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Expiratory Ratio (FEV /FVC) HazA1 Forced Expiratory Flow 25 — 75 %(FEF YHBNT
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maussomuden  S1wu Aunle  eawdleuuy ttest df  p-value Ha

WIRTIIH
1. #1 Forced Vital Capacity (FVC) (ﬁﬂﬁ)
- ﬂ'auﬁwm 21 349 0.644 1.621] 20 0.121 NS
- HBILANIY 21 3.31 0.762

2. 1 Forced Expiratory Volume in one second (FEV )} (aﬂ‘i)
- EUII 21 3.30 0.729 0899 20 038 NS
- HAUANNU 21 3.19 0.665

3. 1 Forced Expiratory Ratio (FEV,/FVC) (%)
- ABURY 21 94,76 11.753  -0.833 20  0.4i5 NS
- MAUENITY 21 96.99 5.000

4. 81 Forced Expiratory Flow 25 — 75 % (FEF ., ..} (8a3/3u1%)
- ABUR Y 21 5.06 1.653 0.015 20 0988 NS

- HAQANIY 2] 5.05 1.480

= ) ' 3 1 © L 1 1
nsfnpulToufisuaoussammleassuensudnhiouuasduana s wud M
FVC, 81 FEV, 4agf1 FEF 25 - 75% Asumauia i degan Nuasinau uaainmsnagon
WRABAWLNAT FVC, FEV, FEV/FVC uaza) FEF 25 - 75% Aouianiuazkdadna lud

ATUUANA1ITUDI TR YNIHDA (P — value > 0.05)
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X =0.583 df =5 P - value = 0.989

MBI sRgUANMUARUNABDIR 1T LTI MY BANAUAN N ULBNATUAN LAY

wud maussonmdesafuiinuluunozdnvasaulanufailnd luuenaiaiiegi

o

TiodAn1@aa (P - value = 0.989)

o



32

= = e = a ' 1 Y o
A1 1N 9 ﬂ1'EﬁJ'i?JTJL‘ﬂﬂ'ilﬂ'g]31%ﬂ‘iJﬂﬁgﬂi’}\iﬂ’]@fﬂiiﬂﬂ]‘ﬂﬂ@ﬂiﬁﬁ'ﬂﬁﬂ@uﬂl’lﬂ”ﬂ]uuﬁ?ﬁ

Hauanau
4 .
(18171329 aaussantwilea
Una Anina 5%
ADUFIIU 11 10 21
HAUBNITH 10 1] 21
X = 0.095 df =1 P-value = (.758

1nmaseunsuanuRaUnAves Ty saon mleansui N uEREHAAENY Wl
i @ = «t e - oA ¥ = e o
T waudnauivuudilanuisUndmuiiu 1 ay dadluiosaz 4.76 ualadinsnadey
nuasaudy  mirussonmiesavesduiiRnunowiinuasndainauinbialng L

UANANNN U N TEE IR MEDA (P - value = 0.758 )



33

P =% w oo d ' = v oy oy o ¥ ot =3
13190 10 ﬂ}ﬁﬂﬂ‘kﬂﬂ'3131@13&1’“14ﬁ§8ﬂ'31\11jS?J"lﬁ&ﬂ?TNLCEFNSUHFJHYI€T13JT§‘€IL‘B1Q;?I]QLGIH"I"HEEGL§]

fumanssamwilen
fralsnfnm sy Ansanduius () P-value
Hu + FVC -0.183 0.427
Hu + FEV, -0.223 0.331
Hu + FEV /FVC - 0.030 0.896
HuW + FEF o, ... 0.208 0.366
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PARTICULATES NOT OTHERWISE REGULATED, RESPIRABLE 0600

DEFINITION: aerosol collected by sampler with CAS: None RTECS; None
4-pym median cut point

METHOD: 0600, Issue 3 EVALUATION: FULL Issue 1: 15 February 1984
Issue 3: 15 January 1998
OSHA: 5malm’ PROPERTIES: coniains no asbestos and quariz less than
NIOSH: no REL 1%; penetrates non-cifisted porticns of
ACGHH: 3 mg/m® respiratory system
SYNONYMS: nuisance dusts; particulates not otherwise classified
SAMPLING MEASUREMENT
SAMPLER: CYCLONE + FLTER TECHNIQUE: GRAVIMETHIC {FILTER WEIGHT)
(10-mm nylon cyclone,  Higgins-Deweli
[HD] evclone, of Aluminum cyclone + tared | ANALYTE: mass of respirable dust fraction
S-pm PVC membraneg)
T BALANCE: 0.00t mg sensilivity, use same balnce
before and after sampie colkction
FLOW RATE:  nylon cycione: 1.7 Umin
HD gyclone: 2.2 Umin CALIBRAYION: National Institute of Standards and
Al cyclene: 2.5 Umin Technology Class S-1.1 or ASTM Class
1 weights
VOL-MIN: 20L @ 5 mg/n®
-MAX: 400 L RANGE: 0.1 to 2 myg per sample
SHIPMENT: routine ESTHMATED LOD: £.03 mg per sample
SAMPLE PRECISION: <10 pg with 0.001 mg sensilivily balance,
STABILITY: stable . <70 pg with 0.01 mg sensitivity balance
3]
BLANKS: 2 to 10 field blanks per set
ACCURACY

RANGE STUDIED: 0.5 to 10 mg/n? (iab and fieid)

BIAS: dependent on dust size distribution
[}

OVERALL

PRECISION {§,;): dependent on size dislibution [1,2]

ACCURACY: dependent on size distibution {1)

APPLICABILITY: The working range is 0.5 to 10 mg/m' for 2 200-L air sample. The method measures the mass concenlialion
of any non-volatile mspirable dust. In addition to inert dusts [4), the method has been recommended for respireble coal dust.
The method is biased in light of the mcently adepted interrational definition of respirable dust, e.g., - +7% bias for non-diesel,
coal mine dust [5].

INTERFERENCES: Larger than respireble particies {over 10 pm) have been found in some cases by microscopic analysis of
cyclane filers. Over-sized particles in samples are known to be caused by hverting fe cyclone assembly. Heavy dust
loadings, fibers, and waler-saturated dusts also inlerfere with the cyclone's size-selective properties. The use of conductive
samplers is recommended to minimize partick charge effects.

OTHER METHODS: This method & based on and replaces Sampling Daa Sheet #29.02 [6].

NHISH Manual of Analytica Methods (NMAM), Fourth Edition



PARTICULATES NOT OTHERWISE REGULATED: METHOD 0600, Issue 3, dated 15 January 1898 - Page 2 of

EQUIPMENT:

1. Samgpler:
a.F ilter: 5.0-um pore size, polyvinyl chloride fiter or eguivalent hydrophobic membrane fiiter
supported by a ca ssette filter holder (preferabiy conductive).
b. Cyclone: t0-mm nylon(Mine Safety Appliance Co., Instumeant Division, P. Q. Bex 427, Pittstugh,
PA 15230), Higgins-Dewelt{(BGI Inc., 58 Guinan St., Waltham, MA 02154)[7], aluminum cyclone
(SKC Inc., 863 Valley View Road, Eighty Four, PA 15330), or equivalent.
2. Personal sampling pump, 1.7 L/min £ 5% for nylon cyclone, 2.2 Limin + 5% for HD cyclore, or 2.5
Lfmin + 5% for the Al cyclone with flexble connecting tubing.
NOTE: Pulsation in the pump flow must be within £ 20% of the mean flow.
Balance, analytical, with sensitivity of 0.001 mg.
Weights, NIST Class S-1.1, or ASTM Class 1.
Static neutraizer, e.g., Po-210; replace nine months after the production date.
Forceps (preferably nylon).
Environmental chamber orroom for balence, e.g, 20 °C 2 1 °C and 50% £ 5% RH.

Mook

SPECIAL PRECAUTIONS: None.

PREPARATION OF SAMPLERS BEFORE SAMPLING:

1. Equilibrate the filters in an envionmentalty controlied weighing area or chamber for at least 2 h.

2. Weigh the filters in an environmentally controlied area or chamber. Record the filter tare weight,
W, (mg).

a. Zero the balance before each weighing.

b. Handie the filter with forceps (nyloa forceps if further analyses will be done).

¢. Pass the fiter over an anti-static radiation source. Repeat this step if filler does not release
easily from the forceps or if fiter afracts balance pan. Stafic electricity can cause erroneous
welght readings.

3. Assemble the filters in the filter casseties and close firmly so that leakage around the filler wili not
oceur. Place a plug in each opening of the filter casseite.

4. Remove the cyclne's grit cap before use and inspect the cyclone interior. If the inside is visibly
scored, discard this cyclone since the dust separation characteristics of the cyclone may be aftered.
Clean the interior of the cyclone to prevent reenfrainment of large particles.

5. Assemble the sampier head. Check alignment of filter holder and cyclone in the sampling head
to preventieakage.

SAMPLING:

6. Calibrate each personal sampling pump to the appropriate flow rate with a representative sampler
in line.

NOTE i: Because of their inlet designs, nylon and aluminum cyciones are calibrated within a
targe vessel with inlet and outlet ports. The inlet is connecied lo a calibrator {e.g., 2
bubble meter). The cyclone outlet is connected to the outlet port within the vessel, and
the vessel cutlet is aitached to the pump. - See APPENDIX for altemate calibration
procedure. {The calibrator can be connected directly to the HD cycione.}

NOTE 2: Even if the fiowrate shifts by a known amount between calibration and use, the nominal
flowrates are used for concentralion cakulation because of a self-correction feature of
the cyclones.

7. Sample 45 min to 8 h. Do not exceed 2 mg dust loading on the filter, Take 2 to 4 replicate
samples for each batch of field samples for qualily assurance on the sampling procedure (see Step
10}).

NOTE Do not allow the sampler assembly to be inverted at any time. Turning the cycione fo
anything more than a horizontal orientaton may deposit oversized material from the
cyclone body cnio the filter.

NICSH Manual of Analyticad Methods (NMAM), Fouth Edition



PARTICULATES NOT OTHERWISE REGULATED: METHOD 0860, issue 3, dated 15 January 1998 - Page 2 of 6

SAMPLE PREPARATION:

8. Remove the top and botiom piugs from the fiter cassette. Equilibrate for at least 2 h in an
environmentatly controlled area or chamber.

CALIBRATION AND QUALITY CONTROL:

9. Zero the microbatance before all weighings. Use the same microbalance for weighing filters before
and after sample collection. Calibrate the balance with National Institute of Standamds and
Technology Class S-1.1 or ASTM Class 1 weighis.

10. The set of replicate field sampies should be exposed to the same dust environment, either in a
taboratory dust chamber [8] or in the field [9]. The quality control samples must be iaken with the
same equipment, procedures, and personnel used in the routihe field samples. Calculate precision
from these replicates and record relative standard deviation (S} on control charts. Take corrective
action when the precision is out of controf [8].

MEASUREMENT:
11. Weigh each filter, including fieid blanks. Record this post-sampiing weight, W, (mg), beside its

corresponding tare weight Record anything remarkable about a filter {e.g., visible particles,
overloading, leakage, wet, torn, etc.).

CALCULATIONS:

12. Calcutate the conceniraticn of respirable particulate, © (mg/m®), in the air volume sampied, V (L):

(Wz 7y Wl} 1 (Bz B 51)
74

C = . 10°%, mgim?

where: W, = tare weight of filter before sampling {mg)
W, = post-sampling weight of samplecontaining filter {mg)
B, = mean tare weight of blank filters (mg).
B, = mean post-sampling weight of blank fitters (mg)
V = volume as sampled at the nominal flowrate (ie., 1.7 L/imin or 2.2 L/min)

EVALUATION OF METHOD:

1. Bias: In respirable dust measuremenis, the bias in a sample is cakulated relative to the
appropriate respirable dust convention. The theory for calcuiating bias was developed by Bartley
and Breuer [10]. For thk method, the bias, therefore, depends on the international convention for
respirable dust, the cyclones' penetration curves, and the size distribution of the ambient dust.
Based on measured penetration curves for non-pulsating flow [1], the bias in this method is shown
in Figure 1.

For dust size distrbutions 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 some workplace aerosols. 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 pulsaiion of the personal sampling pump. Bartiey, et

al. [12] showed that cyclone samples with pulsating fiow can have negative bias as large as -0.22
relative to samples with steady flow. The magnitude of the bias depends on the ampliude of the

MIOSH Manual of Analytical Methods (NiAM), Fourth Edition



PARTICULATES NOT OTHERWISE REGULATED: METHOD 0800, Issue 3, dated 15 January 1998 - Page 4 of 6

pulsation at the cyclene aperture and fhe dust size distribution. For pumps with instantaneous fiow
rates within 20% of the mean, the pulsation bias magnitude is less than 0.02 for most dust size
distributions encountered in the workplace.

Etlectric charges on the dust and the cyclone will alsc cause bias. Briant and Mgss [13] have found
electrostatic biases as large as -50%, and show that cyclones made with graphite-filed nybn
eliminate the problem. Use of conductive samplers and filter cassettes(Omega Speciaily
Instrument Co., 4 Kidder Road, Chelmsford, MA 01824) is recommended.

2. Precision: The figure 0.068 mg quoted above for the precision is based on a study [3] of weighing
procedures employed in the past by the Mine Safety and Health Administration (MSHA)} in which
filters are pre-weighed by the filler manufacturer and postweighed by MSHA using balances
readable to 0.010 mg. MSHA [14] has recently completed a study using & 0.001 mg balance for
the post-weighing, indicating imprecision equal to 0.006 mg.

tmprecision equal {o 0.010 mg was used for estimating the LOD and is based on specific
suggestions [8] regamding fiter weighing using a singie 0.001 mg balance. This value & consistent
with another study [15] of repeat fiter weighings, although the actual attainabie preckion may
depend strongly on (he specific envimnment to which the filters are exposed between the iwo
weighings.
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Figure 1. Bias of three cyclone types relative 1o the international respirable dust sampling
convention,

APPENDIX: Jarless Method for Calibration of Cyclone Assemblies

This procedure may be used in the field to calibrate an air sampling pump and a cycione assembly
without using the one-liter “calibration jar".

(1)

(2)
(3)
(4]

Connect the pump to a pressure gauge or water manometer and a light load (adjustable valve
or 5-um filter) equal to 2" to 5" H,0 with & “TEE" connector and flexble tubing. Connect other
end of valve b an electronic bubble meter or standard bubbie tube with flexbie tubing (See Fig.
2.1).
NOTE: A light load can be a Syum filler and/or an adjustable valve. A heavy load can be
several 0.8-pm filters and/or adjustable valve.
Adjust the pump to 1.7 Lfmin, as indkated on the bubble meterftube, under the light load
conditions (2" to 5" H,0} as indicated on the pressure gauge or manometer.
Increase the load until the pressure gauge or water mancmeter indiczies belween 25" and 35"
H,O. Check the {low rate of the pump again. The fiow rate should remain at 1.7 L/min £ 5%.
Replace the pressure gauge or water manometer and the electronic bubble meter or standard
bubble tube with the cyclone having a clearn fitter installed {Fig. 2.2). 1f the loading caused by the
cyclene assembly is between 2" and 5" H,0, the calibration & complete and the pump and
cyclone are ready for sampling.
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Figure 2.1 Block Diagram of Pump/l.oad/Flow Meter Set-up.
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Figure 2.2. Block Diagram with Cyclone as the Test Load.
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