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19. ABSTRACT (continued)

The characterization of the airborne combustion products in armored
vehicles during weapons firing exercises was facilitated by the use of
optimized sampling and analysis methods to permit the collection of large
sample volumes and thus enhance the ability to identify and quantify trace
pollutants. Inorganic gases and members of several compound classes were
found in one or more armored vehicles during firing:

WEAPON POLLUTANTS

Carbon Monoxide Vapor Phase Organics

Ammonia Aldehydes

Carbon Dioxide Polycyclic Aromatic Hydrocarbons (PAHs)
Hydrogen Cyanide Nitro-PAHs

Hydrogen Sulfide Particulates (Total, Respirable)
Nitrogen Oxides Metals

Sulfur Dioxide

On a few occasions, carbon monoxide was observed to exceed the NRC
recommended emergency and continuous exposure limit, which is 1500 ppm, for
up to 40 minutes in tanks (Ml and M60). Carbon monoxide was observed to
exceed 2000 ppm for shorter periods in all vehicles except the M3, wheve
the peak level was 1300 ppm. Mean carbon monoxide concentrations ranged
from 3.6 to 4.7 ppm in the non-tank vehicles (M3 and M109) and from 35 to
43 ppm in the tanks. With few exceptions, the maximum concentrations of
all other pollutants in all vehicles were less than their respective
threshold limit values and short-term emergency exposure levels.

The peak instantaneous concentrations of pollutants generated during
weapon firing, and to which crewmen such as the ammunition loader are
exposed, may exceed 500 times the average concentrations inside vehicles.
These peak excursions are very localized and short-lived. Carbon monoxide,
which is a major combustion product, is observed at statistically signif-
icantly higher mean and peak concentrations in tanks (Ml; M60) compared to
non-tank vehicles (M3; M109). All other pollutants are generally observed
at higher levels in tanks than non-tank vehicles, although the statistical
significance of this observation is affected by sample size and variability..

The rigor and complexity of field sampling in armored vehicles during
firing exercises can be successfully dealt with if proper planning and
careful limitation of the duration of sampling is followed. The use of
sampling vests for breathing zone measurements is feasible although subject
to failure due to the activity of the subject.

oo |




APPENDIX A

SAMPLING AND ANALYSIS METHODS

Page
Polynuclear Aromatic Hydrocarbons................ ... ... ... ... A-1
Organics Sampling and Analysis Method......................... A-11
Elements (0P ) ...ttt it ittt it ettt ettt eneaenans A-15
Glutaraldehyde. .. ... ... i i i i it i e A-21
Formaldehyde. ... .. ... ittt ittt ittt e, A-29
Nitrogen Dioxide - Breathing Zone................. ... ... A-35
AMMONLa. . .. e e e e e e A-41
Sulfates, Sulfites and Sulfur Dioxide............. ... .. A-51
Total Suspended Particulates................c.c0iirivrnnnennenn. A-59
Respirable Suspended Particulates................ ..., A-63
Analytical Procedures for Nitro-PAHs

in Diesel Particulate Extracts..............covvereeunnennn. A-69
Sampling Methods for Hydrogen Cyanide.................... ..... A-71
Nitrogen Dioxide - Gemeral Area............ciiieieminnennnnnnn. A-85




FORMULA: Table 1

M.W.: Table 1

POLYNUCLEAR AROMATIC HYDROCARBONS

METHOD: 5506
ISSUED: 5/15/85

OSHA: proposed for B[alP: 0.2 ug/m?®
ACGIH: suspect carcinogen (B{a]lP)

PROPERTIES: Table 1

COMPOUNDS: acenaphthene benzo[ghi ]Jperylene fluorene
acenaphthylene benzo(a]pyrene indeno[1,2,3-cd]pyrene
anthracene benzo[e]pyrene naphthaiene
benz[alanthracene chrysene phenanthrene
benzo[b)fluoranthene dibenz{a,hlanthracene pyrene
benzo[k }fluoranthene fluoranthene

SYNONYMS: PAH; PNA: also see Table 2.

SAMPLING MEASUREMENT

SAMPLER: FILTER + SORBENT
(2-pm, 37-mm PTFE +» washed XAD-Z,
100 mg/S0 mg)

FLOW RATE: 2 L/min

VOL-MIN: 200 L
-MAX: 1000 L

SHIPMENT: transfer filters to culture tubes;
wrap sorbent and culture tubes in
Al foil; ship @ 0 °C

SAMPLE STABILITY: unknown; protect from
heat and UV radiation

FIELD BLANKS: 10% (>3) of samples
MEDIA BLANKS: 6 to 10

AREA SAMPLES: 8 replicates on preweighed
filters for solvent selection

ACCURACY

RANGE STUDIED, BIAS, AND OVERALL
PRECISION (s.): not measured

'METHOO: HPLC, FLUORESCENCE/UV DETECTION

t

!ANALYTE: compounds above

1

'EXTRACTION: S mlL organic solvent appropriate to
! sample matrix (step 7)

!COLUMN: 15 om x 4.6 mm, reverse phase, 5-um Cg

'INJECTION VOLUME: 10 to SO i

'MOBILE PHASE: Hy0/CH4CN gradient @ ambient
! temperature

'FLOW RATE: 1.0 mL/min

t

'DETECTORS: UV @ 2594 nm; fluorescence @ 340 nm
| (excitation), 425 nm (emission)

'CALIBRATION: external standards in CHyCN

'RANGE, LOD AND PRECISION (s,): EVALUATION OF
ME THOD

APPLICABILITY: The working range for B(a]P is 1 to 50 ug/m? for a 400-L air sample.
Specific sample sets may require modification in filter extraction solvent, choice of
measurement method, and measurement conditions (see EVALUATION OF METHOD).

INTERFERENCES: Any compound which elutes at the same HPLC retention time may interfere. Heat,
ozone, NOp, or UV light may cause sample degradation.

OTHER METHODS: This revises PSCAM 206 and 251 [1]. The spectrophotometric methods, P&CAM 184
and 186 [1], have not been revised. Also see Method 5515 (GC).

5/15/85
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POLYNUCLEAR AROMATIC HYDROCARBONS

REAGENTS:

1.

Filter extraction solvent:
benzene,* cyclohexane, methylene
chioride, or other appropriate
solvents, pesticide grade

grade (step 1).

. Water, distilled, deionized,

degassed.

. Acetonitrile, HPLC grade, degassed.
. PAH reference standards,*

appropriate to the PAH-containing
matrix sampled.

. Calibration stock solution,

0.25 mg/mi..* Check purity of each
PAH reference standard by GC/FID,
HPLC/fluorescence and/or melting
point. Puyrify, if necessary, by
recrystallization. wWeigh 25 mg

of each PAH into a 100-mL volumetric

flask; dilute to volume with
acetonitrile. Stable six months
if refrigerated and protected
fram lignht.

*See SPECIAL PRECAUTIONS.

METHOD: 5506
EQUIPMENT:
1. Sampler:
a. Filter. PIFE-laminated membrane filter, 2-um

PN e W

—~—4

13.
4.

1S.

pore size, 37-mm diameter (ZEFLOUR, Membrana,

Pleasanton, CA or equivalent), backed by a

gasket (37-mm 00, 32-mm ID) cut fram a cellulose

support pad, in cassette filter holder.

NOTE 1: If sampling is to be done in bright

sunlight, use opaque or foil-wrapped

cassettes to prevent sample degradation.

Take filters to be preweighed fram the

filter package and allow to equilibrate

24 hrs with laboratory atmosphere before

taring.

b. Sorbent tube, connected to filter with minimum
length PVC tubing. Plastic caps are required
after sampling. wWashed XAD-2 resin (front =
100 mg; back = SO mg) {Supelco ORBO 43 or
equivalent). Pressyre drop at 2 L/min airflow
1.6 to 2 kPa (1S to 20 am HY0).

Personal sampling pump capable of operating for

8 hrs at 2 L/min, with flexible connecting tubing.

Aluminum foil.

vial, scintillation, 20-mL, glass, PTFE-lined cap.

Refrigerant, bagged.

Culture tubes, PTFE-lined screw cap, 13-mm x

100—mm.

NOTE 2:

. Forceps.
. Filters, 0.45-um, PTFE or nylon (for filtering

sample solutions).

. Pipet, S-mt..
10.
n.
12.

Syringe or micropipets, 1- to 100-ut.
Ultrasonic bath.

HPLC, with gradient capability, fluorescence
(excitation @ 240 rm, emission @ 425 nm) and WV
(294 rm) detectors in series, electronic
integrator, and column [HC-00S-SILX (Perkin-tElmer
Corp.), Vydac 201TP (The Separations Group) or
equivalent; see page 5506-1].

volumetric flasks, 10- and 100-mi .

Lighting in laboratory: incandescent or
UV-shielded fluorescent.

Kuderna-Danish extractor.

SPECIAL PRECAUTIONS:

indicator of contamination by PAH.

Treat benzene and all polynuclear aramatic hydrocarbons as carcinogens.
Neat compounds should be weighed in a glove box.
waste.

Spent samples and unused standards are toxic

Regularly check counter tops and equipment with “black light* for flyorescence as an

5/15/85




METHOD: 5506 : POLYNUCLEAR AROMATIC HYDROCARBONS

SAMPLING:

1. Calibrate each personal sampling pump with a representative sampler in line.

2. Take personal samples at 2 L/min for a total sample size of 200 to 1000 L. Take a
concurrent set of eight replicate area samples at 2 to 4 L/min on preweighed, 2-um PTFE
filters in an area of highest expected PAH concentration.

NOTE: The area samples are needed for solvent selection (step 7).

3. Immediately after sampling, transfer the filter carefully with forceps to a scintillation
vial. Hold filter at edge to avoid disturbing the deposit. Cap the scintillation vial and
wrap it in aluminum foil.

NOTE: This step is necessary to avoid loss of analytes due to sublimation and degradation
by light.

4. Cap the sorbent tube and wrap it in aluminum foil.

5. Ship to laboratory in insulated container with bagged refrigerant.

SAMPLE PREPARATION:
NOTE: UV light may degrade PAH. Use yellow, UV-absorbing shields for fluorescent lights or use
incandescent lighting.
6. Refrigerate samples upon receipt at laboratory.
7. Determine optimum extraction solvent.
a. Allow the preweighed area filter samples to equilibrate 24 hrs with the laboratory
atmosphere.
b. weigh the area filters. Determine total weight collected on each.
c. Extract the first pair of area filters with acetonitrile, the second with benzene, the
third with cyclohexane, and the fourth with methylene chloride, according to step 8.
NOTE: Use alternate solvents, if appropriate. PAH of interest may be entrained within,
and adsorbed by, particulate matter collected on the filter. It is necessary to
determine the solvent which maximizes recovery of tne PAH from each sample
matrix. For example, methylene chloride [2,3] and benzene:ethanol (4:1 v/v) (4]
have been recammended for extraction of PAH from diesel exhaust particulate.
d. Analyze the extracts for the PAH of interest (steps 10 through 18). Normalize the total
mass of PAH found to the mass of sample collected.
e Chocse the solvent which gives the highest recovery of PAH of interest. Use the solvent
chosen to extract the personal filter samples.
8. Extract filters.
a. Add 5.0 mL of the solvent chosen in step 7 to each scintillation vial containing a
filter. Start media and reagent blanks at ihis step.
b. Cap and let sit 15 to 20 min in an ultraconic bath.
NOTE 1: Soxhlet extraction may be required when large amounts of highly adsorptive
particulate matter {(e.g., fly ash or diesel soot) are present.
NOTE 2: The sample must be dissolved in acetonitrile for chramatography. If needed,
perform so'vent exchange as follows:
CAUTION: To avoid loss of volatile components, do not allow the sample to go to
dryness at any time.
(1) After filtration (step 10), take the sample to near dryness in a
Kuderna-Danish extractor.
(2) Add ca. 1 mL acetonitrile, take to near dryness, and adjust final volume to
1.0 mL with acetonitrile and filter again.
9. Desorb PAH fram sorbent.
a. Score each sorbent tube with a file in front of the front (larger) sorbent section.
Break tube at score line.

5/15/85




POLYNUCLEAR AROMATIC HYDROCARBONS METHOD: 5506

b. Transfer glass wool plug and front sorbent section to a culture tube. Discard the foam
plug. Transfer back sorbent section to a second culture tube.
C. Add 5.0 mL acetonitrile to each culture tube. Cap the culture tubes.
d. Allow samples to sit for 30 min. Swirl occasionally.
10. Filter all sample extracts through an 0.45-um membrane filter.

CALIBRATION AND QUALITY CONTROL:
11. Calibrate daily with at least five working standards.
a. Dilute aliquots of calibration stock solution with acetonitrile in 10-mL volumetric
flasks (e.g., to 2.5, 0.5, 0.1, 0.02, and 0.002 ug/mL).
b. Intersperse working standards and samples in the measurements.
¢. Prepare calibration graphs (peak area vs. ug of each PAH per sample).
12. Recovery and desorption efficiency.
a. Determine recovery (R) from filters and desorption efficiency (0€) from sorbent tubes at
Teast once for each lot of filters and sorbent tubes used in the range of interest.
(1) Filters. Using a microliter syringe or micropipette, spike four filters at each of
five concentration levels with a mixture of the analytes. Allow the filters to dry
in the dark overnight. Analyze the filters (steps 8, 10, and 14 through 16,
Prepare graphs of R vs. amounts found.
NOTE: This step may not be used for same highly adsorptive particulate matrices for
which calibration by the method of standard additions may be more accurate.
(2) Sorbent tubes. Transfer an unused front sorbent section to a culture tube. Prepare
a total of 24 culture tubes in order to meacure DE at five concentration levels plus
blanks in quadruplicate. Using a microliter syringe or micropipette, add
calibration stock solution directly to sorbent. Cap culture tubes and allow to
stand overnight. Analyze (steps 9, 10, and 14 through 16). Prepare graphs of O€
vs. amounts found.
b. Check R and DE at two levels for each sample set, in duplicate. Repeat determination of
R and OE graphs if checks do not agree to within +5% of DE graph.
13. Analyze at least three field blanks for each sample medium.

MEASUREMENT : ’

14. Set HPLC according to manufacturer’'s recommendations and to conditions on page 5506-1.
Equilibrate colum at 60% CHyCN/40T H50 at 1.0 miL/min for 1S min before injecting first
sample.

15. Inject sample aliquot. Start mobile phase gradient:

a. Linear gradient 60% CHyCN to 100T CH9CN, 20 min.

b. Hold at 1001 CH4CN for 20 min.

NOTE: Hold longer if necessary to prevent carryover of background, e.g., fram coal dust.

C. Linear gradient to initial condition, S min.

16. Measure peak areas.

' NOTE 1. Approximate retention times appear in Table 3.

NOTE 2: If peak area is above the calibration range, dilute with appropriate solvent,
reanalyze, and apply dilution factor in calculations.

NOTE 3: If sample has many interferences, additional sample cleanup may be necessary. Many
cleanup procedures have been published. Liquid-liquid partitioning between
cyclohexane and nitramethane [5,6] is widely used, but other techniques may be more
appropriate for specific samples.

$/15/85 Al




METHOD: 5506 POLYNUCLEAR AROMATIC HYDROCARBONS

CALCULATIONS:

17. Read the mass, ug (corrected for R or DE) of each analyte found on the filter (W) and
front sorbent (W¢) and back sorbent (W,) sections, and on the average media blank
filter (B) and front sorbent (B¢) and back sorbent (By) sections from the calibration
graphs.

18. Calculate concentration, C {(ug/m?), in air as the sum of the particulate concentration
and the vapor concentration using the actual air volume sampled, V (L).

_(H—B#\##%—Bf-ﬁb)"o’
v

c ¢ ug/m3.

NOTE: We and W, include analyte originally collected on the filter as particulate, then
volatilized during sampling. This can be a significant fraction for many PAH (e.g.,
fluoranthane, naphthalene, fluorene, anthracene, phenanthrene).

EVALUATION OF METHOO:

The fluorescence detector used in this method is both sensitive and selective. The detector
can “see” as little as S0 pg of many PAH injected on the column. LODs for the 17 analytes
range fram SO to 350 ng per sample. It does not respond to non-fluorescent molecules such as
alinhatics. The method is, therefore, most amenable to determination of trace amounts of PAH
in mixtures of aliphatic campounds. Successful applications include: aluminum reduction
facilities, asphalt fume, coal gasification plants, coal liquefaction plants, coal tar pitch,
coke oven emissions, creosote treatment facilities, diesel exhaust, graphite electrode
manufacturing, petroleum pitch, and roofing tearoff operations.

This method has been evaluated by analyzing spiked filters, spiked sorbent tubes, and camplete
spiked sampling trains through which were drawn SO0 L of air [7]. €Each of the three groups was
spiked with each analyte at two concentration levels in sextuplicate. Particular note should
be made that the effect of particulate matter has not been evaluated, and every sampling matrix
is unique. The data on the following page were obtained on spiked samplers stored refrigerated
in the dark for three months followed by measurement with HPLC.

3/15/85
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POLYNUCLEAR AROMATIC HYDROCARBONS METHOOD: S50%

L0 MEASUREMENT PRECISION
CALIBRATION RANGE (ug per SPIKED »
COMPOUND (ug per sample) sample) SPIKED®  _ AIRD
1. ACENAPHTHENE 2.0-13 0.8 .058 S .093 (50)
2. ACENAPHTHYLENE 1.0 - 100 0.35 032 § .075 (100)
3. ANTHRACENE 0.4 - 13 0.05 039 s .037 (5)
4 BENZ[a)ANTHRACENE 0.4 - 13 0.15 032 F .084 (5)
5. BENZO{b JF LUORANTHENE 0.4 - 12 0.1 021 F .028 (10)
6. BENZO[k JFLUORANTHENE 0.4 - 13 0.15 .025 F .021 (1)
7. BENZO(ghi JPERYLENE 0.5 -25 0.2 031 F .029 (10)
8. BENZO[a]PYRENE 0.4 - 14 0.2 021 F .029 (5)
9. BENZO(e JPYRENE 0.5 - 13 0.2 (c) (c)
10. CHRYSENE 0.4 - 12 0.15 .039 F .024 (5)
11. DIBENZ(a,hJANTHRACENE 0.5 - 25 0.2 .026 F .029 (10)
12. FLUORANTHENE 0.4 - 13 0.15 .026 S .050 (10)
13. FLUORENE 0.7 -13 0.25 031 S .0%0 (10)
14 INDENO[1,2,3-cdJPYRENE 0.5 - 12 0.2 044 F .032 (10)
15. NAPHTHALENE 0.6 - 13 0.25 041 S 125 (50)
16. PHENANTHRENE 0.4 - 13 0.1 .036 S 070 (2)
17. PYRENE 0.5 - 13 0.2 (c) (¢)

apsD for filter (F) where volatilization is nil or for sorbent (S) where substantial
volatilization may occur during sampling.

DRSD determined at the ug level shown in parenthesis for a spiked filter followed by a
sorbent tube. After spiking, laboratory air was drawn through the sampling train at 2 L/min
for 4 hrs.

CNot determined.

REFERENCES:

(1] NIOSH Manual of Analytical Methods, 2nd ed., Vol. 1, U.S. Department of Health, Education,
and wWelfare, Publ. (NIOSH) 77-157-A (1977).

(2) Brewer, G. M. Anal. Lett., 17(A11), 1293-1306 (1984).

(3] Zweidinger, R. B, S. B. Tejada, D. Oropkins, J. Huisingh, and L. Claxton. "Characteriza-
tion of Extractable Organics in Diesel Exhaust Particulate,“ paper presented at Symposium
on Diesel Particulate Emissions Measurement Characterization, Ann Arbor, MI (1978).

(4] Swarin, S. J. and R. L. Williams. “Liquid Chromatographic Determination of Benzo(alpyrene
in Diesel Exhaust Particulate: verification of the Collection and Analytical Methods,"
Polynuclear Aromatic Hydrocarbons: Physical and Biological Effects, Bjorseth, A. and
Dennis, £ds., Battelle Press, 771-790 (1980).

(S] wise, S. A, et al. “Analytical Methods for the Determination of Polycyc'lic Arcmatic
Hydrocarbons on Air Particulate Matter,” Polynuclear Aramatic Hydrocarbons: Physical and
Biological Chemistry, Cooke, Dennis and Fisher, Eds., Battelle Press, 919-929 (1982).

(6] Novotny, M., M. L. Lee and K. 0. Bartle. J. Chromatoq. Sci., 12, 606-612 (1374)

(7] Backup Data Report for Method 5506, Analytical Report for NIOSH Sequence 4170 (NIOSH,
unpublished, March 16, 1984).

(8] Studt., P., Liebigs Ann. Chem., 528 (1918).

(3] Clar, €. Polycyclic Hydrocarbons, Academic Press (1964).

{10} Handbook of Chemistry and Physics, 62nd ed., CRC Press (1982).
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METHOO: 5506 POLYNUCLEAR AROMATIC HYDROCARBONS
Table 1. Formulae and physical properties.
MELTING BOILING
EMPIRICAL MOLECULAR POINT POINT
COMPOUND (by M.W.) FORMULA WE IGHY DETECTOR (°C) (°C)* REF.
1. NAPHTHALENE CyoHg 128.17 uv 80 218 (9]
2. ACENAPHTHYLENE CioHg 152.20 uv 92-93 265-215 (1]
3. ACENAPHTHENE Ci2Hy0 154. 21 uv 96.2 219 {10])
4. FLUORENE CizHyo 166.22 uv 116 293-295 (9]
S. ANTHRACENE CiaH0 178.23 w 218 340 (9]
6. PHENANTHRENE CiaHyo 1718.23 uv 100 340 (9]
7. FLUORANTHENE CieH0 202.26 FL 110 - (9l
8. PYRENE CieHio 202.26 FL 156 399 (9]
9. BENZ[a)JANTHRACENE CigHy12 228.29 FL 158-159 -- 9]
10. CHRYSENE CigH12 228.29 uv 255-256 - (9]
11. BENZO(b JF LUORANTHENE C20H12 252.32 7t 168 - (9]
12. BENZO[k JF LUORANTHENE C2oH12 252.32 FL 2117 480 {10}
13. BENZO(a)PYRENE Co0H12 292.32 FL 117 - (9]
14. BENZO[e JPYRENE C2oH2 252.32 FL 178-119 - (9]
1S, BENZO[ghi JPERYLENE CaoH12 216.34 FL 213 - (9]
16. INDENO[1,2,3-cd]PYRENE CooH12 276.34 FL 161.5-163 - (8]
17. DIBENZ[a,h JANTHRACENE Ca2H14 218.35 FL 262 - 9]
*Many of these compounds will sublime.
Table 2. Synonyms.
COMPOUND (alphabetically) SYNONYMS
1. ACENAPHTHENE CAS# 83-32-9
2. ACENAPHTHYLENE CAS# 208-96-8
3. ANTHRACENE CAS# 120-12-7
4. BENZ{aJANTHRACENE 1,2-benzanthracene; benzo(blphenanthrene; 2,3-benzophenanthrene:
tetraphene; CASH 56-55-3
S. BENZO(b JF LUORANTHENE 3,4-benzofluoranthene; 2,3-benzofluoranthene;
benz(e]acephenanthrylene; B(b]F: CAS# 205-99-2
6. BENZO( k JF LUORAN THENE 11, 12-benzofluoranthene; CAS# 207-08-9
7. BENZO[ghi JPERYLENE 1,12-benzoperylene; CAS# 191-24-2
8. BENZO(a]PYRENE 3,4-benzopyrene; 6,7-benzopyrene; B(alP; BP; CAS# 50-32-8
9. BENZO[e ]JPYRENE 1,2-benzopyrene; 4,5-benzopyrene; B(e]P; CASH 192-97-2
10. CHRYSENE 1,2-benzophenanthrene; benzo[a]phenanthrene; CAS# 218-01-9
11. DIBENZ{a,h]JANTHRACENE 1,2,5,6-dibenzanthracene; CAS# 53-70-3
12. FLUORANTHENE benzo( jk 1fluorene; CASK 206-44-0
13. FLUORENE CAS# 86-73-7
14, INDENO(1,2,3-cd]PYRENE 2,3-phenylenepyrene; CAS# 193-39-5
15. NAPHTHALENE naphthene; CAS# 91-20-3
16. PHENANTHRENE CAS# 85-01-8
17. PYRENE benzo(def Jphenanthrene; CAS#129-00-0
$715/8%




POLYNUCLEAR AROMATIC HYDROCARBONS METHOD: 5506

Table 3. Approximate PAH retention times.

COMPOUND RETENTION TIME (min)*
1. NAPHTHALENE 2.4
2. ACENAPHTHALENE 2.8
3. ACENAPHTHENE 3.6
4. FLUORENE 3.9
S. PHENANTHRENE 4.7
6. ANTHRACENE 5.8
7. FLUORANTHENE 6.8
8. PYRENE 1.1
9. BENZ[a]ANTHRACENE 1.2
10. CHRYSENE 12.1
11. BENZO(e]PYRENE 4.0
12. BENZO[b ]F LUORANTHENE 4.8
13. BENZO(k JF LUORANTHENE 16.5
14. BENZO[{a JPYRENE 17.3
15. OIBENZ(a,h JANTHRACENE 20.0
16. BENZO[ghi JPERYLENE 20.0
17. INDENO(1,2,3-cd]PYRENE 21.2

*+JTE: Jetermined with a Perkin-Elmer HC-00S-SILX column. Actual retention times will vary
with individual columns and column age.

5/15/85 A-8




METHOO: SS06 POLYNUCLEAR AROMATIC HYDROCARBONS
:

<e

ACENAPHTHENE ACENAPHTHYLENE ANTHRACENE

OO

BENZ(cJANTHRACENE  BENZO(b)FLUORANTHENE BENZO(K)FLUORANTHENE

CC ]
L A

BENZO(g h i JPERYLENE BENZO(a) PYRENE BENZO(e)FYRENE
0 @ee‘
O 9
CHRYSENE DIBENZ(a,hJANTHRACENE FLUORANTHENE

8¢
999 o2 Se

FLUORENE INDENO(1,2,3-¢c d)PYRENE NAPHTHALENE
0 ves

9¢

PHENANTHRENE PYRENE

Figure 1. Structures of PAH.
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A.

INSTRUCTIONS FOR USING GC/MS TUBES

PREPARATION OF GC/MS AIR SAMPLE TUBES

Cut 6 mm 0.D. Pyrex tubing into 7 * 1/16 inch lengths.

Fire polish both ends of each length.

Check to ensure that each length will fit into the appropriate

concentrator. Glass tubing is not perfectly uniform, so some lengths

may fit and others may not. Before inserting the tubes into the

: . . ®
concentrator, wipe them clean with a Kimwipe

Using 65 mg (1 1/2 inch) of 20/35 mesh Tenax® GC and 140 mg (1 inch)

of Ambersorb® 340 (Rohm and Haas) fill the tube as indicated by the
following diagram:

GS AMERSORB® | GW TENAX® GW

The Ambersorb must be at least 2 inches from the end of the tube. the
adsorbents are retained and separated in the tube using silanized

(DMCS) treated glass wool plugs. The glass wool (GW) prevents any

shifting of the adsorbents at sampling flow rate.

Check the pressure drop across each tube and pack the glass wool such

that the pressure drop across each tube is approximately equal.
Condition each tube for at least 2 hours at 270 * 10°C while passing

25 * 5 mL/minute of nitrogen or helium (ultra high purity) through the
tube in the direction from Ambersorb® to Tenax®.
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After the tube is conditioned, care must be taken in handling the
tube. Use a Kimwipe® when handling; do not handle the tube by hand.

Also, avoid exposing it to organic vapors, e.g., solvents, cigarette
smoke, hand lotion, etc.

After disconnecting the tube form the oven chamber, insert either end
into a clean, dry 200 mm long, screw cap test tube. Two sheets of 5x8
1/2" Kimwipe® should first be inserted into the test tube and compres-
sed to the bottom of the tube to provide a snug fit of the air sample

tube and test tube after the screw cap is tightened.

These sample tubes can be reused. Before they are reused, make sure

there are no gaps in the adsorbents, check step 4, and then repeat
steps 5, 6, 7, and 8.

SAMPLING

Mark several tubes as "FIELD BLANK - DO NOT USE." These are control

tubes used to indicate contamination in handling or storage and should

not be opened or used in sampling.

Use one tube as a "CALIBRATION TUBE.®
calibrating pumps.

This tube can be used for

Also, do not use the tube for actual sampling of
air streams.

"SAMPLE TUBE." Do not handle the glass portion of the tube by hand.

Use a Kimwipe® or equivalent for handling.

Obtain three samples per individual using a low flow air sampling

pump and triple variable flow controller manifold. Adjust the
manifold to provide 50 mL/min at each tube holder (each manifold

inlet can be adjusted and calibrated independently).

A-12




b. Keep the sample tubes in the screw cap test tube until just
before sampling and return them to the test tube as soon as
possible after sampling. Close the screw cap tightly. Affix
labels identifying the tubes on the outer screw cap tube rather
than the actual GC/MS tube.

c. It is essential to attach the tubes to the pump with the dark

adsorbent adjacent to the pump as shown below:

AIR IN —m> WHITE BLACK PUMP

4. While GC/MS tubes are a powerful tool for detecting a large number of

organic compounds in air, these tubes are not universal samplers.

Certain compounds such as formaldehyde, carbon monoxide, and hydro-

chloric acid for example cannot be collected and/or detected with

55 Gt o AN O E T G an &

these tubes.
cC. GC/MS PROCEDURE FOR ANALYSIS OF AIR SAMPLE TUBES
1. The tubes are kept refrigerated until analysis.

2. The tubes are taken one at a time from the refrigerator. One
microliter of a 3-component spike mixture is added to the Tenax GC
adsorbent using a syringe and the tube is inserted into a concentrator
unit. (The spike mixture assures that the analysis is performed

satisfactorily.)

3. The tube is thermally desorbed at 270°C and products given off the
tube are directed to a capillary gas chromatographic column programmed
from 20°C to 280°C at 5°C/min.

4. The column effluent is passed to a mass spectrometer/data system
capable of scanning a 20-400 amu mass range each second and storing

the mass spectral information for subsequent data analysis.
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ELEMENTS (ICP)

METHOO: 7300
M.W.: Table ! ISSUED: 2/15/84
OSHA/NIOSH/ACGIH: Table | PROPERTIES: Table 1
ELEMENTS: aluminum cobalt manganese silver tungsten
arsenic copper molybdenum sodium vanadium
beryliium iron nickel tellurium yttrium
cadmium lead phosphorus thallium zinc
calcium lithium platinum tin zirconium
chromium magnesium selenium titanium
SYNONYMS: vary depending upon the compound.
SAMPL ING MEASUREMENT

SAMPLER: FILTER
(0.8-um, cellulose ester membrane)

FLOW RATE: 1 to 4 L/min

VOL-MIN: Table 1
-MAX: Table 1

SHIPMENT: routine
SAMPLE STABILITY: stable

BLANKS: 2 to 10 field blanks per set

ACCURACY

RANGE STUDIED: not studied
BIAS: none identified

OVERALL PRECISION (s.): not evaluated

!TECHNIQUE: INDUCTIVELY COUPLED ARGON PLASMA,
! ATOMIC EMISSION SPECTROSCOPY

'ANALYTE: elements above

]

!ASHING REAGENTS: conc. HNO4, 4 mi;

! and conc. HC104, 1 mL

! CONDITIONS: room temperature, 30 min;
! 1S0 °C to near dryness

!

!FINAL SOLUTION: 4% HNO3, 1% HC104, 10 mL

'WAVELENGTH: depends upon element; Table 2

!BACKGROUND CORRECTION: spectral wavelength shift

'CALIBRATION: elements in 4% HNO3, 1% HC1O4

'RANGE: 2.5 to 1000 ug per sample [1]

'ESTIMATED LOD: 1 ug per sample [1]

'PRECISION (sp): Table 2 .

APPLICABILITY: The working range of this method is 0.005 to 2.0 mg/m? for each element in a
S00-L air sample. This is simultaneous elemental analysis, not campound specific. Verify that
the types of campounds in the samples are soluble with this ashing procedure.

INTERFERENCES: Spectral interferences are the primary interferences encountered in ICP-AES
analysis. These are minimized by judicious wavelength selection, interelément correction

factors and background correction [1,2].

OTHER METHOOS: This method replaces PSCAM 351 2] for trace elements. Atomic absorption
spectroscopy (e.g., Methods 70XX) is an alternate analytical technique for many of these

elements.

2/15/84
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ELEMENTS (ICP) METHOO: 7300
REAGENTS : EQUIPMENT :
1. Nitric acid, conc. 1. Sampler: cellulose ester membrane filter,
2. Perchloric acid, conc.* 0.8-mm pore size, 37-mm diameter; in cassette
3. Ashing acid: 4:1 (v/v) HNO3:HC104. filter holder.
Mix 4 volumes conc.’ HNO4 with 2. Personal sampling pump, 1 to 4 L/min, with
} volume conc. HC104. flexible connecting tubing.
4. Calibration stock solutions, 3. Inductively coupled plasma-atomic emission
1000 ug/mt. Commercially available, spectrometer, equipped as specified by the
or prepared per instrument manufacturer for analysis of elements of interest.
manufacturer's recommendation (see 4. Regulator, two-stage, for argon.
step 12). ' S. Beakers, Phillips, 125-mL, or Griffin, 50-mL, with
S. Dilution acid, 4% HNOg, 1% HC104. watchglass covers.*
Add 50 mL ashing acid to 600 mL 6. Volumetric flasks, 10- and 100- mL.*
water; dilute to 1 L. 7. Assorted volumetric pipets as needed.*
6. Argon. : 8. Hotplate, surface temperature 150 °C.

1. Distilled,deionized water. -
*Clean all glassware with conc. nitric acid and
*See Special Precautions. rinse thoroughly in distilled water before use.

SPECIAL PRECAUTIONS: Perform all perchloric acid digestions in a perchloric acid hood.

SAMPLING:
1. Calibrate each personal sampling pump with a representative sampler in line.
2. Sample at an accurately known flow rate between 1 and 4 L/min for a total sample size of
200 to 2000 L (see Table 1) for TWA measurements. Do not exceed a filter loading of
approximately 2 mg total dust.

SAMPLE PREPARATION:

3. Open the cassette filter holders and transfer the samples and blanks to clean beakers.

4. Add 5 mL ashing acid. Cover with a watchglass. Let stand 30 min at room temperature.
- NOTE: Start a reagent blank at this step.

5. Heat on hotplate (120 °C) until ca. 0.5 m.L remains.

NOTE: Some species of Li, Mn, Mo, Sn, W, and Zr will not be complietely sclubilized by this
procedure. Alternative solubilization techniques for most of these elements can be
found elsewhere (2,3,4,5,6,7].

Add 2 m. ashing acid and repeat step 5. Repeat this step until the solution is clear.

Remove watchglass and rinse into the beaker with distilled water.

Increase the temperature to 150 °C and take the sample to dryness.

Dissolve the residue in 2 to 3 mL dilution acid.

Transfer the solutions quantitatively to 10-mL volumetric flasks.

Dilute to volume with dilution acid.

~

-0 W ®d o

— —

CALIBRATION AND QUALITY CONTROL:
12. Calibrate the spectrometer according to the manufacturers recommendations.
NOTE: Typically, an acid blank and 10 ug/m. multielement working standards are used. The
following multielement combinations are chemically compatible in 4% HNO3/1% HC104:
a. Ag, Ca, Co, mn, Pb, Vv, In;
b. Al, Be, Cd, La, LI, Ni, T);
c. As, B, B8a, Mg, Mo, P, Sn;
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ELEMENTS (ICP)

METHOO:

1300

Table 1. Properties and sampling volumes.

Properties Permissible Exposure Limits,
Element Atamic mg/m3 TWA
(Symbol) weight  Mp, °C OSHA/NIOSH/ACGIH
Silver (Aqg) 107.87 961 0.0/ —- /0.1
Aluminum (A1) 26.98 660 -/ - /0.
Arsenic (As) 14.92 8171* 0.5/C 0.002/ 0.2
Beryllium (Be) 9.00 12718 0.002/ 0.0005/ 0.002
Calcium (Ca) 40.08 842 S (b)/ -7 2 (b)
Cadmium (Cd) 112.40 321 0.2/ 0.04/ 0.05
Cobalt (Co) 58.93 1495 0./ — 700
Chromium (Cr) 52.00 1890 1.0 (c)/ 0.025/ 0.5 (c¢)
Copper (Cu) 63.54 1083 1.0/ —- /1.0
Iron (Fe) $5.85 1535 10 (b)/ — 7 S (b)
Lithium (Li) 6.94 119 0.025 (d)/ — 7 0.025 (d)
Magnesium (Mg) 24.31 651 15 (b)/ — 7 10 (b)
Manganese (Mn) 54.94 1244 cS, —7/7¢CS
Molybdenum (Mo) 95.94 651 15 (e)/ — 7/ 10 (e)
Sodium (Na) 22.99 98 2 (F)/ C2 (F)/C2 (f)
Nickel (Ni) $8.71 1453 17 0.015/ 1 (c¢)
Phosphorus (P} 30.97 44 -/ -/ 0.
Lead (Pb) 207.19 328 0.05/ 0.1/ 0.15
Platinum (Pt) 195.09 1769 0.002 (a)/ — / Y (¢)
Selenium (Se) 18.96 21 0.2/ — / —
Tin (Sn) 118.69 232 2/ —/ 2 (c)
Tellurium (Te) 127.60 450 0.1/ -/ 0.1
Titanium (Ti) 47.90 1675 -/ ~ /1 (b)
Thallium (T1) 204.37 304 0.1 (a)/ — 7 0.1 (a)
Vanadium (V) 50.94 1890 C 0.5/ 1 (c)/ 0.05 (VZOS)
Tungsten (W) 183.85 3410 — /5 (e)/ 5 (e)
Yttrium (Y) 88.91 1495 V —-7/1
Zinc (Zn) 65.37 419 S (b)/ 5 (®)/ S (b)
Zirconium (Zr) 91.22 1852 S/ —~ /5
(a) soluble
(b) oxide
(c) metal
(d) hydride

(e) insoluble
(f) hydroxide
(g) at the ACGIH TLV

2/15/84
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MIN MAX
250 2000

5 (9) 100 (g)

5 2000
1250 2000

) 200

13 2000

25 2000

5 1000

) 1000

S 100
100 2000

S 67

S 200

S 67

13 2000

S 1000

25 (q) 2000 (q)
SO 2000
1250 2000

13 2000

) 500

25 2000

S 100

25 2000

5 2000

5 (g) 200 (g)

5 1000

S 200

) 200




METHOO: 7300 ELEMENTS (ICP)

d. Cu, Fe, Na, Pt, Sr, Te, Y;
e. Cr, X, Sb, Se, Ti, Zr; and
f. Si, W (distilled water only)
13. Analyze a standard for every ten samples.
14. Check recoveries with at least two spiked media blanks per ten samples.

MEASUREMENT
15. Set spectrometer to conditions specified by manufacturer.
16. Analyze standards and samples.
NOTE: If the values for the samples are above the range of the standards, dilute the
solutions with dilution acid, reanalyze and apply the appropriate dilution factor in
the calculations.

CALCULATIONS:

17. Obtain the solution concentrations for the sample, C. (ug/mL), and the average media
blank, Cy (ug/mL)}, fram the instrument.

18. Using the solution volumes of sample, Vg (mL), and media blank, Vp (mL), calculate the
concentration, C (mg/m3), of each element in the air volume sampled, V (L):

C= M» mg/m3 .

EVALUATION OF METHOO:

Method PSCAM 35) was evaluated in 1981 [1,2]. The precision and recovery data were determined
at 2.5 and 1000 ug of each element per sample on spiked filters. The precision and recovery
data, instumental detection limits, sensitivity, and analytical wavelengths are listed in
Table 2. The values in Table 2 were determined with a Jarrell-Ash Model 1160 ICP operated
according to manufacturer's instructions.

REFERENCES:

(1] Hull, R.0. "multielement Analysis of Industrial Hygiene Samples,” NIOSH Internal Report,
presented at the American Industrial Hygiene Conference, Portland, Oregon (May 1981).

(2] NIOSH Manual of Analytical Methods, 2nd ed., V. 1, P&CAM 351, U.S. Department of Health and
Human Services, Publ. (NIOSH) 82-100 (1981).

{3) Ibid, $341 (Lead).

(4] Ibid, V. 2, S5 (Manganese), U.S. Department of Health, Education, and Welfare, Publ.
(NTOSH) 77-157-8 (1977).

(5] Ibid, V. 4, PSCAM 271 (Tungsten), U.S. Department of Health, Education, and Welfare, Publ .
(NIOSH) 78-175 ({i978).

(6] Ibid, V. 5, P&CAM 173 (Metals by Atamic Absorption), U.S. Department of Health, Education,
and Welfare, Publ. (NIOSH) 79-141 (1979).

(7] Ibid, V. 3, $183 (Tin), 5185 (Zirconium), and $376 (Molybdenum), U.S. Department of Health,
Education, and wWelfare, Publ. (NIOSH) 77-157-C (1977).

METHOD REVISED 8Y: R. Delon Hull and Mark Millson, NIOSH/DPSE.
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METHOD: 7300 ELEMENTS (ICP)

Table 2. Measurement procedures and data (a).

Precision (s,)

Instrumental Sensitivity Recovery (%) (N = 3)
wavelength LOD (Intensity/ @ 2.5 ug/ @ 1000 uyg/ @ 2.5 ug/ @ 1000 ng/
Element (rm) (ng/mL) ug/mi) filter (b) filter filter filter
Ag 328.3 26 0.65 m 91 0.02 0.075
Al 308.2 14 0.23 93 100 0.092 0.023
As 193.7 13 0.57 103 99 0.062 0.026
Be 313.0 1.5 1.29 107 90 0.040 0.034
Ca 315.9 10 0.49 99 95 0.036 0.014
cd 226.5 1.6 0.83 107 99 G.032 0.020
Co 231.2 1.4 0.38 101 95 0.040 0.005
cr 205.6 1.3 0.50 98 106 0.053 0.016
Cu 324.8 2.1 0.22 98 99 0.036 0.022
Fe 259.9 3.9 0.13 94 97 0.068 0.016
Li 670.8 2.8 0.48 89 95 0.1 0.043
Mg 279.6 24 0.22 105 106 0.084 0.027
Mn 257.6 0.4 0.74 84 93 0.062 0.035
Mo 281.6 7.0 0.18 94 88 0.023 0.049
Na 589.0 10 0.76 (c) 101 (c) 0.045
Ni 231.6 3.4 0.4 105 97 0.027 0.020
P 214.9 22 0.17 (c) 91 (c) 0.0%6
Pb 220.4 17 0.42 105 95 0.060 0.011
Pt 203.7 15 0.69 106 9] 0.041 0.075
Se 190.6 21 0.28 105 97 0.068 0.049
Sn 190.0 64 0.43 74 67 0.33 0.16
Te 214.3 29 0.41 102 94 0.05%0 0.063
T3 334.9 1.2 0.55 96 108 0.051 0.029
T 190.9 17 0.22 103 99 0.043 0.017
v 310.2 3.2 0.88 9 94 0.043 0.014
W 207.9 13 2.58 35 23 0.053 0.60
Y an.oe 0.8 2.35 99 100 0.015 0.013
n 213.9 0.6 0.60 101 94 0.013 0.013
Ir 339.2 1.9 0.88 15 98 0.049 0.008

(a) values reported were obtained with a Jarrell-Ash Model 1160 ICP; performance may vary with
instrument and should be independently verified.

(b) 2.5 ug/filter corresponds to 5 ug/m? for a S00-L air sample.

{c) Blank levels too high to make accurate determinations
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GLUTARALDEHYDE




FORMULA: OCH(CH7)3CHO

Mw: 100.13

GLUTARALDEHYDE
METHOD :
ISSUED:

ACGIH: 0.7 mg/m3 (Ceiling)

PROPERTIES: liquid; BP 187-189d

SYNONYMS: l,5~Pentanedial; Glutaric Dialdehyde

SAMPLING

ANALYSIS

SAMPLER: Sorbent Tube
(7 cm x 4 mm ID)
Two sections
(100~-150 mg/50-75 mg)
with 5% dinitrophenyl-
hydrazine hydrochloride

FLOW RATE: 0.2-1.0 LPM
VOL-MIN: 3L
VOL-MAX: <24 L

SHIPMENT: Blue ice

SAMPLE STABILITY: At least 7 days
at 4°C

BLANKS: 2 to 1O field blanks per set

3CLK SAMPLE: Not required

ACCURACY

RANGE STUDIED: 0.130-4.80 mg/m°
3IAS: =5.5%

OVERALL PRECISION: Not available

METHOD: HPLC/UV

ANALYTE: Glutaraldehyde dinitro-
phenyl hydrazone (DNPH)

PREPARATION: Desorb in
acetonitrile

ANALYSIS: Column-Zorbax ODS
Mobile Phase - 607% acetonitrile/
407% water —P 15 min
90% acetonitrile/10% water
Flow Rate - 1.3 mL/min
Detection - UV 365 nm

ANALYTICAL RANGE: 1.5-95 ug/sample
ESTIMATED LOD: 0.3 ug/sample
ANALYTICAL PRECISION:

8.3% at 1.5 ug
2.1% at 25 ug

APPLICABILITY: The method is very specific fqr glutaraldehyde among other
aldehydes, in the range of 0.130 to 4.80 mg/m~ for a 3-20 liter sample.

INTERFERENCES: Other aldehydes and ketones react with DNPH but can be
resolved from glutaraldehyde by using gradient HPLC conditions.




GLUTARALDEHYDE

METHOD :

REAGENTS:

1.

o wn &

~4

W oo

10.

l1.

Glutaraldehyde, 25 wt 7

Solution - The solution is
prepared by adding 2.5 g
dry DNPH to 1.0 L of 2N

EQUIPMENT:
Solid Sorbent Collection

solution in water 1. Glass tubing (6.0 mm OD,
(Aldrich G400-y or equivalent) 4.0 mm ID)
2,4-Dinitrophenylhydrazine 2. DNPH'HCl-coated XAD-2
(Aldrich Chemical 20% moist (see Reagent Section)

or equivalent) 3. Glass wool

Hydrochloric Acid 4. Rotary evaporator
(Reagent Grade, ACS) 5. Water bath

Water - Distilled, deionized 6. Ice bath
Dichloromethane (HPLC grade) Solid Sorbent Sample Preparation
2,4<-Dinitrophenyl- 7. 3.0 mL pipet, Class A
hydrazine ‘Hydrochloride 8. Sample filter

(see Sample Prep. Section)
Sample vials
(see Sample Prep. Section)

HCl. The suspension must HPLC Apparatus

be placed on a magnetic 10. Column - DuPont

stirrer for 1-2 hours to Zorbax ODS 5 um

allow complete solution l1. UV Detector - Waters

of the DNPH. The solution Associates Model 450

is then extracted three times Absorbance Detector

with 25 mL dichloromethane. (or equivalent), 365 nm
Acetonitrile (HPLC grade) 12. Varian 5000 LC equipped
Ethanol (HPLC grade) with a Varian 8055

XAD~-2 Resin (Supelpak 20 autosampler.

or equivalent) 13. Injector - Rheodyne
DNPH'HC1 XAD-2 Chemosorbent- Model 7126 with 20 ul loop.
Prepare DNPH'XAD-2 chemo- l4. Integrator - Spectra Physics
sorbent by coating DNPH'HCL Minigrator (or equivalent)
onto the surface of the 15. Recorder - Hewlett

XAD-2 polymer resin. Prepare
the DNPH'HCLl by dissolving
2,4-dinitrophenylhydrazine in

Packard 7133A (or
equivalent)

boiling 4M HCl., When the DNPH
has dissolved completely, cool
the rolution in an ice bath.
Collect the vellow crystalline
precipitate by filtration
through a glass fritted crucible.
Recrystallize the precipitate
from fresh, hot 4M HCl and dry
in a desiccator for about
eight hours.

Clean the XAD-2 by extracting
with dichloromethane in a
Soxhlet apparatus.
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GLUTARALDEHYDE METHOD:

12.

Coat tne DNPH'HCl onto the XAD-2
in a rotary evaporator. Weigh
XAD-2 and place in a distillation
flask of the rotary evaporator.
Weigh sufficient DNPH'HCL for a
5% coating on the XAD-2 and
dissolve it in a 9:1 ethanol:hydro~
chloric acid (12 M) mixture. Add
the yellow solution to the distil-
lation flask with the XAD-2.
Attach the distillation and
solvent receiving flask to the
rotary evaporator. Place a
water bath (100°C) under the
distillation flask and an ice
bath (0°C) under the receiving
flask. Apply a vacuum to the
evaporator and remove the

solvent from the sorbent

mixture. Store the sorbent

in a sealed container,

protected from light. The
sorbent appears to be stable

for at least 4-5 months.

SAMPLING

Sample Collection and Handling

L.

(98]

e R B B B B B B B O o m B
B EE s
~

Clean the glass sample tube with water, followed by methanol, and
then dichloromethane. Allow it to dry.
Clean the glass wool by Soxhlet extraction (12 hours) with
dichloromethane.
Cut glass tubing in 7.0-10.0 cm lengths.
Pack the tubes in the following manner:
- glass wool plug at the front of the tube
- 150 mg 5% DNPH'HC1/XAD-2 or 100 mg 5% DNPH'HC1l/Supelpak 20
~ glass wool plug
- 75 mg backup section 5% DNPH'HC1l/XAD-2 or 50 mg

5% DNPH'HC1l/Supelpak 20
- glass wool plug at back of tube
Flame seal or cap the tubes until ready for use. Calibrate each
personal sampling pump with a representative sampler in line.
Collect solid sorbent samples at a flow rate of 0.2 L/min or up to
1.0 L/min for at least 15 minutes. Overloading of the tube can
often be visually verified by a color change of pale yellow
2,4-dinitrophenylhydrazine ‘hydrochloride to the respective
derivative,
After sampling, tightly cap the tubes and cover to protect from
exposure to light. Aluminum foil is useful if the tube ends have
been capped with Teflon and/or a plastic cap.
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GLUTARALDEHYDE METHOD :

SAMPLE PREPARATION

8.

10.

L

For each sample, break the sorbent tube in the area of the glass
wool plug separating the front and back sorbent sections to
facilitate the emptying of the sorbent tube for analysis. It is
desirable to have the tube broken cleanly at the point where the
front sorbent section and middle glass wool plug meet. Empty the
sorbent and glass wool plug from the front section into a vial
followed by the two glass wool plugs and backup section.

(Note: The front and back sections can be analyzed separately if
desired.) A wooden applicator stick may be used to force the
sorbent out if necessary.

Pipet 3.0 mL (or whatever volume is necessary) HPLC-grade
acetonitrile into the vial.

Allow the sample to desorb in the acetonitrile for one hour.

If necessary, filter the sample through a 0.5 um Teflon filter with
a syringe with Swinex adaptor. Store the filter solution in a vial
which is capped with a Teflon-lined, self-sealing septum. NHQCl may
precipitate out of the filtered samples after approximately

24 hours. The precipitate does not appear to affect the
chromatography of the compounds of interest. Precipitation is
prevented by pH neutralization of the samples with a dilute NaCH
solution prior to the filtration.

CALIBRATION AND STANDARDIZATION

12.

13.

14,

Prepare calibration standards of glutaraldehyde derivative (i.e.,
2,4-dinitrophenylhydrazone). Prepare the derivative by direct
combination of the pure aldehyde with an acidic solution of
2,4=dinitrophenylhydrazine. Add the aldehyde in excess to assure
that no underivatized DNPH remains. Extract the derivative with
dichloromethane. Remove the dichloromethane under vacuum.
Recrystallize the 2,4-dinitrophenylhydrazone from hot ethanol
several times, until an acceptable melting point range is
determined.

Prepare chromatographic standards by dissolving known masses of the
hydrazone derivative in acetonitrile. A stock standard mixture of
400 ug/mL is appropriate. Prepare other standards by dilution. The
linearity of the detector must be determined over the full available
range of detector sensitivities. A concentration range of up to two
orders of magnitude is appropriate.

Assemble the necessary high pressure liquid chromatographic
apparatus and establish operating parameters equivalent to those
indicated in Table 1. By injecting calibration standards, establish
the sensitivity limit of the detectors and the linear range of the
analytical systems.




THE N N BT N I T O B oo o -y

GLUTARALDEHYDE METHOD:
TABLE 1
HPLC PARAMETERS
Column: DuPont Zorbax ODS

Mobile Phase:

Flow Rate:

Ultraviolet Detector:

Recorder:

Injections:

Instruments:

Retention Time:

Detection Limit:

250 mm x 4.6 mm ID
reverse phase

60% CHBCN/&OZ HZ
90% CH3CN/10Z HZO

0 15 min N

1.3 al/min

A365 nm
Range: 0.04 AUFS

Speed: 0.5 cm/min
Range: 10 mV

20 ul

Varian 5000 LC with autosampler
Waters 450 UV absorbance detector
Spectra physics minigrater
Hewlett Packard recorder

600 seconds

0.3 ug/sample
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GLUATARALDEHYDE METHOD:

15.

16.

Before processing any samples, the analyst should demonstrate,
through the analysis of a solvent blank, that all glassware and
reagents are interierence-free. Each time a new set of samples is
analyzed or there is a change in reagents, a solvent blank should be
processed as a safeguard against chronic laboratory contamination.
Standard quality assurance practices should be used with this

method. Laboratory replicates should be analyzed to validate the
precision of analysis. Spiked samples should be analyzed to validate
the accuracy of the analysis.

ANALYTICAL PROCEDURE

17.

18.

19.

20.

Table | summarizes the recommended HPLC column materials and
operating conditions for the instrument. Included in the table are
retention time and sensitivities that should be achieved by this
method. An example of the separation achieved by this column is
shown in Figure | of the Backup Data Report. <Calibrate the system
daily with standards.

Inject 20 ul of the sample extract with a high pressure syringe or a
sampling loop. Record the volume injected to the nearest 0.05 ulL,
and the resulting peak size, in area units.

If the peak area exceeds the linear range of the system, dilute the
extract and reanalyze.

If the peak measurement is hindered by the presence of
interferences, other chromatographic conditions may be required.

CALCULATIONS

21.

Determine the concentration of glutaraldehyde present in the sample
atmosphere as follows:

Concentration (ug/L) = CeVe (100)/(460)\1s
where Ce = concentration of hydrazone in sample extract (ug/mL)
Ve = volume of extract (mL)
100 = molecular weight of glutaraldehyde (g/mole)

460 = molecular weight of glutaraldehyde 2,4-dinitrophenyl-
hydrazone (g/mole)

Vs = volume of air sampled (L)
24.45 = molar volume of air (L) @ 25°C; 760 mm Hg

Concentration (ppm) = C(1g/L) x 24.&7/Mc
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GLUTARALDEHYDE METHOD :

EVALUATION OF METHOD

This method was developed and validated with laboratory samples at
Arthur D. Little, Inc. The relative standard deviatiog was determined to
be 2.1 to 8.3 percent over the range 0.56 to 1.26 mg/m”.

REFERENCES

(1] Menzies, K.T., K.J. Beltis and C.M. Wong. '"Development of Sampling
and Analytical Methods for Toxicants in Diesel Exhaust Streams,"
Final Report. Bureau of Mines Contract J0308005. March 1983.

[2] Kuwata, D., M. Vebori and Y. Yamasaki. '"Determination of Aliphatic
and Aromatic Aldehydes in Polluted Airs as their
2,4-Dinitrophenylhydrazones by HPLC." J. Chromat. Sci. 17:264-268,
1979. :

{3] Andersson, G., K. Andersson, C. Nilsson and J. Levin.
"Chemosorption of Formaldehyde in Amberlite XAD-2 Coated with
2,4-Dinitrophenylhydrazine." Chemosphere 10:823-827, 1979.

{4] Andersson, K., C. Hallgren, J. Levin and C. Nilsson. '"Solid
Chemosorbent for Sampling Sub-ppm Levels of Acrolein and
Glutaraldehyde in Air." Chemosphere 10:275-280, 1981.

METHOD WRITTEN BY: K.T. Menzies, K.J. Beltis, A.C. Roche
Arthur D. Little, Inc.
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FORMULA: HpC=0; CHx0 FORMALDEHYDE
METHOD: 2502

M.W.: 30.03 ISSUED: 2/15/84

OSHA: 3 ppm; C S ppm; peak 10 ppm PROPERTIES: gas; 8P -19.5 °C;

NIOSH: lowest feasible level [1] vapor density 1.067 (air = 1);

ACGIH: 1 ppm; STEL 2 ppm explosive range 7 to 73% v/v in air

(1 ppm = 1.23 mg/m3 @ NTP)

SYNONYMS: methanal; CAS #50-00-0; Formalin (aqueous 30 to 50% w/v HCHO).

SAMPL ING MEASUREMENT
1
SAMPLER: SOLID SORBENT TUBE !TECHNIQUE: GAS CHROMATOGRAPHY, FID
(2-(benzylamino)ethanol on !
Chramosorb 102 or XAD-2, 'AMALYTE: 3-benzyloxazolidine
120 mg/60 mg) !
'DESORPTION: 2 mL isooctane; ultrasonic bath
FLOW RATE: 0.01 to 0.05 L/min ! 4S min or shake 4 hr
]
VOL-MIN: 1L @3 ppm 'INJECTION VOLUME: 1 ut, splitless; split vent
-MAX: 15 L ! time 30 sec
1
SHIPMENT: routine ' TEMPERATURE -INJECTION: 210 °C

! -DETECTOR: 220 °C
SAMPLE STABILITY: 4 weeks @ 25 °C ! -COLUMN: 70 °C for 1 min;
! 10 °C/min; hold @
BLANKS: 2 media blanks and 2 field blanks per !
set of 10; 6 unopened tubes for DE !
determination (same lot as samples) !GASES-CARRIER: He, 100 kPa, ca 0.5 am®/min;
! makeup flow, 29 an®/min
1
ACCURACY 'COLUMN: fused silica capillary, 25 m x 0.2 nm;
! Carbowax 20M
RANGE STUDIED: 0.55 to 4.7 mg/m? (2] !
'CALIBRATION: solutions of 3-benzyloxazolidine
BIAS: not significant [2] ! in isooctane
1
OVERALL PRECISION (s,): 0.061 [2] 'RANGE: 4 to 60 ug per sample
[]
'ESTIMATED LOO: 1 ug per sample [3]

'PRECISION (s.): 0.055 [2]

200 °C for 11.5 min

APPLICABIL}TY: The working range is 0.3 to 5 mg/m® (0.25 to 4 ppm) for a 12-L air sample.

INTERFERENCES: Phenol has a retention time close to that of 3-benzyloxazolidine but is
baseline-resolved. Acid mists may inactivate the sorbent leading to inefficient collection of
formaldehyde.

OTHER METHOOS: This method was formerly designated P&CAM 354 [4]. It has improved sample
stability and ease of personal sampling compared to Methods 3500 and 3501. Method 3500
(chromotropic acid) is the most sensitive.
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FORMALDEHYDE METHOD: 2502

REAGENTS : EQUIPMENT :

1. wWater, distilled, deionized. 1. Sampler: glass tube, 10 am x 4 amm ID, containing

2. Eluent: Isooctane, chranatographic a 120-mg front section and 60-mg backup section of
grade, containing 0.025% (v/v) '2-(benzylamino)ethanol on either Chromosorb 102 or
hexadecane or other suitable XAD 2. Sorbent sections are retained and separated
internal standard. by small plugs of glass wool. Pressure drop ca.

3. Formalin solution, 37%.% 0.2 kPa (0.8 inch water) at S0 cm3/min airflow.

4. Sulfuric acid, 0.02 N. Tubes are commercially available or may be prepared

5. Sodium hydroxide, 0.01 N. according to the Appendix.

6. Sodium sulfite, 1.13 M. 2. Personal sampling pump, 0.01 to 0.05 L/min, with

1. Toluene, distilled in glass. flexible connecting tubing.

8. 2-(benzylamino)ethancl, distilled, 3. Gas chromatograph, capillary column capability,
100 to 130 °C at 130 Pa (1 mm Hg). FID, integrator (page 2502-1).

9. 3-Benzyloxazolidine (see Appendix). 4. Vials, 4-mL, with plastic screw caps.

10. Formaldehyde stock solution, S. Ultrasonic bath or mechanical shaker.
1 mg/ml (see Appendix). Stable at 6. Pipettes, volumetric, 1-, 5- and 10-mL, with pipet

least 3 months. bulb.
17. Helium, purified. Flasks, volumetric, 10-mt and 1-L.
Burettes, SO-mi.
pH meter.
Disposable pipettes, 2-mi.
Syringe, 10-uL, readable to 0.1 ul.

*See Special Precautions.

Zo0om-

SPECIAL PRECAUTIONS: Formaldehyde is viewed as a potential occupational carcinogen by
NIOSH (1].

SAMPLING:

1. Calibrate each personal sampling pump with a representative sampler in line.

2. Break the ends of the sampler immediately before sampling. Attach sampler to personal
sampling pump with flexible tubing.

3. Sample at an accurately known flow rate between 0.0) and 0.05 L/min for a total sample size

of 1 to 15 L.

NOTE 1: Sampling rate is limited by the speed of reaction of formaldehyde with the sorbent
coating. At 0.10 L/min, appreciable formaldehyde (ca. 25%) is found on the backup
section, possibly invalidating the sample. At higher flow rates, formaldehyde
concentrations will be grossly underestimated.

NOTE 2: The presence of acid mists or gases may interfere indirectly by reacting with the
2-(benzylamino)ethanol to form amine salts which are not reactive with
formaldehyde. If a sufficient amount of the 2-(benzylamino)ethanol is consumed by
the acid, formaldehyde concentrations found wits the method may be lower than the
true concentrations.

4. Cap the samplers with plastic (not rubber) caps and pack securely for shipment.

’

SAMPLE PREPARATION:

5. Score each sampler with a file in back of the rear sorbent section.

6. Break sampler at score line. Remove and place glass wool plug and rear sorbent section in a
vial,

1. Transfer front section with the remaining glass wool plugs to a vial.
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8. Add 2.0 mL eluent to each vial. Screw cap tightly onto each vial.
9. Agitate vials in an ultrasonic bath for at least 45 min or in a shaker for 4 hr.

CALIBRATION ANO QUALITY CONTROL:

10. Calibrate daily with at least five working standards.

a. Add known amounts of 3-benzyloxazolidine to eluent in 10-mL volumetric flasks and dilute
to the mark.

NOTE: Prepare standard solutions for splitless injection in the range 1 to S0 wg/mi;
for split injection, in the range 1 to 400 ug/mi.

b. Analyze together with samples and blanks (steps 13 and 14).

c. Prepare calibration graph (ratio of peak area or height of analyte to peak area or
height of internal standard vs. ug 3-henzyloxazolidine) for the injection technique
used.

11. Determine desorption efficiency (DE) at least once for each batch of charcoal used for
sampling in the calibration range (step 10). Prepare three tubes at each of five levels
plus three media blanks.

a. Remove and discard back sorbent section of a media blank sampler.

b. Inject a known amount of formaldehyde stock solution directly onto front sorbent section
with a microliter syringe.

c. Cap the tube. Allow to stand overnight.

d. Desord (steps S through 9) and analyze together with working standards (steps 13 and 14).

e. Prepare a graph of DE vs. ug 3-benzyloxazolidine recovered.

12. Analyze three quality control blind spiked and three analyst spikes to insure that the
calibration graph and DE graph are in control.

MEASUREMENT :
13. Set gas chromatograph to conditions given on page 2502-1. Set air and hydrogen flows on
the flame ionization detector to manufacturer's specifications. Inject 1-ul sample
aliquot via the splitless injection technique. tn = 11.5 min for these conditions.
NOTE: If sample amount of 3-benzyloxazolidine overloads the colum (> S0 ng/uL for 0.2 mm
ID column), either dilute sample with eluent or inject via split injection technique,
reanalyze, and apply appropriate volume correction factor in calculations. Column
overloading is indicated by a plateau on the calibration graph at high
concentrations. If split injection is required, the following conditions are typical:

Column temperature program: 150 °C for 7 min; 10 °C/min; hold at 200 °C
Split flow rate: 10 cm?/min He
Retention time: 5.9 min

14. Measure peak area or height. Divide the peak area or height of analyte by the peak area or
height of internal standard on the same chromatogram.

CALCULATIONS
15. Determine the mass, ug (corrected for DE) of 3-benzyloxazolidine found in the sample front
(Wg) and back (W) sorbent sections, and in the average media blank front (B¢) and
back (By) sorbent sections.
NOTE 1: If W, > We/10, report breakthrough and possible sample loss.
NOTE 2: A blank level of 1 to 7 ug HCHO is typical. Measure sufficient media blanks (at
least 2 per 10 samples) to determine a representative mean value.

2/15/84
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FORMALDEHYDE

METHOD: 2502

16. Multiply by the desorption volume (2 mL) and the conversion factor (0.184) fram

3-benzyloxazolidine to formaldehyde to calculate concentration, C, of formaldehyde in the
air volume sampled, V (L):

('}Jf + % - Bf - Bt)'? mL+0.184
v

C = mg/m3 .

EVALUATION OF METHOD

Side-by-side comparisons of this method using laboratory-prepared samplers with a
2,4-dinitrophenylhydrazine-coated silica gel tube method [S] were done in a formaldehyde
production facility. Means of the two methods were not significantly different [(6]. Lab
testing with spiked samplers and atmospheres generated by syringe pump/air dilution [2];
verified by 2,4-dinitrophenylhydrazine-coated silica gel tubes [S). Breakthrough volume of
laboratory-prepared samplers (80% RH, 6 mg HCHO/m3, 0.05 L/min) was greater than 16 L; OE
(10.5, 37.5, 76.0 ug per sample) = 99%; recovery after storage (0.85 ug per sample) =
94.31 after two wees at 25 °C; precision and accuracy as given on page 2502-1 (24 samples).
when acetaldehyde was present as a cocontaminant, 5% breakthrough volume was 16 L (80% R/H, 10
mg HCHO/m3, 10 mg acetaldehyde/m3, 0.05 L/min). Sampling rate influences reaction of
formaldehyde with the sorbent coating. Rates above 0.05 L/min give low results with
laboratory-prepared samplers.

In a breakthrough study done using commercially-available tubes, the breakthrough volume was
found to be greater than 73 L at 8.7 mg/m?® and greater than 58 L at 28 mg/m3® of
formaldehyde. These atmospheres were sampled at 0.078 L/min.

An atmosphere of 0.36 mg/m? formaldehyde, as determined by P&CAM 125 (7], was sampled with
sets of six tubes at ca. 0.08 L/min for 70 min, 285 min and 482 min. The average amount
indicated by these tubes was 0.32 mg/m? with the relative standard deviation less than 10% in
all cases. The tube loadings for these sampling periods were 1.6, 6.3 and 10.8 ug. This
information indicates that concentrations as low as 0.1 mg/m? should be measurable with a
sampling rate of 0.08 L/min and a sampling time of 8 hrs.

REFERENCES :

{1] NIOSH Current Intelligence Bulletin 34, "formaldehyde: Evidence of Carcinogenicity," U.S.
Department of Health and Human Services, Publ. (NIOSH) 81-111 (1981).

[2] Kennedy, E. R. and R. H. Hill, Jr. Anal. Chem., 54, 1739-1742 (1982).

(3] User check, UBTL, NIOSH Sequence #3990-Y (unpublished, November 21, 1983).

(4] NIOSH Manual of Analytical Methods, 2nd ed., V. 7, PSCAM 354, U.S. Department of Health,
Education, and Welfare, Publ. (NIOSH) 82-100 (1982). .

(5] Beasley, R. K., C. E. Hoffmann, M. L. Reuppel and J. W. Worley. Anal. Chem., 52, 1110-1114
(1980) .

(6] Smith, D. L., M. Bolyard and €. R. Kennedy. Am. Ind. Hyq. Assoc. J., 44, 97-99 (1983).

(7] NIOSH Manual of Analytica) Methods, 2nd ed., V. i, PSCAM 125, U.S. Department of Health,

Education, and Welfare, Publ. (NIOSH) 77-157-A (1977). P8CAM 125 appears as Method 3500 in
this Manual.

METHOD WRITTEN BY: Eugene R. Xennedy, Ph.D., and Rcbert H. Hill, Jr., Ph.D., NIOSH/DPSE.
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METHOO: _ 2502 FORMALDEHYDE

APPENDIX:

SAMPLING TUBE PREPARATION

Extract Chromosord 102 or XAD-2 with a 50/50 (v/v) mixture of acetone/methylene chloride in a
soxhlet apparatus for 4 hrs using a 30-min cycle time. Vacuum dry [1 mm Hg (133 Pa)] the
sorbent at ambient temperature overnight. To a slurry of the dried, extracted sorbent (10 g in
100 m. toluene), add 1 g distilled 2-(benzylamino)ethanol in 10 mL toluene. Allow to stand for
| hr with occasional swirling. Remove the solvent by rotary evaporation and vacuum dry (1 mm
Hg (133 Pa)] at ambient temperature overnight. For each batch of the coated sorbent, desorb
several 100-mg portions with isooctane and analyze. If the background is greater than 7 ug
3-benzyloxazolidine/100 mg coated sorbent, discard the batch.

PREPARATION OF 3-BENZYLOXAZOLIDINE

Add a solution of 1.51 g (10 mmole) 2-(benzylamino)ethano) in 10 mL toluene dropwise to a
solution of 1 mL 37% formalin (0.37 g formaldehyde, 12.3 mmole) in 25 mL toluene. Stir 1 hr.
Remove the solvent at reduced pressure by rotary evaporation. The product is a yellow viscous
oil. Vacuum distill at 58 to 62 °C at | mm Hg (133 Pa); yields 3-benzyloxazolidine as a clear,
colorless oil, stable at room temperature for several months in a closed vial.

PREPARATION AND STANDARDIZATION OF FORMALDEHYDE STOCK SOLUTION (ca. 1 mg/mi)

Dilute 2.7 mL 37% formalin solution to ) L with distilled, deionized water. This solution is
stable at least three months. Standardize as follows:

Place 5.0 mL 1.13 M sodiun sulfite solution in a beaker, stirred with a magnetic stirrer.
Adjust pH to between 7 and 9 with base or acid. Recard the pH. Add 10.0 m. stock formaldehyde
solution. The pH should now be about 12. Titrate the solution back to its original pH with
0.02 N sulfuric acid (1 mL acid = 0.600 mg HCHO; about 17 mL acid needed). If the endpoint pH
is overrun, back titrate to the endpoint with 0.01 N sodium hydroxide. Calculate the
concentration, Cg (mg/mL), of the formaldehyde stock solution:

 « 30.04L (N *%) - (NpVp)]

Vo
where: 30.0 = 30.0 g/equivalent of formaldehyde
N; = normality of sulfuric acid
V3 = volume of sulfuric acid (ml) used for titration
My = normality of NaOH
Vp = volume of NaOH (mL) used for back titration

Vg = volume of HCHO stock solution (10.0 mL).
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FORMULA: NO, NITROGEN DICKILE

METHOD: 5700
M.W.: 46.0) ISSUED: 2/15/24
OSHA: C S ppm PROPERTIES: dark brown fuming liquid or gas;

NIOSH: 1 ppm/1S min [1]
ACGIH: 3 ppm; STEL 5 ppm
(1 ppm = 1.881 mg/m® @ NTP)

BP 21 °C; MP -11 °C

gYNONYNS: nitrogen peroxide, CAS #10102-44-0.

SAMPLING

MEASUREMENT

SAMPLER: PASSIVE
(Palmes tube with three
triethanolamine-treated screens [2])

SAMPLING TIME-MIN: 1S min @ S ppm
-MAX: 8 hr @ 10 ppm

SHIPMENT: routine

SAMPLE STABILITY: use sampler within
1 month after preparation;
analyze within 1 month

after sampling

BLANKS: 5 field blanks per sample set

ACCURACY

RANGE STUDIED: 1.2 to 80 ppm-hrs (0.13 to
8.5 ug NOp per sample) (3]

BIAS: complete conversion of nitrogen
dioxide to nitrite (Saltaman
factor = 1) [2]); stightly lower
collection efficiency at lower
pressyre (-7% at 5,500 m altitude) [4]

OVERALL PRECISION (s.): 0.06 (5]

'TECHNIQUE: VISIBLE ABSORPTION SPECTROPHOTC.:ETRY
]

!ANALYTE: nitrite ion (NO3)

]

'REAGENT: aqueous solution of sulfanilami:z.

! HaP04 and N-1-naphthylethylene-

! diamine dihydrochloride

'WAVELENGTH: 540 nm

'PATHLENGTH: 1 om

'CALIBRATION: solutions of NaNO, in reagz:i:

‘RANGE: 0.13 to 8.5 ug N0 per sample [3]

'ESTIMATED LOD: 0.0) ug NO, per sampie

IPRECISION (s,.): 0.05 [3]
t

]
1
1
]
'
»
|
1
]
'

APPLICABILITY: The working range is 1.2 to 80 ppm-hrs [3].

INTERFERENCES: In very dusty environments, particles may deposit on the inside surface .- :he
samplers. Resuspension of the dust in the analytical reagent can give a positive bias . .2

spectrophotometric reading.

OTHER METHODS: Short-term, long-term, and passive indicator tubes, and various other :i:.i.e
samplers and electrochemical instruments are used. PSCAM 231 [6] and $320 [B] are active :ziid
sorbent sampling methods ysing similar color development; PSCAM 108 [7] uses a bubbler.

2/15/84
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NITROGEN OIOXIDE

METHOD: 6700

REAGENTS:

1. Absorbing reagent. 1 volume
triethanolamine (TEA) diluted in
1 volumes analytical grade
acetone.

2. Sulfanilamide solution. 2 g
sulfanilamide + 5 mL conc. HyPO4
diluted to 100 mL with distilled
Hp0.

3. N-l-naphthylethylenediamine
dihydrochloride (NEDA) solution.
10 mg NEDA dissolved in SO mL
distilled Hx0.

4. Combined reagent. 1 volume
sulfanilamide solution + 1 volume
water + 1/10 volume NEDA solution.
Stable ca. one month if protected
from 1ight and refrigerated.

5. Sodium nitrite stock solution,
0.05 M.
weighed) NaNO, (reagent grade) in
distilled water to make 100 mL
solution. Protect from light and
keep refrigerated. Stable 90 days.

6. Caiibration stock solution. Dilute
sodium nitrite stock solution
with distilled water. Prepare
fresh just before use.
a 1:50 dilution yields 1 nanomole

M)zlul.

Dissolve 0.345 g (accurately

For example,

EQUIPMENT :

1.

4.

Sampler:
equipment given in reference [2]):

See APPENDIX (gpctential sources of

a. Acrylic tubing, 3/8 inch (9.5 mm) ID.
b. Stainless steel screen, 40 x 40 mesh/inch (16 x

16 mesh/cm) .

Pen clips, 0.48 inch (12.2 mm) I.D.
Electrical tape, plastic.
g. Stopcock grease.

- a o

cuvettes.

. Spectrophotometer, reading at 540 nm, with l-cm J

. Volumetric flasks and pipets for preparation of

standards.
Mixer, vibration or vortex (optional).

Polyethylene cap, 1/2 inch (12.7 mm, unflanged).
Polyethylene cap, 1/2 inch (12.7 mm, flanged).

SPECIAL PRECAUTIONS: None.

SAMPLING:

1. Attach the sampler with flanged cap down.
Estimate appropriate sampling time such that the amount of NO, collected is in the range
1.2 to 80 ppm-hrs (0.13 to 8.5 ug NO).

2. Terminate sampling by replacing flanged cap.

CALIBRATION AND QUALITY CONTROL:
3. Calibrate daily.

a. Prepare a series of working standards just before use over the range 0 to 40 nanomoles

(0 to 1.84 ug) NO3 per 2.1 mL combined reagent.
b. Allow 10 min for color development.

c. Transfer an aliquot of the working standard to a cuvette and analyze (steps 6 through 8).

4. Plot absorbance at 540 nm against NO3 mass in nanamoles.
NOTE: The absorbance of 40 nanomoles NO3 is ca. | absorbance unit.

2/15/84
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METHOD: 6700 NITROGEN DIOXIDE

5. Check dimensions of the sampler. If cross-sectiona) area divided by length (Ag/t) of the

sampler tube differs significantly frem 0.10 om, recalculate the diffusive collection rate
(step 9).

MEASUREMENT :

6. Remove flanged cap fram samplers. Add 2.1 mL combined reagent directly into samplers.
NOTE: If 2.1 mL is not sufficient to completely cover the exit slit of the

spectrophotometer, a larger volume can be used provided the same volume is used for
both standards and unknowns.

| 1. Recap the samplers and mix manually or with a mixer. Allow 10 min for the color to develop.
| 8. Transfer the solution to a cuvette and read the absorbance at 540 rnm within 30 min from
time reagent was added.
NOTE: If sample reads beyond calibration graph, dilute sample with combined reagent or
extend calibration range.
CALCULATIONS:

9. From calibration graph, read nanomoles NO, collected by the sampler. Divide by
2.3 nanamoles/ppm-hr (the diffusive collection rate [2]) and the sample exposure time,
t (hr), to obtain time-weighted average concentration, C (ppm NOp), of NOp:

_ nanomoles NOp
B 2.3 ¢

NOTE: Use 2.3+ (actual A¢/L [cam] + 0.1 cm) nanomoles/ppm-hr as the diffusive

collection rate if sampler dimensions are different fram those specified in the
APPENDIX.

EVALUATION OF METHOD:

Analytical precision and useful range was estimated fram a laboratory evaluation conducted by
NIOSH (1982) [3]. Overall precision (s, = 0.06) was estimated from side-by-side replicate
samples collected in a underground sait mine [S]. In a laboratory study, this method gave
results averaging 94 + 4% (mean + s.) of a reference method over the range 1.3 to 79 ppm-hrs
(3]. A field study found results for this method of 109 + 91 (mean + s.) vs. a reference
method in the range 12 to 19 ppm-hrs [5]. Sampling errors may exist in this method when the
concentration is not constant in time and the sampling period is short [9,10]. For example,
the value of s, associated with estimating the TWA of an isolated random 10-sec concentration
pulse within a 15-min sampling period may be calculated [9] to equal 0.5. Secondly,
reference (9] reports a specific set of real-time concentrition data measured in an industrial
environment. For these data, the error s, in making 15-min TWA estimates is calculated to
equal 0.12. Although these values are large, similar sampling errors due to time variations
are expected to be better controlled for longer sampling periods as the variance of the
sampling error varies inversely with the sampling period.

REFERENCES:

[1] Criteria for a Recommended Standard...Occupational Exposure to Oxides of Nitrogen
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APPENDIX:

PREPARATION OF SAMPLER

1. Measure the average cross-sectional area of a length of 3/8 inch (9.5 mm) ID acrylic tubing.
a. Cap one end of the tubing. Pour in a known volume, v (am?), of water to nearly fill
the tubing (e.g., 100 mL water for a 180-cm (6-foot) length of iubing).
b. Measure the height, h (cm), of the water column in the tubing.
c. Determine the average cross-sectional area, Ay (an?), of the tubing.

Atzﬁ
2. Cut the tubing into lengths, L (ca. 7.1 cm), such that Ay/L = exactly 0.1 om.
NOTE: The collection rate is directly proportional to Ay/L. For Ay/L = 0.1 am, the
collection rate is 2.3 nanomoles/ppm-hr {2].
3. Cut circular portions, 13/32 inch (10.3 mm) to 7/16 inch (11.1 mm) in diameter, from
stainless steel screen using a 13/32 inch (10.3 mm) paper punch or other suitable means.

4. Clean the tubes, screens and caps with detergent solution in an ultrasonic bath. Rinse
with distilled water. Air dry.

S. Dip the screens in absorbing reagent.

6. Using forceps, place the screens on absorbent paper. Press the screens momentarily with
the forceps tips to blot. Allow the acetone to evaporate.

7. Stack three treated screens in the bottam of an unflanged cap. Insert the acrylic tube
into the unflanged cap securing the screens (see the figures).

8. Slide the pen clip onto the acrylic tube touching the unflanged cap. Secure the pen clip
and unflanged cap with a piece of electrical tape.

. Apply a small amount of stopcock grease to the outside of the uncapped end of the acrylic
tube and slide the flanged cap into place.

"

"
UNFLANGED CAPSID x,% 00

3 TEA-COATED SCREENS

UNFLANGED CAP TEA‘COATED SCREENS
(FIXED)
PEN CLIP
ACRYLIC TUBE2ID xL0D x 29°
/ACRYLIC TUBE g 2
FLANGED CAsz-'io
FLANGED CAP
(REMOVABLE)
Figure 1. Assembled view (left) and exploded view (right) of sampler.
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Ammonia

Analyte: Ammonia

Method No.: S347

Matrix: Air

OSHA Standard: 50 ppm (35 mg/cu m)

Range: 17-68 mg/cu m

Precision (cTT): 0.062

Procedure: Adsorption on sulfuric acid- Validation Date: 11/25/77
treated silica gel, desorp-
tion with 0.1 N sulfuric
acid, ammonia specific elec-
trode
1.

2.

Principle of the Method

1.1 A known volume of air is drawn through a glass tube containing sul-

1.2

furic acid-treated silica gel to trap ammonia vapors. The sampling

tube is connected in series to a prefilter to collect particulate
ammonium salts.

Ammonia is desorbed from the silica gel with 0.1 N sulfuric acid,
and the sample is analyzed using an ammonia specific electrode.

Range and Sensitivity

2.1

2.2

This method was validated over the range of 16.9-67.6 mg/cu m at an
atmospheric temperature of 24°C and atmospheric pressure of 759 mm Hg,
using a 30-liter sample. This sample size is based on the capacity
of the sulfuric acid-treated silica gel to collect vapors of ammonia
in air at high relative humidity. The method is capable of measuring
much smaller amounts if the desorption efficiency is adequate. De-
sorption efficiency must be determined over the range used.

The upper limit of the range of the methcd is dependent on the ad-
sorptive capacity of the sulfuric acid-treated silica gel. This ca-
pacity varies with the concentrations of ammonia and other substances
in the air. Breakthrough is defined as the time that the effluent
concentration from the collection tube (containing 200 mg of sulfuric
acid-treated silica gel) reaches 5% of the concentration in the test
gas mixture. Breakthrough was not observed after 310 minutes at an
average sampling rate of 0.209 liter/minute and relative humidity of

852 and temperature of 25°C. The breakthrough test was conducted at
an average concentration of 68.6 mg/cu m.
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Interferences

3.1

3.2

3.3

When interfering compounds are known or suspected to be present in
the air, such information, including their suspected identities,
should be transmitted with the sample.

Methyl amine and ethyl amine are known interferences of the analyti-
cal method. Other volatile amines may also interfere in the analy-
tical method.

Particulate contaminants such as ammonium salts are removed by the
prefilcer.

Precision and Accuracy

4.1

4.2

The Coefficient of Variation (EV&) for the total analytical and sam-
pling method in the range of 16.9-67.6 mg/cu m 1is 0.062. This
value corresponds to a 2.2 mg/cu m standard deviation at the OSHA
standard level. Statistical information can be found in Reference
11.1. Details of tiie test procedures are found in Reference 11.2.

On the average, the concentrations obtained in the laboratory vali-
dation study at 0.5X, 1X, and 2X the OSHA standard level were 2.4%
lower than the ''true' concentrations for 18 samples. Any difference
between the 'found" and '"true' concentrations may not represent a
bias in the sampling and analytical method, but rather a random vari-
ation from the experimentally determined ''true'" concentration. The
Coefficient of Variation is a good measure of the accuracy of the
method since the recoveries and storage stability were good and
would not contribute to a bias in a determined concentration. Stor-
age stability studies on samples collected from a test atmosphere at
a concentration of 33.8 mg/cu m indicate that collected samples are
stable for at least 7 days.

Advantages and Disadvantages of the Method

5.1

5.2

5.3

The sampling device is small, portable, and involves no liquids.
The tubes are analyzed by means of a quick, instrumental method.

One disadvantage of the method is that the amount of sample that can
be taken is limited by the number of micrograms that the tube will
hold before overloading. When the amount of ammonia found on the
backup section of the sulfuric acid-treated silica gel tube exceeds
25%Z of that found on the front section, the probability of sample
loss exists.

The precision of the method is limited by the reproducibility of the
pressure drop across the tubes. This drop will affect the flow rate
and cause the volume to be imprecise, because the pump is usually
calibraced for one tube only.
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7.

Apparatus

6.1 Prefilter Unit: The prefilter unit, which is used to remove parti-
culate interferences, consists of a 37-mm diameter cellulose ester
membrane filter with a pore size of 0.80 micrometer contained in a
37-om two-pilece cassette filter holder. The filter is supported in
the holder by a stainless steel screen.

6.2 Personal Sampling Pump: A calibrated personal sampling pump whose
flow rate can be determined within 5% at the recommended flow rate.

6.3 Sulfuric Acid-Treated Silica Gel Sampling Tubes: Glass tube with
both ends unsealed and fire-polished, 6.0-cm long with a 6-mm 0.D.
and a 4-mm I.D. containing two sections of 20/40 mesh sulfuric acid-
treated silica gel (Section 8.2) separated by a 2-mm portion of
glass wool. The adsorbing section of the tube contains 200 mg of
sulfuric acid-treated silica gel and the backup section contains
100 mg. A plug of silylated glass wool is placed at the ends of
the tube. The pressure drop across the tube must be no greater than
13 inches of water at a flow rate of 0.2 liter/minute. The glass
tubes should be rinsed and dried with acetone before packing. The
tubes are capped with plastic caps.

6.4 Orion Model 95-10 ammonia gas sensing electrode, or equivalent.

6.5 Orion Model 407 specific lon meter, or equivalent. A pH meter with
a millivolt readout can also be used.

6.6 Scintillation vials, 20 mL.
6.7 Magnetic stirrer and stirring bars.
6.8 Pipets: Delivery type of convenient sizes.

6.9 Volumetric Flasks: 1l-liter and 50-mL and other convenient sizes for
preparing standard solutions.

6.10 Beakers, 250 mL.

6.11 Gas-tight syringes: 2- and 5-mL for preparing spiked samples.
6.12 Stopwatch.

6.13 Manometer.

Reagents

Whenever possible, reagents used must be ACS Reagent Grade or better.
7.1 Lecture bottle of ammonia gas, reagent grade.

7.2 Ammonium chloride, reagent grade.

7.3 Sulfuric acid, reagent grade in the following concentrations: 0.1 N
and 0.4 N.
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7.4 Prepare a 1000 micrograms/mlL ammonia stock standard by weighing
3.1676 g ammonium chloride in a l-liter volumetric flask. Make to
volume with deionized water.

7.5 Prepare a 10,000 micrograms/mlL ammonia stock standard by weighing
31.476 g ammonium chloride in a l-liter volumetric flask. Make to
volume with deionized water.

7.6 Sodium hydroxide solution, 10 N.

7.7 Silica gel, 20/40 mesh from SKC, Inc.

Procedure

8.1 Cleaning of Equipment. All glassware used for the laboratory analy-

8.

8.

8.

2

3

4

sis should be detergent washed, thoroughly rinsed with tap water and
distilled water, and dried.

Preparation of Sulfuric Acid-Treated Silica Gel
8.2.1 Place 6 g of 20/40 mesh silica gel in a 250-mL beaker.

8.2.2 Add 15 mL of 0.4 N sulfuric acid to the beaker. Stir the
mixture, and cover the beaker with a watch glass.

8.2.3 Heat the silica gel-acid mixture in a fume hood with a Bunsen
burner to a very gentle boil. Evaporate approximately one-
half of the liquid.

8.2.4 Place the covered beaker in a drying oven at 120°C until the
remainder of the water has been evaporated.

8.2.5 The prepared acid-treated silica gel should flow freely and
not adhere to the beaker. Store the silica gel in a desic-
cator until ready for use.

Calibration of Sampling Pumps. Each personal sampling pump must be
calibrated with a representative sampling tube and prefilter cas-
sette unit in the line to minimize errors associated with uncertain-
ties in the volume sampled.

Collection and Shipping of Samples

8.4.1 Assemble the filter in the cassette holder and close firmly.
The filter is backed up by a stainless steel screen rather
than a filter pad. Secure the cassette holder with tape or
shrinkable band.

8.4.2 Immediately before sampling, remove the caps from the ends of
the sulfuric acid-treated silica gel tube. Remove the filter
holder plugs and attach the outlet of the filter holder to
the inlet of the sampling tube with a short piece of flexible
tubing.
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8.5

8.4.3

8.4.4

8.4.5

8.4.6

8.4.7

8.4.8

8.4.9

8.4.10

8.4.11

The smaller section of sulfuric acid-treated silica gel is
used as a backup and should be positioned nearer the sampling

pump .

The tube should be placed in a vertical direction during sam-
pling to minimize channeling through the sulfuric acid-treated
silica gel.

Air being sampled should not pass through any hose or
tubing before entering the prefilter cassette.

A sample size of 30 liters is recommended. Sample at a flow
rate between 0.1 and 0.2 liter/minute. Record the sampling
time, flow rate, and type of sampling pump used.

The temperature, pressure, and relative humidity of the at-
mosphere being sampled should be recorded. 1If pressure read-
ing is not available, record the elevation.

The sampling tube should be capped with plastic caps immediate-
ly after sampling. Under no circumstances should rubber caps
be used.

The filter should be removed from the cassette filter holder
and discarded. The cassette holders and stainless steel
screens should be cleaned and saved for future use.

With each batch of ten samples, submit one tube from the same
lot of tubes used for sample collection. This tube must be
subjected to exactly the same handling as the samples except
that no air is drawn through it. This tube should be labeled
as the blank. A minimum of 18 extra sulfuric acid-treaced
silica gel tubes should be provided for desorption efficiency
determinations.

Capped tubes should be packed tightly and padded before they
are shipped to minimize tube breakage during shipping.

Analysis of Samples

The meter used in the analysis of samples must be calibrated before
samples are analyzed. The procedure for calibration of the specific
ion meter or pH/millivolt meter is discussed in Section 9. Pcroceed
to Section 9 before sample analysis.

8.5.1

Preparation of Samples. Remove the plastic cap from the in-
let end of the sampling tube. Remove the glass wool plug and
trangfer the first (larger) section of sulfuric acid-treated
silica gel to a 20-mL scintillation vial. Remove the sepa-
rating section of glass wool and transfer the backup section
of sulfuric acid-treated silica gel to another scintillacion
vial. Analyze these two sections separately. Firm tapping
of the tube may be necessary to effect complete transfer of
the sulfuric acid-treated silica gel.
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8.6

8.5.2 Desorption of Samples. Prior to analysis, 10 mL of 0.1 N
sulfuric acid is pipetted into each vial. Cap and shake the
sample vigorously. Desorption is complete in 45 minutes.
Analyses should be completed within one day after the ammonia
is desorbed.

8.5.3 Pipet an 8-mL aliquot of the desorbed sample into a clean
20-mL scintillation vial. Add 6 mL of deionized water to
the vial.

8.5.4 Add 1 mL of 10 N sodium hydroxide to the vial to make the
solution basic. The total volume in the vial should be 15
mL. Add a magnetic stirring bar. After addition of base,
samples should be analyzed immediately.

8.5.5 Lower the ammonia specific electrode into the solution, taking
care not to trap air under the electrode. If using a specific
ion meter, record the meter reading on the logrithmic scale.
This reading is the sample concentration in micrograms/mL.

If a pH/millivolt meter is used, record the millivolt reading
and refer to the calibration curve prepared in Section 9 to
determine the sample concentration.

8.5.6 If the sample falls outside of the range of analysis, recali-
brate the meter in the range of interest.

Determination of Desorption Efficiency

8.6.1 The desorption efficiency of a particular compound can vary
from one laboratory to another. Thus, it is necessary to
determine the fraction of the specific compound that is
removed in the desorption process.

8.6.2 Extra sampling tubes containing sulfuric acid-treated silica
gel are used to prepare spiked samples for desorption effi-
ciency determinations. Spiked samples are prepared by draw-
ing air through the tubes and spiking the air upstream of the
tube with the appropriate amount of ammonia gas. Ammonia gas
is spiked upstream using gas tight syringes. Volumes of
0.755, 1.51, and 3.02 mL ¢f ammonia gas represent the amount
present at 0.5X, 1X, and 2X the OSHA standard levels, re-
spectively. The amount spiked is equivalent to that present
in a 30-liter air sample at the selected level.

Six tubes at each of three levels (0.5X, 1lX, and 2X the OSHA
standard) are prepared in this manner and allowed to stand
for at least overnight to ensure complete adsorption of the
ammonia onto the sulfuric acid-treated silica gel. These
tubes are referred to as the samples. A parallel blank tube
should be treated in the same manner except that no sample
is added to it. The sample and blank tubes are desorbed and
analyzed in exactly the same manner as the sampling tube
described in Section 8.5.
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9.

The desorption efficiency (D.E.) equﬁls the average weight in
micrograms recovered from the tube divided by the weight in

micrograms added to the tube, or

Average Weight recovered (micrograms) -~ Blank
Weight added (micrograms)

D.E. =

The desorption efficiency is dependent on the amount of
ammonia collected on the sulfuric acid-treated silica gel.
Plot the desorption efficiency versus weight of ammonia found.
This curve is used in Section 10.5 to correct for adsorptioen

losses.

Calibration and Standards

9.1 Prepare standard solutions containing 10 micrograms/mL, 100 micro-
grams/mL, and 1000 micrograms/mL as described below:

9.1.1

9.1.2

9.1.3

10 micrograms/mL: Using the 1000 micrograms/mL stock
solution (Section 7.4), pipet a 5-mL aliquot into a 50-mL
volumetric flask and bring to volume with deionized water.
From this solution, pipet another 5-mL aliquot into a clean
50-mL volumetric flask, and add 20 mlL 0.1 N sulfuric acid,
2 mL of 10 N sodium hydroxide, and bring to volume with
deionized water. This final solution is the 10 micrograms/
mlL standard. Cap the solution after preparation.

100 micrograms/mL: Pipet a 5-mL aliquot from the 1000
micrograms/mL stock solution into a clean 50-mL volumetric
flask. Add 20 mL 0.1 N sulfuric acid, 2 mL 10 N sodium
hydroxide, and bring to volume with deionized water. Cap
the solution after preparation.

1000 micrograms/mL: Pipet a 5-mL aliquot from the 10,000
micrograms/mL stock solution (Section 7.5) into a clean
50-mL volumetric flask. Add 20 mL 0.1 N sulfuric acid, 2

mL 10 N sodium hydroxide, and bring to volume with deionized
water. Cap the solution after preparation.

Note: These standards are good for approximately 2 hours if
kept tightly capped.

Additional standards may be prepared in order to accommodate
the range of samples to be analyzed. Prepare additional
standards over the range of interest using the 1000 micro-
grams/mL stock standard solution.

9.2 The specific ion meter must be calibrated over the range of interest
using standard solutions prepared as described above. The meter
1s calibrated over a 10-fold concentration range.
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9.3

10. Calculations

To calibrate the specific ion meter in the range of 10-100 micro-
grams/mL, use the following procedure:

9.2.1

9.2.2

9.2.3

Place the electrode in the 10 micrograms/mL standard. Turn
the function switch to X~ and adjust the meter needle to
"10" on the logrithmic scale with the calibration control.
Use magnetic stirring throughout the procedure.

Rinse the electrode and place in the 100 micrograms/mL
standard and stir thoroughly. Turn the temperature compen-
sator knob until the meter needle reads "100" on the logrith-
mic scale. The meter is now calibrated in the range of
10-100 micrograms/mL. )

Recalibration of the meter is necessary in order to analyze
samples outside of this range. Repeat the calibration pro-
cecure for the range of 100-1000 micrograms/mL.

If a pH/millivolt meter is used, the standards described above can
be used to prepare a standard calibration curve. The curve is pre-
pared on semi-log paper by plotting millivolt versus concentration
in micrograms/mL. The concentration should be plotted on the
logrithmic scale.

10.1 Read the concentration, in micrograms/mL, corresponding to each meter
reading.

10.2

10.3

Corrections for the blank must be made for each sample.

micrograms/mL = micrograms/mL sample -~ micrograms/mlL blank

where:

micrograms/mL sample = micrograms/mL found in front section of

sample tube

micrograms/mL blank = micrograms/mL found in front section of

blank tube

A similar procedure is followed for the backup sections.

Determine the micrograms/sample by making the following volume
correction.

10 mL

Micrograms/sample = micrograms/mL x 15 mL x 8 ol

10.4 Add the weights found in the front and backup sections to determine
the total weight of the sample.
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10.5 Read the desorption efficiency from the curve (see Section 8.6.2)
for the amount found in the front section. Divide the total weight
by this desorption efficiency to obtain the corrected micrograms/

sample.
Corrected micrograms/sample = Totaé ;eighc

10.6 For personal sampling pumps with rotameters only, the following cor-
rection should be made.

3 I,
Corrected Volume = f x ¢t = X =
P Tl

where:

s = T Y m
- N

2

n

2

flow rate sampled

sampling cime

pressure during calibration of sampling pump (mm Hg)
pressure of air sampled (mm Hg)

temperature during calibration of sampling pump (°K)

temperature of air sampled (°K)

10.7 The concentration of ammonia in the air sampled can be expressed in
mg/cu m.

mg/cum =

Corrected micrograms (Section 10.5)

Corrected air volume (liters) (Section 10.6)

10.8 Another method of expressing concentration {s ppm.

ppm =

where:

11. References

24.45 760 T + 273

mg/cum x gt X 3 X g3

P

T
24.45
M.W.
760
298

pressure (mm Hg) of air sampled

temperature (°C) of air sampled

molar volume (liter/mole) at 25°C and 760 mm Hg
molecular weight of ammonia

standard temperature (°K)

standard temperature (°K)

11.1 Documentation of NIOSH Validation Tests, National Institute for
Occupational Safety and Health, Cincinnati, Ohio (DHEW-NIOSH-
Publication No. 77-185), 1977. Available from Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C., Order
No. 017-033-00231-2.

11.2 Backup Data Report for Ammonia, prepared under NIOSH Contract No.
210-76-0123.
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SULFATES, SULFITES AND SULFUR DIOXIDE

Measurements Research Branch

Analytical Method

Analyte:

Matrix:

Procedure:

Date Issued:

Date Revised:

Sulfates, Sulfites
and Sulfur Dioxide

Air

Particulate sulfates
and sulfites collected
on filter; SO0 on
treated filter;
analysis by ion
chromatography

7/2/79

Method No.:

Range:

Precision:

Classification:

P&CAM 268

Sulfates: 0.1-10 mg/m>
Sulfites: 0.1-10 mg/m
S0, 0.04~4 ppm
(200-L air sample)

5%
(Analytical)

E (Proposed)

1. Symnopsis

A known volume of air is drawn through a filter train consisting of a
cellulose ester membrane filter followed by an impregnated cellulose

filter containing potassium hydroxide.

Particulate matter, including

sulfates and sulfites, is collected on the first filter, while sulfur
dioxide passes through the first filter and is collected on the second

filcer.

The filters are extracted with deionized water and the extracts are

analyzed by anion-exchange chromatography.
obtained:

S0, concentration:

impregnated cellulose filter chromatogram.

The following quantities are

calculated from the sulfite peak on the

Total sulfates concentration (sulfuric acid plus soluble

metal sulfates):

from the sulfate peak on the untreated

cellulose ester membrane filter chromatogram.

Particulate sulfites concentration:

from the sulfite peak on

the untreated cellulose ester membrane filter chromatogram.
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Working Range, Sensitivity, and Detection Limit

2.1 The working range for a 200-L air sample is 0.1-10 mg SOE or
S03/m3, and 0.04-4 ppm SO, (0.1-10 mg SOp/m3). This
corresponds to 20-2000 pg of sulfate, sulfite or sulfur dioxide
per sample.

2.2 The sensitivity at 30 umho full scale is 5 pg sulfate, sulfite,
or sulfur di_xide per sample per mm chart deflection. The sensi-
tivity may be improved by using scale expansion on the readout
and by using a smaller volume than 10 mL to desorb the sample.

2.3 The detection limit is approximately 0.5 ug SOE or SO?/mL in
the solution injected, corresponding to 5 g sulfate, sulfite, or
sulfur dioxide per sample.

Interferences

3.1 Oxidation of particulate sulfite on the sample filters results in
a positive bias for sulfates and a negative bias for particulate
sulfites.

3.2 Sulfur trioxide gas, if present in dry atmospheres, gives a posi-
tive bias in the sulfur dioxide determination.

3.3 Nitrate or phosphate ions may give similar retention times to
sulfite. Identity of the sulfite peak may be established by
spiking the samples with known amounts of sulfite and analyzing
with at least two different eluents (e.g., the eluent in Section
7.14 and 0.003 M NaC03/0.001 M NaHCO3).

3.4 Insoluble sulfates collected on the first filter will not be
measured unless special care is taken to dissolve them.

Precision and Accuracy

4.1 The relative standard deviation_of the analytical method is 5% or
less in the range 50-1000 ug SO3 or SOj per sample, corres-
ponding to 0.25-5 mg/m3 S0», sulfites, or sulfates.

4,2 A major factor affecting accuracy is the tendency of particulate
sulfites and absorbed sulfur dioxide to oxidize. Because of this,
a negative bias which has not been thoroughly investigated occurs.

Advantages and Disadvantages

5.1 The sampling device uses only filters and involves no liquids.

5.2 Oxidation of a significant fraction of the particulate sulfites
and sulfur dioxide in the sample is unavoidable.

5.3 Because identification is based on retention time, interferences
may not be easily identified (see Section 3.3).
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Apparatus

6.1 The apparatus for the collection of personal air samples consists of:

6.1.1 Filter holder, 3-piece cassette, polystyrene, 37-mm diameter.
6.1.2 Shrinkable cellulose band.

6.1.3 Mixed cellulose ester membrane filter, 0.8 micrometer pore
size, 37-mm diameter, supported by a cellulose backup pad.

6.1.4 Cellulose filter, Whatman-40 or equivalent, impregnated with
potassium hydroxide-glycerine solution, supported by a
cellulose backup pad. To prepare the filter, saturate it
with filter impregnating solution on a clean glass plate or
watch glass and dry at 100°C for 20-30 minutes.

6.1.5 Personal sampling pump whose flow can be calibrated in line
with a representative loaded filter holder to an accuracy of
+53% at the recommended flow rate.

6.1.6 Thermometer

6.1.7 Manometer

6.1.8 Stopwatch

6.1.9 Screw cap, glass bottles, such as scintillation vials.

6.1.10 Tweezers

6.2 Ion-exchange chromatograph, equipped with electrical conductivity
detector and recorder or integrator.

6.3 10-mL pipette

6.4 10-mL plastic syringe with male Luer fitting

6.5 In-line filter with Luer fitting, 25 mm diam (0.8 um membrane filter).

6.6 Volumetric flask, 100 mL

Reagents

All reagents used should be ACS Reagent Grade or better,

7.1

Dejionized, filtered water. Conductivity-grade deionized water with

a specific conductance of 10 pmho/cm or less ic needed for preparation
of eluents and other solutions which will be used on the ion chromato-
graph. The water should be filtered through a membrane filter
(0.45-0.8 ym pore size) before use to avoid plugging valves on the
chromatograph.
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7.2 Potassium hydroxide, KOH (pellets)
7.3 Glycerol
7.4 Sodium carbonate, Na2C03
7.5 Sodium bicarbonate, NaHCO4
7.6 Sodium sulfite, Na2503
7.7 Sodium sulfate, Na2504
7.8 Nitrogen gas
7.9 Filter impregnating solution. Dissolve 20 g KOH in about 50 mL
deionized water, add 10 mL glycerol and dilute with deionized
water to 100 mL.
7.10 Sulfite stock standard (1000 ppm SO3). Add 5 mL glycerol to a
100 mL volumetric flask and dissolvé in approximately 75 ml
deionized water which has been heated to 100°C and cooled under
nitrogen to remove dissolved oxygen. Add 0.1575 g Na,SO0, and dilute
to 100 mL with deionized water. This standard should be prepared
fresh weekly.
7.11 Sulfite working standard (100 ppm s07). Pipette 10.0 mL of 1000 ppm
sulfite stock standard into a 100 ml-volumetric flask and dilute to
100 mL with a solution containing 2% (v/v) glycerol. Prepare fresh
daily.
7.12 Sulfate stock standard (1000 ppm SOZ). Dissolve 1.4792 g Na2804 in
deionized water and dilute to 1 liter.
7.13 Sulfate working standard (100 ppm SO;). Dilute 10.0 mL of the
sulfate stock standard to 100 mL with deionized water.
7.14 Eluent (0.003 §_CO:/0.003 M HCOT). Dissolve 1.27 g Na,C04 and
1.01 g NaHCO4 in 47liters of de%onized, filtered water.
Procedure
8.1 Cleaning of Equipment. Glassware, including screw cap bottles,
should be washed in detergent and rinsed in dilute (1-5%) nitric
acid, followed by thorough rinsing with distilled or deionized
water.
8.2 Collection and Shipping of Samples

8.2.1 Each personal sampling pump must be calibrated with a
representative filter cassette in line to assure accurately
known sample volumes.
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8.

3

8.2.

[$%)

8.2.3

8.2.4

8.2.5

Analysis of Samples

8.3.1

8.3.2

8.3.3

Assemble the filter cassette as foirlows: First, place a backup
pad in place in the rear section of the cassette. On top of

this place a treated cellulose filter (Sec. 6.1.4) and then put
the center retaining ring of the cassette in place. Next, put
another backup pad on top of the retaining ring, place a mixed
cellulose ester membrane filter (Sec. 6.1.3) on top of the backup
pad, and put the front section of the cassette in place. A
shrinkable band should be used to seal the cassette.

Collect the sample at 1.5 liters per minute. The air being
sampled should not pass through any hose or tubing before entering
the cassette. A sample size of 200 liters is recommended.

If significant amounts of sulfuric acid are suspected in the
sample, the cellulose ester membrane filter must be transferred |
to a1 clear, glass bottle within 4 hcurs of sampling to avoid i
low recovery of sulfate. Handle the filter with tweezers to ‘
avoid contamination. Reclose the cassette containing the treated
cellulose filter.

Carefully record the sample identity and all pertinent sampling
data. With each batch of up to 10 samples submit appropriate
blank filters for analysis. ‘

Put the two filters from the cassette into two separate, clean,
screw-top glass bottles. Add 10.0 mL eluent (Sec. 7.14) to

each bottle and let stand, with occasional vigorous shaking, for
30 minutes.

Pour the contents of the bottle into a syringe fitted with an
in-line filter and collect the filtrate in a second syringe.

Inject the filtered sample onto the chromatograph and record
the sample identity and instrumental conditiomns. Typical
operating conditions are:

- sensitivity: 30 umho full scale (for 5-100 ppm sulfate
and sulfite)

eluent: 0.0030 M Na,CO5, 0.0030 M NaHCO;

flow rate: 138 mL/hr

separator column: 3 mm I.D. x 500 mm (anion exchanger),
preceded by a precolumn

suppressor column: 6 mm I.D. x 250 mm (cation exchanger)
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- SO; retention time: 6~7.5 min (depending on eluent)
- sof retention time: 9-10.5 min (depending on eluent)

8.3.4 Measure and record the peak height or peak area of each
sulfite and sulfate peak. If interfering substances
(e.g., nitrate or phosphate) are present, establish positive
identity of sulfite and sulfate peaks by adding known amounts
of standard solutions and by changing eluent concentration
for better separation, if necessary,.

9. Calibration and Standardization

9.1 From the 100 ppm working standards, prepare 5, 10, 15, 20, 30, 50,
and 80 ppm sulfate and sulfite standards by diluting, respectively,
0.5, 1.0, 1.5, 2.0, 3.0, 5.0, and 8.0 mL to 10 mL with deionized
water. These standard solutions shculd be prepared fresh daily.

9.2 With each set of samples analyzed, a complete calibration curve
should be constructed, using the standards prepared in 9.1 or
additional standards as needed. Plot peak height or peak area
vs. concentration for both sulfite and sulfate. A sulfite standard
with nominal concentration Cn (ppm) will give two peaks: a
sulfite peak, C, and a sulfate peak, C, (ppm). The relationship
between these is C = C_ - Cs x 0.8334.

10. Calculations

10.1 From the calibration curves obtained in Sec. 9.2, read the
concentrations of sulfite and sulfate ions in each sample in ppm.
Designate whether the ions originated on the cellulose ester
membrane filter or the treated cellulose filter. Thus, four
concentrations will be obtained.

C, = concentration, ppm, of sulfite from cellulose ester
membrane filter

(@]
3
[}

concentration, ppm, of sulfate from cellulose ester
membrane filter

C3 = concentration, ppm, of sulfite from treated cellulose
filter

C, = concentration, ppm, of sulfate from treated cellulose
filcer




10.2 Calculate the concentrations in the air sample using the

formulae:
Total particulate sulfite (mg/m”) = ——
\Y
CZ}(lO
Total particulate sulfate (mg/m3) = ——
\'

(C3 x 10 x 0.08002) + (C4 x 10 x 0.6669)

Sulfur dioxide (mg/m>) =
v

Sulfur dioxide (ppm) = 0.3817 x sulfur dioxide (mg/m3) x 760 x T
298 x P

where V is the volume (liters) of air sampled.

T is the absolute temperature (0K = ©OC + 273) at which
the sample was taken.

P is the pressure (mm Hg) at which the sample was taken.

11, References

11.1 Mulik, J.D., R. Puckett, D. Williams, and E. Sawicki:

11.

2

Analysis
of Nitrate and Sulfate in Ambient Aerosols. Anal. Lett. 9: 653(1976)

Pate, J.B., Lodge, and M.P. Neary: The Use of Impregnéted Filters
to Collect Traces of Gases in the Atmosphere. Anal. Chim.
Acta 28: 341 (1963)

Peter M. Eller, Ph.D.

Michael Kraus

Inorganic Methods Development
Section
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OEFINITION: Total aerosol mass NUISANCE DUST, TOTAL

METHOD: 0500
ISSUED: 2/15/84

OSHA: 15 mg/m3 PROPERTIES: quartz less than 1% [1]
NIQOSH: no standard

ACGIH: 10 mg/m3, total dust less than
1% quartz

SYNONYMS: boron oxide (CAS #1303-86-2) and nuisance dusts [1] including alumina
(CAS #1344-28-1), calcium carbonate (CAS #1317-65-3), celluylose {paper fiber;:
CAS #9004-34-6), glycerin mist (CAS #56-81-5), limestone (CAS #1317-65-3), etc.

SAMPL ING MEASUREMENT

SAMPLER: FILTER 'TECHNIQUE: GRAVIMETRIC (FILTER WEIGHT)
(tared 37-m, S-um PVC filter) !

!ANALYTE: airborne particulate material
FLOW RATE: 1.5 to 2 L/min '

!BALANCE: 0.01 mg sensitivity or better; uyse same

VOL-MIN: 25 L @ 15 mg/m3 ! balance before and after sample
-MAX: 133 L @ 15 mg/m? ! collection
t
SHIPMENT: routine !CALIBRATION: National Bureau of Standards

! Class M weights
SAMPLE STABILITY¥: indefinitely !

!RANGE: 0.3 to 2 mg per sample
BLANKS: 2 field blanks per 10 samples !

'ESTIMATED LOD: 0.2 mg per sample
BULK SAMPLE: none required !

'PRECISION: 0.08 mg per sample (3]

ACCURACY

RANGE STUDIED: 8 to 28 mg/m3

]

|

]

\

!
BIAS: not significant !

]

OVERALL PRECISION (s.): 0.0S6 [2] !
]
APPLICABILITY: The working range is 3 to 20 mg/m? for a 100-L air sample. This method is
nonspecific and determines the total dust concentration to which a worker is exposed. It may
be applied, e.g., to gravimetric determination of fibrous glass [4] in addition to the other
ACGIH nuisance dusts [1].
INTERFERENCES: Organic_and volatile particulate matter may be removed by dry ashing [4].
OTHER METHODS: This method is similar to the criteria document method for fibrous glass [4]
and Method 5000 for carbon black. This method replaces Method 5349 {S]. Impingers and

direct-reading instruments may be used to collect tota) dust samples, but these have
limitations for personal sampling.
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NUISANCE DUST, TOTAL

METHOD: 0S00

EQUIPMENT:

1.

[ LBV I - 78 ]

Environmental chamber at constant temperature and humidity (e.g., 20 °C + 0.3 °C and 50% +
S RH).

Sampler: 3]-mm PVC, 2- to 5-um pore size membrane or equivalent hydrophobic filter and
cellulose supporting pad in 37-am cassette filter holder.

Personal sampling pump, 1.5 to 2 L/min, with flexible connecting tubing.

Microbalance, capable of weighing to 0.01 mg.

vVacuum desiccator.

Static neutralizer: e.g., Po-210; replace nine months after the production date.

SPECIAL PRECAUTIONS: None.

PREPARATION OF FILTERS BEFORE SAMPLING:

1.
2.

Ory filters and backup pads under vacuum in the vacuum desiccator for at least 15 min.
Release the vacuum, remove the desiccator cover and equilibrate the filters in the
environmental chamber for at least 1 hr.

. Number the backup pads with a ballpoint pen and place them, numbered side down, in filter

cassette bottom sections.

. Weigh the filters in the environmental chamber. Record the filter tare weight, Wy (mg).

a. Zero the balance before each weighing.

b. Handle the filter with forceps (nylon forceps if further analyses will be done).

¢. Pass the filter over an antistatic radiation source. Repeat this step if filter does
not release easily fram the forceps or if filter attracts balance pan. Static
electricity can cause erroneous weight readings.

. Place the weighed filters on top of the backup pads in the filter cassette bottom sections

and allow to stand an additional 8 to 16 hrs in the environmental chamber.

. Reweigh the filters. If this tare weight differs by more than 0.01 mg fram the first tare

weight obtained in step 4 above, discard the filter.
NOTE: Insert a rod through the outlet hole of the filter cassette bottom section to-raise
the backup pad and filter so that the filter can be grasged with forceps.

. Assemble the filter in the filter cassettes and close firmly so that leakage around the

filter will not occur. Place a plug in each opening of the filter cassette. Place a

cellulose shrink band around the filter cassette, allow to dry and mark with the same
number as the backup pad.

SAMPLING:

8.
9.

Calibrate each personal sampling pump with a representative sampler in line.

Sample at 1.5 to 2 L/min. Do not exceed a total filter loading of approximately 2 mg total
dust.

SAMPLE PREPARATION:

10. Wipe dust from the external surface of the filter cassette with a moist paper towel to
minimize contamination. Discard the paper towel.

11. Remove the top and bottom plugs from the filter cassette. Place the filter cassettes in a
vacuum desiccator under vacuum for at least 15 min, followed by equilibration for at least
1 hr in the environmental chamber.

12. Remove the cassette band, pry open the cassette and remove the filter. Handle the filters
very gently by the edge to avoid loss of dust.
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METHOD: 0500 NUISANCE DUST, TOTAL

NOTE: If the filter sticks to the underside of the cassette top, very gently lift away by

using the dull side of a scalpel blade. This must be done carefully or the filter
will tear.

CALIBRATION AND QUALITY CONTROL:

13. Zero the microbalance before all weighings. Use the same microbalance for weighing filters
before and after sample collection. Maintain and calibrate the balance with National
Bureau of Standards Class M weights.

14. Take two to four replicate samples for every batch of field samples for quality assurance
on the sampling procedures. The set of replicate samples should be exposed to the same
dust environment, either in a laboratory dust chamber [6] or in the field.. The quality
control samples must be taken with the same equipment, procedures and personnel used in the
routine field samples. The relative standard deviation calculated from these replicates
should be recorded on control charts and action taken when the precision is out of control.

MEASUREMENT :
15. Weigh each filter, including field blanks. Record this post-sampling weight, Wy (mg),

beside its corresponding tare weight. Record anything remarkable about a filter (e.g.,
overload, leakage, wet, torn, etc.).

CALCULATIONS :
16. Calculate the concentration of total nuisance dust, C (mg/m3®), in the air volume sampled,
v (L):
C = E!Z_:_;ll_iliolo3, mg/m?
where: Wy = tare weight of filter before sampling (mg)
Wy = post-sampling weight of sample-containing filter (mg)
8 = mean change in field blank filter weights between tare and post-sampling (mg)

(+ or -).

EVALUATION OF METHOD:
Lab testing with blank filters and generated atmospheres of carbon black was done at 8 to
28 mg/m3 [2,6]. Precision and accuracy data are given on page 0500-1.

REFERENCES:

{11 TLVs - Threshold Limit Values for 1983-84, Appendix D, ACGIH, Cincinnati, OH (1983).

(2] This Manual, Method 5000.

(3] Unpublished data from Non-textile Cotton Study, NIOSH/DROS/EIB.

(4] NIOSH Criteria for a Recommended Standard ... Occupational Exposure to Fibrous Glass, U.S.
Department of Health, Education, and wWelfare, Publ. (NIOSH) 77-152, 119-142 (1977).

(5] NIOSH Manual of Analytical Methods, 2nd ed., V. 3, S349, U.S. Department of Health,
Education, and Welfare, Publ. (NIOSH) 77-157-C (1977).

(6] Documentation of the NIOSH Validation Tests, 5262 and 5349, U.S. Department of Health,
Education, and Welfare, Publ. (NIOSH) 77-185 (1917).

METHOO WRITTEN BY: Kathy Morring, Jerry Clzre, and Frank Hearl, P.E., NIOSH/DROS.
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FORMULA: The respirable fraction of the NUISANCE DUST, RESPIRABLE
dust mass, as specified by the METHOD: 0600
American Conference of ISSUED: 2/15/84

Governmenta) Industrial Hygienists [1]

OSHA: 5 mg/m? PROPERTIES: Penetrates the non-ciliated
NIOSH: no standard " portions of the lung; quartz
ACGIH: 5 mg/m3 less than 1%

SYNONYMS: boron oxide (CAS #1303-86-2) and nuisance dusts (2], including alumina
(CAS #1344-28-1), calcium carbonate (CAS #1317-65-3), cellulose (paper fiber;
CAS #9004-34-6), glycerin mist (CAS #56-81-5), limestone (CAS #1317-65-3), etc.

SAMPL ING MEASUREMENT
[}
SAMPLER: CYCLONE + FILTER !TECHNIQUE: GRAVIMETRIC (FILTER WEIGHING)
(10-mm Dorr-Oliver cyclone + tared !
S-um PVC membrane) !ANALYTE: mass of respirable dust fraction
1
FLOW RATE: 1.7 L/min '!BALANCE: 0.0) mg sensitivity or better; use same
! balance before and after sample
VOL-MIN: 75 L @5 mg/m? ! collection

-MAX: 1000 L @ 5 mg/m? !
'CALIBRATION: National Bureau of Standards

SHIPMENT: routine ! Class M weights
|
SAMPLE STABILITY: indefinitely 'RANGE: 0.3 to 2 mg per sample
1
BLANKS: 2 to 10 field blanks per set 'ESTIMATED LOD: 0.2 mg per sample

!PRECISION: 68 pg with 0.01-mg sensitivity
ACCURACY ' balance [S]
[\

RANGE STUDIED: 0.5 to 10 mg/m® (lab and field) !

8IAS: depends on dust size distributions (3]

OVERALL PRECISION (s.): 0.043 to 0.145 (1ab);
0.144 to 0.227 (field) !
(4] !

APPLICABILITY: The method measures the mass concentration of any non-volatile respirable dust.
Besides inert dusts (1], the method is recommended for respirable coal dust, which has an OSHA
PEL = 2.4 mg/m3. The method may be biased where the respirable fraction is defined by the
British Medical Research Council's criteria or the MRE horizontal elutriator [4].
INTERFERENCES: Larger than respirable particles (over 10 um) have been found in same cases

by microscopic analysis of cyclone filters. Over-sized particles in the sample are known to be
caused by inverting the cyclone assembly. Heavy dust loadings, charged particles, fibers and
water-satuyrated dusts also_interfere with the cycione's size-selective properties.

QTHER METHODS: This method is based on and replaces Sampling Data Sheet #29.02 [6].

2/15/84
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NUISANCE DUST, RESPIRABLE METHOD: 0600

EQUIPMENT :

1.

w

Sampler:

a. Filter: 37-mm Jiameter, 5.0-um pore size, polyvinyl chloride filter or equivalent
hydrophobic membrane filter supported with backup pad in a two-piece, 37-mm cassette
filter holder held together by tape or cellulose shrink band.

b. Cyclone: 10-am Dorr-Oliver nylon cyclone.

¢. Sampling head holder: this holder must keep the cassette, cyclone and coupler together
rigidly so that air enters only at the cyclone inlet.

. Personal sampling pump, 1.7 L/min + 5%, with flexible connecting tubing.

NOTE: Pulsation in the pump flow must be within + 20% of the mean flow.

. Balance, analytical, with sensitivity of at least 0.01 mg. A more sensitive balance will be

necessary for substances with PEL's below 1 mg/m3.

. Static neutralizer, e.g., Po-210; replace nine months after the production date.
. Environmental chamber for balance, e.g., 20 °C + 0.3 °C and S0% & ST RH.
. Vacuum desiccator.

SPECIAL PRECAUTIONS: None.

PREPARATION OF SAMPLERS BEFORE SAMPLING:

1.
2.

3.

Ory filters and backup pads under vacuum in the vacuum desiccator for at least 15 min.
Release the vacuum, remove the desiccator cover, and equilibrate the filters in the
environmental chamber for at least 1 hr.

Number the backup pads with a ballpoint pen and place them, numbered side down, in filter
cassette bottom sections.

. Weigh the filters in the environmental chamber. Record the filter tare weight, w; (mg).

a. Zero the balance before each weighing;

b Handle the filter with forceps (nylon forceps if further analyses will be done); and

c. Pass the filter over an antistatic radiation source. Repeat this step if filter does
not release easily from the forceps or if filter attracts balance pan. Static
electricity can cause erroneous weight readings.

. Place the weighed filters on top of the backup pads in the filter cassette bottom sections

and allow to stand an additional 8 to 16 hrs in the environmental chamber.

. Reweigh the filters. If this tare weight differs by more than 0.01 mg fram the first tare

weight obtained in step 4 above, discard the filter.
NOTE: Insert a rod through the outlet hole of the filter cassette bottaom section to raise
the backup pad and filter so that the filter can be grasped with forceps.

. Assemble the filters in the filter cassettes and close firmly so that leakage around the

filter will not occur. Place a piug in each opening of the filter cassette. Place a
cellulose shrink band around the filter cassette, allow to dry, and mark with the same
nurber as the backup pad.

. Remove the cyclone's grit cap and vortex finder before use and inspect the cyclone

interior. If the inside is visibly scored, discard this cyclone since the dust separation
characteristics of the cyclone might be altered. Clean the interior of the cyclone to
prevent reentrainment of large particles.

. Assemble the sampler head. Check alignment of filter holder and cyclone in the sampling

head to prevent leakage.

2/15/84
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METHOD: 0600 NUISANCE DUST, RESPIRABLE

SAMPLING:
10. Calibrate each personal sampling pump to 1.7 L/min with a representative sampler in line.
11. Sample at 1.7 L/min for 45 min to 8 hrs (76 to 816 L). Do not exceed 5 mg dust locading on
the filter.
NOTE: Do not allow the sampler assembly to be inverted at any time. Turning the cyclone to
anything more than a horizontal orientation may deposit over-sized material from the
cyclone body onto the filter.

SAMPLE PREPARATION:

12. Wipe dust from the external surface of the filter cassette with a moist paper towel to
minimize contamination. Discard the paper towel.

13. Remove the top and bottam plugs from the filter cassette. Place the filter cassettes in a
vacuum desiccator under vacuum for at least 15 min, followed by equilibration for at least
1 hr in the environmental chamber.

14. Remove the filter cassette band, pry open the filter cassette, and remove the filter by
inserting a rod in the outlet hole of the filter cassette. Handle the filters very gently
by the edge to avoid loss of dust.

NOTE: If the filter sticks to the underside of the cassette top, very gently 1ift away by
using the dull side of a scalpel blade. This must be done carefully or the filter
will tear.

CALIBRATION AND QUALITY CONTROL:

1S. Zero the microbalance before all weighings. Use the same microbalance for weighing filters
before and after sample collection. Calibrate the balance with National Bureay of
Standards Class M weights.

16. Take two to four replicate samples for every batch of field samples for quality assurance
on the sampling procedures. The set of replicate samples should be exposed to the same
dust environment, either in a laboratory dust chamber [7] or in the field [8]. The quality
control samples must be taken with the same equipment, procedures and personnel used in the
routine field samples. Calculate precision from these replicates and record s, on
control charts. Take corrective action when the precision is out of control (7].

MEASUREMENT :

17. Weigh each filter, including field blanks. Record this post-sampling weight, Wy (mg),
beside its corresponding tare weight. Record anything remarkable about a filter (e.g.,
visible particles, overloaded, leakage, wet, torn, etc.).

CALCULATIONS:

18. Calculate the concentration of respirable nuisance dust, C {mg/m3), in the air volume
sampled, V (L):

C= ("2_‘:‘)_’8-103, mg/m?

where: Wy = tare weight of filter before sampling (mg)
Wy = post-sampling weight of sample-containing filter (mg)
8 = mean change in field blank filter weights between tare and post-sampling (mg)
(+ or -).
2/15/84
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NUISANCE OUST, RESPIRABLE METHOD: GelC

EVALUATION OF METHOO:

1. Bias. In respirable dust measurements, the bias in a sample is calculated relative to the
appropriate respirable dust criterion. The theory for calcuiating bias is developed by
Bartley and Breuer [3]. For this method, the bias, therefore, depends on the ACGIH
criterion for respirable dust, the cyclone's penetration curve at 1.7 L/min flow rate, and
the size distribution of the ambient dust. Based on the cyclone's penetration curves for
non-pulsating flow measured with a monodisperse aerosol by Caplan, Doemeny and Sorenson
(9], the bias in this method is shown in Figure 1.

For dust size distributions in the shaded region, the bias in this method lies within the
+ 0.10 criterion established by NIOSH for method validation. Bias larger than + 0.10
would, therefore, be expected for many workplace aerosols, especially those with small mass
median diameters. However, bias within + 0.20 would be expected for dusts with geometric
standard deviations greater than 2.0, which is the case in most workplaces.

Bias can also be caused in a cyclone by the pulsation of the personal sampling pump.
Bartley, et al. [10] showed that cyclone samples with pulsating flow can have negative bias
as large as -0.22 relative to samples with steady flow. The magnitude of the bias depends
on the amplitude of the pulsation at the cyclone aperture and the dust size distribution.
For pumps with instantaneous flow rates within 20% of the mean, the pulsation bias is less
than -0.02 for most dust size distributions encountered in the workplace.

Electric charges on the dust and the cyclone will also cause bias. Briant and Moss [11]
have found electrostatic biases as large as -50%, and show that cycliones made with
graphite-filled nylon eliminate the problem.

2. Precision. In a recent review [4], the overall cyclone precision is shown to be most
sensitive to two factors: the analytical precision and the sampling procedures,
particularly the quality control system used in the maintenance and calibration of
samplers. Theoretically, the variance for the overall precision is the sum of the
variances from the sampling and analysis. The analytical variance depends on the dust
loading on the filter. For the dust loading in an 8-hr sample above 1.5 mg/m3, Bowman,
et al. [4] find that the empirically determined sampling error daminates this analytical
error.

Because of the effects of the environment, precision estimates for dust samplers are much
more variable than those reported for gas and vapor sampling. In laboratory tests with
0.01 mg sensitivity balances, the overall precision of a single respirable dust sampie has
relative standard deviations (s.) fram 0.043 to 0.145 over concentrations ranging fram
0.5 to 5 mg/m3. In the laboratory studies where the dust concentrations in the test
chamber are more carefully controlled, the estimated s, is less than 0.091, which is the
target precision value for a bias equal to + 0.10 in the NIOSH validation criteria.

In the field tests with 0.01 mg sensitivity balances, precision estimates range from 0.144
to 0.227 over concentrations ranging from 1 to 10 mg/m?. whether the larger s, values

in field tests are due to sampler performance or to more inhomogeneous dust concentrations
in the field tests cannot be determined fram existing data.
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METHOO: 0600 NUISANCE DUST, RESPIRABLE

REFERENCES :

(1] TLVs - Threshold Limit values for Chemical Substances and Physical Agents in the Work
Environment with Intended Changes for 1983-84, 38, ACGIH, Cincinnati, OH (1983).

(2] Ibid, Appendix D, 52.

(3] Bartley, D. L. and G. M. Breuer. Analysis and Optimization of the Performance of the
10-mm Cyclone, Am. Ind. Hyq. Assoc. J., 43, 520-528 (1982).
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' Weighings of Respirable Coal Mine Dust Samples, J. Qual. Tech., 13, 157 (1981).
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Sampler Performance, Final Report, NIOSH Contract No. PH CPE-r-70-0036 (1973).
(10] Bartley, D. L., G. M. Breuer, P. A. Baron and J. D. Bowman. Pump Fluctuations and Their
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[11] Briant, J. K. and 0. R. Moss. The Influence of Electrostatic Charge on the Performance of
10-nm Nylon Cyclones, American Industrial Hygiene Conference (1983).

METHOD WRITTEN BY: Joseph Bowman, Ph.D., CIH, NIQSH/OPSE.
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e Analvtes:

e Summary:

? Sample
2reparation:

/A Arthur D Little, Inc.

2-Nitrofluorene
3-Nitro-9-fluorenone
9-Nitroanthracene
3=Nitrofluoranthene
l-Nitropyrene
2,7-Dinitrofluorene
1,8-Dinitropvrene
6-Nitrobenzo(a)pyrene

Diesel particulate extracts in methylene
chloride are separated into aliphatic and
aromatic fractions using HPLC/UV. The arcmatic
fraction is analyzed for nitro-PAHs using
GC/ECD.

1. Dissolve the diesel extract in methvlern:
chloride (to 5 mg/mL).

[

Dilute 100 ul of the 5 mg/mlL sample to

0.5 mL with 1% MeOH in C6'

3. Inject 200 ul of a nitro-PAH standard into
HPLC svstem. HPLC conditions are as
follows:

Column: uBondapak NH,
7.8 mm x 30 ¢m

Mobile Phase: 10/90 CH7C17—CL
1.5 mL/min ~

UV Detector: 1254, x0.2 AUFS

FoN

The results from the standard chromatcogranm
determine where to fractiun the diesel
extracts. The nitro-PAHs tvpically elute
between 12.5 and 18.75 minutes.

A=HY




Sample
Analysis:
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APPENDIX C (Continued)

Fraction a 200-ul aliquot of the eQH/C
diesel sample. Collect only the 6
12,5-18.75 min fraction for analysis. The
fractionation is done with the UV lamp off
and is based on retention time. Keep the
room as dark as possible.

Concentrate the sample to 0.5 mL in hexane
using N, and a hot water bath. Add 1 ul of
lindane " (0.75 ng/ul) as an internal
standard.

Inject 1 ul. of the extract onto the GC.
Chromatographic conditions are as follows:

Column: DB~5 30 m x 0.32 mm fused-
silica capillary column

Carrier Gas: Helium, 2 mL/min

Makeup Gas: Nitrogen, 8-9 mL/min

Column Temp.: 40°C (1 min)
15°C/min 1s¢c°cC
-y ° - .
5°C/min 300°C (5 min)
— e »

Injector Temp.: 250°C
ECD Temp.: 315°C
Calibration standards containing 5-150 ppb

of each analyte should be analyzed with the
samples.

A=70
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SAMPLING METHODS FOR HYDROGEN CYANIDE

 PEIBUNAN SATNPINY apParatus 101 .y, )ped to sample the fire atmosphere
for CO, CO., O.. NO., HCI, HCN and particulate content. Two fire companies made ninety
successful sample runs during structural fires CO presented a potential acute hazard and
particulate concentrations were high HCN was detected at low levels in haif the samples
HCI was detected in only eight samples but on two occasions exceeded 100 ppm CO and

NO: levels and O depression do not appear to represent significant hazards

Exposure of firefighters to toxic

air contaminants

AVRAM GOLD wM A BURGESS and EDWARD v CLOUGHERTY®
Kresge Canter for Environmental Heaith, Facrvard Scrool of Pubhic Heaith Boston MA

"Boston Fire Department. Boston Ma

introduction

Desrite considerable laboratory work and test
Jata, hule field duta on the exposure ol
tiretighters to toxic combustion gases are
avaifable. ™ In additon to acute hazards.
significant long range health effects are
imphicated n firefighting. One study ~ has
detsrmined that pulmonary function as
measured by FVCand FEV- . decreases twice as
fast among firetighters as among the general
population. The same study demonstrated
corrziation hetween frequency and estimated
severity ol exposure and accelerated loss of lung
uncuion among ndividual firefighters. Other
work " has idenufied heart disease as a special
problem of firetighters, posstbly ansing from
extensive stress inctuding exposurce to high levels
of CO These and other studies which implicate
‘nhalation of combustion products as a
stgntficant factor in morbidity and mortality
among lirefighters point up the urgency of
zxamimng guanutat.vely the atmosphere to
which frefighters are exposed on the job. This
paper describes the development and use of
nersonal sampling as a means for evaluating
sirborne contaminants encountered during
structural firetighting operations by two units ot
the Boston Firz Department.

Six gases. O:, CO.. CO. NO:, HCland HCN
were momtored n this study  In addition,
provision was later made to collect and measure
total paruculates Oxvgen was selected in order
to determine whether depressed - leveis otten

$24
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reported tn experimental burns are a hazard 0
real tire situanons Previous tield waork o wiieh
CO and O were monmitored at real tires has not
shown this to he the case  Carbon monoxide. o
product ot tacomplete combustion ol
carbonaczous materials was ~elected for
monitoring because it is ubtquitous at tiresand s
currently considered to represeat ihe most
dangerous acute cxposure taced by hirctight-
ers. © " Carbon dioxide, the end product ot
compiete combustion of carbon containing
matertals. has been reported 1n high
concentration n ecperimental burns ' and was
selected lor study since it 1s considered by some
workers to represent a major hazard. Nitrogen
dioxide 1s a highly toxic gas whose presence at
fires might be expected through fixatton ot
atmosphenc mitrogen 7 and. 1o a lesser extent
from the oxidation of nitrogenous materials
The extreme toxicity of nitrogen dioxide and the
fact that firefighters have at umes sutfered
svmptoms consistent with exposure to this gas.
lead to uts inclusion 1n the study. Hyvdrochloric
acid could arise trom the pvrolvsis and
combustion af PVC-contatning plastics
frequently encountered in structural lires
Sources of nvdrogen cvanide are wool and
plastics contarning urcthanes. acryvlomitriles or
polvamides. ' Because of the abundance of
plastics 1n home furmshings, vehicles, and
areratt. HCE and HCN could be signiticant
hazards to firefighters, and were therefore alvo
monitored
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Frgure 1 ~ Turnout coat equipped with samphng system

sampling system

During operations, Boston firefighters wear
protective equipment weighing approximately
sixty pounds. Any a:rsampling equipment must
be compatible with this gear. To withstand
severe mechantcal stress duning firetighung the
sampler must be rugged and for satety reasons
must 10 no way restrict the tiretighter's
movement. Since speed s of the utmost
importance in firefighting, activation and
shutdown of the svstem must be conveniently
accomplished.

The sampling N stem s shown tn Frgure | All
tubing in the syvitem s polyvethviene and all
connections made with Swage Lok fitungs
Tubing and wiring are concealed between the
coat and hner and tastencd to the liner aternttical
ponts. ine cvreenal reagent tubes are secured
helow the collar py o tastener riveted to the coat
and may be convenmently removed and
exchanged by loosening the Swage Lok tittings
A28 mm tidter holder s tustened to vne reagent
tube Dy o rubber connecter A 251 PV grab
sampling bay s suspended between the coat and
Liner. U pon completiun of the sample run. the
firctighter closes a | 4 - turn valve to retan the
hag sample.

Ornitices tashioned irom 6 mmlengths ot 23 ca.
svringe needle soldered into the tees regulate the
Tow at approximately 0 3L munoin all branches
of the sampter. I the samphing period ¢xtends
hevond the hag tilling time 19 nunutest the thow
through the reugent tubes decrzases to 023
L min. while the overtlow sarple s dumped
through the epen ended branch of the tez
downstream tfrom the nump

The pump s an MSA Model G moditied by
removal of the Tow control und rotameter and

im0 IR T BT R L R YA

placement of the switch in the rotameter recess.
This placement atlows easy operation ot the
pump while guardinyg against tnadvertant
operation of the switch. A timer is wired into the
switch and records time directly in minutes.

The firefighters participating 1n the study were
instructed in the design and use ot the coat. They
were Jasked to activate the pump at the
immediate location ot the tire and to shut down
the sampler upon leaving the location. The
firetighters filled out a questionnaire after cach
test. Two companies. Aenal Tower 2and Engine
43, parucipated in the studv: 2ach made 45
sample runs.

analytical methods

Vurogen diovide The analvsis s based oun a
modified Saitzmann method ™~ in which the
NO: s trapped on 13X molecular sieves
impregnated with tricthanclamine (TEA) The
steves are contained 1n one of the reagent tubes,
downstream trom activated 13X sieves which
serve to prevent condensation of water in the
sample line (Figure 2 A). For the analyvsis, the
sieves are thoroughly mixed and half are used tor
the NO: determination The sieves are desorhed
with [2miofa 0.1 Msolution of TEA. 7 A 3ml
dliquot s removed for color development, with a
finai volume made up to 21 mi. Fora 1000 mi vas
sample. the detection imit s approvimatels ¢ S
ppm.
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Fqur2 3 - Orstnibution of CO concentrations Geometric
mear 1'0 oom geometric stardard deviation 3 0

Hudrogen chlornide. The TEA impregnated
sieves are an efficient trap for HCI and the
remarning steves are used for this determination.
The mercuric thiocvanate method * for
chlionde ionisemploved. The sample is desorbed
with 10 mi delonized water and a § ml aliguot
removed for analvsis. Final volume of the
developed aliquot s 25 ml. Under these
conditions the limit of detection 1s 20 ppm in a
1000 ml gas sample. TEA. aceuc and formic
acids. acetaldehvde and formaldehvde do not
affect volor development. More sensitive
chloride determinations ' could not he
adapted to the method of sample collection orto
the hatch fvpe analytical operation required by
the studv

Hodrogen .amide. Hyvdrogen cvanide s
collected on 30-60 mesh Ascarite in the second
recagent tube (Figure 2 B) and determined
colonimetrically by conversion to ¢vanogen
vhloride and oxidation of pyvridine by cvanogen
chloride to a dialdehvde which forms a
chromophore with barhituric acid. = The

/A Arthur D. Little, Inc.

Ascarite from the tube is dissolved 1n 25 ml
distilled water. the solution filtered and a 10 mi
aliquot of filtrate tutrated with 4 N HCl to 4
phenoiphthalein end point. The neutrulized
solution is treated with the colorimetric reagents
and made up to a final volume of 2§ ml
Sensitivity for a 1000 m! gas sample 1.
approximately 0.09 ppm.

Curbon monoxide, avveen and carhon dioyic
These three gases are determined in the hau
sample at the fire station. CO s determined with
an Ecolvzer Model 2400, O: s determined by u
Beckman Model D paramagnetic oxiygen
analyzer and CO: by Bendix 2L CO: detector
tubes.

Particulates. Particulates are collected on
pretared 25 mm binderless glass tiber tilters and
determunced gravimetrically. The tilter cassctte s
attached to the Ascarite reagent tube (Figure 2
B).

discussion

CO. HCN. and particulate concentrations
plotted 1n log-probability coordinates arc

Y

BEAM oyt
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Fiqure 4 - Oistribution of HCN concentrations
Genmetric mean 004 ppm geometric standard
deviation 8 3

A-73




presented in Figures 3-5 with the best straight
lines visually fitted to the data. The distributions
appear to be lognormal. in conlormance with
much air sampling data.’'” Data on O:, CO..
HCl and NO: are summarized 1n Table [

Sampling umes were bimodally distributed
around 7 and 9 muinutes. CO was uniformly
present at all fires at elevated levels. The highest
concentrations were recorded at fires where
there was general involvement of structures,
furnuture and trash and were not correlated with
any specific materials. The inedian value for the
CO samples was 110 ppm, with 3¢ exceeding
1000 ppm.

Particulates were also present tn significant
amounts, with a median concentration of 22
mg. m'and !5 of the samples being in excess of
100 mg m' The highest particulate exposures
occurred at fires (avoiving the highest CO
exposures.

Hydrogen cvamde was detected frequently,
though at low levels. Ot the 43 samples in which
cvamde was detected, eleven were from fires that
were confined to a tew specific matenals: one
upholstered chair, hive mattress. two ure and two
vehicle tires and one tire \nsoiving butvl rubber
and ~stheone rubber sulated wire 1noa curing
oven. Ot wixoncdents o which the HON
conveatrations were over | ppm. three were
arattress bires and one a schicle tire,

Hydrogen chioride was detected in fise hires
P adl tve cases there was general involvement ot
and un assartment ot

g roony, ity contents
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Figure 5 - Distribution of particulate concentrations
Geometric mean 215 mg. m geometric standard

deviation, 4 7

rubbish. In two ot the inaidents “plastics™ were
spectiically identified ameng the combustibies
by firetighters. The maximum
recorded wus 150 ppm.

voneentration

Carbon dioxide concentrat:ons never

exvevded the lowest detectable fimirt ot che

TABLE |
Summary of Dataon O, CO . HC! and NO

Gas No sampiles

taken
o] 79 7
o) 63
(] Y0 bl
NO) ) 5]

No samples in
which detactea

Commaents

Jepressed 0 5% :n 7 samp.es

Q4% 4
03% 3
2% 12
Ciw 3

Newswt with certginty ibove
J b
Concentrgtion gpm 180 30

75 128 15Q0°

Cancentrghinn gppan Y02
229 231 037 759
J%3 064 089

‘Rasuifs JueSLLT Al ber AUSP Of WPOrt Lamphng T ne

Tew gn L myene 330 atoeANZ I TR
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detector 1) 26 1 and oxseen levels below 20
were not recorded tor anv tire.

Nitrogen  diovide was detected  on o erght
ocesions, with 0089 ppme bemny the hghest
concentration observed

references

\

A
I he data mdicate that carhon monoside s the 3
one vis of those monitored that could mnvolve a
potentiad acute hazard tor the birctighters ot
Aernas Tower 2and Engine 43 Particulates many
accur n ugh encuagh concentrations to Base ¢
signthicant qong term health ettects. Adthough
hvdrogen ovanide was treguentiy Jetected. s
concentrations Jdid not pose an acute hazard
pased on the Short Ferm Exposure Fame ot 18 5
ppm
[he fire companies participating in s study
are locaied 0 oider. Jefamdated residential
sections o Boston, Structures are tor the most 7
part oid and apt to contan tewer svnthetic
materials Shan those more recenty constiucted
Many structural tires apoear to be the work ot 8
arsonsts and onclude materials such as tires.
2asobne and trast The exposures experienced 3
by ticctieaters in this study mueht therctore ditter
trom those n newer residential or industrad
arcas  Henee, more swadespread samping o« 10
necessary to ostabhisi the veneral appheabthty ot
these results -
The data on CO and HCON concentrations
collected hv cacn ot the companies were
compared and jound notto ditter signiticantiy at
the 997 jevet of contidence 12
On the masis ot results to date. plans are to
rewise the sampling program to anclude
monitoring  of organic vapors, partieclary g
aldehvdes and aods
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CYANIDE, TOTAL
Method 335.2 (Titrimetric; Spectrophotometric)

STORET NO. 00720

Scope and Application

1.1

1.2

1.3

This method is applicable to the determination of cyanide in drinking, surface and saline
waters, domestic and industrial wastes.

The titration procedure using silver nitrate with p-dimethylamino-benzal-rhodanine
indicator is used for measuring concentrations of cyanide exceeding 1 mg/1 (0.25
mg/250 mi of absorbing liquid).

The colorimetric procedure is used for concentrations below 1 mg/1 of cyanide and is
sensitive to about 0.02 mg/1.

Summary of Method

2.1

2.2

2.3

The cyanide as hydrocyanic acid (HCN) is released from cyanide complexes by means of
a reflux-distillation operation and absorbed in a scrubber containing sodium hydroxide
solution. The cyanide ion in the absorbing solution is then determined by volumetric
titration or colorimetrically.

In the colorimetric measurement the cyanide is converted to cyanogen chloride, CNCI,
by reaction with chloramine-T at a pH less than 8 without hydrolyzing to the cyanate.
After the reaction is complete, color is formed on the addition of pyridine-pyrazolone or
pyridine-barbituric acid reagent. The absorbance is read at 620 nm when using pyridine-
pyrazolone or 578 nm for pyridine-barbituric acid. To obtain colors of comparable
intensity, it is essential to have the same salt content in both the sample and the
standards.

The titrimetric measurement uses a standard solution of silver nitrate to titrate cyanide in
the presence of a silver sensitive indicator.

Definitions

3.1

Cyanide is defined as cyanide ion and complex cyanides converted to hydrocyanic acid
(HCN) by reaction in a reflux system of a mineral acid in the presence of magnesium ion.

Sample Handling and Preservation

4.

4.2

The sample should be collected in plastic or glass bottles of 1 liter or larger size. All
bottles must be thoroughly cleansed and thoroughly rinsed to remove soluble material
from containers. '

Oxidizing agents such as chlorine decompose most of the cyanides. 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 0.06 g of ascorbic
acid for each liter of sample volume.

Approved for NPDES

Issued 1974

Editorial revision 1974 and 1978
Technical Revision 1980
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4.3 Samples must be preserved with 2 ml of 10 N sodium hydroxide per liter of sample
(pH > 12) at the time of collection.

+4 Samples should be analyzed as rapidly as possible after collection. If storage is required,
the samples should be stored in a refrigerator or in an ice chest filled with water and ice to
maintain temperature at 4°C.

Interferences

5.1 Interferences are eliminated or reduced by using the distillation procedure described
in Procedure 8.1, 8.2 and 8.3.

.2 Sulfides adversely affect the colorimetric and titration procedures. Samples that
contain hvdrogen sulfide. metal sulfides or other compounds that mav produce
hvdrogen sulfide during the distillation should be distilled by the optional procedure
described in Procedure 8.2. The apparatus for this procedure is shown in Figure 3.

5.3 Fatty acids will distill and form soaps under the alkaline titration conditions, making the
end point almost impossible to detect.

5.3.1 Acidify the sample with acetic acid (1 +9) to pH 6.0to 7.0.

Caution: This operation must be performed in the hood and the sample left there
until it can be made alkaline again after the extraction has been performed.

5.3.2 Extract with iso-octane, hexane, or chloroform (preference in order named) with a
solvent volume equal to 20% of the sample volume. One extraction is usually
adequate to reduce the fatty acids below the interference level. Avoid multiple
extractions or a long contact time at low pH in order to keep the loss of HCN at a
minimum. When the extraction is completed, immediately raise the pH of the
sample to above 12 with NaOH solution.

5.4 High results mav be obtained for samples that contain nitrate and. or nitrite. During
the distullatnon nitrate and nitrite will form nitrous acid which will react with some
organic compounds to form oximes. These compounds formed will decompose under
test conditions to generate HCN. The interference of nitrate and nitrite i1s eliminated
bv pretreatment with sulfamic acid.

Apparatus

6.1 Reflux distillation apparatus such as shown in Figure | or Figure 2. The boiling flask
should be of 1 liter size with inlet tube and provision for condenser. The gas absorber may
be a Fisher-Milligan scrubber. '

6.2, Microburet, 5.0 ml (for titration).

@ Spectrophotometer suitable for measurements at 578 nm or 620 nm with a 1.0 cm cell or

larger. - I

5.4+ Reflux disullatuon apparatus for sulfide removal as shown in Figure 3. The botling
flask same as 6.1. The sulfide scrubber mav be a Wheaton Bubber 2709682 with 29 42
joints, size 100 ml. The air inlet wube should not be fritted. The cyanide absorption
vessel should be the same as the sulfide scrubber. The air inlet rube should be fritted.

6.5 Flow meter, such as Lab Crest with stainless steel float (Fisher 11-164-39).

Reagents

7.1 Sodium Lydroxide solution, 1.25N: Dissolve 50 g of NaOH in distilled warer, and dilute
to | liter with distilled water.
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Lead acetate: Dissolve 30 g of Pb(C2H302)e3H20 in 950 ml of distilled water. Adjust

the pH to 4.5 mth h acetic acid. Dilute to | liter.

7.5 Sulfuric aand: 18\ Slow Iv add 500 ml of concentrated HaSO4 to :)OO ml of disulled
water. T

7.6 Sodium dihydrogenphosphate, 1 M: Dissolve 138 g of NaH,PO,H,O in ! liter of
distilled water. Refrigerate this solution. _ - T T

7.7 Stock cvanide solution: Dissolve 2.31 g of KCN and 2 g KOH in 900 ml of distilled
water. Standardize with 0.0192 N AgNQOa. Dilute to appropriate concentration so that
! ml =1 mg CN.

7.8 Standard cvanide solution, intermediate: Dilute 100.0 ml of stock (1 ml =1 mgCNito
1000 ml with distilled water (1 ml = 100.0 ug).

79 W orking standard cvanide solution: Prepare fresh daily by diluting 100.0 ml_of
intermediate cvanide solution to 1000 ml with distilled water and store in a gldss
stoppered bottle. | ml =10.0 ug CN.

7.10 Standard silver nitrate sblution,j@_Z_N: Prepare by crushing approximately 5 g
AgNO; crystals and drying to constant weight at 40°C. Weigh out 3.2647 g of dried
AgNO;, dissolve in distilled water, and dilute to 1000 ml {1 ml = 1mg CN).

7.1t Rhodanine indicator: Dissolve 20 mg of p-dimethyl-amino-benzairhodanine in 100 ml of
acetone.

7.12 Chloramine T solution: Dissolve’l_g_g_clt:w_hgg,_water soluble Chloramine T in 100 mi of
disulled water and refrigerate until ready to use. Prepare [resh daily. -

7.13 Color Reagent — One of the following may be used:

7.13.1 Pyridine-Barbituric Acid Reagent: Place 15 g of barbituric acid in a 250 ml
volumetric flask and add just enough distilled water to wash the sides of the
flask and wet the barbituric acid. Add 75 ml of pyridine and mix. Add 15 ml
of conc. HCI, mix, and cool to room temperature. Dilute to 250 ml with
distilled water and mix. This reagent s stable for approximately six months
if stored in a cool, dark place.
7.13.2 Pyridine-pyrazolone solution:
7.13.2.1 3-Methyi-1-phenyl-2-pyrazolin-5-one reagent, saturated solution: Add
0.25 g of 3-methyl-1-phenyi-2-pyrazolin-5-one to 50 ml of distilled
water, heat to 60°C with stirring. Cool to room temperature.
7.13.2.2  3,3’Dimethyl-1, 1’-diphenyl-[4,4’-bi-2 pyrazoline}-5,5'dione (bispyra-
zolone): Dissolve 0.01 g of bispyrazolone in 10 ml of pyridine.
7.13.2.3  Pour solution (7.13.2.1) through non-acid-washed filter paper. Collect
the filtrate. Through the same filter paper pour solution (7.13.2.2
collecting the filtrate in the same container as filtrate from (7.13.2.1).
Mix until the filtrates are homcgeneous. The mixed reagent develops a
pink color but this does not affect the color production with cyanide if
used within 24 hours of preparation.

7.14 Magnesium chloride solution: Weight 50 g of MgCl,»6H,0 into a 1000 ml flask, dissolve
and dilute to 1 liter with distilled water.

7.15 Sulfamic acid.
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' 8. Procedure

For samples without sulfide.

3.1.1 Place 500 ml of sample, or an aliquot diluted to 500 ml in the | liter boiling
flask. Pipet 30 ml of sodium hydroxide (7.1) into the absorbing tube. If the
apparatus in Figure | is used, add distilled water until the spiral is covered.
Connect the boiling flask, condenser, absorber and trap in the train. (Figure |
or 2)

8.1.2  Start a slow stream of air entering the boiling flask by adjusting the vacuum
source. Adjust the vacuum so that approximately two bubbles of air per second
enters the boiling flask through the air inlet tube. Proceed to 8.4.

For samples that contain sulfide.

8.2.1  Place 500 ml of sample. or an aliquot diluted to 500 ml in the | liter boiling
flask. Pipet 50 ml of sodium hydroxide(7.1) to the absorbing tube. Add 25 mi of
lead acetate (7.2} to the sulfide scrubber. Connect the boiling flask, condenser,
scrubber and absorber in the train. { Figure 3) The flow meter is connected to the
outlet tube of the cyanide absorber.

3.2.2  Startastream of air entering the boiling flask by adjusting the vacuum source.
Adjust the vacuum so that approximately 1.5 liters per minute enters the
boiling flask through the air inlet tube. The bubble rate may not remain
constant while heat is being applied to the flask. [t may be necessary to readjust
the air rate occasionally. Proceed to 8.4.

[f samples contain NO,and or NO;add 2 g of sulfamic acid solution (7.15) after the air

rate is set through the air inlet tube. Mix for 3 minutes prior to addition of H.SO..

Slowlv add 30 ml 18N sulfuric acid (7.3) through the air inlet tube. Rinse the tube with

distilled water and allow the airflow to mix the flask contents for 3 min. Pour 20 ml of

magnesium chloride (7.14) into the air inlet and wash down with a stream of water.

Heat the solution to boiling. Reflux for one hour. Turn off heat and continue the

airflow for at least 15 minutes. After cooling the boiling flask, disconnect absorber and

close off the vacuum source. : . ' ’

Drain the solution from the absorber into a 250 ml volumetric flask. Wash the absorber

with distilled water and add the washings to the flask. Dilute to the mark with distilled

water.

Withdraw 50 ml or less of the solution from the flask and transfer toa 100 ml volumetric

flask. If less than 50 ml is taken, dilute to 50 ml with 0.25N sodium hydroxide solution

(7.4). Add 15.0 ml of sodium phosphate solution (7.6) and mix.

8.7.1 vridine-barbituric acid method: Add 2 mli of chloramine T (7.12) and mix..

%ee Note 1. After | to 2 minutes, add 5 ml of pyridine-barbituric acid solution .
(7.13.1) and mix. Dilute to mark with distilled water and mix again. Allow 8
minutes for color development then read absorbance at 578 nm ina | ¢m cell
within 15 minutes.

8.7.2  Pyridine-pyrazolene method: Add 0.5 ml of chloramine T (7.12) and mix. See
Note | and 2. After | to 2 minutes add 5 ml of pyridine-pyrazolone solution




(7.13.1) and mix. Dilute to mark with distilled water and mix again. After 40

minutes read absorbance at 620 nm in a 1 cm cell.

NOTE 1: Some distillates may contain compounds that have a chlorine
demand. One minute after the addition of chloramine T, test for
residual chlorine with Kl-starch paper. If the test is negative, add an
additional 0.5 mi of chlorine T. After one minute, recheck the sample.

NOTE 2: More than 05. ml of chloramine T will prevent the color from
developing with pyridine-pyrazolone.

8.8 Standard curve {or samples without sulfide.
8.8.1 Prepare a series of standards by pipeting suitable volumes of standard >olution

(7.9) into 250 ml volumetric flasks. To each standard add 50 ml of 1.25 N

sodium hydroxide and dilute to 250 m} with distilled water. Prepare as follows:

ML of Working Standard Solution Conc. ug CN
(I ml =10 ug CN) per 250 ml

0 BLANK
1.0 10
2.0 20
5.0 30

10.0 100

15.0 150

20.0 200

8.8.2 It is not imperauve that all standards be distilled in the same manner as the
samples. [t 1s recommended that at least two standards (a high and low) be
distilled and compared to similar values on the curve to insure that the distil-
latton technique is reliable. If distilled standards do not agree within £10%
of the undistilled standards the analyst should find the cause of the apparent
error before proceeding.

8.8.3 Prepare a standard curve by plotiing absorbance of standard vs. cvanide
concentrations.

8.8.4  To check the efficiency of the sample disullaton. add an increment of cvanide
from either the intermediate standard (7.8) or the working standard (7.9) to
500 mli of sample to insure a level of 20 ug- 1. Proceed with the analvsis as in
Procedure (8.1.1).

8.9 Standard curve for samples with sulfide.

89.1 Itisimperative thatall standards be distilled in the same manner as the samples.
Standards distilled by this method will give a linear curve, but as the concen-
tration increases, the recovery decreases. It is recommended that at least 3
standards be distlled.

8.9.2 Prepare a standard curve by plotting absorbance of standard vs. cvanide con-
centrauons.
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83.10 Titrimetric method.

8.10.1 If the sample contains more than | mg | of CN, wansfer the distillate or a

sultable aliquot diluted t0 250 ml, to a 500 ml Erlenmever flask. Add 10-12 drops
of the benzalrhodanine indicator.

3.10.2  Titrate with standard silver nitrate to the first change in color from vellow to
brownish-pink. Titrate adistilled water blank using the same amount of sodium
hyvdroxide and indicator as in the sample.

3.10.3

Theanalyst should familiarize himself with the end point of the titration and the
amount of indicator to be used before actually titrating the samples.
Calculatton

9.1 If the colorimetric procedure is used, calculate the cyanide, in ug/l, in the original
sample as follows:
CN,ug/l = A x 1,000 x 50
B C
where:

A = ug CN read from standard curve
m! of original sample for distillation
C = ml taken for colornimetric analysis

=)
]
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10.

9.2 Using the titrimetric procedure, calculate concentration of CN as follows:

CN. me | = (A - B) 1,000 < 250
T ml orng. sample mi ot aliquot titrated

where:

A = volume of AgNO; for titration of sample.
B = volume of AgNO, for titration of blank.

Precision and Accuracy _

10.1 In a single laboratory (EMSL), using mixed industrial and domestic waste samples at
concentrations of 0.06, 0.13, 0.28 and 0.62 mg/1 CN, the standard deviations were
=0.005, -0.007, -0.031 and -=0.094, respectively.

10.2 In a single laboratory (EMSL), using mixed industrial and domestic waste samples at
concentrations of 0.28 and 0.62 mg/1 CN, recoveries were 85% and 102%, respectively.
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NITROGEN DIOXIDE AND NITRIC OXIDE IN AIR
Measurements Support Branch

Analytical Method

Analyte:  Nitrogen Dioxide Method No.: P&CAM 231
and Nitric Oxide
Range: 0.8 to 30 ppm of NO,

Matrix:  Air or NO in a I-liter sample

Procedure:  Solid sorbent Precision(CVT): NO,, 0.07 at
collection; triethanol- 0.5 to S ppm; NO, 0.06 at
amine extraction; spec- 12.5 to 50 ppm
trophotometry

Classification: D (Operational)
Date Issued: 6/30/76 ’

Date Revised:

Principle of the Method

Nitrogen dioxide (NO,) and nitric oxide (NO) are collected from air in a three-section
sorbent tube. The NO, is absorbed in the first section, which contains triethanolamine
(TEA) impregnated on molecular sieve. The NO is converted to NO, by a proprietary
oxidizer in the second section. The NO, thus formed from the NO is absorbed in the third
section by another bed of TEA-impregnated molecular sieve. The first and third sections are
desorbed with solutions of TEA in water and the nitrite in these solutions is determined
spectrophotometrically by the Griess-Saltzman reaction. (Reference 11.1). The nitrite found
in the first section is reported as NO, and the nitrite in the third section is reported as NO.

Range and Sensitivity

2.1 The linear range of the standard curve is from 0.5 to 18 ug of nitrite in 10 mR of
desorbing solution, which corresponds in this method to a range of 0.8 to 30 ppm of
NO, or NO in a I-liter sample of air.

2.2 The sensitivity is 0.4 ug/10 mf for an absorbance of 0.04.

2.3 The upper limit of the range can be extended by taking smaller aliquots for analysis, or
be diluting intensely colored solutions with water.

Interferences

3.1 Inorganic nitrites cause positive interference.
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3.2 Nitric acid and nitrates do not interfere.

3.3 Ammonia does not interfere.

Precision and Accuracy

4.1

4.2

43

The average recovery for 22 samples in the range 0.5 to S ppm of NO, was greater than
96% and the coefficient of variation was 0.07.

For 18 samples the average recovery of NO varied with the amount of NO collected.
The recovery was 100% at 12.5 ppm. At 25 ppm only 84% recovery was achieved, and

‘at 50 ppm only 67%. However, the coefficient of variation over the range was only

0.06. The recovery may vary depending upon the sample flow rate and the properties
of the particular lot of oxidizer used. Each laboratory should determine the efficiency
of the sampling tubes employed.

The accuracy of the overall sampling and analytical method has not been determined.

Advantages and Disadvantages of the Method

5.1

5.2

5.3

5.4

5.5

Both nitrogen dioxide and nitric oxide are collected simuitaneously.
This method is simple and convenient for field sampling.

Samples can be stored at ambient temperature for at least 10 days without any effect
on the results.

At 50 ppm of NO the collection efficiency is poor (about 67%) because the oxidizer is
consumed.

If high humidity or water mist is present, the breakthrough volume can be severely
reduced. If water condenses in the tube, NO, and NO may not be collected
quantitatively.

Apparatus

6.1

Sampling Equipment

6.1.1 Solid sorbent tubes are made in the following manner. Using a gas-oxygen
torch, heat a section of S-mm i.d., 7-mm o.d. Pyrex glass tubing and pull it




6.2

6.3

6.4

apart to form a tube approximately 15 cm long with a taper 2 cm long. Seal
the tapered end of the tube in the flame. Allow it to cool, then insert a small
plug of glass wool through the open end of the tube; push the glass wool
through the open end of the tube with a thin wooden stick and pack gently.
Weigh 400 mg of TEA sorbent and pour the material into the tube. (See
Section 7.2) Gently tap the tube on the table top several times to ensure
uniform packing. Insert another small plug of glass wool to keep the TEA
sorbent in place. For the next section, pour 800 mg of oxidizer into the
tube. (See Section 7.1.) Again tap the tube and insert a plug of glass wool;
pack lightly. Insert another plug of glass wool, maintaining an air gap of 12
mm between these two plugs. Weigh 400 mg of TEA sorbent and pour the
material into the tube. Carefully tap the tube and gently pack another glass
wool plug without closing the 12-mm air gap. Seal the open end of the tube
with the torch. See the figure on page 231-9.

A personal sampling pump that can provide a flow rate of 50 m%/min within
5% accuracy is required. The pump should be calibrated with a
representative sorbent tube in the sampling line. A dry or wet test meter or
glass rotameter that will determine the flow rate to within 5% may be used
for the calibration.

Spectrophotometer capable of measurements at 540 nm.

Matched glass cells or cuvettes, 1-cm path length.

Assorted laboratory glassware: pipettes, glassstoppered graduated cylinders, and
volumetric flasks of appropriate sizes.

Reagents

7.1 Oxidizer. Proprietary material Number 1900277 from the Dragerwerk Company of
West Germany, supplied through its U.S. distributor, National Mine Safety Company,
or the equivalent.

7.2

TEA Sorbent. Place 25 g of triethanolamine in a 250-m% beaker; add 4 g of glycerol.
50m¢ of acetone and sufficient distilled water to bring the volume up to 100mQ.To the
mixture add about 50 mR of Type 13X, 30/40-mesh Molecular Sieve. Stir and let stand
in a covered beaker for about 30 min. Decant the excess liquid, and transfer the
molecular sieve to a porcelain pan. Place the pan under a heating lamp until most of
the moisture has evaporated. Complete the drying in an oven at 110°C for | hr. The
sorbent should be free flowing. Store it in a closed glass container.
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7.3 Desorbing Solution. Dissolve 15.0 g of triethanolamine in approximately 500 mQ of
distilled water, add 0.5 m% of n-butanol, and dilute to 1 liter.

7.4 Hydrogen Peroxide, 0.02%(v/v). Dilute 0.2 m® of 30% hydrogen peroxide to 250 m%
with distilled water.

7.5 Sulfanilamide Solution. Dissolve 10 g of sulfanilamide in 400 m{ of distilled water.
Add 25 m% of concentrated phosphoric acid, mix well, and dilute to 500 m¥.

7.6 NEDA Solution. Dissolve 0.5 gm of N«(1-naphthyl)ethylenediamine dihydrochloride in
500 m® of distilled water.

7.7 Nitrite Stock Standard Solution (100 ug/mg). Dissolve 0.1500 g of reagent grade
sodium nitrite in distilled water and dilute to 1 liter.

Procedure

8.1 Cleaning of Equipment. Wash all glassware with detergent solution, soak in nitric acid,
rinse in tap water and distilled water, and then rinse thoroughly with double distilled
water.

8.2 Collection and Shipping of Samples

8.2.1 Before sampling. break open the ends of the sorbent tube to provide an
opening that is approximately one-half the internal diameter of the tube.

8.2.2 The air must flow through the 12-mm air space before it flows through the
oxidizer. Therefore attach the end of the tube without the air gap between
the oxidizer section and TEA sorbent section to the pump with a length of
small diameter Tygon®tubing.

8.2.3 Mount the tube in a vertical position to avoid channeling.

8.24 The air being sampled should not pass through any hose or tubing before it
enters the sorbent tube.

825 Turn on the pump to begin sample collection. Sample at a flow rate of 50
mf/min or less to obtain a maximum sample volume of 1 liter. Measure the
flow rate and time, or volume, as accurately as possible. If a low flow rate
pump is used, set the rate to an approximate value and record the initial and
final stroke counter readings. Obtain the sample volume by multiplying the
number of strokes by the stroke volume.

8.2.6 Measure and record the temperature and pressure of the atmosphere being
sampled.

A-88




8.3

84

8.2.7

8.2.8

8.29

Cap the sorbent tubes with 7-mm i.d. plastic caps immediately after
sampling. (Masking tape can be substituted for the plastic caps.)

With each batch of samples, submit one blank sorbent tube. This tube is
handled in the same manner as the other tubes (break, seal, and transport)
except that no air is drawn through it. When more than ten samples are
submitted, include an additional blank for every ten samples.

Pack the capped sorbent tubes tightly and pad them to minimize breakage
during shipping.

Analysis of Samples

8.3.1

8.3.2

833

8.3.4

With tweezers remove and discard the glass wool plugs from an exposed
sorbent tube and transfer each TEA sorbent bed to separate, 25-mf
glass-stoppered graduated cylinders. Label the graduated cylinder as to the
location of the TEA sorbent with respect to the oxidizer section.

To each graduated cylinder add enough of the desorbing solution to make
the volume up to 20 mg, and shake the mixture vigorously for about 30 sec.

Allow a few minutes for the solids to settle, and then trarsfer 10 m® to
another 25-m¢% glass-stoppered graduated cylinder.

Develop the color of the solution for 10 min in the same manner as
described for the preparation of the standard curve (Sections 9.4 to 9.6).
From the standard curve determine the amount of nitrite in the 10-mR
aliquot.

Determination of Collection and Desorption Efficiencies

8.4.1

Importance of Determination. The collection and desorption efficiencies of a
given compound can vary from one laboratory to another and also from one
batch of sorbent tubes to another. Thus, it is necessary to determine at least
once the percentages of sample collected and then removed in the desorption
process. Results indicate that the recovery of NO varies with ti.«¢ amount of
NO collected, particularly at higher concentrations (for example, at SO
ppm).
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8.4.2 Procedure for Determining Collection and Desorption Efficiencies. Sorbent
tubes from the same batch as that used in obtaining samples are used in this
determination. Known volumes of NO, and NO are injected into a bag
containing a known volume of air. The bag is made of Tedlar (or another
material that will not absorb NO, or NO) and should have a gas sampling
valve and a septum injection port. The concentrations of NO, and NO in the
bag may be calculated at room temperature and pressure. A i.casured
volume is then sampled through a sorbent tube with a calibrated sampling
pump. At least five tubes are prepared in this manner. These tubes are
desorbed and analyzed in the same manner as the samples (Section 8.3).

843 Calculation of Desorption Efficiency. The desorption efficiency (D.E.) is the
average concentration (corrected for the blank) of NO, or NO found by
analysis of the sorbent tubes divided by the concentration of NO, or NO in
the bag.

Calibration and Standards

9.1

93

94

9.5

9.6

9.7

Dilute 2 mf of the nitrite stock stcndard (100 ug/mQ) to 100 m® with the desorbing
solution to prepare a solution with a nitrite concentration of 2 ug/mf.

To a series of 25-m& glass-stoppered graduated cylinders add |, 3, 5. 7, and 9 m® of the
dilute standard solution.

Add enough of the absorbing solution to bring the volume in each cylinder up to 10
mf to prepare working standards with nitrite concentrations of 2, 6, 10, 14, and 18
ug/10 me.

To each graduated cylinder, add | mQ of the 0.02% hydrogen peroxide solution, 10 mg
of the sulfanilamide solution, and 1.4 m® of the NEDA solution, with thorough mixing
after the addition of each reagent.

Allow 10 min for compiete colur development.

Measure the absorbance of the solutions at 540 nm, using a reagent blank in the
reference cell.

Prepare a standard curve by plotting absorbance versus weight of nitrite (in ug) in 10
m¢£ of the desorbing solution.
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10. Calculations

10.1 From the standard curve, read the weight of nitrite (in ug) in 10 mf of the desorbing
solution corresponding to the absorbance of the sample solution. Multiply this weight
by 2 to determine the total amount (in pg) of nitrite extracted with <L mf of
desorbing solution from the sorbent section being analyzed. The calibration procedure
is based upon the empirical observation that C.63 mole of sodium nitrite produces the
same absorbance in the colr r-developed solution as | mole of NO:. (See Reference
11.2.) Divide the amount of nitrite desorbed from the sorbent material by 0.63 to
determine the apparent amcunt of NO: collected in the sorbent section. These
calculations are summarized in the following equation:

pug NOz x 2
0.63

W=

where: W= weight (in pg) of NO: found.

10.2 Correct the amount of NO; calculated in Section 10.1 for the amcurt .f NOq, if any,
found on the corresponding sorbent section of a blank tube to obtain tue amount of
NO: in the sample, as follows:

W = W - W

where: W corrected weight (in ug) of NO: in sample.

W

weight (in pg) of NO: in the corresponding section of a
blank tube.

10.3 The concentratior of NQ: in parts per million (ppm) by volume in the air sample is
calculated as follows:
Ws 2445 , 760 , _T+213
\ M.W. P 298

ppm =

where: V= volume (liters) of air sampled.
M.W.= molecular weiglit.
24.45= molur volume ({liter/mole) at 25°C and 760 mmHg.
P = pressure (mmHg) of air sampled.
T = temperature (C') of air sampled.

10.4 The ppm of NO: found in the ihird section (downstream from the oxidizer) is reported
as ppm of NO.
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