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PREFACE 

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field 
investigations of possible health hazards in the workplace. T~ese 
investigations are conducted under the authority of Section 20(a)(6) cf the 
Occupational Safety and Health Act of 19i0, 29 U.S.C. 669(a)(6) which 
authorizes the Secretary of Health and Human Services, following a written 
request from any employer or authorized representative of employees, to 
determine whether any substance normally found in the place of employment.has 
potentially toxic effects in such concentrations as used or found. 

The Hazard Evaluations and Technical Assistance Branch also provides, upon 
request, medical, nursing,· and industrial hygiene technical and consultative 
assistance (TA) to Federal, state, and local agencies; labor; industry and 
other groups or individuals to control occupational health hazards and to 
prevent related trauma and disease. 

Mention of company names or produGts does not constitute endorsement by the 
National Institute for Occupational Safety and Health. 
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I. SUMMARY 

In June, 1984, the National Institute for Occupational Safety and Health 
(NIOSH) received a request for technical assistance from the U.S. Forest 
Service. The forest ranger at the Shasta-Trinity National Forest was 
concerned that forestry personnel who periodically drive on Parks Creek road 
may be exposed to asbestos. The road was resurfaced in 1983 using a 
serpentine aggregate material. Bulk quarry samples of the aggregate material 
were analyzed by NIOSH during the re-surfacing and found to contain 1-10 
percent chrysotile asbestos. 

On July 10, 1984, NIOSH conducted an environmental survey at the 
Shasta-Trinity National Forest along Parks Creek Road. Six personal asbestos 
air samples (ceiling) were collected during a simulation in which an engineer 
drove along the ten mile road. Two of the six air samples detected asbestos 
at a concentration of 0.17 and 0.18 fibers per cubic centimeter of air, 
greater than 5 microns in length (fibers/cc and greater than 5 um length) 
based on a 22 minute sampling period. NIOSH recommends that asbestos 
exposures be maintained at the lowest feasible limit based on the 
carcinogenicity of asbestos. The Federal Occupational Safety and Health 
Administration (OSHA) ceiling standard is 10 fibers/cc greater than 5 um in 
length based on a 15-minute sample. 

Based on the environmental survey conducted along Parks Creek road low 
level asbestos exposures were measured, however, it should be noted that 
these exposures were near the analytical limit of detection. Given the 
presence of chrysotile asbestos in the bulk quarry samples previously 
analyzed by NIOSH, a potenti~l health hazard exists to workers who drive 
along the road. Recommendations are included in Section VIII of the 
report. 

KEYWORDS: SIC 1610 (Highway and Street Construction), serpentine, asbestos, 
U.S. Forest Service, aggregate, road building. 
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II. INTRODUCTION 

In June, 1984, a request for technical assistance was submitted to NIOSH by 
the Staff Engineer for the U. s. Department of Agriculture, in San Francisco, 
California. The requester wanted NIOSH to determine whether forest service 
personnel were exposed to asbestos fibers whenever they periodically drive 
along the Parks Creek Road located in the Shasta-Trinity National Forest. 

III. BACKGROUND 

In November, 1983, the U.S. Forest Service requested NIOSH to analyze two 
quarry samples of serpentine aggregate for percentage and type of asbestos. 
The aggregate was going to be used to re-surface Parks Creek road. The 
serpentine aggregate was found to contain from 1-10 percent chrysotile 
asbestos. 

In June, 1984, NIOSH was requested to evaluate worker exposure when driving 
along Parks Creek Road. The 10 mile road was re-surfaced and re-shaped during 
the summer and fall of 1983 using 6 to 8 inches of crushed serpentine 
aggregrate which contained chrysotile asbestos. In addition, the road was 
sprayed with lignin sulfonate which compacts the soil, controls dust and 
absorbs water quickly; however, the primary purpose was for dust control. 

The road is primarily used by loggers for hauling timber, but the logging 
company is required to water the road during logging operations. 
Recreationists and local residents use the road to access the Trinity river 
area, and rangers use the road to access other jobs. It was reported that the 
rangers use the road about once per week which takes about 22 minutes to drive. 

On July 10, 1984, the NIOSH industrial hygienist met with the Shasta-Trinity 
District Ranger to learn more about the work regime and the frequency of 
exposure to road dust. None of the Forestry service personnel were going to 
be driving on Parks Creek Road during the day of the study, thus the operation 
had to be simulated by having one of the engineers drive along the Road. In 
order to simulate the worst possible conditions, the driver left his window 
down on each of the trips up and down the hill. 

IV. ENVIRONMENTAL DESIGN 

Personal air samples were collected for asbestos using a MSA Model G 
battery-operated pump and a mixed cellulose ester membrane filter (Type AA). 
Samples were collected at 1.5 liters per minute using open-face cassettes. 
The air samples were collected for the duration of the ten mile trip which 
averaged 22 minutes. The air samples were analyzed according to NIOSH Method 
Physical and Chemical Analytical Method (P&CAM) 239 utilizing Phase Contrast 
Microscopy(l). The limit of detection was determined to be 0.03 fibers/field 
or 5000 fibers/filter. 
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V. EVALUATION CRITERIA 

As a guide to the evaluation of the hazards posed by workplace exposures. 
NIOSH field staff employ environmental evaluation criteria for assessment of a 
number of chemical and physical agents. These criteria are intended to 
suggest levels of exposure to which most workers may be exposed up to 10 hours 
per day, 40 hours per week for a working lifetime without experiencing adverse 
health effects. It is, however, important to note that not all workers will 
be protected from adverse health effects if their exposures are maintained 
below these levels. A small percentage may experience adverse health effects 
because of individual susceptibility, a pre-existing medical condition, and/or 
a hypersensitivity (allergy}. 

In addition, some hazardous substances may act in combination with other 
workplace exposures, the general environment, or with medications or personal 
habits of the worker to produce health effects even if the occupational 
exposures are controlled at the level set by the evaluation criteria. These 
combined effects are often not considered in the evaluation criteria. Also, 
some substances are absorbed by direct contact with the skin and mucous 
membranes, and thus potentially increase the overall exposure. Finally, 
evaluation criteria may change over the years as new information on the toxic 
effects of an agent become available. 

The primary sources of environmental evaluation criteria for the workplace 
are: 1) NIOSH Criteria Documents and recommendations, 2) the American 
Conference of Governmental Industrial Hygienists' (ACGIH) Threshold Limit 
Values (TLV's), and 3) the U.S. Department of Labor (OSHA) occupational 
health standards. Often, the NIOSH recommendations and ACGIH TLV's usually 
are based on more recent information than are the OSHA standards. The OSHA 
standards also may be required to take into account where the agents are 
used; the NIOSH-recommended standards, by contrast, are based primarily on 
concerns relating to the prevention of occupational disease. 

In evaluating the exposure levels and the recommendations for reducing these 
levels found in this report, it should be noted that industry is legally 
required to meet only those levels specified by an OSHA standard. The reader 
should recognize that evaluation criteria may change in the future as new 
information on the toxic effects of a physical agent or chemical substance 
become available. 

A time-weighted average (TWA) exposure refers to the average airborne 
concentration of a substance during a normal 8-10-hour workday. Some 
substances have recommended short-term exposure limits or ceiling values which 
are intended to supplement the TWA where there are recognized toxic effects 
from high short-term exposures. 

/ 
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TABLE A 

Concentration/Exposure Period 

Contaminant 8-Hour TWA Ceiling Source 

asbestos CA(2) NIOSH 
(fibers/cc) (1) 

2.0 10.0 OSHA 

1. fibers/cc- asbestos fibers per cubic centimeter of air. The fibers must 
be greater than 5 microns in length. 

2. CA- lowest feasible limit (suspect or confirmed carcinogen), use best 
control technology. 

A. Toxicological Effects 

Asbestos(2,3) - Asbestos is a generic term applied to a number of hydrated 
silicate minerals, including chrysotile, amosite, crocidolite, tremolite, 
and anthophyllite. The most toxic route of entry is inhalation. 

Overexposure to asbestos fibers can cause asbestosis as well as other lung 
ailments. Asbestosis is a chronic lung ailment which can result in 
shortness of breath due to fibrotic changes and scarring of lung tissue. 
Usually there is a period of 10 to 35 years before this chronic lung 
ailment will become manifest. Other effects from inhalation of asbestos 
fibers are the asbestos related neoplasms. A high incidence of lung 
cancer is associated with persons who are exposed to asbestos and smoke 
cigarettes. Additionally, mesothelioma (a cancer of the thin membranes 
which line the chest and abdomen) are associated with asbestos exposure. 

VI. RESULTS AND DISCUSSION 

Six personal air samples (ceiling) were collected for asbestos (Table 1) while 
simulating the condition of exposure to road dust. In order to simulate the 
worst possible condition, the operator drove with his window open. Asbestos 
was identified on two filters collected during the morning drive up and down 
the mountain road. The air concentrations were measured to be 0.17 and 0.18 
fibers per cubic centimeter of air. This is above the NIOSH recommended 
criterion of lowest feasible limit, but below the Federal OSHA standard 
mentioned in Table A. It is important to note that the analytical limit of 
detection is 0.03 fibers/field. If the asbestos air concentrations were to be 
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expressed in another manner, it could be said that 0.036 fibers/field were 
measured in the airborne samples which is extremely low, i.e. at a 
concentration close to the limit of detection. There was no other traffic on 
the road when these two air samples were collected except for a watering truck 
which was encountered as we approached the top of the hill and the same 
watering truck when we drove back down the hill. During the afternoon the 
watering truck and three logging trucks were using the road, but no asbestos 
was collected on the filters. During the final drive down the hill, we 
followed another ranger vehicle, but no asbestos was identified on that filter. 

VII. CONCLUSIONS 

In conclusion, the conditions which were observed and monitored on the dates 
of this evaluation are the worst conditions that could have been evaluated 
based on my discussions with the district ranger and the engineer who 
simulated the test. Asbestos exposures were measured in the morning when 
there were no other vehicles on the road other than the watering truck which 
appeared to be driving along the road slowly. No asbestos exposures were 
measured in the afternoon when dusty road conditions were clearly evident. In 
view of the following facts: that the asbestos exposures were measured to be 
very similiar to the analytical limit of detection, that the sample volume 
was very small due to the short exposure period, and the fact that 
environmental air monitoring was done for only one day, the following 
recomendations are included in the next section to help better evaluate and 
reduce the potential risk of exposure. 

VIII. RECOMMENDATIONS 

1. Environmental air monitoring should be done by the U.S. Forest Service in 
the spring when the road surface is dry to evaluate workers exposure to 
airborne asbestos. It is recommended that the new NIOSH sampling and 
analytical method No. 7400 (attached} be used which will allow the 
investigator to collect a larger air volume which will be more helpful in 
evaluating the risk of exposure. 

2. Environmental air monitoring should be done periodically to assure that 
workers are not exposed to asbestos due to the general deterioration of 
the road. 

3. Employees should be instructed to drive along the road with the windows 
rolled up to prevent potential exposures to asbestos. 

4. It is recommended that the asbestos abatement measures listed in the 
Forest Service Manual Title 2100-Environmental Management, be closely 
followed to assure that future exposures be prevented. Some of these 
abatement measures include: dust palliatives (water or chemical) applied 
to the road surface, traffic control such as speed reduction, the 
application of a layer of asbestos-free aggregate on top of the existing 
asbestos-contaminated surface, and asphalt surface treatment or paving of 
the road. 
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Sample 
Number 

Sampling 
Period 

Volume 
liters Cone. (1) Comments( 2) 

1 0950-1012 33 0.18 No road traffic 
encountered. 

2. 1036-1059 34.5 0.17 No road traffic 
encountered. 

3. 1254-1318 36 ND(3) Three logging 
trucks on road. 

4. • 1320-1341 31.5 ND Three logging 
trucks on road. 

5. 1357-1418 31.5 ND Three logging 
trucks on road. 

6. 1419-1451 48 ND Followed another 
vehicle down hill 
Stopped car to 
remove falling 
rocks. 
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TABLE 1. 
PERSONAL AIR CONCENTRATIONS 

OF ASBESTOS FIBERS FOR 
VEHICLE OPERATOR 

U. S. DEPARTMENT OF AGRICULTURE, 
FOREST SERVICE 

SHASTA-TRINITY NATIONAL FOREST 
July 10, 1984 

1. Cone.- The concentration is fibers/cc and greater than 5um in length. 

2. It should be noted that the vehicle operator drove the road with the 
window down for the entire sampling period. 

3. ND- None detected (limit of detection is 0.03 fibers/field) 



ATTACHMENT 

FORMULA: various F!BERS 
.11ETHO0: 7 400 

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

OSHA: 0.5 asbestos fibers (> 5 µm long)/mL PROPERTIES: sol id, 
NIOSH: 0.1 asbestos f/mL [l]; 3 glass fibers (>10 µm x <3.5 µm)/ml [2] fibrous 
ACGIH: 0.2 crocidolite; 0.5 amsite; 2 chrysotile and other asbestos, f/ml 

SYNON'fflS: asbestos (actinolite [CAS 177536-66-4], grunerite (am:>site) [CAS 112172-73-5], 
anthophyll ite [CAS 177536-67-5], ch~ti le (CAS ,-12001-29-5], crocidol ite 
[CAS 112001-28-1], trE!lllllite [CAS 177536-68-6]); fibrous glass. 

SAMPLING 

SAf1PlER: FILTER 
(0.8-1.2 µm cellulose ester 
rr.eni>rane, 25-mn dianeter} 

FLCM RATE'i': ~ 0.5 Umin 

VOL~Iff'k: 400 L @I 0. l fiber/ml 
~: 1920 L @I O. 1 fiber/ml. 

*Adjust for 100 to 1300 fibers/mn2 (step 4) . 

SHIPP£HT: routine 

SAl'FLE STABILITY: indefinite 

BLANKS: 10'1. of ~les (mininun 2) (3] 

~ 

RANGE STUDIED: 80 to 100 fibers counted 

BIAS: see EVALUATICJf C,,: METIO) 

OVERALL PRECISiat Csr): 0. 115 to 0. 13 [3] 
CA Rules) 

!TEOINI~E: MICROSCOPY, PHASE CONTRAST 

!ANALYTE: fibe~ (manua1 ,:=iunt)
-=.. 

!SNIPLE PREPARATION: acetone/triacetin method 

!a:llNTING RULES: Set A (P&CAM 239 [3,4]) or Set B 
(nxxtified CRS (5]) 

!-E~IPfllEHT: 1. phase-contrast microscope 
2. walton-Beckett graticule (100 µm 

field diameter): A Rules use 
G-22; 8 Rules use Type G-24 

3. phase-shift test slide (HSE/NPL) 

CAlIBRATiat: phase,;.shift detection limit about 
3 degrees [7] 

!RANGE: 100. to 1300 fibers/mn2 filter area (6] 

!ESTIMTED LOO: 7 fibers/nm2 filter area-

!PRECISiaf: 0. 10 to 0.12 (3] 
(A Rules) 

APPLICABILITY: The workfog range is 0.02 fiber/ml {1920-L air ~le) to 1.25 fibers/ml (400-L 
air sarl\)le). The method gives an index of airborne asbe5tos fibers but may "'e used 
for other materials such as fibrous glass by inserting suitable parameter-s into the counting 
rules. The method does not differentiate between asbestos and other fibers. Asbestos fiber-s 
1ess than ca. 0 .25 µm diameter wi 11 not be detected by this method (7]. 
INTERFERENCES: Any other airborne fiber may interfere since all particles meeting the counting 
criteria are counted. Chain:-like particles may appear fibrous. High levels of non-fibrous dust 
particles may obscure fibe~ in the field of view and raise the detection limit. 
OTHER IETHOOS: This method introduces changes for i~roved sensitivity and reproducibility and 
rep1aces P&cAPI 239 [3, 4]. 

2/15/84 7400-1 



FIBERS PETHOO: 7400 

2/15/84 7400-2 

REAGENTS: EG(.IIPHENT: 
1. Acetone.* 1. Sa.,;iler: field ronitor, 25 rrm, three-piece cassette 
2. Triacetin (glycerol triacetate), ~ith 50-mn extension cowl with cellulose ester filter, 

reagent grade. 0.8 to 1.2-µm pore ~ize and backup p.ad. 
NOTE: Analyze representative filters for fiber 

"X'See Special Precautions. background before use and discard the filter lot if 
lll)rethan S fibers/100 fields are found. 

2. Per-sona1 ~ling pl.Jtl), ~ 0.5 L/min (see step 4 for­
flow rate), with flexible connecting tubing. 

3. Microscope, phase contrast, -with green or blue filter, 
8 to lOX eyepiece, and 40 to 45X phase objective (total 
magnification ca. 400X); nunerical aperture= 0.65 to 
o. 75. 

4. Slides, glass, single-frosted, pre-cleaned, 25 x 75 nm. 
5. Cover slips, 25 x 25 rrm, no. 1-1/2, unless othen,,i~ 

speeified by ~icroscope manufacturer. 
6. Knife, #10 surgical steel, curved blade: 
7. Tweezers. 
8. Flask, Guth-type, insulated neck, 250 to 500 ml (with 

single-hol~ rubber stopper and elbow-jointed glass 
tubing, 16 to 22 cm long}. 

9. Hotplate, spark-free, stirring type; heating mantle; or 
infrared laq:, and magnetic stirrer. 

10. Syringe, hypodennic, with 22-gauge needle. 
11. Graticule, Walton-Beckett type with 100 'IJffl diameter 
..-· · circular field at the specimen plane (area = 0.00785 

nm2 ) (Type G-22 for A Rules; Type G-24 for B Rules). 
Available fran Graticules ltd., Morley Road, Tonbridge 
TN9 lRN, Kent, England (Telephone 011-44-732-359061). 
NOTE: The graticule is custan-made for each microscope. 

Specify disc dianeter needed to fit exactly the 
ocu1ar of the microscope and the diameter· (nm) of 
the circular counting area (see step 11). 

12.. HSE/NPL phase contrast test slide, Mark II. Available 
fran PTR Cotics ltd., 145 Newton Street, Waltham, MA 
02154 (Teleptione (617) 891-6000). 

13. Telescope, ocular phase-ring centering. 
14. Stage micraneter (0.01 nm divisions). 

SPECIAL PRECAUTIONS: Acetone is an extremely flamnable liquid and precautions rust be taken 
not to ignite it. Heating of acetone lll!St be done in a ventilated laboratory fune hood using a 
flaneless, spark-free heat source. 

SAMPLING: 
l. calibrate each personal ~ling p~ with a representative ~ler in line [3]. 
2. Fasten the ~ler to the worker's lapel as close as possible to the worker's mouth. 

Remove the top cover fr-an the end of the cowl extension (open face) and orient face down. 
Wrap the joint between the extender and roonitor body with shrink tape to prevent air leaks. 
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3. Sutxnit at least two field blanks (or 10'1. of the total ~les, whichever is greater) for 
each set of ~les. Ren:)ve the caps fran the field blank cassettes and store the caps and 
cassettes in a clean area (bag or box) during the ~11n9 period. Replace the caps in the 
ca::,settes when ~ling is caq,leted. 

4. Sc3n1'le at 0.5 Umin or greater [8]. Do not exceed 1 mg total dust loading on the filter. 
Adjust saq,ling fla., rate, Q (L/min) 1 and time to produce a fiber ciensi·ty. E 
(fibers/r) , of 100 to 1300 fibers/nr [3.85 • 104 to 5 • 105 fibers per 
25-m filter with effective collection area CAc- 385 rmr2)] for optinun counting 
precision (see s~ 21). calculate the mininun 5a11>l ing time, tmin (min), at the act1on 
level (one-half the current standard), L (fibers/rm.), of the fibrous aerosol being ~led: 

tmin a CAe)CE) . 

CQ) CL) 103 

5. Retl)Ve the field monitor at the end of ~ling, replace the plastic top.cover and small 
end ~, and store the moni tor. 

6. SMp the ~les 1n a rigid container with sufficient padcing material to prevent j~tl ing 
or damage. 1 • 

MlTE: Co not use polystyrene foam in the shipping container because of electl"'tlstatic forces 
which may causa fiber loss fra11 the ~ler filter. 

snPlE PREPARATICJt: 
MlTE: The- cmject is to pl"'0duc& saq,les with ·a- 5111)0th (non-grainy) bacxground in a medi1.11 with a 

refractive· index equal to or· less than· 1.46. The method bel0111- coll~ the filter for 
easier focusing and produces pennanent IIDlnts which are useful for qualit) control and 
interlaboratory ~iscn. -Other_nDJnting techniques rmeting the above criteria may 
also be used (e.g. 1 the ncn-pennanent field mounting technique used in P&cM 239 [l ,3,4]). 

7. Ensure -that the glass slides _and cover slips are free of dust and fibe~. 
8. Place 40 to 60 rm. of acetona into a ~th-type flask. Stepper the flask with a single41ole 

l"'Ubber s~ thrcugh which a glass tube extends 5 to 8 aa into the flask. The portion of 
the glass tube which exits the tcp of the s~ (8 to 10 an) 1s bent dai,nward in an elbow 
which makes an angle of 20 to~ with the horizontal. 

9. P1ace the flask on a stirring hotplate or wrap in a heating mantle. Heat the acetcne 
gradually to its boiling t~ture (ca. 58 •c). 
CAUTlat: The acetone-vapor nust I» generated in a ventilated ftine hood away fran all open 

flams and spark sources. Alternate heating mathods can be used, providing no 
~ fla. or spam are present. 

10. Haunt either the whole ~1• filter or· a wedge cut fraa the saq,le filter on a clean glass 
slide. 
a. cut wedges of ca. 257. of the filter area with a curved blade steel surgical lcnife using 

a rodcing nr:,tion to prevent tearing. 
b. Place the filter or wedge, dust side up, on the slide. Static electricity will usually 

keep the filter on the slide until it is cleared. 
c. Hold the glass slide supporting the filter ~roximately 1 to 2 en fran the glass tube 

part where the acetone vapor is escaping fran the heated flask. The acetone vapor 
stream should cause a condensation spot on the glass slide ca. 2 to 3 on in diameter. 
Move the glass s1ide gently in the vapor ·strea11. The filter should clear in 2 to 5 
sec. If the filter curls, distorts or is otherwise rendered unusable, the vapor stream 
is probably not strong enough. Periodica11y Nipe the outlet port Mith tissue to prevent 
liquid acetone cr.-ipping onto the filtef'. 

"'7MV\_~2/15/84 
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F!BERS HETHOO: 7400 

d. Using the hypodennic syringe with a 22-gauge needle, place 1 to 2 drops of triacetin on 
the filter. Gently lower a clean 25-mn square cover slip down onto the filter at a 
s 1 i g!'lt ang1 e to reduce the possi bi 1 i ty of fonni ng but-.b les. If too many bubb 1 es for.n or 
the arcunt of triacetin is insufficient, the cover slip may beccme detached within a fe,w 
hou". 

e. Glue the edges of the cover sHp to the glass slide using a lacquer or nail polish (9]. 
t«>TE: If clearing is slow, the slide preparation may be heated on a hotplate (surface 

~rature SO °C) fer 15 min to hasten clearing. Counting may pl"OCeed 
1mnediately after clearing and mounting are car,;,1et.¢d.~ 

:- . 

CALIBRATiat .4MD ~ITY ct11TROl: 
11. calibration of the Waltcn-Bedcett graticule. The diameter, de (ltr.'l), of the circular 

counting area and the disc dianeter 1111st be specified when ordering the graticule. 
a. Insert any available graticule into the e~iece and focus so..that the graticule lines 

are shal"l) and clear. 
b. Set the appropriate inter-pupi11ary distance and, 1f applicable, reset the binocular head 

adjustment so that the magnification renains constant. , .. . ' . 
c. I1JSt.al1 the 40 to 45:.< phase c.bjective. -•n • 

d. Place a stage- mic:raneter on the mkrcsccpe object stage and focus the mkroscope on the 
graduated lines. 

e. 1'easure the magnified grid length, L0 (1,111), using .the stage micrmEter. 
f. Ren::,ve the graticule fraa the microsccpe and measure its actual grid· length, La (nn). 

This can best ·be a~lished by using a· stage fitted with vemie". 
g. calculate the circle diamater, de (ma). for the wa1ton-Bedcett graticule: 

,._ La 
-c • ¼ x 0. 

Exarple: If lo • lat 1,111, la • 2.93 m and D • 100 lJIII, then de • 2. 71 mn. 
h. 0leck the field diamtel", D(acceptable range 100 ld ! 2 J.MD) with a stage mic?'Cffl!ter 

upon receipt of the graticule fraa the manufacturer. Detennine field area Cmn2). 
12. "i~ adjustments. Fo11011f the manufacturer's instructions and also the foll01i1ing: 

a. Adjust the light saurca fer even illllllination acrcss the field of vie. at the condenser 
iris. 
NOTE: Kohler illumination is preferred, where available. 

b. Focus on the particulate material to be uanined. 
c. Mak• sure that the field iris is in focus, centered on the ~le and open only enough 

to fully illuarinata the field of view. 
d. usa the telesccpe ocular supplied by the manufacturer to ensure that the phase rings 

(annular diaphragm and phase-shifting elements) are concentric. 
13. Check the phase-shift detection limit of the·mic:rosCOi)e periodically. 

a. Rem:,ve the HSE/NPl phase-contrast test slide frm its shipping container and center it 
under the phase objective. 

b. Bring the blocks of grooved lines into focus. 
NOTE: T1'Mt slide consi.sts of seven sets of grooves (ca. 20 gl"'00Ves to each block) in 

descending order of visibility fran sets 1 to 7. The requirements for asbestos 
=unting .are that the microsccpe optics 111.1st resolve the gl"'00Ved lines 1n set 3 
~letely, although ·tt.ey may appear SCJleilhat faint, and that the grooved lines in 
sets 6 and 7 1111St b& invisible. Sets 4 and S 1111st be at least partially visible 
but may var-y slightly 1n v1sibility bet.wen micrcscopes. A m;c:rcsccpe which fails 
to meet these requirenents has either too 10111 or too high a resolution to be used 
for asbestos counting. 
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c. If the image quality deteriorates, clean the microscope optics and if the problem 
per-sists, consult the microscope manufacturer. 

14. Quality control of fiber counts. _ 
a. F--epare and count field blanks along with the field sa,~les. Report the counts on e.:ich 

blank. calculate the mean of the field blank counts and subtract this value fraia each 
~le count before reporting the results. 
NOTE 1: The identity of the blank filters should be unknown to the counter until all_ 

counts have been ~leted. 
NOTE 2: If a field blank yields fiber counts greater than 7 fibers/100 fields, r-eport 

. possible ccntaarination of the ~les. 
b. Peri'Ol"III blind recounts by the sane counter on 1~ of filters counted (slldes relabeled 

by a pel"SOn other than th& counter). 
15. US& the following test to detennine whether a pair of counts on the sane fllter should be 

rejected because of possible bias. This statistic estimates the counting repeatability at 
the 95'-' confid!nce level. _Discard the ~le if the difference between the t.11:> counts 
exceeds 2.77 (F)Sr, where Fa average of the t.11:> fiber counts ands,.= relative 
standard deviation, which should be derived by each laboratory based on historical in-house 
data. 
NOTE: If a pair of counts is rejected as a result of this test. recount the remaining 

~les in the set and test the nev counts against the nrst counts. Discard al 1 
rejected paired counts. • 

16. Enroll eac:h new counter in a training course which ~res performance of countel""S on a 
variety af ~les using this pl"0Cedure. 
NOTE: To ensure good reproducibility, ail laboratories engaged in a'Sbestos counting should 

participate in an a'Sbestos proficiency testing.program such as the NIOSH Proficiency 
Ana1~ica1 Testing (PAT) Program and routinely participate with other asbestos fiber 
caunti ng laboratories in the exchange of fie1 d sa111>les to c:aq:>are perfonnance of 
counters. 

IEASl.JRSIEHT: 
17. Place- the sHde on the nwchanical stage of the calibrated microscope wHh the center of the 

fnter under the objective lens. Focus the mic:rosccpe on the plane of the filter. 
18. Regularly check phase-ring alignnent and Kohler illl11inati011 [7]. 
19. Select one of the fo11C1iting sets of caunting rules: 

NOTE: The tm sets of rules have been dem:>nstrated to produce equivalent mean counts on a 
variety of asbestos saq,1 e types [5] and nust be strict1 y fo 110lei in order to obtain 
valid results. Na hybridizing of the two sets of rules is pennitted. The 
calibration of the microscope with the HS£/NPl test slide detennines the minim.a 
detectable fiber diameter (ca. 0.25· µm). 

a. A Rules (same as P&CAM 239 rules (1,3,4]). 
NOTE: The A Rules are required for monitoring asbestos for ~liance purposes under 

OSHA or NIOSH standards. 
1. COunt only fibers longer than 5 µm. Measure the length of curved fibel""S along the 

curve. 
2. COunt only fibers with a length-to-width ratio equal to or greater than 3:1. 
3. For fibers which cross the boundary of the graticule field, do the foll0111ing: 

a. COunt any fiber- longer than 5 µm which Hes entirely wHhin the graticule-area. 
b. count as 1/2 fiber any flber with only one end lying within the graticule area .. 
c. Do not count any fiber which CT'OSses the graticule boundary roore than once. 
d. Reject and do not count all other fibel""S. 
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4. Count bundles of fibel"'S as one fiber unless individual fibel"'S can be identified by 
observing both ends of a fiber. 

5. Count enoogh graticule fields to yield 100 fibel"'S. Count a mininun of 20 fields. 
Stop at 100 fields regar-dless of fiber count. 

b. d Rules 
NOTE: The B Rules are preferred analytically because of their detl:>nstrated ability to 

1~1"0Ve the reproducibility of fiber counts [5]. 
1. Count only ~ of· fibers. ~dl fiber fflJSt be longer than S µ111 and less than 

3 µm dianeter. 
2. Count only ends of fibel"'S with a length-t0-lllidth ratio equal to or greater than 5:1. 
3. Count each fiber end which fa1 ls within the graticule,..area as one end. provided that 

the fiber- meets rules b. 1 and b.2. 
4. Count visibly free ends which meet l"'Ules b.l and b.2 when the fiber appears to be 

attached to another particl°e, regal"'dless of the size of the other particle. 
5. Count the free ends of fibers ananating fran large cl~s ~nd bundles up to a ma.xinun 

of 10 ends CS fibers), provided that each ses,nent meets rules b.1 and b.2. 
6. Ccunt enough gratkule fields to yield 200 ends. Count a mininm of 20 fields. Stop 

at 100 fields~ regal"'dless of the fiber count. 
7. Divide w tot.al e,\d c:ownt by 2 to jlie•d fibl!r COJnt. •· • • 

NOTE: Split fibers will nonna11y be ccunted as mre than be ends if the free ends 
met the l"Ules b.1. and b.2. 

20. Start countfog fraD one end of the filter and progress along a radial line to the-other 
end, shift either up or dcMI on the filter and cantinue in the r"e'lerSe direction (10]. 
Select fields randclllly by 1001cing away f.ran·the.eyepiece·briefly while advancing the 
mechanical stage. W'lel'I an agglanerate covel"'S ca. 1/6 or ncre af th& field of·v;ew, reject 
the field and select another.. Der not report rejected flelds in the nurt>er of total fields 
counted. • 
t«JTE: ~ counting a field, continuously scan a range of focal planes by ncving the fine 

focus lcnab to detect very fine fibel"'S which have becane amedded in the filter. The 
small-diameter fibers will be very faint but are an i~rtant contribution to the 
total count. 

CALCJLATIONS: 
21. Calculate and report fiber density on the filter, E (fibers/mn2 ), by dividing the total 

fiber count, F, minus the mean field blank count, B, by the nl.lli>er of fields, n, and the 
field area, Af C0.00785 mn2 for a properly calibrated walton-aecicett graticule): 

E • CF - B) • fibers/r.
(n) (Af) 

22. Calculate the concentration, C (fibers/rm.), of fibel"'S in the air volllll! ~led, V CL), 
using the effective. collection ·area of the fjlter, Ac (385 111112 for a 25-nm filter}: 

C • CE) (Ac). 
V• 103 

NOTE: Peri odi ca 11y check and adjust the va1ue of Ac, if necessary. 

EVALUATICW OF IETHX): 
This method is a revision of NIOSH Method P&cAM 239 [1,3,4). A sumary of the revisions is as 
fol lCMS: 
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A. SctlJ'4' 1i ng 
The change fran a 37-rrm to a 25-mn filter size was incorporated to 1111>rove sensitivity and 
reduce pl"Oblens associated with non-unifonn fiber loading reported on the 37-ITltl filtel""S 
[10]. The change in flow rates allows for 2 m3 full-shift ~les to be taken, providing 
tha, the filter is not overloaded with non-fibrous particulates. The collection efficiency 
of the ~ler is not affected by changes 1n flow rate in the range 0.5 to 16 Umin [8]. 

B. ~le Preparation Techni~ 
The acetone vapor-triacetin preparation technique has been incorporated in the method as a 
faster, imre pennanent mounting technique than the dimethyl phthalate/diethyl oxalate method 
of P&r:AM 239 [1,3,4,11]. • 

C. Measuraaent 
1. n. inclusion of the walton-aeckett graticule in the method was made to standardize the 

field area observed through the eyepiece (6, 11]. 
2. The introduction of the HSE/NPl test slide was made to standardize microscope optics for 

sensitivity to fiber diarater (7,11]. 
3. A recent international collaborative study involved 16 laboratories using prepared slides 

fraa the asbestos, cenent, milling, mining,· textile, and friction material industries 
CS]. Tiw relative levels of ccunt by different ccunt1ng rules were: 

Nmi:>er of Asi:,eet Ratio > 3: 1 Asi:,ect Ratio > 5: 1 
San-Jle Tp Sa,ples ~ 1txi. CR$'-" & P'!od. ~ 

,tining 10 100 127 74 92 
"111 ing· .10 100 112 84 95 
Asbestos Cement 14- 100 146 90 137 
Textile Clrysotile 10 100 109 89 99 
Friction "'1teria1 10 100 130 87 116 
Others (Insulation, .lami te) 6 100 127 92 118 

TOTAL: 60 MEAN: 100 ~ ~ fil 

*Aritt1netic means af counts made by different laboratories relative to the AIA ca.1nts. 

The mdified CRS. (NIOSH B) Rules were found to be rn:::,re precise than the AIA (NIOSH A)* 
Rules. The ranges of relative standard deviations Csr) which varied with saq,le t~ 
and 1aboratory were: 

Intra1abor-atory • Interlaborator:x Overall 

AlA (NIOSH A Rules)* o. 12 tc 0.40 0.27 to 0.85 0.46 
Modified CRS (NIOSH B Rules) 0.11 to 0.29 0.20 to 0.35 0.2S 

':t\Jnder AIA rules, only fibel"'S havfog a diameter less than 3 µm are counted and 
fibers attached to particles larger than 3 'Id are not ccunted. NIOSH A Rules 
are otherwise similar to the AIA rules. • 

The B Rules have also been favorably received by analysts as less ari>iguous and si~ler 
to use; these. l"'Ules also shcr.ed the ·1east bias l"'elative to AIA rules in the 
collaborative study. An independent NIOSH laboratory study using amosite fibers 
reported a n!lative standard deviation, includfog within- and between-~le 

2/15/84 
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variability, of 0. 157 for the B Rules [12]. Adding an estimated satr;,1ing p~ error, sr• 
of 0.05 [13] to the within-~le variability in this study results in an estimate of 
overall pr-ec;sion, Sr• of 0.102 for the B Rules. 

4. 9ecause of past inaccuracies associated with low fiber counts, the minirrun loading ilas 
been increased to 100 fibel"'Slnm2 filter area (80 fibers tota1 count). TMs level yields 
an overall Sr • O. 13, as indicated in Figure 3 (r-evis:..-<1) of P~ 239 [3,4] which 
corresponds to a rreasurenent s,. • 0.12 after rerroval of ~ error (13]. S1mi larly. at 
the maxim.n·count of 100 fibe~, overall 5r • 0.115 and measurenent Sr :s 0.10 are 
obtained. 

D. Evaluation af the lll!thod using the A and B counting rul~ wtli ,'Proceed on a continuing basis 
through the· NIOSH Proficiency- Analytical Testing (PAT) Program. The nev PAT reporting form 
allows for reporting of results by either set of rules as of January, 1~. 
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