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DISCLAIMER
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Abstract

The Industrywide Studies Branch of NIOSH is currently conducting a combined
case-control and industrial hygiene study of members of the Inte~ational

Brotherhood of Teamsters. The purposes of the study are: 1) to dete~ine

whether persons exposed to diesel aerosol as a part of their job continue to
have an elevated risk of contracting lung cancer after cont~olling for tobacco
smoking, and 2) to determine relative exposures to diesel aerosol among the
four major presumably exposed job groups (road drivers, local drivers, dock
workers, and mechanics) identifiable from Teamsters Union records. The second
objective ~~s accomplished by conducting a series of industrial hygiene
surveys at seven U.S. truck terminals. During each of these surveys, personEl
and area sampling were conducted to evaluate exposu~es to submicrometer
elemental carbon (used as the principal surrogate marker of exposure),
submicrometer organic carbon, and 3everal other particulate and gaseous
components of diesel exhaust, including gravimetrically determined respirable
dust, polynuclear aromatic hydrocarbons (PAHs) , nitro- substituted PAHs.
nitrogen dioxide. and nitric oxide.

Elemental carbon sampling results at the Carolina Freight Carriers terminal in
Carlisle. Pennsylvania. and York, Pennsylvania. during mild weather indicate
low-level exposures only slightly above ambient highway concentrations (3.8
ug/m3 ) in most jobs. Geometric mean er.posures to submicrometer elemental
carbon ranged from 5.5 ug/m3 in dock workers using gas-powered tow-motors to
8.9 ug/m3 in road drivers driving road tractors equipped with horizontal
exhaust systems. Other job exposure means were intermediate. However.
geometric mean exposures to elemental carbon in all jobs were significantly
elevated above the geometric mean ambient concentration (0.75 ug/m3 )
measured in a residential area in Harrisburg. Exposures to other components
measured (oxides of nitrogen, respirable particulate. PAHs and
nitro-substituted PAHs) were very low or not detected. and in the cases of NO,
N02' and respirable particulate, were far below OSHA PELs or NIOSH RELs for
these contaminants.
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INTRODUCTION

NIOSH researchers are conducting a study to characterize the current and
historical diesel exhaust exposures of trucking industry employees, with the
objective of ranking jobs by exposure within the industry. The rankings will
be used subsequently in a case-control mortality study to help interpret the
results of the study in terms of dose-response, and to correctly classify the
study participants by the level of their diesel exhaust exposure. The purpose
of the mortality study is to determine if workers in certain jobs in the
trucking industry have experienced an increased risk of developing lung cancer
compared to others, after controlling for smoking. The study includes men who
died in 1982-83, and applied for a Teamsters Union pension. Thus all persons
in the study are long term Teamsters Union members.

One of the difficulties in determining relative exposures to diesel exhaust is
deciding what substance or substances to measure. Whole diesel exhaust cannot
be measured directly since it is a complex mixture of chemical substances. In
addition, many other combustion or pyrolysis products, such as tobacco smoke,
industrial aerosols, and wood smoke, contain many of the ~ame components.
Several components or fractions of diesel exhaust for which measurement
methods have been established include respirable particulate, total airborne
particulate, and oxides of nitrogen, sulfur, and carbon (1). In this study,
measurement of the elemental carbon content of airborne submicrometer
particulate was used as the primary marker of exposure to diesel exhaust.

This report describes the results of two in-depth industrial hygiene surveys
conducted at Carolina Freight Carriers' terminals in Carlisle and York,
Pennsylvania during the period September 12-16. 1988. During the surveys, 6~

personal samples were obtained for evaluation of workers' exposures to
elemental and oq;anic carbon in airborne "submicrometer" aerosol (particles
generally smaller than one micrometer in aerodynamic diameter), and 28
personal samples each for evaluation of workers' exposures to nitrogen dioxide
and nitric oxide. Additional area samples were obtained for evaluation of
concentrations of airborne respirable dust, sixteen specific polynuclear
aromatic hydrocarbons (PARs), and two nitro-substituted PARs (l-nitropyrene
and 2- nitrofluorene). This report describes the terminal and its workforce,
the toxicity of diesel exhaust and applicable exposure criteria, the methods
used during the survey to evaluate diesel exhaust exposures. the results of
the sampling, and preliminary conclusions and recommendations.

TRUCK TERMINAL DESCRIPTIO~

Carolina Freight Corporation, the parent company of Carolina Freight Carriers,
is located in Cherryville, North Carolina. The company was founded in
Cherryville, North Carolina in 1932. Other trucking companies operated by
Carolina Freight Corporation include G.I. Trucking Company. Red Arrow Freight
Lines. and Cardina1 Freight Carriers. Inc.
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Two Carolina Frei&~t Carriers terminals were included in this survey. The
larger of the two, at Carlisle, is a break bulk terminal consisting of
line-haul (lon~ distance road transport), dock, and tractor/trailer repair
shop operations. The smaller te~inal, at York (about 35 miles south of
Harrisburg), includes only a small dock and a local area transport (city)
operation.

The Carlisle terminal is Carolina Freight's second largest break bulk
terminal, employing over 600 people. The site currently includes some of
Carolina Freight's district (regional) offices, ~nd the break-bulk (or hub)
terminal, which includes terminal offices and truck/driver dispatching area, g

159-door dock, a wash rack, and a large trar.tor/trailer maintenance facility.
The facility, opened in 1975, is situated ~n a 24 acre site in Carlisle (near
~arrisburg). Three dock additions have bF.er. constructed since 1975, the last
one in 1987. The terminal is currently in the process of expanding both the
dock and the maintenance facilities.

The York terminal is a small, local area-only terminal consisting of a small
dock of about 6500 square feet and 30 doors. The total employment is 29
including supervisory and clerical personnel. ~e terminal is located on a
site of approximately five acres inclUding the dock, lot, and offices.

Dock Operations

The Carlisle dock is typical of b~eak bulk truck docks. The floor of the dock
is a concrete slab elevated approximately 3 feet off th~ ground to allow easy
loading and off-loading of truck trailers parked at the doors. The total dock
floo~ space is approximately 72,000 square feet. The floor of the dock is
ess~ntially an open space, but ~ost floor space, except for the tow-motor
(forklift) driving lanes, is normally taken up with materials, hand carts and
other moving equipment, and other stock being transferred from one trailer to
another within the dock.

The dock building itself consists of an open-sided covered structure with 159
open doors along both sides and both ends. Approximately one half of the dock
extends outward from each end of the main terminal office building (located
approximately in the middle and on one side of the dock). Each door is sized
larger than the open end of most truck trailers, again to allew easy access to
the interior of the t~ailer. The doors do not have closures, but during
normal dock operations, trailers a~e parked at most of the door openings.

Ventilation conditions on the dock are essentially the same during both warm
or cool weather; i.e., dock doors remain open to the same degree during all
weather, and the dock is not neated. The dock currently operates twenty-four
hours per day on three shifts.

The terminal currently owns 19 tow-motor trucks. However, only six or seven
of these are operated on a given shift. All of the tow-motors are
gasoline-engine powered vehicles. Currently, almost all tow-motors owned
nationwide by this company are gasoline powered.
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The York dock is similar in structure, but is much smaller. Only two
tow-motors are operated on the dock, one gasoline and one propan~ powered
vehicle. The site consis~s of only one building. which includes the terminal
offices (at one end) and the dock. The cock is operated on three shifts, 24
hours per day.

Repair Shop Operations (Carlisle Terminal)

The shop area at Carlisle totals approximately 27,000 square f~et, and is in a
separate building from the main terminal. The maintenance faciliti~s at ~his

site consist of a tractor repair shop, a trailer repair shop, a tire shop, a
tow-motor repai~ shop, a body shop, a drive- through wash bay, and eight
service lanes (seven lanes were being used at the time of the survey). Each
of the service lanes is approximately 200 feet long and about 18-20 feet wide,
with large overhead bay doors at each end.

Minor and medium level repairs are done in the fou~ repair areas, while
routine safety checks and services are done in the se~~ice lanes. All
arriving trucks are routed throu&h the service lane. These trucks are driven
into the service/safety check bay, parked, and the engine turned off. If the
engine must remain running while in the service bay area. and/or bay doors are
closed, an overhead general exhaust system is turned on. The mechanics in
charge of these lanes run through a checklist of service/safety items (oil,
brakes, grease, tires, lights, wipers, etc.) to determine the operating
condition of the vehicle.

The repair shops do most tuneups, and mechanical, brake, tire, wheel. and
electrical repairs, but do not do major jobs such as major engine overhauls or
transmission overhauls. During the surv~y, the large bay doors on all service
bays were kept open at both ends due to the warm (greater than 65-70 degree
daytime highs) ambient temperatures. Other than the overhead exhaust systems
in the tractor shop and service lanes. which are run any time the doors are
closed or an engine analyzer is used, no ventilation systems were in place in
the shop area.

During the 1970's and earlier, mechanics used compressed air to blowout wheel
drums during brake repairs. According to company personnel. most mechanics
had heavy, almost daily exposure to brake dust (and consequently potential
exposure to any asbestos used in the linings). Since the late 1970·s.
however, all drum cleaning is done by washing with a petroleum distillate
solvent. The solvent is sprayed into the wheel drum using a small, portable,
compressed air spray gun, and the drum is then wet-wiped with rags.

Truck Fleet Description

At the Carlisle break bulk terminal, 165 road tractors are available in the
tractor pool. These include tractors manufactured by Ford (9~).

International (5~), and White (5~) companies. All of the road tractors are
conventional design (in which the engine is situated in front of the cab, also
referred to as "long-nose"), single axle tractors. which can haul up to 20.000
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lbs. weight. No cabove~ t~acto~s (whe~e the cab is situated directly over the
engine compartment) a~e owned by Carolina Freight Carriers.

All road t~actors used by Carolina Freight Car=iers are configured with
horizontal exhaust systems located on the unde~carria&e of the t=actor.
Almost all of the road tractors are currently powered by one of four Cummins
Co. diesel engines. including NTC290 BigCam III (855 in3), Fleet 270 (855
in3 ), LIO-270 and LI0-300 models (600 - 650 in3 ). The LI0 engines are
increasing in use because they are smaller (thus consuming less fuel) and have
the same horsepower as the larger engines. ~~rrently, approximately 25~ of
the road tractors are powered by LI0 engines.

At the York Terminal. a pool of 17 city tractors CGHC and Ford) a~e available,
all of which have been bought new since 1978. Six of these have vertical
stack exhaust systems. and the remaInIng 11 have horizontal exhaust systems
similar to the road tractors. These use the same Cummins Co. engines as do
the road tractors.

During the warmer months. the tractor fleet runs on Mobil No.2 diesel fuel.
In winter, a mixture of mobil diesel No. 1 and No. 2 grade fuel is used.
Since 1958, all of the road tractor cabs (but none of the city cabs) have been
either bought or retrofitted with air-conditioning units.

Nationwide. the Carolina Freight Carrier Corporation's road and city tractor
fleets were converted from gasoline engines to diesel engines in 1950.
Reliable non-asbestos composition brake linings became available in 1986. and
since that time, all tractor wheels have been relined with the non-asbestos
linings. None of the t~actors have been equipped with air deflectors.

WORKFORCE DESCRIPTION

At Carlisle. approximately 610 persons were. as of the date of the survey.
employed at the terminal. These included about 170 regular dockmen. 251 line
drivers, 13 dispatchers. and about 80 ··casuals" (temporary or part-time dock
employees). The terminal also employed 9 office clerks. 1 secretary. and 31
management personnel. The management personnel included one district manager.
one office manager, 4 operations managers, 16 supervisors, 2 management
trainees, 2 "O.S.& D." (Overage. Shortages. and Damages) personnel, 3 weight
inspection supervisors. 1 loss prevention supervisor. and 1 Division loss
control and safety manager. With the exception of the clerks and
secretaries. and one line driver, all were male. The repair shop employed 55
personnel: 44 mechanics, 5 shop supervisors, 1 parts manager. 2 parts helpers.
1 administrative secretary. 1 garage manager. and 1 area manage~.

The dock and repair shop operate on three eight-hour shifts. 24 hours per
day. Line drivers originating at the Carlisle terminal are ··on-call··. but
most start their shift in the late afternoon or early evening. The terminal
has no ·'sleeper" runs (in which the driver returns the next day), but is a
relay-line haul operation. ira which incoming freight from satellite terminals
in the district is consolidated and t~ansferred to anothe~ b~eak bulk terminal
o~ to its final destination terminal.
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At t~e York terminal. 23 of the 29 ecployees were combination city drivers and
dockmen (performing either job as needed). The workforce also included 1
manager. 2 supervisors. 1 mechanic. all of whom were male. and 2 clerical
personnel. both femole. The dock operates 24 hours per day on three shifts.
Almost all of the local area deliveries and pickups by city drivers are done
during daytime hours (B:OO a.m. to 4:00 p.m.).

MEDICAL. SAFETY. AND INDUSTRIAL HYGIENE PROGRAMS

~afety and Hygiene Programs

The company has no formal in-house industrial hygiene program. but Carolina
Freight has a well developed safety program. with a safety supervisor located
in Cherryville. N.C. as well as a loss control and safety man~ger located at
the Carlisle break bulk terminal. The program inclu~es extensive new-employee
and periodic training programs in safety and hazardous materials. and a
corporate quality imp~ovement incentive awards program. For terminal
personnel. pre-shift meetings are held regularly on every shift covering both
safety and hazardous materials handling. and road drivers participate in
quarterly safety and hazardous materials training seminars. A self-contained
training van (owned by Carolina Freight Carriers Corp.) and audio-visual
training aids (such as video tapes) are used extensively during these meetings.

Medical Programs

There is no on-site medical clinic or nurse's station. but supervisors on-site
have been trained in first aid. The company has no specific arrangement for
medical or emergency Crtre. but the city eme~encJ response system is
reportedly excellent.

Fer road drivers. the Department of Transportation requires a pre- em?loyment
physical and periodic physicals every two years. The physical is a limited
one and includes a medical history. vision tests, hearing and audiometry.
urine tests inclUding tests for drugs. specific gravity, albumin. and sugar.
Drug screening was begun about four years ago. The examination also includes
an EKG and a chest X-ray. Appendix A is a blank form used for the
examination. Similar pre-employment and periodic screening is also provided
to terminal personnel.

DIESEL AEROSOL TOXICOLOGY AND EXPOSURE CRITERIA

Toxic and Carcinogenic Effects

Three characteristics of diesel exhaust particles (DE?) a~e important in
considering the toxicity of diesel exhaust. First, the particles are small
and readily inhalable and therefore can reach the lower respiratory system.
where they are retained (2). Second. at least several thousand organic
compounds can be adsorbed on the surface of the carbon particle aggregates.
many of which are cytotoxic, carcinogenic or mutagenic (3). These adsorbed
compounds can include polynuclear aromatic hydrocarbons (PAHs). and
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nit~o-substituted PAHs such as 1- nit~opyrene and 2-nitrofluorene (4). Third,
diesel particles consist largely of carbonaceous material which is relatively
stable in biological media. Thus, inhaled diesel particles tend to be
retained for long periods in the lower respiratory tract and can accumulate,
favoring induction of chronic pulmonary effects such as ~espiratory impairment
and carcinogenesis (4).

Whole diesel exhaust also includes a number of toxic gases or vapors (i.e .•
various oxides of nitrogen and sulfur. aldehydes, etc.). which appear to play
a major role in effects such as acute respiratory irritation. However. it is
conceivable that these gases or the organic material adsorbed on deposited
particles may play an additive or synergistic role in reducing ciliary
clearance as well. perhaps through direct chemical cell toxicity (2).

In a major chronic inhalation study conducted by the Lovelace Institute, rats
exposed at a concent~ation of 350 ug/m3 DEP for 7 hr/day. 5 days/wk for up
to 2 years did not have clea~ance rates that were significancly different from
cont~ols (5). However, rats similarly exposed at a concentration of 7000
ug/m3 did show clear evidence of pulmonary accumulation of DEP after only 12
months. indicating impai~ed particle clearance. Rats exposed at
concentrations of 3500 ug/m3 did not demonstrate impaire~ clearance until
after 18 months of exposure. These data suggest that (at l~ast in rats)
impairment of pulmonary clearance is a function of both concentration and
duration of exposure. and that significant impairment of pulmonary clearance
and subsequent accumulation of DEP begins somewhe~e between a concentration of
350 and 7000 ug/m3 (0.35 and 7 mg/m3). However, substantial differences
in lung clearance rates between test animals and humans make these data
difficult to interpret in terms of human risk assessment (2).

NI0SH recently published a current intelligence bulletin (1) which concluded
that ..... whole diesel exhaust be regarded as a potential occupational
carcinogen in conformance with the OSHA Cancer Policy (29 CFR 1990)". This
conclusion was based on the results of re~ent animal and human epidemiology
studies. The studies in rats and mice confirmed the association between
induction of lung tumors and exposure to whole diesel exhaust, and especially
the particulate phase (5-9). Several recent human epidemiology studies also
consistently suggested an association between occupational exposure to whole
diesel exhaust and lung cancer (10-12).

The most recent and thorough epidemiological studies were done by Garshick et
al. (11,12) in rail~oad workers. In both of those case control studies,
significant excesses of lung cancer were identified in certain age groups of
exposed railroad ~orkers. after controlling for ~obacco smoking and asbestos
exposures. Classification of the workers into exposed and unexposed groups
was confirmed using adjusted respirable particulate (ARP) exposure
measurements in 39 representative jobs from four U.S. railroads over a 3-year
pe~iod. The measurements were adjusted by analyses for nicotine from
composited filters obtained from each job group (13). Geometric mean
exposures to ARP ranged from 17 ug/m3 for clerks to 134 ug/m3 for
locomotive shop workers. Differences in climate. facilities, equipment. and
work practices were found to affect exposures to diesel exhaust (14).
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Exposure Criteria

Permissible exposure limits (PELs) promulgated by the Occupational Safety and
Health Administration (OSHA) and the Mine Safety and Health Administration
(HSHA). and NIOSH recommended exposure limits (RELs). exist for a number of
gas/vapor species present in whole diesel exhaust (Table I, reproduced from
NIOSH·s Current Intelligence Bulletin No. 50 (1). There are essentially no
exposure limits (either promulgated as standards or recommended) directly
applicable to evaluation of diesel aerosel (particulate phase) exposures.
Both OSHA and KSHA have promulgated exposure limits for respirable nuisance
(inert or non-toxic) dust for general occupational (5 mg/m3 ) and coal-mine
environments (2 mg/m3 ). However. neither of these standards were intended
to apply to diesel exhaust particulate. These standards are roughly
comparable to the medium (3.5 mg/m3 ) and high (7 mg/m3 ) exposure
concentrations used in the animal studies reported by Hauderly et al. (5).
Thus, it is unlikely that these concentrations comprise reasonable exposure
limits for human exposure to diesel aerosol. There are also no existing
exposure limits for specific PAHs or N-substituted PAHs. Similarly. the OSHA
PEL for coal tar pitch volatiles (measured by solvent extraction of collected
particUlate) is not considered relevant to diesel emissions. NIOSH, in its
~~rrent Intelligence Bulletin No. 50, has indicated that "As prudent public
health policy. employers should reduce exposure (to whole diesel exhaust) to
the lowest feasible limits.··(1)

Measurements of the specific compounds mentioned above (and relating the
results to pUblished standards and recommendations) will not serve as adequate
surrogates for diesel exhaust, nor ~o they allow an accurate assessment to be
made of the effects of factors such as climate. facility design. work
practices. and tractor/tow-motor configuration. type. or age. The measurement
of submicrometer elemental carbon. which was used in this survey. appears to
be a more sensitive and specific surrogate for diesel exhaust than other
previously used surrogates. CUrrently there are no promulgated standards or
recommended limits for exposure to submicrometer elemental carbon in whole
diesel exhaust.

METHODS

Background

Characterizing worker exposures to diesel exhaust is difficult because of the
complex nature of diesel engine emissions. One of the chief difficulties is
determining which of the thousands of compounds best serves as an index of
diesel exhaust exposure and as an indicator for the expression of adverse
health effects. Since measuring each of the compounds in diesel exhaust is
obviously impossible. it is necessary to identify a component of whole exhaust
which is thought to be related to the health effect of interest. In this
study the health effect of interest is lung cancer.

One of the many problems associated with choosing an appropriate air sampling
method is the uncertainty about which specific agent or agents are responsible
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for the mutagenic and carcinogenic properties of diesel aerosol. It has been
established in previous research t~at whole diesel exhaust has low in-vitro
mutagenic potency and low in-vi~o carcinogenic potency in rats and mice (15).
At present. the role of ir.dividual diesel components in the etiology of human
lung cancer is unknown. However. it has been established that 90~ of the
mutagenic potency of diesel exhaust appears to be limited to the particulate
phas~. (16). In addition. although a few animal st~dies indicate that
filtered diesel exhaust (i.e. the gaseous phase) may also be carcinogenic,
lung tumor induction in animals has been primarily associated with exposure to
the particulate fraction (1). Therefore, it is reasonable to use an index
directly related to the particulate. and not gaseous phase. of diesel aerosol.

Several methods have previously been used to measure worker exposures to
diesel exhaust. Measurement of ARP (respirable particulate adjusted for the
contribution of tobacco smoke by quantitation of nicotine extracted from the
same filters) was used in a recently completed exposure study in railroad
workers (14). MSHA. the Bureau of Mines (BOM). and NrOSH have measured
exposures to diesel aerosol in dieselized coal mines by gravimetric
determination of submicrometer particulate. using a custom- designed
"dichotomous" sampling cassette (17).

The major problems associated with the use of these methods in the trucking
industry include: 1) the relative insensitivity of the gravimetric method (as
high as 200 ug/filter). and 2) lack of specificity. since tobacco smoke
produces an unknown and potentially large positive bias.

In this study. exposure to submicrometer elemental carbon (Ce) was chosen as
the principal marker of exposure to whole diesel exhaust because: 1) it has
100-fold greater sensitivity over the gravimetric method (the limit of
detection is on the order of 2 ug/filter); 2) diesel particulate is typically
60-8~ elemental carbon (thus the major component of diesel exhaust is
measured); and 3) tobacco smoke is almost entirely organic carbon. and should
not produce a significant positive bias.

Sampling Strategy

Approximately 10 personal samples for submicrometer Ce and organic carbon (Co)
were obtained on each of the two shifts sampled each day. Generally. 3 to 5
personal samples were obtained from both mechanics and road drivers during the
second shift. and an equivalent number of personal samples were obtained from
dock workers (both tow-motor drivers and non-driver dock workers). and local
drivers during the day shift. The sampling was conducted for three days (six
shifts) .

Passive monitors (Palmes tubes) were also placed on most (not all) of the
people from each of the four job groups on whom carbon samplers were placed.
Both H02 and total oxides of nitrogen samplers were placed (side-by-side) in
order to measure the workers' exposures to both nitrogen dioxide (N02) and
nitric oxide (NO).
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Additional area sampling was conducted during the survey to measure
concentratio~s of 1) respirable airborne particulate, 2) fourteen specific
PAHs (refer to Table II). I-nitropy~ene. and 2-nitrofluorene, and 3)
submicrometer elemental and organic carbon. Two samples of each of the three
types were obtained on each shift. one in each of the two areas sampled; i.e.,
on the dock and in city tracto~ cabs during the day shift, and in the repair
shop and road tractor cabs during the second shift. In the case of the
tractor cabs, the sampling pumps were placed on the floor of the cab driven by
the person (road or city driver) on whom personal samples were obtained for
submicrometer elemental carbon. The sampling cassettes were attached to an
appropriate location near the dashboard. In the case of the dock and repair
shop, the samplers were placed at one strategic location in each area.

Methods and Materials

Worker exposures to suomicrometer Ce and Co were determined by obtaining full
shift personal samples using a modified dichotomous sampling cassette
developed by NIOSH's Division of Respiratory Disease Studies (DRDS) (17), but
containing 37 mm Pallflex Corporation QAOT quartz fiber filters instead of 37
mm PVC filters. Battery-operated personal sampling pumps were used to draw
air through these cassettes at a flowrate of ~ Lpm. The modification to the
DROS design entailed resizing the inlet diameter to approximately 0.0520" in
order to preserve the impaction characteristics (>1 um aerodynamic diameter)
when operating the sampler at 4 Lpm instead of 2 Lpm.

The dichotomous cassette is essentially a single-stage personal cascade
impactor, designed to collect submicrometer particles, and to reject
supermicrometer (those larger than I um) particles. The dichotomous cassette
was used in order to exclude, to the extent possible, non- diesel particulate,
since almost all diesel particles (about 95~) are smaller than one micrometer
(18). All of these samples were obtained for a full shift, since the main
problem is sensitivity, not overloading. The limit of detection is about 2
ug/filter, which translates to a concentration of about 1 ug/m3 , assuming a
2 cubic meter air volume.

Subsequent to the survey, the sample filters were submitted to a laboratory
for thermal-optical quantitation of elemental and organic carbon (19-20).
In the thermal-optical analysis, a 1 x 1.5 cm rectangular portion of the
filter (i.e., a "punch") is removed and placed in a furnace. During each of
the two major phases of the analysis. the furnace temperature is increased
(stepped) several times to drive off the various carbon species in stages,
resulting in a carbon species profile, or thermogram. The method is capable
of accurate speciation of elemental and organic carbon fractions in deposits
on the filter.

Defining the nature of Ce is not a simple matter. Most researchers define it
entirely in terms of the method of analysis. However, elemental (as opposed
to "organic") carbon has certain fundamental properties which allow its
separation and quantitation. including:

- 9 -



- non-volatility in the absence of oxygen. even at high temperatures.
- in small particles, absorbs light of any wavelength.
- ~hemical inertness to most acids at room temperature.
- insolubility in all solvents, and
- electrical conductivity.

The thermal-optical determination makes good use of the first two of the above
properties. In the first major phase of the analysis. the temperature in the
furnace is stepped (250 to 680 degrees C.) in the absence of oxygen to ~rive

off the volatile (essentially organic) s~ecies of carbon compounds. During
this phase, the transmission of a helium-neon laser beam through the filter is
monitored to correct for inadvertent pyrolysis (charring) of organic carbon
species to elemental carbon. In the second major phase. the furnace
temperature is reduced slightly. and then i~ again stepped (525 to 750 degrees
C.), but in a ~ oxygen atmosphere. to oxidize elemental carbon to carbon
dioxide. Quantitation is accomplished during both phases by catalytic
reduction of carbon dioxide to methane. and detection using flame ionization.

Respirable dust samples were obtained using NIOSH method 0600 (Zl). This
method measures the mass concentration in air of any non-volatile respirable
dust, as specified by the American Conference of Governmental Hygienists
(22). The samples were collected using a preweighed 37 rom Killipore 5 um
pore-size polyvinyl chloride filter held in a polystyrene cassette. The
cassette was placed in a 10 mm nylon cyclone, which separates the particles
into re$pirable and non-respirable fractions. Air was drawn through the
cyclone/filter at a flowrate of 1.7 Lpm. The filter was post weighed. after
reconditioning in the laboratory. to determine the net weight of particulate
collected on the filter.

Nitrogen dioxide was determined by NIOSH method 6700 (21). and total oxides of
nitrogen by the method of Palmes et al. (23). Both methods employ a passive
diffusion monitor generally referred to as a "Palmes tube". In this
technique, the NOZ reacts with triethanolamine (TEA) coated onto three 40x40
per inch mesh stainless steel screens inserted at the closed end of a 2.8 in.
long acrylic tube. The N02 reacts with the TEA in a diazotization reaction.
quantitative:y converting the gas to nitrite. The total oxides of nitrogen
sampler is similar. but the NOx species are first oxidized to NOZ using a
chromic acid impregnated glass fiber disc. also inserted at the closed end of
the sampler.

In practice, two Palmes tubes were used side-by-side. only one containing the
chromic acid disc. The sampler without the chromic acid disc was used to
quantitate NOZ, and the other to quantitate NOx (essentially N02 + NO).
In use. the monitors were placed side-by-side in the worker's breathing zone,
and the bottom end of each monitor was uncapped. At the end of the worker's
shift, the bottom end of each tube was recapped. The trapped NOZ in all
cases was determined by colorimetric determination of nitrite. NO was
determined as the difference between the NOx and NOZ values. The
effective samplin~ range is between 0.13 and 8.5 ug NOZ per sample (21).
The estimated limit of quantitation (LOQ) for this set of samples was reported
to be on the order of 0.085 ug per sample.
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Area concentrations of polynuclear aromatic hydrocarbons (PAHs) and
nitro-substituted PAHs (N-PAHs) were determined using NIOSH method 5506 (21).
The sampling train consisted of a 37 rom Zeflourtm PTFE filter housed in a
polystyrene sampling cassette, followed in line by a glass tube containing
washed XAD-2 resin (Orbo-A3 tm tube). In this method, particulate-phase PAHs
are collected on the PTFE membrane filters, and volatile/semivolatile PAHs are
collected by the washed XAD-Z resin .

During sampling, air was drawn through the sampling train at a rate of 2 Lpm
for approximately eight to ten hours. Prior to sampling, the filter cassette
and Orbo-A3 tube assembly were wrapped with aluminum foil to prevent
ultraviolet (UV) degradation of collected PAHs. After sampling, the filter
was transferred to a glass scintillation vial, and both the vial and the
recapped Orbo-A3 tube were again wrapped in aluminum foil. Samples were kept
frozen until analysis by the laboratory. In the laboratory, both filters and
resin were desorbed with acetonitrile. Fourteen PAHs and two N-PAHs
(Z-nitrofluorene and 1-nitropyrene) were determined by high-performance liquid
chromatography and quantitated using fluorescence/UV detection.

RESULTS

Figures 1 and Z are bar charts of the geometric mean concentrations of
elemental and organic carbon, by job, including the results of the highway and
reside,tial area ~amples obtained for reference. Figures 3, 4, and 5 are
similar charts illustrating exposures to NOZ, NO, and respirable
particulate, respectively. Tables III and IV present statistical summaries,
by job categories, of those personal samples obtained to evaluate time
weighted average exposures to elemental and organic carbon, respectively.
Tables V and VI contain statistical summaries of NOZ and NO concentrations
by job or area. Table 7 is a statistical summary of respirable dust
concentrations in four areas. Tables 1- 5 in appendix C contain the
individual personal, eight-hour, time weighted average exposures to elemental
and organic carbon, N02, NO, and respirable dust samples. No tables of PAR
or nitro-PAH concentrations are included in this report because the results
were all below the limit of quantitation. In the following discussion, the
terms "average" and "mean" denote geometric means (not arithmetic), unless
indicated otherwise.

Submicrometer Elemental and Organic Carbon

As indicated in Figure 1 and Table III, the geometric mean submicrometer
elemental carbon exposures of personnel sampled at this facility ranged from a
low of 5.9 ug/m3 in dock workers (labelled "Dock" in Figure 1j to a high of
8.9 ug/m3 in road drivers (Road). The other job means were (from low to
high - refer to Figure 1): local drivers (Local: 7.1 ugim3), switchers
(S~t: 7.1 ug/m3 ), and mechanics (Mech: 7.8 ug/m3 ). Area concentrations
in four areas averaged 5.2 ug/m3 in road tractor cabs (Rcab), 6.3 ug/m3 on
the dock (Darea), 7.6 ug/m3 in local cabs (Lcab), and 7.7 ug/m3 in the
repair shop.
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By cont~ast, concent~ations measu~ed on a local f~eeway near Harrisbu~g

ave~aged 3.8 ug/m3 (range: 2.J to 5.2 ug/m3 in th~ee samples), and in a
~esidential area (at least one mile from the nearest highway or freeway)
averaged 0.75 ug/m3 (range: 0.46 to 1.7 ug/m3 in three samples).

Inspection of Figure 1 indicates that exposures to elemental carbon in all
jobs were gene~ally of the same order of magnitude as highway backg~ound

concent~ations. In fact, the 95~ upper confidence limit (UCL) of the highway
concent~ations (Table III) was highe~ than the 95~ lower confidence limit
(LCL) of any of the other job means. suggesting that none of the t~e job
means we~e significantly higher than local highway concentrations of
submicrometer elemental carbon. However, it may be that the ~ample sizes
within individual jobs (N ~anging from 3 to 12) were too small to detect a
t~e significant difference. Thus, final judgement on this conclusion (using
facto~ial analysis of variance) will be ~eserved until the data from all seven
surveys have been pooled and analyzed together.

However, three job means appea~ to be significantly g~eater than backg~ound

residential concentrations, as indicated by non-ove~lapping 95~ lowe~

confidence intervals. These jobs a~e local drivers, mechanics, and road
d~ive~s.

Table IV contains comparable summary statistics fo~ the same samples analyzed
for organic ca~bon. As indicated, geometric mean exposures to submicrometer
organic ca~bon ranged from a low of 41 ug/m3 in Local drivers to a high of
68 ug/m3 in dock workers. Other job means (Table IV and Figur~ 2) were
inte~ediate to these. Geometric mean a~ea concentrations of organic carbon
ranged f~om 28 ug/m3 in the repair shop to 31 ug/m3 in road tractor cabs.

Highway a~ea concentrations of submicrometer organic carbon averaged 20
ug/m3 , and residential area concentrations ave~aged 18 ug/mJ . The 95~ LCL
of personal samples from all five jobs was g~eate~ than the 95~ UCL for the
highway samples (27.5 ug/m3 ), suggesting that their exposure to
submic~ometer o~ganic ca~bon was significantly greater than backg~ound highway
concentrations of organic ca~bon. The most obvious explanation for this ~s

that non-diesel aerosol ~y have been contributing to the level of total
ca~bon exposure. This ~ay have included tobacco (cigarette, pipe. and cigar)
smoke as well as othe~ airborne aerosols such as indust~ial emissions.

Oxides of Nitrogen

Nitrogen dioxide (N02) exposure means obtained in personal samples from 5
jobs (Figure 3 and Table V) ranged from a low of 0.036 ppm in local drivers to
a high of 0.056 ppm in road d~ivers. Geometric mean exposures in dock workers
were 0.036 ppm. in mechanics 0.041 ppm, and in switche~ cperato~s, 0.044 ppm.
All of these were far below the OSHA PEL of 5 ppm (ceiling). the NIOSH REL of
1 ppm (15 minute ceiling). or the American Conference of Governmental
Indust~ial Hygienists' Threshold Limit Value (TLV) of 3 ppm (8-hour
time-weighted average) (22).

- 12 -



Similarly. nitric oxide (NO) exposure means from the same persons (Figure 4
and Table VI; N02 and NO samplp.s were obtained as duplicate samples on the
same workers) ranged from a low of 0.028 ppm in Mechanics to 0.278 ppm in dock
workers. These exposures are again far below applicable OSHA PELs or NIOSH
RELs (Table I).

In general. inspection of Figures 3 and 4 indicates that the same relative
levels of exposures between jobs i~ not apparent when comparing N02 and NO
exposure means. Dock workers had the second lowest N02 mean among the five
jobs. but by far the highest NO exposure mean. However. road drivers appeared
to consistently rank toward the high end of the range. However. conclusions
regarding relative ranking of jobs cannot be very firm. since all exposure
levels were very low. and were generally n~ar the limit of quantitation.

Polynuclear Aromatic Hydrocar~ons

Concentrations of fourteen PAHs. 1-nitropyrene. and 2-nitrofluorene were all
below the limits of quantitation for these compounds (Table II). Traces of
acenaphthene and phenanthrene were found on the backup sorbent tubes. but
detectable quantities of other PAHs and the two N-PAHs were not found.
Similarly. detectable amounts of the sixteen PAH compounds were not found on
the fiiters. All of these samples were taken side-by- side (as replicates)
with the respirable dust samples shown in Table VII. and Table 5 in Appendix B.

Respirable Dust

Figure 5 and Table VII summarize concentrations of respirable dust obtained in
specific areas of the repair shop. dock. and in local and road truck
tractors. Respir3ble dust concentrations in the repair shop averaged 35
ug/m3 • 42 ug/m3 on the dock. 46 ug/m3 in local tractor cabs. and 47
ug/m3 in road tractor cabs. In general. concentrations of respirable dust
were of the same order of magnitude in all areas sampled. approximately 40 ­
50 ug/m3 .

CONCLUSIONS

Based on the data obtained and subjective observations made during the survey.
the following conclusions have been made:

1. Based on measurements of personal. breathing zone concentrations of
elemental carbon at this terminal. it appears that no exposures to diesel
aerosol were elevated significantly above background highway
concentrations found in the Harrisburg area. However. this conclusion is
not a rigorous one. since the small sample sizes generated necessarily
wide confidence limits around the geometric means. Firmer conclusions
must await analysis of this data in conjunction with data collected during
the remainder of the surveys at other terminals. It appears that the low
exposures of dock workers (near highway background levels) were due to the
fact that only gasoline-powered tow-motors. and not diesel-powered
tow-motors. were operated on the dock.
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2. Geometric mean hi~hway concentrations of submicrometer elemental
carbon were, in this survey. approximately five times the geometric mean
residential concentrations (3.8 u~/m3 vs. 0.75 ug/m3). In addition,
road and local drivers' mean exposures were generally of the same order of
magnitude as ambient highway concentrations. Thus, a substantial portion
of truck drivers' exposures may have stemmed from ambient (hi~hway)

concentrations, rather than from the truck they were driving.

3. Geometric mean organic carbon concentrations were substantially higher
than elemental carbon concentrations in all jobs and areas sampled at this
terminal, indicatin~ the presence of some non-diesel aerosol, including
tobacco smoke, in the samples (most of the individual samples indicating
very high organic carbon concentrations were obtained on smokers). In
~eneral, the relative ranking of the five jobs evaluated, based on organic
car:on samplin~ results. did not completely correspond with the ranking
su~gested by the elemental carbon results. Again, however. the small
overall sample sizes would preclude firm conclusions until additional data
is collected and analyzed.

4. Geometric mean exposures to oxides of nitro~en (N02 and NO), and
respirable dust were very low, and were far below OSHA PELs and HIOSH RELs
for these airborne contaminants.

5. Additional data collected durin~ this survey regarding environmental
factors (e.g. ambient temperatures). tractor configurations. tractor age.
engine size and type. trailer wei~ht, miles driven per shift, pr~sen~e or
absence of air conditioning. and other factors will be consolidated with
similar data collecte~ at other terminals and used to help determine the
si~nificance of these factors in exposure to diesel exhaust. The data
reported here were collected in relatively mild conditions (approximately
70 de~rees F. daytime highs), and represent tractors with horizontal
(under- carriage) exhaust systems, and conventional (not cabover) tractor
designs.

RECOHKENDATIOHS

In general. exposures to submicrometer elemental carbon were relatively low
during the survey. The data indicate that overall exposures to whole diesel
exhaust in all jobs {during the warm weather prevalent at the time of the
survey) were only slightly above local ambient highway concentrations.
H~wever, in view of the potential carcinogenicity of whole diesel exhaust to
humans as documented by HIOSH in its 1988 Current Intelligence Bulletin, the
following recommendations are prudent.

Exposures to diesel exhaust should be reduced to the lowest feasible limits
using one or more of the following techniques: source controls, changes in
work practices. substitution. and engineering controls such as local and
general exha~st ventilation techniques. Source controls would include
careful. continued engine mainte~ance and tune-ups in tow-motors, tractors.
and switching vehicles, as well as use of direct exhaust controls such as
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ceramic filters. Chan~es in work practices could include planned rotation of
workers bet~en j~bs to minimize exposures (between work on the dock and
driving tractor cabs, for instance). Local exhaust techniques include use of
flexible duct vehicle exhaust removal systems in buildings or other enclosed
or semi- enclosed spaces such as the repair shop. General (dilution) exhaust
and tempered air makeup systems can be useful in controlling exposures in
enclosed spaces such as the repair shop, particularly in cold weather. or
where it is not possible to effectively control exposure using only local
exhaust systems. SUbstitution would include replacement of older or
malfunctioning equipment with newer. more efficient models. or substituting
gasoline or propane powered vehicles for diesel powered vehicles.
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Figure 1. Elemental Carbon Exposure
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Figure 2. Organic Carbon Exposures
Carolina Freight Carriers
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Figure 3. Nitrogen Dioxide Exposures
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Figure 4. Nitric Oxide Exposures
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Figure 5. Respirable Dust Exposures
Carolina Freight Carriers; by Area
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Table 1.--LI.lts for occupatlon.l e.posure to selected
components of the gaseous fraction of diesel e.h.ust: OSHA. "Sl~, HIOSH co-pared

HSUA PEL,,·
Underground Ketal and no~t.l

CllIIponen t OSHA PEL coal IIlnes .Ines NfOSH REL

C.rbon dlolClde 5.000 p~ (9,000 mg/m31. 5,000 p~ (9.000 mg/.3). 5,000 PpM (9,000 ~/.3). 10,000 Ppi 118,000 ~/.]),
(CO2) 8-hr TWA 8-hr rWA; 8-hr tWA: 6-hr TWA:

3010~0 PpM (54.000 ~/.3). 15,000 PpM (27,000 ~/.3), 30.000 Ppi (54.000 -S/.3) ,
STU STEL 10__ln Cliling

Carbon .onOlClde SO PpM (55 1IIg/.3 I. 50 PpM (55 Mg/.3,. 50 PPM (55 -S/.3) , 35 PPII (40 ~/.3),
(CO) 8-hr TWA 8-hr TWA; 8-hr TWA: 8-hr TWA:

400 PPM (440 mg/.3), 400 PPII (440 .q1.3 I , 200 Ppi (230 ~/.3).
STH 5TH ceiling

N (no .Inl~ tl.. )
.I:-

fOnNldehyde 1 ~JlII, I ~JlII (1.5 .g/.3), 2 P\j (3 1191.3" 0.016 PPII (0.020 ~/e3),
8- r TWA: 8- r TWA; eel InQ 8-hr TWA;
2 PfIII, 2 PfIII (3119/.3), STEL O. I Ppi (O.IZ 119/.3),
15-elnute STEL 1S-eln ceiling

Nitrogen dioxide 5 P", (9 I19/e3). 3 ~JlII 16 119/.31, 5 P\l (9 119,.3), I PPM (1.8 119,e3).
(HOZ) eel Ing 8- r TWA; cel In9 Is-.In ceiling

5 Ppi (10 Mg/.3) , STEL

Nitric aMide 125 Pflll (30 .q1.31. 25 PJIII (30119/.3). 25 Ppi (30119,.31, 25 ~pI (30119/.3).
(HO) 8-hr TWA 8-hr TWA 8-hr TWA: 10- r TWA

37.5 ~JIII (46 -S/.3) ,
5TH

Sulfur dlolClde '5 ~pn (13 mg/.31. 2 ~JIII (5 119/.3), 5 ~pn (13119/.3), 0.5 PPII (I.] 119/.3),
(S02) 8- r TWA 8- r TWA; 8- r TWA: lO-hr TWA

5 PpM (10 -S/.3) , STEL 20 rv- (52 -S/.3) ,
STE (5 .In)

"HSHA 11.lts are based on threshold II_It v.lues (TLVs.) of the Aeerlcan Conference of GovernMental Industrl.l
Hygl.nlsts (ACGIH). 1973 TlVs. are used for ..tal and nOnMetal elnes. Current TLVs. are used for underground
coal .1 nes. ,

tTI..-welghted aY~r.ge.
hhort-ltr. tlCposure Hell.



Table ll. Polycyclic Aromatic Hydrocarbons and
Nitro-substituted PAHs Determined in Four Areas

Carolina Freight Carriers; September 1988

LOD LOD LOQ LOQ
NUlL' (agltube) (agff'Jlter) (agltube) (nglf'llter)

_-\cenaphthene 100 lOO 300

Phenanthrene so so 200

_-\nthracene 30 30 100

FIuoranthrene 30 30

Pyrene 30 30 100 SO

Benz(a)anthracene 30 30

Chrysene 30 30

Benzo(b)t1uoranthene 30 30

Benzo(k)tluorantbene 30 30

Benzo(e )pyrene 30 30

Benzo(a)pyrene 30 30 100 100

Indeno(l,2,3-cd)pyrene 30 30

Dibem.(a,h)anthracene 30 30

Benzo(ghi)purylene 30 30

I-nitropyrene 100 100

2-nitrotluorene 600 200 2000

LOD :;;:: L;mit of Detection
LOQ = Limit of Qualltitauon

- 2S -



Table m. Elemental Carbon Summary Statistics

By Job or Specific Location
Carolina Freight Company

u m3

9S~

Arithmetic Geollleuic CoDf'lCIetace l..imit
Job or Area N Mia Max Me~ S.E_ Me~ Sld. DeY. Lowet' UppeI'

Re,iGellt 3 0.46 1.67 0.90 0.39 . 0.75 2.00 0.13 4.23
Ewy. 3 2.25 5.21 4.06 0.92 3.81 1.58 1.22 11.93
Road Cab 3 0.49 20.45 11.65 5.88 5.19 7.33 0.03 861.18
Dock 9 2.94 9.17 5.93 0.79\ 5.46 1.56 3.87 7.70

Dock Area 3 2.72 19.83 9.0'3 5.40 I 6.33 2.79 0.4'3 01.03
~ccal "7 2.53 13.19 7.91 1.35 7.08 I 1.73 4.26 11.76
Switch 3 4.96 S.81 7.37 1.21 1.14 1.37 3.26 15.66
Local Cab 2. 4.63 12.46 8.54 3.92 7.59 2.02 0.01 4125.52

Sho~ Area 3 0.70 10.19 7.88 1.15 7.73 1.27 4.27 14.01

~~echal:1ic 12 1.96 14.42 5.05 1.01 7.78 1.72 5.51 10.97
Road 11 0+.09 14.12 9.45 1.00 \ 8.85 I 1.49 6.77 11.51

- 26 -



Table IV. Organic Carbon Summary Statistics
By Job or Specific Locatioo

Carolina Freight Company
(ug/m3)

95"
AritIlmetic Geometric Ccmfideace Limit

Job or Areol N Mis Mu: MHA S.E. MeH Std. DeY. LolR't' Upp«

Res:dent 3 16.2 21.1 18.1 1.5 18.0 1.15 12.6 25.6
Hwy. 3 17.5 22.5 20.2 1.5 20.1 1.14 14.6 27.5
Shop Area 3 21.8 .11.4 29.3 6.1 28.1 1.41 12.1 65.6
Local Cab 2 19.5 41.7 30.6 11.1 28.5 1.71 0.2 3620
Dock Area 3 27.9 29.5 28.6 0.5 28.6 1.03 26.5 30.8
Road Cab 3 18.2 41.5 33.3 7.6 31.2 :..60 9.7 100
L~cal 7 26.6 68.3 ol.3.4 S.7 41.3 1.40 30.3 56.3
:;;oad 11 21.8 103.2 53.8 7.8 43.9 1.58 35.9 66.4
MeChanic 12 32.5 133.3 68.5 12.1 60.5 1.63 0+4.4- 82.~

Switch 3 .12.4 77.0 63.3 10.6 61.3 1.38 27.5 131
:;lock 9 37.4 137.9 74.0 11.2 67.7 1.56 48.0 95.5

- 27 -



Table v. Nitrogen Dioxide Summary Statistics
By Job or Specific Location
Carolina Freight Carriers

(ppm)

95"
Arithmetic Geometric CoDf"sdetlce Umit

JoborArN N Mia Mu: Ueu S.E.. Mea. Std. Dey. Lowei' Uppet'

Local 4 0.02 0.06 0.04 0.01 0.04 1-113 0.01 0.09
Dock 7 0.02 0.07 0.04 0.01 I 0.04 1.92 0.02 0.07

Mechaoic 6 0.02 0.09 0.05 0.01 0.04- 1.92 0.02 0.08
Switch 3 0.02 0.08 O.OS

0.
02

1
0.04- 2.21 0.01 0.32

Road S 0.02 0.12 0.06 0.06 i 1.77 0.03 0.090.01

- 28 -



Table VI. Nitric Oxide Summary Statistics
By Job or Specific Location

Carolina Freight Carriers

(ppm)

95"
Arithmetic Geomeuic Ccm£ideBce Limit

Job ot'ArN N MiA Mu: Meu S.E. Meu Std. Dn. Lower Upper

Mecb&Doic 6 0.01 0.09 0.04 0.01 0.03 2.21 0.01 0.06

Local 4 0.02 0.13 0.07 0.02 0.06 2.08 0.02 0.20
Switch 3 0.03 0.13 0.09 0.03 0.07 Z.44 0.01 0.69
:i!oad 7 0.05 0.16 0.12 0.01 0.11 1.47 0.08 0.16
i)ock 7 0.12 0.54 0.30 0.05 0.28 1.62 0.18 0.43

- 29 -



Table VII. Respirable Particulate Summary Statistics
By Job 01' Location

Carolina Freight Carriers
September 1988; (uglm3)

9S~

AritluBetic Geometric CodideBce Limit
Arei. N Mi!l Max Meu S_E_ Meu Sld_ OeT_ Lower Upp«

Shop 3 12 72 44

"OJ
2.56 3.4 360

Dock 3 26 55 44 9 42 1.51 15 120
Loca.l Ca.b 2 32 67 49 18 46 1.69 0.4 5130
Road Cat! 2 37 61 49 12 47 1.44 l.8 1220

- 30 -



Appendix A
Medical Exam Form

Carolina Freight Carriers
Harrisburg, PA

- 31 -



PHYSICAL EXAMINATION
FORM L£ '47 IfORllERL'l' NOS. 421& 451)
9:17.

Name Job ADPI iecl FII'

• Aclaress Joo ~iClI Requl-.ts

Social SecP'.ty Na. Dal. of B,rtII ISo
8 Ne_ Cer1lfi~atiCln =--.-1 Ptlys'CiM

Rec:ertifiU!'Cln

Yo Yo I' All\' AIISIrU IS 'IU•
HAYE YOU EYEIt: • _DICAL HISTOIIY QUESTIOII.AIITE • UPLA.N~... ••

..., rel'uMd eIIICIlO)'II*It IbcI 11I'/ C1CNr ___ RKeiftCI • pension IClr
Been _iau.l, injlftd forllUlmrusons disardilr diutlility

Been fll'Ced 111 &_ up a joll Rec:eNed~'.

Been Ocw-.cs on ~DfMalm_ ColIIclenution Been refuMCI Lif• .-ance

Been ""iMd to lIrtw 11'I Had ~i'" corIi...... Been r.jec-.l for millt.y
ol*8tlon II, illness 0' injury MrYice tor lIIa/tll ..- Been ... ill II, ,ow wwtl

Been a palent in • uniwi_ Been diSCllP,.cI rro. IIIl1it.y Been rwtuMd • __'.
or iMtlbltion Had PsydltMrlc dlsardet service tor Mallll ru_ Iicenu tor llullll rea.-
EXPLANATION OF '·YE.$"'~ A20YE:

HAVE YOU EVEIt: Had ..1_. fits, comul.iOllll 00 JOU r..s 11"_ tor
InjlnG ,ow llKk , Had • Iwlmla or rICltU"e or f.lntl.. distance

DoJOU __ '
WomallKktlrace e.n truted wllII Xo4'~ Had IIalI 0' SCllrral Inj...l_ "'.. ald

WorIIId w/tll ftadl..ctift DoJOU~.~.
r.ct rr- 11I_.dl_, or

Worn a Ir.natt tire. _1.1 Inlln
Had _ troII:I..

00 ~;,~ ...sIcIM00 JOU __ • truss WarMd Ie II dusty hde Do JOU MeCI IIUaU 111 IUd ,.....I.ty

EXPLANATION OF "YES" AICS1rEftS ABOVE:

KAV!! YOU EVEI IIAJ):
AntI'itil EIIIlIh'.-.: LJIn& dl_ HIIft Blood P'rnan -- .........
Cancer ~~ I(""O~ T~

~.. rro..., __
DI*tn H.-t nd»1e 1IuKuI.01_ DI....

EXPLANATION OF '"YES" ANSWEJtS ABOVE:

KAYE lOC EYER HAD:
Asthrrla Hay'- It....lc,.,. lA"lnation Dlfl'1cultIeI

AII.,i.., II' lQCti_
to ClnCI .......~) Slob.. " .... V.IcoM"..

Blood in Urine Jauncllce Sldn !taMs 0'~ V...IDI_

GutroIIUltIIlII • --.cII
CqI\ (frllQuent or dWonic) Joint P.lns ulcer • rwrYOUI~ CanI__I. dl_

Faintmc speil. or dizziness ....I:rs l• S..IIIq" ........ AIcoIIoII..

EXPLANATION OF "YES'· ANSWERS ABOYE:

I_U.IZATlOIIS: Date " Last Shot .... ...,SIIla
Tetanus (Lock J-l ....110

DaI8" ........
FOR FEMALES: Do JOU IIawtI ..., f_.. or~I praIl'-

THE AaovE STATEllEIfrS AIlE TltUE TO T1IE BUT 01" In' IUItWUD8L I....."...TllAT AllY IBITAftIRIIT. FIIl:f • aa-s FOIl
IELEASE

<::'I"M~e or AppliCMlt Dm



MEISIIT IRIQIIT BODT 1"1t~ i CiiEMER"L APPLtoR"':E

0 SlencMr [J lilledl_ 0 Urle I 0 Good 0 Fair 0 PIlar

V'S!OII WITHOUT GLASSES __ WlTHGLASSES CGlor V,Slan NEAR'_ It--L--I

F. i Foil Per'Of!eral VisIon iJl~

Me. He. Deot/l Perceg:ian In/'#)'

EYIDE.a 0 .. :t1SUU 011 IIIJUat' TO EYES:
Ri!N- un-
EVIIE.CE 0 .. DISEASE CIt aJ_T TO EAaS:
Ri!N- ull-
AUDI~ICTEST
DecIbel Loss.: SDO HZ- 100'1 iZ- 2000 HZ-

THOItU

I Hean-

i IF ORGANIC DISEASE IS PRESENT. IS IT FULLY COMPENSATED?
I
i
I

ANY HISTORY OF IIYOCARDIAL INFIt.'CTIOH. AH(!!HA CORONARY. ;NSUFFICIENCY OR CONGESTIVE. HEART FAILURE' YES 0 NODi

, BLOOO PRESSURE i
Pulse bele.. ExercIse I Pulse 2 mln_ ;lIter ExercIse I t....\cs

! SYStallc - Oiastalic -
~

ItE F'UXES: R!ICmllefI I PLCl,lIary ILllht I Accamadat'Qn
R- L- i R'IIIt- L.ett-

Il..EE JEItJl.S:
RIGHT: Nanna I Incrused AMent LEFT: NOfmal Increased Absent

REMAItKS:
I

C HECIl (....) IF' 1t0'UIA&.. IlAJtIt (0) IF' DEVLUIC* FItOil MOItIlAL A.D GIYE DETAIU BELOW.

SKIN - SCARS 0 GLAN~S 0 LUNGS BEXTREMITIES 0 SPI.E: SPECIAL EXAMS:

HEAD - NECK Ei THYROID 0 HEART NEUROLOGICAL 0 MOTION 0 FUNDI 0 PELVIC 0
NOSE - SINUs.e:S 0 EYES B VESSELS 0 HERNIA B PALPATIONS 0

INTRACULAR

TEETH - GUMS Ei EARS ABOONEN EJ VARICOSITIl::S TENSION 0 BREAST.$ 0
MOUTH-THROAT0 CHEST 0 JOINTS LJ

GENITO- URINARY U ~ 0 0GASTROINTESTINAL 0 DEFORMITIES RECTAL OTHER

DETAIU OF' ,..MOItIlAL F'IMDIIIGS AIIOYE:

I

! PSYCHOLOGICAL STATUS:

LAIlO~ATOItY FIMDIIIGS:
URINALYSIS: Albumllt- H.B. - SUI_ Seralao (II indlcated)-

ItADIOLOGICAL DATA: I ELECTItOCAItDIOGItA ....

SPECIAL PROCEDURES:
CheSt X·R~ Bxle X.R~- Otller X.R3Y - cae -
ItEIlAItIlS:

"'0 SAMPLE HAS 0 HAS NOT 0 BEEN FORWARDED TO A LABORATORY FOR $MAC PROFILE.



MEDICAL EXAMINER'S CERTIFICATE (FOR NOM-DRIVER APPLICANTS)

NAME (P.... Pnntl
THIS. IS TO cvrnFY TNAT I MAY!: nilS OAT EXAMI.~D -

Aim WI11I It.OWLEDCIt 01" HIS DUTIES TO R PERI"ORRD, I PlIlO HIII/HEIt 0 QUAUFlI:D 0 U!lQUAUI"IU POR UI"LO'l"IIEJIT.

EXPLANATION OF DISQUALIFICATION

SIGNA1URE OF EXAMINING DOCTOR ISIGNATURE OF APPUCANT \ DAT~ OF VlAIIINATIOI"

I

MEDICAL EXAhUNER'S CERTIFICATE (FOR DRIVER APPLICANTS)

NAME: ( ...... Print)
!THIS IS TO CltllTlFY THAT I HAVIt THIS DAY EXAlilIiED -

"ND THAT I I"IIiD Hili/HER 0 QUAUl"lltD 0 UNQUAUI"IED 1"011 UP'_OTII£JIT III ACCOItDAIICE WITH TIlE .aTOll CAIt';i!lt IAl"fTT

IUGULATIOIIS (4' cn SnAl- "1"') AIID WITH THIt J(IIOWLU.1t 01" HI$ DUTIES TO BE Jl£RI"ORIIED.

o QUAUFIED ONLY WHEN WEARING CORRECTIVE LENSES. o QUAUFIED ONLY WHEN WEARING A HEARING AID.

EXPLANATION OF DISQUAUFICATION

.-
A COII~L£TED EXAMINATION 1"01t1i I"DIt THIS ~EItSON IS 011 FILE IN lIT O"lfICE AT:

NAME OF DOCTOR (Print) IADDRESS

SIGNATURE OF EXAMINING DOCTOR IDA TE OF EXAlllNATION

SIGNATURE OF DRIVER I ADDRESS OF DRIVER

THE P'OLLCWIJ;G TO IE CDMP!.ETED "'NLY WHEIl THE VISUAL TEST IS COIIDUCTED BY A UC~IISED 0~0IIE"!1t1ST.

NAME OF OPTOMETRIST (Prtnt) IADDRESS OF OPTOMETRIST

SIGNATURE OF OPTOaIETRIST IDATE OF EXAMINATION

PURCHASE OItDER NUdER I ATTENDING PHYSICIAN - THIS HUMBER MUST SHOW ON Y\)~R INVOICE

DO NOT WRITE BELOW THIS LINE (FOR PERSONNEL DEPARTMENT REVIEW OF THIS FORM)

EXPLANATION OF POSITIVE ANSWERS:

REMARKS:

SIGNATURE OF PERSON AUTHORIZED TO REVIEW THIS FORM: I DATE

ALL A~UCAIITS FOR EllPLOYllEKT WHD AItE UNDU DUllim JOll COIISIDERATION MUST HAYE ItESUL'n 0 .. THElIi PIITSICAL~T1O

"\ SIIAC BLOOD TEST ~OFlU: A~PRDVED lIY THE PEItSONNE~D~~AItTII~MTPRIOIt TO FliiAL EIIP'LOYIIEKT A~DYAL.



I~STRucnONS FOR PERFORM;NG.ulD RECORDING PHYSICAL EXAMINATIONS

.,... ~ -"OuICI ,c-w__ INw ......n.n_ tidOlIn' pnfon'l'liaa:
.a. JIIl'~ A eM:" q.."'.II'. ""' aI' 110 PP"DI"' .

CCl'CKaAL __."~I 'nr .....- of .... -017 ..... pII,.;caJ
.....--........ *tea ur....~ of pept.lCa" III'WMa1 Of'~ defectl 01
.cit • eu.,....,cr .... c.'COI'lll .. 10 at1ra 1M app,IlIU.M" abtJ.iI, tID ope,••- •_ .... __ ..'ely. no.~__ .., £al'Cf1lDJ _ .. _ ..

~....... .. ...uca&cd by _tic .,.acftcd rOl'ltt. H D1'7 01 ~.III dd'KU ..,. lie
e:a.-- 'Of ..IIICI.... _ "'IIC.C ._ IIIRd rot ftl.MlIIW:~ Jatll:mu.1DIY~ Off •.......... -. __ .r..... ~um.n.I .... Od'CCI'I I'IU, lie" f'CCI:III'dIrd wtIiI::::!I do ...
a.c.- 0I.1wv Qaraan or dcrtcc. _oOle .1Ia1 "",,'"'- _ f__ .., -.. H__• ,_ clrfec.. .- .., 11_ 1M~
.... hi' IIIouId ... ..:I 10 late ,he rw:cn.a.uy ..... 10 CDI"I'K:I. IUI'-
,,,-, 01 _ " __...._ !eM '0 • ~iotI .IoII&b ""...... _'10_-..

C&N1:ItAL Al'PLULU'lCI: AND ~ELOPNDof1'. N.. •...... "'_ ..,. .'N!. pcrcCOl_ ,_. __..... , ...
.... '- ca_ ..,. •__ I~,ro'" ""'~~ • -.. __ n.c_ Co~ Sol..,. .~_ .._ dYe DO • _iI: ..

--~*-IIKADoEYDs ........_ .... IIlc s-nCII cloan II -. _ IDUIU or____ '- __ • _aIun _.llIe 10 __ -.. __

U _ icaM _n -.-.i,. Ie--. .- _ )0 __ -. ~'.
-.1 , ...... _ I' ._Ie. ID4co&a _ .. W-.J Eaom....••
Co.uflQle"" __ .k 'OtooId'_ , _ wur_ .....aJw _._ .....- I. -..- :zo , DOrIIIOL __ all _ -

• rrKl_ ... » .. ...aalOf MI4 dlc ......uar .,.. ftad • m .....~_... __~ _-.. 'oc'" _.....- _. _ 11I_

-=u. RillnWaI KaI'. n ),PI-o. (til' .raltM:lalu&. lIDCOI"I"Caed ..,. CDI'IWCI.he knM::LN __ dnocn ate _ ......"d 10 -a.I __
-.cia .... Con_ SAfa, ac.__

EAU ~ 01 m...a;& 01 m_ -.. 11__.....""...
.... 01 ~ _ WcnICR"' S"....,omc. W recorda'S: ll&ar"L ruord_____ • _"'" • 'oren .I...acrell _ CAD ,_ '- .....d. If
..... ... _ '" __-. .. 'OlI Ib,. UlIlD Ha.
_ z.aao Hz..

'I1III04T. "' _ of 11__. b .•'A ' .... tid.............~_
-,. ... __ __ 01 _.11I....... &Q" ..~ __ wtuO___ .._of. __•

'I1Ia&4X~. __ cuminu_ .. ....-. Hole __
.. U'I1II".......... ~ .... or Dft'KD( 11....01')' 01: c.arcl~uo;.Lt.t d-.e 01 •
--, bowoi 10 '-~d trr .,nc_:d~ _10_. _ ...• _ ..... r-. Dtcu .. ~ •

-...
aLOOD .....lIItK. ~ _0 e• .-a ........~ ....- IJ'PR

.. _~IIiOIIIC'IC1'. If rM Mood preaure .. cOft&lllC'llllly .~ I60J'9IO 1'ftI'K...... ,_ ._ ...., .. .cn&ar7 '0 .........110I---.---LVNe:a. U""Y _ II .",aad" • • _all;.--._-- --. .. _- ....-..
~SY~....... &Q" _ of .. paroialaaiMI-~. Nate -. in""'" ocan. -....... of -xa of
~__lC_ .0 "",erfcrc ...~ ~ , _. Ally bcnua -.w
'- _ If ..-. s.- ..... -. and " ....1101&I, _ .... ..,. ......

~ NASaU: If prnnoc. DOle loaIion. " ,_• ....s ._-
__ opploca" -. Ion. I~' lIaoc _ p.-. II .he d..__
__ .... IN conda.a. IftIC'rlcrc ..... ,,,- ca.c.rol UId Mlc OCIC't.Uoa DC •_ --. lCS. mu.. be _ Won .. oppIJcaaI CIllO be

-.....
~: __ DOIcd. "~'c ..Ilc-n __ prDliMk. and~
~ If U. .......... -..nIl .h~ ."Ie a.MSaan III~ IIICcr1l'~ wu thlr: c....rot
... MI. opera&.- 011 ftI'IlClc. m&Jft' .r~ talA .... _ .... bdo-w
..~ COlI .. ca '-'
~4IlY. Ur_"'" ia __. Aeu<r. illfec_ ... _ .-.zoo

....... moa... _ ..... b7 Iocol and S...e _oc - Io~ _...-. ,....,
.....,... aI "ftCOBIl'oIl1d 4iahftft. Q'ft'IPlOftdIte aIbuIIUI!HIft.a ift l.IM ......... 01
...,. ,-.sma ......a..rw 01 lWallft cand_lIOft.....ely 10 -.erferr ••1'1I die comral
_ .... oprror_ or. _ oe'olCle•••1 ~""rfy aD~ flaB ........___de.

~C41.1 U Rbom!lal .. ~ed,. iIMhcaIo __ oG
.... __ I'vpollo., __ ~II "" ..--oed 101 - 1_ - --
__. It.- JCfU 10 ........... _ -'Y - .- --- ....
....~l.....:l IfICTeI.!ICCI wM1I fOOl IS .auaD, lifted frUfl'l tile floor Colla--
...~ __ ....~ acaOI1' fttlralOO _ --.. .-.........ozs_.. _.
~E.', CorcIIll\7 c..m__ and _. a ............ Record

tile lou or ....pa.rmcrc .... lee.. , ~ ..c .•,m. hartCl. Of' ,ift~.NOU ., ADd
.. ~.1C&o tile PI'C'K'ftCC fill 7. \c""..par••,.... or per..,..... - ..a.nc.or.

_ Jr • _ •. ; r...... _r:-~~ ..,
..~ 10 ..,.." • I» dr.Ya" 10 M"C'VIe aad ......" ••• & Inp on 1M ....
........ U .....:tanr.:r .:....~ wftemet' lUdIC.. 1I'IOtIGa., I
.......h co _ IIoc "'"- '0 ,-"..e ~I. ,,"--'Po ru._ ......_d be .._ 10 _ • _11_ ..._~• ...,. _.- .........
defect ......... _, ..men willi IIotI """ ••III11l, 10 -... • __
MId•.

SPINa. "' ., 01 -. .. _ -017 of III
......' .... or d oc' 1IiftWftd-: npnWftCtd 1M ~aJ 01' 1 ..
~_. U r lI e "*""" _ ""'" e...........o... UoIII4 II'0 "- --.& _ -., or~__ am=-
~.u. ..".,.. Dia.- « _._ --. .......

__ .. C9OIuoacd ..-..u, 10 __ n_ 10 _ :

..... '- ppe or d_ ....- of_~....... _ ......" or _._....

U TOII 4ND 01'."211 SPECIAL ft!'fDIl'lICa, UriIIob* I••
Qlllfcd _u .. OIICII _ !aU .. 1M _ICOI .......,. .--.. _ ....
c ,. IIlldIlCMC ... .-cn&IIrJ'. A smm'OIJI:II.I tI
."",,,, ~.....,. of '-1<: .....- 01 pre-. pb_ r ___"d., 0' IUeDI a;:>IIII&~ _
1M e....-. pllyaicga.

DI4aE1UI If _ II -." 10 cmuoI • diahctl<: .......-. IN ~.. - .......... 10 __ • II.iId ditl_._ II
01 • _.-iDoI..,. _of.~_ C
COlI be _ ...... ..., •• .-.. _ '- __ ......',.....I_.IIla --..-_., .
..••~..:::Y*Iaa - ... _ .... 11II~ _ 0-_1 iotI 01 I

SVaPART E
PII'YSiCAL QVALIFICAnoNS AND EXAMlNA110NS

UCJ1GIIII .I~ PBYIICAI. QI1AUnCAT'lOIQ ... DItIYDILc.) A • __ICI& _ '-II~"'"

10 do ana-J. OK • -,-~..... __.- .- '- ..~, ......"...... _.--.
(1) A _ •~ ---. ... dnoc • _ -aida • _

.CI) .... __ .... -.. ......~ .... _ ............... _
- ..... _ ... __ :WI.";

e21 DO -.- 01 .. _ of • r ,...... .....
• DO doria ..~ wII iiKt1y 10 _ •
~ y '0 coauoI "'ely ....... _ "CII1Ck __ .......
....... _ 10 see-. :WI." _ • --.....__ .....- ,
__man ..... __..,. 10 -.01 aDd aoIc17 dn... __""cltr:

U) .... __OIlIlIIOad -.cal .....,. .. c::I.iILicaI _ 01 ......
..... ....-,. rat' _: •

C.I .... 110..- of~ Iaf....-. __ pacIIIriI, a
not7 _rlc:~• .",--., .. ..., _ ...-- _ of • _

r=:;I0'" ......,.-~--.-~­
CSI"" DO _.W'? d -. .......,. • d-" ....... 01 .......~~ ... __ 1III_y 10 ._

__ aat.!J';

(6) .......... 01 ... "- _uur, ..........
.. -,. 10 __ • _ walc:Itr _",;

rn ... __....__ .......,. dIDaI 11I_
anIInIiI:. ---"lc:. -.. _ Itr' .- .........- ...... -..,. ... - ... • -=-~ -'air,

m w_-..aI.......,..~~III..e-r_'ooo.r .IaaOIO_1na1ll ...

~""-.--;(91 .... _ -... _ ClIWDIc.«~.- - ~--"1a&Ip 10 _ ~_ylO_.__ -...rr.
11111 .... 11_ acalty of •• _ 2O/.a 'SO_'II ... _ ape""
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Appendix B
Tables 1-5

Individual Sample Results
Carolina Freight Carriers

Harrisburg, PA
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Table 1

Concentrations of Elemental Carbon

Carolina Freight Company

September 1988

Suiple Time Flow W~gllt Time VolumeICmu:nU
D~ Numbft' JobfAreta Slut Slop (Umia) (ug) (mia) (L) (uglm3)

9-12 CFC2 Dock 15 36 23 30 4.0 9.5 4-74 1896 5.0
9-13 <:FC23 Dock 15 36 23 41 4.0 5.1 485 1940 2.9
9-13 CFC24 Dock 15 39 23 34 4.0 6.1 415 1900 3.2
9-~~ CFC25 Dock 15 42 23 33 4.0 6.2 471 1884 3.3
9-12 CFC1 Dock 15 37 22 30 4.0 15.1 413 1652 I 9.2
9-12 CFC':' Dock 15 39 23 29 4.0 13.4 410 1880 I 7.1
9-14 CfC44 Dock 15 38 23 38 4.0 13.2 4.80 1920 I 6.9
9-14 CFC46 Dock 15 38 23 38 4.0 14.3 480 1920 7.41
~-14 CFC48 Dock 15 38 23 33 4.0 15.8 475 1900 I 6.3

1

?-12 CFC10 Dock .~rH 16 32 23 34 4.0 7.9 422 1688 4.7
?-13 CFC32 Dock Area 16 0 23 44 4.0 5.0 464 185b 2.7
~-14 CFC55 Dock Area 15 53 23 29 4.0 36.2 456 1824 19.8

9-14 <:FC21 H:ghway 23 4 7 29 4.0 9.5 505 2020 4.7
9-13 CFC34 Highway 16 11 0 11 4.0 10.0 460 1'320 5.2
9-15 CFe64 Highway 5 0 14 4 4.0 3.3 364 145';) 2.2
S;-13 CFC11 Local 3 3 16 3 4.0 9.7 480 1'320 5.1
9-13 CFC12 Local 8 7 16 7 4.0 25.3 4-80 1920 13.2
9-13 CFC13 Local 8 12 16 12 4-.0 4.9 480 1920 I 2.5
9-13 CFC14 Local 8 15 16 15 4.0 17.6 480 1920 I 9.2
9-14 CFC40 Local 8 35 16 3 4.0 19.4 448 1792

1
10.9

9-14 CFC41 Local 8 40 16 ':'0 4.0 13.3 480 1920 I 6.9
9-14 CFC42 Local 8 42 16 42 4.0 14.7 460 1920 7.6
9-13 CF':15 Local Cab 3 30 16 30 4.0 23.9 480 1920 12.5
9-14 CFC47 Local Cab a so 16 SO 4.0 8.9 480 1920 4.6
9-13 CFC16 Mechanic 7 34 15 5 4.0 24.3 451 1804 13.5
9-13 CFe17 Mechanic 7 13 13 44 4.0 13.5 3'31 15641 8.6
'3-13 CFC1S Me<:hanic 7 21 15 21 4.0 14.9 480 1920 7.7
9-13 CFC20 Mechanic 7 28 14 53 4.0 17.5 445 1780 9.8
9-14 <:FC35 Mechanic 7 18 15 13 4.0 12.8 475 1900 6.7
9-14 CFC36 Mechanic 7 23 14- 40 4.0 17.4 437 1748 I 9.9
9-14 CFC37 Mechanic 7 30 15 10 4.0 15.2 460 1840 i 8.3
'3-14 CFC38 Mechanic 7 34 12 42 4.0 17.8 308 1232 14.4
3-15 CFC5S Mechanic 7 18 14 0 4.0 12.4 402 1608 7.7
9-15 CFCGO Mechanic 7 22 14 10 4.0 6.8 408 1632 4.2
9-15 CFC62 Mechanic 7 30 14 S 4.0 17.3 395 1580 10.'3
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Table 1 (Continued)

~~ Time Flo. WeigIlt Time Volume~
Om! Number' Job/NN Slut Slop (Umm) (ug) (mia) (L) (uglm3)

9-15 CFC63 Mechanic 7 36 14 9 4.0 3.1 393 15n I 2.0
9-13 crC19 Residential 5 48 15 8 4.0 3.7 560 2240 1.1
9-13 CFC33 Resiaential 16 35 23 39 4.0 <1.9 424 1696 I <1.1

9-14 CFC56 Residential 23 48 8 11 4.0 <1.9 503 2012\ <0.9
<;:-13 CFC28 Road 18 8 2 8 4.0 7.9 480 1920 4.1
9-13 CFC29 Road 18 4- 2 4 4.0 10.4 480 1920 5.4
9-13 CFC30 Road 19 7 3 7 4.0 12.0 480 1920 6.2
9-13 CFC31 Roaa 19 12 3 12 4.0 15.2 480 1':120 7.9
9-12 CFC5 Road 17 59 1 59 4.0 24.7 480 1920 12.9
9-14 CFCSO Road 19 38 3 38 4.0 24.4 480 1920 12.7
~-14 crC51 Road 19 43 3 43 4.0 20.0 480 1920 10.4
9-14 CFC52 Roa.d 19 45 3 45 4.0 19.9 480 1920 10.4
9-14 CFC53 Road 20 10 4 10 4.0 27.1 480 1920 I 14.1
9-12 e::C6 Road 18 5 0 26 4.0 12a7 381 1524 I 8.3

r

9-12 CFC7 Road 19 2 3 2 4.0 22.1 4-80 1920 I 11.S
9-13 CFC27 Road Cab 18 20 2 20 4.0 <1.9 480 1920 <1.0
~-14 CFC54 Road Ca.b 19 S3 3 53 4.0 26.9 4.80 1920 14.0
9-12 CFC9 Road Cab 18 24 2 24 4-.0 39.3 480 1920 20.4
9-13 CFC22 Shop Area 7 3 15 15 4.0 13.2 492 1968 6.7
?-14 CFC39 Shop Area 7 7 15 7 4.0 13.0 480 1':120 I 6.a
9-15 C::-C57 Sbop Area 7 11 13 57 4.0 16.5 406 1624 10.2
9-12 eFC1 Switcb 15 34 23 34 4.0 16.0 4.80 1nO i 8.3

I

5.0 I9-13 CFC26 SWitch 15 46 23 32 4.0 9.3 466 1864 I
9-14 crC4S SWItch lS 34 23 34 4.0 16.9 480 1920 I 8.8
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Table 2. Concentrations of Organic Carbon
Carolioa Freight Company

September 1988

~p!t' Time Flow WeigId. Time Volume
Dat~ Numb« JObl.A.reil ~ Stop (Umia) (ug) (mitt) (L) (ugfm3)

~-12 CFC04 Dock. 1S 3~ 23 29 4.0 168.4 470 1880 8C3.6
9-12 CFC02 Dock 1S 36 23 30 4.0 96.9 474 1896 51.1
9-12 CFC03 Dock 1S 37 22 30 4.0 170.6 413 1E'52 103.3
9-13 CFC23 Docie. 15 36 23 41 4.0 101.7 485 1940 52.4
9-13 CFC2S Docie. 1S 42 23 33 4.0 172.8 471 1884 91.7
9-13 CFC24 Dock. 15 39 23 34 4.0 78.7 475 1900 41.4
9-14 CFC48 Dock 15 38 23 33 4.0 71.2 475 1900 37.4
9-14 CFC46 Dock 15 38 23 38 4.0 118.2 480 1920 61.5
9-14 CFC44 Docie. 15 38 23 38 4.0 264.7 480 1920 137.9
9-12 crCI0 Docie. Area 16 32 23 34 4.0 47.7 422 1688 28.3
~-13 CFC32 Dock Area 16 0 23 44 4.0 51.7 464 1856 27.9
9-14 CFC55 Dock Area 15 53 23 29 4.0 53.~ 456 1824 29.5
9-13 CFC34 Hwy. 16 11 0 11 4.0 43.2 480 1920 22.5
9-14 CFC21 Hwy. 23 4 7 29 4.0 35.3 505 2020 17.5
~-15 CFC64 Hwy. 8 0 14 4 4.0 2~.~ 364 1456 20.6
9-13 CFC12 Local 8 7 16 7 4.0 131.2 480 1920 6&.3
9-13 CFC11 Local 8 3 16 3 4.0 6S.8 480 1~20 34.3
9-13 CFC14 Local 8 15 16 15 4.0 ~O.O 480 1~20 46.C3
9-13 CFC13 Local 8 12 16 12 4.0 6~.2 480 1920 36.0
9-14 CFC40 Local 8 3S 16 3 4.0 47.7 448 1792 26.6
9-14 CFC42 Local a 42 16 42 4.0 110.9 480 1920 57.8
9-14 CFC41 Local 8 40 16 40 4.0 64.6 480 1920 33.7
9-13 CFC15 Local Cab 8 30 16 30 4.0 80.1 480 1920 41.7
9-14 CFC47 Local Cab 8 SO 16 SO 4.0 37.4 480 1920 :9.5
9-13 CF':20 Mechanic 7 28 14 53 4.0 81.3 44S 1780 45.7
~-13 CFC17 Mech.ulic 7 13 13 44- 4.0 135.3 391 1564 86.5
9-13 CFC16 MechaD.ic 7 34 15 5 4.0 188.0 451 1804 lV4..2
9-13 CrC18 Mechanic 7 21 IS 21 4.0 79.3 480 1920 41.3
9-14 CFC37 Mechanic 7 30 1S 10 4.0 144.7 460 1840 78.7
9-14 crC36 Mechanic 7 23 14 40 4.0 320.4 437 1748 18S.3
9-14 eFC38 Mechanic 7 34 12 42 4.0 50.8 308 1232 41.3
9-14 crC3S Mechanic 7 18 15 13 4.0 105.9 47S 1900 55.7
9-15 crC62 Mechanic 1 30 14 5 4.0 75.5 395 1580 47.8
9-1S crC60 Mechanic 1 22 14- 10 4.0 53.0 408 1632 32.5
9-15 CFC63 MechaD.ic 7 36 14 ~ 4.0 74.1 393 1572 47.1
9-15 crC59 Mechanic 1 18 14 0 4.0 93.5 402 1608 58.2
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Table 2 (Continued)

Simple JUD@ Flow Weight TiIlle Volume

Date NUIIlbel' Jotl/ArN SWt Slop (Usia) (ug) (miD) (L) (ugfm3)

9-13 CFC19 ResideAt 5 48 15 8 4.0 37.8 560 2240 16.9
9-13 CFC33 Resident 16 35 23 39 4.0 35.9 424 1696 21.1
9-14 CFC56 Resident 23 48 8 11 4.0 32.7 503 2012 16.2
9-12 CFCOS Road 17 59 1 59 4.0 184.1 480 1920 95.9
9-12 CFC06 Road 18 5 0 26 4.0 93.6 381 1524 61.4
9-12 CFC07 Road 19 2. 3 2 4.0 128.9 480 1920 67.1
9-13 CFC31 Road 19 12 3 12 4.0 198.2 480 1920 103.2
9-13 CFC30 Road 19 7 3 7 4.0 80.6 480 1920 42.0
9-13 CFC28 Road 18 8 2 8 4.0 74.2 480 1920 38.7
9-13 CFC29 Road 18 4 2. 4 4.0 85.4 480 1920 44.5
9-14 CFC53 Road 20 10 4 10 4.0 64.9 480 1920 33.8
?-14 CFC51 Road 19 43 3 43 4.0 77.5 480 1920 40.4-
9-14 CFC52 Road 19 45 3 4S 4.0 82.9 480 1920 43.2
9-14 CFC50 Road 19 38 3 38 4.0 41.8 480 1920 21.8
9-12 CFC09 Road Cab 18 24 2 24 4.0 77.5 480 1920 I 40.4-
9-13 CFC27 Road Cab 18 20 2. 20 4.0 34.9 480 1920 I 18.2
9-14 CFC54 Road Cab 19 53 3 53 4.0 79.7 480 1920 41.5
'?-13 CFC22 Shop Area 7 3 IS 15 4.0 42.9 492 1968 21.8
9-14 CFC39 Shop Area 7 7 15 7 4.0 47.4 480 1920 24.7
9-15 CFC57 Shop Area 7 11 13 57 4.0 67.3 406 1624 41.4
9-12 CFCOl Switch IS 34 23 34 4.0 147.8 480 1920 I 77.0
'?-13 CFC26 Switch IS 46 23 32 4.0 78.9 466 ~864 42.4-
9-14 CFC4S SwitCh 15 34 23 34 4.0 135.5 480 1920 I 70.6
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Table 3. Concentrations of Nitrogen Dioxide

Carolina Freight Carriers

September 1988

SUapie Time t.bss J.bss Time ICoDcatr~

Date Number Job/Area Start Slop (ug NOZ) (JUIl.oles) (Itr) (ppmN02)

9-12 CF2-3 Dock 15 37 22 40 0.04 0.87 7.05 O.OS
9-12 CF2-2 Dock 15 36 23 32 <0.03 <0.65 7.93 <0.04-

9-12 CF2-4 Dock 15 39 23 29 0.05 1.09 7.83 0.06

9-13 CF2-19 Dock 15 42 23 32 <0.03 <0.65 7.83 <0.04-

9-13 CF2-17 Dock 15 36 23 41 0.05 1.09 8.08 0.06

9-13 CF2-18 Dock 15 39 23 35 <0.03 <0.6S 7.93 <0.04-
9-14 CF2-29 DoCk 15 38 23 40 0.06 1.30 8.03 o.r:n
9-13 CF2-10 Local B 7 17 17 O.Ob 1.30 9.17 , 0.06

9-13 CF2-9 Local 8 3 18 19 O.OS 1.09 10.27 O.OS
9-14 CF2-28 :'ocal 8 45 18 3 <0.03 <0.03 9.30 <0.03
9-14 CF2-27 Local 8 40 18 55 0.04 0.87 10.25 0.04-
9-13 CF2-14 Mechanic 7 21 15 10 0.04 0.87 7.82 O.OS
9-13 CF2-13 M~cha.nic 7 13 13 44 0.04 0.87 6.52 0.06
9-13 CF2-16 Mechanic 7 34 15 6 <0.03 <0.65 7.53 <0.04-
9-13 CF2-:S Mechanic 7 28 IS 7 0.07 1.52 7.65 0.09
9-1<1- CF2-2.6 Mechanic 7 30 IS 12 O.OS 1.09 7.70 0.06
9-14 ':F2-2S Mechanic 7 18 15 5 <0.03 <0.65 7.78 1 <0.04-
9-12 CF2-7 ~oad 19 2 6 11 0.085 1.85 11.15 0.07
9-12 CF2-8 P.oad 19 5 <1- 42 0.06 1.30 9.62 0.06
9-12 CF2-S Road 17 59 9 39 0.04 0.87 15.67 0.02
9-12 CF2-6 Road 18 5 5 30 0.13 2.83 11.42 0.11
9-13 CF2-21 Road 18 8 8 17 0.05 1.09 14.15 0.03
9-13 CF2-22 Road 18 4 2 58 0.11 2.39 a.90 0.12
9-13 CF2-24 Road 19 12 9 5 0.05 1.09 13.08 0.03
9-13 CF2-23 Road 19 7 8 29 0.088 1.91 13.37 0.06
9-12 CF2-1 Switch 15 34 23 41 0.05 1.09 8.12 0.06
3-13 CF2-20 Switch 15 46 23 37 <0.03 <O.G') 7.85 <0.04-
9-14 Cn-30 Switch 15 34 23 40 0.07 1.52 8.10 0.08
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Table 4. Concentratioas of Nitric Oxide
Carolina Freight Carriers

September 1988

Sample Time )"bss )"bss Time i CoAcntntiaa

D~te N1DIl.bK Job/Are~ SUIt Slop (Ut; NOx) (nJIlmes) (hr) I (ppm NO)

9-12 CFX-3 Dock 15 37 22 40 0.23 5.00 7.05 0.20
9-12 CFX-2 Dock. 15 36 23 32 0.4 8.70 7.93 0.35
9-12 CFX-4 Dock 15 39 23 29 0.18 3.91 7.82 0.12
9-13 CFX-17 Dock 15 36 23 41 0.44 9.57 8.08 0.35
9-13 CFX-19 Dock 15 42 23 32 0.3 6.52 7.83 0.26
9-13 CFX-18 C:Jck 15 39 23 35 0.35 7.61 7.93 0.31

':1-14 CFX-29 Dock :5 38 23 4.0 0.66 14.35 8.03 ! 0.54
9-13 CFX-9 Local ;5 3 18 19 0.13 2.83 10.27 I 0.06
9-13 CF..{-10 Local 8 7 17 17 0.09 1.96 9.17 I 0.02
9-14 CFX-28 Local 8 45 18 3 0.12 2.61 9.30 0.08
9-14 CFX-27 Local 3 40 18 S5 Q.23 5.00 10.25 0.13
9-13 CFX-16 Mec~anic 7 34 15 6 0.07 1.52 7.53 O.OS
9-13 CFX-13 Mec~anic "7 13 13 44 0.04 0.87 6.52 <0.04-
9-13 CFX-15 Mec~anic 7 28 15 7 C.07 1.52 7.65 I <0.04-
9-13 C~-14 Mec~anlc 7 21 15 10 0.07 1.52 7.82 I 0.03
9-14 CFX-26 Mec~anic 7 30 15 12 0.06 1.30 7.70 0.01
9-14 CFX-25 Mec~anic 7 :8 15 S 0.11 2.39 7.78 0.09
9-12 CFX-S Road 17 59 9 39 0.34 7.39 15.67 0.14
9-12 CFX-7 Road 19 2. 6 11 O.2S 5.43 11.15 I 0.11
9-12 CFX-8 Road 19 S 4 42 0.25 5.43 9.62 0.14
9-12 CFX-6 Road 18 5 5 30 0.21 4.S7 11.42 i O.OS
9-13 CFX-24 Road 19 12 '3 5 0.29 6.30 13.08 I 0.13
9-13 ·=FX-23 Road 19 7 8 29 0.38 3.26 13.37 i 0.16
9-13 CFX-Z1 Road 18 8 S 17 0.23 5.00 14.15 I 0.09
9-12 CF..{-1 Sl:,litc~ 15 34 23 41 0.08 1.74 8.12 0.03
9-13 CFX-20 Sl:,litc~ 15 46 23 37 0.16 3.48 7.85 0.13
9-14 CFX-30 Sl:,litc~ 15 34 23 40 0.2 4.35 8.10 0.12
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Table S. Concentrations of Respirable Particulate
Carolina Freight Carriers

September 1988

Sulple Time Flow We1gb1 Time Volumei~~

D~te Number' Area Start Stop (UmiJa) (ug) (m.iD) (L) I (lIcfm3)

9-12 F'N42l4- Dock. 16 30 23 37 1.7 40 0+27 ·726 S5
9-13 FW4218 Dock 16 0 23 4S 1.7 40 46S 791 51
9-14 FW4227 Dock. 1S SS 23 30 1.7 20 4SS 774 26
9-13 FW4226 Local a 30 17 17 1.7 60 527 896 67
~-14 FW4.231 Local 8 SO 18 3 1.7 30 SS3 940 32

9-13 FW4217 Road 18 24 2 24 1.7 30 480 816 I 37

9-14 FW4229 Road 19 SS 3 SS 1.7 SO 480 816 61
9-13 FW4219 Shop 7 3 lS 15 1.7 40 492 836 48
9-14 FW4210 Shop 7 7 15 15 1.7 10 488 830 12

9-15 FW4221 ~hop 7 11 13 S7 1.7 SO 406 690 72

... Note: PAH and Nitro-PAH samples were obtained in the same
locations as the above samples: i.e. in replicate with those

samples.




