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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 i n 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 2t 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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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 sma11 percentage may experience adverse hea1th 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 Gqvernmental 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 (HIA) 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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expressed in another manner, it could be said that 0.036 fibers/field were 
measured in the airborne samples which is extremely l ow, 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 af ternoon 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 i dentified 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 t he 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. 	 Environmenta1 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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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 


Sample Sampling Volume 
Number Period 1iters 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. 

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

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

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



FIBERS 	 METHOD: 7400 
') 

REAGENTS: E~IPHENT: 

1. 	Acetone.* 1. Sa.i;iler: 	 field rrx:lnitor, 25 mn, thr~-piece cassette
2. Triacetin (glycerol 	 triacetate), ft' th 50-mn extension cowl with cellulose ester filter, 

reaqent grade. 0.8 to 1.2-µm pore s1ze and backup pad. 
NOTE: Analyze representative filte~ for fiber 

*See Special Precautions. background before use and discard the filter lot if 
rrcre than S fibe~lOO fields are found. 

2. 	Personal SCl!ll>l ing p~. ~ 0.5 Umfo (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 4SX phase objective (total 
magnification ca. 400X); nl.m!rical aperture= 0.65 to 
0. 75. 

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


specified by ~icroscope manufacturer. 

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

stopper . single-hol~ nibber and elbow-jointed glass 
, tubing, 16 to 22 an long) . 

9. 	Hot;>late, spark-free, stirring type; heating mantle; or 
infrared laq:i and magnetic stirrer. 

10. Syringe, hypodennic, with 22-gauge needle. 
11. 	Graticule, wal ton-8eclcett type with 100 lJlll diameter 
.... · circular field at the specimen plane (area = 0.00785 

nrn2) (Type G-22 for A Rules; Type G-24 for B Rules). 
Available fran Graticules ltd., Morley Road, Tonbridge 
TN9 lRH, Kent, England (Telephone 011-44-732-359061). 
NOTE: The graticule is custan-made for each mic~cope. 

Specify disc diateter needed to fit exactly the 
ocular of the microscope and the diameter (rnn) of 
the circular counting area (see step 11). 

12•. HSE/NPL phase contrast test slide, Mane II. Available 
fran PTR C:Otic$ ltd., 145 Neioiton Street, waltham, MA 
02154 (Tele::>oone (617) 891-6000). 

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

SPECIAL PRECAUTIONS: Acetone is an extremely f1amnab1e liquid and precautions lll.ISt be taken 
not to ignite it. Heating of acetone 111.1st be done in a ventilated laboratory ft.me hood using a 
flameless, spark-free heat source. 

SAPIPLING: 
1. 	calibrate each pe~nal ~ling Pll'l1> with a representative ~ler in line [3]. 
2. Fasten the 	~ler to the worlcer•s lapel as close as possible to the worker's tnJUth. 

Remove the top cover fran the end of the cowl extension (open face) and orient face down. 
Wrap the joint between the extender and llWlnitor body 'lllith shrink tape to prevent air leaks. 

2115/84 	 7400-2 
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d. 	Using the hypodennic syringe with a 22-gauge needle, place 1 to 2 drops of triacetin on 
the filtel"'. Gently lower a clean 25-mn square cover s11p down onto the filter at a 
s 1 i ght ang 1 e to !"educe the possibi 1i ty of f onni ng but".b1es. If foo many bubb1es fo~ or 
the aTl:>Unt of triacetin is insuff1cient, the cover slip may becane detached within a few 
houl""S. 

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

~rature SO -C) for 15 min to hasten clearing. Counting may proceed 
imnediately after clearing and mounting are ~le~.· 

CAL!BRATIClt 00 QJAl.ITY cafTROl: 
11. 	calibration of the Waltcn-Beckett graticule. The dianeter, de (lm'l), of the circular 

counting area and the disc dianeter 111Jst be specified when ol"dering the graticule. 
a. 	Insert any available graticule into the e~iece and focus SC -that the graticule li~ 

are sharp and clear. 
b. 	Set the appropriate interpupi11a.-y distance ~nd, if applicable, reset the binocular head 

adjustment so that the magnification .ranains constant. _ . . 1 
c. 	Ius1..a11 the 40 to ~ phase cbject1ve. ·~n 

d. 	Place a sta~ raicrane~ on the microscope object stage and focus the microscope on the 
gradlated 1ines. 

e. 	1'Hsure tn. magnified grid length, L (ll!I), using .the stage micraneter. 0 
f. 	RBll>Ve the graticule fra11 the microscope and measure its actual grid length, La (m). 

This can best ·be acCQ1'9llshed by using a· stage fitted with verniel""S. 
g. 	calculate the cin:le diantter, de (ma). for the walton-8edcett graticule: 

Exarple: If lo • lCS 10. La a 2.93 1111 and 0 a 100 ld. then de a 2. 71 mn. 
h. Check the field dianttm-, D(acceptable range 100 \ill ± 2 µm) with a stage micrateter 

upan receipt of the graticule f'rm the manufacturer. Oetennine field area Cmn2). 
12. 	Ki~ adjustments. Fo11aw the manufacturer's instructions and also the f'ol1C1111ing: 

a. 	Adjust tn. light source for even ilhnination across the field of vi~ at the condenser 
iris. 
NOTE: Kehler i·llunination is preferred, where available. 

b. 	Focus on tJw pa.rticul.ata natar"i.al to be ex.-ined. 
c: • ..U:• sure that the field iris is in focus, centered on the ~le and ~ only enough 

to fully illuwinata the field af vie.. 
d. 	Usa the telesccpe ocular ~lied by the manufacturer to ensure that the phase rings 

(annular diaphragm and phase-shifting elements) are concentric. 
13. 	Check the phaSQ-shift c»taction limit of the·microscope periodically. 

a. 	RerTDVe the HSE/NPl phase-contrast test slide frm its shipping container and center it 
under the phase objectiv.. 

b. 	Bring the blocks of grooved 1ines into focus. 
llJTE: 	The slide ccnsi.sts of seven sets of grooves (ca. 20 grooves to each blocic) in 

descending order of visibility fran sets l to 7. The requirenents for asbestos 
counting are that the microsccpe optics ITIJSt resolve the grooved lines in set 3 
~letely, although ·they may appear smewhat faint, and that the grooved line$ in 
sets 6 and 7 nust be invisible. Sets 4 and S 1111st be at least partially visible 
but my vary slightly in visibility bet.wen microscopes. A microscope whic:h rails 
to net these requiramnts has ehher tco low or too high a resolution to be used 
for asbestos CQ.lnting. 

2115../84 
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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 enough 	graticule fields to yield 100 fibel"'S. Count a mininun of 20 fie1ds. 
Stop at 100 flelds regal"'dless of fiber count. 

b. 	d Rules 
NOTE: 	 The B Rules are prefer-red analytically because of their derrcnstrated ability to 

i~rove the reproducibility of fiber counts [5]. 
1. 	count only ~ of· fibers. ~ch fiber ltlJSt be longer than 5 µm and less than 

3 µm dianeter . 
2. 	count only ends of fibers with a length-to-width ratio equal to or greater than S:l. 
3. 	count each fiber end which falls .within the graticule"'"area as one end, provided that 

the fiber meets rules b.l and b.2. 
4. 	count visibly free ends which meet rules b. l and b.Z when the fiber appears to be 

attached to another particl·e, regardless of the size of the other particle. 
5. 	Count the free ends of fibers emanating fran large cllJl1)s ~nd bundles up to a maxinun 

of 10 ends CS fibers) , provided that each segnent meets rules b.1 and b.2. 
6. 	Count enough graticule f;elds to yield 200 ends. COunt a minirrun of 20 fields. Stop 

at 100 flelds. regardless of the fiber cou'nt. 
7. 	Divide the tot.al esld COYnt by 2 to ~ie1d fib.er COJn.l. · · 

r«>TE: 	 Split fibers will nonnally be ccunted as llllre than 0.0 ends if the free ends 
lllBt!t the rules b.1. and b.2. 

20. 	Start counting frm one end of the filter and progress along a radial line to the·other 
end, shHt either up or dclill on the filter and continue in ~ reverse direction (lo] . 
Select fields ranmnly by looking away fra1·the .eyepiece· briefly while advancing the 
mechanical stage. \.lt'len an agglarerate covers ca. 1/6 or ncre of the field of"viei, reject 
the field and select another•. Der not report rejected fields in the numer of total fields 
counted. 	 · 
NOTE: 	~ ccunting a field, ccnt1nuously scan a range of focal planes by rroving the f]ne 

focus \mob to detect very fine fibers which have becane E!li>edded in the filter. The 
small-di.:.n!ter fibers will be very faint but are an il'll>Ortant contribution to the 
total 	count. 

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

fiber count, F, ~nus the mean field blank count, B, by the nllli>er of fields, n, and the 
field area, Af (0.00785 nr for a properly calibrated walton-Seckett graticule): 

E • (F • B) • fibers/irnt2 . 
(n) (Af) 

22. calculate the concentration, C (fiberslnt.). of fibers in the air vol1.1Te ~led, V Cl), 
using the effective. collection area of the f.ilter, Ac C3SS rnn2 for a 25-mn filter}: 

C • CE) CAe> 
Y· 103 

NOTE: 	 Periodi ca11 y check and adjust the va1 ue of Ac, if necessary. 

EVALUATICW OF PEilOl: . . 
This method is a revision of NIOSH Ptethod P&cAPI 239 [1,3,4]. A sunnary of the revisions is- as 
fol lows: 

2115184 	 7400-6 
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variability. of O. 157 for the a Rules [12). Adding an estimated ~ling p~ error, sr, 
of 0.05 [13] to the within-~le variability in this study results in an estimate of 
overall precision, s.,.. of 0. 102 for the B Rules. 

4. 	9ecause of past inaccuracies associated with low fiber counts, the minirrun loading il<ls 
been increased to 100 fibersimn2 filter area (80 fibers total count) . This level yields 
an overall sr • O. 13, as indicated in Figure 3 (revist~) of P&c:AM 239 [3,4] which 

ccrresponcts to a measurement sr • 0.12 after rencval of Pl.Jill error [13]. Similarly. at 
the llBXillUI · ccunt of 100 fibe~. overall Sr os 0. 1 lS and irea.surerent sr • 0. 10 are 
obtained. 

D. 	 Evaluaticn of the nathod using the A and B counting rul~ wt-11 ,Proceed on a ccntinuing basis 
through the· NIOSH Proficiency Analytical Testing (PAT) Prograsa. The nev PAT reporting fom 
allows for reporting of results by either set of rules as of January, 1984. 
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