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PLEASE REPLY TO:

WEST COAST

July 26, 1990

Western States Petroleum Association
505 N. Brand Boulevard, Suite 1400
Glendale, CA 91203

Attention: Mr. Robert Stockdale, Chairman
AB2588 Working Group

Subject: AB 2588 Pooled Source Emission Test Program
The Almega Corporation Project I6551
The Almega Corporation Report I6551-4
Volume IXII- Compilation of Test Methods

Gentlemen:
INTRODUCTION

A series of tests were conducted on 19 refinery sources to develop
preliminary emission factors to aid refiners in preparation of the 1989
emission estimate report mandated by AB2588, Air Toxics "Hot Spots"”
Information and Assessment Act of 1987, Testing was performed on a
representative number of heaters, boilers and cogeration gas fired
turbines, and one sulfur recovery unit, one gasoline loading rack and
one asphalt recovery incinerator.

This volume contains reference copies of the CARB test methods and
the USEPA multiple metal train test method used throughout this program.
Details of modifications of these methods for compounds for which test
methods do not exist have been included in Volume I of this report.

Respectfully submitted,
THE ALMEGA CORPORATION

Meryl R. Jackson
Vice President

MRJ/jnk
EAST COAST MIDWEST WEST COAST
RD2 Mount Pleasant Road 607C Country Club Drive 2301 East 28th Street, Suite 309
Pottstown, PA 19464 Bensenville, IL 60106 Signal Hill, CA 90806
Phone: (215) 469-9625 Phone: (708) 595-0175 Phone: (213) 426-4221

Fax: (215) 469-6701 Fax: (708) 595-1203 Fax: (213) 426-1143
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METHOD 1 - SAMPLE AND VELOCITY TRAVERSES FOR STATIONARY SOURCES
Principle and Applicability

1.

1.1 Principle:

1.2 Applicability:

To afd {n the representative measurement of pollutant
em{ssions and/or total volumetric flow rate from a
stationary source, & measurement s{te where the
effluent stream 1s flowing {n a known direction is
selected, and the cross-section of the stack is
divided fnto a number of equal areas. A traverse
point 15 then located within each of these equal

areas,

This method is applicable to flowing gas streams in
ducts, stacks, and flues. The method cannot be used
when: (1) flow 1s cyclonic or swirling (see Section
2.4). (2) a stack is smaller than about 0.30 meter
(12 in.) 1n diameter or 0.071 m? (113 {n.%) in

cross-sectfonal area, or {3) the measurement site is
Tess than two stack or duct diameters downstream or
less than a half diameter upstream from a flow

disturbance.

The requirements of this method must be considered
before construction of a new facility from which
emissfons will be measured; failure to do so may
require subsequent alterations to the stack or

deviation from the standard procedure. Cases
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'1nvofving {ar1ants are subject to approval by the

Control Agency's authorized representative.

2. Procedure

2.1

2.2

Selection of Measurement Site. Sampling or velocity measurement is
performed at a sfte located at Jeast efght stack or duct diameters
downstream and two diﬁmeters upstream from any flow disturbance such
2s a bend, expansion, or contraction in the stack, or from a visible
flame. If necessary, an alternat{ve Tocatian may be selected, at.a_.
position at least two stack or duct diameters downstream and a half
diameter upstream from any flow disturbance., For a rectangular cross
section, an equivalent diameter (De) ghq11 be calculated from the
following equation, to determine the upstream and downstream

distances: Do = Zt¥__ where L = length and W = width,
+

Determining the Number of Traverse Points

2.2.1 Particulate Traverses, When the eight-and two-diameter
criterion can be met, the minimum number of traverse points
shall be: (1) twelve, for circular or rectangular stacks with
diameters (or equivalent diameters) greater than 0.61 meter
(24 in.); (2) eight, for circular stacks with diameters
between 0.30 and 0.61 meter (12-24 1in.); (3} nine, for
rectangular stabks with equivalent diameters between 0,30 and

0.61 meter (12-24 in.).
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¥hen the e}ght-and two-diameter criterion cannot be met, the

- minimum number of-traverse points {s determined from Figure
1-1. Before referring to the Figure, however, determine the
distances from the chosen measurement site to the nearest
upstream and downstream disturbances, and divide each distance
by the stack diameter or eﬁuiva]ent diameter, to determine the
. distance {n terms of the number of duct diameters. Then,
determine from Figure 1-1 the minimum number of traverse
points that corresponds: (1) to the number of duct diameters
upstream; and (2} to the number of diameters downstream.
Select the higher of the two minimum numbers of traverse
points, or a greater value, 50 that for circulaf stacks the
number is a multiple of 4, and for rectangular stacks, the

number is one of those shown in Table 1-1,

Subject to the approval of the Control Agency's authorized
representative, the minimum number of traverse points may be
Tess than that determined from Fiqure 1-1 to accommodate

specific test situations.

TABLE 1-1. Cross-sectional Layout for Rectangular Stacks

Number of Traverse Points Matrix layout

b e L LR R R Ix3
LA e e D T 4 x3
16 weseccsccccncncnccsenencccaneenacaceaas 4 x 4
20 semecenccancncemcccacanansnaca e aa. Sx4a
25 wevmccmmcacacccartacccicec e e 5x5
J0 wereccsccmrscencercanccc s accce e nas 6 x5
6 wvwme= e T L T 6 x6
42 wmcecsccac e cccccececcaccnecacaa -7 x6
49 ccece= T e 7x7
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2,2.2 VYelocity (Hon-ﬁarticu1ate) Traverses. Khen velocity or
volumetric flow rate {s to be determined (but not particulate
matter}, the same procedure as that for particulate traverses
(Section 2.2.1) {s followed, except that Figure 1-2 may be

used instead of Figure 1-1,

. Subject to the approval of the Control Agency's authorized
representative, the minimum number of traverse points may be
less than that determined from Figure 1-2 to accommodate

specific test situations.
2.3 Cross-Sectional Layout and Location of Traverse Points

2.3.1 Circular Stacks. Locate the traverse points on. two
perpendicular diameters according to Table 1«2 and the example
shown in Figure 1-3. Any equation that gives the same values
as those in Table 1-2 may be used 1n Tieu of Table 1-2.

For particulate traverses, one of the diameters must be in a
plane containing the greatest expected concentraticn
varfation, e.g., after bends, one diameter shall be in the
plane of the bend. This requirement becomes less critical as
the distance from the disturbance fncreases; therefore, other
diameter locations may be used, subject to approval of the

Control Agency's authorized representative.
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In addition, for stacks having d{ameters greater than 0.61 m~

(24 in.), no traverse pofnts shall be located within 2.5

centimeters (1.00 1n,) of the stack walls: and for stack

diameters equal to or less than 0.61 m (24 in,} no traverse

points shall be located within 1.3 cm {0.50 1n.) of the stack

walls,

below.

2,310

To meet these criter{a, observe the procedures given

Stacks with O{ameters Greater Than 0.61 m (24 in.).
When any of the traverse points as located in Section
2.3.1 fan withfn 2.5 cm {1.00 1n.) of the stack
walls, relocate them away from the stack walls to:

(1} a distance of 2.5 c¢m {1.00-7n.); or {2) a
distance equal to the nozzle inside diameter,
whichever {s larger. These relocated traverse points
{on each end of a diameter) shall be the "adjusted“

traverse points.

Whenever two successive transverse points are
combined to form a single adjusted traverse point,
tredt the adjusted point as two separate traverse
points, dboth in the sampling {or velocity

measurement) procedure, and in recording the data.
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2.3.1.2 Stacks with Diameters Equal to or Less Than 0.61 m
(24 {n.). Follow the procedure in Section 2.3.1,
noting only that any "adjusted® pofnts should be
relocated away from the stack walls to: (1) a
distance of 1.3 cm (0.50 1n.); or (2) a distance
equal to the nozzle inside diameter, whichever is

larger.

2,3.2 Rectangular Stacks. Determine the number of traverse points
.as explained {n Sections 2.1 and 2.2 of this method. From
Table 1-1, determine the grid configuration. Divide the stack
cross-section into as many equal rectangular elemental areas
as traverse points, and then locate a traverse point at the
centroid of each equal area according to the example in Figure

1-4.

o o} o o
) 0 ° 0
° ° 0 0
0 ° 0 0
Figure 1-4

Example Showing Rectangular Stack Cross
Section Divided into Twelve Equal Areas, with a Traverse
Point at Centroid of Each Area
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If the tester desires to use more than the minfmum’ nimber of -
traverse pofnts, expand the ‘minimum mumber of traverse
points® matrix (see Table 1-1)} by adding the extra traverse
pofnts along one or the other or both legs of the matrix; the
final matrix need not be balanced. For example, 1f a4 x 3
*minimum number of points" matrix were expanded to 36 points,
. the final matrix could be 9 x 4 or 12 x 3, and would not
necessarily have to be 6 x 6. After constructing the final
matrix, divide the stack cross-section {nto as many equal
rectangular, elemental areas as traverse points, and locate a

traverse point at the centroid pf each equal area.

Subject to the approval of the Control Agency's author{zed
representative, alternatives to the matrix layout prescribed
in Table 1-1 may be used to accommodate specific test

s{tuations.

The situation of traverse points being too close to the stack
walls 1s not expected to arise with rectangular stacks. If
this problem should ever ar{se, the Control Agency's
authorized representative must be contacted for resolution of

the matter.

2.4 Verification of Absence of Cyclonic Flow. In most stationary
sources, the direction of stack gas flow {s essentially parallel to
the stack walls. However, cyclanic flow may exist (1) after such

devices as cyclones and inertial demisters following venturi
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scrubbers, or (2) fn stacks having tangential inlets or other duct.
configurations which tend to induce swirling; in these {nstances, the
presence or absence of cyclonic flow at the sampling location must be

determined. The following techniques are acceptable for this

determination,

Level. and zero the manometer, Connect a Type S pitot tube to the
manometer. Position the Type S pitot tube at cach traverse point, in
succession, so that the planes of the face openings of the pitot tube
are perpendicular to the stack cross-sectfonal plane: ‘when the Type
S pitot tube {s in this position it s at "0 reference.” Note the
differential pressure (% p) reading'at each traverse point. If a
null (zero) pitot reading s obtafned at 0° reference at a given
traverse point, an acceptable flow condition exists at that point.

If the piiot reading 1s not zero at 0° reference, rotate the pitot
tube (up to + 90° yaw angle), until a null reading 1s obtained.
Carefully determine and record the value of the rotation angle {a) to
the nearest degree. After the null technique has been applied at
each traverse point, célculate the average of the absolute values of
a; assign a value of 0° to those points for which no rotation was
required, and include these in the overall average. If the average
value of a is greater than 10° the overall flow condition in the
stack is unacceptable and alternative methodology, subjeét to the
approval of the Control Agency's authorized representative must be

used to perform accurate sample and velocity traverses.
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METHOD 2 - DETERMINATION QF STACK GAS YELOCITY AND YOLUMETRIC FLOW RATE
(TYPE S PITOT TUBE)

1. Principle and Applicability

1.1 Principle:

1.2 Applicability:

The averége gas velocity in a stack is determined
from the gas density and from measurement of the
average velocity head with a Type S (Stausscheibe or

reverse type) pitot tube.

This method is applicable for measurement of the
average velocity of a gas stream and for quantifying

gas flow,

This procedure is not applicable at measurement sites
which fail to meet the criteria of Method 1, Section
2.1. Also, the method cannot be used for direct
measurement in cyclonic or swirling gas streams;
Section 2.4 of Method 1 shows how to determine
cyclonic or swirling flow conditions. When
unacceptable conditions exist, alternative
procedures, subject to the approval of the Contro)
Agency's Authorized Representative, must be employed
to make accurate flow rate determinations; exampies
of such alternative procedures are: (1) to install
straightening vanes; {2) to calculate the total
voluﬁetric flow rate stoichiometrically, or (3) to
move to another measurement site at which the flow is

acceptable.




Apparatus

Specifications for the apparatus are given below. Any other apparatus

that has been demonstrated (subject to approval of the Control

Agency's Authorized Representative) to be capable of meeting the

specifications will be considered acceptable.

2.1

Type S Pitot Tube. The Type S pitot tube {Figure 2-1} shall be
made of metal tubing (e.g., stainless steel}, It is recommended
that the external tubing diameter {dimension Dt' Figure 2-2b)

be between 0.48 and 0.95 centimeters (3/16 and 1/8 inch). There
shall be an equal distance from the base of each leg of the pitot
tube to {ts %ace—opening plane (dimensions PA and PB' Figure
2-2b); it is recommended that this distance be between 1.05 and
1.50 times the external tubing diameter. The face openings of

the pitot tube shall, preferably, be aligned as shown in

' Figure 2-2; however, sli{ght misalignments of the openings are

permissible (see Figure 2-3).

The Type S pitot tube shall have a known coefficient, determined
a4s outlined in Section 4. An identification number shall be
assigned to the pitot tube; this number shall be permanently

marked or engraved on the body of the tube.

A standard pitot tube may be used instead of a Type S, provided
that it meets the specifications of Sections 2.7 and 4.2; note,
however, that the static and impact pressure holes of standard

pitot tubes are susceptible to piugging in particulate-laden gas




TEMPERATURE SENSOR FLEXIBLE TUB

=
6.25 MM (1/4

N 3L §Dﬂ“\

= —

/
I TYPE S PITOT Tust

LEAK-FREE
GAS FLOW CONRECTIONS

MANOMETER

®L < DISTANCE TO FURTHEST SAMPLING
POINT PLUS 30 ¢M (12 IN.)

##PITOT TUBE - TEMPERATURE SENSOR SPACING

Figure 2,1 Type s pitot tube-manometer assembly.
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A-SIDE PLANE

-

NOTE :
; A SRS : SENER —.ﬂFT. l
LONGITUDINAL Dy A A 1.05 0,< P <1.50 D,
TUBE AXIST v 8 15 Pa = P
. — —_—e
0.48 CM <0, < 0.95 CM B-SIDE PLANE
(3/16 INT)" T(3/8 IN.) (b)
TRANSVERSE ;
TUBE AXIS {
T e S W'
FACE
(e) *""opcnms""

PLANES .
(a) END VIEW

Figure 2.2. Properly constructed Type S pitot tube, shown in:
(a) end view; face opening planes perpendicular to transverse
axis; (b) top view; face opening planes parallel to longitudinal
axis; (c) side view; both legs of equal length and centerlines
coincident, when viewed from both sides. Baseline coefficient

values of 0.84 may be assigned to pitot tubes constructed this
way.
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al Ay \22)
TRANSVERSE I - ‘ : e
TUBE AXIS . . . 1 . —
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LONGITUDINAL
TUBE AX]s_
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{q)

Figure 2.3. Types of face-opening misalignment that can result
from field use or improper construction of Type S pitot tubes.
These will not affect Cp so long as and a, <10°, B, <5°,
2 <0.32 cm (1/8 in.) and w<0.08 em (1/32 In.).
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2.2

stréams. Therefore, whenever a standard pitot tube s used to
perform a traverse, adequate proof must be furnished that the
openings of the pitot tube have not plugged up during the
traverse period; this can be done by taking a velocity head (ap)
reading at the final traverse point, cieanfng out the impact and
static holes of the standard pitot tube by "back-purging" with
pressurized alr, and then taking another ap reading. If the ap
readings made before and after the air purgz are the same (+5
percent) the traverse is acceptable. Otherwise, reject the run.
Note that ifap at the final traverse point 1s unsuitably Tow,
another point may be selected. [If "back-purging” at regular
intervals is part of the procedure, then comparative ap readings
shall be taken, as above, for the last two back purges at which

su{tably high ap readings are observed.

Differential Pressure Gauge. An {nclined manometer or equivalent
device is used. Most sampling trains are equipped with a 10-in.
(water column} inclined-vertical manometer, having 0.01-1n, H20
divisions on the 0- to 1-in. inciined scale, and 0.1-in, HZU
divisfons on the 1~ to 10-in. vertical scale. This type of
manometer (or other gauge of equivalent sensitivity) is
satisfactory for the measurement of ap values as low as 1.3 mm
(0.05 in.) HZO' However, a differential pressure gauge of
greater sensjtivity shall be used (subject to the approval of the
Control Agency's Authorized Representative}, {f any of the
following is found to be true: (1) the arithmetic average of

all ap readings at the traverse points in the stack is less than
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1.3 mm (0.05 {n,) H,0; (2) for traverses of 12 of more points, more than 10
percent of the {nd{vidual Ap readings are below 1.3 mm {0.05 in.) HZO; (3)
for traverses of fewer than 12 points, more than one A p reading is below 1.3

mm {0.05 in.) H,0.

As an alternative to criteria (1) through {3) above, the
following calculation may be performed tao determine the necessity

of using a more sens{tive differential pressure gauge:

IE: &P + K

1=)
n
I\ ar;
is1

where: Apy = Individual velocity head reading at a traverse
point, mm H20 {in. H20).

T =

n = Total number of traverse points.

K = 0.13 mn H0 when metric units are used and 0.005
in. H20 when English units are used.

If T 1s greater than 1.05, the velocity head data are
unacceptable and a more sensitive different{al pressure gauge

must be used,

Note: If differential pressure gauges other than inclined
manometers are ur;ed (e.g., magnehelic gauges), their calibration
must be checked after each test series., To check the calibration
of a differential pressure gauge, compareAp readings of the

gauge with those of a gauge-oil manometer at a minimum of three
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2.3

points, approximately representing the range of ap values in the
stack. If, at each point, the values of Ap as read by the
differential pressure gauge and gauge-oil manometer agree to
within § percent, the differential pressure gauge shall be
considered to be 1n proper calibration. Otherwise, the test
series shall either be voided, or procedures to adjust the
measured ap values and final results shall be used, subject to

the approval of the Contro! Agency's Authorized Representative.

Temperature Gauge. A thermocouple, Yiquid-filled bulb
thermometer, bimetallic thermometer, mercury-in-glass
thermometer, or other gauge capable of measuring temperature to
within 1.5 percent of the minimum absolute stack temperature
shall be used. The temperature gauge shall be.attached to the
pitot tube such that the sensor tip does not touch any metal; the
gauge shall be in an {nterference-free arrangement with respect
to the pitot tube face openings (see Figure 2-1 and also Figure
2-7 in Section 4). Alternate positions may be used if the pitot
tube temperature gauge system is calibrated according to the
procedure of Section 4. Provided that a difference of not more
than 1 percent in the average velocity measurement 1s introduced,
the temperature gauge need not be attached to the pitot tube;
this alternative {s subject to the approval of the Contro)

Agency's Authorized Representative.
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2.4

2.5

2.6

2.7

Pressure Probe and Gauge. A piezometer tube and mercury or
water-filled U-tube manometer capable of measuring stack pressure
to within 2.5 mm (0.1 in.) Hg 1s used. The static tap of a
standard type pitot tube or one leg of a Type S pitot tube with
the face opening planes positioned parallel to the gas flow may

31s0 be used as the pressuyre probe.

Barometer. A mercury, aneroid, or other barometer capable of
measuring atmospheric pressure to w{thin 2.5 mm Hg (0.1 in. Hg}
may be used. In many cases, the barometric reading may be
obtained from a nearby national weather service station, in which
case the station value (which 1s the absolute barometric
pressure} shail be requested and an adjustment for elevation
differences between the weather station and the sampiing point
shall be applied at a rate of minus 2.5 mm (0.1 in.) Hg per
30-meter {100 foot) elevation increase, or vice-versa for

elevation decrease.

Gas Density Determination Equipment. Method 3 equipment, if
needed {see Sectfon J.6), to determine the stack gas dry
molecular weight, and Method 4 or Method 5 equipment for moisture
content determinatfon; other methods may be used subject ﬁo

approval of the Control Agency's Authorized Representative.

Calibration Pitot Tube. When calibration of the Type S pitot

tube 1s necessary (see Section 4), a standard pitot tube is used
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as a reference, The standard pitot tube shall, preferably, have
a2 known coefficient, obtained either (1) directly from the
National Bureau of Standards, Route 270, Quince Orchard Road,
Gaithersburg, Maryland, or (2) by calibration against another
standard pitot tube with an NBS-traceable coefficient.
Alternatively, a standard pitot tube designed according to the
criterfon given in 2.7.1 through 2.7.5 below and {llustrated in
Figure 2.4 (see also Citations 7, 8, and 17 in Section 6) may be
used. Pitot tubes designed according to these specifications

will have baseline coefficients of about 0.99 +0,01.

2.7.1 Hemispherical (shown in Figure 2-4), ellipsoidal, or

conical tip.

2.7.2 A minimum of six diameters straight run (based upon D, the
external diameter of the tube) between the tip and the

static pressure holes.
2.7.3 A minimum of eight diameters straight run between the
static pressure holes and the centeriine of the external

tube, following the 90 degree bend.

2.7.4 Static preséure holes of equal size {approximately 0.1 D},

equally spaced in a piezometer ring configuration.
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2.8

2.7.5 Ninety degree bend, with curved or mitered junction.

Differential Pressure Gauge for Type S Pitot Tube Calibration
An inclined manometer or equivalent {s used. If the

single-velocity calibration technique is employed (see Section

4.1,2.3), the calibration differential pressure gauge shall be

readable to the nearest 0.13 mm HZO (0.005 in. HZOJ. For
multivelocity calibrations, the gauge shall be readable to the
nearest 0,13 mm HZD'IO.DOS in. Hy0) for p values between 1.3
and 25 mm H,0 (0.05 and 1.0 in. Hzo). and to the nearest 1.3
mm H20 (0.05 in. Hzol for ap va1u_es above 25 mm H,0 (1.0

in. HZO). A special, more sensitive gauge will be required to
read ap values below 1.3 mm H,0 (0.05 in. H,0} (see Citation
18 in Section 6).

J. Procedure

3.1

Set up the apparatus as shown in Figure 2-1, Capillary tubing or
surge tanks installed between the manometer and pitot tube may be
used to dampen p fluctuations. Conduct a pretest leak-check as
follows: (1) blow through the pitot impact opening until at
least 7.6 cm (3 in. Hzo) velocity pressure registers on the
manometer; then, close off the impact opening., The pressure
shall remain stable for at least 15 seconds; {2) do the same for
the static pressure side, except using suction to obtain the
minimum of 7.6 cm (3 in. Haol. Other leak-check procedures,
subject to the approval of the Contro) Agency's Authorized

Representative, may be used.
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3.2

3.3

3.4

1.5

3.6

Level and zero the manometer. Because the manometer leve] and
zero may drift due to vibrations and temperature changes, make
periodic checks during the traverse. Record all necessary data

as shown in the example or similar data sheet (Figure 2-5).

Measure the velocity head and temperature at the traverse points
specified by Method 1. Ensure that the proper differential

pressure gauge is being used for the range of p values

. encountered {see Section 2.2). If it is necessary to change to a

more sensitive gauge, do so, and remeasure the p and temperature
readings at each traverse point. Conduct a post-test leak-check
(mandatory}, as described in Section 3.1 above to validate the

traverse run,

Measure the static pressure in the stack. One reading is usually

adequate.
Determine the atmospheric pressure,

Determine the stack gas dry molecular weight. For combustion
processes or processes that emit essentially coa. 02. €0, and
Ny, use Method 3. For processes emitting essentially air, an
analysis need not be conducted; use a dry molecular weight of
29.0, For other processes, other methods, subject to the
approval of the Control Agency's Authorized Representative, must

be used.
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3.7

3.8

Obtain the moisture content from Reference Method 4 {or

equivalent) or from Method 5.

Determine the cross-sectional area of the stack or duct at the
sampling location. Whenever possible, physically measure the

stack dimensions rather than using blueprints.

Calibration

4.1

Type 5 Pitot Tube., Before its initial use, carefully examine the
Type S pitot tube in top, side, and end views to verify that the
face openings of the tube are aligned within the specifications
11lustrated in Figure 2-2 or 2-3. The pitot tube shall not be

used if it fails to meet these alignment specifications.

After verifying the face opening alignment, measure and record
the following dimensions of the pitot tube: (a) the external
tubing diameter (dimension Dt Figure 2-2b); and (b) the base-to
opening plane distances (dimensions PA and P8 Figure 2-2b}.

If Dt is between 0.48 and 0.95 cm (3/16 and 3/8 in.) and if

Py and Pg are equal and between 1.05 and 1.50 0., there are

two possible options: (1) the pitot tube may be calibrated
according to the procedure outlined in Sections 4.1.2 through
4.1.5 below, or {2) a baseline (isolated tube) coefficient value
of 0.84 may be assigned to the pitot tube. Note, however, that
if the pitot tube is part of an assembly, calibration may stil)
be required, despite knowledge of the baseline coefficient value

(see Section 4.1.1}).




If Dt"PA' and PB are outside the specified 1imits, the
pitot tube must be calibrated as outlined in 4.1.2 through 4.1.5

below.

4.1.1 Type 5 Pitot Tube Assemblies. During sample and velocity
traverses, the isolated Type S pitot tube is not always
used; in many instances, the pitot tube {s used in
combination with other source-sampling components
(thermocouple, sampiing probe, nozzle) as part of an
"assembly.” The presence of other sampling components can
sometimes affect the baseline value of the Type S pitot
tube coefficient {Citation 9 1n Section 6); therefore, an
assigned (or otherwise known} baseline coefficient value

may or may not be valid for a given assembly.

The baseline and assembly coefficient values will be
1dentical only when the relative placement of the
components in the assembly {s such that aerodynamic
interference effects are eliminated. Figurés 2-6 through
2-8 illustrate interference-free component arrangements
for Type S pitot tubes having external tubiﬁg diameters
between 0.48 and 0.95 cm (3/16 and 3/8 in.}. Type S pitot
tube assemblies that fail to meet any or all of the
specifications of Figures 2-6 through 2-8 shall be
calibrated according to the procedure outlined in Sections

4.1.2 through 4.1.5 below, and prior to calibration, the
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x > 1.90 em (3/4 in.) for 0 = 1.3 cm (1/2 in.)
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p
SAMPLING NOZZLE @JL_"_

{a) BOTTOM VIEW: SHOWING MINIMUM PITOT-NOZILE SEPARATION.

SAMPLING NOZZLE l

STATIC PRESSURE

SAMPLING PROBE "OPENING

TYPE S PITOT TUBE ,

¢ ¥ Yt
)

IMPACT PRESSURE
OPENING

NOZZLE OPENING\__

(b) SIDE VIEW: TO PREVENT PITOT TUBE FROM INTERFERING WITH
GAS FLOW STREAMLINES APPROACHING THE NDZZLE, THE IMPACT
PRESSURE OPENING PLANE OF THE PITOT TUBE SHALL BE EVEN
WITH OR DOWNSTREAM FROM THE NOZZLE ENTRY PLANE

Figure 2,6. Required pitot tube-sampling nozzle configuration
to prevent aerodynamic interference; buttonhook-type nozzle:
centers of nozzle and pitot opening aligned; in respect to flow
direction, Dt between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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values of the 1ntercomponent spacings (pitot-nozzle,
pitot-thermocouple, pitot-probe sheath) shall be measured

and recorded.

Note: Do not use any Type S pitot tube assembly which is
constructed such that the impact pressure opening plane of
the pitot tube fs below the entry plane of the nozzle {see
Figure 2-6b). '

Calibration Setup. If the Type S pitot tube is to be
calibrated, one leg of the tube shall be permanently
marked A, and the other, B, Ca]ibraiion shall be done in
a flow system having the following essential design

features:

4.1.2.1 The flowing gas stream must be confined to a duct
circular or rectangular. for circular
cross-sections, the minimum duct djameter shall
be 30.5 cm (12 in.); for rectangular
cross-sectionﬁ. the width {shorter side) shall be

at Jeast 25.4 cm (10 in.).

4.1.2.2 The cross-sectional area of the calibration duct
must be constant over a distance of 10 or more
duct diameters. For a rectangular cross-section,

use an equivalent diameter, calculated from the
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4.1,2.3

foTlowdna equation, to determine the number of

duct diameters:

Deasz
“.’.w]

Equation 2-1
where: De = Equivalent diameter
L = Length
W = Width

To ensure the presence of stable, fully developed
flow patterns at the calibration site, or “test
section,” the site must be Jocated eight
diameters downstream and two diameters upstream

from the nearest disturbances.

Note: The eight- and two-diameter criteria are
not absolute; other test section locations may be
used (subject to approval of the Control Agency's
Authorized Representative), provided that the
flow at the test site 1s stable and demonstrably

parallel to the duct axis.

The flow system shall have the capacity to
generate a test-section velocity around 915 m/min
(3,000 ft/min). This velocity must be constant

with time to guarantee steady flow during
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4.1.2.4

calibration., Note that'type S pitot tube
coefficients obtained by single-velocity
calibration at 915 m/min {3,000 ft/min} will
generaily be valid to within +3 percent for the
measurement of velocities above 305 m/min (1,000
ft/min) and to within +5 to 6 percent for the
measurement of velocities between 180 and 305
m/min (600 and 1,000 ft/min). If a more precise
correlation between Cp and velocity is desired,
the flow system shall have the capacity to
generate at least four distinct, time-fnvariant
fest-section velocities covering the velocity
range from 180 to 1,525 m/min {600 to 5,000
ft/min), and calibration daté shall be taken at
regular velocity intervals over this range {see

Citations 9 and 14 in Section 6 for details).

Two entry ports, one each for the standard and
Type S pitot tubes, shall be cut in the test
section; the standard pitot entry port shall be
located s11ghtly downstream of the Type S part,
s0 that the standard and Type S impact openings
will 1ie {n the same cross-sectional plane during
calibration. To facilitate alignment of the
pitot tubes during calibration, it is advisable
that the test section be constructed of plexiglas

or some other transparent material.
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4.1.3 Calibration Procedure. Note that this procedure is a
general one and must not be used without first referring
to the specfal considerations presented in Section 4,1.5.
Note also that this procedure applies only to
single-velocity calibration. To obtain calibration data
for the A and B sides of the Type S pitot tube, proceed as

follows:

4.1.3.1 Make sure that the manometer is properly filled
and that the o1l 1s free from contamination and
1s of the proper density. Inspect and leak-check

all pitot 1ines; repair or replace {f necessary.

4.1.3.2 Level and zero the manometer. Turn on the fan

and allow the flow to stabilize. Seal the Type S

entry port.

4.1.3.3 Ensure that the manometer is level and zeroed,
Position the standard pftot tube at the
calibration point {determined as outlined in
-Section 4.1.5.1), and align the tube so that its
tip is pointed directly into the flow.
Particular care should be taken in aligning the
tube to aveid yaw and pitch angies. Make sure
that the entry port surrounding the tube is

properly sealed.
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4.1.3.4

4.1.3.5

4.1.3.6

‘.1.3.7

4.].3.8

Read Ap .4 and record 1ts value {n data table
similar to the one shown in Figure 2-9. Remove
the standard pitot tube from the duct and
disconnect it from the manometer. Seal the

standard entry port,

Connect the Type S pitot tube to the manometer.
Open the Type S entry port. Check the manometer
Tevel and zero insert and align the Type S pitot
tube so that its A side impact opening is at the
same point as was the standard pitot tube and is
pointed directly into the fiow. Make sure that
the entry port surrounding the tube is properly

sealed.
Read 8P and enter 1ts value in the data
table. Remove the Type S pitot tube from the

duct and disconnect it from the manometer.

Repeat steps 4.1,3.3 through 4.1.3.6 above until

three pairs of p readings have been obtained.

Repeat steps 4.1,3.2 through 4.1.3.7 above for
the B side of the Type S pitot tube.
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4.1.3.9 Perform calculations, as described in Section

4.7.4 below.

4.1.4 Calculations

4.7.4

4.1.4.2

For each of the six pairs of p readings (i.e.,
three from side A and three from side B) obtained
in Section 4.1.3 above, calculate the value of

the Type S pitot tube coefficient as follows:

Cpts) = Cplsta) | ol

Equation 2-2

where: Cp(s) Type S pitot tube
coefficient

Standard pitot tube
coefficient; use 0.99 if
the coefficient 1s unknown
and the tube is designed
according to the criteria
of Sections 2.7.1 to 2.7.5
of this method.

Cp(std)

APstd = Velocity head measured by
the standard pitot tube, cm
H20 {in. H20)
apg a Velocity head measured by
the Type S pitot tube, cm
H20 (in. H20)
Calculate Cb {side A), the mean A side
coeffici{ent, and tb {side B), the mean B-side
coefficient; calculate the difference between

these two average values.
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4.1.4.3

4.1.4.4

4.1.4.5

Calculate the deviation of each of the three A-
side values of Cp(g) from Ty (side A), and
the deviation of each B-side value of Cpis)
from Ty {side B). Use the following equation:
Deviation = Cp(g) - Tp(A or B)

Equation 2-3
Calculate a, the average deviation from the mean,
for both the A and B sides of the pitot tube.

Use the following .equation:

Zé&lcp(s)-éptk or 8){
a(side AorB) = X,

Equation 2-4
Use the Type S pitot tube only if the values of
(side A) and (side B) are less than or equai to
0.01 and {f the absolute value of the difference
between Tp (A) and E} (8) is 0.0 or less.

4,1.5 Special Considerations

4.1.5.1
4.1.5.1.1

Selection of Calibration Point
When an isolated Type S pitot tube is calibrated,

select a calibration point at or near the center

" of the duct, and follow the procedures cutlined

Tn Sections 4.1.3 and 4.1.4 above. The Type S
pitot coefficients so obtained, i.e., Tp (side
A) and tb (side 8), will be valid, so long as
either: (1) the isolated pitot tube {s used; or

(2) the pitot tube is used with other components
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4.1.5.1.2

4.1.5.1.3

{nozzle, thermocouple, sample probe) in an
arrangement that is free from aerodynamic
{nterference effects (see Figures 2-6 through

2-8).

For Type S pitot tube-thermocouple combinations (without
sample probe], select a calibration point at or near the
center of the duct;, and follow the procedures outlined in
Section 4.1.3 and 4.1.4 above. The coefficients so
abtained will be valid so iong as the pitot
tube-thermocouple combination {s used by itself or with
other components 15 an interference-free arrangement

(Figures 2-6 and 2-8).

For assembiies with sample probes, the calibration point
should be Yocated at or near the center of the duct;
however, insertion of the probe sheath into a small duct
may cause significant cross-sectional area blockage and
yield incorrect coefficient values (Citation 9).
Therefore, to minimize the blockage effect, the
calibration point may be a few inches off center if
necessary. The actual blockage effect will be negligible
when the theoretical blockage, as determined by a
projected area model of the probe sheath, is two percent
or Tess of the duct cross-sectional area for assemblies
without external sheaths (Figure 2-10a), and three percent
or Tess for assemblies with external sheaths {Figure

2-10b).
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Figure 2-10. Projected-area models for typical pitot tube assembilies.
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4.1.5,2 For those probe assembiies 1n which pitot tube nozzle

4.1.5.3

interference s a factor (1.e., those in which the
pitot-nozzle separation distance fails to meet the
specification illustrated in Figure 2-6a), the value of
cpts) depends upon the amount of free-space between the
tube and nozzle, and therefore is a function of nozzle
size. In these instances, separate calibrations shall be
performed with each of the commonly used nozzle siies in
place. Note that the single-velocity ca1{bration
technique {s acceptable for this purpose, even though the
larger nozzle sizes (»0.635 c¢m or 1/4 in.) are not
ordinar{ly used for isokinetic sampling at velocities
around 915 m/min, {3,000 ft/min.}, which is the
calibration velocity; note also that it is ﬁot necessary
to draw aﬁ isokinetic sample during calibration.

(Citation 9 in Section 6.)

For a probe assembly constructed such that its pitot tube
is always used in the same orientation, only one side of
the pitot tube need be calibrated (the side which will
face the flow). The pitot tube must still meet the
alignment specifications of Figure 2-2 or 2-3, however,
and must have an average deviation (a) value of 0.0% or

less (see Section 4.1.4.4).
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4.1.6
4.1.6.1
4.1.6.1.1

4.1.6.1.2

Field Use and Recalibratfon

Field Use

When a Type S pitot tube (isolated tube or
assembly)} is used in the field, the appropriate
coefficient value (whether assigned or obtained
by calibration} shall be used to perform velocity
calculations. For calibrated Type S pitot tubes,
the A side coefficient shall be used when the A
side of the tube faces the flow, and the B side
coefficient shall be used when the B side faces
the flow; alternatively, the arithmetic average
of the A and B side coefficient values may be

used, irrespective of which side faces the flow.

When 5 probe assembly is used to sample a small
duct {12 to 36 in, in diameter), the probe sheath
sometimes blocks a significant part of the duct
cross-section, causing a reduction in the

effective value of C Conventional -

pis)*
pitot-sampling probe assemblies are not
recommended for use in ducts having inside
diameters smaller than 12 inches. (Citation 16

in Section 6.)
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4.1.6.2

4.1.6.2.1

4.1.6.2.2

Recalibration

Isolated Pitot Tubes. After each field use, the
pitot tube shall be carefully reexamined in top,
side, and end views. If the pitot face openings
are still aligned within the specifications
illustrated in Figure 2-2 or 2-3, it can be
assumed that the baseline coefficient of the
pitot tube has not changed. If, however, the
tube has been damaged to the extent that it no
longer meets the specifications of Figure 2-2 or
2-3, the damage shall efither be repaired to
restore proper alignment of the face openings or

the tube shall be discarded.

Pitot Tube Assemblies. After each field use,
check the face opening alignment of the pitot

tube, as in Section 4.1.6.2.1; also, remeasure

- the intercomponent spacings of the assembly., If

the intercomponent spacings have not changed and
the face opening alignment is acceptable, it can
be assumed that the coefficient of the assembly
has not changed. If the face opening alignment
is no longer within the specifications of Figures
2-2 or 2-3, either repair the damage or replace

the pitot tube {calibrating the new assembly, if
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4.2

4.3

necessary), 1f the intercomponent spacings have
changed, restore the original spacings or

recalibrate the assembly.

Standard pitot tube (if applicable). If a standard pitot tube is
used for the velocity traverse, the tube shall be constructed
according to the criteria of Section 2.7 and shall be assigned a
baseline coefficient value of 0.99. If the standard pitbt tube
1s used as part of an assembly, the tube shall be in an
interference~free arrangement (subject to the approval of the

Control Agency's Authorized Representative).

Temperature Gauges. After each field use, calibrate dial
thermometers, 11quid-filled bulb thermometers,
thermocouple-potentiometer systems, and other gauges at a
temperature within 10 percent of the average absolute stack
temperature. For temperatures up to 405°C (7619F), use an
NBS-calibrated referencg thermocoupl e-potentiometer system or an
alternate reference, subject to the approval of the Control

Agency's Authorized Representative.

If, during calibration, the absolute temperatures measured with
the gauge being calibrated and the referenée gauge agree within
1.5 percent, the temperature data taken in the field shall be

considered valid. Otherwise, the pollutant emission test shall

either be considered {nvalid or adjustments {{f appropriate) of
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the test results shall be made, subject to the approval of the -

Control Agency's Authorized Representative.

4.4 Barometer. Calibrate the barometer used against a mercury

barometer.

Calculations
Carry out calculations, retaining at least one extra decimal figure

beyond that of the acquired data. Round off figures after final

calculation,

5.1 Nomenclature
A = Cross-sectional area of stack, m2 (ftz).
B,c = Water vapor in the gas stream (from Method 5 or
Reference Method 4), proportion by volume.

C = Pitot tube coefficient, dimensionless.

K = Pitot tube constant.

4,97 M [{g/g-mole} {mm Hg)71/2
sec (YK (mm Ho0]

for the metric system and

85.49 ft__[{1b/1b-mole) (in. Hg)11/2
sec {¥R) Gin. H0Y

for the English system.
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Md = Molecular weight of stack gas, dry basis
(see Section 3.6) g/g-mote {1b/1b-mole).

Mg = Molecular weight of stack gas, wet basis, g/g-
mole {1b/1b-mole).

= Mg {1-Bws) + 18.0 Bws
Equation 2-5

Pbar = Barometric pressure at measurement site, mm
Hg {in. Hg).

Pg = Stack static pressure, mm Hg {in. Hg).

Ps = Absolute stack gas pressure, mm Hg (in. Hg).

= Ppar *+ Pgq
Equation 2-6

Pstd = Standard absolute pressure, 760 mm Hg
{29.92 in. Hg).

Q¢d = Dry volumetric stack gas flow rate corrected
to standard conditions, dscm/hr (dscf/hr),

tg = Stack temperature 9C (OF),
Ts = Absolute stack temperature, 9K (©R).
= 273 + tg for metric
Equation 2-7
= 460 + tg for English
Equation 2-8
Tstd = Standard absolute temperature, 293°K (528°R)
Vg = Average stack gas velocity, m/sec (ft/sec).
p = Velocity head of stack gas, mm H20 (in. Hzo)l
3,600
18.0

Conversion factor, sec/hr.

Molecular weight of water, g/g-mole {1b-1b-mole).

L]
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5.2 Average stack gas velocity

\'Ts(ava)
Vs = Kp Cp (§AP)avg s Mg

Equation 2-9

5.3 Average stack gas dry volumetric flow rate

Ostd = 3,600 (1-B,g) VeA (Tstd ( Ps )

Ts vy \Pgiq

Equation 2-10
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METHOD 3 - GAS ANALYSIS FOR CARﬁON DIOXIDE, OXYGEN, EXCESS AIR, AND DRY
MOLECULAR WEIGHT
1. Principle and Applicability ‘
1.1 Principle: A gas sample {s extracted from a stack, by one of the
following methods: (1) single-point, grab sampling;
(2) single-point, integrated sampling; or {3)
| multi-point, 1nte§rated sampling. The gas sample is
analyzed for percent carbon dioxide (COZ), percent
oxygen (02). and, if necessary, percent carbon
monoxide (CD). 1f 2 dry molecular weight
determination is to be made, either an Orsat or a
Eyritel/ analyzer or other analyzers specified in
Method 100 may be used for the analysiﬁ; for excess
air or emission rate correction factor determination,
an Orsat analyzer or analyzers specified in Method

100 must be used,

1.2 Applicability: This method is applicable for determining CO2 and
02 concentrations, excess air, and dry molecular
weight of a sample from a gas stream of a fossil-fuel
combustion process. %he method may also be
applicable to other processes where it has been
determined that compounds other than COZ. 02. Co,
and nitrogen (Nz) are not present in concentration
sufficient to affect the results.

1/ Mention of trade names or specific products does not constitute
endorsement by the Afr Resources Board.

3-1




Other methods, as well as modifications to the
procedure described herefn, are also applicable for
some or a1l of the above determinations., Examples of
specif{c methods and modifications include: (1) a
multi-point sampling method using an Orsat analyzer
to analyze individual grab samples obtained at each
point; (2} a method using €0, or 0, and
stoichiometric calculations to determine dry
molecular weight and excess air; (3) assigning a
value of 30.0 for dry molecular weight, in ]ieu of
actual measurements, for processes burning natural
gas, coal, or oi}. These methods and modifications.
 may be used, but are subject to the approval of the

Control Agency's Authorized Representative.

Apparatus
As an alternative to the sampling apparatus and systems described herein,
other sampling systems (e.g., 1iquid displacement) may be used provided
such systems are capable of obtaining a representative sample and
maintaining a constant sampling rate, and are otherwise capable of
yielding acceptable results. Use of such systems is subject to the
approval of the Control Agency's Authorized Representative.
2.1 Grab Sampling (Figure 3-1)

2.1.1 Probe. The probe should be made of stainless steel or

boros{licate glass tubing and should be equipped with an

in-stack or out-stack filter to remove particulate matter (a

3-2




2.2

2.1.2

- N

plug of giass wool {s satisfactory for this purpose). Any
other material {nert to 0,, CO,, CO, and Ny and

resistant to temperature at sampling condftions may be used
for the probe; examples of such material are aluminum, copper,
quartz glass and Veflon.

Pump. A one-way squeeze bulb, or equivalent, 1s used to

.+ transport the gas sample to the analyzer.

Integrated Sampling (Figure 3.2)

2.2.1

2.2.2

2.2.3

2.2.4

Probe. A probe such as that described in Section 2.1.) {s

suitable.

Condenser. An air-cooled or water-cooled condenser, or other
condenser that will not remove 02, COZ,_CG. and N, may
be used to remove excess motsture-which would interfere with

the operation of the pump and flow meter.

Valve. A needle valve is used to adjust sample gas flow

rate.

Pump. A leak-free, diaphragm-type pump, or equivalent, is
used to transport sample gas to the flexible bag. Install a
small surge tank between the pump and rate meter to eliminate

the pulsation effect of the diaphragm pump on the rotameter.
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2‘3

2.2.5

2.2.6

2.2.7

2.2.8

Rate Heter. The rotameter, or equivalent rate meter, used
should be capable of measurfng flow rate to within + 2 percent
of the selected flow rate. A flow rate range of 500 to 1000

end/min 1s suggested.

Flexible Bag. Any leak-free plastic (e.q., Tedlar, Mylar,
Teflon) or pIastic-coated atuminunm (e.g., aTumfnlzed Mylar)
bag, or equivalent, having a capacity consistent with the

selected flow rate and time length of the test run, may be

used. A capacity in the range of 55 to 90 liters is

suggested.

To leak-check the bag, connect it to a water manometer and
pressurize the bag to 5 to 10 cm H,0 (2 to 4 in H,0) and

allow to stand overnight. A deflated bag fndicates a leak.

Pressure Gauge. A water-filled U-tube manometer, or
equivalent, of about 30 c¢cm {12 in) {s used for the flexible

bag leak-check.

Vacuum Gauge. A mercury manometer, or equfvalent, of at least
760 mm Hg (30 in Hg) is used for the sampling train

teak-check.

Analysis. For Orsat and Fyrite analyzer maintenance and operation

procedures, follow the instructions recommended by the manufacturer,

unless otherwise specified herein.
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2.3.1 Dry Molecular ﬁefght Determination. An Orsat analyzer or

Fyrite type combustion gas analyzer may be used.

2.3.2 Emissfon Rate Correction Factor or Excess Air Determination.
An Orsat analyzer must be used. For low ca, {less than 4.0
percent) or high 0, (greater than 15.0 percent) _

, concentrations, the measuring burette of the Orsat must have

at Yeast 0.1 percent subdivisions.
Dry Molecular Weight Determination

Any of the three sampling and analytical procedures described below may be
used for determining the dry molecular weight,
3.1 Single-Point, Grab Saﬁpling and Analytical Procedure
3.1.1 The sampling point in the duct shall either be at the centroid
of the cross section or at a point no closer to the walls than
1.00 m (3.3 ft), unless otherwise specified by the Control

Agency's Authorized Representative,

3.1.2 Set up the equipment as shown in Figure 3.1, making sure a1l
connections ahead of the analyzer are tight and leak-free. If
an Orsat analyzer is used, it is recommended that the analyzer

be Yeak-checked by following the procedure in Section 5.




3.1.3 Place thé probe 1n the stack, with the tip of the probe

positioned at the sampling point; purge the sampling ine.
Draw a sample into the analyzer and immediately analyze it for
percent coz and percent Oz. Determine the percentage of |

the gas that is Nz and CO by subtracting the sum of the
percent coz and percent 02 from 100 percent, Calculate

the dry molecular wefght as indicated in Section 6.3.

3.1.4 Repeat the sampling, analysis, and calculation procedures,

-until the dry molecular weights of any three grab samples
differ from their mean by no more than 0.3 g/g-mole (0.3
1b/1b-moie).

Average these three molecular weights, and report the results

to the nearest 0.1 g/g-mole (1b/1b-mole).

3.2 Single-Point, Integrated Sampling and Analytical Procedure

3.2

The sampling point in the duct shall be located as specified

in Section 3,1.1.

3.2.2 Leak-check (optional) the flexible bag as in Section 2.2.6.

Set up the equipment as shown in Figure 3-2. Just prior to
sampling, leak-check {optional) the train by placing a vacuum
qauge at the condenser inlet, pulling a vacuum of‘at least 250
mm Hg {10 in Hg), plugging the outlet at the quick disconnect,
and then turning off the pump. The vacuum should remain

stable for at least 0.5 minute. Evacuate the flexible bag,
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3.2.3

3.2.4

3.2.5

Connect the probe and place 1t in the stack, with the tip of
the probe positioned at the sampling point; purge the sampling
Tine. Next, connect the bag and make sure that all

connections are tight and leak-free.

Sample at a constant rate. The sampling run should be
simultaneous with, and for the same total length of time as,
the pollutant emission rate determination. Collection of at

Teast 30 1{ters (1.00 ft3) of sample gas is recommended;

however, smaller volumes may be collected, if desired.

Obtain one integrated flue gas sample during each pollutant
emission rate determination. Within 8 hours after the sample
is taken, analyze it for percent COz and percent 02 using
either an Orsat analyzer or a Fyrite-type combustion gas
analyzer. If an Orsat analyzer is used, it 1s recommended
that the Orsat leak-check described in Section 5 be performed
before this determination; however, the check is optional.
Determine the percentage of the gas that is "2 and CO by
subtracting the sum of the percent CD2 and percent 02 from
100 percent. Calculate the dry molecular weight as indicated

in Section 6.3.

Repeat the analysis and calculation procedures until the
individual dry molecular weights for any three analyses differ
from their mean by no more than 0.3 g/g-mole (0.3

1b/1b-mole).
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AVeragé these three molecular weights, and report the results

to the nearest 0.1 g/g-mole (0.1 1b/ib-mole).

3.3 Hulti-Pﬁint. Integrated Sampling and Analytical Procedure

3.3.1 Unless otherwise specified by the Control Agency's Authorized

Representative, a minimum of eight traverse points shall be
. used for circular stacks having diameters less than 0.61 m (24

in), a minimum of nine shall be used for rectangular stacks
having equivalent diameters less than 0.6Y m (24 in), and a
minimum'of twelve traverse points shall be used for all other
cases. The traverse points shall be located according to
Method 1. The use of fewer points is subject to approval of

the Control Agency's Authorized Representative.

3.3.2 Follow the procedures outlined in Sections 3.2.2 through
3.2.5, except for the following; traverse all sampling points
and sample at each point for an equal length of time. Record

sampling data as shown in Figure 3-3.

4. Emission Rate Correction Factor or Excess Air Determination
Note: A Fyrite-type combustion gas analyzer is not acceptable for
excess air or emission rate correction factor determination, unless
approved by the Control Agency's Authorized Representative. If both
percent CO2 and percent 02 are measured, the analytical results
of any of the three procedures given below may a)so be used for

calculating the dry molecular weight.
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4.

Each of the three procedures below shall be used only when specified
in an applicable subpart of the standards. The use of these
procedures for other purposes must.have specific prior approval of

the Control Agency's Authorfzed Representative.

Single Point, Grab Sampling and Analytical Procedure

4.1.1 The sampling paint in the duct shall either be at the centroid
of the cross-section or at a point no closer to the walls than
1.00 m (3.3 ft}, unless otherwise specified by the

-administrator.

4.1.2 Set up the equipment as shown in Figure 3.1, making sure all
connections ahead of the analyzer are tight and leak-free.
Leak-check the Orsat analyzer according to the procedure

described in Section 3, This leak-check is mandatory.

4.1.3 Place the probe in the stack, with the tip of the probe
positioned at the sampling point; purge the sampling line.
Oraw a sample into the analyzer. For emission rate correction
factor determination, immediately analyze the sample, as
outlined in Sections 4.1.4 and 4.1.5, for percent CO2 or
percent 02. If excess air is desired, proceed as follows:
(1) immediately analyze the sample, as in Section§ 4,1.4 and
4.1.5, for percent tDz. 02, and C0; (2) determine the
percentage of the gas that is "2 by subtracting the sum of

the percent COZ' percent 02. and percent CO from 100
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percent; and (3) calculate percent excess air as outlined 1n

Section 6.2.

4.1.4 To ensure complete absorption of the coz. 02, or if
appiicadble, CO, make repeated passes through each absorbing
solution until two consecutive readings are the same. Several

- passes (three or four) should be made between readings. (If
constant readings cannot be obtained after three consecutive

readings, replace the absorbing solution.)

4.1.5 After the analysis is completed, leak-check {mandatory) the
Orsat analyzer once again, as described in Section 5. For the
results of the analysis to be valid, the Orsat analyzer must
pass this.leak test before and after the analysis. Note:
Since this single-point, grab sampling and analytical
procedure §s normally conducted in conjunction with a
single-point, grab sampling and analytical procedure for a
pollutant, only one analysis 1s ordinarily conducted.
Therefore, great care must be taken to obtain a valid sample
and analysis. Although in most cases only CO2 or 02 is
required, it is recommended that both CO2 and.Oz be
measured, and that Citation 5 in the Bibliography be used to

validate the analytical data.

\-

4.2 Single-Point, Integrated Sampling and Analytical Procedurg
4.2.1 The sampling point in the duct shall be located as specified
in Section 4.1.1.

-1




4.2.2 Leak-check (mandatory) the flex{fble bag as in Sectfon 2,2.6.

4,2.3

4.2.4

Set up the equipment as shown fn Figure 3-2. Just prior to
sambﬁing, Veak-check (mandatory) the trafn by placing a vacuum
gauge at the condenser inlet, pulling a vacuum of at least 250
mm Hg (10 in Hg), plugging the outlet at the quick disconnect,
and then turaing off the pump., The vacuum shall remain stable
for at Teast 0.5 minute. Evacuate the flexible bag. Connect
the probe and place it in the stack, with the tip of the probe

positioned at the sampling point; purge the sampling line.

Next, connect the bag and make sure that all connections are

tight and leak free.

Sample at a constant rate, or as specified by the Control
Agency's Authorized Representative. The sampling run must be
simu)taneous with, and for the same total length of time as,
the pollution emission rate determination. Collect at least
30 liters (1.00 ft3) of sample gas. Smaller volumes may be
collected, subject to approval of the Control Agency's

Authorized Representative.

Obtain one integrated flue gas sample during each pollutant
emission rate determination, For emission rate correction
factor determination, analyze the sample within 4.hours after
it is taken for percent C0, or percent 02 (as outlined in
Sections 4.2.5 through 4.2.7). The Orsat analyzer must be
leak-checked (see Section §) before the analysis. If excess

air is desired, proceed as follows: {1) within 4 hours after




4.2.5

4.2.6

the sample is.taken. analyze 1t {as in Sections 4.2.5 through
4.2.7) for percent CDZ. 02. and C0; (2) determine the |
percentage of the gas that {s Nz by subtracting the sum of
the percent coz. percent 02 and percent CO from 100

percent; (3) calculate percent excess air, as outlined in

Section 6.2,

To ensure complete absorption of the COZ' 02. or 1f

applicable, CD, make repeated passes through each absorbing

-solutfon until two consecutive readings are the same, Several

passes (three or four) should be made between readings, (If
constant readings cannot be obtained after three consecutive

readings, replace the absorbing solution.)

Repeat the analysis until the following criteria are met:

4.2.6.1 For percent CDZ. repeat the analytical procedure
until the results of any three analyses differ by no
more than (a) 0.3 percent by volume when ¢o, is
greater than 4.0 percent or (b} 0.2 percent by volume
when CD2 i5 less than or equal to 4.0 percent.
Average the three acceptable values of percent CO2

and report the results to the nearest 0.1 percent.
4.2,6.2 For percent 0,, repeat the analytical procedure

until the results of any three analyses differ by na

mare than {a) 0.) percent by volume when 0, is less
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than 15.0 percent or (b) 0.2 percent by volume when
0, is greater than or equal to 15.0 percent.
Average the three acceptable values of percent 0,

and report the results to the nearest 0.1 percent.

4.2.6.3 For percent CO, repeat the analytical procedure until
the results of any three analyses differ by no more
than 0.3 percent. Average the three acceptable
values of percent CO and report the results to the

nearest 0.1 percent,

4.2.7 After the analysis is completed, leak-check {mandatory) the

Orsat analyzer once again, as described in Section 5. For the
results of the analysis to be valid, the Orsat analyzer must
pass this leak test before and after the analysis.

Note: Although in most instances only CU2 or 02; s

required, it {s recommended that both C02 and 02 be

measured, and that Citation § in the Bibl{fography be used to

validate the analytical data.

4.3 Multi-Point, Integrated Sampling and Analytical Procedure

4,31

Both the minimum number of sampling points and the sampling
point Yocation shall be as specified in Sectidn 3.3.1 of this
method. The use of fewer points than specified 1s subject to
the approval of the Control Agency's Authorized

Representative.
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4.3.2 Follow the procedures outlined {n Section 4.2.2 through 4.2.7,
except for the following: Traverse 211 sampling points and
sample at each point for 2n equal length of time. Record
sampling data as shown in Figure 3-3,

4.4 Quality Control Procedures.

4.4.1 Data Validation When Both CO, and 0, are measured.

Although in most instances, only C0, or 0, measurement

is required, it is recommended that both C0, and 0, be

measured to provide a check on the quality of the data. The

following quality control procedure 1s suqoested.

Note: Since the method for validating the CO, and O,

analyses is based on c ombustion of organic and fossil fuels

and dilution of the gas stream with air, this method does

not 2pply to sources that (1) remove CO, or 0, through

processes other than cembustion (2) add 0, (e.q. dxygén'

enrichment) and N, in proportions different from that of

air, (3) add CO2 {e.q. cement on 1ime kilns), or (4) have

no fuel factor, F_ values obtainable (e.g., extremely

variable waste mixfures). This method validates the

measured proportions of (0, and 0, for the foel type,

but the method does not detect sample dilution resulting

from leaks during or after sample collection. This method

is applicable for samples collected downstream of most lime

or limestone flue-gas desulfurizatien units as the CO,

added or removed from the gas stream is not significant in

relation to the totel CO, concentration. The CO,




concengrations from other types of scrubbers using only

water or basic slurry can be significantly affected and

would render the F_ check minimally useful.

4.4.1.1 Ca1cu1ate'a fuel factor, F_ using the following equatfon:

e

Fo = 20.9 - 20 - Eq. 3.3
5002

Where:

=0, = Percent 02 by volume (dry basis).

%C0, = Percent CO, by volume (Dry Basis).

20.9 = Percent b, by volume in ambient ajr.

If CO is present in quantities measurable by this method, adjust the

0, _and CO, values before performing thg calculation for Fo 25

foliows:

‘:CO2 (adj)} = % CO, + % CO

2
s 02 (adj) = 1 02 - 0.5%C0

Where: % CO

Percent CO by volume (dry basis)

4.4.1.2 Compare the calculated F_ factor with the expected

F_values. The f611owing table may be used in estab1ishing‘

acceptable ranges for the expected FO if the fuel being burned

is known. When fuels are burned in combination, calculate the

caabined fuel F' and F_ factors (as defined in Method 19)

accordiﬁg to the procedure in Method 12 Section 5§.2.3. Then

calculate the F factor as follows:

Fo = 0:209 Fy Eq. 3-4
IC
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Fuel Type Fo range

Coal:
Anthracite and Lignite 1.018-1.130
Bituminous 1.083-1.230
0i1
Distillate 1.260~1.413
Residual : 1.270-1.370
Gas '
Natural ' 1.600-1.838
Propane 1.434-1,586
Butane 1.405 1,853
Wood 1.000 1.120
Wood Bark ) 1.003-1.130

Calculated Fo - values beyond the acceptable-ranges shown in this table should

be invesrigated before accepting the test resu?ts.. For ex;;p]e the strength

of the solutions in the gas ana[yzer and the ana1yz1ng techn1que should be

checked by sampling and analyzing a known concentration, such as air, the fuel

factor should be reviewed and verified. An acceptability range of + 12

percent is appropriate for the_[o factor of mixed fuels with variable fuel

ratios. The level of the emission rate relative to the canpliance level

-

should be considered in determining if a retest is appropriate, i.e., if the

measured emissions are much Yower or much greater than the compliance limit

repetition of this test would not significantly change the compliance status

of the source and would be unnecessarily time-consuming and costly.




S. Leak-Check Procedure for Orsat Analyzers

Moving an Orsat analyzer frequently causes it to leak. Therefore,'an
Orsat Analyzer should be thoroughly leak-checked on site before the flue
9as sample {s {ntroduced into it. The procedure for leak-checking an

Orsat analyzer 1s:

5.1.1  Bring the liquid level in each pipette up to the reference mark on

. the capillary tubing and then close the pipette stopcock.
5.1.2 Raise the Yeveling buld sufficiently to bring the confining 1i{quid
meniscus onto the graduated portion of the burette and then close
the manifold stopcock.

5.1.3 Record the meniscus position. ) .

5.1.4 Observe the meniscus §n the burette and the 1iquid level in the

pipette for movement over the next 4 minutes.

§.1.5 For the Orsat analyzer to pass the leak-check, two conditions must

" be met.
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5.1.5.1 The 1iquid 1evel 1n each pipette must not fall below
the bottom of the capillary tubing during this
4-minute fnterval.

5.1.5.2 The meniscus in the burette must not change by more

than 0.2 m? during this 4-minute interval.

5.1.6 1f the amalyzer fails the leak-check procedure, all rubber
connections and stopcocks should be checked until the cause of
" the leak is identified. Leaking stopcocks must be
disassembled, cleaned, and regreased. Leaking rubber
connections must be replaced. After the analyzer is

resssembled, the leak-check procedure must be repeated.

6. Calculations
6.1 Nomenclatuyre.

Mg = Dry molecular weight, g/g-mole {1b/1b-mole)

Percent EA Percent excess air.

Percent co, Percent CO, by volume (dry basis).

Percent 0, * Percent 0, by volume (dry basis).

Percent CO * Percent CO by volume (dry basis).

Percent "2 = Percent ”2 by volume (dry basis).

0.264 = Ratfo of 02 to "2 in air, v/v.

0.280 » Molecular weight of N, or €0, divided by 100.
0.320 = Molecular weight of 0, divided by 100.

0.440 =  Molecular weight of C0, divided by 100




6.2

6.3

Percent Excess Air. Calculate the percent excess air ({f

™

applicable), by substituting the appropriate values of percent 0y,
€0, and N, {obtained from Sectfon 4.1.3 or 4.2.4) into Equation
3-1.

- percent 0s - 0.5 percent CO
percent EA [; 7| 100

.¢b4  percent N» - [percent 0z - U.5 percent CO
Equation 3-1

Note; The equation above assumes that ambient afr {s used as the
source of 02 and that the fuel does not contain appreciable amounts
of Nz (as do coke or blast furnace gases). For those cases when
appreciab1e amounts of N, are present (coal, of1, and natural gas
do not contain appreciable amounts of'Hz) or when oxygen enrichment
1s used, alternate methods, subject to approval of the Contro)l

Agency's Aufhorfzed Representative, are required.

_Dry Molecular Weight., Use Equation 3-2 to calculate the dry

molecular weight of the stack gas.

Mg = 0.440 (percent C0,) + 0.320 (percent 0,) +

0.280 (percent N, + percent CO)
Equation 3-2

Note: The above equatfon does not consider argon in afr (about 0.9

percent, molecular weight of 37.7). A negative error of about 0.4

_percent 1s Introduced. The tester may opt to {nclude argon in the

analysis using procedures subject to approval of the Control Agency's

-

Authorized Representative, ) L
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METHOD 4 - DETERMINATION OF MOISTURE CONTENT IN STACK GASES

1. Principle and Applicability

1.1 Principle:

1.2 Applicability:

A gas sample is extracted at a constant rate from the
source; moisture {s removed from the sampie stream
and determined either volumetrically or

gravimetrically.

This method is applicable for determining the

moisture content of stack gas.

Two procedures are given, The first is a reference
method, for accurate determinations of moisture

content (such as are needed to calculate emission

~data). The second is an approximation method, which

provides estimates of percent moisture to aid in
setting isokinetic sampling rates prior to a
pollutant emission measurement run. The
approximation method described herein is only a
suggested approach; alternative means for
approximating the moisture content, e.g., drying
tubes, wet bulb-dry bulb techniques, condensation
techniques, stoichiometric calculations, previous

experience, etc., are also acceptable,

The reference method is often conducted
simultaneously with a pollutant emission measurement

run; when it is, calculation of percent isokinetic,
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pollutant emission rate, etc., for the run shall be
based upon the results of the reference method or its
equivalent; these calculations shall not be based
upon results of the approximation method, unless the
approximation method is shown, to the satisfaction of
the Control Agency's Authorized Representative, to be
capable of yielding results within 1 percent HZO of

the reference method.

Note - The reference methad may yield questionable
resuits when applied to saturated gas
streams or to streams that contain water
droplets. Therefore, when these conditions
exist or are suspected, a second
determination of the moisture content shall
be made simultaneously with the reference
method, as foilows: Assume that the gas
stream is saturated. Attach a temperature
sensor [capable of measuring to + 1%
(2°F)] to the reference method probe.
Measure the stack gas temperature at each
traverse point (see Section 2.2.1) during
the reference method traverse; calculate the
average stack gas temperature., Next,
determine the moisture percentage, either
by: (1) using a psychrometric chart and

making appropriate
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corrections {f stack pressure is different
from that of the chart, or (2) using
saturation vapor pressure tables. In cases
where the psychrometric chart or the
saturation vapor pressure tables are not
applicable (based on evaluation of the
process), alternate methods, subject to the
appraval of the Control Agency's Authorized

Representative, shall be used.

Reference Method
The procedure described in Method 5 for determining moisture content is

acceptable as a reference method.

2.1 Apparatus
A schematic of the sampling train used in this reference method is
shown 1n Figure 4-1, A1} components shall be maintained and

calibrated according to the procedure outlined in Method 5.

2.1.1 Probe. The probe is constructed of stainless steel or glass
tubing, sufficiently heated to prevent water condensation, and
is equipped with a filter either in-stack (e.g., a plug of
glass wool inserted into the end of the probe) or heated
out-stack (e.g., as described in Method 5) to remove |

particulate matter.

4-3




. FILTER
{EMTHER IN STACK
OR OUT OF STACN}

CONDENSER-ICE BATH SYSTEM INCLUDING
SILICA GEL TUBE 7

‘X / PROBE
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BY-PASS VALVE
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= a5 % .
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: METER j AIRTIGHT
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Figure 4.1 Moisture s

ampling train (Reference Method).
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2.1.2

When stack conditions permit, other metals or plastic tubing
may be used for the probe, subject to the approval of the

Control Agency's Authorized Representative.

Condenser. The condenser consists of four impingers connected
{n series with ground glass, leak-free fittings or any
similarly leak-free non-contaminating fittings. The first,
third, and fourth impingers shall be of the Greenburg-3Smith
design, modified by replacing the tip with a 1.3 centimeter
(1/2 inch} ID glass tube extending to about 1.3 ¢m (1/2 in.)
from the bottom of the flask. The second impinger shall be of
the Greenburg-Smith design with the standard tip.
Modifications (e.g., using flexible connections between the
impingers, using materials other than glass, or using fiexible
vacuum 1ines to connect the filter holder to the condenser)
may be used, subject to the approval of the Control Agency's

Authorized Representative.

The first two impingers shall contain known volumes of water,
the third shall be empty, and thé fourth shall contain a known
weight of 6 to 16 mesh indicating type silica gel, or
equivalent desiccant. If the silica gel has been previously
used, dry at 175°C (350°F) for 2 hours. New silica gel

may be used as received, A thermometer, capable of measuring
temperature to within 1°C (2°F), shall be placed at the

outlet of the fourth impinger, for monitoring purposes.
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2.1.3

2.1.4

Alternatively, any system may be used {subject to the approval
of the Control. Agency's Authorized Representative) that cools
the sample gas stream and allows measurement of both the water
that has been condensed and the moisture leaving the
condenser, each to within 1 ml or 1 g. Acceptable means are
to measure the condensed water, either gravimetrically or
volumetrically, and to measure the moisture leaving the
condenser by: (1) moniforing the temperature and pressure at
the exit of the condenser and using Dalton's law of partial
pressures, or (2) passing the sample gas stream through a
tared silica gel (or equivalent desiccant) trap, with exit
gases kept below 20°C (68%F), and determining the weight

gain,

If means other than silica gel are used to determine the
amount of moisture leaving the condenser, 1t is recommended
that silica gel (or equivalent) still be used between the
condenser system and pump, to prevent moisture condensation in
the pump and metering devices and to avoid the need to make

corrections for moisture in the metered volume.

Cooling System. An ice bath container and crushed ice (or

equivalent) are used to aid in condensing moisture.
Metering System. This system includes a vacuum gauge,

Teak-free pump, thermometers capable of measuring temperature

to within_soc (5.4%F), dry gas meter capable of measuring
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volume to within 2 percent, and related equipment as shown in
Figure 4-1, Other metering systems, capable of maintaining a
constant sampling rate and determining sample gas volume, may
be used, subject to the approval of the Control Agency's

Authorized Representative.

2.1.5 Barometer. Mercury, aneroid, or other barometer capable of
measuring atmospheric pressure to within 2.5 mm Hg (0.1 in.
Hg) may be used. In many cases, the barometric reading may be
obtained from a nearby national weather service station, in
which case the station value (which is the absolute barometric
pressure) shall be requested and an adjustment for elevation
di fferences between the weather station and the sampling point
shall be applied at a rate of minus 2.5 mm Hg {0.) in. Hg) per
JO m (100 ft} elevation increase or vice versa for elevation

decrease,

2.1.6 Graduated Cylinder and/or Balance. These items are used to
measure condensed water and moisture caught in the silica gel
to within 1 ml or 0.5 g. Graduated cylinders shall have
subdivisions no greater than 2 mi. Most laboratory balances
are capable of weighing to the nearest 0.5 g or less. These

balances are suitable for use here.
2.2 Procedure. The following procedure is written for a condenser system

(such as the impinger system described in Section 2.1.2)

incorporating volumetric analysis to measure the condensed moisture,
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and sflica gel and gravimetric analysis to measure the moisture

leaving the condenser.

2.2.1

2.2.2

Unless otherwise specified by the Control Agency's Authorized
Representative, a minimum of eight traverse points shall be
used for circular stacks having diameters less than 0.61 m
{24 in), a minimum of nine points shall be used for
rectangular stacks having equivalent diameters less than

0.61 m (24 in), and a minimum of twelve traverse points shall
be used {n all other cases. The traverse points shall be
located according to Method 1. The use of fewer points is
subject to the approval of the. Control Agency's Authorized
Representative. Select a suitable probe and probe length such
that all traverse points can be sampled. Consider sampling
from opposite sides of the stack (four total sampling ports)
for large stacks, to permit use of shorter probe lengths.
Mark the probe with heat resistant tape or by some other
method to dencte the proper distance into the stack or duct

for each sampling point. Place known volumes of water in the

first two impingers. Weigh and record the weight of the

silica gel to the nearest 0.5 g, and transfer the silica gel
to the fourth impinger; alternatively, the silica gel may
first be transferred to the impinger, and the weight of the

silica gel plus impinger recarded.

Select a total sampling time such that a minimum total gas

volume of 0.60 scm (27 scf) will be collected, at a rate no




2.2.3

2.2.4

greater than 0.021 m3/m1n (0.75 cfm). MWhen both moisture
content and pollutant emission rate are to be determined, the
moisture determination shall be simultanecus with, and for the
ﬁame total length of time as, the pollutant emission rate run,
unless otherwise specified in an applicable subpart of the

standards.

Set up the sampling train as shown in Figure 4-1. Turn on the
probe heater and (i1f applicable) the filter heating system to
temperatures of about 120°¢ (248°F). to prevent water
condensation ahead of the condenser; allow time for the
temperature to stabilize. Place crushed ice in the {ice bath
container, It is required that a leak check be performed
before and after each test as follows: Disconnect the probe
from the first impinger or (if applicable) from the filter
holder., Plug the inlet to the first impinger (or filter
holder) and pull a 380 mm (15 in) Hg vacuum; a Tower vacuum
may be used, provided that it is not exceeded during the
test. A leakage rate in excess of 4 percent of the average
sampling rate or 0.00057 m3/m1n (0.02 cfm), whichever 1is
less, is unacceptable. Following the leak check, reconnect

the probe to the sampling train.
During the sampling run, maintain a sampiing rate within 10

percent of constant rate, or as specified by the Control

Agency's Authorized Representative, For each run, record the
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FIGURFE 4,2
Project No.

Date '
WATER VAPOR CALCULATIONS Time (f‘l

Standard Conditions 68°F and 29.92 {n. Hg

Ambient Conditions ___°F and in. Hg

) Gas Yolume Impinger Meter Orifice Yolume of Water
Time Through Meter Temp. Temp. Pressure ftollected in Impinger
(Vm), Ft3 (T4), °F | (Im), °F | (aH), in. H20 | (v1.), ml
Final
Initial
Net (V1c)

Assume 1 gram Hy0 = 1 ml Hp0
A. Gas Volume Metered (Vmstd)

“in. H
Pma = Pbar + (AH/]:}-G) u ( ) + (TB.B ) i n g
Vm _ 528 OR Vm Pma - -4 | = S DCF (
Std 7537 An. Hg o T, - (76 ) U =
B. Yolume of Water Collected (Vygyy)
Viced = K|
std = (0.04707 ftJ) (vy.) = (0.04707) ( ) - SCF
O
C. Moisture Content in Stack Gas (Bw) in Percent
B = o x 100 = —+ 4— x 100 -
0. If calculated moisture content (¢) is % OF H,0 AT SATURATION
greater than at saturation temperature
(e.g. 212°F or below) use the table Temp. < Temp. % Temp. 4
for moisture content, °F H20 °F H20 °F H20
50 1.2 130 | 15.1 180 511
60 1.7 140 | 19.7 185 57.0
70 2.5 150 | 25.3 190 63.6
80 3.5 155 | 28.7 195 70.8
90 4.8 160 | 32.3 200 78.6 (‘
100 | 6.5 | 165 | 36.4 | 205 | 87.0
110 8.7 170 | 40.8 210 96.2
120 11.5 175 | 45.7 212 | 100.0
EER 04-BF 4-10




2.2.5

2.2.6

data required on the example data sheet shown in Figure 4-2,
Be sure to record the dry gas meter reading at the beginning
and end of each sampling time increment and whenever sampling
{s halted. Take other appropriate readings at each sample

point, at least once during each time increment.

To begin sampling, position the probe tip at the first
traverse point. Immediately start the pump and adjust the
flow to the desired rate. Traverse the cross section,
sampling at each traverse point for an equal length of time.
Add more ice and, if necessary, salt to maintain a temperature

of less than 20°C {68%F) at the silica gel outlet.

After collecting the sample, disconnect the probe from the
filter holder (or from the first impinger) and conduct a leak
check (mandatoryl as described in Section 2.2.3. Record the
leak rate. If the leakage rate exceeds the allowable rate,
the tester shall either reject the test results or shall
correct the sample volume as in Section 6.3 of Method 5.

Next, measure the volume of the moisture condensed to the
nearest ml. Determine the increase in weight of the silica
gel (or sflica gel plus impinger) to the nearest 0.5 g.

Record this information and calculate the moisture percentage,

as described in 2.3 below.




2.3 Calculations.

Carry out the following calculations, retaining at

least one extra decimal figure beyond that of the acquired data.

Round off figures after final calculation.

2.3.1 Nomenclature.

Pstd

AV
Vm(Std)
VHC(Std)

szg(std)

= Proportion of water vapor, by volume, in the gas

stream.

= Molecular weight of water, 18.0 g/g mole (18.0
1b/1b-mole).

= Absolute pressure (for this method, same as

barometric pressure) at the dry gas meter, mm Hg

{(in Hg).

a2  Standard absolute pressure, 760 mm Hg (29.92 in
Hg)

= Ideal gas constant, 0.06236 (mm Hg) (m3)/
(g-moIe& (K9) for metric units and 21.85 (in
Hg) (ft3)/{1b-mole) (OR) for English units.
= Absolute temperature at meter. 9K (OR).

= Standard absolute temperature, 293° K
(528CR).

= Dry gas volume measured by the dry gas meter, dcm

{dcf).

Incremental dry gas volume measured by dry gas
meter at each traverse point, dcm (dcf).

[}

= Dry gas volume measured by the dry gas meter,
corrected to standard conditions, dscm (dscf).

Yolume of water vapor condensed corrected to
standard conditions, scm (scf).

=  Yolume of water vapor collected in silica gel
corrected to standard conditions, scm (scf).

= Final volume of condenser water, ml.
= Initial volume, 1f any, of condenser water, ml.

= Final weight of silica gel plus impinger, g.




Wy = Initial weight of silica gel or silica gel plus
impinger, 9.

Y = Dry gas meter calibration factor.
Py = Density of water, 0.9982 g/n1 (0.002201 1b/ml).

2.3.2 Volume of water vapor condensed.

(Ye - V4) pw RTstq

Vwc(std) © Poed T
= Ky (V¢ = V;)
. Equation 4-1
where: Kj = 0.001333 m3/m! for metric units

0.04707 ft3/ml for English units
2.3.3 VYolume of water vapor collected in silica gel.

s ¥ - Wi) RTgeq
Ywsg(std) Perg My

K2 (Mg - W3)
Equation 4-2
0.001335 mI/g for metric units

where: K2
0.04715 ft3/g for English units

2.3.4 Sample gas volume.
Vm Y (Pp) (Tstqd)
(pstd) (Tm)

= K3Y Vum
To

Va(std) ~

Equation 4-3
where: X3 = 0.3858 %%K/mm Hg for metric units
17.65 OR/in. Hg for English units
NOTE: 1If the post-test leak rate (Section 2.2.6)
exceeds the allowable rate, correct the value

of Vm in Equation 4-3 as described in

Section 6.3 of Method 5.
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3.

2.3.5 Moisture Content

Vwc(std) * Ywsg(std)
Ywc(std) * Vwsg(std) * VYm(std)

Bws *

Equation 4-4
NOTE: In saturated or moisture droplet-laden gas streams, two
calculations of the moisture content of the stack gas
shall be made, one using a value based upon the
saturated condi;ions (see Section 1.2); and another
based upon the results of the impinger analysis. The

lower of these two values of Bws shall be considered

correct.

2.3.6 VYerification of constant sampling rate. For each time
increment, determine the Avm. Calculate the average. If
the value for any time increment differs from the average by

more than 10 percent, reject the results and repeat the run.

Approximation Method

The approximation method described below is presented only as a suggested

method (see Section 1.2). |

3.1 Apparatus

3.1.1 Probe; Stafnless steel or glass tubing, sufficiently heated

to prevent water condensation and equipped with a filter
(either in-stack or heated out-stack} to remove particulate
matter. A plug of glass wool, inserted {nto the end of the

probe, {s a satisfactory filter.




3.1.2

3.1.3

3.1.4

3.1.5

J.1.6

3.7

3.1.8

3.1.9
3.1.10

N

Impingers. Two midget impingers, each with 30 ml. capacity,
or equivalent.

Ice Bath. Contafner and ice, to aid in condensing moisture in
impingers.

Drying Tube. Tube packed with new or regenerated 6-to 16-mesh
indicating-type silica gel (or equivalent desiccant}, to dry
the sample g9as and to protect the meter and pump.

Yalve. Needle valve, to regulate the sample gas flow rate.
Pump., Leak-free, diaphragm type, or equivalent to pull the
gas sample through the train.

Volume meter. Dry gas meter, sufficiently accurate to measure

the sample volume within 2 percent and calibrated over the

range of flow rates and conditfons actually encountered during

sampling.

Rate Meter. Rotameter to measure the flow range from 0 to 3
Tpm {0 to 0.3} cfm).

Graduated cylinder, 25 m.

Barometer., Mercury, aneroid, or other barometer, as described
in Section 2.1.5. above.

Yacuum Gauge. At least 760 mm Hg {30 in. Hg) gauge, to be

used for the sampling leak check.

3.2 Procedure

3.2.1

Place exactly 5 m! distilled water in each impinger.
Leak-check the sampling train as follows: Temporarily insert
a vacuum gauge at or near the probe inlet; then, plug the

probe inlet and pull a vacuum of at least 250 mm Hg {10 in




3.3

J.2.2

3. 2.3

Hg). Note the time rate of change of the dry.gas meter dfal;
alternatively, a rotameter (0-40 cc/min.) may be temporarily
attached to the dry gas meter outlet to determine the leakage
rate. A leak rate not in excess of 2 percent of the average

sampling rate 1s acceptable.

Note - Carefully release the probe inlet plug bgfore turning

off the pump.

Connect the probe, insert 1t into the stack, and sample at a
constant rate of 2 Tpm (0.07) ¢cfm). Continue sampling until
the dry gas meter registérs about 30 Titers (1.1 ft3) or

until visible 1iquid droplets afe carried over from Fhe first
impinger to the second. Record temperature, pressure, and dry

gas meter readings as required by Figure 4-4,

After callecting the sample, combine the contents of the two

impingers and measure the volume to the nearest 0.5 ml.

Calculations. The calculation method presented is designed to

estimate the moisture in the stack gas; therefore, other data, which

are only necessary for accurate moisture determinations, are not

collected. The following equations adequately estimate the moisture

content, for the purpose of determining {sokinetic sampling rate

settings.
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HEATEO PROSE SILICA GEL TUBE RATE METER

FILTER
(GLASS WOOL;

=

ICE BATH

SURGE

DRY GAS
TANK METER
i
MIDGET IMPINGERS
. Figure 4.3 Moisture-sampling train - approximation method.
LOCATION COMMENTS
TEST
DATE
OPERATOR
BAROMETRIC PRESSURE
GAS VOLUME THROUGH
METER (Vm), | RATE METER SETTING | METER TEMPERATLRE
CLOCKTIME m (ft.‘i; m3/min. {ft3/min.) °C (°F)

Figure 4.4 Field Moisture Determination Approximation Method
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J3.3.1 Nomenclature,
By = Approximate proportion, by volume, of water
vapor in the gas stream leaving the second
impinger, 0.025.

Bws = Water vapor in the gas stream, proportion by

volume,

My = Molecular weight of water, 18.0 g/g-mole (18.0
1b/1b-mole).

Pm = Absolute pressure (for this method, same as
barometric pressure) at the dry gas meter,

Petd = Standard absolute pressure, 760 mm Hg {29.92
in Hg).

R = Ideal gas constant, 0.06236 (mm Hg)

: {m3)/{g-mole) (OK& for metric units and
21.85 {1n Hg) (ft3)/1b-mole (OR) for
English units

Tm = Absolute temperature at meter, O (OR).

Tstd = Standard absolute temperature, 293K
(5289R).

\ I3 = Fipal volume of impinger contents, ml.

¥; = Initial volume of impinger contents, ml.

Vm = Dry gas volume measured by dry gas meter, dcm
(dcf).

Vm(std) = Dry gas volume measured by dry gas meter,

_ corrected to standard conditions, dscm (dscf).

Vwe(std) = Yolume of water vapor condensed, corrected to
standard conditfons, scm (scf). .

Pw = Density of water, 0.9982 g/m1 (0.002201 1b/m1).

Y = Dry gas meter calibration factor,
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3.3.2 VYolume of water vapor collected,

(YF - Vi)pw RT(std)
Pstd My

Ywe(std)

Equation 4-5
where: X, = 0.001333 m3/m1 for metric units
= 0.04707 ft3/m1 for English units
3.3.3 Gas Volume
(Pm T
Vm (std) = Vp P;?) ,?,tﬂ
= KoY Vm Pm
Tm
Equation 4-6
where: K2 = 0.3858 Ox/mm Hg for metric units
a 17.65 9R/in. Hg for English units
3.3.4 Approximate moisture content. |
Ywe(std) | B
Ywe(std) + Ym(std)

Bws =

. Ywe(std) + (0.025)
Ywe(std) + Ym(std)

Equation 4.7

4. Calibration
4.1 For the reference method, calibrate equipmgnt as specified in the
following sections of Method 5; Section 5-3 (metering system);
Section 5.5 (temperature gauges); and Section 5.7 (barometer). The
recommended leak check of the metering system {Section 5.6 of

Method 5) also applies to the reference method, For the




5.

B1bl{ography

1. Afr Pollution Engineering Manual (Second Edition). Danielson, J.A.
(ed.). U.S. Environmenta) Protection Agency, Office of Afr Quality
P1anning1and Standards. Research Triangle Park, NC. Publication No.
AP-40. 1973,

2. Devorkin, Howard, et al. Afr Pollution Source Testing Manual., Air
Pollution Control District, Los Angeles, CA. November 1963.

3. Methods for Determination of Velocity, Volume, Dust and Mist Content

of Gases. Western Precipitation Division of Joy Manufacturing Co., Los
Angeles, CA. Bulletin WP-50. 1968.
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METHOD 410A DETERMINATION OF BENZENE FROM STATIONARY SOURCES

1.

(LOW CONCENTRATION GAS CHROMATOGRAPHIC TECHNIQUE)

APPLICABILITY AND PRINCIPLE

1.1 Applicability: This method applies to the measurement of low
concentration emissions of benzene from stationary sources. The
method does not account for benzene contained in particulate matter.

1.2 Priﬁcip1e: An integrated bag sample of stack gas containing benzene
and other organics is subjécted to gas chromatographic (GC)
analysis, using a photo ionization detector (PID).

RANGE AND SENSITIVITY |

The range of this method is 1.0 to 1000 ppb. The upper 1imit may be

raised by extending the calibration range or by diluting the sample. The

lower 1imit may be 1mproved depending on the skill of the operator and

the quality of the'equipment.

INTERFERENCES

The chromatographic¢ columns and the corresponding operating parameters

herein described normally provide an adequate resolution of benzene; but

interferences may be encountered from some sources. Therefore, the

chromatograph operator shall select the column and operating parameters

best suited to his particular analysis problem, subject to the approval

of the Executive Officer. Approval is automatic provided that the tester

produces confirming data through an adequate suppiemental analytical

technique, such as analysis with a different column or GC/mass

spectroscopy, and has the data available for review by the Executive

Officer.

Note: L = liter

ml = milliliter

ul microliter
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3.1

3.2

3.3

Information regarding the stationary source being tested, such as
the indystrial process, fuel, waste material being treated, and
other pertinent information should be transmitted with the sample.
It must be emphasized that any compound which has the same retention
time as benzene at the operating conditions described in this method

is a potential interference. Retention tine data on a single column

“cannot be considered proof of chemical identity. If there are

significant potential interferences, separate conditions (column
packing, temperature, detector, etc.) must be changed to c¢ircumvent
the problem.

If other gas chromatagraphic conditions or other techniques are
used, the tester {s required to substantiate the data through an

adequate quality assurance program approved by the Executive Officer.

APPARATUS

The following sampling apparatus has been successfully field tested and

is recommended. Any other sampling apparatus which, after review of the

Executive Qfficer, is deemed equivalent for the purposes of this test

method, may be used.

4.1

Sampling (see Figure 1 in part 6. PROCEDURE): The sampling train

consists of the following components.

4.1.1 Probe: Stainless steel, Pyrex glass or Teflon tubing (as
stack temperature permits), equipped with an'optional

glass wool plug to remove particulate matter.

410A-2




4.2

4.3

Sample Recovery: Teflon tubing (or other suitably inert material),
6.4 mm outside diameter, is required to connect the sampie bag to
the chromatograph sample loop for sample recovery. Use a new unused
piece for each series of bag samples that constitutes an emi;sion
test and discard upon conclusfon of analysis of those bags.
Analysis: The following equipment is needed:

4.3.1 Gas Chromatograph: With. PID, potentiometric strip chart
recarder and 1.0 to 2.0 ml cryogenic sampling loop with
automatic sample valve. The chromatographic system shall
be capable of producing a response to 1.0 ppb beﬁzene that
is at least as great as the average noise level,

Ths signal to noise ratio shall be reported with all lab
results and the following significance shall be inferred:
1:1 information
2:1 detection
3:1 quantification
(Response is measured from the average value of the base
line to the maximum of the waveform, while standard
operating conditions are in use.)

4,3.2 Chromatographic Columns: Columns are as listed below.

The analyst may use other columns provided that the
precision and accuracy of the analysis of benzene
standards are not impaired and he has available for review
information confirming that there is Adequate resolution
of the benzene peak. (For the listed or alternative
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columns, the resolution goal shall be an area overlap of
not more than 10 percent of the benzene peak by an
interferent peak. Any such area overlap shall be reported
with all lab results.) Calculation of area overlap is
explained in Appendix A: “Determination of Adequate
Chromatographic Peak Resolution.“)

4.3.2.1 Column A: Stainless steel, 6 ft. by 1/8 in., packed with
10% N,N-bis (2-cyanocethyl) formamide on 100/120 mesh
Chromasorb PAH. The packing is a suspect carcinogen.
There are other columns at least as sensitive to benzene.

C&.3.2.2. Comumn B: Stainless steel, 6 ft. by 1/8 in., 6C column,
packed with 10% 1,2,3 ~ tris (2-cyanoethoxy} propane.

4.3.3 ° Flow Meters (2): Rotameter type, 100 ml/min capacity.

4.3.4 Gas Regulators: For required gas cylinders.

4.3.5 _Thermometer: Accurate to 1°C, to measure temperature of
heated sample loop at time of sample injection.

4.3.6 Barmeter: Accurate to 5 mmHg, to measure atmospheric
pressure around gas chromatograph during sample analysis.

4.3.7 Pump (optional):> Leak-free, with minimum of 100 ml/min
capacity.

4.32.8 Recorder: Strip chart type, optionally equipped with
efther disc or electronic integrator.

4.3.9 Planimeter: Optional, in place of disc or electronic
integrator, or recorder, to measure chromatograph peak

areas.
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4.3.10

4.4

4.4.]

4.4.2

4.4,3

4.4.4

4.4.5

5.  REAGENTS

Syringe: Ground glass, 100 mi, or other suitable device
to transfer gas samples from Tedlar bags to the GC sample
inlet. Establish background level of benzene
concentration in syringe as less than one percent of level
measured for test.

Calibration: Sections 4.4.2 through 4.4.5 are for the
optional procedure in Section 7.1.

Syringe: As in 4.3.10. Background level measured for
each test.

Tedlar or Aluminized Mylar Bags: 50 L capacity, with
valve; separate bag marked for each calibration
concentration.

Syringes: 1.0 ulL, T0ul, and 100 uL, individually
calibrated to dispense 1iquid benzene.

Ory Gas Meter with Temperature and Pressure Gauges:
Accurate to +2 percent, to meter nitrogen in preparation
of standard gas mixtures, calibrated at the flow rate used
to prepare standards.

Midget Impinger/Hot Plate Assembly: To vaporize benzene.

"Use only reagents that are of chromatographic grade.

5.1 Analysis: The following are needed for analysis.

5.1.1

Helium or Nitrogen: Zero grade, for chromatograph carrier

gas; also, helium is for flushing sample gases.
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5.2

5.2.1

5.2.2

5.2.3

Calibration: Use one of the following options: either 5.2.1

and 5.2.2, or 5.2.3.

Benzene, 99 Mol Percent Pure: Certified by the
manufacturer to co;tafn a minimum of 99 Mol percent
benzene; for use in the preparation of standard gas
mixtures as described in Section 7.1.

Nitrogen,'Zero grade: For preparation of standard gas
mixtures as described in Section 7.1.

Cylinder Standards (3): Gas mixture standards (500, 50,
and 5 ppb benzene in nitrogen cylinders). The tester may
use cylinder standards to directly prepare a chromatograph
calibration curve as described in Section 7.2.2, if the
following conditions are met: {a) The manufacturer
certifies the gas composition with an accuracy of +3
percent or better (see Section 5.2.3.71). (b) The
manuyfacturer recommends a maximum shelf life over which
the gas concentration does not change by greater than *5
percent from the certified value. (c) The manufacturer
affixes the date of gas cylinder preparation, certif{ed
benzene concentration; and recommended maximum shelf 1ife

to the cylinder before shipment to the buyer.

5.2.3.1 Cylinder Standards Certification: The manufacturer

shall certify the concentration of benzene in

nitrogen in each cylinder by (a) directly éna1yzing
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5.2.3.2

each cylinder and (b) calibrating the analytical
procedure on the day of cylinder analysis. To
caiiprate his analytical procedure, the manufacturer
shalf use, as a minimum, a8 three-point calibration
curve. It is recommended that the manufacturer
maintain (1) a high-concentration calibration
standard (between 5 and 10 ppm) to prepare his
calibration curve by an appropriate dilutien
technique; and (2) a Tow-concentration calibration
standard (between 5 and 10 ppb} to verify the
dilution technique used. If the difference between
the apparent concentratfon read from the calibration
curve and the true concentration assigned to the
low-concentration standard exceeds § percent of the
true concentration, the manufacturer shall determine
the source of error and correct it, then repeat the
three-point.calibration.

Verification of Manufacturer's Calibration
Standards: Before using, the manufacfu;er shall
verify each calibration standard by (a) comparing it
to gas mixtures prepared {with 99 Mol percent
benzene) in accordance with the procedure described
in Section 7.1 or by (b) having it analyzed by the

National Bureau of Standards. The agreement between
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5.2.4

- PROCEDURE

the initially determined concentration value apd the

verification concentration value must be within +§

percent. The manufacturer must reverify all

calibration standards on a time interval consistent

with the shelf Tife of the cylinder standards soid.
Audit Cylinder Standards (2): Gas mixture standards with
concentrations known only to the person supervising the
analysis of samples. The audit cylinder standards shall
be identically prepared as those in Section 5.2.3 (benzene
in nitrogen cylinders}. The concentrations of the audit
cylinder should be: one low-concentration cylinder in the
range of 5 to 20 ppm benzene and one high-concentration
cylinder in the range of 100 to 3C0O ppm benzene. When
available, the tester may obtain audit cylinders by
contacting: U.S. Environmental Protection Agency,
Environmental Monitoring and Support Laboratory, Quality
Assurance Branch (MD-77}, Research Triangle Park, North
Carolina 27711. If audit cylinders are not available at
the Environmental Protection Agency, the tester must

secure an alternative source.

The following sampling procedure has been successfully field tested and

is recommended.

Any other sampling procedure which, after review of the

Executive Officer, is deemed equivalent for the purposes of this test

nethod, may be used.
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6.1

6.2

6.3

Sampling: Assemble the sample train as shown in Figure 1. Perform
a bag leak check according to Section 7.3.2. Join the quick
connects as illustrated, and determine that all connections between
the bag and the probe are tight. Place the end of the probe at the
centroid of the stack, and start the pump with the needle valve
adjusted to yield a flow that will more than half fi11 the bag in
the specified sample period. After allowing sufficient time to-
purge the line several times, connect the vacuum line to the bag and
evacuate the bag until the rotameter indicates no flow. At all
timeﬁ, direct the gas exiting the rotameter away from sampling
personnel. Again connect the sample train as shown in Figure 1 and
begin sampling. At the end of the sample period, shut off the pump,
disconnect the sample 1ine from the bag, and disconnect the vacuum
1ine from the bag container. Keep the bag container in shade.
Sémple Storage: Keep the sample bags out of direct sunlight.
Perform the analysis within 4 days of sample collection.
Sample Recovery/Freezeout/Injection: CAUTION, serial dilutions may
be necessary for highly concentrated samples to protect the GC
system from overloading. |
6.3.1 Sample Recovery: Immerse the sample loops in liquid nitrogen

(LNZI and allow the temperature to stabilize (approximately

5 minutes). ’

After flushing the 100 ml syringe with about 40 m] of the

sample, withdraw 40 m1 from the sample bag.
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6.4

6.3.2 Freeze-out: Transfer the sample into the ¢ryogenic sampling
loop (trapl.
Back fi11 the syringe with 40 ml of helium and flush the 40
m1 through the trap. then flush heljum through the trap for 2
minutes at 20 m1/min.
Stop the helium flushing. Remove the 1/4 inch U-trap from
LN,
Isolate the cryogenic trap by using an “isolation valve"
which allows the carrier gas to by-pass the trap. Replace
the LN, Dewar with a Dewar containing 80°C water and
immerse the trap. Allow all ice to melt from the trap.
6.3.3 Injection: Using the valve, introduce the sample into the

carrier gas stream.

Analysis: CAUTION, serial dilution, may be necessary for highly

concentrated samples to prevent overloading. Set the column
temperature to ambfent for column A or column 8, and the detector
temperature to 150°C. Using zero helium or nitrogen as the carrier
gas, establish a flow rate in the range consistent with the
manufacturer's ;equiréments for satisfactory detector operation. If
necessary, adjust flow rate for best detector response. Observe the
base 1ine periodically and determine that the noise level has
stabiIiied and that base-line drift has ceased. Record the
injection time (the position of the pen on the chart at the time of
sample injection), the sample number, the sample loop temperature,

the column temperature, carrier gas flow rate, chart speed, and the
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6.5

attenuator setting. From the chart, note the peak having the
retention time corresponding to benzene, as determined in Section
7.2.1. Measu;e the benzeng peak area, Ay by use of a disc
integrator, electronic integrator, or a planimeter. Record Am and
the retention time. Repeat the injection at least two times or
until two consecutive values for the total area of the benzene peak
do not vary more than 5 percent.  Use the average value of these two
total areas .to compute the bag concentration.

Determination of Bag Water Yapor Content: Measurerthe ambient
tempérafure and barcmetric pressure near the bag. From a water
saturation vapor pressure table, determine and record the water
vapor content of the bag as a decimal fiqure. (Assume the relative

humidity to be 100 percent unless a lesser value is known.)

7.  PREPARATION OF STANDARD GAS MIXTURES, CALIBRATION, AND QUALITY ASSURANCE

7.1

Preparation of Benzene Standard Gas Mixtures: This procedure may

only be used if no cylinder standard is available. Assemble the
apparatus shown in Figure 2. Evacuate a 50 L Tedlar bag that has
passed a 1éak check (describeq in Section 7.3.2) and meter in about
50 L. of nitrogen. Heasure the barome;ric pressure, the relative
pressure at the dry gas meter, and the temperature at the dry gas
meter. While the bag is filling, use the 1.0 ulL syringe to inject
1.0 uL of 99+ percent liquid benzene through the septum on top of

the impinger. This gives a concentration of approximately 5 ppm of

. benzene., In a like manner, use the 10 ulL and 100 ulL syringes to

prepare dilutions having approximafely 50 ppm and 500 ppm benzene
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7.2

concentrations. Using the same apparatus.lthe 100 ul syringe, and
appropriate.d11ution techniques, inject 50 mlL of each dilution into
J different empty Tedlar bags and fill each with 50 L of nitrogen to
obtain 3 standard gas mixtures of 5, 50, and 500 ppb. To calculate
the specific concentrations, refer to Section 8.1. These gas
mixture standards may be used for 7 days from the date of
préparation, after which time preparation of new gas mixtures is
required. {Caution: : If the new gas mixture standard is a lower
concentration than the previous gas mixture standard, contamination
may be a problem when a bag is reused.)
Calibration: |
7.2.1 Determination of Benzene Retention Time: (This section can
be performed simultanecusly with Section 7.2.2.) CAUTION,
serial dilutions may be necessary for highly concentrated
samples to protect GC plumbing. Establish chroﬁatograph
conditions jdentical with those in Section 6.4, above.
Determine proper attenuator position. Flush the sampling
100p with zero helium or nitrogen and activate the sample
valve. Record thé injection time, the sample 1oop
temperature, the column temperature, the carrier gas flow
rate, the chart speed, and the attenuator setting. Record
peaks and detector responses that occur in the absence of
benzene. Maintain conditions, and flush the sample loop for

30 sec at the rate of 100 ml/min with one of the benzene
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7.2.2

calibration mixtures. Then activate the sample valve,
Record the injection time. Select the peak that corresponds
to benzene. Measure the distance on the chart from the
injection time to the time at which the peak maximum occurs.
This distance divided by the chart speed is defined as the
benzene peak retention time. Since it is quite likely that
there will be other .organics present in the sample, it is
very important that positive identification of the benzene
peak be made.

Preparation of Chromatograph Calibration Curve: Make a gas
chrematographic measurement -of each standard gas‘mixture
{described in Section 5.2.3 or 7.1.) using conditions
identical with those listed in Sections 6.3 and 6.4. Record
C, the concentration of benzene injected, the attenuator
setting, chart speed, peak areas, sample loop temperature,
column temperature, carrier gas flow rate, and retention
time. Record the laboratory pressure. Calculate Ac' the
peak area multiplied by the attepuator setting. Repeat until
two consecutive injection areas are within 5 percent, then
plot the average of those two values versus C.. When the
other standard gas mixtures have been similarly analyzed and
plotted, draw a straight line through the poinfs derived by
the least sguares method. Perform calibration daily, or
before and after each set of bag samples; whicheier is more

frequent.

410A-16




7.3 Quaiity Assurance:

7.3

7.3.2

7.3.3

Analysis Audit: Immediately after the preparation of the
calibration curve and befﬁre the sample analyses, perform a
check for drift against a cylinder of known concentration
traceable to the last analysis audit. At least twice a year,
perform the analysis audit described in Appendix B:
“Procedure for Field Auditing GC Analysis.”

Leak Checks: While performance of this section is required
after bag use, 1t is also advised that it be performed before
bag use. After each use, make sure 2 bag did not develop
leaks by connec¢ting a water manometer and pressurizing the
bag to 5 to 10 cm H,0 (2 to 4 in HZD]. Allow to stand

for 10 min. Any displacement in the water manometer
indicates a leak. Also, check the rigid container for leaks
in this manner. (Note: an alternative leak check method is
to pressurize the bag to 5 to 10 cm Hy0 (2 to 4 in H,0)

and allow to stand overnight. A deflated bag indicates a
leak.) For each sample bag in its rigid container, place a
roctameter in line between the bag and tﬁe pump inlet.
Evacuate the bag. Failure of the rotameter to register zero
flow when the bag appears to be empty indicates a leak.

Bag Check. To insure no contamination or interferences from
the Tedlar bag, a sufficient number of bags should be checked

before use. This can be accomplished by filling the bag with
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7.3.4

N2 or zerc air & making aﬁ injection on the GC under normal
analysis conditions. It is recommended that new bags be used
each time, but, if this is not possible, it is necessary to
check every bag prior to use.

Syringe Check. Prior to use, the GC injection syringe should
be checked for contaimination by inserting the needle through
the injector septum, drawing a volume of carrier gas into the
barrel of the syringe & re-injecting it back onto the.
column. This procedure should also be done periodically

during the analysis to insure no contamination of the syringe.

8. Calculations:

8.1 Optional Benzene Standards Concentrations:

Calculate each benzene standard concentration (Cc in ppm)

prepared in accordance with Section 7.1 as follows:

where:

Cc " 3(0.2;361(}0 3)
m —_ 0 m
Tm 760
Ce = 701.9 BTm
m 7 Pm
B 2 Volume of benzene injected, microliters.
Vm = Gas volume measured by dry gas meter, Titers.
Y = Dry gas meter calibration factor, dimensionless.
Pm = Absolute pressure of the dry gas meter, mmHg.
T, =  Absolute temperature of the dry gas meter, %.
0.2706=  Ideal gas volume of benzene at 293° K and 760 mmHg
L/ml.
109 2 Conversion factor [{ppm} (m1)/ull.
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8.2 Benzene Sample Concentrations: From the calibration curve
described in Section 7.2.2 above, select the value of Cc that
corresponds to Ac. Calculate the concentration of benzene in

the sample (Cs in ppm) as follows:

JQ:_E:_%i_____T

Cs = Pi Tp U1=Syp

where:

C_ = Concentration of benzene in the sample, ppm.

C_. = Concentration of benzene indicated by the gas

chromatrograph, ppm.

o
u

Reference pressure, the barometric pressure recorded
during calibration, mmHg.

T, = Sample loop temperature at the time of analysis, .
P. = Barometric pressure at time of analysis, mmHg.

Tr = Reference temperature, the sample loop temperature

recorded during calibration, %K.

(%)
H

wb Water vapor content of the bag sample, volume fraction.
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Appendix A
Determination of Adequate Chromatograbhic Peak Resolution

In this method of dealing with resoultion, the extent to which one
chromatographic peak overlaps another is determined.

For convenience, consider the range of the elution curve of each
compound as running from -2 to +2 . This range is used in other
resolution criteria, and it contains 95.45 percent of the area of a
normal curve. I[f two peaks are separated by a known distance, b, one can
determine the fraction of the area of one curve that lies within the range
of the other. The extent to which the elution curve of a contaminant
compound overlaps the curve of a compound that is under analysis is found ty
integrating the contaminant curve over limits b-20; to b+20; where ¢ is the

standard deviation of the sample curve.

There are several ways this calculation can be simplified. Overlap can be
determined for curves of unit area; then actual areas can be introduced. The
desired integration can be resolved into two integrals 6f the normal dis-
tribution function for which there are convenient calculation programs and
tables. An example would be Program 15 Texas lnstruments Program Manual

ST1. 1975, Texas Instruments, Inc., Dallas, Texas ~75222.

L e °~ -%é - i? -'%_ '
/ .
2TTd¢ b-ZO'S ¢ dt o e dx = J-EJ-_—H' e dx
b-2¢ b+2&
s S
c ﬁc
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The following calculation steps are required:

1. 20% = tsl 2 In2
2. c °© tc/ 2 in2
Xy - _
3. M -(b-ZO’s)/dc
Xo _
4, "2 = (b+20;)/oa
xZ
=2

bt |
.

g
]

Q(x1) - Q(xz)

[2+]
>
H

IOAC/AS
8. Percentage overlap = Ao x_lOO

where
As = The area of the sample peak of interest determined by

electronic integration, or by the formula Ag = hsts'

A- = The area of the contaminant peak, determined in the same
manner as AS.

b = The distance on the chromatographic chart that separates the
maxima of the two peaks.

H = The peak height of the sample compound of interest, measured

from the average value of the baseline to the maximum of the

curve,

t, = The width of the sample peak of interest at 1/2 of peak height.
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¢ = The width of the contaminant peak at 1/2 of peak height.

c, = The standard deviation of the sample compound of interest
elution curve.
g, = The standard deviation of the contaminant elution curve.
Q(x]] = The integral of the normal distribution function from X1 to

infinity.
Q(X2)~= The integral of the normal distribution function from X, to
infinity.
I = The bveﬁlap integral.

6 = The area overlap fraction.

In judging the suitability of alternate gas chromatographic columns, or
the effects of altering chromatographic conditions, one can employ the area
overlap as the resolution parameter with a specific maximum permissible value.

The use of Gaussian functions to describe chromatographic elution curves
is widespread. However, some eluticn curves are highly asymmetric. In those
cases where the sample peak is followed by a contaminant that has a leading
edge that rises sharply but the curve then tails off, It may be possible to
define an effective width for L. as “twice the distance from the leading edge
to a perpendicular line through the maxim of the contaminant curve, measured

along a perpendicular bisection of that line."

® In most instances, Q(x,) is very small and may be neglected.
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APPENDIX B

Procedure for Field Auditing GC Analysis.

Responsibilities of audit supervisor and analyst at the source sampling

site include the following:

-A.  Check that audit cylinders are stored in a safe location both before
and after thg audit to prevent vandalism of same.

B. At the beginning and conclusion of the audit, record each cylinder

number and cylinder pressure. Never analyze an audit cylinder when the

pressure drops below 200 psi.
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FIELD AUDIT REPORT
PART A - To be filled out by organization supplying audit cylinders
1. Organfzation supplying audit sample(s) and shipping address

2. Audit supervisor, organization, and phone number

3. Shipping insfructions: Name, Address, Attention

4. Guaranteed arrival date for cylinders

5. Planned shipping date for cylinders

6. Details on audit cylinders from last analysis
Low Conc. High Conc.

a. Date of Yast analysis

b. Cylinder number

t. Cylinder pressure, psi

d. Audit gas({es)/balance gas

e, Audit gas(es) ppm

f. Cylinder construction

C. During the audit, the analyst is to perform & minimum of two consecutive
analyses of each audit cylinder gas. The audit must be conducted to coincide
with the analysis of source test samples. Normally, it will be conducted

immediately after the GC calibration and prior to the sample analyses.
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D. At the end of audit analyses, the audit supervisor requests the calculated
concentrations from the analysis and then compares the results with the actual
audit concentrations. If each measured concentration agrees with the
réspective actual concentration within + 10 percent, he then directs the
analyst to begin the analysis of sourceﬂsamp1es. Audit supervisor judgment
and/or supetvisorj policy determine course of action if agreement is not within
® 10 percent.

Where a consistent bias in excess of 10 percent is found, it may be
possible to.procegd with the sample analyses, with a corrective factar to be
applied to the results at a later time. However, every attempt should be made
to locate the cause of the discrepancy, as it may be misleading. The audit
supervisor is to record each cylinder number, cylinder pressure {at the end of
the aﬁdit}, and all calculated concentrations. The individual being audited
must not under any circumstance be told the actual audit concentrations unti?

the calculated concentrations have been submitted to the audit supervisor.

Part B: To be filled out by audit supervisor

1. Process Sampled

Location of audit

2
3. Name of individual audited
4

. Audit date

5. Audit results
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Low Conc. High Conc,

a. Cylinder Number

b. Cylinder Pressure before
audit, psi

l

¢c. Cylinder pressure, after
audit, psi

d. Measured concentrations, ppm
Injection #1*

Injection #2*
Average*

e.  Actual Audit concentration,
ppm (Part A, 6e)

f.  Audit Accuracy*

I

Low Conc. Cylinder
High Conc¢, Cylinder

P ——
i ————————

*Percent Accuracy = Measured Conc. - Actua) Conc. x 100
Actual Conc,

g. Problems detected (if any)

*Results of two consecutive fnjections that meet the sampie analysis
criteria of the test method.
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Method 421 - Determination of Hydrochloric acid Emissions

ll

2.

APPLI
1.1

1.2

RANGE,

2.1

2.3

From Stationary Sources

CABILITY AND PRINCIPLE

Applicability

This method applies to the determination of hydrochloric
acid emissions from stationary sources. It does not
measure liquid or solid phase chloride. Gaseous HCl is
defined as that which passes the filter at its heated
temperature.

Principle

Particulate and gaseous chloride emissions are extrgcted
isokinetically from the stack and passed through an
impinger-filter train where the gaseous chloride is
collected in a solution of Sodium Bicarbonate and Sodium
Carbonate., This impinger solution is analyzed for
chloride by ion chromatography with conductivicy
detection. The chloride peak is identified by
characteristic retention time, and quantified by
reference to external standards.

SENSITIVITY, AND PRECISION

Range and Sensitivicy )
The analytical method has been used to measure chloride
concentration in drinking water, surface water, and mixed
domestic and industrial wastewater. (See Reference
10.1).

A method detection limit (MDL) of 0.015 mg/L has been
obtained with reagent water at an attenuator setting of
1 uMHO full scale (Reference -10.1). Any change in this
setting would produce a proportional change in the MDL.
The MDL would also vary with the sample matrix.

Precision

The following single operator accuracy and precision data
were obtained for reagent(RW), drinking(DW), and surface
(SW) water, and mixed domestic and industrial wastewater
(WW) (Reference 10.1).

Number Mean Standard

Sample Spike of Recovery Deviation
Type (mg/L) Replicates 2 (mg/L)
RW 0.050 7 97.7 0.047
DW 10.0 7 88.2 0.289
SW 1.0 7 105.0 0.139
wW 7.5 7 82.7 0.445
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INTERFERENCES

The chromatographic columns and the corresponding operating
parameters herein described normally provide a high degree of
resolution: but interferences may be encountered from some
sources., Therefore, the chromatograph operator shall select
column and operating parameters best suited to the particular
analytical problem, subject to approval by the Executive
Officer. This approval is automatic provided that the tester
produces data to demonstrate that the technique is capable of
accurate and reproducible measurements, and has the data
available for review by the Executive Officer,

3.1 Any anion with a retention time similar to that of
chloride can interfere, Large amounts of an adjacent
anion can interfere with the peak resolution for the
chloride anion., Sample dilution and/or spiking can solve
most interference problems.

3.2 Contaminants in the reagent water, reagents, glassware
and other sample processing apparatus can cause discrete
artifacts or elevated baseline in ion chromatograms.

3.3 Samples that contain particles larger than 0.45 microns
and reagent solutions that contain particles larger than
0.20 microns must be filtered to prevent damage to
instrument columns and flow systems,

3.4 The "water dip" or negative peak elutes near to the
chloride peak and can interfere, When the standard
eluent (Section 5.4,2) does not give adequate separation
of the chloride peak from the water dip, the recommended
eluent is 2mM NaOH/2.4mM NaHCO4 (Reference 10.3).

3.5 1If other ion chromatographic conditions or other
techniques are used, the tester is required to
substanctiate the data through an adequate quality
assurance program approved by the Executive Officer.

APPARATUS

The following sampling apparatus is recommended. The tester
may use an alternative sampling apparatus only if, after
review by the Executive Officer, it is deemed equivalent for
the purposes of this test method.

4.1 Sampling Train
A schematic diagram of the sampling train is shown in
Figure 1. The equipment required for this train is the
same as described in Section 2.1 of CARB Method 5 except
as follows:
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4.1.1 Probe Liner. Same as described in Section 2.1.2
of Method 5 except use only quartz or borosilicate
glass liners. e

4.1,2 Impingers. Four impingers are connected in series
with glass ball joint ficttings. The first, third,
and fourth impingers are of the Greenburg-Samith
design modified by replacing the tip with a l-co
(0.5 1in.) I.D. glass tube extending to 1 cm from
the bottom of the flask. The second impinger is
of the Greenburg-Smith design with the standard
tip.

The first and second impingers shall contain
known quantities of 3 mM sodium bicarbonate
(NaHCO,), and 2.4 oM sodium carbonate (Na,COq).
The third shall be empty, and the fourth é%af&
contain a known weight of silica gel or equivalent
dessicant.

A thermometer which measuyres temperatures to
within 1°C (2°F), should be placed at the outlet
of the fourcth impinger,

4.2 Seample Recovery,

The following items are needed:

4,2.]1 Probe Liner and Probe Nozzle Brushes, Petri *
Dishes, Plastic Storage Containers, Funnel and
Rubber Policeman. Same as Method 5, Sectians
2,2.1, 2.2.4, 2.2.6, and 2.2.7, respectively.

4.2.2 Wash Bottles (2). Only glass may be used.

4.2.3 Sample Storage Containers., Chemically resistant,
borosilicate glass bottles, for impinger and probe
solutions and washes, 1000 mlL. Use screw-cap
liners that are either rubber-backed Teflon or
leak-free and resistant to chemical attack by 1.0
N NaOH (Narrow mouth glass bottles have been found
to be less prone to leakage).

4.2.4 Graduated Cylinder and/or Balance. To measure
condensed water to within 2 mL or 1 g. Usea
graduated cylinder that has a minimum capacity of
500 mL, and subdivisions no greater than 5 rmlL.
(Most laboratory balances are capable of weighing
to the nearest 0.5 g or less).

4.2.5 Funnel. To aid in sample recovery. Only glass
may be used.
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4.3

Analysis
The following equipment is needed:

4.3,1

1003.2

4'3.3
4.3.4
4.3.5

4.3.6

Balance -~ Analytical. Capable of accurately
weighing to the nearest 0.000]1 g.

Sample bottles, Glass. O0f sufficient volume to
allow replicacte analyses of the anion of interest,

Pipettes, An assortment of sizes,
Volumetric Flasks. 100-alL, 250~nL and 1000-amL.

Ion chromatograph. Analytical system complete
with ion chromatograph and all required
accessories including syringes, analytical
columns, compressed air, detector, and strip chart
recorder, A data system is recommended for peak
integration. The ion chromatograph should have at
least the components listed below, The analyst
may use alternactive components provided that there
is adequate resolution of the chloride peak, and
there is no impairment of the precision and
accuracy of the analrsis of the chloride standards.

4.3.5.1 Anion guard column: 4 x 50 mm, Dionex
P/N 03827, or equivalent.

4,3.5.2 Anion separator column: 4 x 250 mm,
Dionex P/N 35350, or equivalent,

4.3.5.3 Anion suppressor column: fiber, Dionex
P/N 35350, or equivalent,

4,3,5.4 Pump capable of maintaining a steady
flow as required by the system.

$4,3.5.5 Flow gauges. Capable of measuring the
specified system flow rate,

4.3.5.6 Detector - Conductivity cell,.
Approximately 6 ulL volume, Dionex, or
equivalent,

Filtering System. 0.45 picron millipore filter

and millipore vacuum filtration unit or
equivalent,
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REAGENTS

Unless otherwise gspecified, use American Chemical Society
reagent grade (or equivalent) chemicals throughout.

Mention of trade names or specific products does not
constitute endorsement by the California Air Resources Board.

5.1

5.3

5.4

Sampling. .
The following reagents are needed:

5.1.1

5.1.2

5.1.3

Sample
5.3.1

Filters, Silica Gel, Crushed Ice and Stopcock
Crease. Same as Method 5, Sections 3.,1.1, 3.1.2,
3.1.4 and 3.1.5, respectively.

Water, Deionized, distilled, to conform to ASTM
Specification D1193-77, Type 3 (Reference 10.1).
If high concentrations of organic matter are not
expected to be present, the analyst may omict the
potassium permanganate test for oxidizable organic
macter,

Impinger Solution, Sodium Bicarbonate 3 mM, and
Sodium carbonate 2.4 mM, Dissolve 1.0081 g sodium
bicarbonate (NaHC03) and 1.0176 g of sodium
carbonate (Na,C0,) in reagent water (5.1.2), and
dilute to 4 liters.

Recovery.
Recovery solvent, Solution of Sodium bicarbonate

(3 mM) and Sodium carbonate (2.4 mM). Same as 5.1.3
above,

Analysis, The following reagents are needed:

5.4.1

5.4.2
3.4.3

5.4.4

Reagent water, Same as 5.1.2 above, Verify that
the conductance is 1 uS or less if your systen
includes a conductivicy detector. For other
detector options, you must use other methods to
monitor your water quality.

Eluent solution: Same as 5.1.3 above,.
Sulfuric acid. Concentrated.
Regeneration solution (fiber suppressor).
Sulfuric acid, 0.025 N. Dilute 2.8 ml

concentrated sulfuric acid (H,50,) to 4 liters
with reagent water (same as 5.4.1 above),
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6.

5.4.,5

5.4.6

5.4.7

PROCEDURE

6.1

Stock Standard Solution, 1000 mg/L. This may be
purchased as a certified solution or prepared fronm
ACS reagent grade materials (dried at 105°C for 30
min.,) as follows:

Dissolve 1.6485 g sodium chloride (NaCl) in
reagent water (5.1.2) and dilute to 1! liter.

Stock standards are stable for at least one month
when stored at 49C.

Intermediate Stock Standard. Pipet 200 mlL of the
stock standard (5.4.5 above) into a 1000-mlL
volumetric flask, and dilute to volume with
reagent water (5.4.1). This standard may be
stored for one month.

Calibration Standards., Add accurately measured
volumes of the intermediate standard to a
volumetric flask and dilute to volume with reagent
water. Dilute working standards should be
prepared weekly,

Sampling. Because of the complexity of this method,
testers should be trained and experienced with the test
procedures in order to ensure reliable results,

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

Pretest Preparation. Follow the same general
procedure described in Method 5, Section 4.1.1,
except the filter need not be weighed.

Preliminary Determinations., Follow the same
general procedure described in Method 5, Section
4.1.2,

Preparation of Collection Train. Follow the same
general procedure given in Method 5, Section
4.1.3, except place 100 ol of impinger solucion

(5.1.3) in each of the first two impingers, leave

the third iampinger empty, and transfer
approximately 200 to 300 g of preweighed silica
gel from its container to the fourth impinger.
Assemble the train as shown in Figure 1.

Leak-Check Procedures. Follow the general leak-
check procedures given in Method 5, Sections
4,1.4.1 (Pretest Leak Check), 4.1.4.2 (Leak-
Checks During the Sample Run), and 4.1.4.3 (Post-
Test Leak-Check).

Sampling Train Operation., Follow the same general
procedure given in Method 5, Section 4.1.5. For

each run, record the data required on a data sheet
such as the one shown in ARB Method 5, Figure 5-2,
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6.2

6.1.6 Calculation of Percent fsokinetic. Same as Method

3,

Section 4.1.6.

Sample Recovery,

Allow the probe to cool. Inspect the train prior to and
during disassembly and note any abnormal conditions,
Disconnect the impingers, and treat them in the following
manner: B

6.2.1

Container No. 1 (Impingers). If the volume of
liquid is large, the tester may place the impinger
solutions in several containers, Clean each of
the first three impingers and connecting glassware
in the following manner:

1,

2.

Wipe the impinger ball joints free of silicone
grease and cap the joints,

Rotate and agitate each impinger, so that the
impinger contents might serve as a rinse
solution,

Transfer the contents of the impingers to a
500-mL graduated cylinder. Remove the outlet
ball joint cap and drain the contents through
this opening. Do not separate the impinger
parts (inner and outer tubes) while
tcransferring their contents to the cylinder,
Measure the liquid volume to within +2 nlL.
Alternatively, determine the weight of the
liquid to within #0.5 g. Record in the log
the volume or weight of the liquid present,
and the occurrence of any color or film in the
impinger catch. The liquid volume or weight
is needed, along with the silica gel data, to
calculate the stack gas moisture conteat (see
Methad 5, Figure 5-13).

Transfer the contents to Container No. 1.

Note: In steps 5 and 6 below, measure and
record the total amount of recovery solvent
used for rinsing. Pour approximately 30 mL of
recovery solvent (5.3.1) into each of the
first three impingers and agitate the
impingers. Drain the recovery solvent through
the outlet arm of each impinger into Container
No. 1. Repeat this operation & second time;
inspect the impingers for any abnormal
conditons.
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6.3

6.2.2

6.2.3

Sample
6.3.1

6.3.2

6. Wipe the ball joints of the glassware
connecting the impingers free of silicone
grease and rinse each piece of glassware
twice with recovery solvent, Transfer this
rinse into Container No., 1. Mark the height
of the fluid level to determire whether
leakage occurs during transport. Label the
container to clearly identify its contents.

Container No. 2 (Silica Gel). Check the color of
the indicating silica gel to determine jif it has
been completely spent, and note its condition.
Transfer the silica gel from the fourth impinger
to the original container and scai. The tester
may use a funnel to pour the silica gel, and
rubber policeman to remove the silica gel from the

‘impinger, It is not necessary to remove the small

amount of particles that may adhere to cthe
impinger walls and are difficult to remove., Since
the gain in weight is to be used for moisture
calculations, do not use water or any other
liquids to transfer the silica gel. If a balance
is available in the field, the tester may follow
the procedure for Container No. 2 under Section
6.4 (Analysis).

Recovery Solution Blank., Save a total volume of

recovery solution equal to that used for sampling
(impinger solution) and cleanup (6.2.1). Place in
a glass sample container, and seal the container.

Preparation,

Container No. 1 (Impingers). Check the liquid
level to determine whether any sample was lost
during shipment, If a noticeable amount of
leakage has occurred, either void the sample or
determine the volume lost from the difference
between the initial and final solution levels, and
use this value to adjust the final results,
subject to approval by the Executive QOfficer.
Filter the sample through a Millipore membrane
filter (4.3.6) into a volumetric flask, and dilute
to volume with deilonized distilled water.

Recovery Solution Blank, Filter through a
Millipore membrane filter (4.3.6) into a
volumetric -flask, Dilute to the same volume as
the sample (Section 6.3.1 above).
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6.4

Analysis.

The method is restricted to use by or under the
supervision of analysts experienced in the use of ion
chromatography and in the interpretation of the resulting
chromatogram, Each analyst must demonstrate the ability
to generate acceptable results with this method using the
procedure described in Section 7.3.2.

6.4.1 The following operating conditions are recommended
for the ion chromatograph. Other columns,
chromatographic conditions, or detectors may be
used if cthe conditions of Section 7.3.2 are met,

6.46.1.1 Columns. As specified in 4.3.5.

6.4.1.2 Detector. As specified in 4.3.5. Select
the sensitivity required for the analysis.
Follow the manufacrturer's instructions for
obataining the optimum temperature
compensating factor for each column set
and eluent bacch, This is especielly
lmportant when operating at high
sensitivities.

6-4-1.3 Eluent. AS SpeCified in 5-4-2.
6.4.1.4 Sample Loop - 100 ulL.
6.4.1.5 Pump Volume ~ 2.30 oL/min.

Calibrate the ion chromatograph, and prepare a
calibration curve as described in Section 7.2.

6.4.2 Load and inject a fixed amount of well mixed
sample (at least 10 loop volumes). The first
sample to be analyzed should be a quality control
standard sample. Use the same size loop for
standards and samples, Flush the injection loop
thoroughly, with each new sample. An automated
constant volume injection system may also be used,

For each sample, record the injection time,
injection volume, flow rate, detector sensitivity
setting, recorder chart speed, peak height or
area, and retention time. Repeat two times, or
until two consecutive values for the chlaride peak
do not vary by more than 5 percent, From the
average of these two values, subtract the peak
height or area of the recovery solution blank.

Use the corrected sample value to compute the
chloride concencration of the sample. If the
chloride concentration of the absorbing solution
blank is below the working range of the analytical
method, use zero for the blank.
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7.

If the peak response exceeds the working range of
the system, dilute the sample with an appropriate
amount of reagent water and reanalyze,

Run a reagent blank and a standard after every 10
samples to check the chromatograph calibration.
Recalibrate as necessary.

The width of the retention time window used to
make identifications should be based upon
measurements of actual retention time variations
of standards over the course of a day., Three
times the standard deviation of a retention time
can be used to calculate a suggested window size
for chloride. However, the experience of the
analyst should weigh heavily in the interprecation
of chromatograms,

If the resulting chromatogram fails to produce
adequate resolution, or if identification of
chloride is questionable, spike the sample with an
appropriate amount of standard, and reanalyze.

6.4.3 Container No. 2 (Silica Gel). The tester may
conduct this step in the field., Weigh the spent
silica gel (or silica gel plus impinger) to the
nearest 0.5 g: record this weight,

CALIBRATION, STANDARDIZATION, AND QUALITY CONTROL

7.1

7.2

Sampling Train Calibration. Calibrate the sampling train
components according to the indicated sections of Method
5: Probe Nozzle (Section S5.1): Pitot Tube (Section
5.2); Metering Syscem (Section 5.3): Probe Heater
(Section 5.4); Temperature Gauges (Section 5.5); Leak-
Check of the Metering System (Secction 5.6); and Barometer
(Section 5.7).

Standard Calibration Curve, Establish the ion
chromatographic operating parameters indicated in Section
6.4.]1 above. Prepare a sufficient number of standards to
allow calculation of an accurate calibration curve, This
should include a minimum of three chloride calibration
standards and a blank (Section 5.4.6). The concentration
of one of the standards should be near, but above the
method detection limit if the system is being operated on
an attenuator setting that allows this measurement. The
other standards should correspond to the range of
concentrations expected in the sample, or should define
the working range of the detector. Unless the attenuator
range settings are proven to be linear, each setting must
be calibrated individually,
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7.2.1

7.2.2

Pump eluent through the column. After the systen
is equilibrated, and the detector baseline is
stable, inject the highest standard. . Adjust zereo
to approximately 10 percent of chart. As the
highest standard for chloride elutes, adjust the
calibration to approximately 90 percent of charet.

Inject 0.1 to 1.0 mL (determined by injection loop
volume) of each calibration standard starting with
the highest concentration, Record the
concentration of the standard, peak height or
area, the injection time (che position of the pen
on the chart at the time of sample injection),
injection volume, flow rate, attenuator setting,
and recorder chart speed. Mesasure the distance on
the charct from the injection time to the time at
which the peak maximum occurs. This distance
divided by the chart speed is defined as the
chloride retention time., Repeat the injection at
least two times or until 2 consecutive values for
the chloride peak area are within 5 percent of
their average value. When all the standards have
been similarly analyzed, subtract the average peak
height or peak area of the blank from the averaged
peak heights of each standard. Calculate a linear
regression plot of the corrected peak height of’
each standard (y-axis) versus the corresponding
concentration (x-axis).

7.3 Qualicy control

7.3.1

The minimum quality control requirements are an
initial demonstration of laboratory capability
(according to Section 7.3,2), and the analysis of
spiked samples as a continuing check on
performance., The laboratory should maintain
performance records to document the guality of
data that are generated.

In recognition of the rapid advances occuring in
chromatography, the analyst is permitted certain
options to improve separations or lower the cost
of measurements. Each time such modifications to
the method are made, the analyst is required to
repeat the procedure described in Section 7.3.2
below.

The laboratory should spike and analyze a minimum
of 102 of all samples to monitor continuing
laboratory performance. Field and laborator
duplicates should also be analyzed. '
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7.3.2

7.3.3

7.3.4

Before performing any analyses, the analyst should
demonstrate the ability to generate acceptable
accuracy and precision with this method, using a
laboratory control standard.

7.3.2.1 Select a representative spike
concentration. Use the stock standard to
prepare a quality control check sample
with concentration in reagent water that
is 100 times greater than the value
selected above,

7.3.2.2 Use a8 pipet to add 1.00 mL of the check
sample (7.3.2.1) to each of four 100-mL
aliquots of reagent water. Analyze the
aliquots according to the procedure in
Section 6.4,2.

7.3.2.3 Calculate the average percent recovery
(R), and the standard deviation (s) of the
percent recovery, for the results.

7.3.2.4 Compare these results (7.3.2.3) with the
recovery and single operator precision
expected for the method (Section 2.3). If
the data are not comparable within control
limicts (7.3.3), review the potential
problem areas and repeat the test.

The analyst must calculate method performance
criteria and define the performance of the
laboratory for each spike concentration of analyte
being measured.

7.3.3.1 Calculate upper and lower control limits
for method performance as follows:
Upper Control Limit (UCL) = R + 3 s
Lower Control Limit (LCL) = R - 3 s
where R and s are calculated as in Section
7.3.2,3, The UCL and LCL can be used to
construct control charts that can be used
to follow trends in performance.

The accuracy statement for the method may be
written as R + s where R and s are as defined in
Section 7.3.2.3. This statement should be
developed from analyses of at least four samples
prepared according to Section 7.3.2.3.
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8.

7.3.5

Before processing any samples, the analyst must
demonstrate through the analysis of an aliquot of
reagent water that 8ll glassware and reagent
interferences will not pose a problem. Whenever
there is a change in reagents, a laboratory
reagent blank must be processed as a8 safeguard
against laboratory contamination.

It is recommended that the laboratory adopt
additional quality assurance practices for use
with this method. The specific practices that are
most productive would depend to some degree on the
nature of the samples,

7.3.6.1 Field duplicates may be analjzed to
monitor the precision of the sampling
technique,

7.3.6.2 When there is doubt about the
identification of a peak in the
chromatogram, confirmacory techniques such
as sawmple dilution and spiking must be
used.

7.3.6.3 Whenever possible, the laboratory should
perform analysis of quality control check
samples and participate in relevant
performance evaluation sample studies.

CALCULATIONS.

8.1

Nomenclature.

Ce =

corrected chloride concentration (ug/ml) from the
calibration curve,

concentration of HCl in the stack gas (mglma). dry
basis, corrected to standard conditions of 760 mm Hg
(29.92 in. Hg) and 293 °k (528°R).

Dilution factor (required only if sample dilution
was needed to reduce the concentration into the
range of calibration)

Vg = Total volume of sample (onL) after dilution (from

Section 6.3.1).

m, = Total HC1l (mg) in sample volume V.

Va(std) = Dry Gas Volume. dscm (dscf),

See Section 8.2 below.
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8.2 Dry Gas Volune. s

8.4

Using the data from this test, calculate V the
m(std)’
total volume of dry gas metered corrected to standard
conditons (20°C and 760 mm Hg), by using Equation S5-1 of
Mecthod 5. If necessary, adjust V, .. 4y for leakages as
outlined in Section 6.3 of Method 5. gee the field data
sheet for the average dry gas meter temperature and
average orifice pressure drop.

Volume of Water  Vapor and Moisture content,

Using date obtained in this test and Equations 5«2 and
5-3 of Method 5, calculate the volume of water vapor
Vw(std) and the qois:u{e content B__. of the stack gas.

Concentrations. :

8.4.1 Total Hydrochloric Acid in Sample. Use the
following equation to calculate the mass of HC1l in
the sample volume Vs:

-3
C. x 1073 x v, x 1.028

m = Eq. 1
F .

1.028 = the conversion from chloride anion to.

hydrochloric acid (u

8.4.2 Hydrochloric Acid Concentration in Stack Gas.
Use the following equation to calculate HC1
concentration in the stack gas:

K m,

Cqg = o———o—— Eq. 2
v
m(stcd)

Where: 3
K = 35,31 fe3/m3 if Vm(std) is expressed in
English units

K = 1,00 m3/m3 if vm(std) is expressed in
metric units

Isokinetic Variation and Acceptable Results. Same as
Method 5, Sections 6,11 and 6.12, respectively. To
calculate V; the average stack gas velocity, use equation
2-9 of Method 2 and the data from this field ctest,
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9.

10,

ALTERNATIVE TEST METHODS FOR INORGANIC CHLORIDE

9.1 NIOSH Method 7903, Issued 2/15/84 (Reference 10.4).

9.2

This method has been developed for the determination of
the total concentration of airborne inorganic anions
after collection as their corresponding acids on a silica
gel sorbent sampler tube with glass fiber plug, The
analytical technique is ion chromatography, and will
therefore be subject to the same interferences reported
in Section 3 of this method. Analytical precision
estimates have been obtained with laboratory generated
mixtures of acids. The measurement precision was 0,025,
and the overall precision was 0.059 for HCl in the
concentration range 0.l14 - 14 mg/m3.

However, the effectiveness of the sampling method for HC1

has not been demonstrated.

NaOH Impinger sampling train (Reference 10.5)

A midget impinger sampling train wvith }.0 N NaOH as the
impinger solvent was used to sample coal-fired boilers
and municipal incinerators. Collection efficiencies were
satisfactory, but pretEeatment of the sample was
necessary to avoid S503°" and cation interferences with
the quantitative method, which consisted of a titration
of chloride with a standard Hg(NO3)2 solution using a
bromophenol blue-diphenylcarbazone mixed indicator.

BIBLIOGRAPHY,

10.1

10.2

10.3

10.4

10.5

American Society for Testing and Materials. Annual Book
of ASTM Standards. Part 31; Water, Atmospheric Analysis.
Philadelphia, Pa, 1974, pp. 40-42, o

0'Dell, J.W., Pfaff, J.D., Gales, M.,E., and McKee, G.D,
"Test Method: The determination of Inorganic Anions in
water by Ion Chromatography - Method 300.0. U.S.
Environmental Protection Agency/Environmental Monitoring
and Support Laboratory, Cincinnati, Ohio. Jan., 1984,

U.S. Environmental Protection Agency/Office of Solid
Waste, Washington, D.C., Method 9250. In "Test Methods
for Evaluating Solid Waste-Physical/Chemical HMethods" SW-
846 (1982).

NIOSH Manual of Analytical Methods, 3rd ed., Method 7903,
Acids, Inorganic. U.S, Department of Health and Human
Services DHHS (NIOSH) Publ., No. B4~100, Febd, 1984,

Cheney, J.L., and Fortune, C.R.,, 1979, Evaluation of a
method for measuring hydrochloric acid in combustion
source emissions. The Science of the Total Environment,
13: 9 - 16.
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10.6 Dionex, System 2000 i/SP. Ion Chromatdgraph. Operatioﬁ
and Maintenance Manual., Document No. 32584-01, March
1985. Dionex Corp. Sunnyvale, California 94086,

10,7 Same as Method 5, Citations 2 to 5 and 7 of Section 7.
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METHOD 422 DETERMINATION OF HALOGEXATED OQRGANICS
FROM STATIONARY SOQURCES

INTRODUCTION

This mecthod should not be attempted by persons unfamiliar
with the operation of a gas chromatograph, or by those who are
unfamiliar with source sampling, as there are many decails cthat
are beyond the scope of this presentation, Care =ust be exercised
to prevent exposure of sampling personnel to tazardous emissions,

1. PRINCIPLE AND APPLICABILITY‘

1.1 Principle. An integrated bag sample of s:zack gas
containing one or more halogenated organics is subjected
to gas chromatographic (CGC) analysis, using a suitable
detector,

1.2 Applicability. The method is applicatle =c cthe
measurement of halogenated organics suzh as carbon
tectrachloride, ethylene dichloride, psrchicoroethylene,
trichloroethylene, methylene chloride, 1,1,1-
trichloroethane, trichlorotrifluoroechane, and ethylene
dibromide in stack gases, It is not ajplicaole where the
gases are occluded in particulate zatter,

2. RANGE AND SENSITIVITY

The procedure described herein is applicadle to the
measurement of halogenated organics in the (.1 to 200 pom ranje,
The upper limit may be extended by further calibracion or by
dilution of the sample, The lower limit may be extended by
injection of larger sample volumes or by precoaceatration
techniques., :

3. INTERFERENCES

The chromatography column with the corresicniing operating
parameters herein described has been represented as being useful
for producing adequate resolucion of halogenazed srganics,
However, resclution interferences may.be encouvatered on sonoe
sourges, Also, the chromatograph operator may know of a coluan
that will produce a superior resolution of the parcticular
compound of interest without reducing the response to that
compound, as specified in Section 4.3.1

If ocher gas chromatograpnhic conditions or ather technijues
are used, the tester is required to substantia<e =he data through
an adequate quality assurance program which is sudject to
approval by cthe Executive Qfficer,
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4.

APPARATUS -
4,1 Sampling (see Figure 1)

The following sampling apparatus has been successfully
field tested and is recommended., Any other sampling
apparatus which, after review by the Executive Officer, is
deemed equivalent for the purposes of this test method,
may be used. Apparatus required for sampling is described
below. It is recommended that all equipment which comes
in contact with sampled gas be of stainless steel, glass,
teflon, or tedlar unless these materials are found
unsatisfactory and other materials demonstrated suitable
in specific situactions,

4,1.1 Probe. Stainless steel, Pyrex glass or Teflon as
appropriate for stack temperature, equipped with a
glass wool plug to remove particulate matter, A
permanently plumbed, valved connection to a duct
or stack may be used instead of a probe.

4.1.1.1 Animpinger with an ice bath may be
required to trap condensation in'certain
cases; if used it shall be located between
the probe and the sample line shown in
Figure 2. '

4,1,2 Sample line. Teflon tubing, 6.4 mm (l1/4 inch)
outside diameter, of length sufficient to connect
the probe to bag and not longer than 100 fr.

4.1.2.1 Toreduce the risk of sample
contamination, new uynused cubing shall be
used for each series of bag samples

considered to constitucte an emissions
test.,

4.1.3 Threaded, sealed couplings shall be used to
connect sample train components. Quick=-connect
couplings of stainless steel, some with ball
checks which prevent flow when disconnected and
some without ball cheoks, -are recomnmended as shown
in Figure 1.

Sa

4.,1.4 Sample bags.
4.1.4,]1 Bags shall be made of Tedlar film.

4.1.4,2 Stainless steel quick-connect couplings
with ball checks as shovwn in Figure |l are
recommended but manually valved fittings
may be used.

4,1.4,3 All bags used in a testing programor
project shall be uniform and free from
differences in manufacture or construction
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Glass Wool pluq] i
Probe

Sample Line
Bag Purge Adaplor o/

Rigid Container E.:
Sample Bag \

Male Fermnale
With ball=check B= EX

No ball=check [= [

Quick Connect
Couplings

Flow Meler

Needle Valve
Pump
( Charcoal Tube

Figure | — Recommended Sampling Train

wvhich could affect compatibility with
ollutants of incerest.

h.1,5 Rigid container(s) for filling sample bags by
applizacion of vacuum,

4.1,5.1 The container shall be airtight when
sealed but need not be specially
constructed for the purpose; cardboard
carzons and duct tape have beon used
effectively.

4.1,5.2 The container shall be opaque except that
a swall window to ' check the condition of
the bag within 1s .permissible,.

4,1,5.3 The container-shall be fitted with
couplings to mate wich sample bags, sample
line and vacuum line and with provisions
to shut off vacuum and sample; quick-
connect couplings as shown in Figure 1l are
recommended.

4,1.3.4 The container shall have an internal
capacicty no larger than the sample bags
used. :

4.1.5.5 Sample bags may be fabricated with rigid
containers as an integral unic,
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4,2

4.7

4.1.6 Double~-ended adaptor to 'allow connection of vacuum
line to either sample line or rigid concainer
inlect. )

4.1.7 Needle valve to adjust sample flow rate,

4.1.8 Pump, leak free, with capacity of at least 2
liters per minute,

4.,1.8.1 A bypass from pump outlet to inlet with
an appropriate vacuum relief valve is
suggested to protect bags and rigid
container.,

4,1.9 Charcoal tube to reduce risk of dischargiﬁg toxie
gas mixtures in vicinicy of sampling perscnnel,

4,1,10 Flow meter, rotameter type or equivalent, with
measurement range of 0,1 to 1.0 liters per minute
for aobserving sampling rate, '

4.1.11 Tube and fittings to connect sample train as
shown in Figure 2,

4.1.12 Shipping cartons to protect bags in transport..

4.1.13 Cartons shall be opaque to protect bags from
ulcraviolet light.

4,1.14 Cartons shall have no staples or metal closures
which mighc damage bags.

4.1.15 The rigid container in which bags are filled may
be used for bag transport; any window in the
container shall be covered wich opaque macerial
during such use.

Apparatus for Preparation of Known Mixtures.

The apparatus shown in Figure 2 mayv bYe useful for
preparation of known concentrations of poellutants of
incerest required in 6 below. .

-
£l

Aliquot Transfer Adaptor.
A purgeable adaptor to connect analytical apparatus and
sample bag fittings for the purpose of withdrawing
aliquots of the sample will be required. Withdraval of
aliquots by penetration of the bag film wicth a syrinage
needle is not permissable. Specification of analytical
apparactus is beyond the scope of this method..

Expendable Materials
4,4,1 Zero air or 99,9993 ni:rhgen in cyliader(s).
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4.5

4.4,2

4.4,3
4,.4.4
b,4,5
-¢.6.6
Analysis.

4.5.1

Pure pollutant materials cercified by the
manufacturer to be 99475 pure for :reparation of
knowvn mixctures, or appropriacte cy.inder gases
containing the pollutant(s) of in:ecest in known
concentracion,

Pure distilled vater,
Sulfuric acid solution, 0.1 Norma-..

Sodium hydroxide solution, 0.1 Xormal,

Ice for ice bath.

Cas Chromatograph, With a suitabie detector,
portentiometric scrip recorder o2r squivalent such
as a data system and 1.0 to 2.0 £l sampling loop
in automatic sample valve, Ges tith: syringes nay
be used when an autormatic sazgling valve and loogp
are not available. The chrocartogrankic systen
shall be capable of producing a response where
O.lppm of the halogenated orzazic conpound of
interest is at least as great 3s the average noise
level., (Response is measured Zro= che average
value of the baseline co the aaxizunm of the
waveform, while stancard cperatir; cenditions are
in use.)

Chromatographic Column. Stainless Steel, 3.052 x
J.2mm, containing 20 percent S?=-2.00/C.1 percent
Carbowax 1500 on 100/120 Supelcoport. This
particular column will not adequa:zelr resolve
Ethylene Dibromide. An alternative cclumn must be
used, CARB Haagen-Smi:c Mechod lZZ (9.0) uses a
glass column, 6ft x 1/4 in 0,2 percent Carbowax
1500 on Supelco 80/100 mesh Carbojac C. in
conjunction with an electron cactire detector
(ECD). Other coluans can be used, provided thac
the precision and accuracy of zhe analysis of
standards are not lmpaired. Inforzation
confirming that adequate resclutisn of the
halogenated organic compound peak is accomplished
should be available. Adequate resolution is
defined as an area overlap of not 20ore than 10
percent of cthe halogenated orgaric compound peak
by an interferenc peax.

Flow Meters (2). Rotameter type, O to 100 al/min
capacity,

Gas Regulators with mecal diaparasres., ror required
cylinders.

Thermometer., Accurate to one deg-ee centigrade,
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a.slb

4,5.7
A.5.8

4,5.9

to measure temperature of heated sample loop at
time of sample injection,

Barometer, Accurate to 5Smm Hg, to measure
atmospheric pressure around gas chromatograph
during sample analysis.

Pump--Leak-free, Minimum capacity 100mL/min.

Recorder, Strip chart type, optionally equipped

with disc integrator or electronic integracor.

Planimeter. Optional, in place of disc or
electronic integrator, for 4.5.8 to measure
chromatograph peak areas,

4.6 Calibration, Sections 4.6.2 through 4.6.5 apply when
cylinder standards are not available, and the analyst must
prepare standard gas mixtures according to Section 7.1,

4.6,1

4.6.2

4.6.3

4.6.5.

REAGENTS

Tuﬂing. Teflon, 6.4 mm outside diameter, separate
pieces marked for each calibration concentracion,

Tedlar or Aluminized Mylar Bags. 350-liter

capacity, with valve; separate bag marked for each
calibracion.

Syringes. 25ul, S5Oul gas tight, individually.

calibraced, to dispense liquid halogenated organic
solvent,

Dry Gas Meter, with Temperature and Pressure
Gauges. Accurate to + 2 percent, to meter
nitrogen for preparing standard gas mixctures,
calibraced at the flowrate used to prepare
standards,

Midget Impinger/Hot Plate Assembly. To vaporize
salvent,

It is necessary that all reagen:s be of chroaa:ographxc

grade,

5.1 Gases for the Gas Chromatograph.

5'1‘1‘

5.1.2.

5.1.3.

Carrier Cas. Hydrocarbon free, or zero grade
helium or 99.999% nitrogen or as recommended by
the manufacturer for operation of the detector and
compatability with the column.

Fuel. As recomnended by the manufacturer for the
operation of cthe GC,

Zero Gas, Hydrocarbon~-free air or 99.9992
nitrogen, to be used for dilutions, blank
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prebaration. and standard preparation.

5.2 Calibration, Use one of the following options: either
5.2.1 and 5.2.2, or 5.2.3.

5.2.1

5.2.2

3.2.3

Halogenated organic compound, 99 mol percent of
the particular halogenated organic compound; for
use in the preparation of standard gas mixtures as
described in Section 7.1

Nitrogen Gas. Zero grade, for preparation of
standard gas mixtures as described in Section 7.l

Cylinder Standards (3). Cas mixture standards
(200, 100, and 50 ppm of che halogenated organic
compound of interest, in nitragen) for which che
gas composition has been certified with an
accuracy of + J percent or better by the
manufaccyrer, The manufacturer must have
recommended a maximum shelf life for each cylinder
over which the concentraction does not change by
greater than + 5 percent frow the certified value,
The date of gas cylinder preparation, certified
concencration of the halogenated organic compound
and recommended maximum shelf life must have been
affixed to the cylinder before shipment from the
gas manufacturer to the burer., These gas mixture
standards may be used directly to prepare a
chromatograph calibraction curve as described in
Sect_ion 7. 2.2.

5.2.3.1 Cylinder Standards Certification. The
concentration of the nhalogenated organic
compound in nitrogen in each cylinder must
have been certified by the manufacturer by
a direct analysis of ¢ach cylinder using
an analytical procedure thact the
manufaccurer had calioraced on the day of
cylinder analysis. The calibration of the
analytical procedure shall, as a minimum,
have utilized a three-point calibration
curve, It is recoamended chac che.
manufacturer maincain two calibracion
standards and use these standards in che
following way: (1) a high concentration
standard {bectween 200 and 400 ppm) for
preparation of a calidbration curve by an
appropriace dilution =echnique; (2) a low
concentration standard (between 30 and 100
ppm) for verification of che dilution
technique used. If the difference betwveen
the apparent conceatration read from the
calibraction curve and the true
concentration assigned to the low '
concentratian standard exceeds 5 percent
of the ctrue concentration, determine cthe
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6.

5.2.4

PROCEDURE

6.1

source of error .and correct it, then
repeat the three-point calibracion.

5.2.3.2 Establishment and Verification of
Calibration Standards. The concentration
of each calibration standard must have
been established by the manufacturer using
reliable procedures, and verified by
(1) comparing it to gas mixtures prepared
(with 99 mol percent of the halogenaced
organic compounds) in accordance with the
procedur.e described in Section 7.1.1 or
(2) by having the calibration standard
analyzed by the National Bureau of
Standards, if such analysis is
available, The agreement between the
initially determined concentration value
and the verification concentration value
must be within + 5 percent, All
calibration standards must be reverified
on a time interval consistent with the
shelf life of the cylinder standards sold.

1

Audict Cylinder Standards (2). Gas mixture
scandards prepared identically cto those in

Section 5.2.3 (the halogenated organic compounds
of interest, in nitrogen), except the
concentrations are known only to the person
supervising the analysis of samples. The
concentrations of cthe audit ¢ylinder should. be:
one low=concentration cylinder in the range of 25
to 50 ppm, and one high~concentration cylinder in
the range of 200 to 300 ppm, Other concentration
ranges should be considered when the method range
is different from the range stated in Section 2.
When available, audit cylinders may be obtained by
contacting: EPA, Environmental Monitoring and
Support Laboratory, Qualicty Assurance Branch {MD=-
77), Research Triangle Park, North Carolina 2771il.
If audit cylinders are not available at ZPA, an
alternative source must be secured.

Requirements for Demonstration of Method Suitability,

6.1.1

6.1.2

Availability of Analytical Capabilicy and
Sctandards., Availability of appropriate analytical
services capable of decermining concentraction(s)

of the specific polluctanc(s) of interest should be
verified,

Preliminary Perforzance 'Checks Required. The
suitability of this ssepling method shall be
assessed before saepling any source,
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6.1.3

6.1.2.1 The Preliminary Pollutant/Apparatus

' Compatibility Check described below or
equivalent experiments shall be performed
before sampling any source., This
sampling method shall be considered
appropriate only if levels of
contamination and change in concentration
of non~blank samples demonstrated by
these checks are acceptable in the
context of testing requirements.

6.1.2.2 The Impinger Effects Check described
below or equivalent experiments shall be
performed before sampling any source
where condensation in the sample line or
bag may occur. Use of an impinger in the
sampling train will be appropriate only
if the percent loss demaonstrated by che
check 1s acceptable in the context of
testing requiremencts.

Pre-test Performance Checks Required.

6.1.3.1 All bags shall be subjected to the Pre-
- test Bag Leak Check described bdelow
before use.

H.1.3.2 Sample analyses shall not be corrected
for contarination levels found unless it
is demonstracted that contamination is
predictable and that contamination and
sampled concentrations are in fact
cumulacive,

Incidental Performance Checks Recommended. The
Incidental Contamination and Sample Stabilicy
Check described in 6.2.5 below is recommended as
routine practice to guard against contamination
and concentration loss problems which may develop
unexpectedly., Other types of quality control
checks may also be performed.

6.2 Performance Checks. o Ia

6.2.1

Preliminary Pollutant/Apparatus Compatibility
Checks. Draw pure air or nitrogen from one bag
to another through a 100 ft. long teflon line
using procedures similar co those in 6.2.5 below
to obtain a blank sample., Repeat to obtain
replicates. Draw pure air or nitrogen containing

" known concentration(s) of the pollutant(s) of

interest from one bag to another through the same

100 fc. long Teflon line using procedures similar

to those in 6 belov. Repealt to obtain

replicactes., Retain the bag samples for at least

10 days in a shipping carton at room temperature
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6.2,2

6.2.3

6.2.4

in a well ventilated areas, then analyze to
determine final concentration. Report original
concentration(s) and concentation(s) after
transfer and storage for all samples and percent
gain or loss for non-blank samples,

6.2.1.1 Pure air or nitrogen containing known
concenctration(s) of the pollutant(s) of
interest may be prepared using apparatus
similar to that shown in Figure 2 to
introduce known volumes of the dilucion
gas and of the pure pollutant, vaporized
by heat 1f necessary, into a bag:
stability of such bagged mixtures may be
investigated by comparing aged mixtures
to freshly prepared mixtures
analytically.

6.2.1.2 Alternatively, appropriate gas mixtures
in cylinders may be used {f available.

Preliminary Impinger Effects Checks. Draw pure
air or nitrogen containing known concentration(s)
of the pollutant(s) of interest from one bag to
another through an impinger filled with pure
discilled water and immersed in an ice bath;
analyze to determine any loss of concentration(s).
Pepeat with impingers filled with 0.13 solutions
of H,50, and XaOH. .Report percent gain or loss in
concencration due to each impinger solution.

6.2.2.1 If pollutant(s) of interest are found to
be absorbed regardless of pH and mecthods
exist to quantify the pollucant(s) in
solution the stability of the
pollutant{s) in solution may be
invescigaced,

Pre-test Bag Leak Check. Check all sample bags
for leaks by inflacting with zero air or 99.999%
nitrogen to 2 to 4 inches -of water; good bags
should hold coenstantc pressure as indicated by a
manometer for 10 minutes or (alternacive test)
should remain taut and inflated overnight. Report
bag acceptability: destroy or repair and retest
defective bags.

Pre-test Bag Contamination Check. Check bags for
contamination by filling them with zero air or
99.9992 nitrogen and subjecting to analysis for

‘the pollutanc(s) of interest; contamination in a

group of bags may be checked by filling one bag at
least half full of zero air or 99.9992 nitrogen
and .pa draving the gas from that bag into other
bags successively one after another, using

procedures similar to those in 6.2.5 below, then
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6.2.5

analyzing the last bag filled. Report
contamination as concentracion(s) found.

Incidenctal Contamination and Sample Scability
Checks. Carry at least one bag filled with zero
air or 99.999% nitrogen and at least one bag
filled with zero air or 99,9992 nicrogen
containing known concentracion(s) of che
pollutant(s) of interest to the sampling site with
other equipment and deliver them for analysis

with bags containing sampled gas.

6.3 Field Sampling Procedures.

6.3.1

6.3.2

6.3.13

6.3.4

6.3.5

6.3.6

Determine stack moisture content by ARB ‘Method 4;
if moisture content is above the 60°F saturation
level an impinger 1is required ta control
condensaction,

6.3.1.1 Sampling shall not be performed if use of
an impinger 1s inappropriate and
condensation is expected in the sample.

Assemble the sampling train ac the sampling site
as shown in Figure 1; if appropriate and
necessary, provide an impinger in an ice beath to
prevent condensation in the samplse

Leaving the vacuum line unconrected, start the
pump and ad just the needle valve to give a flow
rate that will at least nalf-fill the sample bag
during the desired sampling period.

Leak check the sample line and the probe or
permanent stack connection by closing the intake
with a plug or valve and connecting :<he vacuun
line directly to the sample line; consider
caoantinuing flow after line evacuaZion indicative
of leakage,

Place the end of the probe in a position to drawvw a
representative sample from the stack if a
permanent stack coannection is not used.

6.3.5.1 Some risk of exposure to toxic materials
may be associated with probe

manipulation; protect personnel as
necessary.

Purge the sample line. Connect the sample line
directly to the vacuua line and drav sufficient

gas from the stack through che sarple line to
purge ic.
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6.4

6.3.7

6.3.8

6.3.9

6.3.10

6.3.11

6.3.12

6.3.13

6.3.14

Sample
6.4.1
6.4.2
6.4.3

Prepare to purge the sample bag and its
connection to the rigid container by one of the
following two methods.

6.3.7.1 Partially fill the sample bag in advance
with pure air or nitrogen.

6.3.7.2 Partially £ill the sample bag with gas
dravn through the sample line from che
source to be sampled,. ,
Reconnect the first sample line and then the
vacuum line as shown in Figure |l to begin
sampling, noting the time that the rigid container
is first subjected to vacuum,

Adjust the needle valve as necessary during
sampling to maintain constant sample flow,

Continue sampling for the planned interval and
then disconnect the vacuum line noting the time
when vacuum on the rigid container is broken.
Promptly disconnect the sample line; ensure that
flow through the bag inlec is blocked,.

Open the rigid container and.remove the sample
bag: ensure that the bag fitting is sealed,

Promptly place the sealed bag in a shipping
carton; close the carton to prevent possible
degradation of the sample by ultraviolet lighe.
Several bags may be placed in the same shipping
carton.

Post-test Purge of Sampling Equipment.

Draw ambient air through the sample line and pump
before disassembling the sample train to reduce

the risk of exposing personnel to toxic compounds,
Bag Transport Procedure.

Transport sample bags-in shipping carctons,

Avoid exposure to excessive elevation or temperature.
Because airborne transport could cause rupture of

bags containing toxic samples, only surface
shipment i1s advised,
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6.4,4 Deliver bags to laboratory for anzlysis promptly
and in no case later tnan 24 hours aiter saompling.

6.5 Analysis. Set the coluamn temperature to 10G°C, and the
detector temperature to 225%C. When optimuec hrdrogen and
oxygen flow rates have been determined, verify and
maintain these flow rates during all chrcwmatograph
operations, Use zero-grade helium or 99,999% nicrogen as
the carrier gas. Establish a carrier gas flow rate in
the range consistent with che manufacturer's requirements
for satisfactory detector operation, A Zlowv rate of
approximately 20 mL/mia should produce adequate
separations,

Observe the base-line periodically andi determine that the
noise level has stabilized and that base.ine drift has
ceased. Purge the sample loop for thirtr seconds at the
rate of 100 mL/min, then activate the sazple valve,
Record the injection time (the positian of the pen on the
chart at the time of sample injecticn:, the sarple
number, the gsample loop temperature, tie colunrn
temperature, carrier gas flow rate, char: speed and the
attenuator setting. Record the laboratory pressure.
From the charc, note the peak having a rezention tice
corresponding to that of the halogerated organic compound
as decerained in Section 7,2.1, Meesure the nalegenated
organic compound peak area, A, wicth g8 édisc integrator,
electronic integrator, or a planizezer., 2ecorc A, and
the rectention time, Repeat the inlec:ion a2t least two
times or until two consecutive values for cthe totral area
of the peak do not vary hy more than 3 psrzent. The
average value for these two total areas will be used to
compute the bag concentration,

6.6 Measure the ambient temperature and barozeteric pressure
near the bag, 'From a water saturatioa vzpor pressure
table, determine and record the water va:or content of
the bag as a decimal figure. (Assuce the relactive
humidicy to be 100 percent unless a lesser value is
known,) )

7. STANDARDS, CALIBRATION, AND QUALIff‘A§SURA3CE
7.1 Scandards.

7.1.1 Preparation of Standard Gas “ixtures., (Qpticnal-

. delete if cylinder standards are :sed.) Assemble
the apparatus showvwn in Figure 2, Check that all
fictings are tight, Evacuate 2 5C-liter Tedlar or
aluminized Mylar beg that has passed a leak check
(described in Section 7.3.2) and cecer in about 50
liters of nitrogen., Measure t:e ‘3ronectric
pressure, the relative pressure a: che dry gas
meter, and the ceeperaturs at :zhe dry gas mecer,
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Figure 2
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Refer to Table 1. While the bag is filling,

use the 50ul syringe to inject through the septum
on top of the impinger, the quantity required co
yield a concentration of 200ppm., In a like
manner, use the 25ul syringe to prepare bags
having approximately 100 and 50 ppm
concentracions. .

To calculate the specific concentrations, refer to
Section B.1. Tedlar bag gas mixture standards of
methylene chloride, ethylene dichloride, and
trichlorotrifluoroethane may be used for 1l day;
trichloroethylene and l,l,l=-trichloroethene for 2
days; perchlorocethylene and carbon tetrachloride
for 10 days from che date of preparation.
Dibromoechane is subject to decay and analysis
would best be carried out withina fev hours of
sample colleqtion, (Caution: Contamination may
be a problem when a bag is reused 1f the new gas
mixcure standard is a lower concentration than the
previous gas mixture standard.) )

7.2 Calibration.

7.2.1

Determination of Halogenated Organic Compound
Retention Time. This section can be performed
simultaneously with Section 7.2.2. Esctablish
chromatograph conditions identical with those in
Section 6.5, above, Determine proper attenuator
position., Flush the sampling loop with zero
helium or nitrogen and activate the sample valve,
Record the injection time, the sample loop
temperature, the column cemperature, the carrier
gas flov rate, the chart speed and the attenuacor
setting. Record peaks and decector responses chat
occur in the absence of the halogenated organic,
Maincain conditions (with the equipmenc plumbing
arranged idencically to Section 6.3), ZIlush the
sample loop for 10 seconds at the rate of 100
mL/min wicth one of thé halogenated organic
compound calibration mixtures, and activace the
sample valve, Record the injection time, Select
the peak that corresponds to the halogenated
organic compound, Measure the distance on the
chart from the injection time to the time at which
the peak maximum occurs. This distance divided by
the chart speed is defined as the halogenaced
organic compound peak retencion time, Since it s
possible that there will be other organics present
in the sample, it is very important that positive
identification of the halogenated organic compound -
peak be made,
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7.2.2 Preparation of Chromatograph Calibration Curve,
Make a gas chromatographic measurement of each
standard gas mixture (described in Section 5.2.3
or 7.1.1) using conditions identical with those
listed in Sections 6.3 and 6.5. Flush the
sampling loop for JO seconds at the rate of 100
nL/min with one of the standard gas mixtures and
activate the sample valve, Record C_., the
concentration of halogenated organic injected, the
attenuator setting, chart speed, peak area, sample
loop temperature, column temperature, carrier gas
flow rate, and retention tice. Record the
laboratory presSure, Calculate A_., the peak area
mulciplied by the attenvator setting, Repeat
until two consecutive injection areas are within 5
percent, then plot the average of those two peak
area values versus C_.. When the other standard
gas mixtures have been similarly analyzed and
plotted, draw a straight .line through cthe points.
Perform calibration daily, or before and after
each set of bag samples, whichever is more
frequent.

7.3 Quality Assurance,

7.3.1 Analysis Audit. Immediately afcer the preparation
of the calibration curve and prior to the sample
analyses, perform the analysis avdit.

8. CALCULATIONS

B.1

Optional Standards Concentrations. Calculate each
halogenated organi¢ standard concentracion prepared in
accordance with Section 7.1.]1 as follows:

Cc= BxD x Ta x 760 4 24,055 x 107

Mx Vy x Y 293 Pa
Where:
C. = Standard concentration in ppa.
B « Volume of Ras injected, uwl -
Ve " Gas volume measured by dry gas meter in liters.
Y « Dry gas meter calibracion factor '
Py = Absolute pressure of the dry gas meter, ma Hg.
Tm = Absolute temperature of the dry 3as meter, °X.
D « Density of compaund at 293 °k,
H 3" Molecular wveight of compound.

10 = ug/mg

100 « Conversion factor, ppm .

24,055 = Volume of 1 ug mole of ideal gas at 293°K and
760 mm llg, uL/ug-mole

24.055 x 103 « 24.055 x 103 x 108
108 uL/L
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6.2

Sample Concentrations. From the calibration curve
descridbed in Section 7.2.2 above, select the value of C.

that corresponds to A,. Calculate C; as follows:

Cg = . Cox Pp x Ty
Py x T x (1 = Sup)

Where:

Syb = The water vapor content of the bag sample, as
analyzed,

Cg = The concentration of the halogenated organic in the

. sample in ppm. ]

Cc = The concentration of the halogenated organic
indicated by the gas chromatograph, in ppm.

Pr = The reference pressure, the laboratory pressure

] recorded during calibration, mm Hg,

T{ = The sample loop temperature on the absolute scale
at the time of analysis, 9K,

P; = The laboratory pressure at time of analysis, mm Hz.

T, = The reference temperature, the sample loop

temperature recorded during calibration, °X.
. A |
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7/10/89 DRAFT METHOD 425 CHROMIUM - - - LOOP

1.

PROPOSED METHQD 425

DETERMINATION OF TOTAL CHROMIUM AND HEXAVALENT CHROMIUH

EMISSIONS FROM STATIONARY SOURCES

APPLICABILITY, PRINCIPLE, AND FIGURES

1

3

APPLICABILITY

This method applies to the determination of hexavalent
chromium (Cr(VI)) and total chromium emissions from
stationary sources.

PRINCIPLE

Particulate emissions are collected from the source in an
alkaline medium by use of CARB METHOD 5. The components
of the collected sample are each divided into two equal
portions with one portion of each component used for total
chromium apalysis and the other portion used for
hexavalent chromium analysis.

1 Hexavalent Chromium Analysis

For the hexavalent chromium analysis the coliected
sampie component portions are extracted in an alkaline
solution and analyzed by the diphenylcarbazide
colorimetric method.

2 Total Chromium Analysis

For the total chromium analysis the collected samples
must be prepared in order to convert organic forms of
chromium to inorganic forms, to minimize organic
interferences, and to convert the sample to a suitable
solution for analysis. Samples are then subjected to
an acid digestion procedure. Following the appropriate
dissolution and dilution of the sample, a
representative aliquot is placed manualiy or by means
of an automatic sampler into a graphite tube furnace.
The sample aliquot is then slowly evaporated to
dryness, charred (ashed), and atomized. The absorption
of hollow cathode radiation during atamization will be
proportional to the chromium concentration.

FIGURES

The following figures summarize features of this method.
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7/10/89 DRAFT METHOD 425 CHROMIUM - - - LoOP

1. 3.1 Figure 1.

Sample Collection and Recovery for Hexavalent and Total Chromium

0.1 N NaDH rinse at lab

v

sample - ENENINNENY
glass-lined probe 0.1 N NaDH impingers Tiiter
\ y;

R A g Y
|' container 1 ]leOmL | ocontainer 2 | ~ 200mL | tonab }
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extraction of the filter in enly ene of
the impinger liquids, which will create
three sample receveries fer analysis
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7/10/89 DRAFT METHOD 425 CHROMIUM - - - LOooP

1. 3. 2 Figure 2.

Hexavalent Chromium Analysis

optionally, the pretlocel may call for

extiraction ¢f the filter in only ene of
the impinger liquids, which will create
three sample receveries for analysis

propesed:
two separate analyses

P(hex) | & F(hex)

performed
thus

\
\

transfer = 35 mi
to a2 S0mL velumetric flask
[adjusl the pH te 120.2 with 6N sulfuric acid and
add 1.0 mL of diphenylcarbazide selutien

( dilute te velume with water
~ Tet aeler develep 10 minutes

(optional) filter to remove suspended solids after
rinsng medium retention filter paper with
a few ml each of first reagent blank and then sample

v

D

measure absorbance of a sample portien
and reagent blank at 540 am

if reading exoeeds salibration,
dilute with resgont blank or
remeasure using less of remaining sample
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2.

3'

4, 2. 2 Nitrogen should not be used as the purge gas because
of a possible CN band interference.

. 4. 2. 3 Llow concentrations of calcium may cause

interferences; at concentrations above 200 mg/L
calcium's effect is constant. Calcium nitrate is
therefore added to ensure a known constant effect.
This step may be omitted if Lthe sample is known to
be free of calcium.

5 ALTERNATIVE METHODS

Total Chromium Determination by Flame Atomic
Absorption 3Spectroscopy

For high total chromium concentrations which are within
the detection range of flame atomic absorption
spectroscopy, this analytical method may be used
instead of the furnace type method specified in these
pages. :

Other Methods

If other techniques or conditions are used in the
analysis of total chromium and/or hexavalent chromium
then the tester is required to substanti{ate the data
through an adequate quality assurance program approved
by the Executive O0fficer.

1

APPARATUS

All surfaces which may come in contact with sample must be
glass, teflon, or other similarly non-metallic inert material
and must be prewashed with detergents, 1+1 HN03. and Type II

water.

Any other sampling apparatus which, after review by the
Executive Officer, is deemed equivalent for the purposes of
this test method, may be used.
1 SAMPLING TRAIN
Same as CARB Method 5, Section 2.1. except use a glass
nozzle, a glass lined stainless steel probe, a Teflon-
coated glass fiber filter, and 0.1 N NaOH in the first two
impingers.
2 SAMPLE RECOVERY
Same as CARB Method 5, Section 2.2,

3 ANALYSIS

The following apparatus and materials are needed:
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3.
3.

3.
3.

Analysis of Hexavalent Chromium

1

Philips Beakers
Borosilicate, 125mbL, with digestion covers.
Filtration Apparatus

Vacuum unit constructed of glass, to accommodate
sintered glass funnels,.

Yolumetric Flasks

100-mLL and other apprapriate volumes.
Hot Plata

Pipettes

Assorted sizes, as needed.
Spectrophotometer

To measure absorbance at 540nm.

Analysis of Total)l Chromium

!

Atomic Absorption Spectrophotometer

Single or dual channel, single- or double-beam
instrument having a grating monochromator,
photomultipltier detector, adjustable slits, a
wavelength range of 190 to 80C nm and provisions for
simultaneous background correction and interfacing
with a strip chart recorder.

Chromium Hollow Cathode Lamp or Electrodeless
Discharge Lamp.

Graphite Furnace

Any grhphite furnace device with the appropriate
temperature and timing contrels.

Strip Chart Recorder

A recorder is strongly recommended for furnace work
so0 that there will be a permanent record and so that
any problems with the analysis such as drift,
incomplete atomization, losses during charring,
changes in sensitivity, etc., can easily be
recognized.
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REAGENTS

Unless otherwise indicated, all reagents must conform to the
specifications established by the Committee on Analytical
Reagents of the American Chemical Society. Where such

specifications are not available, use the best available
grade.,

1 SAMPLING

Same as CARB method 5, Section 3.1, except Teflon-coated
glass fiber filters are used, and 0.1 N HaOH is used in
the first two impingers. See section 4.3.2 below. Any
other sampling method which, after review of the Executive

Officer, is deemed equivalant for the purposes of this
test method, may be used.

2 SAMPLE RECOVERY
Same as CARB Method %, Section 3.2.

3 REAGEMTS FOR HEXAVALENT CHROMIUM
3. 1 Water

Deionized distilled, meeting American Society for
Testing and Materials (ASTM) specification for type
reagent - AS5TM Test Method D 1193-77. The water should
be monitored for impurities.

3. 2 Batch of 0.1Y NaOH Solution

The same batch of 0.1K NaDH solution should be used for
impinger sampling, sample recovery, preparation,
extraction, and analysis. Therefore, sampliing and
analytical personnel should coordinate their plans so
that all steps in sampling and analysis use the same
batch of solution which wil) be prepared fresh for each
source test. Typically, dissolve 4.0 g NaOH in water
in a 1 liter volumetric flask and dilute to the mark.
Repeat, as necessary, so that a single batch of
sufficient volume is prepared to serve all of the needs
of sampling and analysis. Store the solution in a
tightly capped polyethylene bottle.

3. ) Potassium Dichromate Stock Solution

Dissolve 2.829 g of analytical reagent grade KoCr,0, in
water, and dilute to 1 liter (1 mL = 1000 ug Cr{VI)).

3. 4 Potassium Dichromate Standard Solution

Dilute 10.00 mL potassium dichromate stock solutioh to
100 mt (1 mL = 100 ug Hexavalent Chromium) with water.
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4.

4

Sulfuric Acid, 6N
Dilute 166 mL sutlfuric acid to 1000 mL in water.
Diphenylcarbazide Solutien

Dissolve 0.5 g of 1,5-diphenylcarbazide in 100 mL
acetone., Store in a brown bottle. Discard when the
solution becomes discolored.

0.11 Potassium Permanganate Solution

0.01Y Potassium Permanganate Solution

Removal of Reducing Agents in the Reagents

The 0.1 H NaOH and the 6N sulfuric acid solutions may
cantain small amounts of reducing agents that can react
with the hexavalent chromium. Potassium permanganate
is added to these reagents in order te neutralize these
reducing agents. Pipette 3 mL of the extraction
solution into cuvettes A and B. Use cuvette A as a
sample cell and cuvette B as a reference cell, Zero
the instrument at 528 nm with both cuvettes. Wait 10
minutes. Add an adequate amount (ulL) of 0.01%
potassium permanganate solution to (4.3.9) cuvette A.
Enough should be added so that after 10 minutes a
slight change in absorbance is observed. This step may
have to be repeated a number of times in order to
determine the required amaunt of potassium permangante
that is required. From the change in absorbance,
calculate the amount of potassium permanganate that is
needed to nuetralize the reducing agents found in the
reagents. Then pipette the proper volume of higher
concentration 0.1% potassium permanganate solution into
the reagents. This 1is done by assuming that the number
of milliequivalents of reducing agents in the reagents
are equal to the number of milliequivalents of 0.11%2
potassium permanganate pipetted. This procedure is
repeated with the 6N sulfuric acid solution.

REAGENTS FOR TOTAL CHROMIUNM

ASTM Type II Water (ASTN D1193)
Refer to section 4.3.1.
Concentrated Hitric Acid

1 Reagent preparation should use Ultrex or equivalent
grade HN03.
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4.

5
5.

6
6.

4. 2. 2 Glassware cleaning should use ACS reagent grade

HNOJ.

3 Hydrogen Peroxide (30%) (Optional)

4 Matrix Modifier
Follow manufacturer's recommendations.

5 Chromium Standard Stock Solution (1000mg/L)
Either procure a certified agqueous standard from a
supplier (Spex Industries, Alpha Products, or Fisher
Scientific) and verify by comparison with a second

standard, gor dissolve 2.829 g of Potassium Dichromate
[KZCr207. analytical reagent grade) in Type I1 water

and dilute to 1 liter.
6 Chromium Working Standards

These chromium standards and the zero standard should
be prepared to contain 1.0% (v/v) HNO, .

SAMPLE COLLECTION, PRESERVATION. AND HANDLIKG

1 SAMPLE COLLECTION
Al} samples are collected from the saource by use of CARSB
Method 5.
2 SAMPLE HANDLING AND PRESERVATION
All surfaces which may come in contact with sample must be
glass, teflon, or other similarly non-metallic inert
material and must be prewashed with detergents, 1«1 HN03.
and Type II water.
Contamination Checks
Before use in sampling, to ensure that sampling
equipment {s clean and free of chromium contamination,
apparatus must be cleaned until a sample of final rinse
for each probe, impinger, or filter has been analyzed
as below the detection limit.
PROCEDURES
1 SILICA GEL WEIGHINKG

For stack gas moisture determination, weigh the spent
silica gel or silica gel plus impinger to the nearest 0.5
g using a balance. This step may be conducted in the.
field.
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6.

3

separate analyses. Both sample recoveries are split
and the hexavalent chromium split is filtered
optionally as described above.

REAGENT BLANK PREPARATION

Hexavaleant Chromium Reagent Blank

For each preparation, transfer 35 mbL of soclution te a
50mL volumetric flask, adjust the pH to 1.0 « 0.2 with
6N sulfuric acid, add 1.0 mL of diphenylcarbazide
solution, dilute to volume with water, and let color

develop far 10 minutes.
Total Chromium Reagent Blank

For total chromium, the reagent blank is simply 1 %

HN)Q.

SAMPLE PREPARATION

Hexavalent Chromium Sample Preparation

For each preparation, transfer 35 mlL of solution te a
50mL volumetric flask, adjust the pH to 1.0 & 0.2 with
6N sulfuric acid, add 1.0 mL of diphenylcarbazide
solution, dilute to volume with water, and let colar
develop for 10 minutes.

Total Chromium Sample Preparation

In a beaker, add 10ml of conc. nitric acid to the
sample aliquot taken for analysis. Cover the beaker
with a digestion cover. Place the beaker on a hot
plate and reflux the sample down to 2-3mL. Add another
Sml nitric acid to complete digestion. Reflux the
sample volume down to lml.

Wash down the beaker walls and digestion cover with
distilled water and filter the sample to remove
siticates and other insoluble material that could clog
the nebutizer. Filtration should be done only if there
is concern that insoluble materials may clog the
nebulizer. Adjust the volume to 50 mL or a
predetermined value based on the expected meta?
concentrations. The final concentration of HNO3 tn the

solution should be 1 ¥. The sample is now ready for
analysis. The applicability of a samptlte preparation
technique must be demonstrated by analyzing spiked
samples and/or relevant standard reference materials,

6. 5 ANALYSIS

425 - 12




7/10/89 DRAFT METHOD 425 CHROMIUM - - - LoaGP

Hexavalent Chromium Analysis

Optionally, the analyst may filter the preparation for
clarity at this point. If so, medium retention filter
paper s$hould be used. The filter paper should be pre-
wetted with a few mL of preparation before filling the
absorption cell,.

Transfer a portion of the preparation to a 5 ¢m
absorption cell,

Measure the absorbance at the optimum wavelength of 540
am.

If appropriate, subtract the sample blank absorbance
reading to obtain a net reading.

If the absorbance reading of a sample preparation
exceeds the calibration range, dilute with reagent
blank or re-measure using less of the sample
preparation. (There should be about 15mL remaining at
this point.)

Check for Matrix Effects on the Cr{(VI) Results

Since the analysis for Cr(VI) by colorimetry is
sensitive to the chemical composition of the sample
{matrix effects), the analyst shall check at least one
sample from each source using the method of additions
as follows: Obtain two equal volume aliquots of the
same sample solution. The aliquots should each caontain
between & and 10 ug of Cr(VI) (less if not possible).
Spike one of the aliquots with an aliquot of standard
solution that contains between 6 and 10 ug of Cr(VI).
Now treat both the spiked and unspiked sample altiquots
as described in Section 6.4.1 above., Kext, calculate
the Cr(VI) mass €s, in ug in the aliquot of the
unspiked sample solution by using the following
equation:

Cs = Ca As Eq. 1
At-As

where:

Ca = Cr(VI) in the standard solution, ug.

As = Absorbance of the unspiked sample solution.

At = Absorbance of the spiked sample solution.

Yolume corrections will not be required since the
solutions as analyzed have been made to the same final
volume. If the results of the methaod of standard
additions procedure used on the single source sample do
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not agree to within 10 percent of the value obtained by
the routine spectrophotometric analysis, then reanalyze
all samples from the source using this method of
standard additions procedure.

6. 5. 3 Total Chromium Analysis
The 357.9-nm wavelength line shall be used.

Follow the manufacturer's operating instructions for
all other spectraophotometer parameters.

Furnace parameters suggested by the manufacturer should
be employed as guidelines. Since temperature-sensing
mechanisms and temperature controllers can vary between
instruments or with time, the validity of the furnace
parameters must be periodically confirmed by
systematically altering the furnace parameters while
analyzing a standard. In this manner, losses of
analyte due to higher than necessary temperature
settings or losses in sensitivity due to less than
optimum settings can he minimized. Similar
verification of furnace parameters may be required for
complex sample matrices.

Inject a measured ul aliquot of preparation into the
furnace and atomize. If the cancentration found
exceeds the calibration range, the sample should be
diluted in the same acid matrix and reanalyzed. The
use of multiple injections can {mprove accuracy and
help detect furnace pipetting errors.

When appropriate, subtract a2 sample blank reading from
a sample reading to obtain a net reading.

7 CALIBRATION, QUALITY CONTROL, AND DATA REPORTING
7. 1 GENERAL '

Perfarm all of the calibrations described in CARB Method
5., Sectiaon 5.

7. 2 CALIBRATION AND QUALITY CONTROL FOR HEXAVALENTY CHROMIUM

7. 2. 1 Calibrate the wavelength scale of the spectrophotometer
every 6 months. The calibration may be accomplished by
using an energy source with an intense line emission
such as a mercury lamp, or by using a series of glass
filters spanning the measuring range of the
spectrophotometer. Calibration materials are available
commercially and from the National 8Bureau of Standards.
Specific details on the use of such materials should be
supplied by the vendor; general information about .
caltibration techniques can be obtained from general
reference books on analytical chemistry. The
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7. 2.
1. 2.
7. 2.
7.3

7. 3.

wavelength scale of the spectrophotometer must read
correctly within +«5 nm at al} calibration points;
otherwise, the spectrophotometer shall be repaired and
recalibrated. Once the wavelength scale of the
spectrophotometer is in proper calibration, use 540 nm
a5 the optimum wavelength for the measurement of the
absorbance of the standards and samples.

Alternatively, a scanning procedure may be employed to
determine the proper measuring wavelength. If the
instrument is a double-beam spectrophotometer, scan the
spectrum between 530 and 550 nm using a 50 ug Cr(VI)
standard solution in the sample cell and a reagent
blank solution in the reference cell. If a peak does
not occur, the spectrophotometer is malfunctioning and
should be repaired. When a peak is obtained within the
530 to 550 nm range, the wavelength at which this peak
occurs shall be the optimum wavelength for the
measurement of absorbance of both the standards and the
samples. For a single-beam spectrophotometer, follow
the scanning procedure described above, except that the
reagent blank and standard solutions shall be scanned
separately. The optimum wavelength shall be the
wavelength at which the maximum differences in
absorbance between the standard and the reagent blank
occurs.

Either (1) run a series of chromium standards and
construct a calibration curve by plotting the
concentrations of the standards against the absorbances
or (2) for the method of standard additions, plot added
cohcentration versus atsorbance., See section 6.5.2 for
the use of the method of standard additions.

Each standard for hexavalent chromium is made up fresh
in a separate 50mL volumetric flask starting with 35 mlL
of the same batch of NaOH solution reserved for its
sample set. Then an appropriate amount of hexavalent
chromium is added to each calibration standard,
starting with none for the zero standard. Then 6N
sulfuric acid and diphenylcarbazide solution are added
in the same manper as in sample preparation.

CALIBRATION AND QUALITY CONTROL FOR TOTAL CHROMIUM

1

Either {1) run a series of chromium standards and
reagent blanks and construct a calibration curve by
plotting the concentrations of the standards against
the absorbances or (2) for the method of standard
additions, plot added concentration versus absorbance.
For instruments that read directly in concentration,
set the curve corrector to read out the proper
concentration.
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Calibration standards for tota)l chromium should start
with 11 v/v HN03 with no chromium for the zerc standard

with appropriate increases in total chromium
concentration in the other calibration standards. The
calibration standards should be prepared following the
steps outlined in sample preparation.

Run a check standard after approximately every 10
sample injections, Standards are run in part to
monitor the 1ife and performance of the graphite tube.
Lack of reproducibility or a significant change in the
signal for the standards indicates that the tube should
be replaced.

Duplicates, spiked samples, and check standards should
be routinely analyzed.

Calculate metal concentrations (1) by the method of
standard additions, or (2) from a calibration curve, or
{J) directly from the instrument‘s coencentration
readout. Al) dilution or concentration factors must be
taken into account. Concentrations reported for
multiphased or wet samples must be appropriately
qualtified (e.g.., 5 ug/g dry weight).

Catibration curves must be composed of a minimum of a
reagent blank and three total chromium standards. A
calibration curve should be made for every batch of
sampies, unless check standards rematn within 10% of
the last calibration curve.

Dilute samples with reagent blank soluticen if they are
more concentrated than the highest standard or if they
fall on the plateau of a calibration curve.

Employ a minimum of one matrix-matched samplie blank per
sample batch to determine if contamination or any
memory effects are occurring.

Test the system with check standards after
approximately every 15 samples.

Run one duplicate sample for every 10 samples,
providing there is enough sample for duplicate
analysis. A duplicate sample is a sample brought
through the whole sample preparatiaon. )
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7. 3.10
7. 3.11
7. 3.12
7. 3.13
7. 4

7. 4. 1
7. 4. 2
7. 4. 3

Spiked samples or standard reference materials shall be
used daily to ensure that correct procedures are being
followed and that all equipment is operating properly.
This will serve as a check on calibration standards,
too.

Whenever sample matrix problems are suspected, the
methed of standard additions shal)l be used for the
analysis of all extracts, or whenever a new sample
matrix is being analyzed.

The concentration of al) calibration standards should
be verified against a quality control check sample
obtained from an outside source.

A1l quality control data should be maintained and
available for easy reference or inspection.

DATA REPORTING

Carry out the calculations, retaining at least one extra
decimal figure beyond that of the acquired data. Round
of f figures after final calculations.

Total Cr(VI) in Sample

Calculate and report m.g+ the total ug Cr(VI) in the

sample. This can be obtained from the calibration curve
or from the method of standard additions. Note that M6

is the sum of the masses of hexavalent chromium
analyses performed on all sample splits. Also take in
account the dilutions when calculating m.e-

Report all sample blank data, too.
Total Chromium in the Sample

Calculate and report Moy the total ug of chromium in

the sample. This can be obtained from the calibration
curve or from the method of standard additions. Note
that m.s is the sum of the masses of total chromium

analyses performed on all sample splits. Also take
into account the necessary dilutions when calculating
ocut L

Report all sample blank data, too.

Average Dry Gas Meter Temperature and Average Orifice
Pressure Drop

Same as Method 5, Section 6.2. "
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7.

e
B.

4. &4 Dry 6as Yolume, Volume of Water Vapor, Moisture Cantent

Same as Method 5, Sections 6.3, 6.4, and 6.5,
respectively.

8 Cr{VI) Emission Concentration

Calculate and report c6, (g/dscm), the Cr{VI)

concentration in the stack gas,

dry basis, corrected to
standard conditions, as follows:

-6
Cﬁs = (10

glug)(mCGIvm{std))
& Total Chromjum Emission Concentration

Calculate and report l:ts (g/dscm), the total chromium

concentration inp the stack gas, dry basis,

corrected to
standard conditions as follows:

ct, = (lﬂ'sgjug)(mctlvm(std))
7 1Isokinetic Variation, Acceaptable Results

Same as Method 5, Sections 6.11 and 6.12, respectively.
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The Almega CorporaTion

APPENDIX E

HYDROGEN SULFIDE

Determination of hydrogen sulfide emissions is based upon a
modification of CARB Method 15.

In this modification a sample of the exhaust gas is collected in a
tedlar bag following the test method detailed in CARB Method 410A,
included in Appendix G of this volume. Analysis of the hydrogen sulfide
in the bag is conducted using the GC/FPD analytical method detailed in
CARB Method 15.

A sample holding time of not more than three (3) days has been
determined by the analytical laboratory. '
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METHOD 15 - DETERMINATION OF HYDROGEN SULFIDE, CARBONYL SULFIDE, AND CARBON
: DISULFIDE EMISSIONS FROM STATIONARY SOURCES

INTRODUCTION

The method described below uses the principle of gas chromatographic
separation and flame photometric detection (FPO). Since there are many
systems or sets of operating conditions that represent usable methods of
determining sulfur emissions, all systems which employ this principle, but
differ only in details of equipment and operatfon, may be used as alternative

methods, provided that the criteria set below are met.

1.  Principle and Applicability
1.1 Principle: A gas sample 1s extracted from the emission source
and diluted with clean dry air. An aliquot of the
_ diluted sample is then analyzed for hydrogen sulfide
(stl, carbonyl sulfide (C0S), and carbon disulfide
fCSZ) by gas chromatographic (GC) separation and
flame photometric detection (FPD).

1.2 Applicabiiity: This method 1s applicable for determination of the

above sulfur compounds from tail gas contrel units of

sulfur recovery plants.
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diluent gas. The co, Tevel shouid be approximately. 10 percent for
the case with CO2 present. The two chromatographs should show

agreement within the precision 1{mits of Section 4,1.

3.3 Elemental Sulfur, The condensation of sulfur vapor in the sampling
Tine can lead to eventual coating and even blockage of the sample
line. This problem can be eliminated along with the moisture

problem by heating the sample line.

Precision
4.1 Calibration Precision. A series of three consecutive injections of
the same calibration gas, at any dflution, shall produce results

which do not vary by more than +13 percent from the mean of the

three injections,

4.2 Calibration Drift. The calibration drift determined from the mean
of three injections made at the beginning and end of any 8-hour

period shall not exceed +5 percent.

Apparatus
5.1.1 Probe. The probe must be made of inert material such as
stainless steel or glass. It should be designed to
{ncorporate a filter and to allows calibration gas to
enter the probe at or near the sample entry point. Any
portion of the probe not exposed to the stack gas must be

heated to prevent moisture condensatien.
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5.1.2 The sample 1ine must be made of Teflon,lf no greater
than 1.3 cm (1/2 in.) Inside diameter. A1l parts from the
probe to the dilution system must be thermostatically
heated to 120°C.

5.1.3 Sample Pump. The sample pump shall be a leakless Teflon
coated dfaphragm type or equivalent. If the pump {is
upstream of the dilution system, the pump head must de
heated to 120°C,

5.2 Dilution System. The dilution system must be constructed such that
all sample contacts are made of inert material {e.g., stainless
steel or Teflon). It must be heated to 120°C and be capable of

approximately a 9:1 dilution of the sample.

5.3 Gas Chromatograph. The gas chromatograph must have at least the
following components:
5.3.1 Oven. Capable of maintaining the separation column at the

proper operating temperature :JOC.

5.3.2 Temperature Gauge. To monitor column oven, detector, and

exhaust temperature‘:j°c.

1/ Mention of trade names or specific products does not constitute an
endorsement by the Alr Resources Board.
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5.3.3 Flow System. Gas metering system to measure sample, fuel,

combustion gas, and carrier gas flows.

5.3.4 Flame Photometric Detector.
5.3.4.1 Electrometer. Capable of full scale
amplification of linear ranges of 107 to

1074 amperes full scale.

5.3.4.2 Power Supply. Capable of delivering up to 750

voits.

5.3.4.3 Recorder, Compatible with the output voltage

range of the electrometer.

5.4 Gas Chromatograph Columns. The column system must be demonstrated
to be capable of resolving three major reduced sulfur compounds:

H.S, CO0S, and CSZ'

2
To demonstrate that adequate resolution ﬁas been achieved the tester
must submit a chromatograph of a calibration gas containing all
three reduced sulfur compounds 1n the concentration range of the
applicable standard. Adequate resolution will be defined as base
1ine separation of adjacent peaks when the amplifier attenuation is
set so that the smaller peak is at least 50 percent of fullscale.

Base 1ine separation is defined as a return to zero +5 percent in
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the interval between peaks. Systems not meeting this criteria may

be considered alternate methods subject to the approval of the

Control Agency's Authorized Representative.

5.58.1

5.5.2

5-503

5.5.4

Calibration System. The calibration system must contain

the following components.

Flow System. To measure afr flow ovei permeation tubes at
*2 percent. Each flowmeter shall be calibrated after a
complete test series with a wet test meter. If the flow
measuring device differs from the wet test meter by 5
percent, the completed test shall be discarded.
Alternatively, the tester may elect to use the flow data
that would yfeld the Towest flow measurement. Calibration

with a wet test meter before a test is optional.
Constant Temperature Bath. Device capable of maintaining
the permeation tubes at the calibration temperature within

+0.1°,

Temperature Gauge. Thermometer of equivalent to monitor

bath temperature within :g°c.
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b. Reagents .

6.1 Ffuel. Hydrogen (Hz) prepurified grade or better.

6.2 Combustion Gas. Oxygen (Oz) or air, research purity or better.
6.3 Carrier Gas. Prepurified grade or detter.

6.4 Diluent. Air containing Tess than 0.5 ppm total sulfur compounds
and less than 10 ppm each of moisture and total hydrocarbons.

6.5 Calibration Gases. Permeation tubes, one each of H,5, C0S, and

2
CSZ' gravimetrically calibrated and certified at some convenient
operating temperature. These tubes consist of hermetically sealed
FEP Teflon tubing in which a liquified gaseous substance is

enclosed. The enclosed gas permeates through the tubing wall at a

constant rate. When the temperature s constant, calibration gases

covering a wide range of known concentrations can be generated by
varying and accurately measuring ‘the flow rate of diluent gas
passing over the tubes. These calibration gases are used to

calibrate the GC/FPD system and the dilution system.
7. Pretest Procedures

The following procedures are helpful in preventing any problem which

might occur Tater and invalidate the entire test.
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6.2 Percent Excess Afr. Calculate the percent excess air ({if

6.3

appiicable), by substituting the appropriate values of percent 0y,
€0, and Ny (obtained from Sectfon 4.1.3 or 4.2.4) into Equation
3-1.

. percent 0o - 0.5 percent CO
percent EA [;.264 percent k2 - (percent 02 - 0.5 percent CDJ | 100

Equation 3-1
Hote; The equation above assumes that ambient air 1s used as the
source of 02 and that the fuel does not contain appreciable amounts
of N2 (as do coke or blast furnace gases). For those cases when
appreciable amounts of N, are present {coal, ofl, and natural gas
do not contain appreciable amounts of'Nz) or when oxygen enrichment
1s used, alternate methods, subject to approval of the Control

Agency's Aufhorized Representative, are required.

Ory Molecular Weight, Use Equation 3-2 to calculate the dry

molecular weight of the stack gas.

My = 0.440 (percent CO,) + 0.320 (percent 0,) +
0.280 {percent N, + percent CO)
Equation 3-2

Hote: The above equation does not consider argon in air [about 0.9

percent, -molecular weight of 37.7). A negative error of about 0.4

_percent {s {ntroduced. The tester may opt to include argon {n the

analysis using procedures subject to approval of the Control Agency's

Authorized Representative.
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7.1

After the complete measurement system has been set up at the site
the following procedures are to be completed before sampling is

initiated.

7.1.1 Leak Test. Appropriate lTeak test procedures should be
employed to verify the integrity of all components, sample
lines, and connections, The following leak test procedure
1s suggested: For components upstream of the sample pump,
attach the probe end of the sample 1ine to a manometer or
vacuum gauge, start the pump and pull greater than 50 mm
{2 in.) Hg vacuum, close off the pump outlet, and then
stop the pump and ascertain that there 1s no jeak for 1
minute. For components after the pump, apply a slight
positive pressure and check for 1eaks by applying a liquid
(detergent in water, for example) at each joint. Bubbling

indicates the presence of a leak.

7.1.2 System Performance. Since the complete system 1s
calibrated following each test, the precise calibration of
each component {s not critical.. However, these components
should be verified to be operating properly. This
verification can be performed by observing the response of
flowmeters or the of GC output to changes in flow rates or
calibration gas concentrations and ascertaining the

response to be within predicted 1imits. If any component
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or the completed system fails to respond 1n a normal and
predictable manner, fhe source of the discrepancy should

be {dentified and corrected before proceeding.

Calibration

Prior to any sampling run, calibrate the system using the following

procedures., (If more than one run is performed during any 24-hour

period, a calibration need not be performed prior to the second and any

subsequent runs, The caiibration must, however, be verified as

prescribed in section 10, after the last run made within the 24-hour

period. )

8.1

General Considerations. This section outlines steps to be followed
for use of the GC/FPD and the ditution system. The procedure does
not include detailed instructions because the operation of these
systems is complex, and it requires an understanding of the
individual system being used. Each system should include a written
operating manual describing in detail the operating procedures
associated with each component in the measurement system. In
addition, the operator should be familiar with the operating
principles of the components; particularly the GC/FPD. The
citations in the bibliography at the end of this method are

recommended for review for this purpose.
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8.2 Calibration Procedure. Insert the permeation tubes into the tube
chamber. Check the bath temperature to assure agreement with the
calibration temperature of the tubes within :p.1°c. Allow 24
hours for the tubes to equilibrate. Alternatively equilibration may
be verified by injecting samples of calibration gas at 1-hour
intervals. The permeation tubes can be assumed to have reached
equilibrium when consecutive hourly samples agree within the

precision limits of section 4.1,

Yary the amount of air flowing over the tubes to produce the desired
concentrations for calibrating the &na]ytical and dilution systems.
The air flow across the tubes must at all times exceed the flow
requirement of tile analytical systems. The concentration in parts
per million generated by a tube containing a specific permeant can

be calculated as follows:

C=KxPr/M
Equation 15-1

where
C a Concentration of permeant produced in ppm.
Pr = Permeation rate of the tube in ug/min.
M = Molecular weight of the permeant:; g/g-mole.
L = Flow rate, 1/min, of air over permeant @ zo°c, 760 mm Hg.
K = Gas constant at 20°C and 760 mm Hg » 24,04 1/g mole.
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8.1 Calibration of Analysis System. Generate a series of three or more

8.4

8.5

known concentrations spanning the 1{near range of the FPD
(approximately 0.05 to 1.0 ppm) for each of the four major sulfur
compounds. Bypassing the dilution system, inject these standards
into the GC/FPD analyzers and monitor the responses. Three injects
for each concentration myst yield the precision described in

section 4.1. Faflure to attain this precision {s an indicaticn of a
problem 1n the calibration or analytical system. Any such probiem

must be identified and corrected before proceeding.

Calibration Curves. Plot the GC/FPD response {n current {amperes)
versus thelr causative concentrations in ppn on log-log coordinate
graph paper for each sulfur compound. Alternatively, a least

squares equation may be generated from the calibration data.

Calibration of Dilution System. Generate a known concentration of
hydragen sulfide using the permeation tube system. Adjust the flow
rate of diluent air for the first dilution stage so that the desired
level of dilution 1s approximated. Inject the diluted calibration
gas into the GC/FPD system and monitor {ts response. Three
injections for each d{lution must yield the precision described in
section 4.1. Faflure to attain this precision in this step is an
indication of a problem in the dilution system. Any such problem
must be fdent{fied and corrected before proceeding. Using the

calibration data for HZS {developed under 8.3) determine the
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diluted calibration gas concentration in ppm, Then calculate the
dilution factor as the ratio of the calibration gas concentration
before dilution to the diluted calibration gas concentration
determined under this paragraph. Repéat this procedure for each
stage of dilution required. Alternatively, the GC/FPD system may be
calibrated by generating a series of three more more concentrations
of each sulfur compound and diluting these samples before injecting
them into the GC/FPD s}stem. This data will inen serve as the
calibration data for the unknown samples and a separate
determination of the dilution factor will not be necessary.
However, the precision requirements of section 4.1 are stil}l

applicable,

3. Sampling and Analysis Procedure

9.1

9.2

Sampling. Insert the sampling probe into the test port making
certain that no dilution air enters the stack through the port.
Begin sampling and dilute the sample approximately 9:1 using the
dilution system. MNote that the precise dilution factor {s that
which {s determined in paragraph 8.5. Condition the entire system
with sample for a minimum of 15 minutes prior to commencing

analysis.

Analysis. Aliquots of diluted sample are injected into the GC/FPD

analyzer for analysis.
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9.2.1 Sample Run. A sample run is composed of 16 {ndividual
analyses {injects) performed over a period of not less

than 3 hours or more than 6 hours,

9.2.2 Observation for Clogging of Probe. I[f reductions in
sampie concentratioﬁs are observed during a sample run
that cannot be explained by process conditions, the
sampl ing must be interrupted to determine if the sample
probe is clogged with particulate matter, If the probe is
found to be clogged, the test must be stopped and the
results up to that point discarded. Testing may resume
after cleaning the probe or replacing {t with a clean
one. After each run, the sample probe must be inspected

and, 1f_necessary, dismantled and cleaned.

10. Post-Test Procedures

10.1 Sample Line Loss. A known concentration of hydrogen sulfide at the
level of the applicable standard, +20 percent, must be introduced
into the sampling system at the opening of the probe in sufficient
quantities to ensure that there is an excess of sample which must be
vented to the atmosphere. The sample must be transported through
the entire sampling system to the measurement system in the normal
manner. The resulting measured concentration shouid be compared to
‘the known value to determine the sampling system loss. A sampling

system loss of more than 20 percent fs unacceptable. Sampling
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losses of 0-20 percent must be corrected by dividing the resulting
sample concentration by the fracfion of recovery. The known gas
sample may be generated using permeation tubes. Alternatively,
cylinders of hydrogen sulfide mixed in air may be used provided they
are traceable to permeation tubes. The optional pretest procedures
provide a good guideline for determining if there are leaks in the

sampling system.

10.2 Recalibration. After each run, or after a series of runs made
within a Z4-hour period, perform a partial recalibration using the
procedures in secton 8. Qnly st (or other permeant) need be used
to recalibrate the GC/FPD analysis system (8.3} and the dilution

system (8.5).

10.3 Determination of Calibration Drift. Compare the calibration curves
obtained prior to the runs, to the calibration curves obtained under
paragraph 10,1, The calibration drift should not exceed the limits
set forth in paragraph 4.2, If the drift exceeds this 1imit, the
intervening run or runs should be considered not valid., The tester,
however, may instead have the option of choosing the calibration

data set which would give the highest sample values.
11. Calculations

11.1 Determine the concentrations of each reduced sulfur compound

detected directly from the calibration curves., Alternatively, the
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11.3

concentrations may be calculated using the equation for the least

squares line.

Calculation of SO2 Equivalent. 502 equivalent will be

determined for each analysis made by summing the concentrations of

each reduced sulfur compound resolved during the given analysis.

50, equivalent -Z(st. cos, 2 cs,)d

where:

tquation 15-2

502 equivalent = The sum of the concentration for each of the

measured compounds (COS, H,S, CS,) expressed

as sulfur dioxide in ppm,

HZS Hydrogen sulfide, ppm.
cos Carbonyl sulfide, ppm.
CS2 Carbon disulfide, ppm.
d Dilution factor, dimensionless.
Average 50, equivalent will be determined as follows:

N

L 507 equiv.y

Average 502 equivalent = iz

N (1 - Bwo)

Equation 15-3

where:

Average SOz equivalent = Average SO2 equivalent in ppm, dry

basis.
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12

502 equivalent | = SO2 in ppm as determined by Equation 15-2,

N =

‘Bwo =

Example System
12.1 Apparatus
12.1.1

12.1.

12.1.

12.1.

12.1.2

Number of analyses performed.

Fractiqn of volume of water vapor 1n the gas stream as
determined by Method 4 - Determination of Mbisture in
Stack Gases (36 FR 24887).

Sample System
1.1 Probe. Stainless steel tubing, 6.35 mm {1/4 in.)

outside diameter, packed with glass wool,

1.2 Sample Line, 3/16 inch 1nside diameter Teflon tubing
heated to 120°C. This temperature is controlied by

a thermostatic heater.

1.3 Sample Pump. Leakless Teflon coated diaphragm type
or equivalent. The pump head 1s heated to 120°%C by
enclosing it 1n the sample dilution box (12.2.4

below).
Dilutfon System. A schematic diagram of the dynamic

dilution system is given in Figure 15-2. The dilution

system is constructed such that all sample contacts are
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made of inert materials., The dilution system which is heated to '

120%C must be capable of a minimum of 9:1 dilution of sample.

Equipment used in the dilutfon system is Jisted below:

12.1.2.1 pflution Pump. Model A-150 Kohmyhr Teflon poesitive

displacement type, nonadjustable 150 cc/min. +2.0
percent, or equivalent, per dilution stage. A 9:1
dilution of sample {s accomplished by combining 150
cc of sample with 1350 cc of clean dry air as shown

in Figure 15-2.

12.1,2.2 Valves. Three-way Teflon solenoid or manual type.

12.1.2.3 Tubing., Teflon tubing and fittings are used
throughout from the sample probe to the GC/FPD to
present an {nert surfice for sampie gas.

12.71.2.4 Box. Insulated box, heated and maintained at
120°C. of sufficient dimensions to house dilution

apparatus,

12.1.2.5 Flowmeters. Rotameters or equivalent to measure flow

from 0 to 1500 m1/min. +1 percent per dilution stage.

12.1.3 Gas Chromatrograph.
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12.1.3.1

12.1.3.2

12.1.3.3

12.1.3.4

12.1.3.5

12.1.3.6

12.1.3.7

Column - 1.83 m (6 ft.) length of Teflon tubing, 2.16
mm (0.085 in.) inside diameter, packed with

deactivated silica gel, or equivalent,

Sample Valve., Teflon six port gas sampling valve,
equipped with a 1 m1 sample loop, actuated by

compressed air (Figure 15-1).

Oven. For containing sample valve, strfpper column
and separation column. The oven should be capablé of
maintaining an elevated temperature ranging from

ambient to 100°C, constant within :J°c.

Temperature Monitor. Thermocouple pyrometer to
measure column oven, detector, and exhaust

temperature :JOC.

Flow System. Gas metering system to measure sample
flow, hydrogen flow, oxygen flow and nitrogen carrier
gas flow,

Detector, Flame photometric detector.

Electrometer. Capable of full scale amplification of

1inear ranges of 1072 0 1074 amperes full scale.
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12.1.3.8

12.1.3.9

Power Supply. Capable of delivering up to 750 volts.

Recorder. Compatible with the output voltage range

of the electrometer.

12.1.4 Calibration. Permeation tube system (Figure 15-3).

12‘1.4.]

12.1.4.2

Tube Chamber. Glass chamber of sufficient dimensions

to house permeation tubes.

Mass Flowmeters. Two mass flowmeters in the range of
0-3 1/min, and 0-10 1/min, to measure air flow over
permeation tubes at + 2 percent, These flowmeters
shall be cross-calibrated at the beginning of each
test. Using a convenient flow rate in the measufing
range of both flowmeters, set and monitor the flow
rate of gas over the permeation tubes. Injection of
calibration gas generated at this flow rate as
measured by one flowmeter followed by injection of
calibration gas at the same flow rate as measured by
the other flowmeter should agree within the specified
precision Yimits., If they do not, then there is a
problem with the mass flow measurement. Each mass
flommeter shall be calibrated prior to the first test
with a wet test meter and thereafter at least once

each year.

15-19




12.3.4.3 Constant Temperature Bath. Capable of maintaining
permeation tubes at certification temperature of

30°%C within + 0.1%,

14.2 Reagents.
12.2.1 Fuel. Hydrogen (HZ) prepurified grade or better,

12.2.2 Combustion Gas. Oxygen (0,} research purity or better.

12.2.3 Carrier Gas. Nitrogen (Nz) prepurified grade or better.

12.2.4 Diluent. Air containing less than 0.5 ppm total sulfur
compounds and less than 10 ppm each of moisture and total
hydrocarbons, and filtered using MSA filters 46727 and
79030, or equivalent. Removal of sulfur compounds can be

. verified by injecting dilution air only, described in

section 8.3.

12.2.5 Compressed Air. 60 psig for GC valve actuation.

12.2.6 Calibration Gases. Permeation tubes gravimetrically

calibrated and certified at 30.0%.
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12.3

12.4

Operating Parameters. The operating parameters for the GC/FPD
system are as follows: nitrogen carrier gas flow rate of 100
cc/min., exhaust temperature of 110°C, detector temperature

105°C. aven temperature of 40°C, hydrogen flow rate of 80

cc/minute, oxygen flow rate of 20 cc/minute, and sample flow rate of

80 cc/minute.

Analysts. The sample valve is actuated for 1 minute in which time
an aliquot of dilute sample 1{s injected onto the separation column.
The valve is then deactivated for the remainder of analysis cycle in
which time the sample loop is refilled and the separation column
continues to be foreflushed. The elutfon time for each compound

will be determined during calibration.
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INTRODUCTION
This methoed is similar to Method 101, except acidic potassium permanganate

solution is used instead of acidic fodine monochloride for collection.

1. Applicability and Principle
1.1 Applicability This method applies to the determination of
particulate and gaseous mercury (Hg) emigsions
from sewage sludge incinerators and other sources

as specified in the requlations,

1.2 Principle: Particulate and gaseous Hg emissions are
withdrawn isokinetically from the source and
collected in acidic potassium permanganate
(KMnO4) solution. The Hg collected (in the
mercuric form) is reduced to elemental Hg which
is then aerated from the solution into an optical
cel) and measured by atomic absorption

Spectrobhotometry.
2. Range and Sensitivity
2.1 Range. After initial dilution, the range of this method is 20 to 800

ng Hg/ml. The upper 1imit can be extended by further dilution of the

sample.

10TA-1




2.2 Sensitivity The sensitivity of the method depends on the

recorder/spectrophotometer combination selected.
3. interfering Agents
3.1 Sampling. Excessive axidizable organic matter in the stack gas
prematurely depletes the KMnQ, solution and thereby prevents

further collection of Hg.

3.2 Analysis. Condensation of water vapor on the optical cell windows

causes a positive interference.
4, Precision
Based on eight paired-train tests, the within-laboratory standard
deviation was estimated to be 4.8 ug Hg/ml in the concentration range
of 50 to 130 ug Hg/m°.
5. Apparatus
5.1 Sampling Train and Sample Recovery.

Same as Methed 101, Sections 5.1 and 5.2 respectively, eicept for the

following variations:
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5.1.1 Probe Liner.
Same as Method 101, Section 5.1.2 except
that if a filter is used ahead of the
1mpingérs, the tester must use the probe
heating system to minimize the condensation

of gaseous Hg.

5.1.2 Filter Holder (Optional). Borosilicate
glass with a rigid stainless-steel
wire-screen filter support (do not use glass
frit supports) and a silicone rubber or
Teflon gasket, designed to provide a
positive seal against leakage from outside
or around the filter. The filter holder
must be equipped withla filter heating
system capable of maintaining a temperature
around the filter holder of 120 + 15° C (248
+ 25% F) during sampling to minimize both
water and gaseous Hg condensation. The
tester may use a filter in cases where the
stream contains large quantities of

particulate matter,

5.2 Analysis. The apparatus needed for analysis is the same as

Method 101, Sections 5.3 and 5.4, excent as follows:
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5.2.1% Yolumetric Pipetts.
Class A: 1=, 2-, 3=, 4=, 5-, 10-, and 2Q-ml.

5.2.2 Graduated Cylinder.
25-ml

5.2.3  Steam Bath.

6. Reagents Use ACS reagent-grade chemicals or equivalent, unless otherwise

specified.

6.1 Sampling and Recovery

The reagents used in sampling and recovery are as follows:

6.1.1 Water
Deionized distilled, meeting ASTM
Specifications for Type I Reagent Water -
ASTM Test Method D1193-77 (incorporated by
reference - see {61.,18). If high
concentrations of organic matter are not
expected to be present, the analyst may

eliminate the KMnO4 test for oxidizables.
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6.1.2

6.1.3

6.7.4

6.1.5

Nitric Acid (HN03). 50 Percent (V/Y).
Mix equal volumes of concentrated HNO and
deijonized distf11ed water, being careful to

slowly add the acid to the water.

Silica Gel,

Indicating type, 6- to 16- mesh, If
previously used, dry at 175" C (350° F) for
2 hr. The tester may use new silica gel as

received.

Filter (Optional).

Glass fiber filter, without organic binder,
exﬁibiting at Yeast 99.95 percent efficiency
on 0.3 um dioctyl phthalate smoke

particles. The tester may use the filter in
cases where the gas stream contains large
quantities of particulate matter, but he
should analyze blank filters for Hg

content.

Sulfuric Acid (H,S0,). 10 Percent

{(VY/¥)}, Add and mix 100 m! of concentrated
H2 S0, with 900 m1 of deionized
distilled water.
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6.1.6

Absorbing Solution. 4 Percent KMnO,

(W/Y). Prepare fresh daily. Dissolve 40 g
of KMnO, in sufficient 10 percent

HZSO4 to make 1 liter., Prepare and

store in glass bottles to prevent

degradation.

6.2 Analysis. The reagents needed for analysis are listed below:

6.2.1

Tin (I1) Solution.

Prepare fresh daily and keep sealed
when not being used. Completely
dissolve 20 ug of tin (II) chloride (or
25 9 1f tin (II) sulfate] crystals
{Baker Analyzed reagent grade or any
other brand that will give a clear
solution) in 25 m1 of concentrated
HC1. Dilute to 250 ml with deionized
distilled water. Do not substitute
HN03, H2504 or other strong acids

for the HC1.
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6.2.2 Sodium Chloride - Hydroxylamine Solution.
Dissolve 12 g of sodium chloridé and 12 g of
hydroxylamine sulfate (or 12 g of
hydroxylamine hydrochloride) in deionized
distilled water and dilute to 100 ml.

6.2.3 Hydrochloric Acid (HC1). 8 N.
Dilute 67 m1 of concentrated HH03 to
100 ml1 with deionized distilled water

(slowly add the HC1 to the water).

6.2.4 Nitric Acid, 15 Percent (V/V).
Dilute 15 ml of concentrated HNO3 to

700 ml with deionized distilled water.

6.2.5 Mercury Stock Solution. 1 mg Hg/ml.
Prepare and store all mercury standard
solutions in borosilicate glass
containers. Completely dissolve 0.1354
g mercury (II) chloride in 75 ml of
deionized distilled water. Add 100 ml
of concentrated HNO and adjust the
volume to exactly 100 ml with deionized
distilled water. Mix thoroughly. This
solution is stable for at least 1

month.
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6.2.6

6.2.7

6.2.8

Intermed{ate Mercury Standard Solution. 10

ug Hg/mi,

Prepare fresh weekly. Pipet 5.0 m! of the
mercury stock solution {Sectfon 6.2.5) into
a 500-m1 volumetric flask and add 20 m) of
15 percent HNO3 solution. Adjust the
volume to exactly 500 m) with deionized
distilled water. Thoroughly mix the

solution.

Working Mercury Standard Solution. 200 ng
Hg/ml. Prepare fresh daily. Pipet 5.0 ml
from the “Intermediate Mercury Standard
Solution” (Sectfon 6.2.6) into a 250-mi
volumetric flask. Add 5 ml of 4 percent
KMn04. absorbing solution and 5 m) of 15
percent HN03. Adjﬁst the volume to
exactly 290 mi1 with deionized distilled

water, Mix tharoughly.
Potassium Permanganate. 5 Percent {W/V).

Dissolve 5 ug of KMnO4 in deionized
distilled water and dilute to 100 m).
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6.2.9 Filter
Whatman No. 40 or equivalent.

7. Procedure,

7. Sampiing. The sampling procedure is the same as Method 101,
except for changes due to the use of KMnO4 instead
of IC1 absorbing solution and the possible use of a

filter. These changes are as follows:

7.1.1 Preliminary Determinations.
The preliminary determinations are the same
as those given in Method 101, Section 7.1.2,
except for the absorbing solution depletion
sign. In this method, high oxidizable
organic content may make it impossible to
sample for the desired minimum time. This
problem is indicated by the complete
b1éaching of the purple color of the KMnO4
solution. In these cases, the tester may
divide the sample run into two or more
subruns to insure that the absorbing
solution would not be depleted. In cases
where an excess of water coﬁdensation is

encountered, collect two runs to make one

sample,
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7.1.2

Preparation of Sampling Train.

The preparation of the sampling train is the
same as that given in Method 101. Section
7.1.3, except for the cleaning of the
glassware [probe, filter holder {if used)
impingers, and connectors] and the charging
of the first threeAimpingers. In this
method, clean all the glass components by
rinsing with 50 percent HNO; tap water, B

N HCl1 tap water, and finally deionized
distilled water. Then place 50 m) of 4
percent KMnO4 in the first impinger and

100 ml in each of the second and third

impingers.
If a filter 1s used, use a pair of tweezers

to place the filter in the filter holder.

Be sure to center the filter and place the
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7.2 Sample Recovery

7.1.3

gasket in proper position to prevent the
sample gas stream from by-passing the
filter. Check the filter for tears after
assembly is completed. Be sure also to set
the filter heating system at the desired
operating temperature after the sampling

train has been assembled.

Sampling Train Operation. In addition to
the procedure given in Method 101, Section
7.1.5 , maintain a temperature around the
filter (if applicable) of 120 + 14(-GL-)* C
(248° + 25° F).

Begfn proper cleanup procedure as soon as the
probe is removed from the stack at the end of the
sampling period. Allow the probe to cool. When
it can be safely handled, wipe off any external
particuiate matter near the tip of the probe
nozzle and place a cap over it. Do not cap off
the probe tip tightly while the sampling train is
cooling because the resultant vacuum would draw

liquid out from the impingers.
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Before moving the sample train to the cleanup
site, remove the probe from the train, wipe off
the silicone grease, and cap the open outlet of
the probe. Be careful not to lose any condensate
that might be present. Wipe off the silicone
grease from the impinger. Use either
ground-glass stoppers, plastic caps, or serum

caps to close these openings.

Transfer the probe, impinger assembly, and (if
applicable) filter assembly to a cleanup area
that is clean, protected from the wind, and free
of Hg contamination. The ambient air in
laboratories located in the immediate vicinity of
Hg-using facilities is not normally free of Hg

contamination.
Inspect the train before and during assembly, and

note any abnormal conditions. Treat the sample

as follows:
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7.2.1

Container No. 1. (Impinger, Probe, and
Filter Holder). Use a graduated cylinder,
measure the liquid in the first three
impingers to within + 1 ml. Record the
volume of 1iquid present (e.g., see Figure
5-3 of Method 5 in Part 60 of 40 CFR). This
information is needed to calculate the
moisture content of the effluent gas. (Use
only graduated cylinder and glass storage
bottles that have been precle&ned as {n
Section 7.1.2) Place the contents of the
first three impingers into a 1000-m1 glass
sample bottle. (Note. - If a filter is
used, remove the folter from its holder, as
outlined under "Container No. 3" below.)
Taking care that dust on the outside of the
probe or other exterior surfaces does not
get into the sample, quantitatively recover
the Hg (and any condensate) from the probe
nozzle, probe fitting, probe liner and front
half of the filter holder (if applicable) as
follows: Rinse these components wfth a
total of 250 to 400 ml of fresh 4 percent
KMn04. solution: add all washings to the

1000-m1 glass sample bottle; remove any
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7.2.2

residual brown deposits on the glassware
using the minimum amount of 8 N HC!
required; and add this HC1 rinse to this

sample container,

After all washings have been collected in
the sample container, tighten the 1id on the

container to prevent leakage during shipment

to the laboratory. Mark the height of the

fluid Tevel to determine whethef leakage
occurs during'transport. Label the

container to clearly identify its contents.

Container No. 2. (Silica Gel) Note the
color of the indicating silica gel to
determine whether it has been completely
spent and make a notation of its condition.
Transfer the silica gel from its impinger to
its original container and seal., The tester
may use as aids a funnel to pour the silica
gel and a rubber policeman to remove the
silica gel from the impinger.‘ It is not
necessary to remove the small amount of
particles that may adhere to the impinger

wall and are difficult to remove. Since the
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7.2.3

gain in weight is to be used for moisture
calculations, do not use any water or other
1iquids to transfer the silica gel. If a
balance is available in the field, weigh the
spent silica gel (or silica gel plus
impinger) to the nearest 0.5 g: record this

weight.

Container No. 3 (Filter). If a filter was
used, carefully remove it from the filter
holder, place it in a 100 m1 glass sample
bottle, and add 20 to 40 ml1 of 4 percent
KMn0.4. If it is necessary to fold the
filter, be sure that the particulate cake is
inside the fold. Carefully transfer to the
150-m1 sample bottle any particulate matter
and filter fibers that adhere to the filter
holder gasket by using a dry Nylon bristle
brush and a sharp-edged blade. Seal the
container. Label the container to clearly
identify its contents. Mark the height of
the fluid level to determine whether leakage

occurs during transport.
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7.2.4

7.2.5

7.3 Sample Preparation.

7.3.1

Container No. 4 (Filter Blank). 1If a
filter was used, treat an unused filter from
the same filter lot used for sampling in the

same manner as Container No. 3.

Container No. 5. (Absorbing Solution
Blank) For a blank place 500 ml of 4
percent KHnO4, absorbing solution in a

1000-m1 sample bottle. Seal the container.

Check 1iquid level in each container to see
if 1iqufd was lost during transport. If a
noticeable amount of leakage occurred,
e{ther void the sample or use methods
subject to the approval of the Administrator
to account for the losses., Then follow the

procedures beiow.

Containers No. 3 and No 4. (Filter and
Filter Biank). If a filter was used, place
the contents, including the filter, of |
Containers No. 3 and No. 4 in separate
250-m1 beakers and heat the beakers on a

steam bath until most of the liquid has
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7.3.2

7.3.3

evaporated. Do not take to dryness. Add 20
ml of concentrated HNO, to the beakers,
cover them with a glass, and heat on a hot
plate at 70° C for 2 hours. Remove from the
hot plate and fi}ter the solution through
Whatman No. 40 filter paper. Save the
filtrate for Hg analysis. Discard the
filter.

Container No 1 (Impingers, Probe, and Filter
Honer); Filter the contents of Container
No. 1 through Whatman No. 40 filter paper to
remove the brown HnO2 precipitate. Wash

the filter with 50 m1 of 4 percent KMnQ, ,
absorbing solution and add this wash to the
filtrate. Discard the filter. Combine the
filtrates from Containers No. 1 and No. 3
(if applicable), and dilute to a known

volume with deionized distilled water. Mix

- thoroughly.

Container No, 5 (Absorbing Solution
Blank). Treat this container as described
in Section 7.3.2. Combine this filtrate
with the filtrate with Container No. 4 and
dilute to a known volume with deionized

distilled water. Mix thoroughly.
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7.4 Analysis.

Calibrate the spectrophotometer and
recorder and prepare the calibration
curve as described in Sections 8.1 to
8.4. Then repeat the procedure used to _
establish the calibration curve with
appropriately sized aliquots (1 to 10
ml) of the samples (from Sections 7.3.2
and 7.3.3) until two consecutive peak
heights agree within + 3 percent of
their average value, If the 10-ml
sample is below the detectable 1imit,
use a ltarger aliquot {up to 20 mi1), but
decrease the volume of water added to
the aeration cell accordingly to-
prevent the solution voiume from
exceeding the capacity of the aeration
bottle. If the peak maximum of a |
1.0-m1 aliquot is off scale, further
dilute the original sample to bring the
Hg concentration into the calibration
range of the spectrophotometer. If the
Hg content of the absorbing solution
and filter blank 1s below the working
range of the analytical method, use

zero for the blank.
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Run a blank and standard at least after
every five samples to check the
spectrophotometer calibration;

recalibrate as necessary.

It is also recommended that at least
one sample from each stack test be
checked by the Method of Standard
Additions to confirm that matrix
‘effects have not interfered in the .

analysis.

Calibration and Standards

The calibration and standards are the same as llethod 101, Section 8,

except for the following variations:

8.1 Optical Cell Heating System Calibration. Same as method 101,
Section 8.2 except use a 25 ml qraduated cylinder to add 25 ml of

deionized distilled water to the bottle section of the aeration cell

8.2 Spectrophotometer and Recorder Calibration
The mercury response may be measured by either peak height or peak
area. (Note: The temperature of the solution affects the rate at

which elemental Hg is released from a solution, and consequently, it
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affects the shape of the absorption curve (area) and the point of
maximum absorbance (peak height). To obtain reproducible results,
a1l solutions must be brought to room temperature before use.) Set
the spectrophotometer wave length at 253.7 nm and make certain the
optical cell {s at the minimum temperature that will prevent water

condenstation,

Then set the recorder scale as follows: .Using 8 25-ml graduated
cylinder, add 25 ml of deionized distilled water to the aeration cell
‘bottle'and pipet 5.0 ml of the working mercury standard solution into
the aeration cell. ({Note: Always add the Hg-containing solution to
the aeration cell after the 25 m1 of deionized distilled water.)
Place a Teflon-coated stirring bar in the bottle. Add 5 ml of the 4
percent KMnOa, absorbing solution followed by 5 ml of 15 percent

HNG3, and 5 ml of 5 percent KMn04® to the aeration bottle and mix
well. Now, attach the bottle section to the bubbler section of the

aeration cell and make certain that (1) the aeration cell exit arm
stopcock (Figure 101-3 of Method 107) is closed {so that Hg will not
prematurely enter the optical cell when the reducing agent is being
added} and (2) there is no flow through the bubbler. Add 5 mi of
sodium chloride hydroxylamine in 1-ml increments until the solution
is coloriess. Mow add 5 ml of tin {11} solution to the aeration
bottle through the side arm. Stir the solution for 15 seconds, turn
on the recorder, open the aeration cell exit arm stopcock, and
immediately initiate aeration with continued stirring. Determine the
maximum absorbance of the standard and set this value to read 20

percent of the recorder full scale.
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9.

Calculations

9.1

9.2

9.3

Dry Gas Yolume, Yolume of Water Yapor and Moisture Content, Stack Gas
Velocity, Isokinetic Yariation and Acceptable Results and

Determination of Compliance.

Same as Method 101, -Section 9.1, 9.2, 9.3, 9.8 and 9.7 respectively,

except use data obtained

Total Mercury

For each source sample, correct the average maximum absérbance of the
two consecutive samples whose peak heights agree within + 3 percent
of their average for the contribution of the field blank. Then
calculate the total Hg content in ug in each sample. Correct for any
dilutions made to bring the sample into the working range of the

spectrophotometer.

Mercury Emission Rate

Calculate the Hg emission rate R in g/day for continuous opgrations
dsing Equation 101A-1, For cyclic operations, use only the time per
day each stack is in operation. The total Hg emission rate from a

source will be the summation of results from all stacks.

R = K myo Yo Ae (86,400 x 10-6) Equation 101A-]
_E'H“‘(vm ST T TV (sTd 1 I(T/PeT Vu (5td.11(15/P3)
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Where:
mHg = Total Hg content in each sample ug.

v = Average stack gas velocity m/sec (fps).

s
A = Stack cross-sectional area m° (ft ).
86,400 = Conversion factor, sec/day.

10°% = Conversion factor, g/ ug.

v (Std) = Dry gas sample volume at standard
conditions corrected for leakage
(if any), m® (£t3).
Vv (std) = VYolume of water vapor at standard
conditions, m (ft3).
T = Absolute average stack gas
temperature °K (°R).
P 2 Absolufe stack gas pressure, mm Hg
(in Hg).
K = 0.3858 *K/mm Hg for metric units

= 17.64 *R/in Hg for English units
10. Bibliography

1. Same as Method 1101, Section 10
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HYDROGEN CYANIDE

Hydrogen Cyanide emissions from the source were determined using a
modification of CARB Method 426.

In this modification, particulate cyanides were collected in the
probe wash and pre-impinger filter, and were discarded. All gaseous
cyanides collected in the impinger section of the sample train were
analyzed using the analytical protocol detailed in Method 426, and were
reported as hydrogen cyanide.
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Method 426 ~ Determination of Cyanide Emissions
From Stationary Sources

1. APPLICABILITY AND PRINCIPLE

1.1 Applicabilicy
This method is for determination of cyanides in aerosecl
and gas emissions from stationary sources, Cyanide is
defined as cyanide ion and cobplex cyanide converted teo
hydrocyanic acid (HCN) by reaction in a reflux system of
a mineral acid in the presence of magnesium ion.

1.2 Principle
Particulate and gaseous emissions are extracted
isokinetically from the stack and passed through an
impinger-filter train where the cyanide is collected on a
glass-fiber filter and in a solution of sodium hydroxide.
The combined filter extract and impinger solution are
analyzed for cyanide by either titrating wvith standard
silver nitrate in the presence of a silver sensitive
indicator or by a colorimetric procedure using
Chloramine-T with either pyridine-barbituric acid or
pyridine-pyrazolone color forming reagents,.

2. RANGE AND SENSITIVITY.

The titration procedure using silver nitrate with
p-~dimethylamino-benzal-rhodaaine indicator is used for
measuring concentrations of cyanide greater than 1 mg/L
(0.25 mg/250 mL of absorbing liquid). The detection limit
for this procedure is 0.3 ag/L.

The colorimetric procedure has an optioum working range of
0.02 - 1 mg/L, and a detection limit of 0.01 mg/L.

3. INTERFERENCES

Sulfides adversely affect the colorimetric and titration
procedures. Samples that contain hydrogen sylfide, metal
sulfides or other compounds that may produce hydrogen
sulfide during the distillation should be distilled by the
procedure described in Section 6.3.3.2, The apparatus for
this procedure is shown in Figure 3,

Positive errors may occur with samples that contain nitrite
and/or nitrate. During the distillation, nitrite and
nitrate form nitrous acid which reacts with some organic
compounds ta farm oximes. These compounds will decompose
under test conditions to generate HCN, The interference of

nitrite and nitrate is eliminated by pretreatment with
sulfamic acid.

Since oxidizing agents may decompose most of the
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cyanides, they must be removed during sample recovery
(Section 6.2.1.1). : -

If the analytical method herein recommended does not
give the desired sensitivity in the presence of
interfering substances in the sample, the tester may
select an equivalent procedure, subject to the approval
of the Executive Officer. The tester must then produce
data to demonstrate that the method is equivalent, and
substantiate this data through an adequate quality
assurance program approved by the Executive Officer.

APPARATUS

The following sampling apparatus is recommended. The tester
may use an alternative sampling apparatus only if, after
teview by the Executive QOfficer, it is deemed equivalent for
the purposes of the method.

4.1

l..z

Sampling Train
A schematic diagram of the sampling train is shown in

"Figure 1. This is similar to the CARB Method S sampling

train with sowe minor changes which are described below.

4.1.1 Probe Nozzle, Probe Liner, Pitot Tube,

: Differential Pressure Gauge, Filter Holder, Filter
Heating System, Metering System, Barometer and Gas
Density Determination Equipment. Same as Method 5
Sections 2.1.1 to 2.1,6, and 2.1.8 to 2.1.10,
respectively,

4.1.2 Impingers., Four impingers are connected in series
with glass ball joint fitvtings, The first, third,
and fourth impingers are of the Greenburg-Smith
design modified by replacing the tip with a l-cm
(0.5 in.) I.D. glass tube extending to 1 cm from
the bottom of the flask. The second impinger is
of the Greenburg-Sgith design vith the standard
tip.

The first and second impingers shall contain

known quantities of 0.1 N NaQOF (Section 6.1.3).
The third shall be empty, and the fourth shall
contain a known weight of silica gel or equivalent
desiccant,

In the case of sources which produce significant
levels of carbon dioxide, the tester may
substitute sodium bicarbonate for sodium hydroxide
in the first and second impingers,

A thermometer ‘which measuyres temperatures to
within 1°C (2°F), should be placed at the outlet
of the fourth impinger.

Sample Recovery.
The following items are needed:
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Probe Liner and Probe Nozzle Brushes, Petri
Dishes, Plastic Storage Containers, Rubber
Policeman and Funnel. Same as Method 5, Sections
2.2.1, 2,2.4, 2.2,6, and 2.2.7, respectively,

Wash Bottles. Glass (2) -

Sample Storage Containers. Alkali resistant
polyethylene bottles. Impinger and probe
solutions and washes, 1000 mlL. Use screw-cap
liners that are either rubber-backed Teflon or
leak-free and resistant to attack by alkali,

Graduated Cylinder and/or Balance. To measure

the volume of condeansed water to within 2 ml, or
the weight to within 1 g. Use a graduated
cylinder that has a mininum capacity of 500 ml,
and subdivisions no greater than 2 mlL. (Most
laboratory balances are capable of weighing to the
nearest 0,5 g or less).

Funnel. Glass, to aid in sample recovery.

Analysis. The following equipment is needed:

Reflux distillation apparatus assembled as shown
in Figure 1 or Figure 2. The boiling flask should
be of 1 liter size with inlet tudbe and provision
for condenser. The gas absorber may be a Fisher-
Milligan scrubber. :

Microburet, 5.0 oL (for titration).

Spectrophotometer suitable for measurements at 578
nm or 620 nm wich a 1,0 ¢m cell or larger.

Reflux distillation apparatus for sulfide removal as
shown in Figure 3. The boiling Elask should be of
!l-liter size with inlet tube and provision for
condenser as in 4.,3.1. The sulfide scrubber may be
a Wheaton Bubbler #7096B82 with 29/42 joints, size
100 mL., The air inlet tube should not be fritrted.
The cyanide absorption vessel should be the same as
the sulfide scrubber. The air inlec tube of this
absorber should be fritted.

Flow meter, such as Lab Crest with stainless steel
float (Fisher 11-164-50).

Erlenmeyer Flasks. 125 mL. 24/40 %,
Whatman No. 42 filter paper (or equivalent),.

Volumetric Flasks. 100~mL, 250-mL, and 1000-mL.
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4.3.9

REAGENTS

Balance - Analytical. Capable of accurately
weighing to the nearest 0.000]1 g.

Unless otherwise specified, use ACS reagent grade chemicals or
equivalent.

Mention of trade names or specific products does not
constitute endorsement by the California Air Resources Board.

5.1

5.2

5.3

Sampling. The following reagents are needed:

5.1.1

5.1.2

5.1.3

5.2.4

Glass Fiber Filters, Silica Gel, Crushed Ice and
Stopcock Grease, Same as Method S5, Sections 3.1.1,
3.1-2| 3-1-4 and 311-5' resPECtiVely.

Water, Deionized, distilled, to conform to ASTM
Specification D1193-77, Type 3. If high
concentrations of organic matter are not expected
to be present, the analyst may omit the potassium
permanganate test for oxidizable organic matter.

Sodium Hydroxide solution, 0.1 N. Dissolve 4.0 §g
NaQOH in deionized distilled water, and dilute to 1
liter with water,

Recovery.

Sodium Hydroxide solution, 0:1 N. Same as 5.1.3
above.

Sodium Hydroxide solution, 10 N. Dissolve 40 g
NaQOH in deionized distilled water, and dilute to
100 mL.

Ascorbic acid, crystals.

Potassium iodide-starch test paper (KI-starch
paper),

Analysis. The following reagents are needed:

5.3.1
5.3.2

Water. Same as 5.1.2 above.

Sodium Hydroxide Solution, 1,25 N. Dissolve 30 g
of NaOH in deionized distilled wvater, and dilute
to ] liter.

Dilute Sodiuam Hydroxide "Solution, 0.25 N. Dilute

200 mL of 1.25 ¥ sodium hydroxide solution (35.3.2)
to 1000 mL with deionized distilled water,
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5.3.4

5.3.5

5.3.9

5.3.10

5.3.11

5.3.12

5.3.13

Sulfuric acid, 18 N. Slowly add 500 mL of

toncentrated H2504 to 500 ol of deionized distilled
water.

Sodium dihydrogenphosphate, 1 M. Dissolve 138 g
of NaHoPO,.H-0 in 1 liter of deionized distilled
water, Refrigerate this solution,

Standard silver nitrate solution, 0.0192 N.
Prepare by crushing approximately 5 g AgNO
crystals and drying to constant weight at 10°C.
Weigh out 3.2647 g of dried AgN03, dissolve in
deionized distilled water, and dilute to 1000 al
(1 sl = 1 mg CN7). '

Stock Cyanide Solution. Dissolve 2.51 g of KCN
and 2 g of KOH in 900 mL of deionized distilled
water, Standardize with 0.0192 N AgN03 (Section

5.3.6). Dilute to appropriate concentration so
that 1 mL = ] mg CN~.

Intermediate standard c¢yanide solution. Dilute
100.0 oL of stock cyanide solution (1 ml = 1 mg CN™)
to 1000 ml with deionized distilled water, (1 mL =
100.0 ug CN7).

Working standard cyanide solution. Prepare fresh
daily by diluting 100.0 mL of intermediate cyanide
solution to 1000 mL with distilled water and store
in a glass stoppered bottle (1 ol = 10.0 ug CN7),

Cyanide Calibration Standards. Pipet 0.0, 1.0, 2.0,
5.0, 10.0, 15.0, and 20.0 mL of the working cyanide
standard solution (5.3.9) into 250-mlL volumetric
flasks. To each flask, add 50 mL of 1.25 N sodium
hydroxide, and dilute to 250-ml with deionized
distilled water, These working standards contain
0.0, 0.04, 0.08, 0.20Q, 0.40, 0.60, and 0.80 mg CN~/L,
respectively. Prepare as needed, additional

standards at other concentrations in a similar
manner. ’

Rhodanine indicater. Dissolve 20 mg of p~dimethyl
amino~benzalrhodanine in 100 mlL of acetone.

Chloramine~T solution. Dissolve 1.0 g of white,
water-soluble Chloramine=T in 100 mL of deionized
distilled water and refrigerate until ready to
use. Prepare fresh daily.

Color reagent - One of the following may be used:

5.3.13,1 Pyridine-Barbituric Acid Reagent. Place
15 g of barbituric acid in a 250 mL
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5.3'1&

5.3.15

5.3.16
6. PROCEDURE

volumetric flask and add just enough
distilled water to wash the sides of the
flask and wet the barbituric acid. Add
75 Ll of pyridine and mix. Add 15 mL of
conc, HCl, mwix, and cool to room
temperature. Dilute to 250 ml with _
deionized, distilled water and mix. This
reagent is stable for approxipmately six
months if stored in a cooel, dark place.

5.3.13.2 Pyridine-pyrazolone solution.
(a) J-Methyl-l-phenyl-l-prrazelin-5-one
reagent, saturated solution. Add
0.25 g of 3-amethyl-l-phenyl-2-
pyrazolin-5-one to 50 oL of distilled
water, and heat to 6(°C with
stirring. Cool to room temperature.

NOTE: It is imperative that this
sxnche51s be performed as directed.,

(b) 3, 3'D1methy1 1, 1'-diphenyl-[4,4"'-bi~
2 pyrazoline)-5,5"'dione
(bispyrazolone): Dissolve 0.01 g of
bispyrazolone in 10 mL of pyridine,

(c) Pour solution (5.3.13.2a) through
non-acid-washed filter paper.
Collect the filtrate. Through the
same filter paper pour solution
(5.3.13.2b) collecting the filtrate
in the same container as filtrate
from (5.3.13.22). Mix until the
filtrates are homogeneous. The mixed
reagent develops a pink coler but
this does not affect the color
production with cyanide if used
within 24 hours of preparation.

Magnesium chloride solution. Weigh 510 g of
H3C12 6Hy0 into a 1000 oL flask. Dissolve and
dilute to ] liter with deionized distilled wacter.

Lead acetate, Dissolve 30 g of Pb(C,H40 )3H 0 in
950 mlL of deionized distilled water. i%gust the pH
to 4.5 with acetic acid. Dilute to 1 liter.

_Sulfamic acid.

6.1 Sampling.- _
Because of the complexity of this cethod, testers should
be trained and experienced with the test srocedures in
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order to ensure reliable results.

6.1.1 Pretest Preparation. Follow the same general
procedure described in Method 5, Section 4.1.1,
except the filter need not be weighed.

6.1.2 Preliminary Determinations. Follew the same

general procedure described in Method 5, Section
4.1.2.

6.1.3 Preparation of Collection Train. Follow the sanme
general procedure given in Method 5, Section
4.1.3, except place 100 ml of 0.1 N NaOH in each
of the first two impingers, leave the third
impinger empty, and transfer approximately 200 to
300 g of preweighed silica gel from its container
to the fourth impinger. Assewmble the train as
shown in CARB Method 5, Figure 5-1.

6.1.4 Leak-Check Procedures, Follow the general leak-
check procedures given in Method 5, Sections
4.1.4.1 (Pretest Leak Check), 4.1.4.2 (Leak-
Checks During the Sample Run), and 4.1.4.3 (Post-
Test Leak=Check).

6.1.5 Sampling Train Qperation, Follow the same general
procedure given in Method 5, Section 4,1.5. For
each run, record the data required on a data sheet

such as the one shown in CARB Method 5, Figure 5-2,

6.1.6 Calculation of Percent Isokinetic. Same as Method
Section 4,1.6.

Sample Recovery.

Begin proper clean-up procedure as soon as the probe is
removed from the stack at the end of the sampling period.

Allow the probe to cool. When it can be safely handled,
wipe off all external particulate wmatter near the tip of
the probe nozzle and place a cap over it. Do not cap off
the probe tip tightly while the sampling train is
cooling, as this would create a vacuum in the filter

holder, thus drawing liquid from the impingers into the
filter.

Before moving the sampling train to the cleanup site,
remove the probe from the sampling train, wipe off the
silicone grease, and cap the open outlet of the probe.

Be careful not to lose any condensate that might be
present., Wipe off the silicone grease from the glassware
inlet where the probe was fastened and cap the inlet.
Remove the umbilical cord from the last impinger and cap
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the impinger, The tester may use ground-glass stoppers,
plastic caps, or serum caps to close these openings.

Transfer the probe and filter-impinger assembly to a
cleanuyp area, which is clean and protected from the wind

so that the chances of contaminating or losing the sample
are ninimized.

Inspect the train prior to and during disassembly and
note any abnormal conditions.

Check the pH of the impinger solutions to ascertain that
the pH is still basic, and that the test was a valid one.

Treat the samples as follows:

6.2.1 Container No. 1 (Filter). Carefully remove the
filter from the filter holder and place it in a
glass sample container containing 50 mL of 0.1 N
NaOH. Carefully transfer any visible particulate
matter and/or filter fibers that adhere to the
filter holder gasket with a dry Nylon bristle
brush and/or sharp-edged blade.

6.2.1.1 Oxidising agents. If oxidising agents
are known or suspected to be present,
test and treat the sample as follows.
Test a drop of the sample with potassium
iodide-starch test paper (KI-starch
paper). A blue color indicates the need
for treatment. Add ascorbic acid, a few
¢crystals at a time, until a drop of
sample produces no color on the indicator
paper. Then add an additional 0.6 g of

ascorbic acid for each liter of sample
volume.

6.2.1.2 Preservation. Samples must be preserved
with 2 mlL 10 N sodium hydroxide (5.3.2)
per liter of sample (pH > 12) at cthe
time of collection.

6.2.2 Container No. 2 (Prabe), Taking care that dust on
the ogutside of the probe or other exterior
surfaces does not get into the sample, clean all
surfaces that have been exposed to the sample
{(including the probe nozzle, probe fitting, probe
liner, and front half of the filter holder) with
0.1 N NaOH. Place the wash in a glass sample
storage container. Measure and record (to the
nearest 2-mL) the total amount of 0.1 N NaOH used

for each rinse. Perform the rinses with 0.1 N
NaOH as follows:

Carefully remove the probe nozzle and rinse the
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inside surface with 0.1 N NaOH from a wash bottle.
Brush with a Nylon-bristle brush, and rinse until
the rinse shows no visible particles, after which,
make a final rinse of the inside surface. Brush
and rinse the inside parts of the Swagelok fitting
with 0.1 N NaOH in a like manner until no visible
particles remain.

Rinse the probe liner with 0.1 N NaOH. While
squirting the sodium hydroxide rinse into the
upper end of the probe, tilt and rotate the probe
so that all inside surfaces will be wetted with
the 0.1 N NaQH. Let the 0.1 N NaOH drain from the
lower end into the sample container. The tester
may use a glass funnel to aid in transferring
liquid washes to the containsr. Follow the rinse
with a probe brush, Hold the probe in an inclined
position, and squirt 0.1 N NaOH into the upper end
as the probe brush is being pushed with a twisting
action through the probe. Hold the sample
container underneath the lower end of the probe,
and catch any liquid and particulate matter
brushed from the probe. Run the brush through the
probe three times or more until no visible sample
matter 1s carried out with the 0.1 N NaOH and none
remains on the probe liner onm visual inspection.
With stainless steel or other metal probes, run
the brush through in the above prescribed manner
at least six times, since metal probes have small
crevices in which particulate matter can be
entrapped. Rinse the brush with 0,1 N NaOH and
quantitatively collect these washings in the
sample container. After the brushing, make a
final rinse of the probe as described above. It
is recommended that two people clean the probe to
minimize loss of sample: Between sampling runs,
keep brushes clean and protected from
contamination.

After ensuring that all joints have been wiped
clean of silicone grease, brush and rinse with

0.1 N NaOH the inside of the front half of the
filter holder. Brush and rinse each surface three
times or more, if needed, to remove visible
.particulate matter. Make a final rinse of the
brush and filter holder.

After all washings have been collected in the
sample container, test a drop of the sample with
potassium iodide-starch test paper (Kl-starch
paper). A blue color indicates the need for
treatment. Add ascorbic acid, a few ¢rystals at a
time, until a drop of sample produces no color on
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6.2.4

the indicator paper. Then add an additional 0.6 g
of ascorbic acid for each litre of sample volume.

Samples must be preserved with 2 mL 10 N sodiunm
hydroxide per liter of sample (pH > 12) at the
time of collection.

Tighten the 1id on the sample container so that
the flyid will not leak out when it is transported
to the laboratory. Mark the height of the fluid
level to determine whether leakage occurs during

. shipment., Label the container to clearly

identify its contents.

Rinse the glassware a final time with water to
remove residual NaOH before reassembling. Do not
save the final rinse water.

Repeat the test for oxidising agents (6.2.1.1) and
then preserve the sample (6.2.1.2).

Container No, 3 (Silica Gel). Check the color of
the indicating silica gel to detereine if it has
been completely spent, and note its condition.
Transfer the silica gel from the fourth impinger
to the original container and seal. The tester
may use a funnel to pour the silica gel and rubber
policeman to remove the silica gel from the
impinger. It is not necessary to remove the small
amount of particles that may adhere to the
impinger walls and are difficult to remove. Since
the gain in weight is to be used for moisture
calculations, do not use any water or other
liquids to transfer the silica gel. If a balance
is available in the field, the tester may follow
the procedure for Container No. 2 under Section 6.4
(Analysis).

Container No., 4 (Impingers). If the volume of
liquid is large, the tester may place the impinger
solutions in several containers. Clean each of

the first three impingers and connecting glassware
in the following manner:

1.

2.

Wipe the impinger ball joints free of silicone
grease and cap the joints,

Rotate and agitate each impinger, so that the
impinger contents might serve as a rinse
solution.

Transfer the contents of the impingers to a
500-mL graduated cylinder. '‘Remove the outlet
ball joint cap and drain the contents through
this opening. Do not separate the impinger
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6.3

6.2.5

Sample

6.3.1

parts (inner and outer tubes) while
transferring their contents to the cylinder.
Measure the liquid volume to within +2al.
Alternatively, determine the weight of the
liquid to within +0.5 g. Record in the log

the volume or weight of the liquid present, and
the occurrence of any color or film in the
impinger catch. The liquid volume or weight

is needed, along with the silica gel data, to
calculate the stack gas moisture content (see
Method 35, Figure 5-<3).

Determine the pH of the impinger solution to
ascertain whether it is still basic and whether
the test was a valid one,

4,  Transfer the contents to Container No. 4.

5. Note: In steps 5 and & below, measure and
record the total amount of 0.1 N NaOH used
for rinsing. Pour approximately 30 nmlL of 0.1 N
NaOH into each of the first three impingers
and agitate the jopingers. Drain the 0.1 N
NaOH through the outlet arm of each impinger
into Container No, 3. Repeat this operation a
second time; inspect the impingers for any
abnormal conditons.

6. Wipe the ball joints of the glassware
connecting the impingers free of silicone
grease and rinse each piece of glassware twice
with 0.1 N NaQH; transfer this rinse into
Container No. 3. (Do not rinse or brush the
glass-fritted filter support). Repeat the
procedure described in Section 6.2.1.1 above.

Mark the height of the fluid level to
determine whether leakage occurs during
transport. Label the container to clearly
identify its coatents.

Sample Blanks (Container No.5). Prepare a blank
by placing an unused filter in a glass container,
and adding a volume of recovery solution identical
to the total vaelume in Containers No, 1, 2, and 4,
Process the blank in the same manner as the
samnple,.

Preparation.

Container No. 1 (Filrter). Cut the filter into
strips and transfer the strips and all loose
particulate matter into a 125-mL Erlenmeyer flask.
Rinse the petri dish with 10 mL of 1.25 N NaOH to
insure a quantitative transfer and add to the
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6.3.

3

flask. Pipet 25 mL of 1.25 N NaOH into the flask.
Cap the flask, place on a shaker and shake for at

least 30 minutes at moderate speed to complete the
extraction,

Containers No. 2 and No. 4 (Probe and Impingers).
Check the liquid level in Containers No. 2 and/or
No. 4 to determine whether any sample vas lost
during shipment. Record observations on the
analysis sheet. If a noticeable amount of leakage
has occurred, either void the sample or take
steps, subject to approval by the Executive
Officer, to adjust the final results. Combine the
contents of Containers No. 2 and No. 4 with the
filter extract (6.3.1) for analysis.

Distillation procedure,

6.3.3.1 Samples without sulfide.
Place 500 mL of the combined sample _
(Section 6.3.2) or an aliquot diluted to
500 ml in the 1 liter boiling flask.
Pipet 50 oL of 1.25 N sodium hydroxide
(5.3.2) into the absorbing tube. If the
apparatus in Figure 1 is used, add
distilled water until the spiral is
covered. Connect the boiling flask,
condenser, absorber and trap as shown in
Figure 1 or Figure 2.

Start a slow streamof air entering the
boiling flask by adjusting the vacuum
source. Adjust the vacuum so that
approximately two bubbles of air per
second enter the boiling flask through
the inlet tube. Proceed to Section 6.3.5.

6.3.3.2 Samples that contain sulfide.
Place 500 mL of the combined sample
(6.3.2) or an aliquot diluted to 500 alL
in the l-liter boiling flask. Pipet 5350
mL of 1.25 N sodium hydroxide into the
absorbing tube. Add 25 mlL of lead
acetate solution (5.3.15) to the sulfide
scrubber. Connect the boiling flask,
condenser, scrubber and absorber as shown
in Figure 3. The flow meter is connected
to the outlet tube of the cyanide
absorber.

Start a stream of air entering the
boiling flask by adjusting the vacuum
source., Adjust the vacuum so that
approximately 1.5 liters per minute
enter the boiling flask through the air
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6.3.5

6.3.6

inlet tube. The bubble rate may not
remain constant while heat is being
applied to the flask. It may be
necessary to readjust the air rate
occasionally., Proceed to 6.3.5.

If samples contain NO3”~ and or NO,7, add 2 g of
sulfamic acid (5.3.16) after the air rate is set
through the air inlet tube. Mix for J minutes
prior to addition of H,504.

Slowly add 50 mL 18 N sulfuric acid (5.3.4) through
the air inlet tube. Rinse the tube with deionized
distilled water and allow the airflow to mix the

flask contents for 3 oinutes. Pour 20 wlL of

magnesium chloride solution (5.3.13) into the air
inlet and wash down with a stream of wvater,

Heat the solution to boiling., Reflux for one hour.
Turn of f the heat and continue theairflow for at
least 15 minutes. . After cooling the boiling flask,
disconnect the absorber and close off the vacuunm
source.,

Drain the solution from the absorber into a

250 mL volumetric flask. Wash the absorber with
deionized distilled water, and add the washings to
the flask, Dilute to volume with deionized
distilled water.

Sample Blank (Container No. 5). Treat in the same
manner as the sample (Sections 6.3.3 te 6.3.5).
Use the absorbance obtained for the blank to
correct the sample measurement.

6.4 Analysis.

6.4.1

Colorimetric Procedure

Sample (Containers No.l, No. 2, and No. 4.).
Withdraw 50 mL or less of the solution from the
250~ml volumetric flask {Section 6.3.3.1 or

6.3.3.2) and transfer to a 100 ml volumetriec flask.
If less than 50 mL is taken, dilute to 50 oL with
0.25 N sodiuym hydroxide solution (5.32.3). Add

15.0 mL of 1 M Sodium dihydrogenphosphate

solution (5.3.5) and mix.

6.4.1.1 Pyridine-Barbituric Acid Method. Add
0.5 wmL of chloramine T (5.3.12) and anix.
See Notes 1 and 2. After 1l to 2
minutes, add 5 al of pyridine-
barbituric acid solution (5.3.13.1) and
mix, Dilute to volume with distilled
water and mix again. Allow 8 minutes
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for color development then measure the
absorbance at 578 nm ina l co cell
within 13 minutes. Read ug CNT/30ml
from the calibration curve obtained in
Section 7.2, If the absorbance does not
fall wvithin the range of the calibration
curve, repeat the procedure using a
smaller aliquot.

6.4.1.2 Pyridine-pyrazolone method. Add 0.5 ol
of chloramine T (5.3.12) and mix. See
Notes 1 and 2. After 1 to 2 minutes, add
5 mlL of pyridine-pyrazolone solution
(5.3.13.2) and mix. Dilute to voluome
with distilled water and mix again.

After 40 minytes, measure the absorbance
at 620 no in a 1 cm cell, Read the
concentration of the sample (ug CN~"/S0 ml)
from the calibration curve obtained in
Section 7.2. 1f the absorbance of the
sample does not fall within the range of
the calibration curve, repeat the

analysis using a smaller aliquot.

NOTE 1 Some distillates may contain compounds
that have a chlorine demand. One minuyte
after the addition of chloramine T, test
for residual chlorine with KI-starch
paper, If the test is negative, add an
additional 0.5 mL of chloramine T. After
one minute, recheck the sample.

NOTE 2 If more than 0.5 mL of Chloramine T is
used with the pyridine-pyrazolone color
reagent, this will prevent the color
from developing.

If more than 0.5 mL of Chloramine T is
used with the pyridine-barbituric acid
color reagent, this will accelerate the
rate at vhich the color fades.

Titration Proceduyre.

If the saople contains more thanl mg of CN™/L,
transfer the distillate (6.3.3), or a suitable
aliquot diluted to 250 nl, to a 500-mL Erlenmeyer
flask. Add 10-12 drops of the benzalrhodanine
indicator. Titrate with standard silver nicrate
solution (5.3.6) to the first change in color from
yellowish brown to pink. Titrate the blanks using
the same amount of sodium hydroxide and indicator

as in the sawmple.

The analyst should familiarize himself with the
end point of the titration and the amount of
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7.

indicator to be used before actually titrating the

samples. A 5- or 10-mlL microburet may be used to
obtain a more precise titration.

6.4.3 Sample Blank (Container No.5). Follow the same
procedure used for the s=:mple (Section 6.4.1 or
6.4.2 above). Use the sc-e aliquot size as that
used for the sample.

6.4.4 Container No., 3 (Silica Gel). The tester may
conduct this step in the field. Weigh the spent
silica gel (or silica gel plus impinger) to the
nearest 0.5 g:; record this weight.

CALIBRATION.

7.1

Sampling Train Calibration., Calibrate the sampling train
components according to the following sections of Method

5: Probe Nozzle (Sectiom 5.1); Pitot Tube (Section 5.2);
Metering System (Section 5.3); Probe Heater (Section 5.4);
Temperature Gauges (Section 5.5); Leak-Check of the
Metering System (Section 5.6); and Barometer (Section 5.7).

Spectrophotometér. Pipet 50 wL of each calibration
standard (5.3.10) into a 100-al volumetric flask, and
treat according to Section 6.4.1, These standards will

_contain 0.0, 2.0, 4.0, 10.0, 20.0, 30.0, and 40.0 ug

CN™/50mL.

With the spectrophotometer at 620 nm for pyridine-
pyrazolone, or 578 nm for pyridine-barbituric acid, use
the reagent blank (7.2) to set the absorbance to zero.
Determine the absorbance of the standards, and plot net
absorbance versus ug CNT/50 al. Draw a smooth curve

through the points. The curve should pass through the
erigin.

7.2.1 Samples without sulfide.
It is not imperative that all standards be
distilled in the same manner as the samples.
However, it is recommended that at least two
standards (a high and low) be distilled and
compared to similar values on the curve to ensure
that the distillation technique is reliable,
If distilled standards do not agree within +10% of
the undistilled standards, the operator should
find the cause of the apparent error before
proceeding.

7.2.2 Samples that contain sulfide,
It is imperative that all standards be distilled
-in the same manner as the samples. Standards
distilled by this cethod will give a linear curve,
but as the concentration increrases, the recovery
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decreases. It is recoommended that at least 3
standards be distilled.

7.3 To check the efficiency of the saople diszillation, add
an increment of cyanide from either the intermediate
standard (5.3.8) or the working staadard (5.3.9) to
500 ml of sample to insure a level of 20 ug/L. Proceed
with the analysis as in Section 6.3.3.

8. CALCULATIONS.

B.1 Nomenclature

A, = Aliquot of total sample added to tie still, al
(6.3.3)

Ay = Aliquot of distillate taken for color development,
mL (6.4.1).

Cc = ug CN” from the calibration curve
Vg = Volume of distillate after dilution, ol (6.3.3)

Vi = Total volume of cyanide sample after final
dilution, oL (6.3.2)

t = Total cyanide in sample, mé

C; = Concentration of cvanide in the stack gas, mg/m3.
dry basis, corrected toe standard conditions of 760
om Hg (29.92 in. Hg) and 293 °K (528°R).

Q¢ = Aliquot of sample used for titration, mL
T = Volume of AgNO, for titration of sample, mL

B = Volume of AgNO3 for titraction of blank, oL

8.2 Dry Gas Volume,
Using the data from this test, calculate V the
total volume of dry gas metered corrected to standard
conditons (20°C and 760 mm Hg), by using fquation 5-1 of
Method 5. If necessary, adjust V .. .4y for leakages as
cutlined in Section 6.3 of Method g. gee the field data

sheet for the average dry gas meter tesperature and
average orifice pressure drop.

8.3 Volume of Water Vapor and Moisture coantent,
Using data obtained in this test and Equations 5-2 and 5-3
of Method 5, calculate the volume of water vapor vv(std)
and the moisture content B __ of the stack
gas.
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8.5

Total Cyanide in Sample.

Colorimetric Procedure. Use the following equation to
calculate the amount of CN” in the sample:

ap = (1073 x Vo x V3 (€) ) /(A x Ag) Eq. 1

Titration Procedure, Use the following equation to
calculate the amount of CHT in the sample:

m, = (T - B) x Vg x 250 / { A, x Q, ) Eq. 2
Total Cyanide Concentration in Stack Gas.

Use the following equation to calculate total cyanide
concentration in the stack gas:

CS = K x mt / vm(std) Eq. 3
Where:

K = 1.00 n3/m3 if vm(std) is expressed in metric units,

K = 35.31 ft3/m3 if Vm(std) is expressed in English units
Isokinetic Yariation and Acceptable Results. Same as
Method 5, Sections 6.11 and 6.12, respectively. To

calculate Vs the average stack gas velocity, use equation
2-9 of Method 2 and the data from this Field test.

9. ALTERNATIVE TEST METHODS FOR TOTAL CYANIDE.

9.1

NIOSH Method 7904 (Reference 10.4).

Airborne cyanides (gas and aerosol) are collected on a
cellulose ester membrane filter and in a KOH bubbler.
Because the particulate cyanide collected on the filter
can liberate HCN which is trapped in the bubbler, the
method cannot distinguish between HCN formed in this
manner and HCN originally present in the air. Cyanide
concentration is determined with an ion-specific
electrode.

Interferences are significant., Sulfide, iodide, bromide,
cadmium, zinc, silver, nickel, cuprous ion, and mercury are
named as elements or compounds which affect the
performance of the ion-specific electrode. Except for
sulfide, the method does not propose remedies for
minimizing or eliminating these interferences.

10. BIBLIOGRAPHY.

10.1 American Society for Testing and Materials, Annual Book

of ASTM Standards, Part 31; Water, Atmospheric
Analysis. Philadelphia, Pa. 1974, p. 40-42.
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10.2

10.3

10.4

10.5

U.S. Environmental Protection Agency/Office of Solid Waste,
Washington, D.C., Method 9010. In "Test Methods for

Evaluating Solid Waste-Physical/Chemical Methods" SW-846
(1982). :

EPA-600/4-79-020. Method 335.2." In "Methods for

Chemical Analysis of Water and Wastes"” (Final report)/ J.F.
Kopp et al. Environmental Monitoring and Support
Laboratory, Cincinnati, OH. March 1983,

NIOSH Manual of Analytical Methods, 3rd ed., Method 7904,
Cyanides, Aerosol and gas. U.S, Department of Health and
Human Services DHHS (NIOSH) Publ. No. 84-100. Feb, 1984.

Same as Method 5, Citations 2 to S and 7 of Section 7.
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APPENDIX L
CARB Method 429

Determination of Polycyclic Aromatic Hydrocarbon
Emissions from Stationary Sources




The Almega CorporaTion

PAH's and Phenol

PAH emissions were determined exactly as detailed in CARB Method
429. Additional analysis, calibration and QA spiking was conducted for
determination of phenol emissions by extending the GC/MS analysis scan.
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Method 429

Detemmination Of Polycyclic Aramatic Hydrocarbon(PAH)
Emissions Fran Stationary Sources

1.0 INIRODUCTIN

1.1

1‘2

APPLICABILITY

This method applies to the determination of polycyclic aramtic
hydrocarbons (PAH) emissions from stationary sources. 'The
sensitivity which can ultimately be achieved for a given sample will
depend upon the types and concentrations of other chemical compounds
in the sample, as well as the original sample size and instrument
sensitivity.

This method is restricied to use only by or under the supervision of
Analysts expericnced in the use of capillary colum gas
chromatography/mass spectrametry and skilled in the jnterpretation
of mass spectra.

Decause of the toxicity of the materials known or believed to
coptain PAH, certain precautions must be taken which are necessary
to prevent exposure to the analyst or to others.

Any modification of this method beyond those expressly permitted
shall be considered a major modification subject to approval by the
Executive Officer.

PRINCIPLE *

Particulate and gaseous phase PAH are extracted isokinetically from
the stack and collected on & filter, on XAD-2 resin, in the
impingers, or in upstream sampling train camponents. Only the total
amounts of cach PAH in the stack emissions can be detemined with
this method. It has not been demonstrated that the partitioning in
the different parts of the sampling train is representative of the
partitioning in the stack gas sample for particulate and gaseous
PAH.

The analytical method entails the addition of internal standards to
all samples in known quantities, matrix-specific extraction of the
sample with appropriate organic solvents, preliminary fractionation
and clesnup of extracts (if necesssry) and analysis of the processed
extract for PAH using high-resolution capillary columm gas
chramatography coupled with either low resolution mass spectrometry
(HRGC/LRMS), or high resolution mass spectrometry (HROC/HRMS).

Various perforrmnce criteria are specified herein which the
analytical data must satisfy to ensure the quality of the data.
These represent minimm criteria which must be incorporated into any
program-in which PAH emissions are determined from stationary
sources,
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The method presented here is intended to determine the total
concentration of several PAH, coamonly referred to as the EPA
priority PAH campounda. They are listed in Table 1.

TABLE 1 AXYOLIC INTROCARBONS

. Naphthalene
« Acenaphthylene

. Acenaphthene '

. Fluorene
. Pheaanthrene
. Anthracene
. Fluoranthene

8. Pyrene

9. Benz[a]anthracene
10, Chrysene )
11. Benzo(b]fluoranthene
12. Benzo{k]fluoranthene
13. Beazo{alpyrene
14. Benzo[ghi)perylene
15. Dibenzlah)anthracene
16. Indeno(1,2,3-cd]pyrene

NALA AW N

1.3 MATRIX INTERFERENCES

Modified Method 5 sampling train can cause artlfactual formation and
PAH transformation. The fact that PAH can degrade or transform on
sample filters s woll documented. Certain reactive PAH such as
benzo[a }pyrene, benzola]anthracene, and fluorsnthene when vrapped on
filters can readily react with stack gases. Low levels of nitric
acid and higher levels of nitrogen oxides, orone, and sulfur oxides
have been known to react with these PAH.

PAH degradation may be of even greater concern when they are trapped
in the impingers. When stack gases such s sulfur oxides and
nitrogen oxides came in tontact with the impinger water they are
converted into sulfuric acid and nitric acid respectively. There is
evidence that under such conditions certain PAH will be degraded. It
is reconmended that the levels in the impingers be used as a
qualitative tool to determine if breakthrough has occurred in the
resin.

In order to assess the effects of ozone, sulfur oxides and nitrogen

oxides the tester is recoomended to concurrently momitor for these
gases during PAH sampling.
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1.4 LDEFINITIONS AND ADDREVIATIONS

1.4.1

1.4.2

1.4.3

1.4.4

1.4.5

1.‘.6

Jnternal Standard

A conponent which is added to every sample and is present
in the same concentration in every blank, quality control
sample, and concentration calibration solution. It is
added to the sample before injection and is used to
measure the concentration of the analyte and surrogate
compound.

Surropase Siandard

A cogponent added to the sample matrix in s known amount
and allowed to equilibrate with the matrix so that its
measured concentration in the cxtract relative to an
internal standard is sn indication of the extraction
efficiency. The surrogate standard is a canponent that
can be completely resolved, is not present in the sample,
and does not have any interference effects, (e.g. a
perdeuterated PAH).

Relative Reaponac Factor
The response of the mass spectrameter to a known ampunt of

an anslyte relative to a known ampunt of an internal
standard.

Pexfopmnce Standard .

Amixture of known amounts of selected standard compounds;
it is used to demonstrate continued acceptadle performance
of the GC/MS system. These include system performnce
checks, calibration checks, quality checks, matrix
recovery, and surrogate recoveries.

Perfommnce Evaluation Sarple
A sample prepared by EPA or other laboratories containing

representative PAH in known concentrations approximating
those present in typical field samples.

Executive Officer

The phrase Executive Officer as used in this document
shall mean the Executive Officer of the Californla Air
Resources Board or Air Pollution Control Officer of the
local air pollution control district/air quality
mapagement district at whose request the test is
conducted, or his or her authorized representative.
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PRACTICAL QUANTTTATION LIMITS

Table 2 lists target practical quantitation limits for the PAH of
ioterest,

PQL-: The practical quantitation limit (PQL) is the lowest
Ievel that can be reliably achieved within specified limits of
precision and accuracy during routine laboratory operating
conditions. PQLs will be proportionately higher for sample
extracts that require dilution to avoid saturation of the

detector.
JADLE 2__ ANALXTICAL, PRACTICAL (UANTTTATION LIMITS (ng/ul)
LRMVS HRMS
1. Naphthalene 20 05
2. Acenaphthylene 20 .05
3. Acenaphthene 20 .05
4, Fluorene 20 .05
5. Phenanthrene 20 0S5
6. Anthracene 20 .05
7. Fluoranthene 20 .05
8. Pyrene 20 .05
9. Benz[a)anthracene .20 .05
10. Chrysene . 20 .05 -
11. Denzo{b)fluorsnthene 20 . .08
12. Bearo(k]fluoranthene 20 .08
13. Benzo(a]pyrene A 20 .05
14, Benzo[ghilperylene 20 .05
15. Dibenz{ahlanchracene 20 .05
16. Indeno(1,2,3-cd}pyrene 20 .05
If 20 ug of sample is collected during a 3 hr. run at
0.75 cu. ft./min. then with LRMS a PQL of § ug/m” can be
obtained. .

If 50 ng of sample is collected during a 3 hg. MMS run at 0.7$
cu. ft./min. then with HRMS & PQL of 13 ng/m” can be obtained,.
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1.6

1.7

INTERFERENCES

loterferences may be caused by contaminants in solvents, reagents,
tlassware, and other sample processing hardware that lead to
discrete artifacts and/or elevated backgrounds at the ions
monitored. All of these materials must be routincly demonstrated to
be free fram interferences under the conditions of the analysis by
running laboratory rcagent blanks as described in Section 5.8.6.
The use of high purity reagents and solvents helps to minimize
interference problems. Purification of solvents by distillation in
all-plass systems may be required.

A methyl silicone capiliary columm, will resolve the target PAH.
Positive results using any other gas chromatographic colum must be
shoom to be isomer specific.

1f other gas chramatographic conditions or other techniques are
used, the tester is required to substantiate the data through an
adequate quality assurance program approved by the Executive
Officer. .

ESTIMATING PAH mmnmms IN SAVPLE

Same estimate of PAH levele in the sample is necessary in order to
specify which analytical method is used. This is because different
levels of internal, surrogate, and splking concentrations are added
to samples depending on whether or HRMS is used for the
analysis. For sources whbere ug/m” of PAH are found LRMS is
sufficient. For sources where lower levels are found HRMS will be
nceded.

IT possible, a pretest should be conducted and a pretest sumple
should be analyzed to estimmte the PAH concentration found in the
source. Where a pretest is not feasible the tester should estimate
the concentration of PAH fram the best available resources. After
obtaining the cstimated PAH concentration the tester will specify
either HRMS or LEMS.
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2.2

The number of sampling runs nust be sufficient to provide
minimal statistical data, which is generallly three runs.

2.1.2 Sanple Time

The sampling time oust be of sufficient length to provide
coverage of the average operating conditions of the
sgurce.

2.1.3 Sample Volwme

The sample volume must be sufficient to provide the
requited amount of analyte to meet both the minimmn
detection limit ML of the analytical method and the
allowable stack emissions. It mmay be calculated using the
following formula:

100 100 1
Sample Volume « A x ----- X ----- X ---
‘ B - C b
Where:
A = The analytical ML in ng .

B = Percent (%) of the sample used per analytical run
C = Estimated sample recovery (%)
D = Allowable stack emissions (ng/dscm)

SAVPLING TRAIN

The following apparatus and materials are appropriate for use in
these procedures. Mention of trade names or apecific products does
not constitute endorsement by the California Air Resources Board.
In all cases, equivalent items from other suppliers may be used,

The following sampling apparatus is recammended. The tester may use
an alternative sampling apparatus onliy if, after review by the
Executive Officer, it is deemed equivalent for the purposes of this
test method. )

A schematic diagram of the sampling train ls shown in Figure 1. The
train consists of nozzle, probe, heated particulate filter,
condenser, and sorbent module followed by twop impingers and a silica
gel drying cartridge. An in-stack filter mmy be used in place of
the probe and heated filter il this is requlred. A cyclone or
similar device in the heated filter box may be used for aources
emitting a large amount of particulate matter.
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For sources with a high moisture content, a water trap may be placed
between the heated filter and the sorbent module. Additional
impingers oy also be placed after the sorbent module. If any of
these options are used, details should be provided in the test
report. The traln mmy be constructed by adaptation of an EPA Method
5 train. Descriptions of the train components are contained in the
following sections.
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EIGURE 1 PAM SAMPLING TRAIN
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2.2.1

2.2.2

2.2.3

2.2‘4

Rrobe Nozzie

Quartz, or borosilicate glass with sharp, tapered leading
edge. The angle of taper shall be 30° and the taper shall
be on the outside to preserve a constant internal
diameter. The probe nozzle shall be of the button-hook or
elbow design, unless otherwise approved by the Executive
Officer.

A range of sizes suitable for isokinetic sampling should
be available, e.g., 0.32 to 1.27 em (1/8 to 1/2 in.) - or
larger if higher volume sampling trasins are used - inside
diameter (ID§ nozzles in increments of 0.16 am (1/16 in.).
Each nozzle shall be calibrated according to the
procedures outlined in Section 5.1 of ARD method 5.

Prohe

The probe should be lined or made of Teflon, quartz, or
borosilicate giass. The liner or probe is to provide an
inert surface for the PAH in the stack gas. The liaer or
probe extends paat the retaining nut into the stack. A
temperature-controlled jacket provides protection of the
liner or probe. The liner shall be equipped with a
connecting fitting that is capable of forming a leak-free,
vacuum tight connection without the use of sesaling
greases. If an in-stack filter is used, the probe follows
the in-stack filter.

Sample Tranafer Ling -

The sample transfer line shall be Teflon (1/4 in. O.D. x
1/32 in. wall) with connecting fittings that are capable
of forming leak-free, vacuum tight connections without
using sealing grecases. The linec shouid be as short as
possible.

Eilter Holdex

The filter holder shall be constructed of borosilicate
glass, with a glase frit filter support and glass-to-glass
seal or Teflon gasket. The holder design shall provide a
positive secal againat leakage fromn the outside or around
the Flilter. The holder shall be attached immediately at
the outlet of the probe, cyclone, or nozzle depending on
the configuration used. Other holder and gasket materials
may be used subject to the approval of the Executive
Officer.
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2.2.5

2.2.6

Preacpazator

A cyclone, a high capacity impactor or other device mmy be
used to remove the majority of the particles before the
gas stream is filtered. This catch must be included in
any subsequent analysis, The device shall be constructed
of quartz or borosilicate glass. Other matcrials may be
used subject to the approval of the Executive Officer.

Candenarr '

The condenser shall be constructed of borosilicate glass
and shall be designed to allow the cooling of the gas
stream to at least 20 C before It enters the sorbent
module. Design for the normml range of stack gas
conditions is shown in Pigure 3.
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2.2.7

2.2.8

'2.2.9

Sorhenx Module

The sorbent module chall be mede of glass with connecting
fittings that are able to form leak-free, vacuum tight
seals without the wuse of scalant greases (Figure 35. The
vertical resin trap is preceded by a coil-type condenser,
also oriented vertically, with clrculating cold water,

Gas _entering the sorbent module must be cooled to 20 "C
(68°F) or leas. The gas temperature shall be monitored by
A thermocouple placed-either at the inlet or outiet of the
sorbent module. The sorbent bed must be fimly packed and
secured in place to prevent settling or channeling during
sample collection. Ground giass caps (or equivalent) must
be provided to scal the sorbent-filled trap both prior to
and following sampling. All sorbent mndules must be
maintained in the vertical position during sampling.

Jmpingex Train

Two or more impingers are connected in series with
connecting fittings able to form leak-free, vacuum tight
scals without sealant greases. All impingers shall be of
the Greenburg-Smith design modified by replacing the tip

with 3 1.3 an (1/2 in.) I.D. glass tube extending to 1.3
am (1/2 in.)fran the bottom of the flask.

The first impinger, connected to the outlet of the sorbent
module shall be furtber modified to have a short stem, so
that the sample gas does not bubble through the collected
condensate. The first impinger shall be expty.

An oversized Impinger mmy be required for sempling high
moisture streams since this lmpinger collects the
condensate which passes through the sorbent module for
subsequent analysis. The second impinger initlally
contains water or alternatively 100 mi. ethylene glycol
which is intended to collect PAH not adsorbed by the
resin.

A tbermometer which measures temperatures to within 1%
(2°F), should be placed at the putlet of the second

impinger.
Silica Gel C 1d
This shall be sized to hold 200 to 300 gm of silica gel to

absorb moisture, and to prevent dammge to the pumping
system. '
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2.2.10

12.2.11

2.2.12

2.2.13

Pltat Tube

Type S, as described in Section 2.1 of ARB Mathod 2 or
other devices approved by the Executlve Officer shall be
used to determine stack pas flow rate. The pitot tube
shall be attached to the probe extension to allow constant
monitoring of the stack gas velocity as required by
Section 2.1.3 of ARB Method §. When the pitot tube occurs
with other sampling components as part of an assembly, the
arranganents mitt meet the specifications required by
Section 4.1.1 of ARB Method 2. Interference-frees
arrangernentd are illustrated in Flgures 2-6 through 2-8 of
ARB Method 2 for Type S pitot tubes having external tubing
diameters between 0.48 and 0.95 cm (3/16 and 3/8 in.).

Source sampling assemblies that do not meet these minimum
spacing requirements (or the equivalent of these
requirenents) may be used. However, the pitot tube
coefficients of such assemblies shall be determined by
calibration, using methods which are subject to prior
approval by the Executive Officer.

Differential Preasuxe Gaugs

Two inclined manameters or equivalent devices, as
deacribed in Section 2.2 of ARB Method 2. One manometer
rhall be used for velocity head (delta P) readings and the
other for orifice differentlal pressure readings.

Metering Syatem

Vacuum gauge, lsnk-free punp, thermameters accurate to
within 3°C (5.4°F), dry gas meter capable of measuring
volume to within 2 percent, and related equipment, as
shown ln Figure 1. Other metoering systeams oust meet the
requiremencs stated in Section 2.1.8 of ARB Method §S.

Barooeter

Mercury, aneroid, or other barameter capable of measuring
atmmospheric pressure to within 2.5 nm Hg (0.1 in. Hg). In
many cases, the barometric reading mmy be obtained from a
nearby National Weather Service Station, In which case the
station value (which Is the absolute barcmetric pressure)
shall be requested and an adjustment for elevation

differences between the weather station and sampling point
shall be applied at a rate of minus 2.5 mm Hg (0.1 in. Hg)

per 30 m (100 ft) elevation increase of vice versa for
elevation decrease.
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2.3

2.2.14  Gaa Density Detemination Fquipment

Taumperature sensor and pressure gauge, as described in
Section 2.3 and 2.4 of Method 2, and gas amalyzer, if
necessary, as described in Method 3. The preferred
configuration and alternative arrangements of the
tempersture sensor shall be the same as those deacribed in
Section 2.1.10 of ARB Method 5.

2.2.15  Eilter Heating System:

The heating system must be capable of maintaining a
temperature around the filter holder durlng sampling of
(120414°C) (248:25°F). A temperagure gauge capable of
measuring temperature to within 3°C (5.4°F) shall be
installed so that the temperature around the filter holder
can be regulated and monitored during sanpling.

FILTERS

The in-stack filters shall be Telflon coated glass fiber filters,
without organic binders or be Teflon membrane fiiters, and shall
exhibit at least 99.95 percent efficiency (0.05 percent penctration)
on 0.3 micron dioctyl phthalate smoke particles. The filter
efficiency test shall be conducted in accordance with ASIM standard
Method D 2986-71. :

Test data from the supplier®s quality control program are sufficient
for this purpose. Prior to use in the field, ecach lot of filters
shall be subjected to precleaning and a quality controd or
contamination check to confimm that there are no contaminants
present that will interfere with the analysis of selocted species at
the target detection limits.

Filter precleaning shall consist of soxhlet extraction, in batches
not to exceed 50 filters, with the solvent(s) to be applied to the
field samples. "As a QC check, the extracting solvent(s) shall be
subjected to the same concentration, clean-up and snalyslis
precedures to be used for the field samples. The background or
blapk value observed shall be converted to a per filter basis and
shall be corrected for any differences in concentration factor
between the QC check (CFQ:) and the actual sample analysis
procedure (G’s)-

Blapk value Apparent ug of analyte, CJ’S

per filter = <c-c--. cemcevececmcccnnces X --=-- é9
No. filters extracted CFQC 3

Vhere:

Initial volume of extracting solvent

Final Volume of concentrated extract
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The quantitative criterion for acceptable filter quality will depend
on the detection limit criteria established for the field sampling
and analysis program. Filters that give a background or blank
signal per filter greater than or equal to the target detection
limit for the analyte(s) of concern shall be rejected for field use.
Note that acceptance criterla for filter cleanliness depend not only
on the inherent detection limit of the analysis method but also on
the expected field sample volums and on the desired limit of
detection in the sampled stream.

If the filters do not pass the QC check, they shall be re-extracted
and the solvent extracts re-analyzed uatil ag acceptably low
background level is achieved.

SCRBENTS
2.4.1 Amberlite XAD-2 Reain

Resin may be purchased precleaned or the resin may be
cleaned in accordance with the procedure presented in
Section 7.1.2 of ARB Method 428. Precleaned resin must be
checked for contamination as described in Sectionm 2.4.2.
If the realn falls the QC check, it may be re-

cleaned.

2.4.2 QC Contamination Check

The XAD-2 resin, whether purchased precleaned or cleaned
ag described above, shall be subjected to a QC check to
confirm the abseace of any contaminants that might cause
interferences In the subsequent analysis of field samples,
An aliquot of resin, equivalent in slze to one field
sampling tube charge, shall be taken to characterize a
single batch of resin.

The XAD-2 resin aliquot shall be subjected to the same
extraction, concentration, clean up, and analytical
procedures as those appiied to the field samples. The
quantitative criteria for acceptable resin quality will
depend on the detection limit criteria established for the
ficld sampling and anslysis program.

Resin which yields a background or blank sigoal greater
than or equal to that corresponding to the target
detéction limit for the analyte(s) of concern shall be
rejected for field use. Note that the acceptance limit
for resin cleanliness depends not only on the inherent
detection limit of the analysis method but also on the
expected field sampie volume and on the desired limit of

detection in the sampled stream.
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2.5

2.4.3  Silica Gel

Ind6cu|ng type, 6 to J6 mesh. If previously used, dry at
175°C (350°F) for 2 hours. New silica gel omy be used as
received. Alternatively, other desiccants (equivalent or
better) may be used, subject to approval by the Executive
Officer.

2.4.4 Yater

Deionized. then glass-distilled, and stored in hexane-
rinsed glass containers with Teflon-lined screw caps.

2.4.5 LCrushed Ice

Place crushed ice ip the water bath around the impingers.

2.4.6 Glaas Whol, Silanized

Cleaned by thorough rinsing, i.e., sequegtinl immersion in
three aliquots of hexane, dried in a 110°C oven, and
stored in a hexane-washed glass jar with TFE-lined screw
cap.

SAMPLING PROCEIRE

Because of the complexity of this method, testers should be trained
and experienced with the test procedures in order to ensure recliable
results,

2.5.1 Presest Preparation o

All components shall be omintained and calibrated '
according to the procedure described in APTD-0576, unless
otherwise specified herein.

Weigh several 200 to 300 g portjons of silica gel in air-
tight contalners to the nearest 0.5 g. As an alternative,
the silica gel may be weighed directly in its impinger or
sampling holder just prior to assembly of the train.

Check filters visually against light for irregularities
and flaws or pinhole leaks. Label the shipping containers
(glass or plastic petri dishes) and keep the filters in
those containers at all times except during the sample
weighing.

Record weight of filters to the nearest 0.1 mg.

2.5.2 Preliminary Determinations

Select the sampling site and the minimum number of
sampling points according to ARB Method 1 or as specified
by the Executive Offijcer.
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Determine the stack pressure, temperature, and the range
of velocity heads using ARB Method 2; it is recommended
that a leak-check of the pitot lines be performed (sce ARB
Method 2, Section 3.1).

Determine the moisture content using ARB Method 4 or its
alternatives for the purpose of making isokinetic sampling
rate settings,

Determine the stack gas dry molecular weight, as described
in ARB Method 2, Section 3.6. If integrated sampling (ARB
Mecthod 3) is used for molecular weight detemination, the

integrated bag sample shall be taken simultaneously with,

and for the same total length of time as, the ARB Method 4
sample run,

Sclect a pozzle size based on the range of velocity heads,
such that it is not neccasary to change the nozzle size in
order to mmintain isokinetic sampling rates. During the
run, do not change the nozzle size. Ensure that the
proper differential presaure gauge is chosen for the range
of velocity heads encountered (see Section 2.2 of ARB
Method 2).

Sclect a probe extension length such that all traverse
points can be sampled. For large stacks, consider
sampling fram opposite sides of the stack to reduce the
length of probes.

Select a total saopling time greater than or equal to the
minimum total sampling time specified in the test
procedurgs for the specific industry such that (1) the
sampling time per point is not lesa than 2 minutes (or
same greater time interval as specified by the Executive
Officer), (2) the sample volume taken (corrected to
standard conditions) will exceed the required minimm
total gas sample volume determined in Section 2.1.2. The
latter is based on an spproximmte average sampling rate.

It is recomnended that the number of minutes sumpled at
each point be an integer or an integer plus one-half
minute, in order to avoid timekeeping errors.

In some circumstances, e.g., batch cycles, it may be
necessary to sample for shorter times at the traverse
points and to obtain smmiler gas sample volumes. In these
cases, the Executive Officer’s approval must first be
obtained.
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2.5.3

2.5.4

2.5.5

LCleaning Glassware

All glase parts of the train upstream of and including the
sorbent module and the {irst impingers should be cleaned
as described In Section A of the 1974 lssue of Manual of
Apnalytical Methods for Analysis of Pesticide Residues in
Human and Eavironmental Samplea (Reference 13.3). Special
care should be devoted to the removal of residual silicone
grease scalants on ground glass connections of used
glassware. These grease residues should be reamved by
soaking several hours in a chromic¢ acid cleaning solution
prior to routine cleaning as described above.

All glassware should be rinsed with methylene chloride
prior to use in the PAH sampling train.

3

Use a sufficient amount (at least 30 gms or S pms/m™ of
stack gas to be sampled) of cleaned resin to fill
caxpletely the glass sorbent trap which has been
thoroughly cleaned as prescribed and rinsed with hexane.
Follow the resin with glass wool and cap both ends.
These caps should not be removed until the trap is fitted
into the trajn. See Figure 3 for details,

The dimensions and resin capacity of the sorbeat trap, and
the volume of gas to be sampled, should be varied s
necessary to ensure efficient collection of the PAHs.

- Preparation of Cnlirction Train

Keeb all openings where contamination can occur covered
until just prior to assembly or until sampling ls about to
bepin. '

Caution: Do not use scalant greases in assembling the
sampling train.

If impingers are used to condense stack gas moisture,
prepate them as follows: place 100l of either water or
ethylene glycol in the first impinger. Leave the second
impinger empty, and transfer approximately 200 to 300 g of
preweighed silica gel from its container to the silica gel
cartridge.

Place the container in a clean place for later use in the
sample recovery.

If some means other than impingers is used to condense
moisture, prepare the condenser (and, if appropriate,

_ silica gel for condenser outlet) for use.
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Using tweezers or clean diaposable surgical gloves, place
a labeled (identified) filter In the filter holder. Be

sure that the lilter is properly centered and the gasket
properly placed so as not to allow the sample gas stream

to circunvent the filter. Check filter for tears after
assembly is completed.

Mark the probe extension with heat resjstant tape or by:
some other method to denote the proper distance into the
stack or duct for esch sampliing point.

Assemble the train ss in Figure 1, or 2. Place crushed
ice around the impioger.

Leak Check Procedures

2.5.6.1 Pretest Leak Check

A pretest Jeak-check is required. The following
procedure shall be used.

After the sampling train has been assembled, turn on
and set the filter and probe heating systems at the
desired operating temperatures. Allow time for the
tempersture to stabilize. Leak-check the train at
the sampling site by plugging the nozzle with &
Teflon plug and pulling & vacuum of at least 380 mm
Hg (15 in. Hg).

Note: A lower vacuum mmy be used, provided that it
is not excceded during the test.

Determine the leakage rate. A leakage rate in excess
os 4 percent of the average sampling rate or 0.00057

m” per min. (0.02 ¢fm), whichever is less, is
unacceptabdble.

The following leak-check instructions for the
sampling train described In Section 4.1.4.1 of ARB
Method S may be helpful. Start the pump with by-pass
valve fully open and coarse adjust valve completely
closed. Partinlly open the coarse adjust valve and
slowly close the by-pass valve until the desired
vacuum is resched. Do not reverse the directlon of
the by-pass valve., This will cause water to back up
into the filter holder. If the desired vacuum ls»
exceeded, either leak-check at this bigher vacuum or
end the leak-check as described below and start over.
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2.5.6.2

2.5.6.3

Vhen the leak-check is canmpleted, first slowly remove
the plug fram the Inlet to the probe nozzle and
imnedjately turn of{ the vacuum pump. This prevents
water from being forced backward and keeps silica gel
from being entrained backward.

Leak Checks During Sample Run

1f, during the sampling run, s camponent (e.g.,
filter assembly or impinger) change becaxxs
necenssary, o leak-check shall be conducted
immediately before the change is made. the leak-
cbeck shall be done according to the procedure
outlined in Section 8.1.4.1 above, except that it
shall be done &t a vacuum equal to or greater than
the maximam value recorded up to that point in the
test, If the ieakage rate is found to be no greater
than 0.00057 m"/min (0.02 ¢fm) or 4 percent of the
average sampling rate (whichever is less), the
results are acceptable, and no correction will npeed
to be applied to the total volume of dry gas metered.
If, however, a higher leakage rate is obtained, the
tesater shall cither record the leakage rate and plan
to correct the sample volume of gas sampled since the
last leak check uging the method of Section 2.8.2 of
this protocol, or shall void the sampling run.

Iomediately after component changes, leak-checks are
to be done according to the procedure outlined in
Section 2.5.6.1 above.

-

Post Test Leak Check

A leak-check is mapdatory at the conclusion of each
sampling run. The leak-check shall be done in
accordance with the procedures outlined in Section
2.5.6.1 except that it shall be conducted at a vacuum
equal to or greater than the maximum value recorded
durlng the sampling run. If tbe lenksge rate is
found to be no greater than 0.00057 m™/min (0.02 cfm)
or 4 percent of the average sampling rate (whichever
is leas), the reaults are acceptable, and no
correctlon need be applied to the total volume of dry
gad metered, If however, a higher leakage rate is
obtained, the tester shall either, (1) record the
leakape rate and correct the sample volume as shown
in Section 2.8.2 of this method, or (2) void the
sampling rua.
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2.5.6.4

Correcting for Excessive Leakage Rates

The equation given in Section 2.8.2 of this method
for calculating v (std), the corrected volume of gas
sampled, can be used as writton unless the leakage
rate observed during any leak-check after the start
of a test exceeded L, . the maximun acceptable leakage
rate (sce definitions below). If an observed leakage
rate exceeds L.. then replace ﬁn in the equation in

Equation 11-1 with the following expression.

Vi - (I‘i - L.)Qi - (LP - L.)Op

where:
Y - Voliume of gas sampled az
measured by the dry gas meter
(dscf).

L‘ - Mazimm scceptable Ieakgge
rate equal to 0.00057 m™/min
(0.02 Ft”/min) or 4% of the
average sampling rate,
‘whichever is smmllier.

L - Lcakage rate observed during

P the pon-tsn leak-check,
m /min (ft>/min).

L, - Leakage rate observed during
the leak-check perfommed prior
to the “ith"” 3ukcheck3(i -
1,2,3...0), m"/min (ft°/min).

Qi - Sampling time interval
between two successive leak-
checks beginning with the

interval between the first
and aecond lesk-checks, min.

Op - Sampling time interval

berween the last (n th)
leak-check and the end of the
test, min.

Note: Substitute only for those leakage rates (I.i or
Lp) vwhich exceed L,
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2.5.7

Traln Operation

During the sampling run maintain a sampling rate within 10
percent of true isokinetic, unless otherwise specified or
approved by the Executive Officer. For each run, record
the data required on the sample data sheet shown in Figure
4., Be sure to record the initial dry gas meter reading.
Record the dry gas meter readings at the beginning and end
of each sampling time increment, when changes in flow
rates are made, before and after each leak check, apd when
sampling is halted.

Take other readings required by Figure 4 at least once at
¢ach sample point during each time increment and
additional readings when significant changes (20 percent
variation in velocity head readings) necessitate
additiopal adjustments in flow rate.

Level and zero the manoneter. Because the manameter level
and zero may drift due to vibrations and temperature
changes, make periodic checks during the traverse.

Clean the ‘portholes prior to the test run to minimize the
chance of sanpling the depozited material. To begin
sampling, remove the nozzle cap and verify that the pitot
tube and probe extension are properly positioned.
Position the nozzle at the first traverse point with the
tip pointing directly into the gas stream.

Inmediately start the pump and adjust the flow to
isokinetic conditions. Nomographs are available, which
aid in the rapid adjustment of the isokinetic sampling
rate without excessive camputations. These nomographs are
designed for use when the Type § pitot tube coefficient
(C_.) is 0.85:0.02, and the stack gas equivalent density
(dPy molecular weight) (M,) is equal to 29ix4. APTD-0576
details the procedure for using the nomographs. 1f C_ and
M, are outside the above stated ranges, do not use th
nomographs unless appropriate steps (see Citation 7.5) are
taken to campensate for the deviations.

Vhen the stack is under significant pegative pressure
(height of impinger stem), take care to close the coarse
adjust valve before inserting the probe extension assembly
Iinto the stack to prevent water from being forced
backwvard., If tecessary, the pump may be turned on with
the coarse adjust valve closed.
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When the probe is in position, block off the openings
around the probe and porthole to prevent dilution of the
sample gas stream.

Traverse the stack cross-section, as required by ARB
Method 1 or as specified by the Executive Officer, being
careful not to bump the probe nozzle into the stack walls
wAhtn sampling mear the walls or when removing or inserting
the probe extension through the portholes: this minimizes
the chance of extracting deposited material.

During the test run, take approprmte steps (e.g., adding
crushed ice to the impinger ice bath) to maintain 3
temperature at the condenser outlet below 20°C (68°F

This will prevent excessive moisture losses. Also,
periodically check the level and zero of the manameter.

If the pressure drop across the filter becames too high,
making isokinetic sampling difficult to maintain, the
filter may be replaced during a sanple run. It is
reconmended that another complete filter sssembly be used
rather than attempting to change the filter itseif.

Before a new filter assembly is installed, conduct a leak-
check as outlined in Section 2.5.6.2. The total
particulate weight shall include the combined catches of
all filter assemblies.

A single train shall be used for the entire sample run,
except in cases where simultaneous sampling is required in
two or more separate ducts or at two or more different
locations within the same duct, or, in cases where
tquipment faijure necessitates a change of trains. In all
other situations, the use of two or more trains will be
subject to approval by the Executive Officer.

Note that when two or more traing are used, a separate
analysis of the collected particulate from each train
shal]l be performed, unless identical nozzle sizes were
used on all trains, in which case the particulate catches
from the individual trains mmy be combined and a single
analysis performed.

At the end of the sample run, turn off the pump, remove
the probe extension assembly from the stack, and record
the final dry gas meter reading. Perform a leak-check, as
outlined in Section 2.5.6.3. Also, leak-check the pitot
lines as described in Section 3.1 of ARB Method 2; the
lines must pass this leak-check, in order to validate the
velocity head data.
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1

2.5.8  Calculation of Parcant Isekinetic Vaciation

Calculate percent lsokinetic varistion (see Section 2.8.4)
to determine whethar another test run should be made. If
there was difficulty lo omintaining isokinetic rates due
to source conditlons, consult with the Executive Officer
for possible variance on the isokinetic rates.

-

2.6 CALIDRATTON

The tester shall maintain a laboratory log of all calibration
data which shall be obtained using the standard equipment and
procedures indicated below.

2.6.1 Lrobe Nozzle

Probe nozzles shall be calibrated according to the
procedure described In Section 5.1 of ARB Method 5§.

2.6.2 Pitas Tube

The procedure for callbrating the Type S pitot tube S
aspembly is outllned 1nLl¢ction 4 of ARD Method 2, =

2.6.3 Mciering Syatem

Calibration of the metering system shal] be performed (
according to the requirement of Section 5.3 of ARB
Method S5.

2.6.4 Tempexature Ganges

Use the procedure in Section 4.3 of ARB Method 2 to
calibrate in-stack temperature gauges. Dial thermometers,
such as those used for the dry gas meter and condenser
outlet, shall be callbrated against mercury-in-gless
thermometers.

2.6.5 Leak Check of Metering Syxtem Shoem in Fligure 1

The tester ahall use the procedure outlined in Section 5.6
of ARB Method 5.

2.6.6 Barometer

Calibrate againat a mercury barometer.
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2.7 QALITY ASSM/Q.IALI'iY CONTRCL.

The positive identification and quantification of PAH in this
assessment of stationary cambustlon sources is highly dependent on
the iptegrity of the samples recelved and the precision and accuracy
of all analytical procedures employed. The QA procedures described
in this section are to be used to monitor the perforrmnce of the
sampling methods, identify problems, and effect solutions.

2.7.1 Lield Blanka

Field blanks should be sutmitted as part of the samples
collected at each particular testing site. These blanks
sbould consist of materials that are used for sample
collection and storape and should be handled with exactly
the same procedurc as the samples.

2.7.2 Blank Train

At least 10 percent of the traing in each series of test
runs, snd & mininmm of one of these trains shall be a
blank train. Prepare and set up the blapk train in a
manner identical to that described above for the sampling
trains. The blank train shall be taken through all of the
steps fram preparation to leak-check without actual
sampling. Recover the blank train as described in Section
3.4,

2.7.3 Spiked PAH Ssopling Traina

Spiked trains are required as a means of estimmting the
precision and accuracy of the sampling traln for
collecting and recovering PAH in the stack gas sample.
Isotopically labelled PAH shall be spiked onto the filter
and/or the XAD-2 resin prior to each test.

At least JO% of the trains in each series of test runs
shall be spiked. In the casec where the control efficiency
of an air pollution control device is evaluated, there
shall be a minimum of one spiked train at the inlet and
one at the outlet of the control devices. Table 6 shows a
spiking plan for method internal standards, recovery
interna] dtandards, and field spikes. Additional labelled
PAH may also be used if avallable. The labelled PAH used
in the field spike must be different from the quantitative
internal standards. The appropriate spike level will
depend on the source to be tested. 1f the zpiking scheme
ruat be modified, the analyst must demonstrate that the
proposed plan will generate data of satisfactory quality.
Acceptable field spike recoveries should range between 50
and 150 percent,
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JARLE 3 _(OMYOUNDS TD BE USED AR FIFID SPIKES,

FIELD SPIKE AR FILTER FIELD SPIKE ROR RESIN
benzo[a]anthncene—dn methyl-mphthuene-dw

Note: Add prior to sampling.

2.8

SAMPLING CALCLILATIONS

Carry out calculations retaining at least one extra decimal figure
beyond that of the scquired data. Round off figures sfter the final

‘calculation. Other forms of the equations may be used as long as

they give equivalent results.

A = Cross-sectional area of nozzle, m2 (t‘tz).

n

B“ = Viter vapor in the gas stream, proportion by volume.

C. =~ Concentration of PAH In ltlc% gas, ng/dsam, cgrrected
to standard condlitlons of 20°C, 760 mm Hg (68°F,

29.92 in. Hg) on dry basis.
G = Total mass of PAH in stack gas sample, ng.
I = Percent lsokinetic sampling.

L. = Mazipum acceptadble leakage rate for cither a pretest
leak-check or for a leak cgeck following a camponent
change: equal to 0.00057 m”/min (0.02 ¢fm) or 4
percent of the average sampling rate, whichever is
less. .

I.i = Individual leakage rate observed during the leak-
check conducted prlor 50 the "ith" camponent change
(Ll =1, 2,3, ...0), m"/min (cfm).

L = Leskage ryte obaerved during the pon-.teu leak
P check, m’/oin (efm).
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M -
Pbar -
P -
[
std =
R -
T -
m
T -
s
Tstd -
Y -
aw
Vlc =
Vv -
m
V(s td)
v -
]
Y -
IAHa-
lt -
tb -
ti -
t -
P.

M)le;ullr weight of water, 18.0 p/g-mole (13.0 1b/l1b-
mole).

Barometric pressure at the sampling site, om Hg (in.

Hg). :
Absolute atack gas pressure, om Hg (in Hg).
Standard sbaolute pressure, 760 om Hg (29.92 in. Hg).

Ides] ga constant 0.06236 mHg-mslol(-g-nnle (21.85
in Hg-ft°/ R-1b-mole).

Absolute n\v&‘:;n § 4dry gas meter temperature (sce
Figure 3), ER). Note: meill depend on type of
meter used and sampling configuration.

Absolute average stack gas temperature °K (°R).
Standard absolute temperature, 293% (528°R).

Volume of acetone used in wash, mi.

Total volume of liquid collected in impingers and
silica gel, mi.

Volume of gas sample as measured by dry gas meter,
dam (def).

= Volune of gas sample measured by the dry gas
meter, corrected to standasrd conditions, daem
(dsef). .

Stack gas velocity, calculated by ARB Method 2,
Equation 2-9, using data obtained from ARB Method §,
m/sec (ft/sec).

Dry gas meter calibration factor.

Average pressure differential scross the orifice

meter, mm H,0 (in. HIO)'
Total sampiing time, min.

Sampling time interval, fram the beginning of a run
unti} the first component change, min.

Sampling time interval between two successive
component changes, beginning with the interval
between the first and second changes, min.

Sampling time interval, from the final (a'®)

component change until the end of the saupling rup,
min.
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13.6 = Specific gravity of mercury,
60 = aec./min.

100 =~ Conversion to percent.

2.8.1 Avexage Iy Gaa Meter Tempesature
And _Average Orifice Pressure Drop

Sce data sheet, Section 2,.5.7 (Figure 4).

2.8.2 Lry Gaz Vo lume

Correct the sample volume mcuursd by the dry pas
meler to standard conditions (20°C, 760 mm Hg or
68 F, 29.92 in Hg) by using Equation 2-%.

Equation 2-1
v Sy y et Pt GH3E) L Puy ¥ (AH13.6)
m(std) m T P K Vo T
) m atd m
‘.. Vhere:
Tstd ~ '?
K 2t - = 0.3858 °%/om Hg for metric units
1 -
v
.Patd =

~ 17.65 °R/in. Hg for English units

NOTE: Equatiom 2-1 can be used as written unless the leakage rate
observed during any of the mandatory leak-checks (i.e., the post-
test leak-check or leak-checks conducted prior to componeat changes)
exceeds L.

If L or any L

exceeds L.. Equation 2-1 must be modified as
follows:

i

(a) Caze I.
No component changes made during the sampling run. 1In thias
case, replace Vm in Bquation 2-1 with the expression:
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Vo=V, - (I.p N L.) t,

(b) Case 11.
One or more camponent changes made during the sampling run, In this
ctase, replace W% in Equation 2-1 with the expression:

Vo Ve ) oLt - L) e
i=2
and substitute only for those leakage rates (L. and/or L_) which
i P
cexceed L‘.
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2.8.3 Lonveraion Faciors

From To Multiply by
scf o’ 0.02832
g/ft3 ge/fe’ 15.43
g/eed 1o/1e3 2.205 x 1073
g/fed g /o 35.31

2.8.4 Jsokinetic Variation
2.8.4.1 Calculation Fron Rxw Data

Equation 2-2
o 0T, TGYye r WalTy) (Pyypt £ H/13-6))
60 t v_. P A -
| |
Where:

K3 = 0.003454 [(mm Hg ma)/(m.l %)) for metric units
- 0.002669 [(in Hg £t3)/[(ml °R)) for Engllsh units

2.8.4.2 Calculation fran Intemmediate Values

Equation 2.3

----------------------------

T v,0A P 60 (1-3“)

gtd s
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Vhere:

K, = 4,320 for metric units.

4
= 0.09450 for English units.

2.8.5 Acceptable Rexulta

If 90 percent < I < 110 percent, the results are
acceptable. If there is a high bias to the results, i.e.,
I < 90 percent, then the results are defined as at or
beiow the determined value and the Executive Officer mmy
opt 10 accepl the results. If there iz a low bias to the
results, i.e., I » 110 percent, then the results are
defined as at or above the determined value, and the
Executive Officer may opt to accept the results.
Otherwise, reject the results and repeat the test.
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3.0 SAVPLE REINERY
J.1 CQLEANING PROCEDLRE

Glassware cleaning. Glassware used in the sample recovery procedure
must be cleaned by detergent and water, and rinsed with tap water,
deionized water, acetone, toluene, and methylene chloride. Other
cleaning procedurec may be used as long as acceptable method blapks
are obtained,

Aluminum foil cleaning. Aluminum foil should be cleaned with
acetone followed by hexane. Other cleaning procedures may be used
as long as acceptable method blanks are obtained,

3.2 APPARATUS
Prohe Nozzle Brush: Inert bristle brush with stainless steel wire

handle. The brush shall be properly sized and
shaped to brush out the probe nozzie.

Wash PBottles: Teflon wash bottles are reconmended.

Glass Sample Storage Containers: Narrow mouth amber glass bottles

S00 ml or 100Qml.. Screw cap
liners shall be Teflon.

Eilter Storage Containers: Sealed filter holder or precleaned,

wide-mouth amber glass contaipers with
Teflon lined screw caps.

Graduated Cylind ,

and/or Dalance: .To measure condensed water to within 2 ml or 1 g
Use a graduated cylinder that has a minimm
capacity of S00 ml., and subdivisions no greater

than 2 ml.

Storage Contajpery: Air tight metal containers to store silica gel.

Rubber Policeman: To aid in transfer of silica gel to container. A
rubber policeapan is not necessary if silica gel

is weighed in the field.

Eunnel: Glass or Teflon may be used.

Ground Glass Capa or

Aluminpm Fgil: To cap off adaorbent tube and the other sample-
cxposed portions of the trainm.

Aluminum Eoil: Heavy-duty, precleaned to meet QA standards.
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3.3 SAMPLE RECQOVIRY REAGUNTS

3-4

Water: Deionized (DI), then glass distilled, and stored in glass
containers with Telflon-lined screw caps.

Acetone: Nanograde quality. "Distilled ip Glass™ or equivalent,
stored in original containers.

Hexape: Nanograde quality, "Distilled in Glass™ or equivalent,
stored in original containers,

Toluene: Nanograde quality, "Distilled in Glass™ or equivalent,
stored in original containers. :

Methylene Chloride: Nanograde quality or equivalent.
SAMPLE RDONVERY PROCIIIRE

Proper cleanup procedure begins as soon as the probe is removed from
the stack at the end of the sampiing period.

When the probe can be safely hapndled, wipe of [ all external
particulate matter near the tip of the probe nozzle. Remove the
probe from the train and close ofl both ends with aluminum foil.
Seal off the inlet to the train with a ground glass cup or saluminum
foil.

Transfer the probe and impinger assembly to the cleanup area. This
arca should be clean, and enclosed so that the chances of
contaminating or losing the sample will be minimized.

No smoking ix allowed.

inspect the train prior to and during disassembly and note any
abnormal conditiona, broken filters, color of the impinger liquid,
etc. Treat the samples a» follows:

S e G . No. 1 (fil ):
Carcfully ramove the filter from the filter holder and place it in
its identified container. Use a palr of precleaned tweezers to
handle the filter. If it iz necessary to fold the filter, ronke sure
that the particulate cake is inside the fold. Carefully transfer to
the container any particulate matter and/or filter fibers which
adhere to the filter holder gasket by using a dry ipnert bristle
brush and/or a sharp-edged blade. Seal the contaiper,

Sorhent Modules:

Remove the sorbent module from the train and cap it off.

Cyclone Catch:
If the optional cyclone is used, quantitatively recover the
particulate matter into a sample container and cap.
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Sample Container No. 2 (Front halfl rinses):

Quantitatively recover material deposited In the nozzle, probe,
transf{er line, the front half of the filter holder, and the cyclone,
if used, first by brushing and then by sequentially rinsing with
methanol, toluene, and methylene chloride three times each. Place
all these rinses in Container No.2.

Sample (o . No. 1 C(Back halif ti ys
Rinse the back half of the filter holder, the connecting line
betoween the filter and the condenser (if using the separate
condenser-sorbent trap) three times each with methanol, toluene and
methylene chloride, and collect all rinses in Container No. 3. If
using the combined condenser/scrbent trap, the rinse of the
condenser shall be performed in the laboratory after removal of the
XAD-2 portion. If the opticnal water knockout trap has been
employed, the contents and rinses shall be placed in Container No.
3. Rinse it three times each with methanol, toluene, and methylene
chloride.

S le G . N . (Fi ., ):
Reswve the first impinger. wipe off the outside of the impinger to
remove excess water and other material. Pour the contents and
rinses directly into Container No. 4. Rinse the impinger
sequentially three times with methanel, toluene, and methylene
chloride.

Remove the second impinger, wipe the outaide to remove excess water
and other debris. Fmpty the contents and rinses into Container No.
S. Rinse each with distilled water three times. .

Miintain samples (except filters) at 0-4°C from the time of
collection to extraction and protect from light. Filters should be
stored on dry ice. Degin sample extraction within seven days of
collection and analyze within 40 days of extractioa.
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4.0  ANALTICAL PREPARATION

4.1

4,2

4.3

4.4

INTERFERENCES

If camples contain an inordinate pumber of interferences, the use of
chemical ionization (Ci) mass spectrometry may meke identification
tasier. As an zlternative two cleanup procedures which are listed
in Section 4.7 may be used. The fina] option is to use an HPLC
clean up procedure. A detailed HPLC procedure is beyond the scope
of this method. If such a method is used the analyst must meet the
same performance criteria as for the other methods.

ANALYSIS: SAMPLE PREPARATION

All sample preparation should be done under yellow lights to limit
sample depradation.

SAFETY

The toxicity or carcinogenicity of each reagent used in this method
have not been precisely defined; bowever, each chemical coampound
should be treated as a potential health hazard. From this
viewpoint, exposurec to these chemicals must be reduced to the lowest
possibiec level by whatever means available. The laboratory is
responsible for maintaining a current awareness file of OSHA
regulations regarding the safe handling of the chemicals 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 informmtion.of the

analyst (7.7-7.9).

The following parameters covered by this method have been
tentatively classified as known or suspect, human or manmalian
carcinogens; benzo(a)anthracene, dibenzo(a,h) anthracene. A
guideline for the safe handling of carcinogens can be found in
section 5209 of Title 8 of the California Administrative Code.

APPARATUS

Glassware used in the analytical procedures (including the Soxhlet
apparatus and disposable bottles) must be cleaned as soon as
possible after use by rinsing with the last solvent used in it.
This should be followed by detergent washing with hot water, and
rinses with tap water, deionized water, acetone, toluene, and
methylene chloride. Other cleaning procedures may be used as long
as acceptable method blanks are cbtained.

Clean aluminum foil with appropriate solvents e.g. scetone followed
by hexane. .

-
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Grab Sample Roxile:
Amber glasy, 125-wl and 250-ml, fitted with screw caps lined with
Teflon. '

10 ml., graduated. Calibration mast be checked at the volumes
employed in the test. Ground glass stopper is used to prevent
evaporation of cxtracts.

Evaporative Flask, Kuderna-Deanish: 500-mL
Soyder Column. Kuderna-Danish: Three-bal} macro.
Snydex Colunn. Kuderpa-Dapjsh: Two-ball micro.
Migivials:

1.0 ml vials; cone-shaped, heavy wall berosilicate glass; with
Teflon-faced rubber septa and screw caps.

Soxhlet Apparatus:

1 liter recei\rcr.-l heatinp mantle, condenser, soxhlet extractor.
Ratary Lvaporator
Nistrogen Diowdown Apparatus
Capable of accu‘rue'ly weighing to the necarest 0.0001 g.
4.5 ANALYSIS PREPARATION: REAGENT -
Reagent v»ater: Deionized (DI), glass distilled
Hexane: Nanograde quality or equivalent.
Toluene: Nanograde quality or equivalent.
Xetradecane: Nanograde quality or eql.liv:lent.
Methyl Alcohol: Nanograde quality or equivalent.
Methylene (hloride: Nanograde quality or equivalent.
Sulfuric Acid: ACS. Reagent Grade Concentrated, sp. gr. 1.84,

Sodium Sulfate: ‘

ACS. Reageat Grade Granular, anhydrous. Purlfy by heating in an
oven at 400°°C for four hours or by extracting with methylene
chloride and drying in a hood for 4 or more hours in a shallow tray.
Store in a bottle with Teflon lined screw cap and store bottle in a
desiccator.
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4,

Silica Gel:

For coluwm chromatography, type 60, BM reagent, 100-200 mesh, or
equivalent. Soxhlet extract with methylene chioride, and activate
in 8 foil covered glISI container for longer tham 16 hours at 130
C, then store at 130°C.

Alumina: '
Acidic Soxhlet extract with methylene chloride, snd activate ip a
foil covered glass container for 24 hours at 190 'C.

Alumina: o

Basic, Woelm activity grade I or equivalent (activate at 600 "C for

24 hours).

NOTE: The performance of alumina in the column cleanup procedure
varies with manufacturers and with the method of storage.
The analyst shall check the activity of each new batch of
alumina to ensure that PAH recovery is satisfactory. The
lowest level calibration standarde ghall be used for this
check. Recovery of each native PAH standard shall be at
least 70%.

ANALYSI1S

Stack sampling will yield both liquid and solid samples for PAH
analysis. Samples may be analysed separately as recovered according
to Section 3.4 or they may be combined as follows:

1) Particulate filter and particulate matter collected on the
filter (Section 3.4), cyclone catch (Section 3.4) and Sample
Container No. 2 (Section 3.4).

2) Sample Container No. 3 (Section 3.4), Resin (Section 3.4) and
rinse of resin cartridge.

3) Sample Containers No. 4, and No. $ (Section 3.4).

This sample recovery scheme is shown in Figure 5. It is preferable
that samples not be split prior to analysis even when they might
appear hamogencous as in the case of single liquid phase samples.
Solid samples such as the resin are not hamogeneous, and filter
samples are generally so amall that the desired minimup detection
limit might not be attained if the sample were split.

A flowchart of the extraction and clesnup procedures is presented in
Figure 6.
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4.6.

1

E . { liquid Seomles:
Front end rinses, Sample Container Na, 2:

Concentrate the rinse fram sample container No. 2 (Section
3.4) to & volume of about 1-5 ml using the nitrogen
blowdown apparatus (a stream of dry nitrogen) while
heating the sample gently on a water bath at 50°C.
Concentrate to near dryness. Thia residue will likely
contain particulates which were removed in the rinses of
the train probe and nozzle. Combine the residue (along
with three rinses of the final sample vessel) in the
Soxhlet apparatus with the filter and particulates and
procecd as described under Section 3.4.

Resin Rinses, Sanmple Container No, 1:

Concentrate the rinses from sample container No. 3
(Section 3.4) to a volume of sbout 1-5 ml using the
nitrogen biowdown apparatus (s stream of dry nitrogcng
while heating the sample gently on a water bath at S0°C.
Concentrate to near dryness. Combine this residue (along
with three rinses of the final sample vessel) in the
Soxhlet apparatus with the resin ssmple, and proceed as
described under Section 1.4.

lmpinger and Imping'er Ripses, Contalners No, 4 and No.S:

Place the cambined contents of Sample Comtainers No. 4,
and No. 5 (Sections 3.4) in a separatory funnel. Add an
appropriate quantity of the surrogate standard mixture to
achieve the concentration recommended in Section 5.2.5,
and extract the sample three times with aliquots of
methylene chloride. Combine the organic fractions and
pour through Na_S0  into a round bottom flask. Add
approrimately 530 uL tetradecane. Concentrate to 500 ul
with a Kuderna-Danish concentrator or rotoevaporator, then
transfer the extract to an 8-ml test tube with hexane.
Proceed with sample cleanup procedutel below (Section
4.6.2).
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4.7

The Soxzhlet apparatus should be cleaned by an 8-hr.
Soxhlect, and the solvent discarded. Add 20 g Na !'i(f)4
to the thimble. Cut the filter into smalil strips and
place the entire sample and residue rinses (4.6.1) on
top of the Na.SO,. Mix inmediately and add the
appropriate quantity of the surrogate standard
solution to obtain the extract volume concentrations
suggested in Section 5.2.5. -

Place the thimble in the Soxhlet apparatus, and add
250 ml. of benzene or toluene to the receiver.
Assemble the Soxhlet, turn on the heating controls
and cooling water, and reflux for 16 hours. After
extraction, allow the Soxhlet to cool. Transfer to a
500 mi. round bottom flask, and add approximately 500
ul. of tetradecape. Add approximately 50 ml. of hexane
and concentrate the extract volume to 500 ul with a
Kuderna-Danish concentrator or rotary evaporstor.
Transfer the extract to an 8 ml test tube with hexane
nnd)scl aside for column cleanup if needed {Section
4.7).

B. Resjn:

Clean the Soxhlet apparatus as written in Section
3.1. The resin sampie volume will most.likely be too
large for extraction in a single Soxhlet. In such
cases, the sample can be divided into two portlons.
Surrogate standard solution should also be divided
into two approximately equal portions. Cambine one
of these resin portions with the residue rinses and
procecd with each extract as in Section 4.6.3.

4.6.3 Canhining Extracts

Combine concentrated extracts from the three sample
containers 1, 2, 3, with the cyclone, filter and resin.
Combine extracts from the impingers and impinger rinses
and keep separate fram the other combined extract and
analyze separately.

PRBCLEAN-UP
The analyat may directly snalyze the extracted sarnples. If there

sre interferences in‘the direct analysis thenm a preclean up step is
required. '
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Several column chromtographic cleanup options are available.

Cither of the two described below, the silica and alumipa column
procedures, are considered to be sufficient. Acceptable alternative
cleapup procedures may be used provided that they are demonstrated
to genecrate acceptable accuracy and precision as required in
Section §.

An extract obtained as described in the foregoing sections is
concentrated to a volume of about 1 ml using the nitrogen blowdgwn
apparatus, and this is transferred quantitatively (with rinsings) to
tither of the colums described below.

4.7.1 Column Preparation
A. Silica Gel Column: Pack a glass gravity colum (250

om x 10 mm) in the following manner:

Insert a glass wool plug (cleaned) into the bottam of
the column and add a slurry of 10 grams of activated
silica gel (4.5) in methylene chloride and a 1 am
layer of anhydrous sodium sulfate (Section 4.5).

B. Acid Alumina Column: Pack a 10 mm glass gravity

colum as follows:

Insert & glass wool plug (cleaned) into the bottom of
the colum. Add 6 g of acid alumina prepared as
described in Section 4.5. Tap the column gently to
settle the alumina, and add 1 an of snhydrous sodium
sulfate to the top. .

4.7.2 Column Chramatography Procedure
A. Silics Gel Column: Preelute the columa with 40 ml of

pentane. The rate for all elutions should be about 2
ml/min. Discard the cluate and just prior to
exposure of the sodium sulfate layer to the air,
transfer the 1 ml sample extract onto the columm
using an additional 2 ml of hexane to complete the
transfer. Just prior to exposure of the sodium
sulfate layer to the air, add 25 ml of pentane and
continue the ¢lution of the columnm.

Next, elute the colum with 25 ml of methylene
chloride/pentane (2:3)(v/v). Concentrate the
collected fraction using K-D apparatus or a rotary
evaporator to required sample volume.

B. Alumina Column:

LElute the column with 50 ml of hexape. Let the
solvent flow through the column until the head of the
ligquid in the coluwmn is just above the sodium sulifate
layer. Close the stopcock to stop solvent flow.
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Transfer 1 ml of the sample extract onto the columm.
Rinse out extract vial with 1 ml hexane and add jt to
the column immediately. To avoid overtoading the
colum, it s suggested that no more than JO0 mg of
extractable organics be placed on the column.

Just prior to exposure of the sodium sulfate to the
air, elute the coliomn with a total of 15 ml of
hexane. If the extract is in 1 ml of hexane, and if

. 1 m! of hexane was used as & rinse, then 13 ml of

additional hexape should be used. Collect the
effluent and concentrate to desired volume.

Transfer to a minivial using a hexane rinse and
concentrate to the desired volume using a2 gentle
stream of nitrogen. Store the extracts in a freezer
eway from light until GC/MS analysis.
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5.0 ANALYTICAI DFTERMINATION

5.1

APPARATUS

5.1

5.1.4

.1

Sas_(hromatograph

An snalytical system complete with a temperature
progrenmable gas chromatograph and all required
Accessories including syringes, analytical colum and

gases. On columm injection is preferred but splitless
injection is acceptable.

Column

A high resolutioa cross-linked methyl silicone fused
silica ¢apillary columm.

Masng_Spectroancier

Capable of scanning from 35 to $S00 amu every 1 sec or
less, using 70 wvolt (noninal) electron energy in the
clectron impact ionization mode., Alternatively, 2 high
resolution mass spectroameter may be used.

SCMS Interface

Any gas chromatograph to mass spectrometer interface may
be used aa long as it gives acceptable calibration
response for each asnalyte of interest at the concentration

required and achieves the required tuning perfommnce
criteria (Section 5.3).

Data Syatem

A camputer system must be interfaced to the mass
spectrometer. The system must allow the continuous
acquisition and storage on machine-readable media of ail
mass spectra obtained throughout the duration of the
chromatographic program. The canputer must have software
that can search any GC/M5 data file for ions of a specific

mass and that can plot such ion abundances versus time or

scan number. This type of plot ja defined as an Extracted
lon Current Profile (EICP). Software must also be

available that sllows integrating the abundances in any
EICP between specified time or scan-number limits.
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5.2 REAGINTS
5.2.1

5.2.2

5.2.3

5.2.4

Stock atandard solutions (1.00 mg/ul)

Standard solutions can be prepared from pure stapdard
materisls or purchased as certified solutions.

P . [ Stock Soluti

When campound purity is assayed to be 96% or pgreater, the
weipght may be used without correction to calculate the
concentration of the stock standard. Commercially

.prepared stock standards may be used at any conceatration

il they are certified by the manufacturer or by an
independent aource.

Store stock :undard solutions in Teflon-scaled screw-cap
bottles at 4°C and protect from light. Stock standard
solutions should be checked frequently for signs of
degradation or evaporation, especially just prior to
preparing calibration standards from them.

Stock standard solutions must be replaced after 1 year, or
sooner, if comparison with quality control check samples
indicates a problem,

Anternal Standard Solutiona

The internal standard recommended is
2,2'-difluorobiphenyl- d‘. Other compounds may be used as
internal standards as long as the requirements given in
Section 5.3.5 are met. Each 1-ml. sample extract
undergoing analysis should be spiked with 10ul of the
internal standard solutlion, resulting in & concentration
of 40 ng/ul. of each internal standard for LIMS. For HRMS

the rssulting 1S concentration should be 0.3ng/ul. Store
at 4 "C or less when not being used,

Calil ion Standard

Calibration standards at a minimm of five concentration
levels should be prepared. One of the calibration
standards should be at a concentration near, but abave,
the method detection limit: The others should correspond
to the range of concentrations found in real samples but
should not exceed the working range of the GC/MS system.
For LRMS the range should be 20ng/ul to 200ng/uL. For
HRMS the range should be 0.1nmg/ul to 5 np/ul. Each
standard should contain each analyte for detection by this
method. Each calibration standard is spiked with a
solution of surrogate standards. The resulting surrogate
concentration should be mideway on the calibration curve,
Each 1-ml aliquot of calibration standard should be spiked
with 10ul of internal stsadard solution prior to analysis.
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5.2.5

All standards should be stored at -10°C to <20°C and
should be freshly prepared if check standards indicate 2
problem. The daily calibration standard should be
prepared weekly and stored at 4 C.

Surrpgate Standards

Listed in table 5 are the labeled isotopes used for
surrogates. Determine what concentration should be in the
blank extracts after all extraction, cleanup, and
coocentration steps. Inject this concentration into the
GC/MS to determine recovery of surrogate standards ip all
blanks, spikes, and sample extracts. Take into account
all dilutions of sample extracts.
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JALL 4

IONS SPECIFIED FOR QUANTIFYING AND MONITORING PAl

Pr innry. Secondary &gﬁ}"ﬁl
Quantitation Confirmtion Ionization
Compounds. lon Jon(s) don(a)

Naphthalene 128 129,127 129,157,169
Acenapthalene 152 151,153 152,153,181
Acenaphthene 154 153,152 154,155,183
Fluorene 166 165,167 166,167,195
Phenanthrene 175 179,176 178,179,207
Anthracene 178 176,179 178,179,207
Fluorantbene 202 101,203 203,231,243
Pyrene 202 200,203 203,231,243
Bcnzo[a]anthrnpenc 228 229,226 228,229,257
Chrysene 228 226,229 228,229,257
Benzo{b)fiuoranthene 252 253,125 252,253,281
Benzo{k)fluoranthene 252 253,125 252,253,281
Benzo{alpyrene - 252 253,125 252,253,281
Benzo[ghi]perylene 276 138,277 276,277,305
Dibenz[ali]Janthracene 278 139,279 278,279,307
[ndeno(1,2,3-¢d]pyrene 276 138,227 276,277,305

Just use primary ion for HRMS quantification and identification
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TJABLE 5
SBMIVOLATILE SURROGATE STANDARLYS

naphthalene-dﬁ
accnapthalene-d8
accnnphthcne-dlo
fluorene-dlo
phcnanthrcne-dlo
anthracene-dlo
fluoranthene-dlo
pyrcne-dlo
benzo[a]anthrqccne-d12
chryele-d12
benzo[b]fluornnthene-dlz‘
benzo[d]fluonnthenc-d12
benzo[a]pyrene-d12

benzo[ghi]perylene-d, ,
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5.2.¢6

Matrix Spike Standard.

Determine what concentration should be in the blank
extracta afier all extraction, cleanup, and concentration
steps. Inject this concentration into the GC/MS to
determine recovery of surrogate standards in all blanks,
spikes, and sample extracts. Take into account ail
dilutions of sample extracts.

5.3 INITIAL CALIBRATION

5.3.1

5.3.2

5.3.3

Q@ Operating Conditions

The recommended GC/MS operating copditions:

initial colwon temperature and hold t ume , 40 °C for 4 min
column temperature program: 40- 270 °C st 10°C/min

final column temperature hold 270°C (until
benzo[g,h,i]perylene has eluted)

injector temperature: 250-300°C

specifications

injector: Grob-type, splitless

sapple volume: 1-2 ul

carrier gas: Hydrogen at 50 an/sec or helium at 30am/sec

M50 ing Conditi

roass range: 35-500amu
scan time: lsec/scan ‘
ggurce temperature: According to manufacturer‘s
specifications transfer line temperature: 250-300°C

GCAS. Tunine Criteri

Background subtraction should be straight forward and
designed only to eliminate colwm bleed or instrument
background ions.

The analyst should tune the MS to achieve optimm

performance at unit resolution for LRMS and either 3000,
5000, ar 10,000 for HRMS.

Mass spectral peak profiles for m/z 69 (LRMS only), 219
and 264 must be recorded, plotted, and reported. The scan
should include a minimum of +/- two pesks (i.e, m/z 67-71

for the m/z 69 profile for LRMS or +/- 100 ppm for HRMS at
10,000).
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5.3.4

5.3.5

5‘306

OC Performence Criterla

A mixture of 1,1-bis(4-chlorophenyl)-2,2,2-trichloroethane
(0OT), benzidine and pentachorophenol should be used to
test for colum performance. Degradation of [OT to 2,2-
bis(4-chlorophenyl)-1,1-dichlorotthene (ITE) and 2,2-
bis(4-chlorophenyl)-1,1-dichlorethane (ICD) should not
exceed 20%. BDenzidine and pentachlorophenol should be
preseat at their normal responses, and no peak tailing
should be visible. [If degradation is excessive and/or
poor chramatography is noted, the injection port may
require cleaning. It may alao be necessary to break off =
the first 6-12 in of the capillary colum. ’

Colum resolution. The column resolution criteria of 7%
valley between benzo[b]fluoranthene and
benzo[k])fluoranthene is required.

1 Dilui {1 | Standard Criteri

Calibration with isotope dilution is used when (1)
labelled compounds are available, (2)

interferences do not preclude its use, and (3) the
quentitstion mass extracted ion curreat profile (EICP) are
for the compound is in the calibration range. If any of
these conditions preclude isotope dilution, interpal
standard method is used.

System Perfomance Check Compounda (SKT)

A system berformance check must be performed to emsure
that minimum average RFs are met before the calibration is
used. The System Performance Check Compounds are: N-
nitroso-dj-n-propylamine, hexachlorocyclopentadiene; 2,4-
dinitrophenol, and 4-nitrophenol. The minunmm acceptadble
average RF for these caompounds SP(Cs is 0.050. These
canpounds must meet the minimm requirement when the
system is calibrated.,

5.4 DAILY CALIDRATION

3.4.1

Daily. Tuning Criterd

Prior to apalysis of samples, the GC/MS tuning standard
must be analyzed. This is the same criteria as in the

initial tuning criteria givea in section $.3.3. These
criteria must be demonstrated during each 12-hr. shift.
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5.4.2

5.4.3

5.4.4

Calihrasion Standard Checl

A calibration satandard(s) at mid-level concentration
containing all the semivolatile analytes, including all
required surrogates pmust be performed every 12-hr. durijng
analysis. Compare the response factor data from the
initial calibration for a specific instrument as per the
SPCC (Section 5.4.3) and OOC (Section 5.4.4) criteria.

Syaten Perfommnce Check Compounds (SP(ICa)

A system perfommance check must be made during every 12
br. shift, If the SPQC criteria are met, a comparison of
response factors is made for all compounds. This is the
same check that is applied during the initial calibration.
1f the minimam response factors are not met, the aystem
must be evaluated, and corrective action must be taken
before sample analysis begins, The minimm RF for
semivolatile SPCCs is 0.050. This check oust be met
before analysis begina.

Calil {on Check G P (s o))
After the system performance check is met, (s,
acenaphthene, napthalene, fluoranthene, benzo{a]pyrene,
and chrysene are used to check the validity of the initial
calibration. Calculate the percent difference using:

RF,-RF _x 100 .

I

% Difference =
Where:

RFl = average response factor from initial calibration

RFc = response factor from current verification check
standard.

If the difference for any compound is greater than 20
percent, the laboratory should consider this a warning
limit. If the difference is less than JO%, the initial
calibration Is assumed to be valid. If the criterion is
not met (>30% difference) for any one (X, corrective
action must be taken. If no source of the problem can be
determined after corrective action has been taken, e new
five-point calibration must be generated. This criterion
must be met before sample snalysis begins.
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The internal standard responses and retention times in the
calibration check standard st be evaluated inmediately
after or during data acquisition. If the retention time
for any internal standard changes by more than 30 sec fram
the last check calibration (12hr), the chromatographic
system must be inspected for malfunctions and corrections
must be made as required. If the EICP area for any of the
internal standards changes by a factor of two (-50% to
+100%) from the last daily calibration standard check, the
mass spectrometer must be inspected for malfunctions and
corrections must be made, as appropriate.

5.5 GC/MS ANALYSIS

It is highly recommended that the extract be screened on a GC/FID or
GC/PID using the same type of capillary colum. This will minimize
contamination of the GC/MS system f{rom unexpectedly high
concentrations of organic campounds.

Spike the l.ml extract obtained from sample preparation with 10ulL of

the internal standard solution just prior to analysis.

Analyze the 1-ml extract by GC/MS using a 30-m x 0.25-mm (or 0.32-
silicone-coated fused-silica capillary colum. For LRMS the

volume to be injected should ideally contaln 100 ng of surrogates

for a 1 uL injection. For HRMS the volume to be injected should

ideally contain 2 ag of surrogate per lnjection. The reconmended

GC/MS operating conditions to be used are specified in

Section  5.3.2.

If the response for any quantitation ion exceeds the initial .
calibration curve range of the GC/MS system, extract dilution must
take place. Additional internal standard must be added to the
diluted extract to mmintain the required 40 ng/ul of each internal
standard in the extracted volume. The diluted extract must be
re-analyzed.

Perform all qualitative and quantitative meagurements as described

in Sectioas 5.6 and 5.7. Store the extracts at 4 /C protected from
light in screw-cap vials equipped with unpierced Teflon-lined septa.
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5.6 (QUALITATIVE ANALYSIS

5.7

5.6.1

5.6.2

5.6.3

5.6.4

ME Criteri

For LRMS an analyte is Identified by comparison of the
sample mass spectrum with the mass spectrum of a standard
of the suspected campound (standard reference spectrum).
Mass spectra for standard reference should be obtained onb
the user’s GC/MS within the same 12 hours of the sample
analysis. These standatd reference spectra may be
obtaiped through analysis of the calibration standards.
For HRMS selective ion monitoring the use of exact mass
measurement is used as a confirmation of identity.

Rl I'. R . I. erc. .

The sample component RRT must compare within 0.06RRT units
of the RRT of the standard camponent. For reference, the
standard must be run within the same 12 hrs as the sample.
If coelution of interfering components prohibits accurate
sssigoment of the sample camponent RRT from the total iop
chromatogram, the RRT should be assigned by using
titracted ion current profiles for ions unique to the
camponent’ of interest,

Jon Criteria

All ions present in the standard mags spectra at a
relative intensity greater thap 10% (most abundant ion in
the spectrum equals 100%) must be present in the sample
spectrum.

4

Relative I o

The relative intensities of ions specified in Section
5.6.3 must agree within plus or minus 20% between the
standard and sample spectra. (Example: For an ion with
an abundance of 50% in the standard spectra, the
corresponding sample abundance pmst be between 30 and 70
percent.

QUANTTTATIVE ANALYSIS

Vhen 1 compound has been identified, the quantitation of that
compound will be by the izotope dilution technique. If isotope
dilution is not possible then the method of internal standards is

used.
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5.7.1

I Diluti

A calibration curve encampassing the concentration rasge
is prepared for each campound to be determined. The
relative response (pollutant to labeled) va concentration
in standard solutions is plotted using linear regression.
Relative Response (RR) is determined according to the
procedures described below. A minimum of five data points
are employed for calibration.

The relative response of a pollutant to its labeled analog
is determined from isotope ratio values computed from
acquired data. Three isotope ratios are used in this
process:

R_ = the isotope ratic measured for the pure
pollutant,

R_ = the isotope ratio measured for the labeled
¢oampound .

R = the isotope ratio of an analytical mixture of
pollutant and labelled campounds.

The m/z’s are selected such that R > R_. [If R s
not betoxeen 2R_, and 0.5KR _, the method¥does 0o apply
and the sanplexis analyzcx by internal standard
wethod.

When there is GC and spectral scparation of the
pollutant-ladbelled pair:

R = [Ap] Ap = Area of pollutant
Ry' l\lAi] ‘ A.i = Area of isotope
RR = Rxx R:y

RR = Relative response

[f signigicant GC and spectral overlap occur, RR is
computed using the following equatlion:

RR = (Ry-Rm) (nx + I)I(Rm-Rx) (Ry-l)

If the ratio of relative response to concentration for any
campound is constant (less than 20 percent coefficient of
variation) over the 5 point calibration range, and
averaged relative response/concentration ratio may be used
for that compound, otherwise, the complete calibration
curve for that compound shal]l be used over the 5 point
calibration range.
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5.8

5.7.2 JInicroal Standard Method

The internal standard method is used only when 1sotopc
dijution cannot be used.

Calibration requires the determination of response factors
(RF) which are defined by the following equation:

RF = (Ai I Cis)/(Ais x Cs)

A_ is the area of the characteristic mass for the campound
in the standard.

A, is the areas of the characteristic mass for the
internal standard.

Ci' is the concentration of the internal stsndard

C. is the concentration of the compound in the standard

The response factor is determined for at at least five
concentrations appropriate to the reposnse of each
campound. The amound of internal standard added to each
extract is the same s0 that C. remains constant. The RF
is plotted vs concentration 07 each compound in the
standard to produce a calibration curve.

if the response factor (RF) for any compound is constant
(less than 35 percent coefficient of variation) over the §
point calibration range, an averape response factor may be
used for that compound; otherwise the complete
calibration for that compound shall be used over the §
point range.

5.7.3 Report Results

When duplicates and spiked samples are analyzed, report
all data obtained with the sample results.

QUALITY CONTROL/QUALTTY ASSURANCE

Each laboratory that uses these methods is required to operate a
forrm]l quality control program. The miniumum requirements of this
program consist of an initlal demonstration of laboratory capability
and an ongoing analysis of spiked samples to evaluate end document
quality data. The laboratory must majintain records to document the
quality of the data generated. Ongoing data quality checks are
campared with established performance criteria to detemine if the
results of analyses meet the performance characteristics of the
method. When results of sample spikes indicate atypical method
performance, a quality control check standard must be analyzed to
confirm that the measurements were performed in ap in-control mode
of operation.
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The experience of the analyst performing GC/MS analyses is
invaluable to the success of the methods. Each day that analysis is
performed, the daily calibration standard should be evaluated to :
determine if the chromatographic system is operating properly. 1If
any changes are made to the system (e.g, columm changed),
recalibration of the system must take place.

5.8.1 Quality Check Szmple, -
Quality Check Sample: A quality (QC) check sample which

contains all the analytes is required. The sample matrix
of the filter and or resin is spiked to contain

100ug/sample for LRMS or 0.S5ng/sample for HRMS.

The QC check sample concentrate pmy be prepared from pure
standard materials or purchased as certified solutions.
I[f prepared by the laboratory, the QU check sample
concentrate must be made using stock standards prepared
independently from those used for calibration.

Analyze the well-mixed QC check samples according to the
method beginning in Section 4.6 with extraction of the

samples.

5.8.2 Quality Check Standard Acceptance Criteria

Calculate the average recovery in ug/nmple. Accgptadle
recoveries are 50% to 150%.

Vhen one or more of the analytes tested fail at the
recovery acceptance criterin, the analyst must proceed
according to this Section.

Locate and correct the source of the problem and repeat
the test for all analytes of interest beginning with
Section 5.8.1.

Beginning with Section 5.8.1 repeat the test only for
those apalytes that failed to meet criteria. Repeated
failure, however, will confinn a general problem with the
measurement system. [f this occurs, locate and correct
the source of the problem and repeat the test for all
compounds of interest beginning with Section 5.8.1

5.8.3 Surrngate Standard Acceptance Criteria

Recnverien: To determine acceptable accuracy and
precision limits for surrogate standards the following

procedure should be performed.
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5.8.4

For each sampie analyzed, cslculate the percent recovery
of each surrogate in the sample.

If recovery is not within the limits of S0%-150% then, the
following procedures are required.

Re-extract and reapalyze the sample if no calculation or
instrument problems are found.

If there is a pon-discerpable problem, flag the data as
"estimated concentration”.

Matriz Spil , Cri .
Matrix Spikel

The concentration of the spike in the sample sbould be
determined as follows:

The spike should be at 1 to 5 times higher than the
background concentration.

Analyze one sample aliquot to determine the background
concentration (B) of each analyte. If necessary, prepare
a new QC check sample concentrate (Section 5.8.1)
appropriate for the backpround concentration im the
sample. Spike a second sample aliquot with 1,00ml of the
QC check sample concentrate and analyze it to determine
the concentration after spiking (A) of each_anmalyte.
Calculate each percent recovery (p) as 100(A-BY/T, where
T is the known true value of the spike. The recovery must
be within 50%-150%.

If a specific analyte percent recovery falls outside the
designated range for recovery, that analyte bas failed
the acceptance criteria. A check standard containing cach
apalyte that failed the criteria must be analyzed as
described in Section 5.8.1.

QC Check Standard for compounds that fail acceptance
criteria. If any analyte fails the acceptance criteria
for recovery in Section 5.8.2, a QC check standard
containing each apalyte that failed must be prepared and
analyzed.

Note: The frequency for the required analysis of a QC
check standard will depend upon the number of analytes
being simultaneously tested, the complexity of the sample
matrix, and the performance of the laboratory. The QC
check standard should be routinely analyzed with the
spiked sample.
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5.8.5

5.8.6

5.8.7

C (heck Standard Recovery

Analyze the QC check standard to determine the
concentration measure {A) of each analyte. Calculate cach
percent recovery (ps) as 100(A/TX., where T is the true
value of the stapdard concentration.

Compare the percent recovery (ps) for each analyte with
the QC acceptance criteria of 50%-150%. Only analytes
that failed the test in Section 5.8.2 need to be compared
with these criteria. If the recovery of any such analyte
falls outside the designated range, the laboratory
performance for that analyte is judged to be out
of control, and the problem must be immediately identified
and corrected. The analytical result for that analyte in
the unspiked sample is suspect and may not be reported for
regulatory compliance purposes.

[ ]

Reagent Blank

Before processing any samples, the analyst should
demnnstrate through the analyais of a rcagent blank, that
interferences fram the analytical system, glassware, and
reagents are under control. Qach time a sct of samples is
extracted or there ls a change in reagents, a reagent
blank should be processed as a safeguard against chronic
laboratory contamination. The blank samples should be
carried through all stages of the sample preparation and
measurement steps. ®

Ficld Blanks and Spikes

During sampling the test crew is required to take field
blanks, a blapk train and a spiked sample train.

Field Blani { Field Blank Train:
The field blank will be used to analyze for background
levels. The blank analytical preparation and analysis
will run concurrently with the other test samples.

Field Spike Traina:
The field spike trains are required to determining the
recoveries of both the analytical and sampling method. .
These samples are to be run concurrently with the other
test samples. Acceptable recoveries are between 50% to
150%. If the values are outside this range then the data
mist be flagged as " estimated concentration™.

Duplicate Samples: These are individua]l samples that are

analyzed more thap once to obtain the precision of the
analytical method. At least one duplicate should be
analyzed per test.
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5.8.8 Additional Quality Asasurance

The laboratory shall adopt additional quality assurance
practices for use with this method. The specific
practices that are most productive depend upon the needs
of the laboratory and the nature of the samples. When
doubt exists over ibe identification of a peak on the
chramatogram, confirmatory techniques such as gas
chromatography with & dissimilar column, specific ¢lement
detectar, Or mass spectrameter must be used. Whenever
possible, the laboratory should analyze standard reference
materials and participate in relevant performance
evaluation studies. In recognition of the .-advances
ocurring in chromstography, the analyst is permitted
certaip options to improve separatioas or lower the cost
of measurements. Each time such modifications to the
method are made, the analyst is required to repeat the
ptocedures described in Section 5.8 and demonstrate the
ability to gencrate data of acceptable accuracy and
precision.

5.9 ALTERNATTVE TEST MITHID

If an alternative test method is used, the tester must demonstrate
‘the alternative test method is equivalent to the method specified
herein to the satisfaction of the Executive Officer. The Executive
Officer will require the sutmission of data showing that the quality
assurance (QA) program of the alternate method is equivalent to the
QA program specified heretofore.
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6.0 REPORTING

6.1

MINIMM DETECTARLE (ONCENTRATION

The minimum detection limit for the the individual PAH are
determined fram the following equations:

BQUATION 6-4

Ql x Al
Concentration, ng/dsam =

Vm(“d) b 4 Ail X RR

6.2

Vhere:
RR =« Relative response factor calculated according to Equation 6-5.

Q“ = Amount of internal standard added to cach sampie.

A~ Mecan noise for the PAH mass chromatogram at the m/z shown in
Table 4.

A.“ = M5 reaponse for the internal standard ion

NOTE Any dilution factor introduced by following the procedure in
Section 5 should be applied to this calculation. -

RELATTVE RESPONSE FACTCRS

This is determined fram the following equation using the data
obtained in Section 5§ from the analysis of the calibration
standards. :

BHJUATION 6-5
A’ b § C“
RR =
Au x C

A' - MS response for the native ion at m/z given in Table 4.

C" = Concentration of the appropriate surrogate standard, ng/ul.

A" = MS response of the appropriate surrogate standard.

C. = Concentration of the natlve ion of interest.
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6‘3

PERCENT RBOOVERY OF SURROGATE STANDARD

Calculate the percent recovery, R.'for each internal standard in the
sample extract, using Equation 6-6.

BQUATION 6-6

Asa x Qil
R = r 100%

s
Ais X RFr x st

Vhere:
Ais ~ Ares of quantitation ion of the internal standard.

Qis
T RESPONSE FACTOR FOR DETERMINATION OF RECIOVERY

= npg of internal standard.

Calculate using data obtained from the apnalysis of the calibration
standards according to Equation 6-7.

BQUATION 6-7

78S is

6.5

6.6

VWhere:

Crs =~ Concentration of the internsl standard.

RESULTS

Any deviations fram the procedures described in this protocol shall
be documented in the analytical and sampling report.

{INCENTRATION OF PAHIN STACK GAS

Determine the concentration of PAH in the stack gas according to
Equation 6-8. :
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BQATION 6-8

G,
C.= K

Vm(std)

6.7 CONCENTRATION OF INDIVIDUAL PAH.MM

The concentration of individual PAH compounds are determined fram
the following equations:

BQUATION 6-9

Qu x Al
Concentration, ng/dscm =

Vm(nd)Ax Au x RR

Where:

RR = Relative response factor calculated according to Equatjon 6-5.

Q“ = Amount of surrogate standard sdded to each sample.

A' = MS response for pative ion at the m/z shown in Table 4.

A" = MS response for the surrogate standard ion

NOTE: Any dilution factor introduced by following the procedure in
Section 5 should be applied to this calculation.
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The Almega CorporaTion

FORMALDEHYDE and ACETALDEHYDE

Formaldehyde emissions were determined following the protocol
detailed in CARB Method 430.

Acetaldehyde emissions were determined by analysis of the

acetaldehyde peak of the HPLC chromatogram developed following Method
430.

Additional calibration was performed to quantify the acetaldehyde
emissions.
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Alr Resources Board

Proposed Method 430
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Adopted




Method 430 Determination of Formaldehyde In

1.

2.

Emigsions From Statlonary Sources

APPLICABILITY AND PRINCIPLE

1.1

1.2

Appllcabliity

This mathod applies to the determination of formaldehyds In
em!ssions from atationary sourcea. The method is based on the use
of high performance llquld chromatography (HPLC).

Any modification of this method bayond those sxpressiy permitted
sha!l bes considered a major modification aubject to approval by the
Executive Offlcar, " The term Exscutive Officer as used Iin this
document shall mean the Executive Officer or Alr Pollution Control
Offlcer of the atate or local alr potiution control agency at whose
request tha test !s conducted, or his or her authorlized
reprageantative,

Principle

Gaseous emissions are drawn through two midget Impingers (n series,
each containing an agueous acidic solution of 2.4-dinltrophenyi-
hydrazine (DNPH). Formalidehyde reacts with ONPH by nucleophilic
addition on the carbonyl followed by 1,2-ellmination of water and
the formation of the 2 4-dinitrophenythydrazons. Acid Is required
to promote protonation of the carbony| because DNPH Ia a woak
nucleophlile,

After organic solvent eitractlon. the DNPH-formaldehyde derivative
Is determined using revarse phase HPLC with an uitraviolet (UV)
adsorption datector operated at 380 mm.

Formatdehyde In the sampie is ldentiflied and quantifiad by
compar laon of retention times and area counts, respectively, with
those of standard samples.

RANGE AND SENSITIVITY

Forma!dehyde contamination of reagents can Impair sensitivity {evsis,
With carefui .attention to reagent purity and other rslevant factors, a
target detection 1imit of 400 ng/sample can be achlisved with this
method. ’

SAMPLING RUNS, TIME, AND VOLIME

3.1

Sampiing Runs

The number of sampling runs must be sufficlent to provide minimal
statistical data and should not be less than three (3).
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3.2 Sample Time

Sampiing time and appropriate sampling rate should be chosen to
obtaln the sample volume esatimated In Section 3.3 without exceeding
the absorbing capacity of the impinger solution. |If a single
samp!ing run cannot reflect the variabllity of the process, the
toster can consider a repressntative range of operating conditions
by collecting several samples In seguence.

3.3 Sample Volume

The sample volume must ba sufficlient to provide the required amount
of analyte to meet both the minimum detection |ImIt {MDL) of the
,analytlcal method and the regulatory limit. |If there la no
regulatory 1imit, the tlarget shouid be the typlcal concentration in
emissions from the type of source being tested. It may be
calculated using the following formula:

100 100 1
Sample Volume = A X X X
B ] D

wWherae:

A = The analytical MOL In ng

B = Percent (X) of the sampls required per analytical run

C = Sample recovery (X) )

D = Regulatory ilmit, or other target concentration as
described above (ng/dscm)

4. INTERFERENCES

The DNPH formaldshyde derivative Is easlly separated by MPLC from the
derivatives of other carbonyl compounds with which DNPH reacts.

Formaldehyde contamination of DNPH reagent ¢an ba a problem sven after
recrystallization. The ONPH must be purifled and used within 48 hours
of preparation.

5. APPARATUS

The following sampling apparatus |a recommanded. The tester may use an
alternative sampling apparatus only If, aftar review by the Executlive
Officar, It |s deemed equivaient for the purposes of this test method.
It 1a recommended that all equipment which comes In contact with the
sampied gas stream be of stalnless stesl, giass or Teflon unliess these
materials are found unsatisfactory and other materlala demonstrated to
be sultable In speciflic slituations.

5.1 Sampling Traln

A schematlic. dlagram of the sampling tralin s shown In Flgure 1.
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5.1.1 Prohas: Glass or other material as appropriate for the stack
temperature, squipped with a glass wool piug to remove
particulate mattier If necessary. A probe Is recommended
only If the stack temperature does not allow dirsct
insertion of the sample line (5.1.2).

5.1.2 Jamople Linm: Heatsd Teflon tubing, 6.4 am (1/4 Inch)
outside diameter. Should be as short as possible, but ilong
enough to allow insertion In the atack away from the diluted
stream resulting from inleakage of amblent alr.

To reduce the risk of sampie contamination, new unused
tubing shalil be used for each asries of samplies conaidered
to constitute an emissions test.

5.1.3 Elttlinga: Laak tight Teflon-to-glass connectlions to connect
teflon tubing to the Ispingers, and to the rotameter.

S.1.4 Naadin ¥Yaivs: 7To adjust sample flow rate.

$.7.5 Qn-0ff Yalva: Teflon. To lsoiate impinger system for leak
" check.

5.1.6 Pumn: Leak free, with capacity of at teast 2 liters per
minute, '

5.1.7 Sampling Systam: Capable of accurately and preclsely
samp ! ing $00-1000 mL/minute of gas sample (Flgure 2).
ldeally s dry gas meter Is Inciuded In the system to record
total fiow. If a dry gas meter is not avatlabie, the
operator must measure and record the sampl!ing flow rate at
Intermediate points during the sampiing period, and at the
ond of the aampling period to determine sample yo'lume.

The dry test meter may not be accurate st fiows bejow 500
mL/minute, and should then be replaced by recorded flow
resdings at the start, finish, and every fifteen mirnutes
during the co!lection.

5.1.8 Elow matar: Rotameter type or aquivatent, with moeasurement
range of 0.1 to 1.0 i(iters per minute for observing samp!l lng
rate. Ideatly, a rotameter should be used at the system
outiet to allow observation of ths flow rate without
Interruption of the sampling process. To ealibrats the
rotameter, use a soap bubble flow meter or calibrated wet
test meter connected to the flow exit. This assumes that
the entire systom Is sealed.

5.1.¢ jimpingera: Wheaton micro Impingers (25 mL) with groase free
threaded connection between impinger and sample contaliner,
or equivaient. The bottom part of each Impinger is a vial
which can be removed after use and capped with 8 Tefion-
[Ined screw cap bafore storage.

$5.1.10 lca bath: For ¢ooling the impingers during sampling,
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5.1.11 Erlctlon top Metal Can: (e.g., 1-galion paint can) - to

hold sample viails

5.2 Sample Racovery
The following items are needed:

§.2.1

Hash Rattiesa (2}1: Teflon,

5.2.2 Samnla Storage Contalnera: Chemically resistant,

5.3 Analysis

borosilicate glass botties, for impinger and probe solutions
and washes, 1000 mlL.

The folliowing equipmant is needed:

5.3.1

5.3.2

5.3.3

3.3.4
§.3.5

5.3.8

§.3.7
$.3.8

5.3.9

High Parformance L lauld Chromategraph: A gradlent HPLC

system complete with column supplles, moblie phase
reservolr, high pressure pumps; high pressure syringes, and
alil required accessorles, Including an injection vaive or
an automatic sampier with an optional 25-uL loop Injector;
compatible strip chart recorder; A data system Is
recommended fOor measuring poak areas and retention times.

§.3.1.1 Calumn: C-18 reverse phase (RP) column (30 cm x
3.9 mm 1D)

5.3.1.2 Dninactor:variable wavelength UV detector operating
at J60 rm.

$.3.1.3 Pumn: Gradient pumping gyaten - constadi flow,

Galman AcroPrep syringeless 0.45 nm PTFE meabrans sampie
tliter units.

flltratlon and degassing systom such as Waters Part e85124
for flitering and degassing mobile phase solvents.

Plpattag: Various sizes, 1 to 10 ml.
Yolumetrjc Flaaka: Vartous slzes.
Graduated Cylinder: 1 L, for preparing the HPLC moblie

phase

Syringa: 100 -~ 250 ulL approprlate for HPLC Injection,
Rrisnmayar FiaskK: 1 L, for preparing the HPLC moblle phase

Speclal glass apparatus for rinsing, storing, and
dispensing saturated DNPH stock reagent (Figure 3)
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5.3.10 BHoltles: 10 ot1., glass, with Teflon=I|Ined screw cap for
storing DNPH reagent, :

$.3.11 gudacna-Dantish {X=-D3 ApparAlus:

(a) Concantrator Tubs: 10 mL. graduated (Kontes-K-570050-
1025 or equivalent), Callbration must be chacked at

the voiumas employed In the test. Ground glass stopper
is used to prevent evaporation of the extracts,

{b) Evyaporation Flask: S500-mL. (Xontes K-~570001-0500 or
squivalent). Attach to concentrator tube with springs.

(¢) Spyder Column: Three=ball macro (Kontes K-503000-0121
or squlivalent).

5.2.12 Bolllng.Chipng: Solvent extracted, approximately 10/40 mesh
{slllcon carblde or equivalent).

5.3.13 ¥Yater Rath: Heated with concentric ring cover, capable of
temperature control (125 C). The bath should be used In a
hood.

5.3.14 Analxtical Bajpnca: ©O.1 mg sensitivity.
5.3.15 Polyathylens Glovaa: used to handle the treatad impingers.
REAGENTS

Unless otharwise specifled, American Chemical Soclety (ACS) reagent
grade (or equivalent) chemicals shall be used,

(Mentlon of trade namos or apecific products does not consatitute
endorsemant by the California A[r Rescurces Board. 1in al) cases,
equivalent [tems from other suppllers may be used).

6.1 Sampling
6.1.1 Hatar: Delonized, distiiled, charcoal flitered.

6.1.2 implnger Solutlon: O0.05X DNPH/2R HCI reagent prepared as
described In Section 7.4.

6.1.3 §Slllca Gal: lnd&catlngotypo. 6 to 16 mesh, If previously
used, dry at 175°C (350°F) for 2 hours. New silica gel may
be used a3 recelvad. -Alternatively, othar deslccants
(equivalent or better) may be used, subjact to approval by
the Executive Officer.

6.1.4 Quartz Wool: Cleaned by extracting with a 70730 _(v/v)
hexane/methylens chloride alxture. Dry In a 11o°c oven,
and store in a solvent (6.3.7) washed glass Jar with
Teflon-|ined screw cap.
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6.1.5 Iga: For water bath for coollng the Impingers during
sampling.

6.1.6 Nitrogen: compressed gas cy!inder - 99.999X purlty.
Sampie Racovery

6.2.1 Bacovary Solveant: Methanol. Reagent grade. A blank must
be screened by the analytical method.

Analysls

6.23.1 Baagent Water: Same as 6.1.1.
6.3.2 DNPH: 2,4~D!nitrophenyihydrazine (DNPH) «~ Aldrich Chemical
(Catalog #D19,830-3) reagant grade or squlivalent.

Recrystallize (Sectlon 7.1) at least twice with UV grads
acetonitrlle before using In standards.

6.3.3 Acetpnitrlin: UV grade, Burdick and Jackson "distl]led-In
glass,” or equlivalent,

6.3.4 \Mohlls Phasn: 60X acetonitr)le/40X water (v/v). Prepared
as described in Section 8.2.

6.3.5 Hexapan: Pesticide quallity, Burdick and Jackson *Disti|led

In Glass™ or equivalent. A blank must be screened by the
anaiytical method. :

6.3.6 Mathyiene chloride: Pesticide quai ity or equivalient:

6.3.7 Extraction Salyant: Hexans/methylens chiorlids, 70/30
(v/v). .

6.3.8 Sodlum sulfata: ACS reagent grade. Granular, anhydrous.
Purify by extracting with the extraction aolvant (6.3.7),
then alr drying and heating In an oven at 400 C for at

least four hours. Store In a soivent rinsed glass bottle
with Teflon |ined screw cap.

6.3.9 Hrvdrochioric acld: Reagent grads.
6.3.10 Eormaldeshydas: Reagent grade.
6.3.11 gcharcoal: .Actlvated, granular.

6.3.12 Hallum: High purlity grade.
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7.

PREPARAT ION OF REAGENTS

7.1

Puritication of 2,4-Dinltrophonylhydrazine (DNPH)

NOTE :

7.1.6

7.1.7

7.1.8

This pfoceduro shouid be performed under a properly
ventilated hood.

Prepare a supsrsaturated solution of DNPH by bolling sxcess
DNPH In 200 mL of acetonitrlile for approximately ones hour.

After ona hour, remove and transfer the supernatant to a
covorsd beaker on a8 hot plate and allow gradual cooling to
40-607C. '

Let covered beaker heat at this temperature range, allowing
95X of solvent to evaporats siowly.

Decant solutlion to waste, and ringe crystals twice with
thres times thelr apparent volume of acetonitrile.

(CAUT{ON: The following effects are attributed to the
inhalation of acetonitrile. At 500 ppm In alr, brlef
Inhalation has produced nose and throat Irritation. At 160
pom, Inhatation for 4 hours has caused flushing of the face
{2 hour delay after exposursa) and bronchial tightness (5
hour delay). Heavier exposures have produced systematic
affects with symptoms ranging from headache, nausea, and
lassituds to vomiting. chest or abdominal! paln, respliratory
depression, extrems weakness, stupor, convulalons and death
depending upon concentration and length of exposure
period). :

© Transfer crystals to another clean beaker, add 200 mi of

acetonitrile, hsat to bollIng, and again let crystals grow
slowly at 40-80C untit! 95 percent of the soivent has
evaporated.

Repeat rinsing proceas as described In Sectlon 7.1.4.

Take an aliquot of the second rinse, dliute 10 times with
acetonitrile, acidify with 1 mL of 2N hydrochloric acid per
100 mL of DNPH salution, and anatyze by HPLC. An |deal
impur ity {eve! s shown In Figure 2.

The Impurity level of DNPH should bs below the gsansitivity
(ppb, v/v) expected for the anticipated sample voilume. 1t
the Impurity level (s not accaptabls for intended samp!ing
application, repeat recrystailization.

A special pliase apparatus (Figure 3) should be used for the

final rinse and storage according to the following
procedure: -
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7.3

7.1.10

7.1.1

7.1.9.1 Transfer the crystals to the speclll glass
apparatus (Figure 3).

7.1.9.2 Add 20 mL of acetonitrile, aglitate gently, and iat
solution equlllbrate for 10 minutes.

7.1.9.3 Drain the solutlon by properly positioning the
three-way stopcock. (NOTE: The purified crystals
should not be allowed to contact laboratory air
except for a brief moment. This s accomplished
by using the DNPH-coated slllica on the gas Inlet
of the speclal glass apparatus.)

7.1.9.4 After draining, turn stopcock so drain tube Is
connacted to measuring reservelr,

7.1.9.5 Introduce acetonittrlle through measuring
resarvolir.

7.1.9.6 Rinaing should be repeated with 20 mL portions of
acetonitrile until a satisfactortiy Ilow Impurlty
level In the supernatant Is conflirmed by HPLC
analysis. The Impurity level should be comparadle
to that shown In Figure 2.

If the speclal glass apparatus Is not avallable, tranafer
the puriflied crystals to an all-glass reagent bottle, add
200 mL of acetonitrile, stopper, shake gentiy, and let
gtand overnight. Analyze supernatant by HPLC according to
Section 8.4. The Impurity level should be comparable to
that shown In Flgure 2.

After purificatlion, purity of the DNPH reagent can be
maintained by storing In the speclal glass apparatus.

Preparation of ONPH-Formaldehyde Derivative

7.2.1

7.2.3

Titrate a saturated solution of the recrystallized ONPH In
2N HC!| with formaldehyde.

Filter the colored preclplitate, wash with 2N HCI and water
and let the precipitate alr dry.

Check the purity of the DNPH-formaldshyde derlivative by
melting point determination table or HPLC analysals.

Preparation of DNPH-Formaldehyde Standards

7.3.1

standard Stogk Solution: Prepare a standard stock sotution
of the DNPH-formaldehyde derivative by dissolving

accurately welghed amounts in moblle phase (6.3.4).
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A 3tock solution of approximately 100 mg/L s prepared by
dissolving 10 mg of the solld derlvative In 100 mL of
moblle phase.

7.3.2 Callbratlaon Standards: Prepare at iesast 5 concentration
Isvels, Add accurately measursd volumess of tha stlock
sofution to voiumatric flasks and dilute to volume with
mablla phase. One conceniration should bs near but above
the method detection Iimit, while the other concentrations
should correspond to the sipected range of concentrations
In real samples, or should defline the working range of the
detector.

7.3.3 lorage of Standards: Store ali standard soluttons In a
refrigerator. They should be stable for approximately iwo
months,

Preparation of Implinger Solution

NOTE: This procedurs must be parformed In an atmosphere with 3
very low atdehyde background. All glassware and plastic ware must
ba scrupulously cleaned first by washing with soap and water, then
rinsing several times with hot water followed by diatilied
delonired water (8.1.1). Aldehyde free acatonitr!iie should bs used
for the final rinse. Contact of reagents with laboratory alr must
be minimized.

Each batch of Impinger aolution must be prepared and purlified
within 48 hours of sampling, according to the following procedure:

7.4.1 Place 250 mg of solid 2,4=dInltrophenylhydrazine and 80 mi
of concentrated HCI In a 500 mL volumatric flask and fIl!I
the flaask to the mark with reagent water. Invert the flask
saverail several times or sonicate untll all of the solld
material has dissolved,

7.4.2 Place approximately 400 mL of tha DNPH reagent (7.4.1) In a
18 ounce glass bottle with a Tefion-|lIinad screw cap, Add
approximateily 50 mL of a 70/30 (v/v) hexane/methylene
chlioride mixtures to the bottle and shake the capped bottlas
on a reciprocating shaker for 15 minutes. Decant as much
as possible of the organic layar, and then use a disposable
pipette to remove the remainder. Dliscard the organic
layer.

7.4.3 Extract the DNPH reagent two more times as descrlibed In
7.4.2. Cap the bottle tightly, saal with teflon taps, and
piace In a friction top can (5.1.11) containing a 1 to 2
Inch layer of granular charcoal (6.3.11). Ksep ths bottle
In the sealed can prior to use.

7.4.4 Prior to use, analyze a portion of the DNPH reagent
according to ths procedure described In Sectlon 8.4. The
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8.

PROCEDURE

8.1

impur ity level of DNPH should be below the sansitivity
{ppb, v/v} lavel expected for the proposed sample volume,
If the Impurlity jevel is not acceptable for the Intended
sampling application, repeat the extraction.

Sampling: :

Because of the complexity of this method, testsrs should ba trained
and experlenced with the test procedures In order to ensure
rellable results,

8.1.

8.

1.

.1,

1.

BPratasl Prapnaration: Dispense 15 mL of the DNPH/HCI
solutlion (7.4) Into each Impinger vial. Cap the viats
tightiy, seal with Teflon taps, and place In a friction-top
matal can for shipment to the sampling locatlion. Sectlon
7.4 specifles a maximum storage time of 4B hours from
preparation of the solution to sampting

Praliminary Determinationa: Prior to sample coliectlon,
Install the entire assembly (Including a “dummy® sampling
Impinger) and check the flow rate at a value near the
desired rate. In general, fiow rates of 500-1000 mL/minute
should be employed, Flow ratea greater than 1000 mL/min
should not be used because collection efficlency of the
Impinger solutlion may decrease.

ldeally, a dry gas meter Is Included In the systea to
record total! flow, |If a dry gas moter ls not avallable,
the operator miat measure and record the sampling Tiow rate
at the start, finish, and every 15 minutes during the
collectlon, .

ldealily, a rotameter should be Incliuded, aven when 3 dry
gas meter Is used, to alliow observation of the flow rate
without Interruption of the sampling process,

The flow moter or dry gas mater must be callibrated (9.1)
before and after sach test.

: Before sampling, remove
the glass vials from the friction-top metal can. Let the
vials warm to amblent temperature before connecting them to
the sample train. To reduce contamination, keep alli
openings of the aampling traln covered unti!l just prior to
assembly, or untll sampling |s about to beginh. Assemble
the sampling train as shown In Figure 1. Using
poiyethylens gloves, connect Lthe mpingers in series to the
sampling traln so that the short end of the firat Impinger
Is attached to the probe.

Lnnk:ghnnk_ﬂ;n;nﬁﬂ:ﬁh: Bafore sampla collection, Install
the entire assembly (Inciuding “dummy® sampling Impingers)
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and check for leaks. Turn off the "on/off" Teflon valve at
the input end of the sampling system. The fiow mater
should not Indicatle any alr flow through the sampiing
apparatus. Relieve the sample |ine vacuum before stopping
the sample pump to prevent back flow of the Impinger

solut lon,

8.1.5 Samoling Traln Oneration: Record the following

paramelers on ithe sampling data shest (Figure 4): date,
sampling locatlion, tims, ambient temperature, barometric
pressure (If avallabie), relative humidity (If avatiable),
dry gas meter reading (If appropriate), flow rate,
rotameter setting, sampling Impinger ID, and dry gas meter
pump Identification numbers.

Turn on the sampler, and adjust the flow to the deslired
rate. A typical range Is 0.5 to 1.0 L/mln.

Operate the sampier for the desired parlod, with periodle
recording of the varlables listed In Figure 4.

At the end of the sampling perlod, record the parameters
I1sted above and stop the sampie flow., |If a dry gas meter
or equivalent total fiow Indicator Is not used, the fiow
rate must be checked at the end of the sampiing interval.
If the fiow rates at the beginning and the end of the
sampling period differ by more than 15X, the sample should
be marked as suspect.

8.2 Sample Recovery .

inspect the sampling train prior to and during disassembly and note
any abnormat conditions. Disconnact the Impingers using
polyethyiens gloves, and treat them as follows:

8.2.1 Samniing {moingera: Cap the second impingar vial, seal

with Teflion tapa, and pilace In a friction-top can
contalning 1-2 Inches of granular charcoal. Rinss the
sampie line and probe, If one Is used, with reagent water,
and add ths rlinse soliution to the first Impinger vial.
Store both vials In the friction-top can and refrigerate
untlil extraction and HPLC analys!s,

All samples must be extracted within 7 days of collectlion
and completeiy anatyzed within 30 days of extraction.

8.2.2 Recovery Solution Blank: Save a total volume of water

equal to that used for rinaing the probe.

8.3 Sample Preparation and Storage

8.3.1 Extraction: Afl samples must be extracted within 7 days of
collection. .
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8.l.1.1

8.3.1.2

8.3.1.3

8.3.1.4

8.3.1.5

Shake the sample vials In a horlzontal position on
a reclprocating shaker for 10 minutes,

Remove the vials from the shaker, and extract wlith
10 mL. of 70730 (v/v) herane/methylena chloride In
the same manner as described In 8.).1. Remove the
organic layer with a disposable plpette, and
retain In an Erlenmeyer flask.

The sxtraction may alternatively be carried out In
a separatory funnel.

Allow the organic layer to separate from the water
phass. |(f the emuision Interface betweaen layers
Is more than one=third the voilume of the solvent
layer, the analyst must employ mechanical
techniques to compliete the phase separation,

Assemble a Kuderna-Danish (K-D) concentrator by
attaching a 10-mL concentrator tube to a 500-mL
avaporation flask. Othesr concentration devices or
technliques such as nltrogen blowdown may be used
In place of the X-D concentrator If the
reguirements of Section 10.3 are mat,

Pour the extract through a solvent-rinsed drying
column containing about 10 cm of anhydrous sodlum
suifate, and collect the drisd extract In a K-D
concentrator. Rinse the Erlermeyar flask, which
contained the solvent extract, with 20-30 ml of
hexana/methyiene chlorids extraction solvent ard
add it to the column to complote the quantitative
transfer.

Add one or two clean bolling chips to the flask
and attach e three-bal! Snyder column. Proewet the
Snyder column by adding about ) ml of axtraction
solvent to the top of the colunn.o Placo the XD
apparatus on a hot water bath (80 =90 C) sc that
the concentrator tube [s partlally Immersed In the
hot water, and the entire !ower rounded surface of
the flask Is bathed with hot vwapor. Adjust the
vertical position of the apparatus and the water
temparature as required to compiete the
concantration in S to 10 mimnutes. At the proper
rate of distililation the balls of the column willi
actively chatter but the chambers wlil not flood

" with condensad solvent. When the apparent volume

of llgquid reaches 1 mL, romove the X-D apparatus
from the water bath and allow It to drain and cool
for at least 10 min.
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8.3.2 Solvent Exchanga: Before HPLC analysis, the extraction
solvent must bs exchanged to acetonitrile,
8.3.2.1 lncreasootho temperature of the hot water bath to
about 90 C. Momentarlly remove the Snyder cotumn,
add S mL of acetonitrite, a new balllng chip, and
reattach the macro Snyder column. Concantrate the
oxtract as described In Section B.3.1.5.

8.1.2.2 Remove the Snyder column and rinse the filask and
Its towar Jjoints Into the concentrator tube with
1-2 mL of acetonitrile., A 5-mL syringe !»s
recommended for this operation. Adjust the final
extract volume to 5.0 ml.

B.3.3 cample _Stiorage: Transfer the esxtract to a Teflon-seafed
screw-cap vial and store refrigerated at 4 C unti)
analysis. All samples must be compiate!y analyzed within
30 days of extract!on.

Analysis

The method !s restricted to use by or under the supervision of
analysts experianced In the use of high parformance iliquld
chromatography and the interpratation of the resuiting
chromatogram. The analyst must demonstrate sccaptable performance,

that

8.4.1

8.4.2

8.4.2

Is, preclslon and accuracy as defined In Section 10.3.

Establish HPLC operating conditions recommanded In Section
g.2.1. -

Callbrate the system dally as described In Section 9.2.4.
Bafore each analysis check the detector base!ine to ensure
stable operation,

Oraw a 100-ul alliquot of the sample Into & clean HPLC
Injection syringe. Inject the sample after the sampla
injection toop (25 uL) Is loaded. The first sample to be
analyred must be a quallty control standard. Use the same
slze loop for quallty control and catlbration standards and
unknown samples.

Alternatively, an sutomated constant volume Injection
system may also bes usasd. The dsta system, if used must be
activated simultanecusty with the injection, and the point
of Injectlion marked on the strip chart recorder.

After allowing sufficient operating time to displace ali of
the sample out of the loop and onto the column, return the
injection valve to the "load” position so that the sample
icading operation can be repeated,
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9.

8.4.5

B.4.85

CAL IBRAT ION

Rinse or flush the syringe and valve In preparation for the
next sample anaiyslis.

After elution of the DNPH~-formaldehyde derivative (Figure
5}, terminate data oeacquisition and calculate the componant
concentrations as described In Section 11,

Allow the detector baseline to stabllize bafore analiyzing
the noxt sampla, After a stable baseline |s achleved, the
System may be used for further sample analyses as described
above,

{Note: After several sample analyses, bulldup on the
column may be removed by flushing with several column
volumes of 100X acetonitrile.)

if the concentration of analyte exceeds the |inear range of
the instrument, dilute the sample with moblle phase
{(6.3.4), or inject a smalier volums Into the HPLC.

Compare ths retention tima(a) of the peak(s) In the sample
chromatogram with those of the peaks In the standard
chromatograms. The wlidih of the retention time window used
to make Identifications must be based upon measurements of
actual retentlion time variations of standards over the
course of a day.

11 the retention time Is not duplicated (+10X), as
determined by the callbration curve, lncrease or decreass
the acetonitriie/water ratlo, as necessary, to obtain the
corroct elution time. If the elution time Is too lopg,
Increase the ratlio; If it 1s too short, decrease the ratio.

(NOTE: The chromatographic cond!tlons described here have
been optimlized for the detection of formaldahyde.
Analyats are advised to experimont .with thelr HPLC system
to optimize chromatographic condltions for thelr
particular analytical needs.)

Maintain a laboratory log of all calibrattions,

8.1 Sampling

9.1

.1

Dry Gas Mater: Before and after - each use In the fleld,
calibrate the dry gas meter with a NBS traceable standard
moater.

it the callibration factors obtalined -befora and after a test
differ by more than 5 percent, the test serles shaill aslther
be volided, or caicutations for the test series shall be
porformed using whichever factor glves the lower valus of
total gample volume."
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9.1.2

Filow Mainr: Befors use In the fleid, catibrate with a rliow
motler callibrator which has baen calibrated with a primary
flow callbrator that |s NBS traceable, Choose a flow moeter
such that the flow rate to be used In the fleld Is in the
linear range of the callbration curve,

After sach fleid use, chack the calibration. If the
callbration factors oblained bafore and after a test differ
by more than 5 percent, the tesat sesrles shail elther be
volded, or caiculations for tha test seriaes shall be
performed using whichever factor glves tha lower value of
total sample volume.

9.2 Analytical

g.2.1

9.2.2

The HPLC system Is assembled as shown in Flgure 6. The
followling operating conditlions are recommendad. Other
columns, chromatographic conditions, or detsctors may be
used If the conditions of Section 10.] are met.

The chromatographic condltions described hers have been
optimized for a gradient HPLC (Varlan Moda! 5000) system
equipped with a UV detector (15C0 Mode! 1840 varlable
waveiength), an automatic sampler with a 25-ulL loop
Injector and a BondaPakx C-18 (3.9mm x 30 cm) column, a
recorder, and an electronic Integrator. Analyats are
advised to experiment with thair HPLC aystioma to optimize
chromatographic conditions for thelr particular analytical
neads,

9.2.17.1 Column: Bondapak C-18 (3.9 wmm ID x 30 om), or
equivalent.

9.2.1.2 Maoblla Phage: 60X acetonltr|le/40%X water,
Isocratic (9.2.2). '

9.2.1.3 Datsctor: Model 490 Uvs/Vis operating at 360 nm,

Sample rate 1 point/sec and 1.00 absorbance units
full scale (AUFS).

80.2.1.4 Elow Rata: 1.0 mL/min.
9.2.1.5 Run Iims: 25 minutes

9.2.1.6 Roatantlon Tima: Approximateiy 13.5 minutes for
formaldehyde

8.2.1.7 Inlectlion Yoluma: 25 ul.

The HPLC mobiis phase Is prepared by mixing 600 mL of
acegontrlla and 400 mL of water. This mixture Ils flitered
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9.2.3

9.2.4

9.2.5

9.2.6

through a 0.22-um polyester membrane fliter In an all-glass
and Teflon suction fllitration apparatus. The flitered
moblle phase is degassed by purging with he&lum for 10=15
minutes (100 mL/minute) or by heating to 60 C for 5=10
minutes In an Erlenmeyer flaskx covered with a watch glass.
A constant back pressure restrictor {350 XPa) or short
length (15-30 cm) of 0.25 mm (0.01 Inch) 1.D. Teflon tubing
should be placed after the detector to sliminate further
mobile phase outgassing.

The moblle phase Ia placed In the HPLC solvent reservior
and the pump !s set at a flow rate of 1.0 mL/mlnute and
allowed 10 pump for 20-30 minutes bafore the first
analysia. The detector Is switched on at least 30 minutes
before the first analysis, and the detector output s
displayed on a strip chart recorder or simllar output
device at a sensitivity of 1.00 AUFS. Once a stable
baseiine has been achleved, the system Is ready for
calibration.

Inject a minimum of § callibration standards (7.3.2) using
the same technique that wiii be used to Introduce samples
into the HPLC (B.4.2). Analyze each callbration standard
according to Sectlon B8.4.. The retention times of the
analyte must agrea within 2%. Tabulate peak height or area
responses against the mass Injected. Use the results to
prepare a calibration curve as |/lustrated In Figure 4. A
11near response range of approximately 0.05 to 10 mg/L
should be achleved for 25 ulL Injection volumes, Linasarity
through the origin Is assumned |f a correlation coefficlent
of at least 0.999 !s obtained for a |inear least squares
71t of the data. b

The average response factor may be used In place of a
callbration curve |f |insar responss has besn documented.
One or more daliy callbration standards may be usad to
ver|fy the working callbration curve or response factor.
For such verification use Intermediate concentration
standards neoar the anticipated lavels of the analyte but at
lsast 10 times the detection 1imit. Use the response for
the dally calibrat!on standard to calculats a response
factor (RF) according to equation 11~-5. The dally RF far
tha analyte should not vary from the predicted RF by more
than 10X. If greater varlabllity |Is observed, recallbrate
or develop a new calibration curve from fresh standards.

Check the catlibration of the Instrument for sach run (20 or
fewer sampies) by analyzing & control! sample. The
concentration given must fall within the UCL and LCL of the

_ control sample value (10.4).
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10. QUALLTY ASSURANCE/QUAL ITY CONTROL
10.1 Sampling

10.1.1 FElptd Bianks: At least two impingars In each serles of
test runs shall be fisld blanks. These blanks shouid
consist of materlals that are used for sample collection,
and must be handled with exactiy ths same procedurea as the
samp les.

10.1.2 RAlank Train: At least one sampliling traln In each saries of
test runs shail be a blank traln. Prepara and set up the
blank Impingar traln as describad In Sactlon B.1 for the
sampling tratns. The blank train shall be taken through
alt of the steps from preparation to leak check without
actualiy drawing sample gas through train. Iinstead, flush
with nitrogen (6.1.6) for the same [ength of tIime as &
single test run., Recover the blank traln as described In
Sections 8.2 and 8.0 for sampling trains.

10.1.3 Elold Splkas: There must be at least ons fleld spike per
sorles of test runs. (In cases whoere sampies are taken
before and afier alr poliution control squipment, there
must be fleald splkes for each location. A fleid aplke
shall consist of a vial of Impinger solution spliked with a
known amount of DNPH=formaldshyde, and transported to the

:aampling location whers It remalns for the duration of a
single test run. The appropriate spike lsve! wil| depend
on the source to be tasted, The aplked samples must be
carried through al! of the required eteps for sample
preparation and snalyslis,.

10.2 Analyticai

Each faboratory that uses this method Is required to oparate a
formal quallty control program. The minimum reguirements of this
program consist of an Initial demonatration of laboratory
capabiiity (according to Section 10.3), and the ongoing snalysis of
splked samples as a continuing check on performance.

The laboratory must maintaln performance records to document the
qQuallity of data that are gensrated. The laboratory muat compare
the results of their ongoing data quallty checks with astab!!shed
performance criteria (10.3) to dotermine If the resulits of the
analyses mest the performance characteriatics of the method. When
results of sample splkes [ndlcate atyplical method performance, a
aqual ity control check standard {(10.3.2) must be analyzed to
determine whether the Instrument was operating within the control
limits., )

in recognition of the rapld advances occuring In HPL.C the analyst

Is permitted options to Improve separations. Such modifications
are subject to approval by the Executive Officer. The analyst must
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2180 produce data to demonstrate that the method maets the
requirements of Sections 10.3 and 10.4 balow.

10.2.1

10.2.2

10.2.3

Contamination Checks: Before processing any fleid samples,
the analyst must demonstrate, through analysis of a method
blank (10.2.2) that Interferencea from the anmalytical
system, glassware, and reagents are under ¢ontrol. Each
time a set of samplen Is extracted or thers I3 a change in
reagents, a mathod blank must be processed as a safeguard
against chronic iaboratory contamination.

Laboratary Method Blank: The analyst must run a laboratory
method blank along with each set of sampies (20 or fewer),

A method blank Is prepared for analysis by executing all of
the specified extraction stepas (8.3) except for the
Introduction of sample.

Laboratory Snikes: The laboratory must on an ongoling baslis
splke, with standard gstock solution (7.]), at ieaat one
sampie per analytical batch of 20 or fewer samples to
assess the accuracy of the analytical procedure. The
formaldehyde concentration of the DNPH-formaldehyde splke
should be :

(1) the regulatory concentration |imit it the analyte is
being checked against such a |imit, or,

(2) the larger of elither 5§ times higher than the background
concantration, or the QC check sample concesntration
{Sectlon 10.3.2). -

Determine the percent recovery of the spikes using eguation
11-1.

10.3 Quallity Control Check Samplas

As an Initial demonatration of acceptable performance, the -
laboratory must document the abllity to generate acceptable
accuracy and precision with this method, using a laboratory contro!
standard.

To establish the abliity to generate acceptable accuracy and
pracision, the analyst must perform the following.

10.3.1

Select a representative concentration. Use a stock
standard prepared Independentiy from those used for
callibration to prepare a concentrated guallty (OC) check
sampie with moblle phase (6.3.4) as the solvent. The
concentration of DNPH-formaldahyde should be 100 times
greater than the representative concentration selected
above. .

-
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10.3.2 Prepare OC check samples by pipetting 1.00 mL of the OC
check sample conhcentrate (10.3.1) Into each of four 100-mL
aliquots of moblls phasse.

10.3.3 Analyie the weli-mixed QC check sample according to
Sectlions 8.3 and 8.4 beginning with the extraction of the
sampies,

10.3.4 Calculate the average percent recovﬁry (R) using equatton
11-1, and the standard deviation (s) of the four recovery
maasurements.

10.3.5 Compare s and R with the acceptance criterla for precislion

and accuracy determined In Section 10.4. If R and s meet
the acceptance criteris, the system performance Is
acceptable and analysls of actual samplies can bagin. If s

oxcoeds the pracision limit or R falis outside the range
for accuracy, then the system parformance Is unacceptable.
In that case, the analyst must locate and correct the
source of the problem and repeat the process beginning with
Section 10.3.

1¢.4 Method Precision and Accuracy:

10.4.% Preclislon of responsse to replicate HPLC Injectlons must be
110X or less, day to day, for callbration standards.
Procision of retantion times must be £10X or leas, day to
day, for calibration standards. Precision of retention
times must be 12X on & glven day.

10.4.2 The analyst must calculate method performance criteria and
dafins the performance of the laboratory for each spike
concentration of analyte being measured.

Calculate upper and lowsr control! |imits for method
parformance as follows:

Upper Control Limit (UCL) = R + 2 &
Lower Control Limit (LCLY = R = 2 »

where R and 3 are as defined In Sectlon 10.3.4. The UCL
and LCL can be used to construct control charts that can
be used to follow trends In performance.

10.5 Standard Operating Procedures (SOP°s)

10.5.1 Users must generate SOPs dascribing the following
activities In their [aboratory:

(1) assembiy, calibration, and operation of the sampling
system, with make and model of equipmant used;
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10.5.2

(2) preparation, purification, storage, and hand!ing of
sampling reagent and samples; R

(3) assembly, calibration, and operation of the HPLC
system, with make and modei of equipment used; and

{4) all aspects of data recording and processing, Including
tists of computar hardware and software used.

SOPs must provide spec!flic stepwise Instruction and should
be readiiy avaliable to and underatood by the Jaboratory
personne| conducting the work.

10.6 HPLC System Performance

10.6.1

10.6.2

10.8.3

The general appearance of the HPLC system should be similar
to that ilitustrated In Figure 6.

Detarmine the HPLC peak asymmetiry factor and system
offliclency in the following manner:

Infject & salution of ONPH=-formaldehyds derivative
corresponding to at least 20 times the detection |imit,
with the recorder chart sensitivity and speed set to ylasld
3 peak approximately 75X of full scale and 1 ¢m wide at
half height. Determine the peak asymmeiry factor as shown
In Figure 6. This should ba between 0.8 and 1.8.

Calculate the HPLC system efficlency according to the (
foliowing equation: )

N = Column efficlency (theoretical plates)
- Ratention time (seconds) of the analyte
= width of peak of the analyte at half helight
(seconds)

A colfumn efficlency of >5,000 theoretical plates should be
cbtalned.

430-20




11. CALCULATIOQNS
11.1 Nomanclature
c, - Concentration of HCHO in the stack gas (ng/dscm), dry

basla. corrsctod to standard conditlions of 760 mm Hg and
293 K (528°R}.

cs - Concentration of HCHO in the stack Qgas (ppbv), dry basls
corrected to standard condlitions of 760 mm Hg and 293 K

F - Difutlon factor (required only If sample d!lutlion was
heeded to reduce the concentration into the range of
callbration)

Pstd - Standard absolute pressure (760 mmHg).

0A - Average sample filow rate (mL/min).

R - Recovery of QC check sample and splkes (X).

RF - Response Factor caiculated according to Equation 11-5: the
ratio of the amount of analyte Injected in the calibration
standard to the response (usually area counts) (ng
Injected/response unit)

vE - Fina! volume of axtract (mL) after dilution (from Section
8.4.6).

vI = VYolume of extract Injected onto the HPLC system

Vacstdy ™ Totai sampie_volume (dscm) at standard conditlons of 760
: mmHg and 293°K.

", = Total quantity of formaldshyde-ONPH derivative in the
sample (ug)

11.2 Percent Recovery, (R)

R Measured concentratlion (mg/L)
Known concentration (mg/L)

x 100 Equation 11-1

11.3 Average Sampie Fiow Rate, QA. (ni./mlin)

If a dry gas meter or squivalent total flow Indicator Is not used
the average sample flow rate (OAJ must be calculated according to
equation 11-2,
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Q, + Q. 0 ... ¢+ 0Q
Q, - 12 N Equation 11-2

Where:

o...ON e flow rates measured durlng the sampling pertod,
mL/min
N = number of flow rate measurements made

11.4 Total Volumetric Flow, V - {dcm)

Caiculate the total volumetric flow (Vm) usting equation 11-3.

(T, - T, ) x Q
v - 2 A Equation 11-3

10B

Where:
V_ = total volume (dcm) simpled at the measured
temperature and pressure
T2 = stop time, min B
= start time, min (“
oA = average flow rate, mL/min

11.5 Total Sample Volume at Standard Conditions, vh(ntd)' (dacm)

Use Equation 13—4 to correct the sample volume to standard
condlitlions, 20°C and 760 mm Hg).

299 P

Vm(std) = 'm * x

273 + tA Patd

bar Equation 114

Whera:

tA = tomperature of the dry gas entering the fliow meter (°C)

Pbar = barometric prossure at the sampling sits, mm Hg
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11.6 Response Factor, RF
Calculate the response factor (RF) using equation 11=-5 and the

data obtained In Section 8.4 from the analysis of the callbration
standards.

RF = Equation 11-5

c = concentration (mg/L) of anaiyte In the daliy callbratlion
standard

A = Rasponse (area couni{s) for the anaiyte in the calibration
standard

¥, = Injected volume (ul) of callbration standard

11.7 Concentrations

11.7.1 Total DNPH-Formaldahyde Darlyative in Samole. ¥ .(ugl: Use
the following equation to calculiate tha total mgsa (ug) of
DNPH~-formaldehyde In the sample volume:

Ve
Equation 11-6

'd « RF x A. |

Vi

Where:

A. = Reosponse (area counts) for the anaiyte In ths sample,.

11.7.2 Hnna_nnnnnn1LaLuuL4uL£nLmnlﬁnhxﬂn.in.ﬁln;k.ﬁna‘_n

Use the following equation to catculatdh the
total concontratlon of HCHO (ng/dscm) In the sample,

'd 30

C' - r 1000 «x Equation 11-7
v 210
m(std)

Where:
30 « Molacular welght of formaidehyde {g/gmole).

210 » Molecular welight of DNPH-formaldshyde derlvative
(g/gmole).
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12.

13.

11.7.3

fophyl: Use the following equation to calculate the tot!l
concentration of HCHO (ppbv) In the sample.

24.05
o = C X —_— x 10 Equation 11-8
30

Whare: .
30 = Molecular weight of formaldehyde (g/g mole).

24.05 = RUT/P, L/g mole at 293K and 1 atm.
Where:

Ru = 0.08205 atm. L/°K g mole
T ~ 293%

ALTERNATIVE TEST METHODS FOR FORMALDEHYDE

The Executive Officer may approve an alternative test method, provided
the Executive Officer finds the alternative test method to be
oequivalent to Teast Method 430. To make this finding, the Executlve
Officer may require the parson raquesting the approval of the
alternative test method to submit Information needed to support the
finding,.
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1984.

13.3 Method TO11, Mathod for the determination of formaldehyde In
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methods for the datermination of toxic organic comoounds In.
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13.4 Southern Rasearch Institute. Development of analytical methods
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FIGURE 4

SAMPLING DATA SHEET

(Qne Sampie Per Data Sheel)
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BC
y Asymmetry Factor = A8

Example Calcutstion: .
Peak Helght « DE = 100 mm
10% Pesk Helght = BD = 10 mm
Peak Width st 10% Peak Halght « AC » 23 mm
AB = 11 mm
BC = 12 mimn

Therefore: Asymmaetry Factor = 12 1.1

"

FIGURE 7. PEAK ASYMMETRY CALCULATION (13.2)
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ATTACHMENT 2

EPA DRAFT MULTIPLE METALS METHOD

DRAFT 8/28/89

METHODOLOGY FOR THE DETERMINATION OF METALS EMISSIONS IN EXHAUST GASES
FROM HAZARDOUS WASTE INCINERATION AND SIMILAR COMBUSTION PROCESSES

1. Applicability and Principle

1.1 Applicability. This method is applicable for the determination of
total chromium (Cr). cadmium (Cd), arsenic [As)}, nickel (Ni). manganese (Mn},
beryllium (Be)}, copper (Cu), zinc (Zn), lead (Pb). selenium (Se), phosphorus
{P), thallium (T1), silver {Ag)., antimony (Sb), barium (Ba), and mercury {Hg)
emissions from hazardous waste incinerators and similar combustion pracesses.
This method may also be used for the determination of particulate emissions
following the additional procedures described. Modifications to the sample
recovery and analysis procedures described in this protocol [or the purpose of
determining particulate emissions may potentially impact the front hall mercury
determination.*

1.2 Principle. The stack sample is withdrawn isokinetically from the
source, with particulate emissions collected in the probe and ocn a heated
filter and gaseous ewissions collected in a series of chilled impingers
containing a solution of dilute nitric acid in hydrogen peroxide in, two
impingers, and acidic potassium permanganate solution in two (or one)
impingers. Sampling train components are recovered and digested in separate
front and back half fractions. Materials collected in the sampling train are
digested with acid solutions to dissolve inorganics and to remove organic
constituents that may crecate analytical interfervences. Acid digestion is
performed using conventional Parrh Bomb or microwave digestion techniques. The
nitric acid and hydrogen peroxide impinger solution, the acidic potassium
permarganate impinger solution, and the probe rinse and digested lilter
sulutions are analyzed for mercury by cold vapor atomic absorplion spectroscopy

(CVAAS).  Except for the permanganate solution. the remainder of the sampling

‘Field tests to date have shown that of the total amount of mercury measured

by the method, only O to <2% was measured in the lront hallf. Therefore., it is
tentatively concluded, based on the above data. that particulate emissions may
be measured by this train, without significantly altering the mercury results,




train catches are analyzed for Cr, Cd, Ni, Mn. Be. Cu, Zn, Pb, Se, P, T1, Ag,
Sb, Ba, and As by inductively coupled argon plasma emission spectroscopy (ICAP}
or atomic absorption spectroscopy (AAS). Graphite furnace atomic absorption
spectroscopy (GFAAS} is used for analysis of antimony, arsenic, cadmium, lead,
selenium, and thallium, if these élements require greater anaelytical
sensitivity than can be obtpined by ICAP. Additionally, if desired, the tester
may use AAS for analyses of all metals if the resulting in-stack method
detection limits meet the goal of the testing program. For convenience,
aliquots of each digested sample [raction can be combined proportionally for a
single analytical determination. The efficiency of the analytical procedure is
quantified by the analysis of spiked quality control samples containing esch of

the target metals including actual sample matrix effects checks.

2. Range, Sensitivity, Precision, and Interferences

2.1 Range. For the analyses described in this methodology and [or sim{lar
analyses, the ICAP response is linear over several orders of magnitude. Sam-
ples containing metal concentrations in the nanograms per milliliter (ng/ml) to
micrograms per milliliter {ug/ml) range in the analytical finish solution can
be analyzed using this technique. Samples containing greater than
approximately 50 ug/ml of chromium, lead, or arsenic should be diluted to that
level or lower for final analysis. Samples containing greater than
approximately 20 ug/ml of cadmium should be diluted to that level before
analysis.

2.2 Anplytical Sensitivity. ICAP analytical detection limits for the
sample solutions (based on SW-8H6, Method 6010) arc approximately as follows:
Sb (32 ng/aml), As (53 ng/ml}, Ba (2 ng/ml). Be (0.3 ng/ml}), Cd (4 ng/ml), Cr (7
ng/ml}, Cu {6 ng/ml), Pb (42 ng/ml). Mn (2 ng/ml), Ni (15 ng/ml). P (75 ng/ml).
Se (75 ng/ml), Ag (7 ng/ml), Ti (4O ng/ml). and Zn (2 ng/ml). The. actual
method detection limits are sample dependent and may vary as thé sample matrix
may affect the limits. The analytical detection limits for analysis by diréct
aspiration AAS (based on SW-8UG, Method 7000) urc approximately as Follows: Sb
(200 ng/ml). As {2 ng/aml}, Ba (100 ng/ml), Be (5 ng/ml), C€d (5 ng/ml). Cr (50
ng/ml), Cu (20 ng/ml), Pb (100 ng/ml), Mn (10 ng/ml), Ni (40 ng/ml). Se (2
ng/uml), Ag (10 ng/ml}, T1 (100 ng/ml), and Zn (5 ng/wl). The detection limit
for mercury by CVAAS' is approximately 0.2 ng/ml. The use of GFAAS can give

added sensitivity compared to the use of direct aspiration AAS For the




following metals: Sb (3 ng/ml). As (1 ng/aml), Be (0.2 ng/wl), Cd (0.1 ng/ml).
Cr (1 ng/ml), Pb (1 ng/ml}, Se (2 ng/ml), and T1 (1 ng/ml).

Using (1) the procedures described in this method, (2) the analytical
detection limits described in the previous paragraph., (3) a volume of 300 ml
for the front half and 150 ml fof the back half samples. and (4) a stack gas
sample volume of 1.25 m}, the corresponding in-stack method detection limits
are presented in Table A-1 and calculated as shown:

A xB
C

=D

onalytical detection limit, ug/ml.

volume of sample prior to aliquot for analysis, ml.
stack sample volume, dscm {dsml).

in-stack detection limit, ug/m?.

where:

A
B
c
D

Values in Table A-1 are calculated for the front and back half and/or the total
train.

To ensure optimum sensitivity in obtaining the measurements, the
coné;;;;;;ions of_fgrgegmggégigmin the solutiong‘are.;;géested to be at least'
ten times the analytical detection 1iq§§§. Under certain conditions. and with

greater care in the analytical procedure, this concentration can be as low as

approximately thr??,ﬁ;@éﬁ.ﬁﬁﬁ;ﬂfnlytical detection limit. In all cases,
repetitive analyses, method of QEZﬁEEEE”EEEEEISE§"7ﬁ3KY:mserial dilution, or
vatrix spike addition should be used to establish the quaiity of the data.
Actual in-stack method detection limits will be determined based on actual
source sampling parameters and analytical results as described above. If
required, the method in-stack detection limits can be made more sensilive Lhan
those shown in Table A-1 for a specific¢ test by using one or more of Lhe
ollowing options:
© A normal l-hour sampling run collects a stack gos sampling volumec of
about 1.25 m?. Il the sampling time is incrcased and S @) arc
collected. the in-stack method detection limits would be one [ourth of
the values shown in Table A-l (this means that with this change. the
method is four times more sensitive than normal).
o The in-stack detection limits assume tHat all of the sampie is digested
(with exception of the aliquot for mercury) and the final liquid

volumes for analysis are 300 ml for the {ront half and 150 ol for the




TABLE A-1. IN-STACK METHOD DETECTION LIMITS (ug/m3)
FOR TRAIN FRACTIONS USING ICAP AND AAS

Front Half
Fraction 1

Back Half,
Fraction 2

Back Half,

Fraction 3 Total Train

Metal Probe and Filter Impingers 1-3 Impingers 4-5

Antimony 7.7 (0.7})° 3.8 (0.4)* 11.5 (1.1)*
Arsenic - 12.7 (0.3)* 6.4 (0.1)* 19.1 (0.4)*
Barium 0.5 0.3 0.8
Beryllium 0.07 {0.0%)* 0.04 (0.03)" 0.11 (0.08)*
Cadmium 1.0 (0.02)}* 0.5 (0.o1)* 1.5 (0.03)}*
Chrotmium 1.7 (0.2)* 0.8 (0.1)" 2.5 (0.3)*
Copper 1.4 0.7 2.1

Lead 10.1 (0.2)* 5.0 {(0.1)* 15.1 (0.3)*
Manganecse 0.5 (0.2)" 0.2 (0.1)* 0.7 {(0.3)*
Mercury 0.05** 0.03%* 0.03"** 0.11%*
Nickel 3.6 1.8 5.4
Phosphorus 18 9 27
Selenium 18 (0.5)* 9 (0.3)* 27 (0.8)*
Silver 1.7 0.9 2.6

Thallium 9.6 (0.2}* 4.8 (0.1)* 14.4 {(0.3)*
Zinc 0.5 0.3 0.8

( })* Detection limit when annlyzed by GFAAS.
®* Detection limit when analyzed by CVAAS.
Actual method in-stack detection limits will be determined based
on actual source sampling parameters and analytical results as
described earlier in this section.

If the front hall volume is reduced from 300 ml to
the front half in-stack detection limits would be one tenth of
IF the back half
the in-stack detection limits

back half{ sample.
30 ml,
the values shown above (ten times more sensitive).
volume is reduced from 150 el to 25 wml,
would be one sixth ol the above values. Matrix elfects checks are
necessary on analyses of samples and typically are of greater signifi-
cance for samples that have been concentrated to less than the normal
sample volume. A volume less than 25 aml may not allow resolubiliza-
tion of the residue and may increase interference by other compounds.
When both of the above two improvements are used on one sample at the
same time. the resultant improvements are multiplicative. For cxample,
where stack gas volume is increased by a factor of five and the total
liquid sample digested volume of both éhe front and back halves is

reduced by factor of six, the in-stack method detection limit is

keduced by a factor of thirty (the method is thirty times more

sensitive).




o Conversely, reducing stack gas sample volume and in¢reasing sample
liquid volume will increase limits. The front half and back halfl,
samples (Fractions 1 and 2) can be combined prior to analysis. The
resultant liquid volume (excluding Fraction 3, which must be analyzed
separately) is recorded.' Combining the sample as described does not
allow determinatioq (whether front or back halfl) of where in the train
the sample was captured. The in-stack method detection limit then
becomes a single value for all metals except mercury, for which the
contribution of Fraction 3 must be considered.

0 The above discussion assumes no blank correction. Blank corrections
are discussed later in this method.

2.3 Precision. The precisions {relative standard deviation) for each
metal detected in a method development test at a sewage sludge incinerator, are
as follows: Sb (12.7%), As (13.5%), Ba (20.6%}, Cd (11.5%), Cr (11.2%), Cu
(11.5%), Pb (11.6%), P (14.6%), Se (15.3%). T1 (12.3%), and Zn {(11.8%). The
preci#ion for nickel was 7.7% for another test conducted at a source simulator.
Beryllium, manganese and silver were not detected in the tests:; however, based
on the analytical sensitivity of the ICAP for these metals, it is assumed that
their precisions should be similar to those for the other metals, when detected
at similar levels.

2.4 Interferences. Iron can be a spectral interference during the
analysis of arsenic., chromium, and cadmium by ICAP. Aluminum can be a spectral
interference during the analysis of arsenic and lead by ICAP. Generally, these
interferences can be reduced by diluting the sample, but this increcases the
method detection lLimit. Refer to EPA Method 6010 (SW-846) for dectails on
potential interferences for this method. For all GFAAS analyses. matrix

modifiers should be used to limit interferences. and standards should be matrix
matched. '

3. Apparatus

3.1 Sampling Train. A schematic of the sampling train is shown in Figure
A-1. It is similar to the Method 5 train. The sampling train consists of' the
following components. '

3.1.1 Pcrobe Nozzle (Probe Tip) and Borosilicate or Quartz Glass Probe

Liner. Same as Method 5, Sections 2.1.1 and 2.1.2. Glass nozzles are required

unless an alternate probe tip prevents the possibility of contamination or
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interference of the sample with its materials of construction. If a probe tip
other than glass is used. no correction of the stack sample test results can be
made because of the effect on the results by the probe tip.

3.1.2 Pitot Tube and Differential Pressure Gauge. Same as Method 2,
Sections 2.1 and 2.2, respectiveiy.

3.1.3 Filter Holder. Glass, same as Method 5. Sectipn 2.1.5, except that
a Teflon filter support must Se used to replace the glass frit.

3.1.4 Filter Heating System. Same as Method 5, Section 2.1.6.

3.1.9 Condenser. The following system shall be used for the condensation
and collection of gaseous metals and for determining the moisture content of
the stack gas. The condensing system should consist of four to six impingers
connected in series with leak-free ground glass fittings or other leak-lree,
non-contaminating fittings. The first impinger is opticnal and is recommended
as a water knockout trap for use during test conditions which require such a
trap. The impingers to be used in the metals train are now described. When
the first impinger is used as a water knockout, it shall be appropriately-sized
for an expected large moisture catch and constructed generally as described for
the first impinger in Method 5, Paregraph 2.1.7. The second impinger (or the
First HN03/H202 impinger) shall also be as described for the first impinger in
Method 5. The third impinger {(or the impinger used as the second HN03/H202
impinger) shall be the same ns the Greenburg Smith impinger with the standard
tip described as the second impinger in Method 5, Paragraph 2.1.7. All other
iopingers used in the metals train are the same as the second impinger (the
First HNOJ/HZO2 impinger) previously described in this paragraph. In summary,
the (first impinger should be empty, the second and third shall contain known
quantities of a nitric acid/hydrogen peroxide solution (Section 41.2.]1), the
fourth {and fifth, if required) shall contain a known quantity of acidic
potassium permanganate solution (Section 4.2.2), and the last impinger shall
contain a known quantity of silica gel oc equivalent desiccant. A thermometer
capable of measuring to within 1°C (2°F) shall be placed at the outlet of the
last impinger. When the water knockout impinger is not needed. it is romoved
From the train and the other impingers remain the same. Il mercucry analysis 15
not needed, the potassium permanganate impingers are removed.

3.1.b6 Metering System, Barometer, and Gas Density Determination
Equipment. Same as Method 5, Sections 2.1.8 through 2.1.10, respectively.




3.1.7 Teflon Tape. For capping openings and sealing connections on the
sappling train. ' :

3.2 Sample Recovery. Same as Method 5, Sections 2.2.1 through 2.2.8
{Nonmetallic Probe~Liner and Probe-Nozzle Brushes, Wash Bottles, Sample
Steorage Containers, Petri Dishes; Glass Graduated Cylinder, Plastic Storage
Containers, Funnel and Rubber Policeman, and Glass Funnel), respectively, with
the following exceptions and additions:

3.2.1 Nonmetallic Probe-Liner and Probe-Nozzle Brushes. For quantitative
recovery of onterials collected in the front helf of the sampling train.
Description of acceptable all-Teflon component brushes to be included in EPA's
Emission Measurement Technical Information Center {EMTIC) files,

3.2.2 Sample Storage Containers. Glass bottles with Teflon-lined caops,
1000- and 500-ml, shall be used for KMnQ,-containing semples and blanks.
Polyethylene bottles may be used for other sample types.

3.2.3 Graduated Cylinder. Glass or equivalent,

3.2.4 Funnel. Glass or equivalent.

3.2.9 Labels. Far identification of samples.

3.2.6 Polypropylene Tweezers and/or Plastic Gloves. For recovery of the
filter from the sampling train filter holder.

3.3 Sample Preperation and Analysis. For the analysis, the following
equipment is needed: )

3.3.1 Volumetric Flasks, 100 ml, 250 ml, and 1000 ml. For preparation of
standards and sample dilution. '

3.3.2 Graduated Cylinders. For preparation of reagents.

3.3.3 Parr" Bombs or Microwave Pressure Relief Vessels with Capping
Station (CEM Corporation model or equivalent).

3.3.4 Beakers and Watchglasses. 250 ml beakers for sample digestion with
watchglasses to cover the tops.

3.3.5 Ring Stands and Clamps. For securing equipment such as filtration
apparatus.

3.3.6 Filter Funnels. For holding filter paper.

3.3.7 Whatman Sl1 Filter Paper (or equivalent). For liltration of
digested samples. .

3.3.8 Disposable Pasteur Pipets and Bulbs.

3.3.9 Volumetric Pipets.

3.3.10 Analytical Balance. Accurate to within 0.1 og.

8




3.3.11 Microwave or Conventional Oven. For heating samples at fixed
power levels or temperatures..

3.3.12 Hot Plates.

3.3.13 Atomic Absorption Spectrometer (AAS). Equipped with a background
corrector. .

3.3.13.1. Graphite Furnace Attachment. With antimony, arsenic, cadmium,
lead, selenium, thallium, and ﬁollow cathode lamps (HCLs) or electrodeless
discharge lamps (EDLs). Same as EPA Methods 7041 (antimony). 7060 (arsenic),.
7131 (cadmium}, 7421 (lead)., 7740 (selenium}, and 7841 (thallium).

3.3.13.2 <old Vapor Mercury Attachment. With a mercury HCL or EDL. The
equipment needed for the cold vapor mercury attachment includes an air
recirculation pump, a quartz cell, an aerator apparotus, and a heat lamp or
desiccator tube. The heat lamp shduld be capable of raising the ambient
temperature at the quartz cell by 10°C such that no condensation f{orms on the
wall of tﬁe quartz cell. Same as EPA Method 7470.

3.3.14 Inductively Coupled Argon Plasma Spectrometer. With either a

direct or sequential reader and an alumina torch. Same as EPA Method 6010.

4. Reagents

Unless otherwise indiéated. it is intended that all reagents conform to
the specifications established by the Committee on Analytical Reagents of the
American Chemical Scciety, where such specifications are available; otherwise,
use the best available grade.

4.1 Sampling. The reagents used in sampling are as follows:

4.1.1 Filters. The filters shall contain less than 1.3 ug/in.* of each of
the metals to be mcasured. Analytical results provided by {"ilter manulacturers
are acceptable. However, if no such results are available, Tilter blanks must
be analyzed fotr each target metal prior to ewmission testing. Quartz liber or
glass liber filters without organic binders shall be used. The tilters should
exhibit at least 99.95 percent efficiency (<0.05 percent penetrat?on) on 0.3
micron dioctvl phthalate smoke particles. The [lilter efligiency tost shall be
conducted in accordance with ASTM Standard Method D2986-71 (incorporated by
refefence). For particulate determination in sources containing S0, or SOl,
the filter material must be of a type that is unreactive to S0, or 503. as
described in EPA Method 5. Quartz fiber lilters meeting these requirements are

recompsended. .




4.1.2 wWater. To conform to ASTM Specification D1193.77, Type Il
(incorporated by reference). Analyze the water for all target metals prior to
field use. All target metals should be less than 1 ng/ml.

4.1.3 Nitric Acid. Concentrated. Baker Instra-analyzed or equivalent.

4.1.4 Hydrochloric Acid. C&ncentrated. Baker Instra-analyzed or
equivalent. . .

4.1.5 Hydrogen Peroxide, 30 Percent (V/V).

4.1.6 Potassium Permanganate.

4.1.7 Sulfuric Acid. Concentrated,

4.1.8 Silica Gel and Crushed Ice. Same as Method 5, Sections J.1.2 and
3.1.4, respectively.

4,2 Pretest Preparation for Sampling Reagents.

4.2.1 Nitric Acid (HNOJ)/Hydrogen Peroxide (H,0,) Absorbing Solutien,

5 Percent HNOJILO Percent H,0,. Add 50 ml of concentrated HNOJ and 333 ml of
30 percent H,0, to a 1000-ml volumetric flask or graduated cylinder containing
approximately 500 ml of water. Dilute to volume with water. The reagent shall
contain less than 2 ng/ml of each target metal.

4.2.2 Acidic Potassium Permanganate (KMn0,) Absorbing Solution, Ui Percent
KMnO, (W/V). Prepare fresh daily. Dissolve 40 g of KMnO, in sufficient 10
percent H,S0, to moke 1 liter., Prepare and store in glass bottles to prevent
degradation. The reagent shall contain less than 2 ng/ml of Hg.

Precaution: To prevent autocatalytic decoaposition of the permanganate
solution, filter the solution through Whatman S41 filter paper. Also, due to
reaction of the potassium permanganate with the acid. there may be pressure
buildup in the sample storage bottle; these bottles should not be lully [illed
and should be vented both to relieve excess pressure and prevent explosion due
to pressure buildup. Venting is highly recommended. but should not allow
contamination of the sample: a No. 70-72 hole drilled in the container cap and
Teflon liner has been used.

4.2.3 Nitric Acid, 0.1 N. Add 6.3 ml of concentrated HNO, (70 percent) to
a graduated cylinder containing approximately 900 ml of water. Dilute to 1000
ml with water. Mix well. The reagent shall contain less than 2 ng/ml of each
target metal. .

4.2.4 MHydrochloric Acid (HCl), 8 N. Add 690 ml of concentrated HCl to a
graddated cylinder containing 250 ml of water. Dilute to 1000 ml with water.
Mix well. The reagent shall contain less than 2 ng/ml of Hg.

10




4.3 Glessware Cleaning Reagents.

4.3.1 Nitric Acid. Concentrated. Fisher ACS grade or equivalent.

4.3.2 wWater. To conform to ASTM Specifications D1193-77, Type II.

4.3.3 Nitric Acid, 10 Percent {V/V). Add 500 ml of concentrated HNO; to a
graduated cylinder containing aﬁproximately 4000 ml of water. Dilute to 5000
nl with water. .

4.4 Sample Digestion and Analysis Reagents.

4.4.1 Hydrochloric Acid, Concentrated.

4.4.2 Hydrofluoric Acid, Concentrated.

H.Q.3 Nitric Acid, Concentrated. Baker Instra-analyzed or equivalent.

h.4.4 Nitric Acid, 10 Percent (V/V). Add 100 ml of concentrated HNO, to
800 al of water. Dilute to 1000 ml with water. Mix well. Resgent shall
contain less than 2 ng/ml of each target metal.

4.4.5 Nitric Acid, 5 Percent (V/V). Add 50 ml of concentrated HNO, to
800 ml of water. Dilute to 1000 ml with water. Reagent shall contain less
than 2 ng/ml of each target metal.

4.4.6 wWater. To conform to ASTM Specifications D1193-77, Type II.

4.4.7 Hydroxylamine Hydrochloride and Sodium Chloride Solution. See EPA
Method 7470 for preparation.

4.4.8 Stannous Chloride.

4.4.9 Potassium Permanganate, 5 Percent (W/V).

4.4.10 Sulfuric Acid, Concentrated.

4.4.11 Nitric Acid, 50 Percent (V/V).

4.4.12 Potassium Persulfate, 5 Percent (W/V),.

.4.13 Nickel Nitrate, Ni(NOJ)z'GHIO.

Ao Lanthanum Oxide. La,0,.

.4.15 AAS Grade Hg Standard, 1000 ug/aml.

L.16 AAS Grade Pb Standard, 1000 ug/ml.

4.17 AAS Grade As Standard, 1000 ug/ml.

4.18 AAS Grade Cd Standard, 1000 ug/ml.

4.19 AAS Grade Cr Standard, 1000 ug/ml.

.4.20 AAS Grade Sb Standard, 1000 ug/wl.
4
7}
4
4
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.21 AAS Grade Ba Standard, 1000 ug/ml ..
.22 AAS Grade Be Standard, 1000 ug/ml.
.23 AAS Grade Cu Standard, 1000 ug/ol.
.24 AAS Grade Mn Standard, 1000 ug/ml.
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.25 AAS Grade Ni Standard, 1000 ug/ml.

.26 AAS Grade P Standard, 1000 ug/ml.

.27 AAS Grade Se Standard, 1000 ug/ml.

.28 AAS Grade Ag Standard, 1000 ug/ml.

.29 AAS Grade Tl Stnndara. 1000 ug/ml.

.30 AAS Grade Zn Standard, 1000 ug/ml.

.31 AAS Grade Al Standord, 1000 ug/ml.

.32 AAS Grade Fe Standard, 1000 ug/ml.

.33 The metals standards may also be made from solid chenicals as
described in EPA Method 200.7. EPA Method 7470 or Standard Methods for the
Analysis of Water and Wastewater. 15th Edition, Method 303F should be referred
to for additional information on mercury standards.

F - A - - - - Y -
- . . . . . . .
F ol — B - S -~ -~ ~

=
.
=y

4.4,34 Mercury Standards and Quality Control Semples. Prepare f{resh
weekly a 10 ug/ml intermediate mercury standard by adding 5 ml of 1000 ug/ml
mercury stock solution to a 500 wl volumetric flask; dilute to 500 ml by first
adding 20 ml of 15 percent HNO, and then adding water. Prepare a working
mercury standard solution fresh daily: add 5 ml of the 10 ug/ml intermediate
standard to a 250 ml volumetric flask and dilute to 250 ml with 5 ml of
4 percent KMn0,. 5 ml of 15 percent HNO,, and then water. At least six
separate aliquots of the working mercury standard solution should be used to
prepare the standard curve. These aliquots should contain 0.0, 1.0, 2.0, 3.0,
4.0, and 5.0 ml of the working standard solution. Quality control samples ‘
should be prepared by making a separate 10 ug/ml standard and diluting until in
the range of the calibration.

4.4.35 ICAP Standards and Quality Control Samples. Calibration standards
for ICAP analysis can be combined into four different mixed standard solutions

as shown below.

MIXED STANDARD SOLUTIQONS FOR ICAP ANALYSIS

Solution Elements
I As, Be, Cd. Mn, Pb, Se, Zn
II Ba, Cu, Fe

III Al, Cr, Ni

v Ag. P, Sb, Tl

Prepare these standards by combining and diluting the appropriate volumes of
the 1000 ug/ml solutions with S5 percent nitric acid. A minimum of one stan-

dard and a blank can be used to form each calibcation curve. However., a
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separate quality control sample spiked with known amounts of the target metals
in quantities in the midrange of the calibration curve should be prepared.
Suggested standard levels are 50 ug/ml for Al, 25 ug/ml for Cr and Pb, 15 ug/ml
for Fe, and 10 ug/ml for the remaining elements. Standards containing less
than 1 ug/ml of metal should be ﬁrepared daily. Standards containing greater
than 1 ug/ml of metal should be stable for a minimum of 1 to 2 weeks.

4.4.36 Graphite Furnace AAS Standards for Antimony., Arsenic, Cadmium,
Lead, Selenium, and Thallium. Prepare a 10 ug/ml standard by adding | ml of
1000 ug/ml standard to a 100 ml volumetric flask. Dilute to 100 ml with 10
percent nitric acid. For graphite {urnace AAS, the standards must be matrix
matched; e.g., if the samples contain 6 percent nitric acid and 4 percent
hydrofluoric acid. the standards should also be made up with 6 percent nitric
acid and 4 percent hydrofluoric acid. Prepare a 100 ng/wl standard by adding
1 ml of the 10 ug/ml standard to a 100 ml vﬁlumetric flask and dilute to 100 ol
with the appropriate matrix solution. Other standards should be prepared by
dilution of the 100 ng/ml standards. At least five standérds should be used to
make up the standard curve. Suggested levels are 0, 10, 50, 75. and 100 ng/ml.
Quality control samples should be prepared by making a separate 10 ug/ml
standard and diluting until it is in the range of the samples. Standards
containing less than 1 ug/ml of metal should be prepared daily. Standards
containing greater than 1 ug/wl of metal should be stable for & minimum of 1 to
2 weeks.

4.4.37 Matrix Modifiers. _

4.4.37.1 Nickel Nitrate, 1 Percent (V/V}. Dissolve 4.956 g of
Ni(NO,}, 6H,0 in approximately 50 ml of water in a 100 ml volumetric flask.
Dilute to 100 al with water,

4.4.37.2 Nickel Nitrate. One-tenth Percent (V/V). Oilute 10 ml of 1 per-
cent nickel nitrate solution to 100 ml with water. Inject an equal amount of
sample and this modifier into the graphite furnace during AAS analysis for As.

4.4.37.3 Lanthanum.. Dissolve 0.5864 g of La,0, in 10 ml of concentrated
HNO3 and dilute to 100 ml with water. Inject an equal amount of sample and
this modifier into the graphite lurnace during AAS analysis For Pb.

5. Procedure

5.1 Sampling. The complexity of this method is such that, to obtain reli-

able results, testers should be trained and experienced with the test procedures.
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5.1.1 Pretest Preparation. Follow the same general procedure given in
Method 5, Section U4.1.1, except that, unless particulate emissions are to be
determined, the filtér need not be desiccated or weighed. All sampling train
glassware should lirst be rinsed with hot tap water and then washed in hot
soapy water. Next, glassware should be rinsed three times with tap water,
followed by three additional rinses with water. Al) glassware should then be
soaked in a 10 percent (V/V) nitric acid solution for a minioum of 4 hours,
rinsed three times with water, rinsed a final time with ancetone, and allowed
to air dry. All glassware openings where contamination can occur should be
covered until the sampling trein is assembled, prior to sampling.

5.1.2 Preliminary Determinations. Same as Method 5, Section 4.1.2.

‘5.1.3 Preparation of Sampling Train. Follow the same general procedures
given in Method ‘5, Section 4.1.3, except place 100 ml of the nitric
acid/hydrogen peroxide solution (Section 4.2.1) in the two HHOJ/H202 impingers
(normally the second and third impingers), place 100 ml of the acidic potassium
permanganate solution (Section 4.2.2) in the fou}th and fifth impinger, and
transfer approximately 200 to 300 g of preweighed silica gel from its container
to the last impinger. Alternatively, the silica gel may be weighed directly in
the impinger just prior to train assembly.

Several options are available to the tester based on the sampling
conditions. The use of an empty first impinger can be eliminated if the
moisture to be collected in the impingers is calculated or determined to be
less than 150 ml. The tester shall include two impingers containing the
acidic potassium permanganate solution for the first test run, unless past
testing expgrience at the same or similar sources has shown that only one is
necessary. The last permanganate impinger may be discarded if both
permanganate impingers have retained their original deep purple permanganate
color., A maxioum of 200 ml in each permanganate impinger (and a maximum of
three permanganate impingers) may be used, if necessary, to maintain the
desired color in the last permanganate impinger. )

Retain for reégent blanks, 100 ml of the nitric acid/hydrogen peroxide
solution and 100 ml of the acidic potassium permanganate solutioﬁ. These
solutions should be labeled and treated as-descnibed in Section 7. Set up the
sampling train as shown in Figure A-1. If necessary to ensure leak-free
sampling train connections, Teflon tape should be used instead of silicone

grease to prevent contamination.
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Precaution: Extreme care should be taken to prevent contamination within
the train. Prevent the mercury collection reagent {(acidic potassium
permanganate) [rom contacting any glassware of the train which is washed and
analyzed [or Mn. Prevent hydrogen peroxide from mixing with the acidic
potassium permanganate. . ‘

5.1.4 Leak-Check Procedures. Follow the leak-check procedures given in
Method 5, Section 4.1.4.1 (Prefest Leak-Check), Section 4.1.4.2 (Leak-Checks
During the Sample Run). and Section 4.1.4.3 (Post-Test Leak-Checks).

5.1.5 Sampling Train Operation. Follow the procedures given in Method 5,
Section 4.1.5. For each run, record the data required on a data sheet such as
the ane shown in Figure 5-2 of Method 5.

5.1.6 Calculation of Percent Isokinetic. Same as Method 5, Section 4.1.6.

5.2 Sample Recovery. Begin cleanup procedures as soon as the probe is
removed from the stack at the end of a sampling period.

The probe should be allowed to cool prior to sample recovery. When it can
be safely handled, wipe off all external particulate matter near the tip of
the probe nozzle and place a rinsed, non-contaminating cap over the probe
nozzle to prevent losihg or gaining particulate matter., Do not cap the probe
tip tightly while the sampling train is cooling. This normally causes a vacuum
to form in the filter holder, thus causing the undesired result of drawing
liquid from the impingers into the Filter.

Before moving the sampling train to the cleanup site, remove the probe from
the sampling ‘train and cap the open outlet. Be careful not to lose any
condensate that might be present. Cap the filter inlet where the probe was
fastened. Remove the umbilical cord from the last impinger and cap the
impinger. Cap ofl the filter holder outlet and impinger inlet. Use non-
contaminating caps, whether ground-glass stoppers., plastic caps. serum caps.
or Tellon tape to close these openings. -

' Alternatively, the train can be disassembled before.the probe and Filter
holder/oven are completely cooled, if this procedure is followed: Initially
disconnect the [lilter holder outlet/impinger inlet and loosely cap the open
ends. Then disconnect the probe from the filter holder or cyclone inlet and
loosely cap the open ends. Cap the probe tip and remove the umbilical cord as
previously described. )

Transfer the probe and [ilter-impinger assembly to a cleanup area that is
clean and protected from the wind and other potential causes of contamination
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or loss of sample. Inspect the train before and during disassembly and note
any abnormal conditions. The sample is recovered and treated as follows (see
schematic in Figure A-2). Assure that’'all items necessary for recovery of the
sample do not contaminate it.

5.2.1 Container No..1 (Filter). Carefully remove the filter froam the
filter holder and place it in its identified petri dish container. Acid-
washed polypropylene or Teflon coated tweezers or clean, disposable surgical
gloves rinsed with water should be used to handle the filters. If it is
necessary to fold the filter, make certain the particulate cake is inside the
fold. Carefully transfer the filter and any particulate matter or filter
fiberé that adhere to the filter holder gasket to the petri dish by using a dry
{ecid-cleaned) nylon bristle brush. Do not use any metal-containing materials
when recovering this train. Seal the labeled petri dish.

5.2.2 Container No. 2 (Acetone Rinse). Taking care to see that dust on
the outside of the probe or other exterior surfaces does not get into the
sample, quantitatively recover particulate matter and any condensate from the
probe nozzle, probe fitting, probe liner, and front halfl of the filter holder
by washing these cowmponents with 100 ml of acetone and placing the wash in a
glass container. Note: The use of .exactly 100 ml is necessary for the
subsequent blank correction procedures. Distilled water may be used instead of
acetone when approved by the Administrator and shall be used when'specified-by
the Administrator: in these cases., save a water blank and follow the ]
Administrator’'s directions on analysis. Perform the acetone rinses as [ollows:
Carefully remove the probe nozzle and clean the inside surface by rinsing with
acetone from a wash bottle and brushing with a nonmetallic brush. Brush until
the acetone rinse shows no visible particles, after which make a Cinal rinse of
the inside surface with acetone.

Brush and rinse the inside parts of the Swaogelok litting with acetone in a
similar way until no visible particles remain.

Rinse the probe liner with acetone by tilting and rotating the probe while
squirting acetone into its upper end so that all inside surfaces will be wetted
with acetone. Allow the acetone to drain lFrom the lower end into the sample
container. A funnel may be used to aid in transferring liquid washings to the
container. Follow the acetone rinse with a nonmetallic probe brush, Hold the
probe in an inclined position, squirt acetone into the upper end as the probe
brush is being pushed with a twisting action through the probe: hold a sample
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container underneath the lower end of the probe, and catch any acetone and
particulate matter which is brushed through the probe three times or wmore until
no visible particulate matter is carried out with the acetone or until none
remains in the probe liner on visual inspection. Rinse the brush with acetone,
and quantitatively collect these'washings in the sample container. After the
brushing, make a final acetone rinse of the probe as described above.

It is recommended that two people clean the probe to minimize sample
losses. Between sampling runs, keep brushes clean and protected from
contamination,

Clean the inside of the front half of the filter holder by rubbing the
surfaces with a nonmetallic nylon bristle brush and rinsing with acetone.

Rinse each surfoce three times or more if needed to remove visible particulate.
Make a final rinse of the brush and filter holder. After all acetone washings
and particulate matter have been collected in the sample container, tighten the
lid on the sample container so that acetone will not leak out when it is
shipped to the laboratory. Mark the height of the fluid level to determine
whether or not leakage occurred during transport. Label the container clearly
‘to identify its contents.

5.2.3 Container No. 3 {Probe Rinse}. Rinse the probe liner, probe nozzle,
and front halfl of the filter halder thoroughly with 100 ml of Q.1 N nitric acid
oend place the wash into a sample storage container. Note: The use of exactly
100 ml is hecessary for the subsequent blank correction procedures. Perform
the rinses as described in Method 12, Section 5.2.2. Record the volume of the
combined rinse. Mark the height of the fluid level on the outside of the
storage container and use this mark to determine if leakage occurs during
tcanspoct. Seal the container and clearly label the contents. Finally, rinse
the nozzle. probe liner, and front half of the lilter holder with water
followed by acetone and discard these rinses. '

5.2.4 Container No. U4 (Impingers 1 through 3, Contents and Rinses). Due
to the large quantity of liquid involved, the tester may place the impinger
solutions in more than one container. Measure the liquid in the first three
iopingers volumetrically to within 0.5 @l using a graduated cylinder. Record
the volume of liquid present. This information. is required to calculate the
woisture content of the sampled Flue gas. Clean each of the first three
impingers, the filter support., the back half of the filter housing., and
connecting glassware by thoroughly rinsing with 100 ol of 0.1 N nitric acid as
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described in Method 12, Section 5.2.4. Note: The use of exactly 100 =l of 0.1
N nitric acid rinse is necessary for the subsequent blank correction
procedures. Combine the rinses and impinger solutions, meaéure and record the
volume. Calculate the 0.1 N nitric acid rinse volume by difference. Mark the
height of the fluid level on the outside of the container to determine if
leakage occurs during transport. Seal the container end clearly label the
contents. -

5.2.5 Container No. 9 {Acidified Potassium Permangenate Solution and
Rinses, Impingers No. 4 & 5). Pour all the liquid from the permunghnate
impingers (fourth and fifth, if two permanganate impingers are used) into a
graduated cylinder and measure the-volume to within 0.5 ml. This information
is required to calculate the moisture content of the sampled flue gas. Using
100 ml total of the acidified potassium permangonate solution, rinse the
permanganate impinger(s) and connecting glass pieces a minimum of three times.
Combine the rinses with the permanganate impinger solution. Finally, rinse the
permanganate impinger(s) and connecting glassware with 50 ml of 8 N HCl to
remove any residue. Note: The use of exactly 100 ml and S0 ml for the two
rinses is necessary for the subsequent blank correction procedures. .Place the
combineq rinses and impinger contents in a labeled glass storage bottle. Mark
the height of the fluid level on the outside of the bottle to determine if
leakage oc¢curs during transport. See the following note and the Precaution in
Paragraph 4.2.2 and properly seal the bottle end clearly label the contents.

Note: Due to the potential reaction of the potassium permenganate with the
acid, there may be pressure buildup in the sample storage bottles. These
bottles should not be filled full and should be vented to relieve excess
pressure. Venting is highly recommended. A No. 70-72 hole drilled in the
container cap and Tellon liner has been found to allow adequate venting without
loss of sample.

5.2.6 Container No. 6 (Silica Gel). Note the color of the indicating
silica gel to determine whether it has been cowmpletely spent and make a
notation of its condition. Transfer the silica gel from its impinger to ils
original container and seal. The tester may use a funnel to pour the silica
gel and a rubber policeman to remove the silica gel from the impinger. The
small amount of particles that may adhere to the impinger wall need not be
removed. Do not use water or other liquids to transfer the silica gel since
weight gained in the silica gel impinger is used for moisture calculations.
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Alternatively, if a balance is available in the field, record the weight of
the spent silica gel (or silica gel plus impinger) to-the nearest 0.5 g.

5.2.7 Container No. 7 (Acetone Blank}. Once during each field test, place
100 ml of the acetone used in the sample recovery process into a labeled
container for use in the front halfl field reagent blank. Seal the container.

5.2.8 Container No. 8 (0.1 N Nitric Acid Blank). Once during each field
test, place 200 ml of the 0.1 N nitric acid solution used in the sample
recovery process into o labeled container for use in the front hall and baock
half field reagent blanks. Seal the container. '

5.2.9 Container No. 9 (5% Nitric Acid/10X Hydrogen Peroxide Blenk}. Once
during each field test, place 200 aml of the 5% nitric acid/10X hydrogen
peroxide solution used as the nitric acid impinger resegent into a labeled
container for use in the back hall field reagent blank. Seal the container,

5.2.10 Container No. 10 {Acidified Potassium Permanganate Blank)}. Once
during each field test, place 300 ml of the acidified potassium permanganate
solution used as the impinger solution and in the sample recovery process inte
a labeled container for use in the back half field reagent blank for mercury
analysis. Seal the container. .

Note: This container should be vented, as described in Section 5.2.4, to
relieve excess pressure.

5.2.11 Container No. 11 (8 N HClL Blank). Once during each field test,
piace 50 ml of the 8 N hydrochloric acid used to rinse the acidified potassium
permanganate impingers into a labeled container for use in the back half
reagent blank for mercury.

5.2.12 Container No. 12 (Filter Blank}. Once during each lield test,
place'an unused filter from the same lot as the sampling filters in u labeled
petri dish. Seal the petri dish. This will be used in the front hall Fiéld
reagent blank. ._'

5.3 , Sample Preparation. Note the level of the liquid in each of the
containers and determine if any sample was lost during shipment. If a
noticeable amount ol leakage has occurred. either void the sample or use
methods, subject to the approvel of the Administrator, to correct the ['inal
results. A diagram illustrating sample preparation and analysis procedures lor
each of the sample train components is shown in Figure A-3.

5.3.1 Container No. 1 (Filter). If particulatre emissions are being
determined, then desiccate the filter and filter catch without heat and weigh to
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a constant weight as described in Section 4.3 of Method 5. For analysis of
metals, divide the Filter with its filter catch into portions containing
approximately 0.5 g each and place into the analyst's choice of either
individual microwave pressure relief vessels or Parr® Bombs. Add 6 ml of
concentratea nitric acid and 4 ﬁl ol concentrated hydroflluoric acid to each
vessel. For microwave heating, microwave the sample vessels for approximately
12-15 minutes in intervals of 1 to 2 minutes at 600 Watts. For conventional
heating, heat the Parr Bombs at 140°C (285°F) for 6 hours. Then cool the
samples to room temperature and combine with the acid digested probe rinse as
required in Section 5.3.3, below.

Notes: 1. Suggested microwave heating times are approximate and are dependent
upon the number of samples being digested. Twelve to 15 ainute
heating times have been found to be acceptable for simultaneous
digestion of up to 12 individual samples. Sufficient heating is
evidenced by sorbent reflux within the vessel.

2. If the sampling train uses an optional cyclone, the cyclone catch
should be prepared and digested using the same procedures described
for the filters and combined with . the digesteg filter samples.

5.3.2 Container No. 2 (Acetone Rinse}. Note the level of liquid in the
container and confirm on the analysis sheet whether or not leakage occurred
during transport. If a noticeable amount of leakage has occurred, either void
the sample or use methods, subject to the approval of the Administrator, to
correct the final results. Measure the liquid in this container either .
volumetrically to +1 ml or gravimetrically to +0.5 g. Transfer the contents to
-an acid-cleaned tared 250-ml beaker and evaporate to dryness at ambient
temperature and pressure. If particulate emissions are becing dctermined,
desiccate for 24 hours without heat, weigh to a constant weight according to
the procedures described in Section 4.3 of Method 5, and report Lhe resulls to
the nearest 0.1 mg. Resolubilize the residue with concentrated nitric acid and
cogbine the resultant sample including all liquid and any particulate matter
with Container No. 3 prior to beginning the following Section 5.3.3.

5.3.3 Container No. 3 {Probe Rinse). The pH of this sample shall be 2 or
lower. If the pH is higher., the sample should be acidified with concentrated
nitric acid to pH 2. The sample should be rinsed intc a beaker with water and
the beaker should be covered with a ribbed watchglass., The sample volume should
be reduced to approximately 50 ml by heating on a hot plate at a temperature
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Just below boiling. Inspect the sample for visible particulate matter, and
depending on the results of the inspection, perform one of the following. If no
particulate matter is observed, combine the sample directly with the acid
digested portions of the lilter prepared previously in Section 5.3.1. 1IF
particulate matter is observed, aigest the sample in microwave vessels or Parrh
Bombs following the procedures described in Section 5.3.1; then combine the
resultant sample directly with the acid digested portions of the filter prepared
previously in Section 5.3.1. The resultant combined sample is referred to as
Fraction 1. Filter the combined solution of the acid digested filter and probe
rinse samples using Whatman 541 filter paper. Dilute to 300 ml (or the
appropriate volume [(or the expected metals concentration) with water. Measure
and record the combined volume of the Fraction 1 solution to within 0.1 ml.
Quantitatively remove a 50 ml aliquot and label as Fraction 1B. Label the
remaining 250 ml portion as Fraction 1A. Fraction 1A is used for ICAP or AAS
analysis. Fraction 1B is used for the determination of front halfl aecrcury.

5.3.4 Container No. 4§ {Impingers 1-3). Measure and record the total vol-
une of this sample (Fraction 2) to within 0.5 ml. Remove a 50 ml aliquot for
mercury analysis and label as Fraction 2B. Label the remaining portion of
_Container No. 4 as Fraction 2A. The Fraction 2B aliquot should be prepared and
analyzed as described in Section 5.4.3. Fraction 2A shall be pH 2 or lower.
If necessary, use concentrated nitric acid to lower Fraction 2A to pH 2. The
sample should be rinsed into a beaker with water and the beaker should be
covered with a ribbed watchglass. The sample volume should be reduced to
approximately 20 ml by heating on a hot plate at a temperature just below
boiling. Then follow either of the digestion procedures described in Sections
5.3.4.1 and 5.3.4.2, below.

5.3.4.1 Conventional Digestion Procedurc. Add 30 ml of 50 percent nitric
acid and heat for 30 minutes on a hot plate to just below boiling. Add 10 ml of
3 percent hydrogen peroxide and heat for 10 mcre minutes. Add 50 ml of hot
water and heat the sample for an additional 20 minutes. Cool. filter the
sample, and dilute teo 150 ml (or the appropriate volume for Lhec expected metals
concentrations) with water. '

5.3.4.2 Microwave Digestion Procedurc. Add 10 ml of 50 percent nitric
acid and heat for 6 minutes in intervals of | to 2 minutes at 600 Watts. Allow
the sample to cool. Add 10 ml of 3 percent hydrogen peroxide and heat for 2

wore minutes. Add S0 ml of hot water and heat for an additional S5 minutes.
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Cool, filter the sample, and dilute to 150 ml {(or the appropriate volume for the
expected metals concentrations) with water.

Note: All microwave heating times given are approximate and are dependent
upon the number of samples being digested at a time. Heating times as given
above have been found acceptable for simultaneous digestion of up to 12
individual samples. Sufficient heating is evidenced by solvent reflux within
the vessel.

5.3.5 Container No. 5 (Impingers 4 & 5}. Measure and record the total
volume of this sample to within 0.5 ml. This sample is referred to as Fraction
3. Follow the analysis procedures described in Section 5.4.3.

5.3.6 Container No. 6 (Silica Gel). Weigh the spent silica gel {or silica
gel plhs impinger} to the nearest 0.5 g using a balance. (This step
may be conducted in the field.)

S.4 Sample Aﬁalysis. For each sampling train, five individual samples are
generated for onalysis. A schematic identifying each samplé and the prescribed
sample preparation and analysis scheme is shown in Figure A-3. The first two
samples, labeled Fractions lA and 1B, consist of the digested samples from the
front half of the train. Fraction 1A is for ICAP or AAS analysis as described
in Sections 5.4.1 and/or 5.4.2. Fraction 1B is for determination of front half
wmercury as described in Section 5.4.3.

The back half of the train was used to prepare the third through Fifth
samples, The third and fourth samples, labeled Fractions 2A and 2B, contain
the digested samples from the H,0 and HNO'JIHzOz Impingers 1 through 3. Fraction
2A is for ICAP or AAS analysis. Fraction 2B will be analyzed for mercury.

The fifth sample, labeled Fraction 3, consists of the impinger contents and
rinses {rom the permanganate Impingers U4 and 5. This sample is onalyzed flor
mercury as described in Section 5.4.3. The total back halfl meccury catch is
determined from the sum of Fraction 28 and Fraction 3.

5.4.1 ICAP Analysis. Fraction 1A and Fraction 2A are analyzed by ICAP
using EPA Method 200.7 (Y40 CFR 136, Appendix C). Calibrate the ICAP, and set tp
an analysis program as described in Method 200.7. The quality control proce-
dures described in Section 7.3.1 of this method shall be lollowed. Recommended

v

wavelengths For use in the analysis are listed.below.
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Elemcnt wavelength {nm)

Aluminum 308.215%
Antioony 206.833
Arsenic 193.696
Darium 4s5.403
Beryllium 313.042
Cadmium 226.502
Chromium - 267.716
Copper 320,754
Iron 259.940
Lead 220.353
Mangonese 257.610
Nickel 231.604
Selenium 196.026
Silver 328.068
Thallium 190.864
Zinc 213.856

The wavelengths listed are recommended because of their sensitivity and overall
acceptance, Other wavelengths may be substituted if they can provide the
needed sensitivity and are treated with the same corrective techniques for
spectral interference.

Initially, analyze all samples for the target metals plus iron and
aluminum. If iron and aluminum are present in the sample, the sample may have
to be diluted so that each of these elements is at a concentration of less than
S0 ppm to reduce their spectral interferences on arsenic and lead.

Note: When analyzing samples in a hydrofluoric acid matrix, an alumina
torch should be used; since all front half samples will contain hydrofluoric
acid, use an alumina torch.

5.40.2 AAS by Direct Aspiration and/oc Graphite Furnace. If analysis of
metals in Fraction 1A and Fraction 2A using graphite [urnace or direct
aspiration AAS is desired, Table A-2 should be used to determine which
techniques and methods should be applied for each target metal. Table A-2
should alsc be consulted to determine possible interferences and techniques to
be followed for their minimization. Calibrate the instrument according to
Section 6.3 and follow the quality control procedures specified in Section
7.3.2.

5.4.3 Cold Vapor AAS Mercury Analysis. Fraction 1B, Fractiop 2B, and
Fraction 3 should be analyzed for mercury using cold vapor atomic absorption
spectroscopy lcllowing the method outlined in EPA Method 7470 or in Standard
Methods for Water and Wastewater Analysis. 15th Edition, Method 303F. Set up
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the calibration curve os described in Section 7.3 of Method 303F. Add
approximately 5 ml of each sample to BOD bottles. Record the amount of sample
added. The amount used is dependent upon the expected levels of mercury.
Dilute to approximately 120 ml with mercury-free water. Add approximately 15
ml of 5 percent potassium permanganate solution to the Froction 2B and Fraction =
3 samples. Add 5 percent potassium permanganate solution to the Fraction 1B
sample as needed to produce a purple solution lasting at least 15 minutes. A
ainimum of 25 wl is suggested. Add 5 ml of S0 percent nitric acid, 5 al of
concentrated sulfuric acid, and 9 ml of 5 percent potassium persulfate to each
sample and each standard. Digest the solution in the capped BOD bottle at.95°C
(205°F) in a convection oven or water bath for 2 hours. Cool. Add S5 ml of
hydroxylamine hydrochloride soluticon and mix the sample. Then add 7 ol of

stannous chloride to each sample and anslyze immediately.

6. Calibration

Maintain a laboratory log of all calibrations.

6.1 Sampling Train Calibration. Calibrate the sempling train components
according to the indicated sections of Method 5: Probe Nozzle (Section 5.1);
Pitot Tube (Section 5.2): Metering System (Section 5.3); Probe Heater (Section
5.4): Temperature Gauges (Section 5.5); Leak-Check of the Metering System
(Section 5.6); and Barometer (Section 5.7).

6.2 Inductively Coupled Argon Plasma Spectrometer Calibration. Prepare
standards as outlined in Section 4.4. Profile and calibrate the instrumenf
according to the instrument manufacturer's recommended procedures using the
above standards. The instrument calibration should be checked once per hour.
If the instrument does not reproduce the concentrations of the standard within
10 percent, the complete calibration procedures should be performed.

6.3 Atomic Absorption Spectrometer - Direct Aspiration. Graphite Furnace
and Cold Vapor Mercury Analyses. Prepare the standards as outlined in Section
4.4. Calibrate the spectrometer using these prepared standards. Calibration
procedures are also outlined in the EPA sethods referred to in Table A-2 and in
Standard Methods for Water and Wastewater, 15th Edition, Method 303F (for

mercury). Each standard curve should be run in duplicate and the mean values
used to calculate the calibration line. The instcument should be recalibrated
approximately once every 10 to 12 samples.
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7. Quality Control

7.1 Sampling. Field Reagent Blanks. The blank samples in Container
Numbers 7 through 12 produced previously in Sections 5.2.7 through 5.2.11,
respectively, shall be processed, digested, and analyzed as follows. Digest
and process Container No, 12 conténts per Section 5.3.1. Container No. 7 per
Section 5.3.2, and half of Container No. 8 per Section 5.3.3. This produces
Fraction Blank 1A and Fraction Blank 1B from Fraction Blank 1. Combine the
remaining half of Container No. 8 with the contents of Container No. 9 and
digest and process the resultant volume per Section 5.3.4. This produces
Fraction Blank 2A and Fraction Blank 2B from Fraction Blank 2. Container No. 10
and Container No. 1l contents are Fraction Blank 3. Analyze Fraction Blank 1A
and Fraction Blank 2A per Section $.4.1 and/or 5.4.2. Analyze Fraction Blank
1B, Fraction Blank 2B, and Fraoction Blank 3. per Section 5.4.3. The analysis of
Fraction Blank 1A produces the {ront half reagent blank correction values for
the metals except mercury; the analysis of Fraction Blank 1B produces the front
half reagent blank correct value for mercury. The analysis of Fraction Dlank 2A
produces the back half reagent blank correction values f{or the metals except
mercury, while separate analysis of Fraction Blanks 2B and 3 produce the back
half reagent blank correction value for mercury.

7.2 An cattempt may be made to determine if the laboratory resngents used in
Section 5.3 caused contamination. They should be analyzed by the procedures in
Section S.4. The Administrator will determine whether or not the laboratory
blank reagent values can be used in the calculation of the stationary source
test results.

7.3 Quality Control Samples. The following quality control samples should
be analyzed.

7-3.1 ICAP Analysis. Follow the quality control shown in Section 8 of
Method 6010. For the purposes of a three run test series, these requirements
have been modified to include the following: two instrument check standard
runs, two calibration blank runs, one interference check sample at the
beginning of the analysis (must be within 25% or analyze by standard addition).
one quality control sample to check the eccuracy of the calibration standards
{must be within 25% of calibration), and one duplicate analysis (must be within
5% of average or repeat all analysis).

7.3.2 Direct Aspiration and/or Graphite Furnace AAS Analysis for Antimony.
Arsenic, Barium, Beryllium, Cadmium, Copper, Chromium, Lead, Nickel, Manganese,
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Mercury, Phosphorus, Selenium, Silver, Thallium, and Zinc. All samples should
be analyzed in duplicate. Perform a matrix spike on one front hall sample and
one back half sample or oﬁe combined sample. Il recoveries of less than 75
Percent or greater than 125 percent are obtained for the matrix spike, analyze
each sample by the wethod of additions. A quality control sample should be
analyzed to check the accuracy of the calibration standards. The results must
be within ldz or the calibfution repeated.

7.3.3 Cecld Vapor AAS Analysis for Mercury. All samples should be analyzed
in duplicate. A quality control sample should be analyzed to check the accuracy
of the calibration standards (within 10X or repeat calibration). Perform a
matrix spike on one sample from the nitric impinger portion (must be w;thin 25X
or samples must be analyzed by the method of standard additions). Additional
information on quality control can be obtained from EPA Method 7470 or in
Standard Methods For Water and Wastewater, 15th Edition, Method 303F.

8. Calculations _

8.1 Dry Ges Volume. Using the data from this test, calculate V,_,,,.,. the
dry gas sample volume at standard conditions as outlined in Section 6.3 of
Method 5. ' ‘

8.2 Volume of Water Vapor and Moisture Content, Using the data obtained

from this test, calculate the volume of water vepor V, and the moisture

{eta)
content B, of the stack gas. Use Equations S5-2 and 5-3 of Method S.

8.3 Stack Gas Velocity, Using the data from this test and Equation 2-9 of
Method 2, calculate the average stack gas velocity.

8.4 Metals (Except Mercury) in Source Sample.

8.4.1 Fraction 1A, Front Half, Metals (except lig)}. Calculate the amount
ol each metal coliected in Epaction 1 of the sampling train using the lollowing
equatioﬁ:
=C, F, V

th soln.l ' Eq' L*

*If Fractions 1A and 2A are combined, proportional aliquots must be used.
Appropriate changes must be made in Equations 1-3 to reflect this approach.
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where:

M., = total mass of each metal (except Hg) collected in the
front half of the sampling train (Fraction 1}, ug.
C, = concentration of metal in sample Fraction 1A as read from the
standard curve (ug/anl).
F; = dilution factor (Fd = ' the inverse of the fracticnal portion of the

concentrated sample in the solution actually used in the instrument to
produce the reading C,. For example., when the dilution of Fraction 1A
is from 2 to 10 ml, F, = 5}.

Vioin.1 = total volume of digested sample solution {Fraction 1), ml.

B.4.2 Fraction 2A, Baock lalf, Metals (except Hg). Calculate the amount of
each metal collected in Fraction 2 of the sampling train using the following

equation.

M, =C, F, V Eq. 2*

where:

M . = total mass of each metal {except Hg) collected in the back half
of the sampling train {Fraction 2). ug.
C_ = concentration of metal in sample Fraction 2A, as read from the
standard curve (ug/ml). .
F, = aliquot factor, volume of Fraction 2 divided by volume of aliquot
‘Fraction 2A.
V, = volume of digested sample analyzed (concentrated Fraction 2A), mnl.

8.4.3 Total Train, Metals {(except Hg). Calculate the total amcunt of each
of the quantified metals collected in the sampling train as follows:

M, = (M

. - M

¢ My, = Myyy) Eq. 3*

cth fhb)

where:

M, = total mass of each metal (separately stated for cach metal) collected
in the sampling train, ug.
M,., = blank correction value for mass of wmetal detected in front halfl
field reagent blank, ug.
M,ny = blank correction value for mass of metal detected in back half
field reagent blank, ug.

*1f Fractions 1A and 2A are combined, proportional aliquots must be used.
Appropriate changes must be made in Equations 1-3 to reflect this approach.
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Note: If the measured blank value for the front half (m,,,) is in the range 0.0
to A ug [where A ug equals the value determined by multiplying 1.4 ug per square
inch (1.4 ug/in.?) times the actual area in square inches (in.2) of the filter
used in the emission sample], m,,, 28y be used to correct the emission sample
value (m,, }; if m,, , excceds A g, the greater of the two lollowing values
(either I. or I1.) may be used:

I. Aug, or )

II. the lesser of (n) Bryys OF {b) 5 percent of m,, .
If the measured blank value for the back half (B,,,) is in the range 0.0 to 1

vg. m,,, may be used to correct the emission sample value (m,,}: if m exceeds

bhb
1 ug, the greater of the two following values may be used: 1 ug or 5 percent of

Dy p, -

8.9 Mercury in Source Sample.
8.5.1 Fraction 1B, Front Half, Hg. Calculate the amount of mercury
collected in the front half, Fraction 1, of the sampling train using the

following equation:

Q.

Hg'“' T — X

Vln_l.n.l Eq‘ Q

ris

where:

Hg,,, = total mass of mercury collected in the front half of the sampllng
train (Fraction 1), ug.
Q. quantity of mercury in analyzed sample, ug.
soln,d total volume of digested sample solution (Fraction 1)}, ml.
Viis = volume of Fraction 1B analyzed, ml. See the following Note.

Note: V,..s 1S the actual amount of Fraction 1B analyzéd. For example, if 1 ml
of Fraction 1B were diluted to 100 ml to bring it into the proper analytical
range. and 1 ml of the 100 ml dilution was analyzed, V, , would be 0.01.

8.5.2 Fraction 2B and Fraction 3, Back Half, Hg. Calculate the smount of
mercury collected in Fractions 2 and 3 using Equations S and 6, respectively.
Calculate the total amount of mercury collected in the back half of the sampling
train using Equation 7.
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where:
Hgy, »

bh2
ran

where:
HEyp 4
th)

VrJ

soln,}

where:

soln,2

total mass of mercury collected in Fraction 2, ug.
quantity of mercury in analyzed sample, ug.
volume of Fraction 2B analyzed, ml (see Note in

Section 8.5.1).

"

total volume of TFraction 2, wml.

Qth
Hgbh] = x Vooln.} Eq. 6
Vean
= total mass of mercury collected in Fraction 3, ug.
= quantity of mercury in analyzed sample, ug.
= volume of Fraction 3 analyzed, ml (see Note in
Section 8.5.1).
= total volume of Fraction 3, ml.
HEwn = HByn2 * HEypy Eq. 7

Hg,, = total mass of mercury collected in the back half of the sanpling
train, ug.

8.5.3 Total
collected in the

where:

M‘ =
HE¢py =

HEyn s

total
blank
field
blank

Train Mercury Catch. Calculate the total amount of mercury

sampling train using Equation 8.

M‘ = (Hg,h = Hgl‘hb) + (Hgbh = Hgbhb) Eq' 8

mass of mercury collected in the sampling train, ug.
correction value for mass of mercury detected in front half
reagent blank, ug.

correction value for mass of mercury detected in back

half field reagent blank, ug.

Note: If the total of the measured blank values (Hgppy * Hg;hb) is in the range

of 0 to 3 ug, then the total may be used to correct the emission sample value

(Hg,, * Hg,,): if it exceeds 3 ug, the grester of the following two values may

be used: 3 ug or 5 percent of the emission samsple valye (Hg,, * gyl -
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8.6 Metal Concentration of Stack Gas. Calculate the cadmium. total
chromium, arsenic, nickel. manganese, beryllium, copper, lead, phosphorus,
thallium, silver, barium, zinc, selenium, antimony, and mercury concentrations

in the stack gas (dry basis, adjusted to standard conditions) as follows:

cl = Kﬁ (Mt/vulcld)) Eq'9
where:

concentration of each metal in the stack gas, mg/dscm.

103 mg/ug.

total mass of ecach metal collected in the sampling train, ug.
volume of gas sample as measured by the dry gas meter. corrected
to dry standard conditions, dscm.

8.7 Isokinetic Variation and Acceptable Results, Same as Method 5.
Sections 6.11 and 6.12, respectively.
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