C,,-labeled
interna standards and concentrated to 60 xL for HRGC-HRM S analysis. The analysis provides the background
contributions from the specific solvent.

6.19 GC Column Performance Evaluation Solution (see Table 9)—a solution containing a mixture of
selected PCDD/PCDF isomers, including the first and last chromatographic eluters for each isomeric group. Used
to demonstrate continued acceptable performance of the capillary column and to define the PCDD/PCDF
retention time windows. Also includes a mixture of tetradioxin isomers that € ute closest to 2,3,7,8-TCDD.

6.20 QA/QC Audit Samples—samples of PUF that contain known amounts of unlabeled PCDDS and PCDFs.
These samples are submitted as"blind" test samplesto the analytical laboratory. The analytical results can then
be used to determine and validate the laboratory's accuracy, precision and overal analytical capabilities for
determination of PCDDS/PCDFs.

6.21 Relative Response Factor—response of the mass spectrometer to a known amount of an analyte relative
to aknown amount of alabeled internal standard.

6.22 Method Blank Contamination—the method blank should be free of interferences that affect the
identification and quantification of PHDDs and PHDFs. A vdid method blank is an analysisin which al internal
standard signals are characterized by S/N ratio greater than 10:1 and the MDL s are adequate for the study. The
seat of samples must be extracted and analyzed again if avalid method blank cannot be achieved.

6.23 Sample Rerun—additional cleanup of the extract and reanalysis of the extract.
6.24 Extract Reanalysis—analysis by HRGC-HRMS of another aliquot of the final extract.

6.25 Mass Resolution Check—a standard method used to demonstrate a static HRMS resolving power of
10,000 or greater (10 percent valley definition).

6.26 Method Calibration Limits (MCLs)—for agiven sample size, afinal extract volume, and the lowest and
highest calibration solutions, the lower and upper MCLs delineate the region of quantitation for which the
HRGC-HRMS system was calibrated with standard solutions.

6.27 HRGC-HRMS Solvent Blank—a 1 or 2 nL aliquot of solvent that is analyzed for tetra- through octa
PCDDs and PCDFs following the analysis of a sample that contains high concentrations of these compounds.
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An acceptable solvent blank analysis (free of PHDDS/PHDFs) should be achieved before continuing with analysis
of the test samples.

6.28 Sampler Spike (SS)—a sampler that is spiked with known amounts of the air sampler field fortification
solution (see Table 6) and the matrix spike solutions (see Table 8) prior to operating the sampler for 24 hours
to sample 325-400 std m® ambient air. The results achieved for this sample can be used to determine the
efficiency, accuracy and overall capabilities of the sampling device and analytical method.

6.29 Collocated Samplers (CS)—two samplersingtalled close together at the same site that can be spiked with
known amounts of the air sampler field fortification solution (see Table 6) prior to operating the samplersfor 24
hours to sample 325-400 std m® ambient air. The analytical results for these two samples can be used to
determine and evaluate efficiency, accuracy, precision, and overal capabilities of the sampling device and
analytical method.

6.30 Congener—atermwhich refersto any one particular member of the same chemical family. Asan example,
there are 75 congeners of chlorinated dibenzo-p-dioxins. A specific congener is denoted by unique chemical
notations. For example, 2,4,8,9-tetrachlorodibenzofuran is referred to as 2,4,8,9-TCDF.

6.31 Homologue—aterm which refers to agroup of structurally related chemicals that have the same degree
of chlorination. For example, there are eight homologues of CDDs, monochlorinated through octochl orinated.
Notation for homologous classes is as follows:

Class Acronym
Dibenzo-p-dioxin D
Dibenzofuran F
No. of halogens Acronym Example
1 M
2 D 2,4-DCDD
3 Tr
4 T 1,4,7,8-TCDD
5 Pe
6 Hx
7 Hp
8 0]

1 through 8 CDDsand CDFs

7. Interferences And Contamination

7.1 Any compound having a similar mass and mass/charge (m/z) ratio eluting from the HRGC column within
+ 2 seconds of the PHDD/PHDF of interest is a potential interference. Also, any compound eluting from the
HRGC column in avery high concentration will decrease senditivity in the retention time frame. Some commonly
encountered interferences are compounds that are extracted along with the PCDDs and PCDFs or other
PHDDs/PHDFs, eg., polychlorinated biphenyls (PCBs), methoxybiphenyls, polychlorinated diphenylethers,
polychlorinated naphthalenes, DDE, DDT, etc. The cleanup procedures are designed to €liminate the majority
of these substances. The capillary column resolution and mass spectrometer resolving power are extremely
helpful in segregating any remaining interferences from PCDDs and PCDFs. The severity of an interference
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problem is usualy dependent on the concentrations and the mass spectrometer and chromatographic resolutions.
However, polychlorinated diphenylethers are extremely difficult to resolve from PCDFs because they elutein
retention time windows of PCDFs, and their fragment ion resulting from the loss of 2 chlorine atomsis identical
to that of the respective PCDF. For example, the molecular ions of hexachlorodiphenylethers must be monitored
to confirm their presence or absencein the analysisfor TCDFs. Thisrequirement also applies to the other PCDFs
and PBDFs.

7.2 Sincevery low levels of PCDDs and PCDFs must be determined, the elimination of interferencesis essential.
High purity reagents and solvents must be used, and all equipment must be scrupulously cleaned. All materials,
such as PUF, filter solvents, etc., used in the procedures are monitored and analyzed frequently to ensure the
absence of contamination. Cleanup procedures must be optimized and performed carefully to minimize the loss
of anadyte compounds during attemptsto increase their concentrations relative to other sample components. The
andytica results achieved for thefidd blank, method blank, and method spike in a"set" of samplesis extremely
important in evaluating and validating the analytical data achieved for the test samples.

8. Apparatus

[Note: This method was developed using the PS-1 semi-volatile sampler provided by General Metal Works,
Village of Cleves, OH as a guideline. EPA has experience in use of this equipment during various field
monitoring programs over the last several years. Other manufacturers' equipment should work as well.
However, modifications to these procedures may be necessary if another commercially available sampler is
selected.]

8.1 High-Volume Sampler (see Figure 2). Capable of pulling ambient air through the filter/adsorbent cartridge
at aflow rate of approximately 8 standard cubic feet per minute (scfm) (0.225 std m*\min) to obtain a total
sample volume of greater than 325 scm over a 24-hour period. Major manufacturers are:

- Tisch Environmental, Village of Cleves, OH
- Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
- Thermo Environmenta Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.2 High-Volume Sampler Calibrator. Capable of providing multipoint resistance for the high-volume
sampler. Major manufacturers are:

- Tisch Environmental, Village of Cleves, OH
- Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
- Thermo Environmenta Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.3 High Resolution Gas Chromatograph-High Resolution Mass Spectrometer-Data System
(HRGC-HRMS-DS)

8.3.1 The GC should be equipped for temperature programming and all of the required accessories, such as
gases and syringes, should be available. The GC injection port should be designed for capillary columns.
Splitless injection technique, on-column injections, or moving needle injectors may be used. It isimportant to
use the same technique and injection volume at all times.
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8.3.2 The HRGC-HRMS interface, if used, should be constructed of fused silicatubing or al glass or glass
lined stainless stedl and should be able to withstand temperatures up to 340°C. Theinterface should not degrade
the separation of PHDD/PHDF isomers achieved by the capillary column. Active sites or cold spots in the
interface can cause peak broadening and peak tailing. The capillary column should be fitted directly into the
HRM S ion source to avoid these types of problems. Graphite ferrules can adsorb PHDDs/PHDFs and cause
problems. Therefore, Vespel® or equivalent ferrules are recommended.

8.3.3 The HRMS system should be operated in the eectron impact ionization mode. The static resolving
power of theinstrument should be maintained at 10,000 or greater (10% valley definition). The HRMS should
be operated in the selected ion monitoring (SIM) mode with a total cycle time of one second or less. At a
minimum, theionslisted in Tables 10, 11, and 12 for each of the select ion monitoring (SIM) descriptors should
be monitored. It isimportant to use the same set of ions for both calibration and sample analysis.

8.3.4 Thedata system should providefor control of mass spectrometer, data acquisition, and data processing.
The data system should have the capability to control and switch to different sets of ions (descriptors/mass menus
shown in Tables 10, 11, and 12) at different times during the HRGC-HRMS SIM analysis. The SIM
traces/displays of ion signals being monitored can be displayed on the termina in real time and sorted for
processing. Quantifications are reported based on computer generated peak areas. The data system should be
ableto provide hard copies of individual ion chromatograms for selected SIM time intervals, and it should have
the capahiility to allow measurement of noise on the basdline. It should also have the capability to acquire mass-
spectral peak profiles and provide hard copies of the peak profilesto demonstrate the required mass resol ution.

8.3.5 HRGC columns, such asthe DB-5 (28) and SP-2331 fused silica capillary columns, and the operating
parameters known to produce acceptable results are shown in Tables 13 and 14. Other types of capillary columns
may also be used as long as the performance requirements can be successfully demonstrated.

9. Equipment And Materials
9.1 Materials for Sample Collection (see Figure 3a)

9.1.1 Quartz fiber filter. 102 millimeter bindless quartz microfiber filter, Whatman International Ltd,
QMA-4.

9.1.2 Polyurethane foam (PUF) plugs. 3-inch thick sheet stock polyurethane type (density 0.022 g/cm?).
The PUF should be of the polyether type used for furniture upholstery, pillows, and mattresses. The PUF
cylinders (plugs) should be slightly larger in diameter than the internal diameter of the cartridge. Sources of
equipment are Tisch Environmentd, Village of Cleves, OH; University Research Glassware, 116 S. Merritt Mill
Road, Chapd Hill, NC; Thermo Environmentd Instruments, Inc., 8 West Forge Parkway, Franklin, MA; Supelco,
Supelco Park, Bellefonte, PA; and SKC Inc., 334 Valey View Road, Eighty Four, PA (see Figure 3b).

9.1.3 Teflon® end caps. For sample cartridge. Sources of equipment are Tisch Environmental, Village of
Cleves, OH; and University Research Glassware, 116 S. Merritt Mill Road, Chapel Hill, NC (see Figure 3b).

9.1.4 Sample cartridge aluminum shipping containers. For sample cartridge shipping. Sources of
equipment are Tisch Environmentd, Village of Cleves, OH; and University Research Glassware, 116 S. Merritt
Mill Road, Chapel Hill, NC (see Figure 3b).

9.1.5 Glass sample cartridge. For sample collection. Sources of equipment are Tisch Environmental,
Village of Cleves, OH; Thermo Environmental |nstruments, Inc., 8 West Forge, Parkway, Franklin, MA; and
University Research Glassware, 116 S. Merritt Mill Road, Chapd Hill, NC (see Figure 3b).
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9.2 Laboratory Equipment

9.2.1 Laboratory hoods.

9.2.2 Drying oven.

9.2.3 Rotary evaporator. With temperature-controlled water bath.
9.2.4 Balances.

9.2.5 Nitrogen evaporation apparatus.

9.2.6 Pipettes. Disposal Pasteur, 150-mm long X 5-mmi.d.

9.2.7 Soxhlet apparatus. 500-mL.

9.2.8 Glass funnels.

9.2.9 Desiccator.

9.2.10 Solvent reservoir. 125-mL, Kontes, 12.35-cm diameter.
9.2.11 Stainless steel spoons and spatulas.

9.2.12 Glass wool. Extracted with methylene chloride, stored in clean jar.
9.2.13 Laboratory refrigerator.

9.2.14 Chromatographic columns.

9.2.15 Perfluorokerosenes.

9.3 Reagents and Other Materials

9.3.1 Sulfuric acid. Ultrapure, ACS grade, specific gravity 1.84, acid silica.

9.3.2 Sodium hydroxide. Potassium hydroxide, reagent grade, base silica.

9.3.3 Sodium sulfate.

9.3.4 Anhydrous, reagent grade.

9.3.5 Glass wool. Silanized, extracted with methylene chloride and hexane, and dried.

9.3.6 Diethyl ether. High purity, glass distilled.

9.3.7 Isooctane. Burdick and Jackson, glass-distilled.

9.3.8 Hexane. Burdick and Jackson, glass-distilled.

9.3.9 Toluene. Burdick and Jackson, glass-distilled, or equivalent.

9.3.10 Methylene chloride. Burdock and Jackson, chromatographic grade, glass distilled.

9.3.11 Acetone. Burdick and Jackson, high purity, glass distilled.

9.3.12 Tridecane. Aldrich, high purity, glass distilled.

9.3.13 Isooctane. Burdick and Jackson, high purity, glass distilled.

9.3.14 Alumina. Acid, pre-extracted (16-21 hours) and activated.

9.3.15 Silica gel. High purity grade, type 60, 70-230 mesh; extracted in a Soxhlet apparatus with methylene
chloride (see Section 8.18) for 16-24 hours (minimum of 3 cycles per hour) and activated by heating in afail-
covered glass container for 8 hoursat 130°C.

9.3.16 18 percent Carbopack C/Celite 545.

9.3.17 Methanol. Burdick and Jackson, high purity, glass distilled.

9.3.18 Nonane. Aldrich, high purity, glass distilled.

9.3.19 Benzene. High purity, glass distilled.
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9.4 Calibration Solutions and Solutions of Standards Used in the Method

9.4.1 HRGC-HRMS Calibration Solutions (see Table 3). Solutions containing *C,,-labeled and
unlabeled PCDDs and PCDFs at known concentrations are used to calibrate the instrument. These standards can
be obtained from various commercial sources such as Cambridge Isotope Laboratories, 50 Frontage Road,
Andover, MA 01810, 508-749-8000.

9.4.2 Sample Fortification Solutions (see Table 4). Anisooctane solution (or nonane solution) containing
the °C,,-labeled PCDD/PCDF and PBDD/PBDF internal standards at the listed concentrations. The internal
standards are spiked to al samples prior to extraction and are used to measure the concentration of the unlabeled
native analytes and to determine MDLs.

9.4.3 Recovery Standard Spiking Solution (see Table 5). An isooctane solution containing *C,,-1,2,3,4-
TCDD at aconcentration of 10 pg/uL. Additional recovery standards may be used if desired.

9.4.4 Sampler Field Fortification Solution (see Table 6). An isooctane solution containing 10 pg/uL
¥Cl,-2,3,7,8-TCDD.

9.4.5 Surrogate Standards Solution (see Table 7). Anisooctane solution containing the four **C,,-labeled
standards at a concentration of 100 pg/uL.

9.4.6 Matrix/Method Spike Solution (see Table 8). An isooctane solution containing the unlabeled
PCDD</PCDFs and PBDD</PBDFs at the concentrations listed.

[Note: All PHDD/PHDF solutions listed above should be stored in a refrigerator at less than or equal to 4°C
in the dark. Exposure of the solutions to light should be minimized.]

9.4.7 Column Performance Evaluation Solutions (see Table 9). Isooctane solutions of first and last
chromatographic eluting isomers for each isomeric group of tetra- through octa-CDDs/CDFs. Also includesa
mixture of tetradioxin isomers that elute closest to 2,3,7,8-TCDD.

10. Preparation Of PUF Sampling Cartridge
10.1 Summary of Method

10.1.1 Thispart of the procedure discusses pertinent information regarding the preparation and cleaning of
the filter, adsorbents, and filter/adsorbent cartridge assembly. The separate batches of filters and adsorbents are
extracted with the appropriate solvent.

10.1.2 At least one PUF cartridge assembly and one filter from each batch, or 10 percent of the batch,
whichever is greater, should be tested and certified before the batch is considered for field use.

10.1.3 Prior to sampling, the cartridges are spiked with surrogate compounds.

10.2 Preparation of Sampling Cartridge

10.2.1 Bakethe quartz filters at 400°C for 5 hours before use.

10.2.2 Sat asdethefiltersin aclean container for shipment to the field or prior to combining with the PUF
glass cartridge assembly for certification prior to field deployment.

10.2.3 The PUF plugs are 6.0-cm diameter cylindrical plugs cut from 3-inch sheet stock and should fit, with
dight compression, in the 