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The Hazard Evaluations and Tedmical Assistance Branch (HETAB) of the National Institute for 
Occupatiooal Safety and Health (NIOSII) c:ond11cts field investigations of posstllle health hazanls in 1he 
workplace. These investigations are c:ooduc:ted under the authority of Section 20(aX6) of the Occ:upationa1 
Safety and Health (OSHA) Act of 1970, 29 U.S.C. 669(aX6) which authorizes the Seae1my of Health and 
Human Services, following a written request &om any anploya" or authorized ,ep.mtative of anployees, 
to determine whether any substance normally found in the place of anploymenthas potentiallytoxic: effec:ls 
in such c:ooceo1iations as used or found. 

HETAB also provides, upon RlqllCSt, tec:lmic:al and c:onsu1tative assistance to FederaJ, State, and loc:a1 
agencies; labor; indusliy; and olher groups or individuals to control oc:c:upatiooaI health hazards and to 
prevent related trauma and disease. Mention of company names or products does notc:oostitute endorsement 
byNIOSH. 

Thisreportwaspepan:dbyMaxKieferofHETAB,DivisiooofSurveillanc:e,HazardEvaluationsandField 
Studies (DSHEFS). At1an1a Field Office. Field assistance was provided by Angela Weber. Analytic:al 
supportwasprovidedbytheNIOSHDivisionofAppliedResean:handTechnology. Desktoppuhlishingwas 
pe.fo,medbyNic:holelle.bertandPatLoveU. ReviewandpreparationforprintingwereperformedbyPenoy 
A.thur. 

Copies of Ibis report have been sent to anp~ and management represeot:atives at USAirways and the 
OSHA Regional Office. This report is not c:opyrighted and may be freely reproduced. Single copies wiU 
be available for a period of three yea.s &om the date oflhis report. To expedite your RlqllCSt, include a self­
addi E 5 5 Cd mailing Jabe) along with your written request to: 

NIOSH Publications Office 
4676 Columbia Partway 
Cincinnati., Ohio 45226 

800-356-4674 

After Ibis time, copies may be purchased &om the National Tec:hnic:al Information Service (NTIS) at 
5825 Port Royal Road, Springfield, Virginia 22161. Information regarding the NTIS stock number may be 
obtained &om the NIOSH Public:ations Office at the Cincinnati address. 

For the purpose of informing affected emploJees, copies of this report shall be 
posted by the employer In • prominent place accessible to the employees for .• 
period of 30 calendar days. 
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. I-Iighlights of _the 1'IOSH 1-lealth I-lazard l~valuatioh 
_,... _ .a-..-c 

Evaluation ofExp.osurc.to all AJkalineParts (]eanerin the 1'ire . . . . -. and \X1ic~1Shpp· ; . 

In February 2001, NIOSH conducted a health hazard evaluation (llliE) at the USAirways Aircraft 
Support Center in Charlotte, North Carolina We measured levels of air contaminants in the wheel 
and brake shops, evaluated work practices, and inspected the ventilation system. 

~ , -. - -
. - . 

- - - -- -
:~ \Yhat !\I_OSH ~i-~_ ~ .. __ . 
~ -~ --c,-.:.. ~ - ~ : . - - ' :: - -

• We collected air and bulk samples for the 
Cee Bee 300LF parts cleaner. 

• We talked to employees about their 
health concerns. 

• We inspected the ventilation system. 
• We observed chemical handling practices 

of people at work. 
- .... _ . - .... - ' ' 

:.:".-- -- \\'hafl\lOSH -found . . .-
- ..:.- - .- . ,- - - --_. -_. ~ 

• Airborne eiposure to the Cee Bee 300LF 
is low. 

• Eye and skin eiposure could occur. 
• Some workers were not wearing proper 

gloves or eye protection. 
• The ventilation system was not working 

well 

, ~- \\'hat l!SAirwavs Aircraft. 
J _, ·- . -- ~ 

.~;$i1pport Center l\Ianagcrs Cari 
·. ~· . .. Do.. . 

• Improve the ventilation system. 
• Make sure workers wear eye and skin 

protection when using the parts cleaner. 

),,·ii~'t: thc'USAin,avs ·Aircraft · · 
'S_upport CcntcrEmployccs c.an·.•· 
:~~---~- :··oo··. ,·. "· .,,:~~ _._-. 

~ 
-----... : s;-·_.; 

• Wear the proper protective dothing 
when working with chemicals. 

• Tell managers when and where there are 
health and safety problems. 

CDC 
What To Do For More Information: 

We encourage you to read the full report. If 
you would like a copy, either ask your health 
and safety 1epres.."lltative to make you a copy 

or call 1-513/841-4252 and ask for 
BETA Report# 2001.0034-2843 
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Health Hazard Evaluation Report 2001~34-2843 . 
USAirways Aircraft Support Center 

Charlotte, North Carolina 
May2001 

Max Kiefer, MS, CIH 
Angela Weber, MS 

f&:~fW£rZtZf~]~~k~'i;~~!1$:GMMAtit:~~r~i&8:~-;~rti?~~ii~f~,:J:;ffi-ii1 
··-'<. ~· 

On October 23, 2000, the National lndmJ!e for 0:n,l'ational Safety md llealtlt(NIOSH) m:eiwd a 
management ffllUCSl for a beal1h hlmrd evaluation (llllE) at the USAinvays ain:nft suppo.t center in 
Charlotte, North Carolina. 1be ~ asked NIOSH to determine if exposures resulting from a process 
change involving an industrial cleaner pr: s ,led a beal1h hlmrd to workers. Specific llR8S of coocem 
included the ain:raft wheel md brake maintenance deparlments where the primary industrial cleaner used 
in 1hese llR8S bad '-ti replaced with a new product. No health complaints were repcxted in the HHE 
request, however subsequent information indicated that some employees bad reportedly expea ieoced health 
problems such as irritation and nose bleeds when the cleaner was first introduced. 

On February S, 2001, NIOSH n:sean:hen conducted a site visit at the USAinvays facility. During the site 
visit, integtated personal air sampling was conducted to evaluate emp~ exposures to total particulate and 
sodium metasi1icate, the primary active ingredient in the industrial cleaner, md two glyl:ol ethers 
(dipropylene glyool butyl ether [DPGBE], md 1ripropylene glyool methyl ether fIPGME]) that were also 
a compooeot of the cleaner. Samples were collected from workers in the wheel ~wash, bearing wash, 
wheel tear down, brake tear down, md the brake cleaning sinks. Additionally, area air sampling was 
conducted using a technique to qualitatively identify a wide varic:ty of volatile compounds. 8ullt samples 
of the industrial cleaner were collected md the pH of each cleaning tank was determined. Work practices 
were~ and the ventilation systems were iasp«rted 

The RSUlts of the air monitoring indicated that exposures to total particulate and sodium metasilicate were 
low during the sampling period. Because all samples were either below the limit of detection (LOO), or 
between the LOO and the limit of quantification (LOQ), further analysis to quantify sodium metasilicate was 
not conducted. Bodi TPGME and DPGBE were detected in the air samples. Exposure criteria has not '-ti 
established for sodium metasilicate, 1PGME, or DPGBE. The qualitative air sampling identified a wide 
variety of compounds present in workplace air and indicated that air from the production areas is not 
migratingintotheadministrativeoffices. ThepHofthecleaningtanksandwasherscontainingtheindustrial 
cleaner ranged from 9 to 11, indicating the liquid was basic. 

When the c1eaner was initially used, a concentntion higher than recommended by the manufacturer was 
inadvertently prepared. Additiooally, some employees bad not '-ti informed about the new cleaner and 
were unaware of the hazards and nee: ry precantioos. It is likely the problems that occw1ed when the 
material was first introduced were from the bigherconcentndioos that were used and the lactofinformation 
employees bad iegarding this material. 

Worker adherence to the use of proper gloves md eye protection when working with the new cleaner was 
not consistent. Because the cleaner is a water-based alkaline material, eye or skin damage could occur if 
appropriate precautions are not taken to prevent contact. The ventilation system suppo.1ing the wheel md 
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-

brake area was not providing sufficient make-up air, and some return air intakes were located near sources 
of contaminants. 

MeasW'tld exposures to total particulate (and sodium metasilicate) were low during the NIOSH 
survey and it appears exposure to aerosols from the industrial cleaner are well controlled. Concerns 
noted by workers wben the cleaner was initially used in the workplace are likely from the higher 
concentrations inadvertently used and the lack of effective worker communication. F.mployees were 
not consistently following good personal protective equipment practices wben using the industrial 
cleaner. The industrial cleaner is alkaline and precautions are necessary to prevent skin and eye 
contact. The general ventilation system was not functioning effectively; there was inadequate 
makeup air. Recommendations to implement a protective equipment program, improve hll7.ard 
communications, and modify the ventilation system are in the Recommendations section of this 
report. 

Keywords: SIC 3721 (Aircraft and Parts). Sodium Metasilicate, Glycol Ethers, Aircraft Wheel and Brake 
Maintenance, Ventilation, Caustic Parts Cleaner. 
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In response to a management request for a health 
ha7Mdevaluation (HHE), the national Institute for 
Occupational Safety and Health (NIOSH) 
investigators conducted a site visit on February S-
6, 200 I, at the US Airways Aircraft Support 
Center in Charlotte, North Carolina. NIOSH was 
asked to determine if a process change involving 
a new industrial cleaner (Cee Bee Super Bee 
300lf) presented a health ha7Md to workers. 

During the site visit, NIOSH researchers 
conducted enviroomental monitoring to evaluate 
worlcer exposure to the components of the 
industrial cleaner. Bulk samples were obtained, 
and qualitative air monitoring was conducted to 
identify other volatile compounds that may be 
present. Worlc practices were reviewed, and the 
ventilation system supporting the areas evaluated 
was inspected. Informal discussions were held 
with USAirways' employees regarding their worlc 
activities and safety and health concerns. 

The Charlotte US Airways plant was established at 
this location in 1998 to service the USAirways 
fleet. Mostoftheemployeeswererelocatedtothe 
facility from the Greensboro, North Carolina, and 
Winston-Salem plants. The facility is comprised 
of several shops: wheel and brake, power plant, 
composite, painting, lavatory, machine, welding, 
and sheet metal. The facility contains a shipping 
and receiving department, IIOIHlesttuctive testing 
shop. test and clean area, break room. and 
administrative offices. Aircraft parts are serviced 
and repaired and then tested to meet Federal 
Aviation Administration (FAA) standards. 
Approximately220techniciansandofficesupport 
staff are currently employed at this facility. The 
plant operates around the clock with three shifts 
(7:00 a.m.-3:00 p.m., 3:00 p.m.-11:00 p.m., 
11:00 p.m.-7:00 a.m.) and is closed on Saturday 
and Sunday. Oay-shiftemployeesreceivetwo 12-
minute breaks at 9:00 a.m. and I :00 p.m~ and a 
30-minute lunch break at 11 :00 a.m. The 
International Association of Machinists and 
Aerospace Workers (IAMA W) union. District 
Lodge 141-M, represents mechanical employees. 

When the plant was newly constructed and began 
operations in January 1999, the exhaust 
ventilation system from the wheel and brake 
cleaning system was not ventilated properly and 
workers reported experiencing problems such as 
nose bleeds, difficulty breathing, chest pain. and 
burning eyes. Management took action 
( adjustments to ventilation system such as raising 
stacks, adding a mist eliminator, and substituting 
a different cleaning agent). This appeared to 
resolve the situation, and symptoms were 
alleviated for most employees. Some employees. 
bowever,continuedtoexperiencebealthproblems 
and utilized respiratory protection (powered air 
purifying respirators) while working in the 
facility. In January 2000, NIOSH conducted an 
IIllE at the USAirways facility and evaluated 
exposure to respirable and inhalable particulates 
and metals in the composite and brake shops.' 

Following the initial NIOSH HHE, in the full of 
2000, USAirways replaced the main cleaning 
detergent used for brakes and tires with a material 

that performed better and was economically 
more desirable. The primary active ingredient in 
this material is sodium metasilicate, a common 
industrial metal cleaner. When the product was 
first introduced, however, employee health 
complaints regarding the material occurred, and 
its use was discontinued until it could be further 
evaluated. After a review and determination that 
an error in mixing bad occurred and a higher than 
recommended concentration was used, the cleaner 
was re-introduced and NIOSH was requested to 
evaluate exposures during the use of this material. 

Upon receipt of the IIllE request, additional 
information regarding the reported health 
problems and suspect environmental contaminants 
was obtained. Information was provided by 
USAirways management and union 
1ep1es..-ntatives regarding the industrial cleaner 
and a previous industrial hygiene survey to 
evaluate exposure during the use of the cleaner. 
Information such as chemical composition, and 
company evaluation criteria for the cleaner was 
obcained from the manufacturer. 
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During the first shift (7:00 un.-3:00 p.m.) on 
February S, 2001, personal breathing zone (PBZ) 
air samples for sodium metasilicate, and total 
particulate were collected from five employees as 
follows: two wheel pre-wash workers, and one 
worker each from wheel bearing, inspection, 
brakecleaning,brakelear-down, wheelleardown, 
and bearing washer areas. Additionally, PBZ 
samples were collected for selected glyl:ol ethers, 
a constituent in the industtial cleaner, from five of 
the eight employees (two wheel pre-wash workers 
and one from the wheel 1ear clown, brake 
1eardown, and brake cleaning worker). An:a air 
samples were collected to qualitatively identify 
major volatile compounds that may be presmL 
These samples were collected in the brake pre­
wash, tire pre-wash, and the wheel bearing room. 
A background, or control, area air sample was 
collected in the USAirways conference room. 
W"tth the exeeptioo of the qualitatiYe air sampling, 
additional air samples were collected on February 
6, 2001, following the same monitoring sbategy. 
Processes selected for monitoring were based on 
an assessment of the chemicals in use, employee 
work practices, and controls 11ti)j:,ro Activities of 
concern noted by the HUE requestors were also 
targeted for sampling. 

Additional activities included observing work 
practices, evaluating controls and the use of PPE, 
and reviewing the ventilation system supporting 
the wheel and brake areas. 

Analytical Methods 

Total Weight and Sodium 
Metasi/icate 

FulJ..sbift PBZ exposures to total particulate and 
sodium metasilicate were monitored usingSKC® 
Universal Samplers (PCXR4) sampling pmnps. 
Flow rates of approximately 2 liters per minute 
(1/m) were used to obtain the samples. The 
sampling pumps were pre- and post-calibrated 
with a primary standard (BIOS®) to verify flow 
rate. - The total volume of air sampled is the 
product of flow rate and time _sampled. The filters 
were placed as close as possible to the workers' 
breathing mne and connected via Tygon® tubing 
to the sampling pwnp. After collection, the 

samples were sent to the NIOSH laboratory for 
analysis. . 

The samples were collected on tared 37 millimeter 
(mm), S micrometer (pm) pore size, poly-vinyl 
chloride (PVC) filters in the closed-face mode, 
and analyzed gravimc1rically to determine the 
total particulate conceutration according to 
NIOSH method 0500.2 Because all of the total 
weights were either below the limit of detection 
(WO), or between the LOO and the limit of 
quantification (LOQ), no further analyses of the 
filters for sodium metasilicale was conducted. 

QualitatiVe Air Sampling 

Qualitative air monitoring was cond11cted to 
charactem.e volatile compounds that may be 
pr~smt in the wheel and tire depaibneuls. These 
area air samples were oblained utilizing reusable 
mulblied thermal desorption (ID) tubes as the 
collection media. These slainiess steel tubes 
contain three beds of sorbent materials - a fioot 
layer of Carbopack Y (90 millignuns [mg]), a 
middle layerofCarbopackB (I IS mg),andahack 
section of Carboxen 1003 (ISO mg). Prior to 
sampling the tubes were conditioned by heating at 
37S"C for two hours. This technique is designed 
to trap a wide nnge of organic compounds for 
subsequent qualitative analysis via thermal 
desorption and gas chromatography/mass 
spectrometry (GC/MS). 

Low-flow air sampling pwnps (SKC Pocket 
Pump'"') were used to collect the air samples. 
The SKC pumps are conslant-tlow sampling 
devices and were pre- and post-caltlxated using a 
primary standard (BIOS® Dry Cell) to verify the 
flow rate. Flow rates of SO cubic centimet,er per 
minute ( cc/min) were used for the area monitoring 
andthesampletimewasapproximatelytwohours. 

After collection, the samples were shipped via 
overnight delivery to the NIOSH laboratory for 
analysis. At the NIOSH laboratory, each sample 
was analy:,ro by directly inserting the tHbe into a 
thermal desorberunit(Perkin Elmer ATD 400 TD 
system) with no other sample preparation. 
Samples were dry purged with helium for 
30 minutes at 100 cc/min to remove water. A 
desorption time of IO minutes at 300°C was used 
and the thermal desorber was directly connected 
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to a HP6890A GC and HP5973 MS detector. 
Reconstructed total ion chromatograms were 
obtained for each sample, and all were scaled the 
same for comparison. Each peak in the 
chromatogram was identified. 

Selected Glycol Ethers 

Full-shift PBZ air samples for dipropylene glycol 
butyl ether (DPGBE) and tripropylene glycol 
hutylether(I'PGME)werecollectedfollowingthe 
protocol descnoed in NIOSH analytical method 
5523.2 The monitoring was conducted with 
calibrated Gilian GilAir® air sampling pumps at 
a flow rate of approximately 1 lhn. The samples 
were collected on OSHA Versatile Samplers 
(OVS-7) containing XAD-7 and a glass fiber 
filte_r. After collection, the samples were 
refrigerated and then shipped on ice via overnight 
delivery to the NIOSH laboratory for analysis. 
TPGMEandother glycol ethers were suspected to 
be present in the industrial cleaner based on 
information provided by USAirways. Bulk 
samples (collection and analysis is descnoed 
below) of both the neat and diluted cleaner were 
obtained and analyzed to determine the specific 
glycol ethers for analysis of the air samples. 

At the NIOSH laboratory, the sample sections 
were extracted separately with methanol and then 
analyzed via GC/MS for the respective glycol 
ethers. Because the sampling and analytical 
techniques used for these analyses have not been 
validated, all results are considered to be 
estimates. 

Bulk Samples 

Two bulk samples of the cleaning solution were 
obtained for analysis. One sample consisted of 
undiluted industrial cleaner obtained from the 
original container, the other sample was a 10: 1 
dilution of the cleaning material obtained from 
one of the cleaning tanks. The samples were 
collected in glass vials and shipped separately to 
the NIOSH -laboratory. The samples were 
analyzed by directly injecting 1 microliter (µI) of 
each solution into the GC/MS system to separate 
and identify major components. 

The pH of each cleaning tank was measured with 
pHydrion lnsta-Check paper (Micro Essential 
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Laboratory, Brooklyn, New York). The wet pH 
paper was compared to a color chart to determine 
the pH of the tested material. This type of test 
(litmus paper) only provides a rough indication of 
alkalinity or acidity. 

As a guide to the evaluation of the hazards posed 
by workplace exposures, NIOSH field staff 
employ environmental evaluation criteria for the 
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 1hat not all workers will be protected from 
adverse health effects even though their exposures 
are maintained below these levels. A small 
percentage may experience adverse health effects 
becauseofindividualsuscepb"bility,apre-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 
criterion. These combined effects are often not 
considered in the evaluation criteria. Also, some 
substances are absorbed by direct contact with the 
~ and mucous membranes, and thus potentially 
mcrease 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 
Recof!llllended Exposure Limits (RELs),3 (2) the 
American Conference of Governmental Industrial 
Hygienists' (ACGIH®) Threshold Limit Values 
(IL Vs®),' and (3) the U.S. Department of Labor 
Occupational Safety and Health Administrati~ 
(OSHA) Permissible Exposure Limits (PELs).' 
Employers are encouraged to follow the OSHA 
limits, the NIOSH RELs, the ACGIH 1LVs, or 
whichever are the more pmtective criterion. 

OSHA requires an employer to furnish employees 
a place of employment that is free from 
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recogni7.ed h87.ards that are causing or are likely 
to cause dealh or serious physical harm 
(Occupatiooal Safety and Health Act of 1970, 
Public Law 91-596, sec. S.(aXI)]. Thus, 
employers should understand that not all 
hazardous chemicals have specific OSHA 
exposure limits such as PELs and short-term 
expQSUre liniils (STELs). An employer is still 
requin:d by OSHA to protect their employees 
from ba7.ards, even in the absence of a specific 
OSHA PEL. 

A time-weighted average (1W A) exposure refers 
to the average airborne concentration of a 
substance during a normal 8- to I 0-hour wortday. 
Some substances have recommended STEL or 
ceiling values which are intended to supplement 
the 1W A where there are recogni7.ed toxic effects 
from higher exposures over the short-term. 

Specific evaluation criteria for ihe compounds 
monitored during this HHE are descnlled below: 

Total Particulate 

RegulatorySlandardsexist for many specific dusts 
(e.g., silica) and for a more general category 
termed "particulates not otherwise classified" 
(PNOC). Dusts considered to be physical irritants 
for which no substance-specific toxicological data 
are available are generally placed in this category 
by OSHA for enforcement purposes.' The 
specific composition of the particulate monitored 
at the USAirways facility was not characterized. 
and likely originated from a variety of sources in 
the work area. As such, this type of sample is 
typically classified as PNOC. 

The OSHA limit for respirable PNOC, sometimes 
refem:d to as "inert" or "nuisance" dust, is 
IS milligrams per cubic meter (mg/Dr). Note that 
the term inert is not appropriate, as all dusts will 
elicitsomecellularrespoose in the lung if inhaled 
in sufficient amounts. The respirable fraction is 
considered to be that portion of inhaled dust 
which penetrates to the non-ciliated portions of 
the lung.• In general, particles greater than 7-10 
micrometers in diameter (pmd) are all removed in 
the nasal passages and have little probability of 
penetrating to the lung. Particles smaller than this 
can reach the air-exchange regions (alveoli, 
respiratory bronchioles) of the lung, and are 

considered more ha7.ardous. The monitoring 
conductedatUSAirwaysmeasuredbolh~le 
and larger particles, and is often referred to as a 
"total dust" sample. The ACGm has established 
a 1LV of 10 m~3 as tola1 dust for PNOC as a 
full-shift 1W A. NIOSH has not established an 
REL for PNOC. 

Sodium Metasilicate 

Formulations containing sodium metasilicate, and 
a closely related compound, sodium silicate, are 
commonly used as industrial soaps and detergents 
for metals and other components. Sodium 
metasilicate is also used extensively as an anti­
corrosion agent in boiler water! Pure sodium 
metasilicate is pnvhiced as a solid in beads or 
crystals, but is generally used in solution as a 
cleaner. Sodium metasilicate is a water soluble 
altalioe material, and the pH of a I percent 
solution is about 13.7 Detergents that contain 
sodium metasilicate and other alkaline materials 
can be strongly irritating to the ~ skin, and 
respiratory tract; dermatitis has been repot led 
after extensive inuoetsion of unprotected hands in 
a detergent solution containing sodium 
metasilicate.7' Expos,m:s to sodium metasilicate 
dust may cause irritation of the respiratory tract 
and mucous membranes. Exposure to soluble 
silicate materials are not considered to be related 
to the development of silicosis (associated with 
crystalline silica) becausetheirsolubility~des 
for the ready elimination of the material. 

Sodium metasilicate is present in a conceo1ration 
ofl-3% solution in the induslrial cleaner used at 
USAirways.9 Exposme criteria for sodium 
metasilicate has not been established by NIOSH, 
OSHA, or the ACGill. According to the material 
safety data sheet (MSDS), the manufacturer has 
established an exposure limit of2 m,Jrr, possibly 
by analogy to sodium hydroxide.' A MSDS from 
another manufacturer lists an ACGffi 1L V of 10 
m,Jm'(forparticulatesnototherwisespecified)as 
the criteria to apply to sodium metasilicate. •• 

TPGMEIDPGBE 

The ethers of mono-, di-, and tri-propyleoe glywl, 
such as TPGMEand DPGBE, are used as solvents 
in a variety of applications including surface 
coating.., inks, lacquers, paints, oils, greases, and 

adz1

adz1

adz1



hydraulic brake fluids." Exposure to these 
compounds is generally via dermal contact and 
inhalation. Existing toxicological data for the 
propylene glycol based ethers indicates that they 
have a low order of toxicity. Many of the toxic 
properties of ethylene glycol-based ethers are not 
exhtl>ited by the propylene glycol-based ethers.'' 
TPGME (also known as Dowanol TPM®), is a 
mixture of isomers that forms a colorless liquid 
with a low vapor pressure. TPGME is not 
considen:d to be very irritating to the skin and 
may cause eye irritation. Excessive exposure may 
result in anesthetic or narcotic effects.1

~
12 

Excessive exposure to DPGBE would be 
considered to have similar effects. Eye irritation 
in animal studies has been demonstrated, and 
there is no evidence of skin sensitization." 
Occupational exposure criteria has not been 
established for TPGME or DPGBE. 

~:;;';;'.t:i:/tt:R·--·-E. 's'c''u··--~'~s··· :/)'{,., 
...;..:;"':".-~.c-----·-· :·,·· • - L.·1·, ;··---_,-""<-c ~·-···'>< 
·-_,,._., ~,~,--·-"'-~;.,c.__,.-;c~~-,,c:. --- .: ...... --~ .. _.,..-, ~-~c •-., ·..t:.· .~o-·..;. 

Workplace Observations 

The recently introduced parts cleaner is used in 
several areas in both the wheel and brake 
maintenance departments. Parts are soaked and 
manually scrubbed in heated tanks located in both 
areas. There are automated pre-wash systems 
located in both areas that cycle the brake or tire 
through a series of washes with the industrial 
cleaner and a water rinse. The wash tanks are 
heated to a temperature of approximately 110 °F 
and the automated brake wash and tire pre-wash 
reportedly use higher temperatures of up to 170 
°F. The cleaner is not directly used in inspection, 
wheel tear down, or wheel bearing. 

Mostoftheworkerconcerns were associated with 
the potential for inhalation exposure and problems 
that occmred when the replacement cleaner was 
first introduced in November 2000. No odor­
related issues or skin problems were reported to 
the NIOSH investigators. Some workers reported 
that they were not informed that a different 
industrialcleanerwasbeingimplemented,andhad 
not received any information regarding safe use 
and handling of the new cleaner. 

Worlcers in the wheel pre-wash department wore 
hearing protection and two worlcers in this area 
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worehood-stylepoweredair-purifyingrespirators. 
Respirators are not required by USAirways and 
the use of respirators is based on personal choice. 
Disposable latex gloves were worn by some of the 
workers, and disposable latex gloves were 
available in most work areas. Three types of 
chemical-n:sislant gloves were also available in 
the wheel and brake departments (neoprene, 
natural rubber latex, and a nitrite glove). Policies 
regarding which glove should be used for a 
particular task or chemical were not available. 

Although the industrial cleaner is not used in the 
wheel tear down department; some tires are 
reportedly delivered to this department with 
industrial cleaner residue still present in the tire 
well. There was also worker concern that 
emissions from the cleaner could enter into the 
bearing room through the conveyor passthrough 
forwbeel hubs entering the bearing room from the 
bearing washer area. The direction of airflow at 
this transition between the two rooms was 
evaluated using an Alnor Jr,® velometer. The 
velometer was positioned in the transition and the 
needle deflection showed that the bearing room 
was positive with respect to the bearing wash 
room, indicating that emissions from the bearing 
wash room were most likely not entering the 
bearing room through this route. 

Food and beverage consumption was observed in 
some work areas where chemicals were in use. 
Some of the wash tanks were not properly labeled 
with the name of the contents and appropriate 
hazard warnings; labels from a previous material 
(Mirachem) that was no longer in use were 
present on one tank. Eye protection was not 
routinely worn by all workers at the wash tanks. 
Eyewash and emergency safety showers were 
present in the work areas. 

All tanks were replenished with the industrial 
cleaner on January 29-30, 2001, at a IO: I dilution 
with water. At some tanks, the cleaner is hand 
pumped into the tanks and water is added to 
achieve the proper dilution. On other tanks a 
proportioning valve is used to obtain the proper 
dilution. According to USAirways 
representatives, the tanks are changed 
approximatelyevery6 weeks depending on the pH 
change ( drops to neutral). During periods of 
higherproduction(summer), they may be changed 
as often as every 3 weeks. It was not clear 
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whelher a de-foaming agent was used with the 
new cleaner. 1be pH of each tank was evaluated 
and found to be as follows: 

Ji~~~~§l±j 
Tok Locatioa pH 

Tue Pre-Wash Tank 105 

Shaker at TD"C Pre-Wash 11.0 

Tue Pre-Wash Machine 9.0 

Brake Clean Tank 11.0 
(Adjacent Safety Shower) 

Brake Clean Tank (Middle) 10.0 

Brake Clean Tank 10.0 
(Near Grinding Area) 

Brake Clean Washer 9.0 

Rust Remover (Turco 4 l&ll 13 

pH is a value on a scale of I to 14 that rq,remds 
the acidity or alkalinit,y of a solution. Pure water 
is the standard and repre s eots neutral, or a pH of 
7. Strong acids give solutions with a pH ofl to 3, 
strong bases give solutions with a pH of 12-13.13 

A pH of& is considered a weak base. Because the 
pH scale is logarithmic, the intervals IKneen 
values are exponential and 1ep;es..'llt greater 
diffemices in conceolration than the values 
themselves seem to indicate. As shown in the 
above table, the solutions were all basic, or 
alkaline. 1be Rust Remover tank (containing a 
different material (sodium hydroxide} than the 
industrial cleaner) was highly alkaline. 

Air Sampling 

1be temperature and percent relative humidity 
(% RH) lhroughout the work areas evaluated 
during the SIIIVe)'were from 66-72 °F and 23-33% 
RH. Management and employee 1ep.escntati\'CS 
indicated that production activity was less than 
normal during the sampling on Febrwuy S, 2001. 
Activity on Februa.y 6, 2001, was considered to 
be normal. 

Total Particulate 

1beresultsoftheairsamplingfortotaJpar1iculate 
are shown in Table I. As shown in the table, all 
measured concen1latioos - either below the 
WD, or IKneen the WD and LOQ. This 
indicates that exposure to par1iculate aerosols 
wen: low during the monitoring period. Beause 
the gravimetric results were low, no further 
analysis to quantify sodium metasilicate was 
conducted. 

TPGMEIDPGBE 

The results of the air samples collected for 
TPGME and DPGBE are depicted in Table 2. As 
shown in the table, low concentratioos of both 
glycol ethers - detected in all samples. The 
bulk samples collected during the NIOSH 
evaluation identified both 1PGME and DPGBE, 
and the source of these glycol ethers is likely the 
industrial cleaner. However, the MSDS for this 
product does not indicate that these materials are 
an ingn:dient and TPGME was fust identified by 
subsequent evaluation by USAirways. h may be 
that the CODCeDtration of these glycol ethers in the 
cleaner is less than one percent, which is below 
the OSHA n:quinment for .epo1ting non­
carcinogenic chemicals on a MSDS.' As 
mentioned, because the sampling and analytical 
method has not been fully validated, these results 
are considered to be estimates only. 

The backup sections of the sample media wen: 
analyzed separately and did not contain any 
detectable amowrt of either glycol ether. This 
indicates that sample loss clue to breakthrough, 
which is caused by saturation or overloading of 
the sample media, did not occur. A sample 
collected OD ,Febnwy 6, 2001, from the whee) 
pre-wash deputment had a much different 
chromatogram (chemical tir.ge.pcint) than the 
othersamplescollectedforglycolethers. Another 
glycol ether (butyl cellosolve) was found on both 
the front and backup sections of this sample, plus 
ethanolamine (a component of the water soluble 
me1a1 working fluid used in an adjacent area) and 
a series of aliphatic hyd.oc:mbons. This sample 
also contained the greaiest conceobatioos of 
DPGBE and TPGME in the sample set. h was 
observed during the monitoring period that the 
employeewearingthissampleworkedexteosively 
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at the cleaning tank. Most of the other samplers 
contained toluene, limonene, xylene, and aliphatic 
hydrocarbons as the major components on 1he 
OVStube. 

Qualitative Air Sampling 

Three thermal desorption tubes for qualitative 
volatile organic compound (VOC) analysis were 
collected in 1he brake tear down, tire pre-wash, 
and wheel bearing room. For comparison 
purposes, a control sample was collected in the 
main conference room of the administrative area. 
Copies of the reconstructed total ion 
chromatograms and a table identifying each 
numbered peak are shown in Appendix A. The 
chromatograms are scaled 1he same for 
comparison. Major compounds identified on 1he 
ID tubes included acetone, isopropanol. methyl 
ethyl ketone, bromopropane, C, allcanes, toluene, 
limonene, butyl acetate, ethyl acetate, hexane, 
methyl isobutyl ketone, xylene, DPGBE, and 
TPGME. Probable sources for many of these 
compounds are the various solvents, cleaning 
fluids, lubricants, adhesives, and paints used in 
these areas. A smaller number of compounds at 
relatively lower concentrations were detected in 
1he sample collected from 1he conference room. 

Tributyl phosphate was identified in the air 
sample collected from the brake pre-wash area. 
Tributyl phosphate is a component of Skydrol 
hydraulic fluid, which is bandied in this area. 14 

Bromopropane was identified in all three samples 
collected from the maintenance areas; the source 
of this chemical was not determined. Both 1-
bromopropane and 2-bromopropane are solvents 
that have recently been introduced as alternatives 
to o:zone-layer depleting chemicals. 15 The specific 
structure of the bromopropane found in the air 
samples was not determined. Exposure to 
2-bromopropane has been linked to both male and 
female reproductive and blood etrects.1

"
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Exposure limits have not been established for 
bromopropane. 

Major components detected in bulk sample # I 
( 10: I dilution of industrial cleaner from tank in 
the brake clean area) were DPGBE and TPGME. 
Major components detected in bulk sample #2 
(industrial cleaner -full strength fromdrum)were 
TPGME, butyl cellosolve, and limonene. 

Ventilation 

Dilution ventilation, in conjunction with local 
exhaust ventilation, is relied on to remove 
contaminants from 1he wheel and brake area. A 
review oflhe layout of air handler units (AHUs) 
on 1he roof found that 1he outside air intakes for 
the AHUs had been rerouted away from the 
exhaust stacks. Inspection of the AHUs 
supporting the wheel and brake areas indicated 
that there was no consistent source of outside 
makeup air provided to these areas. Some of the 
outside air(OA) dampers were closed (there were 
no minimum damper settings). and there was no 
OA being provided during 1he NIOSH site visit. 
The heating, ventilating, and air conditioning 
(HV AC) system is not single pass, and there is 
recirculation of return air from 1he wheel and 
brake areas. In 1he in-line tire washer room. there 
are OA louvers located along a perimeter wall. 
According to USAirways representatives, these 
louvers are controlled by temperature sensors. 
Considerable liquid was dripping from the exhaust 
vent on the "mart" machine in the wheel pre-wash 
area. The ductwork had a long horizontal run that 
has caused pooling of liquid in one end of 1he 
duct; liquid was observed dripping from this duct. 
Operational parameters and design criteria for the 
HV AC system were not available for review. 

Ventilation drawings provided for review showed 
heat vents (HV) and exhaust fans (EF). The brake 
area units, HV-1 and HV-2 are located at ground 
level. HV-1 serves the grinding room and HV-2 
serves the brake cleaning room. These units were 
not inspected, but may have the same OA supply 
issues as found in the wheel department. 

AHU-16 serves the wheel tear down area and this 
unit was not operational when inspected (no OA 
being provided). AHU-18 serves the wheel 
inspection area and 1he OA dampers were closed 
on this unit. 

HV-3 serves the wheel washer area and was not 
operational when inspected. HV-S serves the 
wheel bearing room and the wheel bearing 
washer. The return air intake is located directly 
above two dip tanks containing Turco SSSSB, and 
1he bearing washer machine. USAirways' 
representatives indicated that the return grill had 
been sealed at one time, however, 1he plant floor 
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was vistl>le through the return grill while 
mspecting the rooftop unit. The OA dampeas 
were shut on this unit. HV-6 serves the in-line 
washer room and the dampers were shut. HV-4 
serves the wheel pre-wash room. The OA 
dampers were open on this unit, but they had been 
disconnected from the economi7.er control. The 
return air grill is located above the wheel washer. 

There is local exbam;t ventilation on the 
automated cleaning systems in bolh the tire and 
brake areas. The open surface tanks containing 
the new industrial cleaner were not wntilated. 

This evaluation focused on assessing worker 
exposure to a sodiwn metasilicate-based cleaning 
agent in an ain:raft repair ~ maintenance 
facility. PBZairsamplingfound1hatallmeasun:d 
exposures to total particulate and sodiwn 
metasilicate in the brake and wheel department 
were low during the sampling survey. When the 
material was initially introduced, a nwnber of 
employt:e health concerns were raised to 
management and the union safety 1ept s entative. 
An initial industrial hygiene assessment was 
conducted by a consultant; however, concerns 
regarding the use of this cleaner remained. The 
new cleaner, a water-based alkaline solution with 
low volatility, was similar to the previous cleaner 
used. F.mployee concerns and health complaints 
regarding this cleaner likely originated from the 
initial use of the product when a more 
concentrated solution was inadvertently used. 
Additionally, it does not appear that all workers 
were adequately informed about the potential 
health effects and the necessa.y precautions when 
the cleaner was introduced. As such, there was 
uncertainty about the degree of risk associated 
with this material. 

Glycol ether compounds were identified in air 
samples collected from areas where the industrial 
cleaner is used. Analysis of bulk samples 
indicated that the industrial cleaner is the soun:e 
of these compounds. Although these glycol ethers 
are pr~s mt in the cleaner in low concentrations, it 
is likely that during the beating and agitation of 
the material, and use in open, unventilated tanks, 
the glycol ethers volatili7.e into workplace air. 
Because analytical methodology for these gl)'all 

ethers bas not been fully validated, the 
concentrations measured are considered to be 
estimates . Exposure criteria · bas not been 
established for these compounds. 

The qualitative air monitoring found a nwnber of 
volatile compounds in · samples collected in the 
brake and wheel shops; concenbations were not 
determined so comparison with applicable 
guidelines is not possible. However, beanse this 
analytical technique is sensitive and broad 
spectrum, it is not unusual to find a wide variety 
of volatile compounds in air samples collected in 
industrial environments. Soul\':es for the 
compounds identified include oils, gii:ases, 
cleaning solvents, paints, and adhesives. As noted 
in the results section, tributyl phosphate, a 
component of Skydrol hydraulic fluid, and 
b.umopropane, from an unidentified soun:e, were 
two compounds identified in the qualitative air 
samples. The qualitative air sampling indicates 
that air from the production and maintenance 
areas is not migiating into the office areas. 

Worker adherenc:e to the proper use of PPE such 
as gloves and eye protection was not consistent. 
Some workers were observed working at cleaning 
tanks with DO eye protection, and SCYei8I types of 
gloves were available for use. The industrial 
cleaner is caustic and there is considerable manual 
scrubbing of parts at the cleaning tanks. As such, 
there are opportunities for exposwe to splashes 
from these activities. Precautions such as eye 
protection, aprons.and chemical protective gloves 
are necess•,y when working with this material to 
pn:vent skin and eye contact. 

Considerableworkerconcemwasnotedregarding 
the bearing room, including exposure to chemicals 
from the cleaning areas, and a lack of ventilation. 
Only one employee works in this room. and the 
industrial cleaner is not used; grease is pecked 
into bearings in this room. Based on the results of 
en airflow assessment, it does not appear that 
emissions from the bearing washer are likely to 
enter into this room. 

Local exh•nst ventilation (LEV) is generally the 
prefem:d method of controlling exposwe to 
contaminants. A p.operly functioning general 
ventilation system also plays an impo. burt role by 
ensuring that sufficient conditioned outside air is 
provided, proper pressure differentials are 
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maintained in the work area, a source of makeup 
air is provided, and by removing/diluting 
contaminants not captured by the LEV systems. 
Both general and LEV systems are present in the 
brake and wheel areas. However, the general 
ventilatioo system in these areas was not optimal. 
Sufficient makeup air (OA) was not being 
provided, and some intake grilles for return air 
(which is n,cin:ulated) were adjacent areas where 
contaminants could be released. 

Measured exposures to total particulate (and 
sodium metasilicate) were low during the NIOSH 
survey. Although there are no exposure 
guidelines for sodium metasilicate, based on the 
total paJticulate results, exposure to aerosols from 
the industrial cleaner are well controlled. Two 
glycol ether compounds, present in the industrial 
cleaner, were measured in air samples collected in 
the workroom. It is likely that concerns noted by 
workers when the material was initially used in 
the workplace may have been from the higher 
concentrations inadvertently used and the lack of 
effective communication regarding the cleaner. 

The results of the qualitative air sampling 
indicated that the administrative area is 
adequately isolated from the production areas. As 
expected, a large number of compounds were 
identified in the qualitative samples. Two 
compounds, bromopropane and tributyl 
phosphate, were found and additional 
investigation may be warranted to conf"mn and 
quantify exposures to these materials. Employees 
were not consistently following good PPE 
practices when using the industrial cleaner. The 
industrial cleaner is alkaline and precautions are 
necessary to prevent skin and eye contact. 
ExposlJl'e control in the areas evaluated relied 
primarily on dilution ventilation with some local 
exhaust ventilation. The general ventilation 
system was not functioning effectively. There 
was inadequate make-up air provided, and in some 
areas return air intakes were positioned near 
sources of emissions. 

----Rspa,tNo.2001--0(13,f.28,f3 

1. Appropriate protective gloves and eyewear 
designed for splash protection (goggles and 
fac:eshield) should be mandatory when working at 
the cleaning tanks. As described and 
recommended in the previous NIOSH evaluation, 
a wmpiehelliive PPE program should be 
implemented. I 

2. The USAirway's ha7JU'd communication 
program should be reviewed and modified as 
necessary. Workers should be informed of the 
ha7JU'ds and necessary pn,cautions prior to the 
introduction of any new chemicals in the 
workplace. All cleaning tanks should be labeled 
with the name of the material in the tank and 
appropriate ha7JU'd warnings, including the 
required protective equipment. Labels of 
chemicals no longer in use should be removed. 

3. Liquid should be removed from the wheel 
wells of tires prior to transferring them to the next 
department. 

4. A comprehensive review of the ventilation 
system supporting the wheel and brake areas, and 
bearing room, should be conducted. A 
mechanical engineering finn with experience in 
industrial ventilation should be used for this 
review. Design criteria should include provisions 
for sufficient outside air (make-up air), and 
locating return air grilles away from sources of 
emissions. Consideration should be given to 
providing a single pass system to avoid 
recirculation of shop air. Modifications to 
improve the efficiency of the system should be 
implemented. 

S. Additional industrial hygiene investigation 
should be conducted regarding the tributyl 
phosphate and bromopropane that were found in 
the qualitative air samples. The concentrations 
present in the work areas and worker exposures 
should be characterized. and the source and 
structural formation of the bromopropane should 
be detennined. Based on this industrial hygiene 
investigation, actions to control emissions of these 
two materials may be necessary.· 
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Fellnary 5, 2001 

Utility- Wheel -Wash- Bearing Washer 7:22-10:46, 11:33-14:19(370) <0.25 

7:24-14:02(398) <0.22 

Wha:I Tear Down 7:30-14:40 (421) <021 

Brake Tear Down 7:33-14:36 (422) <0.22 

Brake Cleaning Sinks 7:35-14:37 (421) (0.09) 

Wheel Bearing Room 7:26-10:49, 11:26-14:39 (397) <024 

Bearing Washer 7:39-10:46, 11:36-14:05 (396) <023 

7:36-14:39 (423) <020 

Fellnary 6, :ZOO! 

6:57-10:47, 1143-1400 (366) (0.1) 

7:08-14:01 (413) <0.22 

Wheel Tear Down 7:10-14:33 (443) <021 

Brake Tear Down 7:20-8:29, 11:31-14:32 (250)* <034 

Brake Ck:aning Sinks 7:18-14:33 (43S) (0.32) 

Wheel Bearing Room 7:16-14:21 (425) <020 

Bearing Washer (-opaatiooa1 until 10 AM) 7:15-14:45 (4SO) <0.19 

7:37-7:SO, 8:47-11:15 (161)* <021 

Note: 
• Air sampling pmnp faulted and was restarted 
V aloes in parentheses indicate the concentration measun:d was between the analytical limit of detection 
and the limit of quantitation. 
mrfm' = milligrams of contaminant per cubic meter of air sampled 
** = NIOSH does not have an REL for tolal particulate not otherwise classified (PNOC). The 
OSHA permissible exposure limit and ACGIH threshold limit value for PNOC is 15 mrfrri' and 10 
mf/m',1espectively. 
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T .... T._(aia) 

l'ebrwuy 5, 2001 

Utility- Wbcd Pre-Wash and Bearing Washer 7:22-10:46. 11:33-14:19(370) 

Utility- Wbcd Pre-Wash 7:24-14:02 (398) 

, 7:30-14:40 (428) 

7:33-14:36 (422) 

Brake Cleaning Sinks 7:JS-14:37 (421) 

l'ebrwuy 6, 2001 

Utility- Wheel Pre-Wash and Bearing Washer 6:57-10:47, 1143-1400 (366) 

Utility- Wbcd Pre-Wash* 7:08-14:01 (413) 

7:10..14:33 (443) 

7:20- IO:S6, 11:31-14:32 (396) 

Concubalioa (acfa') 

DPGBE TPGME 

(0.06) 0.29 

(0.081) (0.16) 

(0.07) (0.17) 

(0.09) (0.13) 

0.24 (0.20) 

(0.058) (0.23) 

0.40 8.67 

(0.056) (0.14) 

(0.10) (0.22) 

BrakeCleanin2 Sinks 7:18-14:33143" (0.15) (0.19) 

DPGBE = dipropylene glycol butyl ether 
TPGME = tripropylene glycol methyl ether 
Values in parentheses indicate the concentration measured was between the analytical limit of detection and 
the limit of quantitation. 
my/m3 = milligrams of contaminant per cubic meter of air sampled 
Occupational Exposure Limits have not been eslablished for DPGBE or TPGME. 
The sampling and analytical techniques used for these analyses have not been validated and all results should 
be considered estimates. 
• This sample bad a much different chromatogram than the other samples;,butyl cellosolve on both the front 
and backup section. plus ethanolamine, and a series of aliphatic hy~s were detected. 
Most of the other samplers contained some amounts of toluene, limonene, xylene, and aliphatic 
hydrocarbons. 
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Brake Walling 

Cleaning Tok hi Tue Pre-Wash 

---Repo,tNo. 200HI034 2843 

adz1

adz1

adz1



Outside Air Intake - USAirways 
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SEQ 9614 
THERMAL DESORPTrOll TOBBS 

PEAJC :mmrrrPrCATrOll 

1) Air* /COz* 
2) Tetrafluoroetbane 
3) Propane*/propene 
4) Chlorodifluoroetbane 
SJ Methanol•/isobutane* 
6) Butane* 
7) Ethanol 
8) Acetonitrile• 
9) Acetone 

101 rsopropanol 
111 rsopentane* 
12) Pentane• 
13) carbon disulfide/trichloro-

trifluoroethane 
14) 3-Buten-2-one 
15) ~ alkanes (methylpentanesJ 
16) Methyl ethyl ketone (MEit) 
17) 2-Butanol 
18) Hexane 
19) Ethyl acetate 
20) Bxowop.copane 
21) Butanol/isopropyl acetate 
22) Benzene* 
23) C, a]kane/caxbon tetrachloride 
24) 1-Methoxy-2-p:ropanol 
25) c, alkanes 
26) Trichloroethylene 
27) Heptane 
28) Methylcyclobexane/methyl iso-

butyl ketone (MrBKJ 
29) C, alkanes 
30) Toluene* 
31) Hexanal* 
32) Butyl acetate 
33) Perchloroethylene/octane 
34) Hexamethylcyclotrisiloxane• 
35) 4-Vinylcyclohexene 

36) Propylene glycol methyl 
ether acetate 

37) Xylene/ethyl benzene isomers 
38) cyclohexaoone 
39) Methyl amyl ketone (MAit) 
40) Styrene 
41) C,-Cu aliphatic hydrocarbon.a 

and alkyl benzenes 
42) c,H12 alkyl benzenes 

(trimethyl-, methylethyl 
benzenes, etc. J 

43) Butyl cellosolve 
44) Nonane 
45) Benzaldehyde 
46) a-Pinene 
47) Butyl methacrylate? 
48) Bthylethoxy propionate? 
49) Octamethylcyclotetrasiloxane• 
SO) Decane 
51) Limonene 
52) C,-C10 aliphatic aldehydes* 
53) Undecane 
54) Dimethyl glutarate 
55) Decamethylcyclopentaailoxane* 
56) Dodecane 
57) Dimethyl adipate 
58) Benzothiazole 
59) Dipropylene glycol butyl ether 
60) Tripropylene glycol methyl ether 
61) Tridecane 
62) Siloxane compound• 
63) Tetradecane 
64) Diisopropyl adipate 
65) Dimethyl phthalate• 
66) Pentadecane 
67) Diethyl phthalate* 
68) Tributyl phosphate 
69) System contaminants 

* Also present on some field and/or media blanks 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Centera for 0111111 Control and Prevention 
N1tlon1l ln1tltut1 for Occupational Safety and Health 
4676 Columbia Parkway 
Cincinnati, OH 46226-1998 

OFFICIAL BUSINESS 
Penalty for private u11 $300 

Delivering on the Nation'• promlae: 
Safety and Health at work for all people 
through reaearch and prevention 

To receive NIOSH documents or Information 
about occupational Safety and Health topics 

contact NIOSH at: 

1-800-35-NIOSH (356-4675) 
Fax: 1-513-533-8573 

E-mail: pubstaft@cdc.gov 
or visit the NIOSH web site at: 

www.cdc.gov/nlosh/homepage. html 
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