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SUMMARY

Indoor air quality was monitored in Stradley-type ammunition
magazines during the use of diesel-powered forklifts to determine
worker exposures to exhaust components. The monitcring took
place during storage and handling operations. The primary test
vehicles used during this investigation were a Still forklift
powered by a Deutz (F3L912W) diesel engine and a Hyster fcrklift
powered by a Per;ins (4.20° "' diesel engine. Both breathing zone
{personal) and continuous monitoring data were collected during
the operation of the two vehicles. Ambient windspeed, ambient
and magazine temperature, and magazine ventilation air velocity
were also monitored and recorded during the tests.

The impact of diesel exhaust on breathing zone exposures and
magazine air quality was monitored for two kinds of ammunition
storage and handling operations: loading/unloading operations
and warehousing operations. The following exhaust components
were monitored: total suspended particulates, polycyclic aromatic
hydrocarbons, carbon monoxide, carbon dioxide, sulfur dioxide,
nitrogen dioxide, and oxides of nitrogen, sulfuric acid as total
sulfates, total hydrocarbons, and odorants.

The primary objectives of the investigation were 1) to
determine the ability of the forklift operations to meet Federal

Occupational Safety and Health Administration (OSHA) standards




,
‘

and American Conference of Governmental Industrial Hygienist
(ACGIH) exposure limits, and 2) to assess the relative "cleanli-
ness" of the two diesel-powered test vehicles. 1In addition, the
Army was interested in obtaining information to use as a data
base for validation of a predictive model designed to estimate
indoor air quality at Stradley and similarly designed ammunition
magazines.

The test results indicated that the impact of diesel exhaust
on workplace exposures and magazine air quality depends largely
on the operations being performed. Of the two operations
investigated, the warehousing operations presented the greater
potential risk to the health and safety of Army personnel. A

comparison of breathing zone exposures and continuous monitoring

data with existing workplace standards indicates that nitrogen
dioxide is the only exhaust component of those measured that ,
presents a potentially serious health risk. Test results also

indicated that the use of the Hyster/Perkins forklift during

warehousing operations exposed Army personnel to nitrogen dioxide
levels in excess of the ACGIH's threshold limit value (TLV) for ;
this substance [the emission level was equal to approximately 64 i
percent of the OSHA permissible exposure limit (PEL)]. Although

neither the PEL nor the more stringent TLV for nitrogen dioxide !

was exceeded during the use of the Still/Deutz forklift, the
exhaust from this vehicle generated concentrations approaching 4

the TLV.
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A statistical test of the air quality data collected during

warehousing operations when both low-sulfur (0.4 percent) and
high-sulfur (1.02 percent) fuels were used indicated that the
operation of the Still/Deutz vehicle is significantly cleaner
than that of the Hyster/Perkins vehicle. The OSHA permissible

exposure limits or ACGIH threshold limit values for the exhaust

components measured were not exceeded during the operation of the

Still/Deutz vehicle.

The severe weather conditions during the testing and their
subsequent effect on engine operation and magazine ventilation
prevented a final assessment of the vehicle's absolute safety.

Additional testing is proposed to arrive at better

guantification of personnel exposure and magazine air gquality

during the use of the Still/Deutz vehicle. The main objective of
the additional testing would be to monitor key exhaust components

emitted from the Still/Deutz vehicle under opposite environmental

conditions (i.e., lower ambient windspeeds and warmer
temperatures) in an effort to complete the safety assessment of
this vehicle. The additional testing would be limited to a
shorter list of exhaust components (nitrogen dioxide, nitric
oxide, carbon monoxide, sulfur dioxide, sulfuric acid, and
possibly total suspended particulates and polycyclic aromatic
hydrocarbons).

A tracer gas study designed for better characterization of

magazine ventilation is also proposed.
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I. INTRODUCTION t

The U.S. Army currently uses gasoline- and electric-powered
forklift trucks on a broad scale for ammunition handling
operations in both the United States and Europe. Until a recent
change in regulations, only electric-powered forklifts could be
used inside ammunition storage magazines. Gasoline trucks have
generally been used for all operations outside the magazines
because of their speed and mobility advantages over electric
trucks. The need to reduce or eliminate the problems associated
with supporting electric forklift use at remote locations in
Europe and the need to improve the Army's ability to move large
quantities of supplies rapidly prompted an investigation to
determine if electric forklifts could be replaced by diesel
forklifts. As part of this investigation, a program was begun
to evaluate the safety of exhaust emission levels inside
ammunition magazines during the movement of large guantities of

ammunition with diesel~powered forklifts.,

OBJECTIVES

The objectives of this investigation are to acquire suffi-
cient indoor air monitoring data to assess the exhaust emission
characteristics and health hazard potential of two "low emission”
diesel-powered forklift trucks: a Still forklift powered by a

Deutz (F3L912W) engine and a Hyster forklift powered by a

1
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Perkins (4.2032) engine. Specifically, the investigation is
designed to determine whether these vehicles can operate safely

in a partially enclosed area for an amount of time compatible

4 with both normal and military mission requirements. ToO meet
these objectives, PEDCo Environmental, Inc., conducted a series
of indoor air monitoring tests at the U.S. Army Defense Ammuni-
tion Center and School near Savanna, Illinois. These tests
evaluated the impact of exhaust emissions from diesel-powered
forklift trucks on indoor air quality in Stradley-type ammuni-
tion storage magazines. The data from these air monitoring
tests are to be used: 1) to determine the ability of the fork-
lift operations to meet Federal OSHA standards, 2) to assess the
relative "cleanliness” of the two test vehicles, and 3) to
provide a data base from which the Belvoir R&D Center could
validate a predictive model designed to estimate indoor air

quality at Stradley and similarly designed ammunition magazines.

E SCOPE OF WORK

| The scope of work for this investigation covers the follow-

ing tasks:

a) Become familiar with the use of a forklift truck
during operations in ammunition storage magazines. 1

‘ b) Generate a list of exhaust components to be sampled
» and explain why each should be monitored.

‘ c) Develop a detailed test plan for measuring and analyz-

‘ ‘ ing each of the specified diesel exhaust components.

¢ Determine the type of test to be used; procedures and
techniques for taking air samples; and the methodolo- '

‘ gy, procedures, and equipment to be used for analysis

i, and characterization of the samples taken.
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d)

e)

f)

Conduct indoor air quality monitoring tests during
simulated ammunition handling operations at two
magazines at the U.S. Army Defense Ammunition Center
and School near Savannah, Illinois.

Analyze the indoor air quality data obtained during
the test and, where applicable, compare it with
Federal OSHA permissible exposure limits.

Provide technical input that can enable the Army to
determine whether a diesel-powered forklift truck,
based on its emission output, is suitable for opera-
tions in ammunition storage magazines.




1I. INVESTIGATION

OPERATION OF FORKLIFT TRUCKS IN AMMUNITION STORAGE MAGAZINES

Two model scenarios are presented to characterize the
operation and movement of forklift trucks in ammunition storage
magazines, The first, which is described as a loading/unloading
operation, is characterized by the movement of supplies in and
out of a magazire. The second, which is described as a ware-
housing operation, involves the movement or rearranging of
supplies within a magazine.

The loading/unloading operation is typified by the movement
of supplies out of the magazine to waiting transport vehicles or
into the magazine from the same vehicles. The activity of a
forklift truck during loading/unloading operations can be
classified into three modes: 1) movement while empty, 2)
movement under loaded conditions, and 3) activities involving
load transfer. During a loading/unloading operation the three
modes are each performed once while the vehicle is inside the
magazine; i.e., the vehicle enters the magazine in either a
loaded or unloaded condition, transfers the load to or from

storage inside the magazine, and leaves the magazine either

loaded or empty, depending on its mission.




Warehousing operations involve the movement of ammunition,
but only within the magazine. The activity of a forklift truck
during warehousing operations is substantially different from
that during loading/unloading operations. Although the ware-
housing operation can be divided into the same three activity
modes, all three modes are performed within the magazine and
load transfer is performed twice for each load being handled.

Although any given forklift operation can vary from the
two model scenarios presented above, it is believed that these
models present a reasonably accurate picture of what most
operations are likely to involve. Figure 1 is a pictorial

representation of the two model scenarios.

COMPONENTS OF DIESEL EXHAUST

Toxicological research programs are currently attempting to
determine if diesel vehicle emissions have physical or chemical
properties that would make them significantly more toxic than
other combustion products associated with the use of fossil
fuels. To date, however, no unique compounds have been identi-
fied in diesel emissions that present new concerns.1 Despite
the lack of conclusive research, some measurement of airborne
contamination must be attempted to ensure that the diesel-

powered equipment the Army plans to purchase will not adversely
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' Figure 1. Two model scenarios for the operation and
movement of forklift trucks in ammunition storage magazines.
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affect the health of its personnel. A number of chemical sub-
stances can be considered prime candidates for testing. Candi-
date selection is based on a substance's capacity for producing
a serious health hazard, having an irritant effect, or generat-
ing a noxious odor. Concern about a substance's toxic effects
is obvious; the health and safety of Army personnel are impor-
tant during both normal and combat service support operations,
Irritant effects and noxious odors are important because their
presence could hinder forklift operations during the execution
of a military mission by adversely affecting morale. Final
selection of exhaust components to be tested is also based on
the availability of accurate and reliable methods of sampling
and analysis.

Table 1 presents the diesel exhaust components tested
during the forklift operation and their relevant health effects.
These components include both airborne particulates and gaseous
substances generated during the operation of diesel engines.

Particulate Component

The particulate components of diesel emissions include both
soluble and insoluble fractions. Particulates were monitored as
total suspended particulate (TSP) and polycyclic aromatic hydro-~
carbons (PAH). Total suspended particulates were considered
during this investigation because this category of particulate
is regulated by OSHA as nuisance or irritant dusts. Polycyclic

aromatic hydrocarbons (PAH) are of particular interest because
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their presence can be an indication of the potential carcinogen-
icity of diesel exhaust. Although PAH are emitted from fossil
fuel sources both as gaseous vapor and particulate, when re-
leased into the environment, the vapor portion will condense as,
or on, fine particulates.2 Because of the importance of PAH,
the soluble fraction of each particulate sample was analyzed for
this group of substances.

Gaseocus Component

The gaseous emission components tested were carbon monoxide
{CO), carbon dioxide (Coz), oxides of nitrogen (Nox)' sulfur
dioxide (SO,}, and sulfuric acid aerosols as sulfates (SO4+2).

Carbon monoxide was selected for sampling because it is po-
tentially the most hazardous gaseous component. The cumulative
effect of exposure to CO over a work period can cause central
nervous system depression, blackouts, coma, and eventual death
at the concentrations that could be reached in an enclosed work
area, Due to the relatively hazardous nature of CO in the
workplace, both the workers and general work area were monitored
continuously for possible elevated levels.

Carbon dioxide, which is a simple asphyxiant, was monitored
by both breathing zone (personal) and area samples. Due to the
relatively high output of CO2 from diesel engines, emphasis was
placed on detecting the possible buildup of CO2 in poorly
ventilated areas of the magazine.

Oxides of nitrogen were monitored because of their rela-

tively high volume of emissions from diesel engines and because
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of their ability to produce odors and cause irritation, pulmo-
nary edema, and trachycardia in humans.
E Sulfur dioxide and sulfuric acid as sulfate (SO4+2) cause
severe irritation of the mucous membranes. Inhalation of sulfur
dioxide may produce bronchoconstriction, uncontrolled coughing,

and choking, particularly in individuals who already have asth-

matic conditions. Sulfuric acid inhalation is also known to
produce severe emphysema-type reactions.

Other Components

Other exhaust components tested included total hydrocarbons

(THC) and odorants. The THC were analyzed with a continuous air

monitor specifically for nonmethane hydrocarbons. Odor
measurements were collected for the eventual determination of

total intensity of the aroma.3

SAMPLING AND ANALYTICAL METHODS

A brief review of the sampling and analytical methods used 4

during this investigation is presented here. A more detailed 4
description of the methods used for breathing zone monitoring
i are presented in Appendix A.

Breathing Zone (Personal) Monitoring

Breathing zone monitoring was conducted on Army personnel
involved in the ammunition handling operation. The objective of ]
| this monitoring effort was to determine time-weighted average T
. (TWA) exposures to diesel exhaust components and compare these

exposures with OSHA permissible exposure limits (PEL's).4 The

; , sampling and analytical methods used during the monitoring d

10
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effort are National Institute for Occupational Safety and Health
(NIOSH) -approved techniques.5 The monitoring apparatus consis-
ted of real-time electronic dosimeters for CO; constant hi-flow
pumps for TSP, PAH, and SO4+2; and low-flow, constant-stroke
pumps for NOx, Soz, THC, and odorants. Carbon dioxide was moni-
tored with passive dosimeters. The personal sampling methods
and analytical procedures used for each exhaust component are
summarized in Table 2.

The analysis of samples taken during the personal monitor-
ing effort was conducted at PEDCo Environmental's analytical
labcratory according to the prescribed reference analytical
methods. This laboratory is accredited by the American Indus-
trial Hygiene Association (AIHA) and participates in the NIOSH
Proficiency Analytical Testing (PAT) program.

Because of the variety of collecticn methods required for
the personal monitoring, directly equipping Army personnel with
the necessary apparatus would have seriously interfered with
normal working activities and may have affected the safe oper-
ation of the forklift vehicles. To avoid these problems, we
mounted the sampling apparatus on the forklift trucks so that
the point of collection for each apparatus was located in the
breathing zone of the forklift operators (drivers). Sampling
apparatus used to measure exposures for the other personnel
(helpers) were located at stationary points, close to where
these persons are likely to stand while observing and assisting
the driver with load-transfer activities. It is worthwhile to
note that the sampling apparatus used to measure a "helpers"
exposures remained inside the magazine at all times during

11
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the emission testing while the apparatus used to measure the
"drivers" exposure was attached to the forklift trucks and moved
in and out of the magazine with each loading/unloading effort.

Continuous Monitoring

A temperature-controlled mobile laboratory was positioned
between the two ammunition magazines to be monitored and was
used to house the data-acquisition computer and continuous-
monitoring equipment. A continuous sampling system was used in
conjunction with a programmable solenoid switching mechanism to
collect air within the magazine. The air samples were collected
for a period of 5 minutes three times an hour at four locations
within the magazines (two sampling trains in each of two maga-
zines). Air samples from each location were carried through
heated Teflon sample lines to the programmable switching system
located within the mobile lab. The continuous monitors drew air
samples from a common manifold to analyze the air for concentra-

tions of CO, COZ’ SOZ' NOx, and THC. Data were collected by a

computerized data-acquisition system backed up by strip chart
recorders.

i The continuous monitoring system was comprised of three

T e S

elements: a sequential sampling system, a bank of continuous

monitors, and a computerized data-acquisition system. A sche-

matic representation of the sequential sampling system is pre-

sented in Figure 2. Air samples from each of the four locations
' (two in each magazine) were carried through the heated d-inch

I.D. Teflon tubing at a rate of 10 liters/min. At the mobile
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laboratory each sample line was connected to a two-way solenoid
valve. The solenoid is open when in an unactivated condition

and is then purging the sampling lines. Each valve setting is

activated by the programmed data-acquisition system in a prede-
termined time sequence. Prior to activation, the valve to the

manifold is closed and the valve to the exhaust is opened, thus

allowing a constant flow of sample air through the sample lines.
Upon activation, the valve to the exhaust is closed and the
valve to the manifold is opened. Sample air is passed through
the manifold at a rate of 10 liters/min. This system permits
the air in the manifold to be changed at least once every 5
seconds. The analytical instruments then draw air from the
manifold. After a 5-minute sampling period, the computer
activates the valves on the next sampling line, while returning
the first sample line to a purge condition. This process is re-
peated for the remaining sample locations, four in all,
resulting in a sampling cycle time of 20 minutes. Thus, three

{ 5-minute samples are obtained each hour for all gaseous

pollutants at each of the locations.

In addition to the monitoring of magazine air, the data on

the velocity through each magazine's ventilation duct were

collected and stored by the computer system, Wind speed, wind
. direction, and temperature in and out of the magazines were
recorded on strip charts.
A description of each continuous monitoring instrument and

its limits of detection are presented in the following subsec-
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Sulfur Dioxide--

A Beckman Model 953 fluorescent analyzer was used for the
continuous monitoring of S0, . The measurement principle of this
instrument is based on the fluorescence of §0, molecules when
irradiated with ultraviolet light. Operating ranges of 0 to

? 1.0, 0 to 20.0, and 0 to 6.0 ppm 502 were obtained with a
minimum detection limit of 0.005, 0.010, and 0.030 ppm
respectively. This instrument is certified by the U.S.

Environmental Protection Agency (EPA) as a reference method for

the measurement of sulfur dioxide.

Carbon Dioxide--

An Infrared Industries, Inc., Model 703-352 gas analyzer
was used for the continuous monitoring of C02. The measurement
principle of this instrument is based on absorption of infrared

radiation by C02. Initially an operating range of 0 to 60,000

ppm or 0 to 6 percent CO2 was used during the testing (November

29 through December 2). Because only very low co, values were

observed, however, the instrument was recalibrated on December 5

to a range of 0 to 42,000 ppm or 0 to 4.2 percent CO The

2°
instrument has a minimum detection limit of 50 ppm.
Total Hydrocarbons--

A Meloy Model HC 500-~2C analyzer was used for the continu-
ous monitoring of THC. The measurement principle of this
instrument is based on the ionization of hydrocarbon molecules
in a hydrogen hyperventilated flame. An operating range of 0 to

1,000 ppm THC was used during the first two days of monitoring.

16

D - - . S T 3
d e T V02 dons e e .
T — —————— —-.‘-_,.__‘ . - - C—— i -— ‘:L_"':_*_‘.' ,..."“w" '_ .




When only very low THC levels were observed, the instrument was
recalibrated and run at a 0 to 50 ppm THC range (with a minimum
detection limit of 0.1 ppm). The hydrocarbon analyzer was
calibrated with propane gas concentrations and reported as parts

per million total carbon (! ppm propane is 3 ppm total carbon).

Carbon Monoxide--

A Bendix Model 8501-5CA analyzer was used for the continu-~
ous monitoring of CO. The measurement principle of this instru-
ment is based on the absorption of infrared radiation by CO in a
nondispersive photometer. An operating range of 0 to 50 ppm CO
was achieved with a minimum detection limit of 0.5 ppm. This
instrument is certified by the U.S. EPA as a reference method

for the measurement of carbon monoxide.

Oxides of Nitrogen--

A Bendix B8101-B chemiluminescent analyzer was used for the
continuous monitoring of NO and NO, . The measurement principle
of this instrument is based on the chemiluminescent reaction
between NO and ozone (03) according to the reaction:

NO + O3 * N02 + O2 + HV
Light emissions result when the electronically excited NO, mole-
cules revert to their ground state. A catalytic converter is
used to convert NO2 present in the air sample to NO before it
enters the reaction chamber. The amount of NO, is then deter-

mined by subtracting the NO measurement from the NOx measure-

- ment. The analyzer provides automatic cycling through the NO




and NO, measurements, and the output difference (NOZ) is updated
after each cycle. The initial operating ranges used during the
testing were 0 to 0.5, 1, and 2 ppm; with a minimum detection
limit of 0.005 ppm. Because oxides of nitrogen concentrations
above 2.0 ppm were observed, the instrument was adjusted to read
concentrations up to 8.5 ppm during the second day of loading/
unloading operations. During warehousing operations the
instrument range was increased to 17.5 ppm full scale (December
13, 14, and 15). This instrument is certified by the EPA as a

reference method for the measurement of oxides of nitrogen.

DATA COLLECTION

Continuous and breathing zone data were collected for both
loading/unloading and warehousing operations in two ammunition
storage magazines. The tests were conducted over a l6-day
period starting on November 29, 1983, and ending on December 15, L

1983. The continuous and breathing zone data were taken to

characterize 9 days of loading/unloading operations and 3 days
of warehousing operations.

The typical loading/unloading operation was accomplished by
unloading a full magazine containing 404 pallets of 90mm ammuni-
tion with one forklift, transferring the load to a second
forklift, and then loading an adjacent empty magazine. The mean
time for accomplishing a loading/unloading operation was 8 hours
and 5 minutes; the best time was 7 hours and 20 minutes, and the
worst-case time was 9 hours and 35 minutes. The worst-case time

occurred on the first day of testing and probably reflects some
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confusion and unfamiliarity on the part of the forklift
operators while adjusting to the demands of the investigation.
The best time reflects the action of an experienced team of
forklift operators.

The typical warehousing operation was accomplished by
transferring supplies with a single forklift vehicle within a
single magazine. The duration of a warehousing operation will
vary greatly, depending on the purpose of the operation and the
extent of reorganization that is needed. The warehousing tests
performed during this investigation averaged 3 hours and 55 min-

utes in duration; the minimum time was 3 hours and 20 minutes,

and the maximum time was 4 hours and 15 minutes.




ITI. RESULTS

Two diesel-powered forklift trucks were the primary focus of
the testing effort: a Still forklift powered by a Deutz (F3L912W)
engine and a Hyster forklift powered by a Perkins (4.2032) engine.
However, two other forklift trucks were also tested: a Baker
forklift powered by a Deutz (F3L912W) diesel engine and a Hyster
forklift powered by a Perkins (4.154) diesel engine. Funding
constraints prevented the reduction and analysis of data from the
secondary vehicles. The raw data from both the primary and
secondary vehicles are presented in Appendix B at the end of the
report.

During the loading/unloading operations and the first four
warehousing tests (Tests 1 through 4), the vehicles fired a
Phillips D-2 Diesel Fuel (Control Lot C-929) containing 0.4
percent sulfur. During the last warehousing test (Test 5), a
high-sulfur fuel (MIL-F-46162B) containing 1.02 percent sulfur
was substituted in each of the vehicles.

During this testing effort, only one loading or unloading
operation could be conducted each day. This limitation made it
impossible to run simultaneous loading and unloading activities
with the two makes of forklifts. This constraint prevented the
investigators from obtaining indoor air gquality data under iden-
tical conditions of weather and magazine ventilation. To reduce

the influence of changes in weather and ventilation, we have
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selected only those test days with similar weather conditions
(i.e., ambient wind speed) for discussion in this report. As a
result of this screening process, only five days of test data
were available for in-depth analysis. Two of the test days pre-
sent the impact on indoor air gquality during the operation of the
Still/Deutz vehicle, whereas the other three days present the
impact during operation of the Hyster/Perkins vehicle. Although
the five days of data represent information collected under simi-
lar conditions, the conditions were not identical. Based on an
analysis of variance, the variances in the daily air velocity

measurements taken at magazine ventilation ducts were found to be

significantly different (P<0.05). The importance of this
difference is obscured by the fact that air flow through the
magazines ventilation duct may be secondary to the effect of air
exchanges at the magazine entrance.

The data obtained during the unloading activities are consi-

dered to be only suggestive of the relative performance of the

two diesel~powered forklift trucks. The test results do provide
information on the absolute performance of each vehicle under the
given test conditions.

To determine the relative performance of these vehicles, we
monitored magazine air quality during warehousing operations.
The nature of the warehousing operations permitted the testing of
both vehicles on the same day, in adjacent magazines, under iden-

tical weather and ventilation conditions. These test conditions

Rl e L i

allowed a direct comparison to be made of vehicle emissions and

. permitted the statistical treatment of the continuous monitoring

) data.




BREATHING ZONE SAMPLES

Breathing zone air samples representative of vehicle driver
and helper exposures were taken during each of the loading/un-
loading operations. Only air samples representative of the driv-
ers' exposures were taken during warehousing operations. From
the results of these air samples, time-weighted averages were
determined for comparison with OSHA permissible exposure limits.

Table 3 summarizes the exposure of drivers and helpers to
diesel exhaust during five unloading activities. Only three of
the exhaust components monitored are reported: particulates,
sulfates, and nitrogen dioxide. Polycyclic aromatic hydrocarbons
(PAH), CO, and SO2 were not captured in sufficient amounts for
detection by the sampling and analytical methods used. Carbon
dioxide was not detected because of the failure of the direct-
reading passive dosimeter to respond at the sub-zero temperatures
experienced during the tests.

Table 4 summarizes the exposure of drivers to diesel exhaust
during warehousing operations while operating forklifts using
low-sulfur (0.4 percent) fuel. Again, only data on particulates,
sulfates, and nitrogen dioxide were reported. The other exhaust
components measured during the breathing zone monitoring were at
levels below the detection limits of the sampling and analytical
methods used.

Table 5 presents the TWA's for a single driver exposed to
diesel exhaust during an entire warehousing operation while

operating forklifts using high-sulfur (1.02 percent) fuel. Only
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TABLE 3. BREATHING ZONE EXPOSURES DURING UNLOADING OPERATIONS
Time-weighted average.a
Test
date (1983) Vehicle Driver Helper
(mg/m’)
Particulates 12/1 Still/Deutz 0.05 <0.01
12/5 Stil11/Deutz 0.12 <0.01
12/6 Hyster/Perkins | <0.01 0.10
12/7 Hyster/Perkins | <0.01 0.15
12/8 Hyster/Perkins | <0.01 <0.01
(ug/m°)
Total sulfates 12/1 Stil11/Deutz 46 <10
12/5 Sti11/Deutz <10 22
12/6 Hyster/Perkins | <10 <10
12/7 Hyster/Perkins | <10 18
12/8 Hyster/Perkins | <10 18
(ppm)
Nitrogen dioxide 12/1 Sti11/Deutz <0.1 0.6
12/5 Still/Deutz <0.1 0.1
12/6 Hyster/Perkins | <0.1 0.2
12/7 Hyster/Perkins | <0.1 <0.1
12/8 Hyster/Perkins | <0.1 <0.1

a Time-weighted averages with "less than" signs

indicate that the breathing

2one samples collected were below the minima' detection of the method.




TABLE 4.

BREATHING ZONE EXPOSURES DURING WAREHOUSING OPERATIONS

USING LOW-SULFUR FUEL

|
Time-weighted average,a
Test
Test date (1983) Vehicle Driver
(mg/m°)
Particulates 1 12/13 Still/Deutz <0.01
Hyster/Perkins 0.82
2 12/13 Sti11/Deutz 0.71
Hyster/Perkins 0.69
3 12/14 Stil1/Deutz 0.66
Hyster/Perkins 1.52
4 12/14 Stil1/Deutz 0.98
Hyster/Perkins 1.03
(ug/m)
Total sulfates 1 12/13 Stil1/Deutz <10
Hyster/Perkins <10
2 12/13 Sti11/Deutz <10
Hyster/Perkins 30
3 12/14 Stil11/Deutz <10
Hyster/Perkins 32
4 12/14 Sti11/Deutz <10
Hyster/Perkins <10
(ppm)
Nitrogen dioxide 1 12/13 Still/Deut2 0.9
Hyster/Perkins 0.2
2 12/13 Sti11/Deutz <0.1
Hyster/Perkins 0.6
3 12/14 Stil1/Deutz 0.9b
Hyster/Perkins 3.2
4 12/14 Still/Deutz 1.8
Hyster/Perkins 0.3

a Time-weighted averages with "less than" signs indicate that the breathing
zone samples collected were below the minimal detection 1imit of the method.

Concentration is above the ACGIH threshold limit value (TLV) of 3 ppm
for nitrogen d

foxide.
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TABLE 5. BREATHING ZONE EXPOSURES DURING WAREHOUSING OPERATIONS
USING HIGH-SULFUR FUEL

Time-weighted averagea
Test i
date (1983) Vehicle Driver i
(mg/m3)
Particulates 12/15 Sti11/Deutz 0.95
Hyster/Perkins 1.33
(ug/m’)
Total sulfates 12/15 Sti11/Deutz <10
Hyster/Perkins 24
(ppm)
Nitrogen dioxide 12/15 Sti11/Deutz 0.49 i
Hyster/Perkins 0.37

@ Time-weighted averages with "less than" signs indicate that the breathing
zone samples collected were below the minimal detection limit of the
method.
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levels of particulate, sulfates, and nitrogen dioxide were found

above the detection limits of the methods used. These values may
represent a worst-case scenario since it is likely that during
real warehousing operations more than one driver would be
involved in the operation of a single forklift truck during any
given operation. During the test the Army utilized two drivers
for each vehicle, resulting in each driver being exposed to
diesel emission for a duration equal to approximately half the

test period.

CONTINUOUS AIR MONITORING

Continuous air monitoring was conducted during both the
loading/unloading and warehousing operations. The results were
compiled for both operations for each of the two vehicles tested.
The data are presented in both graphic and tabular format. The
graphic presentation consists of time-concentration profiles for
each of the measured exhaust components during selected tests.
The tabular format presents a summary of the mean and peak con-
centrations measured during the five unloading and five warehous-
ing tests. Unloading operations are of greater interest than
loading operations for two reasons 1) test data indicate that the
unloading phase is likely to produce greater peak concentrations
and 2) continuous unloading operations are more reflective of a
real event likely to be required of vehicles and personnel during
wartime. Warehousing operations are of interest because they
appear to represent a worst-case scenario for using diesel-

powered forklift trucks. The tables also present the results of
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a statistical test for significant differences between the groups
of air quality data measured during the operation of the two
forklift vehicles.

Figures 3 through 7 present example time-concentration pro-
files of unloading activities for the Still/Deutz and Hyster/Per-
kins vehicles. These figures summarize indoor air quality mea-
sured on the December 1 and December 8, test dates. 1In each
figure, the duration of the loading activity (in military time)
is presented along the abscissa of the profile, and the change in
concentration (in ppm) of the exhaust component is presented
along the ordinate.

The paired profiles presented in each figure summarize in-
door air guality measured at each of the two locations within the
magazine. One location (designated "forward”) is situated ap-
proximately one-third the way into the magazine. The second
location (designated "rear") is situated approximately two-thirds
the way into the magazine. Both openings to the sample lines are
located at approximately the centerline of the magazine, 2 feet
below the magazine ceiling. Each time-concentration profile
begins at the time of the test startup, just as the vehicles
enter the ammunition magazines; the profiles end when unloading
activity is completed.

Figures 8 through 12 present time-concentration profiles for
a representative warehousing test. The profiles of both vehicles
are presented for each exhaust component monitored during Ware-

housing Test 2, which was conducted on December 13. Only one
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profile (data from the "forward" location) is presented in each
figure because the monitoring was limited to one sampling loca-
tion during the warehousing tests. Because the warehousing ac-
tivities had the greatest impact on air quality, the mean
concentration (estimated TWA) is presented for each profile. The
background concentration measured for each pollutant on the day
before testing is also indicated on the time-concentration
profile,

Tables 6 through B present summaries of the continuous moni-
toring data collected during the five tests of unloading activi-
ties and the five tests of warehovsing operations. Results are
presented for each exhaust component by test date and vehicle.
The number of samples taken, the mean concentration during the
test (estimated TWA), and the peak concentration observed during
the test are reported. Also reported is the time to peak as
calculated from the beginning of the test, i.e., 7:05 indicates
that the peak occurred 7 hours and 5 minutes after the beginning
of the test. Table 6 presents a summary of indoor air quality
measured during the unloading activities. Table 7 presents a
summary of the indoor air quality during warehousing operations
conducted with forklifts using the lower-sulfur fuel. Table 8
presents the same activity with forklifts using high-sulfur fuel.
Although two warehousing operations were performed during the
test of high-sulfur fuels, only data from the second test are
presented. The results of the first test are considered invalid

because the vehicles were not supplied with fuel having an
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TABLE 6. SUMMARY OF INDOOR AIR QUALITY DURING UNLOADING ACTIVITIES
Concentra-

tion (ppm) Time

Test to peak

date (1983) [ Vehicle |n Mean Peak |(hour:min.)

Oxides of nitrogen 12/1 Still 49 | 1,132 | 2.155 7:05
12/5 Still 43 | 1.726 | 2.910 4:00
12/6 Hyster 46 | 2.506 | 6.070 5:40
12/7 Hyster |49 | 2.646 | 8.861 5:00
12/8 Hyster |49 | 2.018 | 5.379 7:40
Carbon monoxide 12/1 Still 49 | 1.2 1.6 0:80
12/5 Still 43 | 1.6 2.2 3:00
12/6 Hyster |46 | 1.9 3.3 3:20
12/7 Hyster [49 | 3.3 21.4 4:40
12/8 Hyster [49 | 2.2 4.0 7:40
Sulfur dioxide 12/1 Still 49 ) 0.195 | 0.447 6:25
12/5 Still 43 | 0.264 | 0.474 5:15
12/6 Hyster |46 | 0.191 [ 0.507 3:20
12/7 Hyster (49 | 0.349 | 1.974 5:00
12/8 Hyster |49 | 0.247 | 0.640 7:40
Hydrocarbons 12/1 Still 49 | 7.4 10.4 0:20
12/5 Stil 43 | 7.8 14.5 0:80
12/6 Hyster (46 | 7.5 8.5 7:00
12/7 Hyster (42 | 8.5 15.4 4:40
12/8 Hyster (49 | 7.9 5.0 5:40
Carbon dioxide 12/1 Stinl 49 | 1474 |1822 6:25
12/5 Stin 37 733 866 3:40
12/6 Hyster |46 | 905 |1097 3:40
1277 Hyster |49 801 {1349 5:00
12/8 Hyster |49 [ 1010 |[1332 7:20
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TABLE 7. SUMMARY OF INDOOR AIR QUALITY DURING WAREHOUSING OPERATIONS
WITH FORKLIFTS USING LOW-SULFUR FUEL

Concentra-
tion {(ppm) Time
Test to peak
date (1983) | Test | Vehicle[ n Mean Peak { (hour:min.)

Oxides of 12/13 1 [stilt {13 [ 3.583 | 5.086 o:30°
nitrogen Hyster (15 | 5.096 | 8.567 1:00
2 st |26 | 3.925 | 5.66) 1:45°

Hyster {26 | 6.327 |10.066 4:15

12/14 3 fstinn |26 | 4.792 | 6.759 4:00°

Hyster |26 | 8.025 [11.122 1:30

4 |suill (24 [ 5.624 | 7.843 1:30°

Wyster (24 | 7.167 |11.01% 0:40

Carbon 12/13 1 jstint 14 | 2.0 2.7 0:50°
monox ide Hyster .15 | 3.8 5.3 0:60
2 |stitt l2s |24 |45 3:45

Hyster (24 | 4.8 6.2 1:9%

12/14 3 |stin (26 | 2.6 3.1 0:50°

Myster (26 | 5.4 7.1 3:15

4 fstinn |24 | 3.6 4.4 1:30°

Hyster |24 | 5.2 6.8 0:40

Sulfur 12/13 1 |stitn 14 | 0.498 | 0.668 0:40
dioxide Myster {15 { 0.539 | 0.788 2:00
2 |stinn |25 ] 0.712 | 0.998 0:30

Hyster |25 | 0.692 | 0.886 3:35

12/14 3 |still {25 | 0.681 [ 0.918 4:00

Hyster {26 | 0.753 | 1.008 3:10

4 |stinn 28 | 0.936 | 1.425 1:30,

Hyster (24 | 0.694 | 1.016 0:10

‘ Hydrocarbons 12/13 1 |stin {14 [ 8.6 9.5 0:50°
1 Hyster (15 | 9.6  |10.6 0:60
‘ 2 [stin |25 | 8.6 9.9 3:55°
Hyster (24 | 9.9 11.0 4:05

12/14 3 [stin |26 | 8.5 9.2 2:10°

Hyster |27 [10.2 [11.2 2:00
4 |stinn |24 | 8.9 9.8 2:00°

Hyster |24 {10.2 |10.8 1:40

Carbon 12/13 1 |stinn (14 [ 870 |r067 0:10
dioxide Hyster |15 | 830 977 1:00
2 |stin 126 | 989 1111 415

Hyster (25 | 991 1189 4:05

12/14 3 |stinn |26 [1288  [1539 0:50

Hyster |26 ]1300  [1507 1:30
4 |stinn 24 |1526 1761 3:30,

: Hyster 124 [1352  [1523 0:10

L air quality impact of this vehicle was found to be significantly lower than
the other test vehicle (p <0.05).




TABLE 8. SUMMARY OF INDOOR AIR QUALITY DURING WAREHOUSING OPERATIONS
WITH FORKLIFTS USING HIGH-SULFUR FUEL

Concentra-

tion (ppm) Time

Test to peak

date (1983) Vehicle | n Mean Peak | (hour:min.’

Oxides of nitrogen 12/15 Stil 18 | 2.618 | 3.497 0:10°
Hyster |18 | 8.586 |12.984 2:50

Carbon monoxide 12/15 Still 18 | 1.3 2.2 0:10°
Hyster | 1B | 4.5 5.8 1:40

Sulfur dioxide 12/15 Still 18 | 1.246 | 1.643 1:10°
Hyster | 1B | 1.829 | 2.863 2:50

Hydrocarbons 12/15 Still |18 | 8.7 9.3 1:50°
Hyster |18 [10.7 11.9 1:40
Carbon dioxide 12/15 Stild 18 }1017 1215 0:10
Hyster |18 (1222 1501 1:40

@ pir quality impact of this vehicle was found to be significantly lower
than the other test vehicle (p <0.05).

/ 41




idential sulfur content. Successful fueling of the vehicles
prior to the second test was accomplished, and the data from this
test are believed to reflect more equitable assessment of the
diesel emission levels from the two test vehicles.

Tables 7 and 8 also present the results of a statistical
analysis to test the significance of the difference between
exhaust concentrations generated from the two test forklifts.

The specific statistical tests used during tﬁis analysis are

outlined in Appendix C.

LIMITATIONS OF THE DATA

A factor that may have confounded the indoor air quality
data is the severe weather conditions experienced during the test
period. Windspeeds outside the storage magazines were recorded
at velocities ranging between 0 and 20 mph with gusts up to 30
mph. Ambient temperatures ranged between 12° and 40°F.

The weather conditions presented two problems in the inter-
pretation and use of the test data. Windspeed directly affects
the ventilation rate of the storage magazine by altering the
volumetric flow of air through the magazine's passive system.

The magnitude of the windspeed is believed to have influenced all
test data to some degree because daily changes in the speeds
frequently ranged between 5 and 15 mph. Increases in windspeed
would significantly increase the ventilation of the magazines and
retard the accumulation of diesel exhaust. The effect of elevat-

i - ed windspeed on the magazine ventilation certainly affected the -1




e 3

estimation of both mean indoor air gquality and the TWA's and

B S ——

probably resulted in an underestimation of both the continuous

monitoring and worker exposures.

The changes in windspeed were most detrimental to the utili-

ty of test data on the loading/unloading operations because the
two forklift vehicles could not be tested while performing the
same tasks on the same days. Because the nature of the warehousing

operations allowed tests of both forklifts on the same day, the

change in windspeed does not present a serious problem in the
interpretation of the indoor air quality data taken during these

operations.

The second problem associated with the weather related to

the low temperatures experienced inside and outside of the maga-
zines. Although it is not known what exact effect such extreme
temperatures might have had on the vehicles, it is reasonable to
assume that these conditions could have affected the performance
of the test vehicles and therefore affected the indoor air

qguality of the magazines.
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IV. CONCLUSIONS

The test results led to the following conclusions regarding
the impact of diesel exhaust on magazine air quality:

1) The impact of diesel exhaust on breathing zone expo-
sures and magazine air quality depends largely on the
type of operation being performed. Of the two operat-
ing scenarios investigated (i.e., loading/unloading and
warehousing), warehousing presents the greater poten-
tial risk to the health and safety of Army personnel.

2) Breathing zone exposures and magazine air quality data
were compared with the OSHA permissible exposure levels
and ACGIH threshold limit values. Under the operating
conditions, ventilation, and temperature during the
test, nitrogen dioxide is the only exhaust component of
those measured that presents a potentially serious
health risk to Army personnel.

3) The Still forklift powered by a Deutz (F3L912W) engine
is clearly the cleaner of the two vehicles tested. Un-
der the operating conditions, ventilation, and tempera-
ture during the tests, the Still/Deutz vehicle did not
exceed any of the OSHA permissible exposure limits for
the exhaust components measured.

CHARACTERIZATION OF DIESEL FORKLIFT IMPACT ON MAGAZINE AIR QUALITY

During the testing effort, the loading/unloading operation

was broken down into separate activities. Indoor air quality was
monitored during both loading and unloading activities with the
Still/Deutz vehicle. The results indicated that although the
time-concentration profiles of the two types of activity are
separate and distinct, the average exhaust emission concentrations
during these activities is not noticeably different. The data

did indicate that the unloading phase of the operation was likely
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to produce greater peak accumulations of exhaust emissions. The
unloading phase presents the greatest concern because an all-out
unloading effort is what i1s likely to occur when supporting a
combat operation. A concentrated loading effort similar to the
operation experienced during the tests is unlikely to occur.
Figure 13 presents hypothetical time-concentration profiles
for each phase of the loading/unloading and warehousing opera-
tions. Although the profiles are highly idealized portrayals of

the actual test data, they clearly illustrate the time-concentra-

tion characteristics of forklift operations. 1In the interest of
focusing resources on those aspects of the testing most likely to
yield useful results, an indepth analysis was performed only on
data from the unloading phase.

A plot of the test data taken during the unloading phase of
a loading/unloading operation is usually skewed to the right of
the time-concentration profile because the forklift spends little
time in the magazine during the movement of the first few ammuni-
tion pallets. As the unloading phase progresses, the forklift
spends proportionatejy more of its operational time inside the
magazine until, near the end of the phase, the truck has to
travel the entire length of the magazine to get to the remaining
pallets. 4

Conversely, the plot of test data taken during the loading
phase is usually skewed to the left of the time-concentration J
profile because the forklift begins the loading phase by travers-

ing the entire magazine with the first few pallets. As the

> -

45

PP
.

' el o s diliindie " Py - PPN S — aih




b
=
-
<
-3
—
=
Ll
[
=
o
(%]
TIME —>
UNLOADING PHASE
z
o
-
<
[-4
—
=z
ud
(%}
=
o
(&)
TIME —>
LOADING PHASE
l
&
—
2
[
=
Wl
<
=
[~
(=

TIME —>

WAREHOUSE

Figure 13. Hypothetical time-concentration profiles
of loading, unloading, and warehousing operations.
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loading phase progresses, the forklift spends less and less of
its operating time inside the magazine.

Another important characteristic of these profiles is the
similarity of the areas under the loading and unloading time-
concentration curves; i.e., the mean air quality of each phase is
approximately the same. The peak concentrations, although some-
what similar in magnitude, appear at different times. Peak
concentrations during the unloading phase occur late in the
operation, whereas peak concentrations in the loading phase are
reached early in the operation.

Warehousing operations, which require the test vehicles to
remain inside the magazine during the entire operation, have
their own unigue time-concentration profiles. Because the vehi-
cles remain inside the magazine during the entire operation, the
concentrations of exhaust emissions rise quickly and are sus-
tained at higher levels than during the loading/unloading opera-
tions. Both the mean and peak concentrations that occur during
warehousing operations are higher than those during loading/un-
loading operations of similar duration.

COMPARISON OF PERSONNEL EXPOSURES AND MAGAZINE AIR QUALITY WITH
OSHA PERMISSIBLE EXPOSURE LIMITS

Two sources of information are available for use in judging
the health risks associated with exposure to the diesel forklift
exhausts: OSHA's permissible exposure limits (PEL's) and the
ACGIH's threshold limit values (TLV's). Emphasis is placed on a
comparison of the test results with the OSHA PEL's because these
limits represent Federal health standards for the workplace. The
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ACGIH TLV's are also of interest; although these limits are not

binding regulations, they do represent what can be considered
"good-practice" guidelines. The TLV's are exposure limits based |
upon the public health community's current knowledge of the

effect of toxic substances on the workforce. The OSHA PEL's are

different from the ACGIH TLV's in that, with a few exceptions, B

they represent the TLV's as interpreted in 1968. These 1968

TLV's were adopted by OSHA during the establishment of the Occu- }
pational Safety and Health Act of 1970. Table 9 summarizes the g
applicable exposure limits.

Based on the results of breathing zone monitoring conducted ]
during the unloading activities and warehousing operations, the l

following conclusions can be drawn as to the health risks posed

by each of the exhaust components monitored.

Particulates

The particulate exposures experienced by forklift drivers

and helpers do not present a problem when interpreted as a nui-

sance dust. Under the worst conditions, the particulate expo-
sures calculated as TWA's in Tables 3, 4, and 5 only begin to

approach 10 percent of the OSHA standard and 15 percent of the

TLV.
Exposures to the PAH's were below the detection limits of
the sampling and analytical methods. Because the lack of data on

exposure to PAH's is the result of a detection problem, we were

unable to assess the health risk posed by these substances.




TABLE 9. EXPOSURE LIMITS FOR DIESEL EXHAUST COMPONENTS

ACGIHP
OSHA PEL 2 TWA STEL
Exhaust component 8-h 8-h 15-min
Particulate components
Insoluble fraction
Total nuisance dust 15 mg/m3 10 mg/m3 -
Soluble fraction
Polycyclic aromatic hydro- 0.2 mg/m?3 0.2 mg/m3 -
carbon (coal tar pitch
volatiles)
Gaseous components
Carbon monoxide 50 ppm 50 ppm 400 ppm
Carbon dioxide 5000 ppm 5000 ppm 15,000 ppm
Nitrogen dioxide 5 ppm 3 ppm 5 ppm
Sulfur dioxide 5 ppm 2 ppm 5 ppm
Sulfuric acid 1 mg/m3 1 mg/m? -
Other components
Total hydrocarbons - -
Odorants - -

3 General Industry Safety and Health Standards - Toxic and Hazardous
Substances. Code of Federal Regulations, Title 29, Chapter XVII,
November 1982.

Part 1910, Subpart 2. 47 FR 51117.
TLV's - Threshold Limit Values for Chemical Substances and Physical

b

Agents in the Work Environment with Intended Changes for 1983-84.

ACGIH. Cincinnati, Ohio.
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Total Sulfates

The concentration of total sulfates was measured to obtain
an estimate of the possible exposure of Army personnel to sulfu-
ric acid. As in the case of TSP, exposure to sulfuric acid
aerosols during the operation of diesel-powered forklifts should
not present a health problem. Even if all the sulfates collected
were assumed to represent airborne aerosols of sulfuric acid, the
TWA exposures to this substance would be less than 5 percent of
the OSHA standard and the TLV.

Nitrogen Dioxide

Nitrogen dioxide appears to represent the only serious
health risk to Army personnel involved in the types of ammunition
handling operations tested. Detectable exposures to nitrogen
dioxide ranged between 2 and 64 percent of the OSHA standard
during unloading and warehousing activities. The largest TWA
exposure occurred during a warehousing operation. Although this
exposure level was only 64 percent of the OSHA standard, it
exceeded the ACGIH threshold limit value for nitrogen dioxide.

Continuous monitoring for oxides of nitrogen indicates that
the mean indoor air quality during unloading activities could
reach levels equal to 53 percent of the OSHA standard for N02,
with peak concentrations exceeding the ACGIH's short-term expo-
sure limit (STEL). The oxides of nitrogen problem is more severe
during warehousing operations; the mean concentration of these
oxides was well in excess of the OSHA standard when interpreted

as nitrogen dioxide (see Table 7). Although these test results

indicate the potential for a serious health risk, the results of
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the continuous monitoring for oxides of nitrogen cannot be compared
directly with the OSHA PEL's or ACGIH TLV's for nitrogen dioxide
because the continuous monitor reports data as total oxides of
nitrogen (which include both NO and NO,). Although the NO

2
contribution to the total oxides of nitrogen (Nox) readings

averaged about 10 to 20 percent, a review of the testing data
(Appendix B) indicates that the contribution of NO, ranged from
values as low as 1 percent to values as high as 50 percent of the
NOx reading.

Carbon Monoxide

Carbon monoxide does not appear to present a serious health
risk during these operations. Although initially of great con-
cern, breathing zone measurements of carbon monoxide never ex-
ceeded any of the established standards or workplace limits. The
breathing zone measurements taken were below the detection limit
of the instrument. Continuous monitoring for CO during warehous-
ing operations detected a few peak concentrations reaching values
as high as 5 percent of the STEL.

' Sulfur Dioxide

Sulfur dioxide levels were monitored by both breathing zone

and continuous measurements. No breathing zone exposures were

e e e e

recorded because no levels were found above the detection limits
of the sampling and analytical method.
The continuous monitoring data indicated that although the

! mean exposures to SO, were well below the OSHA standard and TLV, 4

T
J i peak concentrations approach 30 percent of the STEL during ware- ‘
. housing operations when the forklifts burned low-sulfur fuel (see
'/' !f Table 7). Peaks approaching 60 percent of the STEL were detected
| - 51 ;




during similar operations when high-sulfur fuel was burned (see
Table 8).

Carbon Dioxide

Carbon dioxide concentrations do not present a health risk
to Army personnel during either unloading activities or warehous-
ing operations. No carbon dioxide was found in amounts above the
detection limit of the passive dosimeters used to determine
breathing zone exposures.

The continuous monitoring instruments did detect CO but

20
the levels were less than 30 percent of the OSHA standard and
TLV.

Odorants

Samples of diesel exhaust were collected on Chromosorb 102
adsorbent for analysis using the Diesel Odor Analysis System
(DOAS) . However, due to delays in obtaining analytical standard
reference solutions from the supplier, the analyses of the
Chromosorb could not be performed within the time frame of the
project. The chromosorb adsorbent has been archived in the
PEDCo Environmental laboratory for future analysis.

It is unlikely that a future analysis of the Chromosorb will
produce significant results since onsite subjective assessment of
the odors levels by the testing team indicated that odors from
unloading/loading and warehousing operations were slight or

nondetectable.
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' COMPARISON OF FORKLIFT EMISSION LEVELS

Comparison of emission levels from the two diesel-powered
forklifts indicates that the Still forklift eguipped with a Deut:
(F3L912W) engine is the cleaner vehicle. Data collected during
the warehousing activities and subjected to a statistical
analysis (Appendix C) demonstrated that the impact on magazine
air quality was significantly less when used with the Still/Deutz
vehicle (see Tables 7 and 8).

The objective of the statistical analysis was to judge the
relative "cleanliness" of the test forklifts by determining
whether the difference in exhaust concentrations was significantly
lower for one than for the other. Two sets of warehousing tests
were analyzed; a set of four test runs in which both vehicles
burned low-sulfur fuel and a single test run in which both vehicles
burned high-sulfur fuel. The warehousing tests with low-sulfur
fuel indicated the following:

1) The Still/Deutz vehicle was significantly cleaner than
the Hyster/Perkins vehicle for oxides of nitrogen and
carbon monoxide.

i 2) The Still/Deutz tested cleaner than the Hyster/Perkins
in three of the four warehousing tests for total hydro-
carbons. The remaining test for total hydrocarbons was

‘ inconclusive and showed no difference between the two
vehicles. :

3) The data on sulfur dioxide and carbon dioxide showed no

significant difference between the two vehicles in
three of the four tests. The last warehousing test

' indicated a significantly smaller contribution from the
. : Hyster/Perkins vehicle.

!
'
!
it
4
L]
i
3
¢

i 53

végﬁiﬁf

P T

e s
B o




The test results on warehousing operations with high-sulfur

fuel were more conclusive: h

1)

2)

The Still/Deutz operated significantly cleaner than the j
Hyster/Perkins vehicle with regard to emissions of i

oxides of nitrogen, carbon monoxide, sulfur dioxide, ,
and hydrocarbons. 3

Only the test data on carbon monoxide indicated no |
sigrificant difference between vehicle emissions. 4

Y S Y
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V. RECOMMENDATIONS

The current test results provide a data base from which tc
characterize the opzsration of diesel-powered forklifts during
ammunition handling and storage activities in Stradley-type
magazines. Also, the results have successfully characterized the
relative performance of the two test vehicles and clearly identi-
fied the Still/Deutz (F32912W) diesel-powered forklift as the
"cleaner-burning” vehicle. The absolute safety of the Still/Deutz
vehicle, however, could not be firmly established from the test
data.

Although no OSHA exposure limits were exceeded during the
testing of the Still/Deutz vehicle, two facts associated with the
test results prevent any final assessment: 1) levels of nitrogen
dioxide and oxides of nitrogen, although not at concentrations in
excess of the OSHA standard, were high enough to warrant concern;
and 2) weather conditions were extreme enough to question the
validity of using the test results to characterize more "normal”
operating conditions. Specifically, test conditions during this
investigation may have produced low estimates of indoor air
quality. High windspeeds and low temperatures during the testing
may have affected both magazine ventilation and engine perfor-
mance in such a manner as to result in under estimation of the

potential health risk involved.
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To eliminate these areas of uncertainty associated with the
operation of the Still/Deutz vehicle, PEDCo Environmental recom-
mends that the Army consider an additional series of tests.
These additional tests should be conducted with the objective of
assessing the Still/Deutz forklift under the opposite weather
conditions, i.e., low windspeed and high temperatures. At a

minimum, breathing zone and continuous air monitoring data should

be collected for nitrogen dioxide during the additional testing.
In as much as the exact effects of windspeed and temperature on
the other exhaust components cannot be determined with certainty,
prudence would dictate that the more potent exhaust components
(carbon monoxide, sulfur dioxide, and sulfuric acid) also be
reassessed. Reassessment of particulates and polycyclic aromatic
] hydrocarbons, although not detected in any appreciable amounts
‘ during the initial test effort, should also be considered.
Carbon dioxide and total hydrocarbons can be dropped from

future testing efforts. The current test results indicate that

severe exposures to these substances are extremely unlikely.

A clear description of magazine ventilation could not be
achieved during this investigation. Because ambient weather
conditions (e.g., windspeed) can profoundly alter the ventilation
of ammunition magazines, it would be useful to perform a detailed
trace gas study of a Stradley-type magazine. Information

obtained from such an investigation would be valuable in that it

t would allow the Army to extrapolate test results of indoor air '
" quality in Stradley magazines to other magazine designs and other

| structures.
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APPENDIX A

SAMPLING PROCEDURES AND
ANALYTICAL METHODS
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Carbon Dioxide

Analyte: Carbon Dioxide Method No.: $249

Matrix: Air Range: 2270-10G00 PP®™
OSHA Standard: 5000 ppm (9000 mg/cu m) Precision (ET): 0.014

Procedure: Collection in gas Validation Date: 10/29/76
sampling bag, GC with
thermal conductivity
detector

Principle of the Method

(]

1.1 A known volume of air is collected in a five-laver gas sampling
bag bv means of a low flow rate personal sampling pump capable of
filling a baz.

1.2 The carbon dioxide content of the samples is determined by gas
chromatography using a thermal conductivity detector.

L)

Range and Sensitivity

2.1 This method was validated over the range of 2270-9990 ppm at an
atmospheric temperature of 20.5°C and atmospheric pressure of
757 mr Hg using 8 3.5 liter sample volume. The working range of
the method i{s estimated to be 500-15000 ppm, under the experi~-
mental conditions cited.

2.2 The upper limit of the range of the method and the absolute

sensitivity have not been established.

3. Interferences

3.1 When two or more compounds are known or suspected to be
present in the air, such information, including their suspected
identities, should be transmitted with the sample.

3.2 It must be emphasized that any compound which has the same
retention time as the analyte at the operating conditions
described in this method is an interference. Retention time
data on a single column cannot be considered as proof of
chemical identity.

3.3 1f the possibility of interference exists, separatjon conditions
(column packing, temperature, etc.) must be changed to circum-
vent the problem.

A-3




4. Precision and Accuracy

4.1 The Coefficient of Variation (CVy) for the total snalytical and
sampling method in the range of 2270-9990 ppm was 0.014. This
value corresponds to a 69-ppm standard deviation at the OSHA
standard level. Statistical information and details of the
validation and experimental test procedures can be found in
References 11.1 and 11.2,

4.2 On the average, the concentrations obtained at the OSHA standard
level using the overall sampling and analvtical method were
2.5% lower than the ''true" concentrations for a limited number
of laboratory experiments. Any difference between the "found"
and "truc” concentrations mav not represent a bias in the
sampling and analvtical method, but rather a random varjaticn
from the experimentally determined "true" concentration. There-
fore, no recovery correction should be applied te the final
result.

5. Advantages and Disadvantages of the Method

5.1 The sampling device is small, portable, and involves no liquics.
Interferences are minimal, and most of those which do occ.r can
be eliminated by altering chromatographic conditicas. The
samples in bags are analvzed by means of & quick instrumental
method.

5.2. One disadvantage of the method is that the gas sampling bas is
rather bulky and mav be punctured during sampiing and ship;ing.

6. Apparatus

6.1 Personal Sampling Pump. A personal sampling pump capable of

filling a bag at approximately 0.05 liter per minute is required.
! This pump should be calibrated to within *5%.

6.2 Gas Sampling Bag. 5-liter capacity; only the five-layer
i sampling bags manufactured by Calibrated Instruments, Inc.
(731 Saw Mill Road, Ardsley, New York 10502) were found to
be satisfactory for sample collection and storage for at least
7 days. The bag is fitted with & metal valve and hose bib.
For the preparation of calibration standards in the laboratory,
5-1iter Saran or Tedlar bags could be used.

6.3 Gas Chromatograph. The unit must be equipped with a thermal
conductivity detector and a S-milliliter gas sampling loop or

equivalent. A portable w.it with no column temperature control &
is adequate.

6.4 Column. (5-ft x 1/4-1in stainless steel) packed with 80/100 1
sesh Porapak QS.

'/f 6.5 Ares Integrator. An electronic integrator or some other suit- ']
. sble method for measuring peak aress. 1
bf A-4




7.

6.6

6.7

Gas-tight syringes. 10-ml and other convenient sizes for making
standards.

Calibrated Rotameters. convenient sizes for making standards.

Reagents

7.1

7.2

~

.3

7.4

Carbon dioxide, 99’ or higher purity.
Nitrogen, purified.
Helium, purified.

Air, filtered compressed.

Procedure

§.1

§.2

8.3

Cleaning of Sampling Bags and Checking for Leaks. The bags are
cleaned bv opening the closure mechanism and bleeding out the

air sample. The use of a vacuum pump is recommended although

this procedure can be carried out by manually flattening the bags.
The bags are then flushed with carbon dioxide-free air and evacu-
ated. This procedure is repeated at least twice.

Bags mav be checked for leaks by filling the bag with air until
taut, sealing and applying gentle pressure to the bag. Observe
for any discernable leaks and any volume changes or slackening
of the bag, preferably over at least a one~-hour period.

Calidbration of Personal Pumps. Each personal pump should be
calibrated to minimize errors associated with uncertainties in
the sample volume collected. Although sample volume is not
actually used in this determination, the pump should be cali-
brated to aveid over filling the bags; i.e., & maximum sampling
time can be determined based on flow rate and sample volume
which is approximately equal to 80% volume of bag.

Collection and Shipping of Samples.

8.3.1 Immediately before sampling, sttach a small piece of
Tygon or plastic tubing to the hose bib of the five-layer
gas sampling bag.

8.3.2 Unscrew the valve fitting and attach the tubing to the
outlet of the sampling pump.

B.3.3 Air being sampled will pass through the pump and tubing
before entering the sampling bag, since a "push™ type
pump is required.

8.3.4 A sample size of 3-4 liters is recommended. Sample at a
flow rate of 0.05 liters per minute or less, but not less
than 0.0] liters per minute. The flow rate should be
known with an accuracy of at least + 5%.

A-5
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8.3.5 The temperature snd pressure of the atmosphere being
sampled should be recorded. If pressure reading is not
available, record the elevation.

8.3.6 The gas sampling bag should be labeled appropristely
and sealed tightly.

8.3.7 Gas sampling bags should be packed loosely and padded
before thev are shipped to minimize the danger of getting
punctured during shipping.

8.4 Analvsis of Samples

B.4.1 GC Conditions. The typical operating conditions for the
gas chromatograph are:

1. 100 ml/min (25 psig) helium carrier gas flow

2. Ambient injector temperature

3. 70°C manifold temperature (detector)
4. Ambient column temperature

A retention time of approximately 2 minutes is to be
expected for the analvte under these conditions and at
ambient temperatures of 20-25°C using the column recom-
menced in Section 6.,4. The carbon dioxide elutes after
oxvgen and nitrogen.

8.4.2 GC Analysis. The gas sampling bag is attached to the
sample loop of the GC unit via a short piece of tubing.
Open the closure valve of the gas sampling bag and fill
. the S5-ml sample loop by gently squeezing the sample
' bag. To allow the sample in the loop to attain atmos-
pheric pressure, release the pressure applied to the
sample bag just prior to turning the sample loop valve i
to inject the sample onto the column.

8.4.3 Measurement of area. The area of the sample peak is mea-
sured by an electronic integrator or some other suitable
form of area measurement, and the results are read from
a standard curve as discussed in Section 9.

9. Calibration and Standards

9.1 Completely evacuate a 5-liter gas sampling bag, preferably with
¢ the aid of a vacuum pump. Introduce 1.0 liter of filtered air
via 8 septum into the bag; this can be done using a calibrated
rotameter. Then add a known volume of carbon dioxide gas through
a septum and add more air to a& total accurately known volume of

§ oty
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9.2

between 3-4 liters. It is necessary to know accurately the volume
of carbon dioxide added and the total volume of air to determine
concentration in ppm. The concentration {in ppm is equal to the
volume of carbon dioxide divided by the sum of the volume of
carbon dioxide and the volume of air.

A series of standards, varying in concentration over the range
of interest, is prepared as described above and analyzed under
the same GC conditions and during the same time period as the
unknown samples. Curves are established by plotting concentraticn
in pp~ versus peak area. Corrections for the unknown carbon
dioxide concentration in the filtered air must be made 1f neces-
sarv. The carbon dioxide correction factor can be determined
by filling an evacuated bap with 3-4 liters of the filtered air
used for preparing the calibration standards. This "blank" air
is analvzed under the same conditions as the calibration stan-
dards and the samples. The "blank' area thus determined is sub-
tracted from the peak area of each calibration standaréd. A
calibration curve is established by plotting concentration in
ppr versus correctcd peak area.

Note: Calibration standards should be analyzed at the same tire
the sample analysis is done. This will minimize the
effect of variations in detector response.

10, Calculations

10.1

10.2

Read the concentration in ppm, corresponding to each peak area
from standard curve.

Another method of expressing concentration is mg/cu m (corrected
to standard conditions of 25°C and 760 mm Hg).

ISt 760 (T + 273)
mg/cu m = ppm X .45 X P X 388
where:
P = pressure (mg Hg) of air sampled
T = temperature (°C) of air sampled
24.45 = molar volume (liter/mole) at 25°C and 760 mm Hg
MW = molecular weight
760 = gstandard pressure (mm Hg)
298 = gtandard temperature (°K)

11. References

11.1

Memoranda, Kenneth A. Busch, Chief, Statistical Services, KLCD,
to Deputy Director, DLCD, dated 1/16/75, 11/B/74, subject:
“Statistical Protocol for Analysis of Data from Contract
CDC-99~74-45."
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11.2 Backup Dats Report for Carbon Dioxide, prepared under NIOSH
Contract No. 210-76-0123.
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NITROGEN DIOXIDE AND NITRIC OXIDE IN AIR
Measurements Support Branch

Analytical Method

Analvte  Nitrogen Dioxide Method No.: P&CAM 231
and Nitnc Oxide

Range 08 to 30 ppm of NO,

Matrin Arr or NO in a I-iter sample
Procedure  Sohd sorbent Precision(CVT)  NO,. 007 at
collection. tnethanol- 05 to 5 ppm: NO. 006 at
amine extraction, spec- 12.5 to 50 ppm
trophotometry

Classification D (Operational)
Date [Issued 6.30 76

Date Reviced

1 Principle of the Method

Nitrogen dioxide (NO,) and nitric oxide (NO) are coliected from air in 2 three-section
sorbent tube. The NO, is absorbed in the first section. which contains tniethanolamine
(TEA) impregnated on moleculas sieve. The NO is converted to NO, by a proprietany
ovidizer in the second section. The NO, thus formed from the NO s absorbed in the third
section by another bed of TEA-impregnated molecular sieve. The first and third sections are
desorbed with solutions of TEA in water and the nitnte in these solutions is determined
spectrophotometrically by the Griess-Saltzman reaction. (Reference 11.1) The nitrite found
in the first section is reported as NO, and the nitrite in the third section is reported as NO

12

Range and Sensitivity

21 The linear tange of the standard curve is from 0.5 1o 18 ug of nitrite in 10 m( of
desorbing solution. which corresponds in this method 10 2 range of 0 8 10 30 ppm of
i NO, or NO in a I-hter sample of air

L]
L)

The sensitivity is 0.4 ug’10 m€ for an absorbance of 004

2.3 The upper himit of the range can be extended by taking smaller aliquots for analysis. or
be diluung intensely colored solutions with water.

3. Interferences

)
!
‘ "y \ 3.} inorganic nitrites cause posilive interference.
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3.2 Nitric acid and nitrates do not interfere.

3.3 Ammonia does not interfere.

Precision and Accuracy

4 1 The average recovery for 22 samples in the range 0.5 to S ppm of NO, was greater than

96% and the coefficient of variation was 0.07.

For 18 samples the average recovery of NO varied with the amount of NO collected
The recovery was 100% at 12.5 ppm. At 25 ppm only 84% recovery was achieved, and
at 50 ppm only 67%. However, the coefficient of varistion over the range was only
0.06. The recovery may vary depending upon the sample flow rate and the properties
of the particular lot of oxidizer used. Each laboratory should determine the efficiency
of the sampling tubes employed.

4.3 The accuracy of the overall sampling and snalytical method has not been determined.

Advantages and Disadvantages of the Method

Both nitrogen dioxide and nitric oxide are collected simultaneously.
This method is simple and convenient for field sampling.

Samples can be stored at ambient temperature for at least 10 days without any effect
on the results.

At 50 ppm of NO the collection efficiency is poor (about 67%) because the oxidizer is
consumed.

If high humidity or water mist is present, the breakthrough volume can be severely
reduced. If water condenses in the tube, NO, and NO may not be collected
quantitatively.

Apparatus

Sampling Equipment

611 Solid sorbent tubes are made in the following manner. Using a gas-oxygen
torch. heat a section of 5-mm i.d.., 7-mm o.4. Pyrex glass tubing and pull it




apart to form a tube spproximately 1S cm Jong with a taper 2 cm long. Seal
the tapered end of the tube in the flame. Allow it to cool, then insert a small
plug of glass wool through the open end of the tube; push the glass wool
through the open end of the tube with a thin wooden stick and pack gently.
Weigh 400 mg of TEA sorbent and pour the material into the tube. (See
Section 7.2) Gently tap the tube on the table top several times to ensure
uniform packing. Insert another small plug of glass wool to keep the TEA
sorbent in place. For the next section, pour 800 mg of oxidizer into the
tube. (See Section 7.1.) Again tap the tube and insert a plug of glass wool.
pack lightly. Insert gnother plug of glass wool. maintaining an air gap of 12
mm between these two plugs. Weigh 400 mg of TEA sorbent and pour the
material into the tube. Carefully tap the tube and gently pack another glass
wool plug without closing the 12-mm air gap. Seal the open end of the tube
with the torch. See the figure on page 231-9.

6.1.2 A personal sampling pump that can provide a flow rate of 50 m£/min within
S% accuracy is required. The pump should be calibrated with 2
representative sorbent tube in the sampling line. A dry or wet test meter or
glass rotameter that will determine the flow rate to within 5% may be used
for the calibration.

6.2 Spectrophotometer capable of measurements at 540 nm.
6.3 Matched glass cells or cuvettes. 1-cm path length.

6.4 Assorted laboratory glassware: pipettes, glass-stoppered graduated cylinders. and
volumetric flasks of appropriate sizes.

7. Reagents

7.1 Oxidizer. Proprietary material Number 1900277 from the Dragerwerk Company of
West Germany. supphied through its U.S distributor, National Mine Safety Company.
or the equivalent.

7.2 TEA Sorbent. Place 25 g of triethanolamine in 3 250-mf beaker: add 4 g of glycerol.
$Ome of acetone and sufficient distilled water to bring the volume up to 100me To the
mixture add about SO m€ of Type 13X, 30/40-mesh Molecular Sieve. Stir and let stand
in a covered beaker for about 30 min. Decant the excess liquid. and transfer the
molecular sieve to a porcelain pan. Place the pan under a heating lamp until most of
the moisture has evaporated. Complete the drying in an ovenat 110°C for | hr The
sorbent should be free flowing Store it in a closed glass container.
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w 7.3 Desorbing Solution. Dissolve 15.0 g of triethanolamine in spproximately 500 mf of
: distilled water, add 0.5 mR of n-butanol, and dilute to ] liter.

7.4 Hydrogen Peroxide. 0.02%(v/v). Dilute 0.2 mR of 30% hydrogen peroxide to 250 me
with distilled water.

7.5 Sulfsnilamide Solution. Dissolve 10 g of sulfanilamide in 400 mR of distilled water.
Add 25 mt of concentrated phosphoric acid, mix well, and dilute to 500 mQ.

7.6 NEDA Solution Dissolve 0.5 gm of N« 1-naphthyl)ethylenediamine dihydrochlonde in
S00 mf of distilled water.

7.7 Nitrite Stock Standard Solution (100 ug/me). Dissolve 0.1500 g of reagent grade
sodium mitnte in distilled water and dilute to 1 liter.

8. Procedure

8 1 Cleaning of Equipment. Wash all glassware with detergent solution, soak in nitric acid.

nnse in tap water and distilled water, and then rinse thoroughly with double distilled
water.

8.2 Collection and Shipping of Samples

821 Before sampling. break open the ends of the sorbent tube to provide an
opening that is approximately one-half the internal diameter of the tube.

8§22 The air must flow through the 12-mm air space before it flows through the
oxidizer. Therefore attach the end of the tube without the air gap between
the oxidizer section and TEA sorbent section to the pump with a length of
small diameter Tygon®tubing.

823 Mount the tube in a vertical position to avoid channeling

824 The air being sampled should not pass through any hose or tubing before it i
enters the sorbent tube. !

825 Turn on the pump to begin sample collection. Sample at a flow rate of S0
me/min of less to obtain 2 maximum sample volume of 1 liter. Measure the
flow rate and time, or volume, as accurately as possible. If a low flow rate
pump is used. set the rate to an approximate value and record the initial and ‘
final stroke counter readings. Obtain the sample volume by multiplying the
number of strokes by the stroke volume.

B.2.6 Measure snd record the temperature and pressure of the atmosphere being
sampled.
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828

829

831

83.2

833

834

84

Cap the sorbent tubes with 7-mm i.d. plastic caps immediately after
sampling. (Masking tape can be substituted for the plastic caps.)

With each batch of samples, submit one blank sorbent tube. This tube is
handled in the same manner ss the other tubes (break, seal, and transport)
except that no air is drawn through it. When more than ten samples are
submitted, include an additional blank for every ten samples.

Pack the capped sorbent tubes tightly and pad them to minimize breakage
duning shipping

8.3 Analysis of Samples

With tweezers remove and discard the glass wool plugs from an exposed
sorbent tube and transfer each TEA sorbent bed to separate. 25-mf
glass-stoppered graduated cylinders. Label the graduated cylinder as to the
location of the TEA sorbent with respect 1o the oxidizer section

To each graduated cylinder add enough of the desorbing solution to make
the volume up to 20 mk, and shake the mixture vigorously for about 30 sec

Allow a few minutes for the solids to settle, and then transfer 10 mf to
another 25-mf glass-stoppered graduated cylinder.

Develop the color of the solution for 10 min in the same manner as
described for the preparation of the standard curve (Sections 9.4 to 9.6)
From the standard curve determine the amount of nitrite in the 10-m{
aliquot.

8.4 Determination of Collection and Desorption Efficiencies

Importance of Determination. The collection and desorption efficiencies of a
given compound can vary from one laboratory to another and also from one
batch of sorbent tubes to another. Thus, it is necessary to determine at Jeast
once the percentages of sample collected and then removed in the desorption
process. Results indicate that the recovery of NO varies with the amount of
NO coliected. particularly at higher concentrations (for example. at S0
ppm).
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8.4.2 Procedure for Determining Collection and Desorption Efficiencies. Sorbent
tubes from the same batch as that used in obtaining samples are used in this
determination. Known volumes of NO, and NO are injected into a bag
containing &8 known volume of air. The bag is made of Tedlar (or another
material that will not absorb NO, or NO) and should have a gas sampling
valve and a septum injection port. The concentrations of NO, and NO in the
bag may be calculated at room temperature and pressure. A measured
volume is then sampled through a sorbent tube with a calibrated sampling
pump. A1 least five tubes are prepared in this manner. These tubes are
desorbed and analyzed in the same manner as the samples (Section 8.3).

843 Calculation of Desorption Efficiency. The desorption efficiency (D.E ) is the
average concentration (corrected for the blank) of NO, or NO found by
analysis of the sorbent tubes divided by the concentration of NO, or NO in
the bag

Calibration and Standards

91

93

94

9.5

9.6

9.7

Dilute 2 mt of the mitnte stock standard (100 ug/m€) to 100 m€ with the desorbing
solution 10 prepare & solution with a nitrite concentration of 2 ug’'m¢

To a senes of 25-mK glass-stoppered graduated cylinders add 1. 3. 5. 7. and 9 m( of the
dilute standurd solution

Add enough of the absorbing solution to bring the volume in each cylinder up to 10
m{ to prepare working standards with nitrite concentrations of 2. 6. 10. 14, and 18
pug 10 m(

To each graduated cylinder. add 1 mf of the 0.02% hydrogen peroxide solution, 10 m(
of the sulfunilamide solution. and 1.4 m? of the NEDA solution. with thorough minng
after the addition of each reagent

Allow 10 min for complete color development

Mcasure the absorbance of the solutions at 540 nm. using a reagent blank in the
reference cell.

Prepare a stundard curve by plotting absorbance versus weight of nitrite (in gg) in 10
me of the desorbing volution
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10. Cslculstions

10.1 From the standard curve, read the weight of nitrite (in pg) in 10 me of the desorbing
solution corresponding to the absorbance of the sampie solution. Multiply this weight
by 2 to determine the total amount (in mg) of nitrite extracted with 20 mf of
desorbing solution from the sorbent section being analyzed. The calibration procedure
is based upon the empirical observation that 0.63 mole of sodium nitrite produces the
same absorbance in the color-developed solution as | mole of NO, . (See Reference
11.2)) Divide the amount of nitrite desorbed from the sorbent material by 0.63 to
determine the apparent amount of NO: collected in the sorbent section These
calculations are summanzed in the following equation-

W= pg NO; x 2
063

where W= weight un ug) of NO. found

10.2 Correct the amount _of NO: calculated in Section 10.) for the amount of NO:. if any.
found on the corresponding sorbent section of a blank tube to obtain the amount of
NO. in the sample. as follows

W

s =W W

where W, = corrected weight (in wg) of NO. in sample.

W, = weight (in ug) of NO: in the corresponding section of a
blank tube

10.3 The concentration of NO; in parts per million (ppm) by volume in the air sample is
calculated as follows

W
ppm= — x K445 , _J60  , _T+273
A% MW P 298

where: V= volume (liters) of air sampled
M W.= molecular weight.
24 45= molar volume (liter/mole) at 25°C and 760 mmHg
P = pressure (mmHg) of air sampled
T = temperature (C) of air sampled

10.4 The ppm of NO: found in the third section (downstream from the oxidizer) is reported
= ppm of NO
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ODORANTS

To satisfy the need for an objective analytical technique for assessing
diesel exhaust odorants as a group, the Diesel Odor Analysis System (DOAS)
has been selected for use during this study.* The sampling portion of the
DOAS method is based on the collection of filtered exhaust emissions over
Chromosorb 102 adsorbent. The analytical portion of DOAS is performed by

1 elution of the adsorbent with cyclohexane, separation with methanol, and
analysis using silica gel liquid chromatography with ultraviolet absorption
detection. The method separates the total organic extract into paraffinic
and aromatic, and polar (oxygenated) fractions. Because previous sensory
studies have shown that smoky-burnt odors are the prime contributors to the
total diesel exhaust odor and that the smoky-burnt odor is associated with
the polar (oxygenated) fraction, this fraction best assesses the total in-
tensity of the odor or aroma.

The tota) intensity of the aroma (TIA) scale has been generally accepted
as a useful means to subjectively quantify odors when the risks to human
judges are low. During potentially high risk exposures, the DOAS produces
results that can be compared with the TIA scale. A number of studies have
shown that the DOAS method gives good correlation with diesel odor intensity
as measured on the TIA scale. Equation 1 is used to estimate the TIA from
DOAS pclar fraction (methanol extract) data.

TIA = 1.0 + 1.0 Tog,,f i

tq. 1 .
where: f = the polar fraction in mg/m3 - b
With r% = 0.996, and 26 = 0.32, the 0.32 TIA 95 percent confidence Vimits
are better than normally observed (0.4) in odor observations.

-

y Levins, P.L., et al. Chemical Analysis of Diesel Exhaust Odor Species.
SAE Tech. Paper 740216, 1974. i
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ORGANIC SOLVENTS IN AIR
Physical and Chemical Analysis Branch

Analytical Method
Analyte: Organic Solvents Method No.:  P&CAM 127
(Sec Tadle 1)

Mstrix: Arr Range: For the specific
‘ compound, refer
1 Procedure: Adsorption on charcoal to Table )
: desorption with carbon
f disulfide. GC

Dste Issued: 915N Precision: 10.5% RSD

Dste Revised: 21877 Ciassification:  See Table }

1. Principle of the Method

1.1 A known volume of air i1s drawn through a charcoal tube to trap the organic vapors present

1.2 The charcoal in the tube is transferred to a small, graduated test tube and desorbed with
carbon disulfide

1.3 An aliquot of the desorbed sample is injected into a gas chromatograph.

14 The arca of the resulting peak is detcrmined and compared with areas oblained from the
injection of standards

2. Range and Sensitivity

The lower himit in mg sample for the specific compound at 16 X | sttenuation on 8 gas chromato-
graph fitted with a 10} sphitter 1s shown in Tabic 1. This value can be lowered by reducing the
attenuation or by eliminating the 101 sphitter.

3. Interferences

3.1 When the amount of water in the air is 30 great that condensation actually occurs in the tube,
organic vapors will not be trapped Preliminacy experiments indicate that high humidity
severely decreases the breakthrough volume

3.2 When two or more solvents are known of suspected to be present in the air. such information
(including their suspected identities), should be transmitted with the sample, since with dif-
ferences in polarity. one may displace another from the charcoal.

3.3 It must be emphasized that any compound which has the same retention time as the specific
compound under study at the operating conditions described in this method is an interference.
Hence, retention time data on s single column, or even on 3 number of columns, cannot be
considered as proof of chemical identity. For this reason it is important that s sample of
the bulk solvent(s) be submitted at the same time so that identity(ies) cap be estabdlished by
other means.
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3.4 If the possidility of interference exists, separation conditions (column packing, temperatures,

etc.) must be changed to circumvent the problem.

4. Precisions and Accurecy

4.
42

43

The mean relative standard deviation of the analytical method is 8% (11.4).

The mean relative standard deviation of the analytical method plus field sampling using sp
spproved personal sampling pump is 10% (11.4). Pant of the error associated with the
method is related to uncertainties in the sample volume collected. If 8 more powerful vacuum
pump with associated gas-volume integrating equipment is used, sampling precision can be
improved.

The accuracy of the overall sampling and analytical method is 10% (NIOSH-unpublished
data) when the personal sampling pump is calibrated with a charcoal tube in the line.

S. Advastsges snd Disadvantages of the Method

51

52

$3

The sampling device is small, portable, and involves no liquids. Interferences are minimal,
and most of those which do occur can be eliminated by altering chromatographic conditions.
The tubes are analyzed by means of a quick, instrumental method. The method can also be
used for the simultaneous analysis of two of more solvents suspected to be present in the
same samplc by simply changing gas chromatographic conditions from isothermal to a tem-
perature-programmed mode of operation.

One disadvantage of the method is that the amount of sample which can be taken is limited
by the number of milligrams that the tube will hold before overloading When the sample
value oblained for the backup section of the charcoal tube exceeds 25% of that found on
the front section. the possidbility of sample loss exists During sample storage, the more
volatile compounds will migrate throughout the tube until equilibrium is reached (33% of
the sample on the backup section).

Furthermore, the precision of the method is limited by the reproducibility of the pressure
drop across the tubes This drop will affect the flow rate and cause the volume to be im-
precise. because the pump is usually calibrated for one tubce only.

6. Apparstus

61

6.2

63
64

An approved and calibrated personal sampling pump for personal samples. For an area
sample, any vacuum pump whose flow can be determined accuratcly at | lner per minute
or less

Charcoal tubes' glass tube with both ends flame sealed. 7 cm long with a 6-mm O.D. and 8
4-mm 1D, containing 2 section: of 20 40 mesh activated charcoal separated by s 2-mm
portion of urethane foam The activated charcoal is preparcd from coconut shells and is
fired at 600°C prior to packing The absorbing section contains 100 mg of charcoal. the
backup section 50 mg A 3-mm portion of urethane foam is placed between the outler end of
the tube and the backup section. A plug of silylated glass wool is placed in front of the
absorbing section. The pressure drop across the tube must be less than one inch of mercury
at 8 flow rate of 1 Ipm.

Gas chromatograph equipped with s flame ionization detector.

Column (20 ft X W in) with 10% FFAP stationary phase on 80 ‘100 mesh, acid-washed
DMCS Chromosord W sclid suppont. Other columns capable of performing the required
separations may be used.
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6.5 A mechanical or electronic imtegrator or s recorder and some method for determining pesk

6.6 Micrgcentrifuge tubes, 2.5 ml, graduated.

6.7
6.8
6.9

Hamilton syringes: 10 .l, and convenient sizes for making standards.
Pipets: 0.5-m} delivery pipets or 1.0-ml type graduated in 0.1-m! increments.
Volumetric flasks: 10 m! or convenient sizes for making standard solutions.

7. Reagests

7.1
7.2
7.3
74
7.5

Spectroquality carbon disulfide (Matheson Coleman and Bell).
Sample of the specific compound under study, preferably chromatoquality grade
Bureau of Mines Grade A helium

Prepurified hydrogen

Filtered compresscd air

8. Procedure

81

83

Cleaning of Equipment: All glassware used for the laboratory analysis should be detergent
washed and thoroughly rinsed with tap wzter and distilied water.

Calibration of Personal Pumps. Each personal pump must be calibrated with a representa-
tive charcoal tube in the hne This will minimize errors associated with uncertainties in
the sample volume collected.

Collection and Shipping of Samples

8.3.1 Immediately before sampling. the ends of the tube should be broken to provide an
opening at least one-half the internal diameter of the tube (2 mm).

8.3.2 The small section of charcoa! is used as a back-up and should be positioned mearest
the sampling pump.

8.3.3 The charcoal tube should be vertical during sampling to reduce channeling through
the charcoal.

8.3.4 Air being sampled should not be passed through any hose or tubing before entering
the charcoa! tubc.

8.3.5 The flow. time. and or volume must be measured as accurately as possible. The sam-
ple should be talen at a flow rate of | Ipm or less 10 attain the total sample volume
required The minimum and maximum sample volumes that should be collected for
each solvent sre shown in Table 1. The minimum volume Quoted must be collected if
the desired sensitivity is to be achieved

8.36 The temperature and pressure of the atmosphere being sampled should be measured
and recorded

8.3.7 The charcoal tubes should be cappcd with the supphed plastic caps immediately
afier sampling Under no circumstances should rubber caps be used.

8.3.8 One tube should be handicd in the samc manner as the sample tube (break, seal. and
transpor), except that no air is sampled through this tube. This tube should be
labeled as a blank.

8.3.9 Capped tubes should be packed tightly before they are shipped to minimize tube break-
sge during shipping.
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8.3.10 Samples of the suspected solveni(s) should be submitted 10 the laboratory for quali- !
tative characterization. These liquid bulk samples should mot be transported in the
same container as the samples or dlank tube. If possible, 8 bulk sir sample (at least
$0 1 air drawn through tube) should be shipped for qualitative identification purposes.

8.4 Anaslysls of Samples
8.4.) Preparation of Samples. In preparstion for amalysis, easch charcoal tube is scored N
with a file in front of the first section of charcoal and broken open. The glass wool is
removed and discarded. The charcoal in the first (larger) section is transferred to a
small stoppered test tube. The separating section of foam is removed snd discarded,
the second section is transferred to another test tube. These two sections are analyzed

separately.

8.4.2 Desorption of Samples. Prior to analysis, one-half mi of carbon disulfide is pipetted
into each test tube. (All work with carbon disulfide should be performed in a hood
because of its high toxicity.) Tests indicate that desorption is complete in 30 min-
utes if the sample is stirred occasionally during this period.

8.4.3 GC Conditions. The typical operating conditions for the gas chromatograph are.
8S cc 'min. (70 psig) helium carrier gas flow.

65 cc’min. (24 psig) hydrogen gas flow to detector.

$00 cc min. (50 psig) sir flow to detector.

200°C injector temperature.

200°C manifold temperature (detector).

Isothermal oven or column temperature — refer 1o Table 1 for specific compounds

844 ln;ecnon The first step in the analysis is the injection of the sample into the gas
chromatograph. To eliminate difficulties arising from blowback or distillation within
the syringe needie. one should employ the solvent flush injection technique. The 10
ul syringe is first flushed with solvent several times to wet the barrel and plunger.
Three microliters of solvent are drawn into the syringe to increase the accuracy and
reproducibility of the injected sample volume. The needle is removed from the sol- i
vent, and the plunger is pulled back about 0.2 4l to separate the solvent flush from
the sample with a pocket of air 10 be used as a marker. The needle is then immersed
in the sample, and a 5-.1 aliquot is withdrawn, taking into consideration the volume
of the needle. since the sample in the needle will be completely injected. After the
needle is removed from the sample and prior to injection. the plunger is pulled back
s short distance to minimize evapuration of the samplc from the tip of the needle.

Duplicate injections of each sample and standard should be made. No more than a
3% diflerence in area is to be expected.

8.4.S Measurement of area. The area of the sample peak is measured by an electronic
integrator or some other suitable form of area measurement. and preliminary results
are read from a standard curve prepared as discussed below.

8.5 Determination of Desorption Eficiency

8.5.1 Importance of determination. The desorption efficiency of a particular compound can '
vary from one laboratory to anothcr and also from one batch of charcoal to another. 4
Thus, it is necessary to determine at Jeast once the percentage of the specific compound P
that is removed in the desorption process for a given compound. provided the same
batch of charcoal is used. NIOSH has found that the desorption efficiencies for the
compounds in Table 1 are between 81% and 100% and vary with each batch of
charcoal.

0!‘.‘!&.“.-

A-22 |

' T X ST ¥ A T
T R —— S — . R A <
* ‘ . .k e




8.5.2 Procedure for determining desorption efficiency. Activated charcoal equivalent to
the amount in the first section of the sampling tube (100 mg) is measured into &
S<m, 4-mm 1D, glass tube, flame-sealed at one end (similar 10 commercially avail-
abic culture tubes). This charcoal must be from the same betch as thet wed in ob-
taining the sampics and can be oblained from unused charcos) tubes. The open end
is capped with Parsfilm. A known amount of the compound is imjected directly
into the activaled charcoal with & microliter syringe. and the tube is capped with more
Parafilm The amount injected is usually equivalent to that present in 8 10-liter sam-
ple at 8 concentration equal 1o the federal standard.

At Jeast five tubes are prepared in this manncr and allowed to stand for at Jeast cver-
night to sssure complete absorption of the specific compound onto the charcoal These
five tubes are referred to as the samples. A parallel blank tube should be treated in
the same manner except that no sample is added to it. The sample and blank tubes
are desorbed and analyzed in exactly the same manner as the sampling tubc described
in Section 8 4.

Two or three standards are prepared by injecting the same volume of compound into
' 0.5 ml of CS_ with the same syringe used in the preparation of the sample These
! are analyzed with the samples

The desorption efficiency equals the difference between the average peak ares of the
samples and the peak area of the blank divided by the average peak area of the
standards. or

Area sample — Arca blank

desorption efficiency = Area standard

8. Calibration snd Stsndards

It is convenient 1o express concentration of standards in terms of mg ‘0.5 ml CS_ because samples
are desorbed in this amount of CS. To minimize error due to the volatihty of carbon disulfide.
one can inject 20 umes the weight into 10 ml of CS.. For example. to prepare a 0.3 mg 0.5 ml
standard. one would inject 6.0 mp into exactly 10 ml of CS. in a glass-stoppered flash  The
density of the specific compound s used to convert 6.0 ing into microliters for ea<y measurement
with a microliter syringe A senies of standards. varying in conceniration ov¢r the rangc of
interest, is preparcd and anuslyzed wnder the same GC conditions and during the same time period
as the unknown samples Curves are established by plotting concentration in mg 0§ ml versus
peak arca

NOTE Since no internal standard 1s used in the method. standard solutions must be analyzed
at the same time that the sample analysis is done. This will minimize the effuct of known day-
to-day variations snd varistions during thc same day of the FID response.

10. Calculations

10.1 The weight. in mg. corresponding to each peak area is read from the standard curve for the
panticular compound No wolumc corrections arc needed. because the standard curve [
besed on mg 0.5 mi CS. and the volume of sampic injccted 1s identical 1o the volume of the
standards injected.

10.2 Corrections for the blank must be made for each sample

Correct mg = mg. ~ mg..
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where:

mg, = mg found in front section of sample tube
mg. = mg found in fromt section of dblank tube
A similar procedure is followed for the backup sections.

10.3 The corrected amounts present in the front and backup sections of the samc sample tube
are added 10 determinc the total measured amount in the sample.

10.4 This total weight is divided by the determined desorption efficiency to obtain the corrected
mg per sample.

10.S The concentration of the analyte in the air sampled can be cxpressed in mg per m*.

Corrected mg (Section 10.4) X 1000 (liters ‘'m")
Air volume sampled (liters)

mgm'=

10 6 Another method of expressing concentration is ppm (corrected to standard conditions of 25°C
and 760 mm Hg)
24 45 x 760 (T +'273)

MW X TP X T

ppm = mg m' X

where

P = pressurc (mm Hg) of air sampled
T = tempcrature (°C) of air sampicd
24 45 = molar volume (liter ‘mole} at 25 -C and 760 mm Hg
MW = molecular weight
760 = standard pressure (mm Hg)
298 = gtandard temperature ("K)

11.1 White. L. D.. D G. Taylor, P. A Mauer. and R. E. Kupel, “A Convenient Optimized Method
for the Analysis of Sclected Solvent Vapors in the Industrial Atmosphere”, Am Ind Hyp
Assoc J 31.225, 1970.

11.2 Young. D. M and A. D. Crowell. Physical Adsorption of Gases, pp. 137-146, Butterworths.
London, 1962.

11.3 Federal Register, 37.202:22139-22142, October 18, 1972.

11.4 NIOSH Contract HSM-99.72.98, Scott Research Laboratories, Inc., “Collaborative Testing
of Activated Charcoal Sampling Tubes for Seven Organi¢ Solvents™, pp 4-22. 4-27, 1973,
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TARLE 1
Pasameters Asocisted With P&CAB Anglytical Mathod Ne. 127

Method Outection lmkt Sampic \'olume (iters) GC Column  Moloculnr

Ovganic Selveat Chamsificatios (mg/sample) Misimemi*) Masimemt®™) Temp.(°C) Weighs
Acetone D - 0s 7. 60 58.1
Benzene A 0.01 05 L33 90 781
Carbon tetrachioride A 0.20 10 60 60 154.0
Chloroform A 0.10 0s 13 80 119
Dichloromethanc D 0.0 05 38 8s 849
p-Diovane A 0.05 1 18 100 88.1
Ethyvlene dichloride D 0.05 1 12 90 99.0
Methy! ethy! ketone B o 0% 1 80 721
Styrenc D 0.10 18 34 150 104
Tetrachloroethylene B 0.06 1 25 130 166
1.1.2-tnchloroethanc B 0.0 10 97 150 133
1.1.1-trichioroethane B 00s 0Ss 13 150 133
(mcthyl chloroform) »
Trichloroethy lenc A 00s | 17 90 131
Toluenc B 00! 0.5 22 120 92.1 ‘
Xylenc A 0.02 0.5 3l 100 106 '

(&> Minimum volume, in hiers, required 10 measure 01 times the OSHA standard

() These are breakthrough volimes calculated with date derived from a potential plot (11.2) for ectivated coconut ]
charcoal  Concentrations of vapor in air at $ times the OSHA standard (11.3) or 500 ppm. whichever is lower, !
28°C. and 760 torr were assumed  These values will be as mach as SU% Jower for atmospheres of high humidity

The effects of muliple contaminants have not been investigated but 1w suspecied that less volatiie compounds
may displace more volatile compounds (See 3| and )2)
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PARTICULATES

Substance :
Inert or Nuisance Dust
Standard :
f-heur time-weighted average for respirable dust: 5 mg/m3
§-hour time-weighted average for total dust: 15 mg/m3
Reference: 29 CFR 1910.93
Anaivtical Method:
The a—ount of material on a filter is determined by filter weight gain,
Befere sampling,the filter is pre-weighed to the nearest 0.0l nmg. After
sar-ling, the filter is reweighed. The difference in the filters weight
is assumed to be the mass of material collected.
Samrling tquipment:
Pump: A calibrated personal sampling pump whose flow can be determined
to an accuracy of + 5%. The pump must have been calibrated with
a representative filter and filter holder in line. If the respirable

dus: concentration is being measured, the pump must have a pulsation
dampener and be certified under 30 CFR 74.

Holcer: 2 or 3-pjece,37-mm filter holder held together bv tape
or shrinking band.

I
'™
'™
[}
(1]
o]
Am——

Filter: 37-mm diameter, 5.0 micrometer pore size polvvinvl chloride
filter or equivalent that has been pre-weighed to the nearest ]
; 0.01 mg. These filters must be hydropholic. The filter should
be supported with a back-up pad.

Cyclone: 10-mm nylon cyclone. When the respirable dust concentration is ;
measured, it is used with a 2-pjece filter holder.

Sarpling Head Assembly: This assembly must hold the filter helder, cvclone, j

and coupler together rigidly so that air enters only at the cvclone
inlet.

Sample Size :

A minimum sampling period of 60 minutes is recommended and longer periods

up to eight hours are preferable. 1 the respirable dust concentration

is being measured, a flow rate of 1. liters per minute must be used. To
determine total dust concentration, use a8 flow rate of 1.5 liters per minute,
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Sampling Procedurc:

1. Assemble the filter and three-piece filter cassette and close
firmly to insure that the center ring seals the edge of the filter.
Examine the holder for a good filter seal. 1f the cassette willnot
seal tiphtlv, it should be discarded. 1If respirable dust is beinp
measured, the center ring is not included in the filter holder. The
filter cassctte should be held topether by a shrinking band or tape.

2. 1f total nuisance dust is beinp sampled, remove tho filter helder
plugs. Attach the filter holder to the sampling pump with a 1/4 inch
diameter,3-foot piece of tubing and an adaptor. The adaptor is used
to provide a tight connection between the filter holder and tubing.

3. 1If the respirable dust is being sampled, assemble the two~piece filter
holder, coupler, cyclone,and sampling head. The samplinz heacd rigicdly
holds together the cvclone and filter holder. The outlet of the
sampling head is connected to the pump by a 3-foot piece of 1/4 inch
flexible tubing.

4. Clip the cassette or cyclone assembly to the worker's lapel

5. Turn the purp on and bepin sample collection. The pump flow rate
shoulc be checked periodically and readjusted if necessary.

6. Terminate sampling after the predetermined time and note sample
flow rate, collection time,and ambient temperature and pressuTe.
1i a pressure reading is unavailable, record the elevation.

~1
.

Collected sample cassette should be firmly sealed with the plugs
in both the inlet and outlet.

: 8. With each batch of samples, submit one filter subjected to exactlvy
| the same handling as for the samples except that no air is drawn through

it. Label these as blanks.

. Special Considerations :

o chiin,

1. Filter holders molded from cellulose-acetate-butyrate,which is
commonly known as Tenite plastic,have been shown to cause blank v
filter weight gains and must not be used. H

2. The alignment of the filter holder and cyclone in the szmpling head
must be checked. 1f these parts are not aligned properly, leakage ¥
can result.

L 3. Before use, the cyclones grit cap or vortex finder should be removed
] ‘ and the interior of the cyclone should be inspected. If the inside
I of the cyclone is vigibly scored, this cyclone should be discarded
' since the dust separation characteristics of the cyclone might be
) ; altered. 1If it 1s dirty, the interior of the cyclone should be cleaned
a0 before use. This will prevent the reentrainment of this dirt.
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Shipping :

After sampling,the samples and the blank should be shipped in a
suitable container designed to prevent damage in transit.

Reference:

"Sampling and Evaluating Respirable Coal Mine Dust", US Bureau of Mines,
Pittsburgh, Pa. Information Circular 8503, February, 1971, p. 47. !

L
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SULFATES, SULFITES AND SULFUR DIOXIDE
Measurements Research Branch

Analytical Method

Analyte: Sulfates, Sulfites Method No.: P&CAM 268

and Sulfur Dioxide

Range: Sulfates: 0.1-10 mg/m>
Matrix: Air Sulfites: 0.1-10 mg/m
§0,: 0.04-4 ppm

Procedure: Particulate sulfates (200-L air sample)

and sulfites collected

on filter; SO, on Precision: 5%

treated filter; (Analytical)

analysis by don

chromatography
Date Issueld: 7/2/79
Date Revised: Classification: E (Proposed)

1. Synopsis

A known volume of air is drawn through a filter train consisting of a
cellulose ester membrane filter followed by an impregnated cellulose
filter containing potassium hydroxide. Particulate matter, including
sulfates and sulfites, is collected on the first filter, while sulfur
dioxide passes through the first filter and is collected on the second
filter.

The filters are extracted with deionized water and the extracts are
analyzed by anion-exchange chromatography. The following quantities are
! obtainel:

$O> concentration: calculated from the sulfite peak on the
. impregnated cellulose filter chromatogram.

Total sulfates concentration (sulfuric acid plus soluble
metal sulfates): from the sulfate peak on the untreated
cellulose ester membrane filter chromatogram.

Particulate sulfites concentration: from the sulfite peak on
the untreated cellulose ester membrane filter chromatogram.
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3.
! L,
5-
$
/,

Working Range, Sensitivity, and Detection Limit

2.1

2.2

2.3

The working range for a 200-L air sample is 0.1-10 mg SOy or
503/m3, and 0.04-4 ppm SO, (0.1-10 mg SO,/m3). This
corresponds to 20-2000 ug of sulfate, sulfite or sulfur dioxide
per sample.

The sensitivity at 30 umho full scale is 5 yg sulfate, sulfite,
or sulfur dioxide per sample per mm chart deflection. The sensi-
tivity may be improved by using scale expansion on the readout
and by using a smaller volume than 10 mL to desorb the sample.

The detection limit is approximately 0.5 ug SOZ or Sog/mL in
the solution injected, corresponding to S5 g sulfate, sulfite, or
sulfur dioxide per sample.

Interfererces

- e

3.1

3.4

Oxidation of particulate sulfite on the sample filters results in
a positive bias for sulfates and a negative bias for particulate
sulfites.

Sulfur trioxide gas, if present in dry atmospheres, gives a posi-
tive bias in the sulfur dioxide determination.

Nitrate or phosphate ions may give similar retention times tc
sulfite. Identity of the sulfite peak may be established by
spiking the samples with known amounts of sulfite and analyzing
with at least twc different eluents (e.g., the eluent in Section
7.1 and 0.003 M NaC03/0.0C1 M NaHCO3).

Inscluble sulfates collected on the first filter will not be
measured unless specia. care is taker to dissclve therw.

Precisiorn and Accuracy

4.1

4.2

The relative standard deviation of the analytical method is 5% cr
less in the range 50-1000 g SO3 or SO per sample, corres-
ponding to 0.25-5 ng/m3 SO,, sulfites, or sulfates.

A major factor affecting accuracy is the tendency of particulate
sulfites and absorbed sulfur dioxide to oxidize. Because of this,
a negative bias which has not been thoroughly investigated occurs.

Advantages and Disadvantages

5.1
5.2

5.3

The sampling device uses only filters and involves no liquids.

Oxidation of a significant fraction of the particulate sulfites
and sulfur dioxide in the sample is unavoidable.

Because jidentification is based on retention time, interferences
say not De easily identified (see Section 3.3).
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6.

Apparatus

6.1

6.2

6.3
6.4

6.5

The apparatus for the collection of personal air samples consiste of:
6.1.1 Filter holder, 3-piece cassette, polystyrene, 37-mm dismeter.
6.1.2 Shrinkable cellulose band.

6.1.3 Mixed cellulose ester membrane filter, 0.8 micrometer pore
size, 37-um dismeter, supported by & cellulose backup pad.

6.1.4 Cellulose filter, Whatman-40 or equivalent, impregnated with
potassiurm hydroxide-glycerine solution, supported by a
cellulose backup pad. To prepare the filter, saturate it
with filter impregnating solution on & clean glass plate or
vatch glass and dry at 100°C for 20-30 minutes.

6.1.5 Personal sampling pump whose flow can be calibratecd in line
with a representative loaded filter holder to an accuracy of
45X at the recommended flow rate.

6.1.6 Thermometer

6.1.7 Manometer

6.1.8 Stopwatch

6.1.9 Screw cap, glass bottles, such as scintillation vials.

6.1.10 Tweezers

Ion-exchange chromatograph, equipped with electrical conductivity
detector and reccorder or integrator.

10-ml pipette
10-rl plascic syringe with male Luer fitting

In-line filter with luer fitting, 25 mwm diam (0.8 ym mertrane filter).

6.6 Volumetric flask, 100 mlL

Reagents

Al]l reagents used should be ACS Reagent Grade or better.

7.1

Deionized, filtered water. Conductivity-grade deionized water with

a specific conductance of 10 ymho/cm or less is needed for preparation
of eluents and other solutions which will be used on the ion chromato-
graph. The water should be filtered through a membrane filter
(0.45-0.8 ym pore size) before use to avoid plugging valves on the
chromatograph.
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-3

~3

~3

7.2 Potassium hydroxide, KOH (pellets)
7.3 Glycerol

7.4 Sodium carbonate, N.2c03

7.5 Sodium bicarbonate, NaHCO4

7.6 Sodium sulfite, Na2503

7.7 Sodium sulfate, Na2504

7.8 Nitrogen gas

7.9 Filter impregnating solution. Dissolve 20 g KOB in about 50 ml
deionized water, add 10 ml glycercl and dilute with deionized
water to 100 ml.

.10 Sulfite stock standard (1000 ppm SO-). Add 5 mL glycerol to a
100 mL volumetric flask a3 dissolvé in approximately 75 ml
deionized water which *-.5 been heated to 100°C and cooled under
nitrogen to remove dissolved oxygen. Add 0.1575 g Na,S0O, and dilute
te 100 mL with deionized water. This standard should be prepared
fresh weekly.

.11 Sulfite working standard (100 ppr SO.). Pipette 10.0 mlL of 1000 ppm
sulfite stock standard into a 100 m13volumetric flask and dilute to
100 mL with a solution containing 2% (v/v) glycerol. Prepare fresh
daily.

.12 Sulfate stock standard (1000 ppm soz). Dissolve 1.4792 g Nazsob in
deionized water and dilute to 1 liter.

.13 Sulfate working standard (100 ppm sof). Dilute 10.0 rl of the
sulfate stock standard to 100 mlL with deionized water.

.14 Eluent (0.003 M €0-/0.003 M HCOJ). Dissolve 1.27 g Na,C0y and
1.01 g NaHCO4 in 471iters of de?onized. filtered water.
Procedure

8.1 Cleaning of Equipment. Glassware, including screw cap bottles,
should be washed in detergent and rinsed in dilute (1-5%) nitric
acid, followed by thorough rinsing with distilled or deionized
water.

8.2 Collection and Shipping of Samples

8.2.1 Each personal sampling pump must be calidbrated with a
representative filter cassette in line to assure accurately
known sample volumes.
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8.2.2 Assemble the filter cassette as follows: First, place a backup
pad in place in the rear section of the csssette. On top of
this place a treated cellulose filter (Sec. 6.1.4) and then put
the center retaining ring of the cassette in place. Next, put
another backup pad on top of the retaining ring, place a wmixed
cellulose ester wmembrane filter (Sec. 6.1.3) on top of the backup
pad, and put the front section of the cassette in place. A
shrinkable band should be used to sesl the cassette.

8.2.3 Collect the sample st 1.5 liters per minute. The air being
sampled should not pass through any hose or tubing before entering
the cassette. A sample size of 200 liters is recommended.

8.2.4 1f significant amounts of sulfuric acid are suspected in the
sample, the cellulose ester membrane filter must be transferred
to 8 clean, glass bottle within & hours of sampling to svoid
low recovery of sulfate. Handle the fi{lter with tweezers to
aveid contacination. Reclose the cassette containing the treated
cellulose filter.

€.2.5 Carefully record the sample identity and all pertinent sampling
data. With each batch of up to 10 samples submit appropriate
blank filters for analysis.

£.3 Analysis of Samples

8.3.1 Put the two filters from the cassette into two separate, clean, :
screw-top glass bottles. Add 10.0 ml eluent (Sec. 7.14) to |
each bottle and let stand, with occasional vigorous shaking, for !
30 minutes.

8.3.2 Pour the contents of the bottle into a syringe fitted with an
in-line filter and collect the filtrate in a second syringe.

8.3.3 1Inject the filtered sample onto the thromatograph and record
the sample identity and instrumental conditions. Typical
! operating conditions are:

sensitivity: 30 ymheo full scale (for 5-100 ppr sulfate
and sulfite)

eluent: 0.0030 M NayCO3, 0.0030 M NaHCO; !

flow rate: 138 ml/hr

separator column: 3 mm 1.D. x 500 mm (anion exchanger),
preceded by a precolumn

suppressor column: 6 mm I.D. x 250 mm (cation exchanger)

b
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- 5°§ retention time: 6-7.5 min (depending on eluent)
- SOf retention time: 9-10.5 min (depending on sluent)

8.3.4 Measure and record the peak height or peak ares of each
sulfite and sulfate peak. If interfering substances
(e.g., nitrate or phosphate) are present, establish positive
identity of sulfite and sulfate peaks by adding known amounts
of standard solutions and by changing eluent concentration
for better separation, if necessary.

9. Calidbration and Standardization

9.1 From the 100 ppr working standards, prepare 5, 10, 15, 20, 3C, 50,
and 80 ppm sulfate and sulfite standards by diluting, respectively,
0.5, 1.0, 1.5, 2.0, 3.0, 5.0, and 8.0 mL to 10 mlL with deionized
water. These standard solutions should be prepared fresh daily.

§.2 With each set of samples analvzed, a complete calibration curve
should be constructed, using the standards prepared in 9.1 or
additional standards as needed. Plot peak height or peak area
vs. concentration for both sulfite and sulfate. A sulfite standard
with nominal concentration C, (ppm) will give two peaks: a
sulfite peak, C, and a sulfate peak, Cs (ppm). The relationship
between these is C = Ch - Cs x 0.8334.

10. Calculations

10.]1 Fror the calibration curves obtained in Sec. 9.2, read the
concentrations of sulfite and sulfate ions in each sample in ppm.
Designate whether the ions originated on the cellulose ester
merbrane filter or the treated cellulose filter. Thus, four
concentrations will be obtained.

C, = concentration, ppr, of sulfite from cellulose ester
membrane filter

C, = concentration, ppm, of sulfate from cellulose ester
membrane filter

C3 = concentration, ppm, of sulfite from treated cellulose
filter

C, = concentration, ppm, of sulfate from treated cellulose
filter
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10.2 Calculate the concentrations in the sir sample using the

formulae:
3 C; x 10
Total particulate sulfite (mg/m”)e
v
C, x 10
Total particulate sulfate (mg/m3) =
\Y

(C3 x 10 x 0.08002) + (C4 x 10 x 0.6669)

Sulfur dioxide (mg/n3) -
"

PR

Sulfur dioxide (ppm) = 0.3817 x sulfur dioxide (mg/m3) x 760 x T
298 x P

where V is the volume (liters) of air sampled.

T is the absolute temperature (K = ©C 4 273) at which
the sample was taken.

P is the pressure (mz Hg) at which the sample was taken.

11. References

11.1 Mulik, J.D., R. Puckett, D. Williams, and E. Sawicki: Analysis
of Nitrate and Sulfate in Ambient Aerosols. Anal. Lett. 9: 653(1976)

k 11.2 Pate, J.B., lodge, and M.P. Neary: The Use of Impregnated Filters
' to Collect Traces of Gases in the Atmosphere. Anal. Chim.
Acta 28: 341 (1963)

Peter M. Eller, Ph.D.

Michael Kraus ;
Inorganic Methods Development
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TOTAL PARTICULATE AROMATIC HYDROCARBONS (TpAH) IN AIR
Physical and Chemical Analysis Branch
Analytical Method

Analyte: TpAH Method No.: P&CAM 206

Mstrix: Air Range: Lower limit. 3 nanograms
benzo(a)pyrene

Procedure: Sampling with glass fiber fil- Precision: = 1.33% RSD (Analytical)

ter, extract ultrasonmically, en-
rich and measure with HPLC

Date lssued: 1/1/75 Classification: E (Proposed)
Date Revised:

1. Principle of the Method

Airborne particles collected from polluted atm spheres on glas< fiber filters are extracted ultra-
sonically in the presence of silica powder (11.1-3). The TpAk- . . the filtered extract are separated
by high speed liquid chromatography on a column of Corasis 1i with a non-polar solvent, and the
absorbance is measured by a UV detector at 254 nm. Compounds responding to the detector are
shown in Tables 1, 2, 3, and 4. The extract is suitable also for the analysis of the aliphatic hydro-
carbons (11.4).

2. Range and Semsitivity
2.1 Minimum reproducible level of standard benzo(a)pyrene at 254 nm is approximately 3 nano-
grams.
2.2 The minimum detectable TpAH (in terms of benzo(a)pyrene) for particulates collected on

: one glass fiber filter of approximately 452 cm? is approximately 5 micrograms, or 3.3 nano-
| grams.'m?® of air if 1500 m* of air are sampled in the ambient atmosphere.

' 2.3 The upper range of TpAH concentrations can be increased by dilution of the extract and ‘or
analyzing smaller samples. Sensitivity for low concentrations can be increased by injecting
! larger samples into the chromatograph. Thus, very high levels of TpAH can be measured.

: 3. Interferences

3.1 Any compound which is not retained on the silica column and absorbs light at 254 nm is
measured in this procedure.

Fluorene and some of its analogues and derivatives listed in Table 2. and polychloro deriva-
tives of some di- and tricyclic hydrocarbons in Table 3 are examples of such compounds.

3.2 Amino, carbonyl, hydroxy and nitro compounds elute after the PAH, so do not interfere.
See Table 2.

3.3 Carbazoles and aldehydes are cither retained or have retention times larger than the PAH,
except N-alkyl substituted derivatives, which elute with the PAH. See Table 4.
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3.4 Oxygensted compounds, some phenols and aza and imino-beterocyclics (eacept some mem-
bers of the indole series) are retained. Examples are benzoquinone, o-¢thylpbenol, acridine,
and qQuinoline.
3.5 Most interfering compounds heve quite Jow peak area/ug values, which decreases their gig-
sificance, as shown in Tables 2, 3, and 4.
TABLE 1
Deutica of PAR*
% Rinted
Twesgd PA/ g
Compound Colams n 10—
1 Mono-, dicyclics
Benzene 99 04
N-Hexylbenzene 100 05
N-Heptylbenzene 100 07
Naphthalene 101 0.7
Azulene 93 30
Tricyclics
Anthracene 100 36.0
9-Methylanthracene 99 15.0
Xanthene 102 1.3
Phenoxathiin 92 0.2
Phenanthrene 100 10.0
Tetracyclics
Naphthacene 95 4.7
Chrysene 105 4.5
e 96 36
4-Mcthylpyrene 100 1.7
1,3-Dimethylpyrene 96 0.9
Triphenylene 100 9.0
Benz(a)anthracene 96 43
7,12-Dimethylbenz(a)anthracenc 102 33
Pentacyclics
Dibenz(a.h)anthracene 96 0.6
Benzo(a)pyrene 100 53
‘ Benzo(e)pyrene 92 2.2
{ Picene 99 50
. Perylene 96 5.8
Hexacyclics
. Benzo(ghi)perylene 99 1.8
S Anthanthrene 93 2.6
‘ Dibenzo(fg, op)naphthacenc 93 0.6
. Coronene 91 0.5
Dibenzo(g.p)chrysene 96 1.0
Naphtho(2,1,8-gra) naphthacene® 100 0.7
*Retention time is approximstely 2 minutes. “Or paphbo(2,3-a)pyrene. PA = Ares.

; 4. Precision snd Accurscy

~ 4.1 Homogencous glass fiber samples containing sir particulates were analyzed by Soxhlet asd
Lo uhtrasonic extraction. See Table 5. The relative standard deviation for 6 ultrasonic extracts
t; was = 1.33% and for 4 Soxhlet extracts = 26.1%. The ratio of ultrasonic to Soxhlet re-
covery was 1.14.

4.2 Recovery of PAH sdded to glass fiber filter blanks and extracted ultrasomically was 95% for
anthracene; 97.5% for phenanthrene; and 98.2% for benzo{a)pyrene (Table 6).
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s. Adventages sud Dissdvantages of the Mothod

S.1 The extraction is done at room temperature. Complete extraction of the TpAH is assured
by the fine shredding of the glass fibers and the breaking up of clumps of particulates.

$.2 Only a relatively small sample of air particulstes is required. Compiete analysis time is
well under an hour, most of which is waiting time.

5.3 Most of the polar coastituents are removed by adsorption in the homogenizing vessel. The
remainder are removed by the fast simple chromatographic analysis.

5.4 The method can accommodate & wide range of hydrocarbon pollution concentrations, since
sample extract volumes ranging from 0.1 to 2 ml can be chromatographed.

5.5 Time and work are saved by not weighing the particulates or soluble organics.

TABLE 2
Elution of Fluorene, Analogues and Derivatives
% Eluted
Cempouad tMia  Through Columa PA/, g X 107

Fluorene 20 100 29
Dibenzothiophene 20 96 18
Dibenzofuran 20 98 0.3
Fluoranthene 20 95 25
Benzo(k)fiuoranthene 1.8 97 1.4
Benzo(b)fluoranthene 1.0 99 1.6
2-Ethylfluorene 10 95 1.6
11H-Benzo(b)luorene 1.0 110 56
2-Nitrofluorene 48 104 0.2
2,5-Dinitrofluorene 7.0 71 03
9-Fluorenol 8.5 14 0.2
3,6-Dinitrodibenzoselenophene 18.2 38 0.2
3-Aminofluorene 18.2 68 0.4

4-Fluorenecarboxylic acid Retained on column

2-Hydroxyfluorene Retained on column

2-Nitro-7-hydroxyfluorene Retained on column

Fluorenone Retained on column

TABLE 3
Elutios of Polychloro Derivatives of Di- and Tricyclic Hydrocarboas*
% Eluted
Componnd Tirough Celoma PA/, g % 107*
1,1-Dichloro-2,2-bis(p-chlorophenyl)ethane (p.p’'DDD) 94 0.02
1,1-Dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE) 97 0.50
1,1,1-Trichloro-2,2-bis(p-chlorophenyl)ethane (p,p DDT) 8s 0.02
Aroclor 1260 (chlorinated biphenyls, 60% chlorine) 100 0.13
Aroclor 5432 (chiorinated triphenyls, 32% chlorine) 104 0.61
Halowax 1099 (mixture of tri- and tetrachloro naphthalenes,

$2% chiorine) 101 0.25
1,2,3,4,5,6,7,8-Octachloronaphthalene 97 0.64
,4,5,6,2°,3 4,5’ ,6'-Decachlorobiphenyl 95 0.19
,4,5,6,7,8-Octachiorodi 93 0.33
1,2.3,4,6,7,8,9-Octachlorodibenzo-p-dioxin 98 0.85
yl 93 0.22
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5.6 A disadvantage is that & blank correction must be made for the fiber glass filter. Also, car
must be taken to avoid evaporation of the extract to dryness.

$.7 A further disadvantage is that the ultrasonic extraction must be done in & 3084b0X to reduce
the unacceptably high noisc level.

6. Apparstes

6.1

6.2

6.3
6.4

Sovifier Cell Disruptor, 20 kHz power ultrasonic generator capable of dialing 70 watts accy-
rately, with a 1.27-cm (V4-inch) born disruptor and Sonabox.

Liquid Chromatograph, with stainless steel column 2.6 X 300 mm, UV Detector with 254
am filter and loop injector with a capacity ranging from 0.1 to 2 ml.

Strip Chant Recorder with Disc Integrator.

An spproved and calibrated personal sampling pump for collection of particulate matter.
Any vacuum pump whose flow can be determined sccurately to within 1 Ipm or less.

TABLE 4
Elution of Some Indoles, Carbazoles and Aromatic Aldebydes
% Eduted PA/
Compound Min. Tiwoegh Column x 10~
Indole 53 82 1.1
Carbazole 11.8 67 0.7
4-H-Benzo(def)carbazole 8.0 98 20
11-H-Benzo(a)carbazole 145 55 3.0
7-H-Dibenzo(c,gXcarbazole 18.0 92 21
N-Phenylcarbazole 23 74 1.8
N-Ethyicarbazole 2.5 98 0.5
S-Methyl-S, 10-dihydroindeno(],2-b) indole 2.8 103 19
2,3-Dimethylindole 5.3 90 55
2-Methyicarbazole 6.8 100 0.8
2-Hydroxycarbazole Retained on
column
Retained on
N-Ethyl-3-aminocarbazole column
Benzaldehyde 12.8 56 .1
2-Naphthaldehyde 8.2 78 03
*Peak Area
TABLE §
Comparison of Ultrasonic and Soxblet Extractions
Ultrasonic Soxhlet

Sample Neo. PA/,S % Eluted' PA/S % Elured’

1 0.575 1 0.449 28

2 0.562 $3 0.509 -—

3 0.567 S0 0.500 -—

4 0.579 48 0.545 k)|

5 0.560 44 - —_—

6 0.573 44 —_— -—
Average 0.569 49 0.509 30
Rel. Sid. *1.33% *26.1%

Dev

Ultrasonic /Soxhiet Recovery = 1.14
Refers 10 % of TPAH in the extracted material.
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TABLE 6

: Recovery of Added PAH

) Peak Ares

¢ Soaified Stasded

; Ceompound Sample, .g Filter + Std. Selutioa % Recovery
Anthracene 0.035 1005 105$ 95.0

1 Phenanthrene 0.147 1155 1185 97.5

, Benzo(a)pyrene 0.355 1846 1880 98.2

6.6 Fisher Filtrator and medium sintered glass filter.

|
[ 6.5 Column Bypass.
b

b 7. Reagents

8. Frocedure

81.1

814

6.7 U.S. Standard Sieve Series No. 120, with 125-micron openings.

7.1 Cyclohexane, ACS spectroanalyzed, distilled once from glass.

7.2 Polynuclear aromatic hydrocarbons.

7.3 Glass powder, spherical, non-wettable, 38-53 microns in diameter.
7.4 Corasil 11.

8.1 Extrsction

The 1.27-cm horn of the sonifier cell disruptor is supported in a sonabox to reduce
noise. The sonifying vessel is a beaker 3.8 cm 1.D. X 10 cm tall. The end of the
horn is set about 0.6 cm above the bottom of the beaker to insure adequate “stirring™
of the mixture and equal exposure to areas of intense cavitation. Approximately
16 square cm of the exposed glass fiber filter and blank are cut into roughly 1.3cm
squares to facilitate shredding. The sonifying vessel is surrounded by an ice water
bath up to the level of the solvent mixture.

Homogeneous replicate samples of approximately 16 square cm of exposed and blank
glass fiber filters are prepared and adjusted to exactly 100 mg. This weight neces-
sarily includes both the particulates and the glass fiber. These samples were used to

maximize parameters and for comparison of ultrasonic and Soxhlet extractions, shown
in Table §.

Samples for routine analysis are not weighed. Only the sreas of the sample (16
square cm) and the whole filter, the volume of air sampled and the volume of extract
injected need to be determined. Sample at rate of at least 2 Ipm for 1 hr or more.

Extraction Procedure. The sample, 60 ml cyclohexane, and 5 ml silica powder are
placed in the sonilying vessel, and sonified for 8 min at 70 watts. The supernatant
is decanted into the sintered glass filter supported on a Fisher Filtrator. Cyclohexane
is added to the sonifying vessel to the level of the original mixture (usually sbout 50
ml). Sonification is carried on for an additional 4 minutes. The contents are filtered
and combined with the first fraction, and rinsed with SO ml cyclohexane. The fil-
trates and rinsings are collected in an Erlenmeyer flask and evaporated to about § ml,
transferred quantitatively to s 10-m) volumetric flask and made to the mark.
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8.1.5 Sampic and blank filters (8.1.2) are extracted by Soxhlet with 80 mi cyclobexane for
6-8 hr, for comparison with the ultrasonic extraction. Sec Table 5. After filtering
the extracts are evaporated in the same manner as the ultrasonic extracts.

: 8.1.6 The glass fiber filters used for air sampling should be as free as possible of soluble
} compounds which absorb at 254 nm. It may be necessary to flash fire or extract them
‘ and care should be taken to avoid contaminating them.

{4

LOOP
suEcTOR
me

UMIOR BTN SHUBDER D'N- TWO WAY VALVE

s COLUMN 26 4 300 ®n
1
53 TUBMC m-uoo——J :
\ CORASIL 1 )
j
|
UV DETECTOR |
Bhon |
T8O BAY VALVE :

FIGURE 1. Schematic of Chromatographic System
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and samples

To test the performance of the column, the percent of PAH which elutes is calculated
from the pesak areas through the column and the column bypass. Typical chromat
grams from column and tubing are shown in Figure 2. Recovery of beazo(ghi)perylene
was 99%. The percent of other hydrocarbons which eluted through the columsn ranged
from 91 to 105, Table 1.

8.3 Anmalysis Procedure

An appropriate volume of extract is injected through the loop injector. A flow e
of 1.6 ml/min gives & pressure drop of less than 800 PS1. The peak area is measured
with a disk integrator, driven by 0 to 10 servo strip chart recorder with a 0.5 in/mip
chart speed. The PAH clute in 3 to 5 min. Benzo(a)pyrenc is used as the standard
Polar compounds are retained on the column. Samples can be chromatographed every
S to 10 minutes.

The column bypass is also used to determine the percent of PAH in the organic r
terial of the extract. Chromatograms of sample extracts made on the column ;
column bypass are shown in Figure 3. On the basis of absorbance measurements
254 pm, approximately 50% of the organic material in the unchromatographed
tract is PAH. This procedure is not necessary for routine analyses, but is helpfu
elucidating the analytical situation in research samples.

8.4 Effects of Storage

Urban particulates on glass fiber filters stored in the dark in an envelope for one year
lost 32% of their benzo(a)pyrene. Losses of some other PAH ranged from 1-88%
(11.5).

Benzene-soluble extracts evaporated to dryness and stored in closed bottles ip a refrig-
erator were stable (in terms of benzo(a)pyrene concentrations) for 4 years (11.6).

The ultrasonic extract is stable in the dark at room temperature for several days,
longer in the refrigerator. However, losses usually occur after about two weeks.

9. Calibration snd Standards

The benzo(a)pyrene (BaP) standard is made in cyclohexane and is chromatographed when the
! samples are run, and repeated whenever a parameter such as solvent lot is changed. Both standard

are run at concentrations which do not overload the detector and give reproducible

results when diluted. For example, 0.4 .g BaP gave a peak area of about 2000 and fulfilled the
above criteria.

The standard is expressed in terms of peak area per microgram (PA/ug). The unit of measure-
ment for the samples is corrected peak area per cubic meter of air (PA/m®). The BaP equivalent
of the TpAH is calculated from these data (10.2). The standard is kept in the dark and is stable
for more than 30 days when refrigerated nights and weekends.

10. Caicuistions

10.1 The peak area of the TpAH in a cubic meter of air is given by the equation

? where:

. PAX AXB
PA/m® = "33 ax b

PA = Peak ares, corrected for the blank

v
A

= Volume of sir ssmpled in m*, corrected to 25°C and 760 Torr
= Area of whole glass fiber filter in cm?
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B = Volume of extract in ml
a = Ares of glass fiber filter sample in cm®
b = Volume of extract injected in ml

10.2 The concentration of the TpAH may be expressed in terms of their equivalent in benzo(s)-

pyrene.

. ____PA/m’ air (See Table 7)
TpAH(ug)/m" air = “BR7 3 benzo(a)pyrenc (Sec Tabie 1)
| 1 1 I 18]
. .
) - —4-— i
1 —_— -
4
J
d
1 SLARKS
1 b 0LARKS —— -1
\
\
IJ JL‘{ -J R
. . [ ] 3 3
THE. mentms

FIGURE 3. Chromsfograms of sitrasosic asd Soxhlet extracts of composited sample No. 1, Table 6
and blanks, through the column (A) and throagh the colums bypass (B). Stationary phase,
Corasil 1I; elwent, cyclobexane; flow rate, 1.6 ml/min. Solid lines are ultrasomic extracts;
broken lines are Soxhlet extracts. Extracts were diluted x 3.3 for columa bypass.

11.1

11.2
113
11.4
11.5

11.6

TABLE 7
Analysis of Particalate Samples
TpAHR®
Corrected = Al PA/=® (g’
Description Peak Ares Sampled A Alr

Urban 1 1200 1500 1120 0.211
Urban I1 620 1500 580 0.109
Urban 111 545 1500 509 0.096
Mt. Storm 0 1673 0 0.000

*See Calculations—Section 10.1. *See Caiculations—Section 10.2.
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APPENDIX B

CONTINUOUS AIR MONITORING DATA




NOTES ON CONTINUOUS AIR MONITORING DATA

FIELD DATA REDUCTION

During the testing, the Apple computer took about 45 readings per minute
from each of the eight instruments (502, co, C02, THC, NOX, and two air
channels). Approximately 5 million individual readings were taken during the
period from November 29 through December 15, 1983:
days of background data
forklift tests
warehousing tests

stationary forklift test
overnight periods following tests

o 0o o o o
W= NOr

The sampling covered approximately 110 hours of tests and 130 hours of back-
ground and overnight readings.

At the end of each minute of sampling, an arithmetic average was calcu-
lated of the readings for each channei. At the end of each sampling period
(5 or 15 minutes), these averages were written as a subfile onto the data
disk.

A single sequential text file was created for each hour's data at each
sampling location. Therefore, a single-hour file might contain as many as 12
individual sampling period subfiles (in the case of a 5-minute cycle and only
one location) or as few as 1 sampling period subfile (in the case of a 15-
minute cycle with four locations). Each subfile begins with the first minute
of the sampling period (e.g., 5, 10, 15, etc.). This is followed by an 8 x
SP matrix containing the l-minute averages (where SP is the lenath of the
sampling period). A 15-minute sampling period therefore contains 120 entries
after the starting minute figure. An entry of -999 was used whenever an
instrument was off line.

CALCULATION OF AVERAGE READINGS

The field sampling sequence operated on either a 5-minute cycle (during
tests) or a 15-minute cycle (during overnight runs). At the end of each
B-2




cycle, the sampling location was switched to the next location in the se-
quence. Although individual l-minute readings were stored on the data disks
to simplify the data analysis, it was desirable to calculate averages for the
entire sampling period of each instrument. Because of the slow response time
of some instruments, the first few minutes of data recorded after a switch in
location could not always be considered valid. The following l-minute read-
ings were therefore averaged to come up with the overall average for the two
types of sampling periods:

Minutes averaged

Channel 5-minute cycle 15-minute cycle
SO2 4-5 4-15
co 2-5 2-15
CO2 2-5 2-15
THC 2-5 2-15
NO 3-5 3-15
NOx 3-5 3-15
Air 1 1-5 1-15
Air 2 1-5 1-15

2ERO-DRIFT CORRECTIONS

During operation, continuous monitors experience a slight drift in their
zero response. This drift is detected from the output of each instrument's
backup strip-chart recorder. The zero drift experienced during the tests was
negligable (less than 5 percent of the average reading) for all instruments
except the one used to detect sulfur dioxide. The sulfur dioxide data pre-
sented in this Appendix represent the raw uncorrected data. The information
presented in the body of text (i.e., the tabular or graphic results) has been
corrected for zero drift.

DATA TABLE DESCRIPTION

The continuous monitoring data are presented for each vehicle test (by
sampling location) for sulfur dioxide, carbon monoxide, carbon dioxide, total
hydrocarbons, nitric oxide, and oxides of nitrogen. The recorded air veloci-
ties detected at each ventilation duct are also presented.
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gure B-1 is useful for comparison of the results in the appendix
with summaries in the body of the text. The schedule of the test
ons is presented in Table B-1.

TABLE B-1. SCHEDULE OF TEST OPERATIONS

Test Date Operation/Truck Magazine
11/29/83 Day 1 Unload with Truck No. 1 (Still/Deutz F3L912W) A
Load with Truck No. 3 (Baker/Deutz F3L912W) b
11/30/83 Day 2 Unload with Truck No. 3 B
Load with Truck No. 1 A
12/1/83 Day 3 Unload with Truck No. 1 A
Load with Truck No. 3 b
12/2/83 Day 48 Unload with Truck No. 3 B
Load with Truck No. 1 A
12/5/83 Day 5 Unload with Truck No, 1 A
Load with Truck No. 3 (Using high sulfur fuel) B
12/6/83 Day 6 Unload with Truck No. 2 (Hyster/Perkins 4.2032) 8
Load with Truck No. 4 (Hyster/Perkins 4.154) A
12/7/83 Day 7 Unload with Truck No. 2 A
Load with Truck No. 4 B
12/8/83 Day 8 Unload with Truck No. 2 B
Load with Truck No. 4 (Using high sulfur fuel) A
12/9/83 Day 9 Unload with Truck No. 3 (Using high sulfur fuel) A
Load with Truck No. 1 B
2 hrs 4 hrs
12/13/83 Day 10 Warehousing with Truck No. 1 B B
Warehousing with Truck No. 2 A A
4 hrs 4 hrs
12/14/83 Day 11 Warehousing with Truck No. 1 B A
Warehousing with Truck No. 2 A B
3 hrs 3 hrs
12/15/83 Day 12 Warehousing with Truck No. 1 A B

Warehousing with Truck No. 2 B A
(Both trucks using high sulfur fuel)

NOTE:

. - “
e § )m-rw

The primary diesel fuel used is Phillips D-2 Diesel Control Fuel Lot
C-929 (.4% sulfur). The high sulfur diesel fuel used is a referee
grade diesel fuel conforming to MIL-F-46162B (1.02% sulfur).
Warehousing tests were conducted with each magazine half full of
storage. The trucks moved the load continuously in the front half of
the magazine.
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STRADLEY A EQUIPMENT STRADLEY B
TRAILER
z .\K //.4
s ||
- POINTS
1 ., \\'3
L— em—— b o
SAMPL ING
DESCRIPTION LOCATIONS
FORWARD SAMPLING POINT IN 1
MAGAZINE A
REAR SAMPLING POINT 1IN 2
MAGAZINE A
FOREWARD SAMPLING POINT 3
IN MAGAZINE B
REAR SAMPLING POINT IN 4
MAGAZINE B
VENTILATION DUCT IN AIR 1 (IN LINEAR
MAGAZINE A FEET PER MINUTE)
VENTILATION DUCT IN AIR 2 (IN LINEAR
MAGAZINE B FEET PER MINUTE)

e,
———

figure B-1 Location of sampling points, magazines, and
equipment trailer.
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PEDCO ENVIRONMENTAL, INC
ARNY DIESEL FORKLIFT STUDY

Leocation. ONE
Test Description: TEST ONE
Date: NOVEMBER 29, 1002

e )

Slapsed 802 co cot THC NO NOZX AIR] AIR2
Tine Time e (§ 1.1 oM oreM) e res) i
010 20 23 24 35S0 9 $. 8 15 Y ] 52 [T} ‘
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10 43 118 33 2.6 6521 5.7 131} 178 1242 796
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PEDCO ENVIRONMENTAL, INC.
ARNY DIESIL PORKLIFT STUDY

Lecation: TVWO
Test Description TEST ONE
BDate: NOVEMBER 19, 100) <

Elapsed 802 co co2 THC NO NOX AlR) AIR2
Time Time e orm e (rn) 1824 1 (844 B

.30 40 16 3.1 78 ¢ $.3 333 143 10290 { Y )
.50 60 1 3.3 721.4 $.3 4 71 1107 788
10:10 (14 zl 13 ¢%0.0 5.8 a3 30 1330 831
10:30 100 18 1.4 703 .12 7.4 (1 7 1492 (3 }]
it s0 120 23 2. L DY $ 134 8 1139 764
31:10 140 “9 10 812.2 ¢33 442 471 122¢ 760
il1:30 160 L 2.3 750.3 6.0 206 19 1158 022
11.50 180 30 1 $17.9 7.8 337 L 1] 1060 616
12:10 100 40 235 103 6 10.8 737 006 1134 (1 X
11 30 20 38 1.6 e .S 3.8 oo 342 1078 697
12.5¢ 240 $2 3 8602 6.1 630 €70 1318 737
13:10 260 63 t.4 77.0 8.1 700 730 1243 706
13 30 180 67 21 105¢4.1 §.7 $54 $023 1161 805
13:50 300 72 3.0 1167 o 6.2 L3 1 664 1127 067
14 10 320 70 3 2 12676 6.4 506 376 1329 873
14 30 340 118 3.0 1076 .4 5.9 08s 50 1186 746
l4:80 360 149 31 10090.6 7.4 968 1053 1252 653
13.10 360 1835 3.1 10538 6.5 (2] "o 1109 L
15.3¢8 400 169 1.9 246 9 6.6 801 833 1228 759
13350 420 128 4.4 10723 $.3 534 768 1150 49
ib.10 440 342 3.0 12827 02 1241 1682 1145 70
16 .30 460 $02 1.0 1360.2 §.) 1515 1698 1003 $67
16 30 4900 435 3.2 13643 3.3 1500 1519 111¢ 69l
i7 10 00 4i6 2.1 11901 7.2 1430 1582 11382 783
17 30 320 1] ] 31 1133.6 7.8 1058 1283 1166 81
i7.30 3540 31 2.0 11685 $.4 31 64 1154 720
18 10 560 243 4.1 11041 | 948 { '} 1204 1028
18.30 560 L &} 3.3 1087.3 6.6 306 360 12100 1039
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PEDCO ENVIRONMINTAL, INC
ARMY DIESEL FORKLIFT STUDY

Lecation  THNREE
Tast Description: TEST ONE
BDate: NOVENBER 23. 1892

NS ERGENSAEEC R NUSE NP NN AN ENCEEUASR ARG ERSENEAS IS ENONE0a0SNNCESUSSEONEERRERS
Elopsed 802 co co2 THC NO NOZ AIR} AIR?
Time Time (PPR) (844. 8 (PPNM) (PPM) orem rem

.00 10 4 16 611 ¢ LI ] ] J 1109 734

9:20 30 L] 1.0 7160 3.1 1823 1634 1069 730

8 33 45 183 3.0 794 4 L - 19112 1969 1307 7358

9 53 (] 774 16 1164 60 1000 2000 1296 783

ic 15 s 417 21 279 5 S e 3000 2000 1310 640

10 33 105 il 1.7 825 9 4.3 1943 1805 1241 723

1C°85% 123 445 11 4] ) 5.4 1000 too0 1217 777

3J1.13 143 436 23 10132 4.2 2000 2000 1212 661

1135 1635 336 “ 5 874 .0 s 1000 1921 1306 (1D

13 33 183 2835 F ] 237 9 L ] 1739 1874 1090 707

12-13% 03 405 19 13282 78 2000 3000 1100 631

il 38 215 414 2.6 1050.2 6.0 1834 2000 1061 746

32 33 245 376 1.6 958.23 5.3 1916 1900 1100 17

13.15 265 529 1.8 9501 10.7 1883 1000 1031 576

13 33 ies 351 3.4 1336 8 7.3 1917 2000 1108 699

13 33 305 i8¢ 30 11358 9 §.7 1782 1919 1140 662

14 13 3is 30 30 1282.1 57 1855 1878 1344 7354

1435 345 3N 31 1106.6 $ 7 1884 1999 1071 674

14 533 Iés 273 2.8 1089 .6 73 1486 1783 1247 681l

15 135 3gs 286 2.0 11405 §.5 1317 1733 1141 675

t 5 35 405 81 3.0 1002 ¢ 71 258 i 1069 10

. 1% 83 43 158 3.8 1339 8 72 1444 1872 1130 738

E i$ 13 445 190 3 8 1065 .6 7.7 814 294 1153 7358

' \ ié 35 465 179 3.3 131512 7.3 14351 1356 1223 588

! 16 5 485 €33 4 0 1201.7 L - 1727 1799 10587 800

} ' 17 13 505 98 3.4 113590 6. 6 750 817 1071 738

. 17 33 5 05 33 11615 7.9 762 L LD 1213 687

k ! 17.353% 343 119 3 8 07 7 6.2 1028 1142 1015 614

i 16 15 363 60 34 1207.4 7.3 X% 32 1329 884

I i0.35 563 43 3 0 118%5.0 [ | 31 §1 13124 1213
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PEDCO ENVIRONMENTAL. INC.
ARMY DIESEL PORKLIFT STUDY

Lecation FOUR
Teast Description TEST ONE
Date: NOVEMBER 19, 1908)

Elapsed 801 co co2 THC NO NOZX AIR) AIR2
Time Tine (824 M em) o (PPN) (PPB) s

035 13 «”" 2.6 7331 7.0 1714 1%4) 1187 ¢4

9:40 S0 ] N 1.4 9333 ‘6.0 1000 2000 111 709

10:00 70 430 7 207 7 5.? 3000 3000 1104 198

10:20 "0 431 1.5 9378 4.6 1000 1000 1331 { PY

10 40 110 403 1 4 037.0 5.1 2000 000 1178 700

11 00 130 786 1.8 1b04p.2 3.7 2000 000 1138 761

11 30 150 433 10 094 .6 6.7 2000 3000 130) 824

11 .40 170 433 2.2 208 .0 3.0 1873 1000 1337 37

1¢°00 1%0 300 17 72.0 6.1 1876 1964 1220 758

iz 20 210 (11 3 240 7 3.8 1837 1971 11358 816

12 40 230 224 2.8 866 .4 S8 1870 1968 1198 804

id 00 130 133 1.7 06 3 12.¢ 10860 2000 1141 €59

33:20 70 277 .3 112 1.2 2000 1000 1214 127

1340 90 131 3.1 1017.3 6.6 1383 140 10998 639

14 00 30 158 3.6 12009 8.4 1770 1902 1150 745

14 40 330 162 3.1 12t 6.6 1585 1686 1160 L2 1

le 40 330 148 31 168 s 3 1005 1929 1067 703

13 .00 370 167 3.0 1087 8 11 1438 1527 1203 783

13 it 380 176 3.1 10473 $. 6 1689 1776 1360 744

15 40 410 37 2.9 1352 12 23! 63 1096 670

16 00 430 128 41 16 0 $ 3 1877 1676 1101 30

16 o0 450 107 37 1134 0 L 1322 1385 " 356

, 16 43 470 " 3.8 14199 '3 1379 1470 1161 64!
' i7.00 490 3 4.1 14031 s 0 1333 12 1197 [ 1 ]
: i7:20 310 (1) 36 1288 6 L] 819 L 1] 1162 724

17 40 330 16 3.0 11621 $.3 L LR 1050 1100 6§70

r 18 00 30 87 30 11599 [ 2 (1 3] 33 11035 761
i : ib. 20 370 45 3.7 10903 2.7 101 120 1382 1022
i 18 4C 580 33 3.8 1.6 4 37 4 1191 1016
‘- B2 0SS NCEERESE B AN SN RS S E S RSN S S ECEE RS ERE RS S SR E R B AREEEEREARNSEESRRESSUAECREREES
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PEDCO ENVIRONMINTAL. INC.
ARNY DIESEL FORXLIFT STUDY

Lecation: ONE
Test Description: TEST TWO
Date. NOVEMBER 30, 1002

S PEESEANSSEEELESNSASAS RSN SAENITECENNCUNEEEENNEESERANAESSE00OSNEERRRSEaRERS
Elapsed 302 co co2 THC NO NO3 AIR) AlIR2
Time Time orrm) (5 44,0 (PPN) ren) ren) (§44 M

8:33 13 12 1.1 844 .2 18.7 16312 1036 313 273
8:335 33 104 1.0 768 .8 17.4 618 713 (X]) 464
.13 33 342 1.7 61 4 17.3 1819 1023 333 179
833 73 438 1.8 796 ¢ i7.¢ 1000 1983 388 471
8.355 1] 4 1.8 7359 13.8 1762 105) (3]} 471
10 13 115 s 1.4 620 .9 161 1815 1580 sS4 413
10 233 135 438 1 844 0O 16 7 1756 1830 33 443
id 3% 133 333 1.1 7300 18.6 1910 1967 L1 3 ] 44
11 i3 173 698 1.2 6476 150 1864 1942 321 37
11 338 1835 030 1.2 001.6 8.3 1969 1897 400 3¢
11 83 1.3 t76 1.3 501.0 14 8 1111 1221 490 319
ie 13 133 333 1.2 498 .4 LA AR 1440 1526 L 21 421
iz 33 53 391 1.0 353.3 LR 1861 1967 4635 3713
i2 33 173 788 11 $36 8 aste 191 1982 1 4]
4343 153 783 1.3 545 .4 6§ 8 1032 1991 388 1
13 33 313 44) 1.6 410 .4 §.7 1767 1912 1 33
13 335 333 162 1.0 308 .9 6.4 LA LA 1 1
i4 13 333 153 10 350 2 §.3 8008 (R ] 723 149
14 33 373 | X 1.0 273 .1 6.7 44) 486 1 b
i4 O3 383 110 1.1 310§ 6.7 783 852 anes LR
15 33 415 129 0.9 1453 78 848 009 stna LA
15.33 435 75 09 191 .2 78 neae fane 3117 373
} 15 4% 'Y} teaxn 1231 ] 1Y 1] rten 23X 1] 111 sany raen
1808 463 62 0 2822 6.9 AR LR 364 401
16 23 4E3 4 0.8 2839 7.4 LA L) LA R 74 540
1 : 16 35 495 24 10 207.3 1483 0 L4 1040 1790
i6 §2 §is 3 1.3 170.7 147 .9 12 26 §7 768
BB A S EEEEEEESXEE S S EEREEE S S E SR EEEEEEEE SR EEE R SRS EEESERESESEEESEEREEESEEERREEEREREERRE
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PEDCO ENVIRONMENTAL. INC.
ARMY DIESEL FORXLIFT STUDY

Lecation: TWO
Test Description
Date: NOVEMBER 30,

TEST TVWO
198)

Elapsed 802 co co2 THC NO NOIX AIR] AIR2
Time Time (PR o o ) (§22 }) rep)

8 20 , 0 23 09 e82.5 1.0 4 4 422 345
840 20 171 1.4 870.9 1.9 1048 1182 $78 409
* 00 40 a6 1 4 0217 17.7 1432 1383 560 I
920 60 742 1.6 12210 9.0 1940 1987 611} 470
P N 80 768 1.9 1063.6 18.1 1871 19900 613 495
10.00 100 64 1.2 38035 17.2 1530 1662 531 149
10 3¢ 130 437 1.3 730.2 13.0 1400 1800 §37 422
10 40 140 400 1.1 609 .3 YN ] 1597 173% 5§63 494
1i 00 180 3541 1.3 697.5 16.1 1929 1843 s00 376
11.20 180 b 1.2 590 .9 15 .3 1022 1098 559 4135
11 4C 100 73 1.4 545.3 13.9 1632 1732 5§53 4
42:00 20 139 1.2 4180 17 2 045 96 512 IS
12 .20 40 140 1.1 402.0 saed (3 )] 876 492 407
12.40 60 123 1.4 357 .4 LR LR 1147 1266 74 382
13:00 180 194 1.4 433.3 LA 1514 1631 1 261
13.2¢C 300 179 1.3 424 1 6.6 1660 1731 34 60
13 40 30 13i 1.4 487.5 6.6 1431 1488 1 63
ié 00 340 108 1.1 41 .0 6 3 830 [ 1 K] 1 1
i4 20 360 89 0o.¢ 372.2 6.4 767 824 1 ]
14:40 380 S8 09 230.6 6.3 158 90 i 1
13.00 400 88 1.1 280 .7 6.8 739 793 LR LALR
13 ¢ 420 (1] 1.0 32146 7.7 820 8¢ tens fess
i3 .60 443 (L] 0 72 7 7 4 LA LA 413 418
i 30 430 33 1.0 137.9 7.3 LA R LA 324 3538
i : 16 10 470 48 0 188.7 7.4 LR 2 LR L] 3N 33
! i 30 4%0 36 0 335.7 8.0 LA RR sane ) 768
1§ 4C 500 LAR R 0.8 186.1 158.0 LA ] LA S 1987 1985
17 60 520 LR R 1.3 364 4 132 3 LA L) 630 42
IS S S S ESARES S E R E RS S E RS R E RS SN EE S ER RS SEE RS RE R AN AL ERSEESSERRERIRREEEESSRESREEE
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PEDCO ENVIRONMENTAL. INC.
ARMY DIESEL FORKLIFT STUDY

Loocation. THREE
Test Description  TEST TWO
Date: NOVEMBER J0. 188)

i
| Elapsed 802 €o o2 THC NO NOX AlIR) AIR2

Time Time 844 rPM) (8440 M) 842 N (PPB)

$ 23 3 22 [ I ] 780.3 18 .4 ) [ 463 t1 1)
s &5 15 3 1.0 036 ¢ 16 ¢ L1 108 338 308
s 03 43 14 0.9 XL 18.8 87 0 531 413
9 s 63 36 1.1 717117 17 6 71 )4 6§14 430
9 43 83 a0 1.3 710.0 165 832 $16 640 531
10 03 102 17 0o 621 .6 17 3 373 410 513 k3 D
16 25 115 38 12 609 .9 18.3 867 927 $31 411
10 43 145 73 1. 595 .4 10.4 1173 1396 $2¢ 436
203 18l 111 1.2 $36 .o 17.8 1428 1430 474 346
il 23 1835 194 13 S48 15.6 1372 1668 460 360
1i 45 Cs 242 13 625.1 16.35 1816 1070 547 366
ie 05 13 183 12 626 ) 16.8 1890 1993 435 435
12 3 43 361 1.6 461 .6 LA 1914 1877 454 30
12 43 65 114 1.2 474 .3 LA 1376 1419 Jeo 378
13 03 1835 473 17 440 8 LR A 1998 1997 i 1
13.23 3os 436 16 422 35 70 1856 1987 211 (1}
13 45 3138 383 1.6 421.0 6 8 1990 1097 1 268
14.05 34 537 17 609 3 68 1999 1997 1 1
14:35 36S 43 13 47 .2 6.8 1090 1987 174 208
14 43 383 409 1.3 435 ¢ L ] 1879 1976 LA sense
13 08 403 464 16 aei. 8 7.4 1998 1897 LA LA LA
15 13 413 499 1.3 332.6 8.4 1998 1897 316 320
135 58 435 ass 13 1718 .7 7.4 LR LA 422 443
1% 13 473 LA LR 13 442 7 8.4 LR L] LA R R 3ls 268
1645 $0S fren tenn rene ssngn sren aeen ssan tewn
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PEDCO ENVIRONMENTAL, INC
ARMY DITSEL TORKLIFT STUDY

Loeation. FOUR
Test Description. TEST TVWO
Date: NOVEMBER 30. 108)

Elapsed 802 co co2 THC NO NOZ AIR) AIR2

Time Tine PPB) (R d 4.0 oM (PFD (PPB) s
3 30 27 [ 2 ] 760 9 16.3 22 24 S0 36
8 30 30 11 [ | 87 18 .4 163 152 s18 404
" 10 30 23 1 4 807 o 16 8 303 545 S04 429
’ 30 70 N 11 004 0 16.7 L] ] L] X 397 446
9 S0 80 3l 1.3 7398 15 8 480 309 609 506
10.1¢C 110 17 12 €73 ¢ 13 9 S48 583 $70 419
10 d¢ 130 36 16 682 2 17 & 743 793 S48 411
10 30 150 37 14 6§42 7 173 67 1018 336 t1 ] ]
i1 10 170 47 1.2 6§13 2 16 7 1131 1189 540 424
11 3¢ 190 (1] 1 4 779 § 17 0 1295 1361 503 4
1180 116 71 1 4 473 0 18 3 1461 1346 507 343
ic 10 235 74 1.3 492 5 LR R 1459 1542 468 I8¢
12 30 150 113 1.6 508 6 LAR R 1699 1027 501 402
i2:50 <70 L 12 5635 sane 1129 1190 1 31
12 .1¢C %0 122 1.3 428 7 (X1} 1520 13687 1 1
13 30 10 161 1 4 56.2 6.8 1646 1738 1 2l
13 59 330 283 16 s21.8 6§ 9 1787 1883 (1] 1
i¢ 1C ise 306 1.3 31950 6 6 1998 1987 s 2
14 30 370 333 1.6 417.23 7.1 1970 1087 1 4]
14 30 390 384 13 385 .2 7.2 193¢ 1997 LA R tans
15:3 430 517 1.6 3157 80 1898 1987 LR LR A
15.3¢C 430 617 1.7 439 ¢ 82 LA R LR 332 308
i6 03 450 4C2 1 4 408.7 7.4 LA LR 376 375
s ¢ 480 i87 0.9 341 .1 ' 0 LR LR N e
. 16.35¢C 510 [} 07 314 .0 1445 v 1 817 754
EEEEE S E S EEE R EE R I EEEEEE R E R EE EE RN S EEEE S EE R RN EERESESEREERESEECEEREREEEEESESEESEEREE




PEDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIFT STUDY

Lecation ONE

Test Description TEST THREE
Date - DECEMBER 1, 198}

Elapsed 8012 co €o: THC NO NO1 AlIR] AlR:

Tinme Tine s e rex) wrm (844 M (PPB)
.00 -5 0 0. 020 S 6.0 0 1 743 49
8. 20 13 113 0.9 1074 8 8.7 [} 13} %0 162
s 40 35 3l 0.8 1232.0 7.1 488 53¢ L&D 267
$ 00 33 32 1.1 1167.0 6.2 lo 340 231 148
26 73 4 1.0 11213 LD $717 8§29 236 i34
9 40 3 71 1.6 1092.) 7.7 040 49 164 280
10 0C 113 32 0.0 1246.3 753 403 436 233 47
1020 133 (1 1.1 1440.12 7.2 340 (X3 1) 287
10 «C 153 137 1.2 14%).8 7.3 729 813 213 25§
il o¢ 175 165 1.1 14645 7.1 8122 1036 288 270
1..2¢C 163 23 1.1 1437.0 7.2 1132 1002 199 214
il &0 «15 430 1.4 1641.0 7.8 1742 1998 221 234
iz 00 133 364 1.3 1671.3 6.9 1598 1670 220 139
il e 38 134 1.1 13457 7.0 51y 600 (21 141
12:28 260 348 1.1 1381.9 71 1354 1706 73 370
12:43 i80 126 1.1 1456.2 6.9 444 340 191 i8¢
13 03 300 sl 1.4 1378 ¢ 7.4 1857 1933 3 314
13 &3 320 386 1.4 15452 7.0 2013 1968 23 243
13:45 340 Jes 1.5 135010 6.8 2137 1088 2 223
i¢ 03 360 423 1.3 1633 .7 1778 1084 s 163
14 33 380 34 15 16583.7 6.8 1387 1682 213 269
14 45 400 173 1.1 13018 70 753 880 150 18)
45 03 4cC 188 15 1638.2 7.7 17835 189%4 193 198
i3.13 4490 4338 1.4 168018 7.3 1065 21353 09 37
15 .43 460 385 1.3 180s5.8 7.8 1388 1693 171 206
ib 05 480 306 1.4 1724.9 7.0 1400 1399 208 215
16 .23 500 37 1.2 1381.9 6.0 692 784 210 0
16.43 $0 3 1.2 1720.0 7.2 LR 9] $73 196 168
SEAECE S E RS RS R EE N E S R E RN R EEE R R E A EE S E R E N EECEE S SR SR ESEREREREESERRES AR ERASAREERRERRER
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PEDCO ENVIRONMENTAL. INC.
ARMY DIESEL FORKLIFT STUDY

Lecation: TVWO
Test Description TEST THREE
Date: DECEMBMER 1, 1002

Elapsed 802 co co: THC NO NOZ AIR} AIR2
Time Time orem) M) (324, ¥ (PPM) (PPB) (§44 M

D e et L L L Y P T T .

03 0 19 1.2 1083.¢ 6.0 0 1 L1 D Sis
8:49 20 il 0. ¢ 1000.0 7.3 t14 L1} (2 ] ) 309
8 45 40 23 1.1 110 .4 L 531 $77 144 138
03 60 8 1.0 1138 8 10.4 206 217 272 163
9 13 8 (1] 1.3 130112 10.2 73 7998 25¢ 165
| b &5 100 e 1.5 1390.3 0 704 703 235 r{
| ¢ 0% 120 33 1.4 1171 .4 8.3 s00 S48 109 37
! i0 ¢35 14¢C @ 1.1 1169.3 0.0 579 63s 178 143
i i0 .42 180 38 11 1313.9¢ 7.8 $77 639 214 66
[ 11-05 180 (1] 11 1430.2 7.4 678 7423 210 L1
1 13 00 69 1.2 13313.4 7.2 872 735 1932 24C
il 45 0 (¥} 1.1 13316 71 841 936 0 233
12 05 40 8s 1.0 1380.2 6.7 860 937 192 270
ae. 30 265 L 1.1 1360.4 7.2 138 036 46 3111
1¢:°50 263 50 1.0 1334.3 6.0 126 130 135 307
13 10 303 133 1.1 1477.7 7.0 64 1161} 87 4
15 3¢ 3s 117 1.2 1358.0 7.0 1248 1423 19 el
i3 3 343 269 1.2 13582.3 6.0 1407 1978 01 202
14:10 365 33e 1.4 1720.0 6.0 1652 2132 3 138
i4 0 365 276 1.4 1633 4 6.6 1337 1371 186 (2%
1450 403 273 1.4 16680 7.3 1236 1327 217 242 i
13°1¢ 4 449 1.3 1812.3 7.8 1943 1817 17% 06 '
15:30 443 364 1.5 17844 7.7 1493 1676 88 212
15.350 463 387 1.3 16627 7.4 1712 1438 19 183
i§.1¢ 483 183 1.2 17651 7.1 82 162 is8 36
i 30 $035 13 0.8 1452.0 3.9 1 0 104 198
16 S¢ LY XIY] sans raen e sren tann ey aeew
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PEDCO ENVIRONMENTAL. INC.
ARMY DIESEL FORKLIFT STUDY

Lecation THREEL
Test Description: TEST THREL
Date: DECEMBER 1. 1003

SONSENEESSSENNEEEESESERENEEASEA SRS SSUANEAEANESNENORSANASONSEESSSREERsERE
Elapsed 802 co co2 THC NO NOZ AIR] AIR]
Tine Time (PPRB) orem) (PPM) (PPM) (PPD) rrm»)

)
]
]
[]
[)
1
]
]
[}
1
[}
]
)
'
)
]
L}
)
]
{
L
]
)
)
1
)
1
[
1
'
1 4
[)
[)
[]
t
1
]
]
)
1
[}
[]
[)
)
]
[)
[)
[ ]
[]
)
]
[)
)
)
)
]
L]
]
]
]
[)
1]
)
)
1
[)
)
[}
)
]
)
)
]
[}
1
]
1]

$ 10 L) 186 1.6 13218 7.0 NS 4709 117 300
s 30 15 518 1.4 1396.} 00 @9 4877 i 2
s 30 43 $26 1.6 13023 7.9 1812 429 143 33
$:10 (3 380 1.6 143 ) 11.1 89 3335 16 6
9 30 83 437 1.5 1338 ¢ 10 2 3514 3250 199 290
9.30 105 352 1.6 1357.% L ] 3076 3156 251 162
10 10 13 363 1.6 13717.2 9.0 2707 2821 118 233
10 30 143 637 1.7 16998 9.1 4913 5199 104 1235
i¢.5¢ 163 536 1.7 1638.9 8.6 3741 4773 18?7 271
11,10 183 704 1.8 18323 $. ¢ 43574 S421 19 11
11-30 103 700 1.7 1670.8 7.8 5187 soile 212 31
11:30 3 704 1.3 008 ¢ 7.8 4347 30 106 1412
12 .10 243 333 18 1626.) 7.2 4149 4119 138 169
12:33 70 403 15 1646.3 7.7 1684 3732 264 173
121:353 190 S1 0.9 13903 % 7.0 57 { } 216 87
13.13% alo 115 1.3 1644 .4 7.1 322 271 26 3l
13 33 330 64 1.3 17:8.1 7.2 2444 2485 200 47
i3 53 3s0 w02 1.4 1701 & 7.1 2021 2152 176 121
14 1S 370 338 1.5 1708.0 7.1 2734 30987 16 260
a4 33 380 173 1.3 1620.1 7.2 1935 2091 300 (X P!
16 53 410 86 1.2 1663 7.4 1278 1337 20 40
15:15 430 113 1.2 1601.0 7.8 1809 3086 204 130
15 38 430 198 13 18118 7.3 2082 2333 21?7 18
15953 470 ) 10 16738 7.0 231 1019 186 114
16 13 450 40 1.1 1513.9 7.0 129 135 176 207
ib.35 510 [P} 1.0 1308.8 1 b 1 206 208
.l'.ll....l..,llll..l.-ll.ll.-.‘l.lII-.IIIIII-I.l.....l..“lll.“l.-...-.....'
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PEDCO ENVIRONMENTAL, INC
ARMY DIEBEIL FORKLIFT STUDY

Location FOUR
Test Description TEST THREE
Date. DECEMBER ), 1063

SN SSENE IS NEEEIEaEN N NSNS RNEPENNEAtEAsESSNEESORSNSERSESENNARSaESEsEEEERNS
Elapsed 301 co co2 THC NO NO2 AIR) AIR2
Time Time (324 B (844, 0 P PPM) 244 ¥ res)

8.15 10 9 19 130512 7.3 S04t 3018 i 111
[ I } 30 484 1.0 1474 s 7 4230 4134 109 10
¢ 33 0 574 T 1 1400 2 0 4210 4316 ! 144
18 70 4356 10 14300 7 3055 3305 335 tX]]
938 90 4 1.7 1464 ¢ s 0 €224 4070 22l 263
8.33 110 364 1.7 14330 8? 873 13 1 19 2l 262
10 13 130 336 1.6 1603 9 2 1444 1620 194 242
10 33 150 417 1.6 1596 9 [} 310 3501 10 i35
1033 170 399 1.7 1711 [} 3069 3613 218 4l
11.13 190 47 16 135411 7.3 614 2043 183 i
11 35 10 179 1.6 1808.2 7.3 23900 2430 106 280
11835 230 163 1.6 1501 8 7.3 2207 333 122 373
dé 13 50 133 1.5 1313 73 1939 1038 235 360
12 .40 173 116 1.6 13317 7.8 1093 1983 17 7
13 00 293 55 09 1458 8 773 323 341 106 41
13.20 313 103 1.3 1608 5 7.1 1034 193¢ 192 3N
15 40 333 102 1.8 13593.8 7.0 1860 1436 218 267
is 00 3ts 106 1.3 17496.1 7.0 1894 1986 188 202
14 0 3713 109 1.4 1763.3 6 9 1813 1925 218 181
ie:40 385 96 1.2 1els 7 7.2 1536 1624 17¢ 244
i5 .00 413 02 1.1 1730 5 7.3 1385 1470 184 236
15.20 433 8l 1.2 1636 6 74 1590 1681 110 114
13 4¢ 4355 128 15 1042 8 7.7 2326 61> 195 2l
ié 00 473 62 1.1 1573 1 7.1 894 949 152 200
18 20 493 4l 1.1 1374 2 7.2 140 149 183 235
16 60 313 3 09 161%.4 7.3 " 102 190 189
B R EE SE S ESEE R E SN R RS EEE S NS EE RN RS E SR E N SN E A EE RS S EESSS S EREEEEEESEEREESSEECEREERSE
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PEDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIFT BTUDY

Location ONE
Test Description. TEST FOUR
Date. DECEMBER 2. 1983

PEEEE SRR NS NSNS S SN ENENG SN AG SO EESENEANENSEEOSEEEERCNESTSN0SENENSRURSREERE
Elapsed 802 co co2 THC NO NOZX AIR) AIRZ
Time Tine (8443 ormm) 844 F M) (resm) orrm

----- L R e T T L L L T L T T L

$:10 -10 ¢ 1.2 14 §.0 13 13 121 142
e 30 10 110 1.8 .4 $.3 173y i) 1 1M
8:50 30 406 19 14.7 6.8 t630 2835 114 142
10 30 433 1.9 3.2 6 1292 2766 11 114
9 30 70 831 1.9 13 6 7.4 4183 4331 102 124
93¢ 20 264 1.6 17.0 7.4 5135 3785 127 138
16-1¢ 110 574 1.7 17 7.2 3130 3278 19 158
i0-30 130 317 1.9 S 7.0 2674 2904 113 104
ib 3¢ 150 612 17 L 72 3036 1876 11 1) 19¢C
il 1¢ 170 747 1.7 215 7.1 Isle 4324 13 01l
11:3¢ 190 781 1.6 14.9 7.1 4076 435498 68 250
11 50 210 799 1.7 14 3 7.2 4014 5062 50 280
11:19 230 778 1.7 .2 71 3008 3640 178 181
ic.30 30 S6e 1.6 5.3 6.0 619 1111 236 170
12:5¢C 270 3197 1 6 12.4 §7 1720 1963 147 101
1310 98¢ 376 1 6 6.1 [ ] 1793 28s 1e8 163
15.30 310 431 1.8 6.0 6§ 7 2388 2564 178 208
i3 50 330 26 1.6 7.4 6.9 1509 1744 161 152
i6:10 330 84 1.7 12.9 6§ 6 1509 1704 12 366
1430 370 i68 1.6 3.1 §.9 1328 1527 283 s
14 s0 kK 11 naan 1.1 tren | I ) 1339 149) i1k 343
is:1e 4i0 131 1. 4 Renn L 3 ] 121 1010 3133 331
15 33 430 10i 16 reaw [ ] 076 270 197 313
i3 350 450 219 1.7 LR 74 1119 25124 4] 401
18 10 473 S8 1.3 LA R 7.4 27 303 2980 33
EELEESEE S E SRS E P E SR E R R EEELE S EE R E R E R S EEKE S S EE S ESESEES S ERESERERSXESRESREEXSEREEERE
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PEDCO ENVIRONMENTAL. INC
ARNY DIESEL FORKLIFT STUDY

Leeatton: TWO
Test Description: TEST FOUR
Date: DIECEMBER 2, 180)

Elapsed 202 co €02 THC NO NO2X AlIR) AIR2
Time Time s (PrPM) (PPN o rem) (PPB)

s 13 -3 11 12 3.2 .1 14 14 13) 180

8:3S8 13 471 10 3.3 s 199) 3164 11¢ 1352

§ S35 33 504 1.7 6.7 7.0 1346 géeb 6 116

13 33 762 1.0 3.0 72 3321 3749 " 110

{ I} 13 842 17 17.6 7.3 3029 4331 113 140

§ 33 3 733 1.4 s.0 7.3 3967 40122 186 1233

16 13 115 73 1.9 21.9 7.4 3107 3409 182 141

10 33 135 6§97 18 6.9 69 10317 3673 187 178

10 33 133 433 17 85 7.2 2240 1438 174 271

il 13 175 ] ) 1.8 40 [ ] 2170 2349 170 60

11:3:3 188 403 1.7 18.3 ¢ 8 1641 2739 136 48

11 33 213 196 1.8 4.1 7.1 202¢ 1239 4 13

12 13 33 342 17 336 (3 1874 2003 169 173

12:33 235 379 17 12.0 $.7 1094 112 193 188

12:83 275 308 16 L -] $.3 1045 1996 186 206

2318 293 173 1.3 1.3 6.9 1823 1979 193 202

13 35 313 307 1.7 18 1 6§ 8 1887 111% 174 106

13 53 333 308 1.7 13.3 7.0 1946 2196 133 176

14 13 33 113 18 12 4 6 6 1iee 1506 333 347

14 33 373 L] 1.7 sere [ I ] 1016 1001 304 I6s

14 5% s [ 1] 1.8 Rene 6.0 1004 1125 360 420

1% 13 413 180 1.7 (T13) 6.8 142) 1570 153 t ]

. 13 33 433 (1] 1.5 LA 70 694 739 370 418
‘ 13 83 4353 66 1.6 LR 73 (11 24 31 393
f 16 13 473 42 1.1 LAR A L / t1s 232 248 83
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PEDCO ENVIRONMENTAL. INC
ARNY DIESEL FORKLIFT BTUDY

Lecatiton: THREEL
Test Description: TEST FOUR
Date: DECERRER 2. 1003

CBECEESEGEIEE NG S EASE RSN BT USSP ASAS SO P ARRESEEGREEPSES SRS EESARESOSASEEOAEAEERS
Elapsed 801 co €02 THC NO NOZ AIR) AIR2
Time Time (PPB) (8 44,0 (rPMH (344, 0) (844} erep)

s 00 -20 20 10 0803 eonn 1 1 123 143
? 20 0 2 1.4 0.0 L3N ) 14 18 112 146
(Y 20 28 13 0.0 6.9 139 156 111 134
% 00 40 164 1.0 11 0 7.1 2985 3253 "% 128
5 20 §C 156 17 7.6 7.1 205 3178 102 118
s 40 'Y 174 1.7 15 % 7.1 2550 2622 'Y 122

1c 03 100 223 10 ] 7.4 2756 1899 158 121
10 2¢ 330 374 19 10 0 7 4 101 Y31 170 128
i0 40 140 406 20 $.1] 71 3847 3799 242 210
11 00 160 $00 18 13 71 7.3 @277 4662 239 229
11 26 100 351 2.0 $s 7.1 3278 3457 104 182 {
11 4p 400 s49 2.0 16 4 7.3 4310 $368 240 231 i
12 00 220 411 1.9 s s 7.2 3070 3809 213 136
12 20 240 $71 1.1 3121 78 5237 5405 103 230
12:40 260 763 21 15 8 7 4 6276 6693 176 183
13 0C 80 540 21 37 4 7.3 4003 70 204 183
i3 e 30¢ 531 20 136 7.2 e219 4412 172 166
13 4¢ 320 YY) 21 04 7 4 3778 4103 146 143
14 0C 340 111 16 49 ) 1653 1832 249 208
16 20 360 517 10 135 7.1 505 5174 273 366
ie € 380 586 1.1 esnn 7.2 4741 5492 354 412
15.00 000 LYY 2.1 aene 71 3658 YT 3 LH
! 15:20 4:0 s24 1.1 tane 7.3 4293 4278 219 245
15.40 440 551 2.2 Y 7.6 3982 4112 37 374
16 03 46C 542 2.1 tene 7.8 3764 4083 355 178
i‘ 20 ‘.o feee [ 2N "RERR [ E 83 BRRR | B R ] RN IR B




PEDCO ENVIRONMENTAL, INC.
ARMY DIESEL FORKLIFT STUDY

Lecation FOUR
Test Description: TEST FOUR
Date: DECEMBER 2. 1982

PSS NS IR SR ENSSOASRNARNECASCEPESANEEASENEPONSENSNAUECESREORRENESPRARRNNESEAUSES
Elapsed 802 co co2 THC NO NOIX AIR) AIR2
Time Tine (PPB) 844,08 e e rem (PPB)

--------------------------------- D L X T T A e Y ettt

’ 03 -13 20 1.0 $.7 10.9 14 17 108 138
0:33 H) il 11 3 ¢ ¢ 3 13 17 100 134
45 5 28 12 11.8 §.3 182 154 113 120
$ CS 45 126 L) 0.6 7.0 3748 3932 90 121
9 25 63 120 1.8 50 ¢ 7.0 3041 3161 101 122
9 45 85 104 16 13.% 6.0 2173 1160 116 156
16 03 103 153 18 37.6 71 1977 3176 199 169
10 15 125 173 1.8 196 7.0 3144 3309 187 160
10 .43 145 13 1 2.0 0.2 7.2 3894 4080 26 123
1103 163 36 T} 24 6 7.3 3599 306 121 109
11.123 183 209 1.9 7.4 7.1 1780 3071 174 116
11.43 2C5 363 t.0 210 73 3623 3820 71 7
12:C3 s 443 1.2 1.8 7.3 411% 4400 176 187
12:28 245 16 2.2 17.4 7.4 4942 5410 178 195
1c:43 163 460 . 8.2 71 43595 5038 183 121
i3 0% i85 LD 2.2 17 4 7.4 4392 4642 176 186
13 12 30s 478 2.1 7.1 7.2 4047 4600 193 114
13 43 325 148 177 3.6 7.1 1384 1332 201 168
14:03 EX ] 46 1.6 L ) 6 8 1040 1044 112 34é
i4:25 363 €32 2 40 .2 7.3 $377 5099 286 369
14 43 38 $73 1 LAL R 7.3 4873 5830 343 378
33.05 403 1717 1.8 snty 7.0 2003 1888 67 310
15 3 423 551 1.9 LA 7.5 4173 4409 120 1 3
i3-43 443 €37 2.3 AR ] 79 4551 TN 318 3N
i6 0% 463 647 [} LA 7.9 4812 4736 313 382
ESESEEESERESE R EE RS RS R EEE B X EEEEE R EEE RS ES SR EEEECSESEEESEEEEREESEEEESERERERNEREE
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PEDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIFT STUDY

Lecation: ONE
Test Description: TEST FIVE
Date: DECEMBDER 5, 1900}

SEESEESEEENEEIE AN TASENG SR SLASORASSEESSI0NNIESNNAEPEESNENEERERESNREERERSS
Elapsed 802 co coz THC NO NOX AIR) AIR2
Tine Time (PPB) (844, % (§44. ¥ ($ 4.0 (PPB) rem)

13 0 20 0 LA LA 7 3 127 46
& 33 20 40 1.2 LA AL 78 334 317 103 274
0 35 40 70 1.3 sens 7.7 1132 113 176 102
913 60 13 17 LA 7.7 1540 1762 43 284
? 33 "0 124 1.6 909 708 1211 1370 104 134
L - 100 113 1.8 7088 14.5% 1023 1117 144 70
10.13 120 5 1.8 701.7 0.5 137 L) 328 84
10 .33 140 169 1.6 (2 B 7.7 1107 1348 10 287
10 33 16C 323 .1 700.0 7.0 1901 2161 143 32
11 13 180 319 17 750 0 7.4 2037 1079 0 279
1133 200 3N t.2 834 .2 7.8 3001 1137 243 182
11.353 «20 424 1.9 745 .7 8.0 1243 1321 194 33
12 13 240 407 20 866 0 7.9 19535 21356 297 173
12.33 60 460 1.0 $53.4 A 13503 2010 354 369
12 33 80 420 1.9 778 .} 7.8 1831 1007 22 490
13 13 300 3% 17 723.3 7.8 17350 1048 330 36
13:35 30 458 1.8 703.8% 76 2123 2200 310 347
13:855 340 474 1.9 s13.8 7.3 2108 2260 N 33l
16 13 3620 431 1.9 73i.6 77 2142 1292 390 443
14:35 38 30: 1.6 6627 77 1533 1877 282 326
14 33 400 367 1.7 §11.3 75 1812 1827 3170 (T )
15:13 420 359 1.3 6197 7.4 1622 1027 36l 432
1835 449 388 17 733.1 7.2 10238 262 331 L] DY
«3 33 460 341 1 6 665 ) 7.2 1996 233 331 350
SFPEEREESEESSES RS EE S EEREEE SRS EE S E S S EEEEE R RS EEEFEERE S S EESENEEEERSSEEERESESRES
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PEDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIFT STUDY

Location: TVWO
Test Description: TEST FIVE
Date: DECEMBER 5. 109)

Elapsed 802 co coz2 THC NO NOIX AlR) AIR2

Time Time (PPB) M 8440 (PPM) (PPB) (PPB)
8 00 -13 33 0.7 1912 4 LR R ] 3 4 142 19
® 20 H [ 0.9 LR 76 35 37 186 110
1 & (X 27 09 LR 7.4 ER R 330 13 133
9 C0 435 3s 1.2 LA 7.7 4 960 67 (L
9 0 63 41 1.3 LA 7.6 1134 1200 118 133
3 40 83 49 1.3 744 .0 .0 982 1031 4 n
10 09 108 182 1.2 048 5 72 1061 1337 271 33
1100 165 54 1.6 6155 78 432 10i6 47 260
1220 185 61l 1.3 698 .6 ] 1016 1093 7 347
11 40 205 100 1.6 638.35 7.9 1166 1315 150 80
12:00 223 97 1.6 771.7 7.8 1137 1233 333 352
12:20 145 121 1.3 747 8 76 1143 1301 302 330
12:40 263 47 1.7 808.3 7.5 1714 1946 347 372
13 00 285 133 1.7 68335 7.8 1007 1167 376 383
13 20 3035 3i3 1.7 706.8 17 1636 1735 132 78
15 40 323 3Nl 17 762 4 76 1808 2248 366 376
14 00 34 474 1.9 7:0.4 77 1131 287¢ 85 33l
14 2¢ 36 4359 19 6§82 .6 7.7 1082 4358 415 490
14 40 3es 362 18 804 8 7.7 198) 2132 75 33
13.00 4C3 417 1.8 707.3 76 1822 2244 356 465
18 4 43 367 1.6 §82.7 7.2 1799 1778 62 el
15 4¢ 443 403 17 723.7 71 2080 2099 350 456
1¢ ¢ 4635 182 1.2 849 .3 7 2 1061 1337 t D) 334
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PEDCO ENVIRONMENTAL, INC.
ARMY DIESEL FORKLIFT STUDY

Location THREE

Test Description: TEST FIVE
Date: DECEMBER S, 198)

Elapsed 802 co co2 THC NO NOX AlRL AIR2

Tine Time rep o (reM) rpPM) (PPB) (PPB)
s 03 -10 34 0.8 1%10 2 LR b 2 113 147
8 13 10 1317 1.6 LA 8.3 §85) 7190 18 173
8 45 30 1487 1 LR LI ) $27% 6625 136 03
$ €5 50 1365 1.9 sern L ) Ssis §340 128 82
$ 3 70 1668 1.9 wane e 2 $36¢ §631 49 48
S 43 90 1439 1.8 1075.8 [ - 3411 6087 33 4%
10 05 11¢ 1430 22 1219 ¢ 13 7 5968 6264 31 87
16 &3 130 1223 0 9485 9.1 5025 5563 194 3112
10 45 i30 1304 18 981.9 4 3542 5980 14 262
11 05 170 1350 1.8 963 ¢ 8.2 Je42 5726 00 298
il 3l 18C 1304 18 68 .7 8.0 §3571 §351 233 264
a1l 43 v 1509 1.7 1003.3 9.2 3691 6102 2717 280
1205 230 1213 1.7 el 4 8 2 4222 5083 308 342
«7 25 «30 1158 1.7 913.% 7.8 4665 40358 37 33
il eg 170 6§18 14 695 .8 78 1356 2400 363 374
i3 08 199 832 1 4 780 3 80 J144 3333 J2) 300
15 18 310 304 1.4 7771 78 3775 3984 235 X3
i34 33 6Ee 1.3 770.8 7.8 3024 3108 33 36
14 05 330 834 1.6 764 6 77 3372 3702 31 340
14 25 370 76 14 §75 4 76 2381 2368 416 408
14 45 IS0 753 1.6 740 .98 78 4036 416¢l 173 242
15 0% 410 133 1.2 372 4 7.6 1878 1100 22 459
15 28 430 g3 14 006 .95 7.3 3726 e 374 374
35 45 453 118 1.0 515.2 7.0 1328 1388 sl 355
FAFES IS EEE RS EESE SRS EE R R EEZEEEE S SRS SR ENEE SR ER SR ERSE RS S ES S EREEESEREEXEREEREXZEXESR
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PEDCO ENVIRONMENTAL, INC
ARMY DIEBEL FORKLIFT STUDY

Loocation: FOUR
Test Descziption: TEST FIVE
Oate:. DECENMBER 5, 100)

SESNERSSENEESEE RS E AR SNSRI SCANEEGSEASINSEEENNSEAEESARSENANEERENEEEABENS
Elapsed 802 co co2 THC NO NOIX AlR} AIR2
Time Time (PPB) oM M) (PPN 844 ¥ (44 3

10 -3 30 [ LR A stee ] 2 111 1)

8 30 13 1160 10 L] 0.4 8842 7192 190 M

$ 30 3 1322 1.1 LA L) 8.7 8333 6097 137 107

8:10 33 1338 10 LA 8.3 3600 $194 257 67

9 30 73 1198 1.9 LR s.1 387 §587 19 117

$ 3C 85 1292 1.9 10392 .8 3003 5205 203 17

10 10 113 1106 20 1088 7 11 4 4511 4089 302 308

10 30 1335 1187 18 1103 5 8.7 $203 3295 47 193

10 §C 133 1081 0 $25.9 s 2 4082 SZ4¢ 204 121

11.10 173 1003 l e 2121 79 43353 4621 144 88

11 39 1935 1072 18 935.) 8.1 4794 5109 243 239

11 3¢ 213 1038 2.0 1019 7 8.1 4770 5034 28 210

12 1¢C 233 152 180 890 6 L] 373535 3ese 38 36

i2. 3¢ 335 1085 1.0 0235 7.7 4662 4892 343 I8

12 S¢o 275 367 1.7 770 L] 3008 3139 331 36

15 10 293 3 18 688 ¢ 7.9 3695 3863 126 305

13:3¢C 313 722 17 704 3 7.8 3778 4071 244 135

13 50 335 460 16 699 ) 77 3290 339 357 e

14 10 . 335 337 1.8 782 ) 78 3423 33717 357 419

‘ 14 230 378 362 1 4 750 0 76 3499 3588 330 358
; 14 -3¢0 38s 632 1 842 9 [ D 4396 4947 168 194
15-10 413 98 1.5 7630 7.7 402 3672 336 366

i 15 .3¢ 435 344 13 883 9 7.4 37612 3899 298 328
¢ ; 13 50 433 90 1.1 614 9 7.0 1141 1205 193 341
S E R EEESCEE S S ESSES RS EE R EE R E RS E S E R SRS EEESEEEE SR EE SRS ES S ABEERSERSEEREEREREEESEES




PEDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIFT STUDY

Lecation ONE

Test Description: TEST 812
Date: DICEMBER &, 198)

Elapsed 802 co co2 THC NO NOI AIR) AIR2

Time Tinme (844 M prmy (PPM) (PPM) (PPB) (144 M
.13 -173 3 0 s 761 ¢ $. 2 LA R ] AL 6§22 770
0:33 -135 17 0.7 63¢.5 ¢ 0 LR LR 6538 738
835 -133 16 0o sé2.8 $.1 LA then 339 0zl
15 <113 18 0.7 $64 O 6.0 LA LR 429 518
$ 33 -93 3] 0.9 776.5 § 3 L H 407 3%8
b 35 -73 ) 10 691.0 6.6 3 S LRy 451
10 13 -33 29 o8 707.8 6.3 L] L] 36 358
10 33 «35 [ 06 764 .7 6.5 H L LR X3 363
10 .83 -13 23 07 737.0 6.4 4 4 462 s40
11.13 H) 166 19 736 7.0 1653 1766 420 692
11 35 23 230 2.4 1000 .6 6.8 1496 1949 402 683
3l 583 43 369 2.5 1058 ¢ 7.0 2400 2859 370 579
12:135 L 151 1 4 838 .2 6.6 761 008 36 333
12 33 (3] 392 2.8 1038 §. 9 1722 1932 337 385
12:83 105 437 1.0 928.9 7.¢ 2176 7 418 585
13 135 123 343 2.1 1l1013.0 6.6 1660 1967 167 480
13 33 1435 261 19 094 6 [ I ] 1253 1421 438 663
i3 33 165 417 1.5 10111 7.0 1088 1380 6 453
14 13 183 630 3.1 10839 7.1 3313 3880 40 475
14 35 203 97 3.7 11997 7.4 4638 "6 30 416
14 33 213 $63 3.0 1119 .4 7.4 1863 3327 L} 378
13 15 43 kL ¥ ) 2.4 8221 7.2 1763 13013 223 424
13 .33 63 177 T2 906.2 7.1 1319 1668 182 362
13 .33 i85 337 2.6 19 .} 75 2310 10123 118 8
16 13 3035 303 3.3 054 3 7.8 2376 3335 167 283
1635 33 186 1.1 908.0 7.3 1107 1347 178 173
1§ §3 3es 188 2.0 4l 4 7.3 1010 1260 168 112
17 13 3ss "0 1.6 742 .3 73 462 Sie t X1 149
17:35 635 3 1.4 818 .1 7.5 513 622 187 2120
17.85 405 L i} 1.1 1.3 76 473 346 186 19
18:13 423 661 2.8 10470 7.8 1010 3949 182 189
i3 443 77 0.9 765.3 7.6 224 147 168 183
PSS S S S EEEE S E S R S S E SN E S EE S E R SRS S S C S EEEAEECRRE RS ASEEES SRS ESEEEEREECEERESEEEEEES




PEDCO ENVIRONMENTAL, INC
ARNMY DIESIL PORKLIFT BTUDY

Lecattion TVWO
Test Description TEST 812
Date: DECEMBER (. 1983

DOPAAUPN NN SESSSRCSCErSaANR AN SO NSO PIRPREEESI RSl RS RS PREBRORRERSSEORABNRES

Siapsed 8012 co (¢} THC NO NOI AlR) AIR2

Tine Time (PPB) (PPM) (re e (PFR) res)
¢ 00 -190 30 - 740 2 $ ) ] ) 102 1676
* 10 =170 1 %4 07 749 8 $.1 LA LA 883 208
40 -130 1 L s ¢ 6.1 AL L) AR A t11) (11
$ 00 -330 26 L 793 9 $ 3 erse (LR D) 397 537
$ 2C -11C 14 [ 704 0 § 0 3 5 416 426
b 40 -80 1% 06 136 0 &) ] H 417 431
10 o¢ -70 26 15 $73 1) &7 ] 7 400 443
10 20 -50 14 [ 734 2 | N ] 4 7 409 444
10 40 -3C (1] 67 700.5 (- 4 4 4323 $60
11 0% -10 1 LI §07 .6 63 L} 4 483 635
11 20 10 370 2.7 1010.8 73 2949 3707 352 537
1) &) 20 (L 1.4 1028 ¢ 6.8 1708 1138 34 S84
12 00 39 11235 4.4 22420 75 3303 ss00 406 6§33
1: 20 20 11 4.4 139355 7.4 3733 St 310 507
12 o0 LR 944 4 % 13358 7.0 6255 8034 364 539
13 00 110 633 31 11020 71 1590 4318 400 §36
13 .0 130 4l 2 | L1 5.8 1819 1306 411 640
13 40 130 447 13 268 .6 6.0 1997 309 413 (2%}
16 00 170 733 38 lins g 7 4 393535 4722 192 des
16 20 i 388 26 1085 4 6.9 72 1949 1317 443
14 40 110 452 28 11341 71 E R BY 33130 4 407
15 00 30 130 i1 87 2 70 1460 1603 138 187
15 32 230 L N 19 7781 6§ 9 769 e78 2086 46
15 4¢ 170 0 1.7 233 9 7.2 [ L} 941 178§ Jes
1% €0 tel 1 z 1 843 0 72 1091 1167 136 300
i6 10 10 103 14 tts ¢ 7.3 1471 1573 216 3%
i & 330 L B 13 823 9 7.4 4 9954 158 194
i7 00 IS0 73 1 606 0 7.3 768 833 180 210
17 *3 In 73 1 4 841 .6 74 586 636 198 101
17 40 I (1] 1.3 796 .7 7.3 438 514 1735 1
18:00 430 (1 1.4 797 .8 1.3 L LB 417 218 139
i 10 430 (X 1.4 810 3 77 93]} 1009 102 108
18:40 430 sS4 11 786 8 7 4 100 222 i 186
B ERE S S E S E AR E RIS AN G R E NGRS R SR S B NS SR E RSN UESENSCR R EREEUREEERASSRAESREERESREERES
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PEDCO ENVIRONMENTAL. INC.
ARMY DIESEL FORKLIFT STUDY

Location THREE

Tost Description TEST 81
Date: DECEMBER ¢. 198)

Elapsed 301 co co2 THC NO NOZ AIR) AlR2

Time Time (PPB) (PPM) (2440 (PPM) (PPB) (rPB)
¢ 03 -185 23 0.8 708 .8 ¢ LAR D] saes 11387 t109
8. 23 -163 21 1.0 760 .4 $. 0 LA A aane $03 796
8 45 ~145 22 0.8 80 . 6 1 LR LS 702 004
903 -113 24 1.0 7723 6.3 LR R AL LR L} 37
$ 25 -103 28 [ | 741 .6 6.2 S 6 413 428
4 -85 31 [ 7778 [ J H 464 (L}
10 05 -63 30 10 762.2 - H H 424 413
10 235 -43 ] c 8 720.3 § 7 § ’ 360 401
10 43 -3 20 o8 75..9 .4 H 3 462 66
11 €5 -3 22 08 748 0 (3 [ 7 450 619
11 25 15 28 0.7 021 ¢ L 163 178 403 624
il 43 35 30 1.2 907.6 6.8 330 387 400 574
12 05 S 30 1.2 080 7 6.9 965 1038 372 $33
12 1% 73 37 1.3 752 8 6.7 351 1044 142 503
12 €3 83 32 18 832 7 7.1 1512 1808 368 530
13 03 1.3 30 1.3 780 3 L} 090 1116 431 L] )
13 23 133 k] 11 783 .4 6 8 280 324 193 6§23
13 45 138 8 1 4 891 .6 71 1394 1649 e 567
14 03 173 212 2.2 1001.5 76 333 3854 244 477
«4 23 193 415 27 1006.7 7.7 5975 4968 17 443
14 45 11 3C7 33 1019 2 8 0 5339 6295 171 499
i3 08 133 307 1.4 1087 @ 77 3132 3413 180 328
13 @3 153 180 1.9 984 9 7.4 1919 1440 199 366
+3 45 175 332 2.6 938.1 79 3zl I 173 31l
ié 03 195 464 30 994 5 .0 4759 3432 133 170
i6 13 313 338 T2 882.3 78 3180 3761 06 e
158 435 335 433 76 929 o 2.0 4230 4744 198 33
17 03 3353 174 2.2 10011 00 2265 3366 1 226
17 18 378 165 23 g2 9 7.4 2317 2708 02 212
17 43 s 304 1. p80.1 8 0 2101 3070 tlse 47
18 03 413 374 14 886 .9 0.3 3414 300 159 197
18 28 433 340 2.7 954 2 8.3 2703 IeN 0% 42
10 .43 4353 374 2 98] .4 L ) 1009 3440 150 173
GAS SN S S EIEE RS EC SR EEEERES SRS RE RS AR RS EREEEERESRNEZESEEANSSSEEESEEESEREDS
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PEDCO ENVIRONMEINTAL, INC.
ABNY DIESEL FORKLIFT STUDY

Lecation: FOUR
Test Desoription: TEST 812
Date: DECEMBER &, 100}

(I I YA N AR R X RN R A A A X P R R R X 22 R R R R F R PV DRV P Y R P N Y N Y Y RN Y U R R NS PR YR YT Y]
Slapsed 302 co co2 THC NO NOZ AIR) AIR2
Time Time res) orm (PPM) (reM) ($44 3 o

8$:10 =100 20 0.0 7011 [ B | saen LA L) 1116 1870
8.30 -180 4 c.0 879 6.3 AL LA AL 33 778
§:3¢0 -140 30 1.0 731.¢ §.2 aten reny 730 ")
910 -120 27 1.9 073 3 $ LALA tare 466 430
¢ -100 28 0.9 7629 6.4 H] 7 443 4]
9:30 -80 37 0.9 212) & 6.6 s 7 4357 432
10 10 -60 2 0.8 774 .8 $.5 ? L 413 440
10.30 -40 30 (I ] 733.1 6.8 s 7 423 53¢
10 3¢ -20 18 0.0 774 .8 6.4 6 7 516 670
11 10 [ al 0.0 $13.1 $.6 21 16 402 701
11:30 el 22 1.0 783.3 5 6 139 1335 2 S99
11:30 40 19 1.2 [ PSS I ] 6.7 499 546 08 350
12:10 60 s 1.6 763 .2 6 8 1061 1190 423 (3]
12:30 60 4] 1.3 090.7 6.7 1246 1370 362 500
12 3¢ 100 43 1.2 873 . 4 L N ] 736 876 N4 S74
13.10 110 Se 1.4 798 .3 [ ] 893 1129 174 392
13 .30 140 43 1.0 786 .3 6.9 584 6§74 384 6§70
33:30 160 63 17 e4a 0 7.2 1478 1639 b1 L1
4 10 180 8 19 7717.% 7.2 1446 1670 174 462
14 35 00 111 1.7 908 .0 773 1158 1524 %4 409
14 50 %34 123 21 934 .9 7.3 1332 1782 256 509
1510 240 111 1.9 196 0 73 1820 1837 177 314
13 3 160 L B 1.7 $77.3 7.1 1378 1574 113 380
13 30 100 113 .12 $357.6 7.7 1708 1046 111 6
18 10 300 207 2 2 997 .7 7.7 Jile¢ 3547 164 164
<6 J0 320 317 14 909 . 4 8.0 359) 4090 173 100 1
18 S0 kY ) 470 3.l 58 ) 8.3 4610 §070 146 180
17 10 360 219 .0 946 .} 7.8 1068 2143 3 r N
17:30 380 162 1.7 866 o 8. 1497 13935 194 7
17 S0 400 329 13 063 ¢ 8.3 2178 3146 109 44
19:10 410 343 2.4 1018.8 s 3 080 4147 170 03
is:30 440 270 1.2 247 0 2 2040 2371 193 210
10:30 460 $3 6?7 400.6 3.4 3 3 192 150
G S ENEESNEEE S SN EE RS E S SN E RS E RGN ER RSO SRS S SRS EEEEREREEECAESSREERAESGEEERNESEEREARS

B8-29




PEDCO ENVIRONMENTAL. INC
ARNY DILISEL FORKLIFT STUDY

Location ONE

Test Description TEST BEVIEN
Date: DECEMBER 7. 1063

Elavsed $01 co co2 THC NO NOL AIR) AIRZ

Time Time (PPH. (844, ] o (PPM) (844 ) (PPB)
8 1L ) 3 [ 710 6 [ 2 ] 4 51 236 26
. 3C s 3l 10 7388 [ I | Se 62 23 107
$ S0 43 kX PR | 774 8 1 178 108 237 174
| Y [ 3é 10 692 .4 7.6 L] ] 33 24 196
§ 30 8s$ 36 1.3 738 .1 7.4 138 163 233 191
s 30 105 40 11 711 8 73 108 127 233 109
1€ 13 113 4 PO 753 3 10 3 18¢ 18 205 161
a0 30 143 45 1 4 §39.4¢ 7.3 249 318 161 1717
1o $¢ 162 106 17 7817 7 1203 988 226 202
ad al 18¢ 184 23 737 .3 7.3 246 2133 212 168
1i 3¢ «03 el 2 4 iz § 74 2235 2326 223 103
11 39 28 33 19 839 .8 7.4 2221 177¢ 108 187
le 1¢ 143 339 2 8 803 @ 7 4 2799 204¢ 210 196
le 3¢ 165 432 3.3 2% 7 7.7 34355 3601 209 107
il Sv 2853 30 3.2 820.2 8.2 3522 3s18 169 154
13 1¢ 305 558 3 b $73.8 8 6 4162 4079 158 176
13 30 388 487 3.0 878 7 8.6 asso 4207 131 174
a3 Si 345 1974 i? 3 1349 .4 14 8 0669 0861 171 187
i4 )L 363 $7¢ 4 5 091 .3 9.8 4103 4831 187 160
<4 30 383 395 2.8 769 2 8.2 2728 2113 174 205
a% S0 40°¢ S12 O ] L8 2 10 0 2764 3455 154 153
a5 10 4.5 352 2 4 714 .8 8.9 2072 1349 130 1635
15 30 443 449 34 798 .7 LAA D] 3337 4120 130 163
a5 50 €65 402 3 6§76 @ LA RS ] 650 1N 159 174
la i 4:s 633 A 769 € LAR 2 2772 3619 151 173
ib 9 500 471 39 70% .3 9.2 3601 4210 147 162
ib €5 510 £77 4. C 843 ¢ [ -1 3813 4445 153 161
S22 SSEES S EEC S EEEEEE S EEE SRS S E S R AR EE R EE S EER S EE R EERESREEREESERSERESEEEREEERESK
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PEDCO ENVIRONMENTAL, INC
ARNY DIESEL FORKLIFT STUDY

Lecation: TWO
Test Description: TEST SEVEN
Date. DECEMBER 7. 19008)

Elapsed 802 co co2 THC NO NOX AlR) AIRL
Time Time (PPB) (rPM (e, ($44,0 (PPR) (PPB)

...... LR R E R R R R o e i T A X T N Y

7.858 -1c 27 10 716 ¢ §.2 14 13 2 107

6 13 10 30 0 7203 6.9 140 139 4 244

§ 33 30 33 1.0 5.0 [ 148 69 150 201

§:5% 30 32 11 2.3 83 164 176 23 176

§ 13 70 33 1.1 748 2 e 0 67 66 31 104

3.35 L ] 34 1.3 773 7 7.8 13¢ 177 216 192

9 53 110 33 19 768 3 7.3 166 183 134 12

iv ad 130 43 1.3 774 .3 93 r ] 268 19 189

40 33 1359 3 11 637 .9 7.3 272 3132 180 173

S 190 36 1.4 745 1 7.0 303 348 12l 11

b BN ise 48 1.1 765 .3 7.1 17¢ 311 216 111

is 33 23 49 13 666 & 6.8 813 387 227 207

il 33 3l 38 1.8 718 3 6.8 4358 17 200 187

¢ 4% 150 36 1.4 7:0.6 L ] 482 366 107 190

iz 3% ¢ 72 1.6 687 .4 7.0 312 3583 162 18]

ie 53 290 L1 16 679 2 713 781 1043 162 154

13:18 31¢ 95 3 739 .4 8 2 3854 3370 119 170

23 33 339 82 2.3 741 4 8.6 1533 17173 143 174

13 32 330 1els 21.4 1268.8 1t 4 7883 8861 174 187

-4 13 37 $57 I ] 876 .4 10 1 1694 5482 181 169

N 352 714 47 000 .3 10 7 5390 3532 128 178

i4 35 410 665 41 ste. 8 10 4 52998 S402 149 162

. S 13 439 3ss 2.1 662 .4 LR 1883 2169 131 142
1 ' 5 33 430 531 14 Tée 2 LA AR 3520 4060 149 135§
' 15 53 470 L1 7] I 2 706 .8 LR 3201 4260 159 163
. 18 435 450 571 3.3 072 9 LA LR 3573 5135 137 174
1 : ib 30 503 580 E I 0380 2.0 3923 4902 137 149
1§ 5¢ i3 566 16 0248 L 4047 4504 137 140

EE S E A S EESE S S EENESEE NS CE R RS EE S EE SRR RSN EEEEESE ISR S SN SRR ESEEASEENERERERSRSNEERED
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PEDCO ENVIRONMENTAL, INC.
ARMY DIESEL FORKLIFT STUDY

Location THREE

Teot Description: TEST BEVEN
Date: DECENEER 7. 18813

Elapsed 302 co co2 THRC NO NOZX AIR] AIR2

Time Time (PR (844, ] o (PPNM) (PPD) (PPB)
s 02 -3 46 [ 673 13 6 2 S0 74 164 106
¢ 20 15 346 28 1069.2 12. 6 2637 30012 1351 tis
§ &5 35 400 1.3 888 .3 14 ] 1766 1900 138 01
s 0C 33 31 O 248 .1 13 0 230 2770 13 19
§ 2 73 47 3.1 10l11.0 1l.8 1366 2844 224 103
8 40 LE 479 2.9 1021 0 11.9 1683 2050 131 1935
i 0C 113 356 3.0 1065.5 10.3 1577 3235 219 01
a0 2 133 4.1 .7 243 4 11.4 1698 1687 216 lel
10 4C 155 464 8 154 0 81 022 2363 13 193
1. 00 173 502 Ty 10337 8.7 168 1776 il 202
b 3 1935 77 42 1187 ¢ 8.7 3586 4062 223 212
sl 40 «15 889 4 7 1156 & 03 4064 3430 234 210
12 0¢ 133 762 4.3 1118.8 7.9 36353 41088 Y 201
iz 1l 33 6§99 3 6 189 .9 77 ¥s22 t12 ] ) 209 19,
12 40 278 793 3 & 11c6.¢6 768 3826 s 166 183
15 00 83 601 33 1022 4 8.1 2932 3386 148 188
13 28 3.8 39 1.8 878 .3 8.C 1345 1566 150 182
i3 40 333 546 2.9 $71.1 ¢ 6 986 3e 3¢ 138 181
i¢ 0o 338 340 2.3 813 ¢ 8.7 1804 13537 185 182
14 20 375 383 5.8 1bis 0 9.5 2i54 333 187 163
le 45 s 133 16 712 3 8 7 444 3513 148 171
18 ¢ 413 131 1.3 678 3 0.6 242 t3 BV 131 156
is 28 433 158 1.5 753 .4 LA 342 421 120 133
H 19 4353 125 18 710 & LR 33 378 137 164
s 03 4735 1.1 168 66. .6 LR 333 37§ 151 173
is 20 44 140 2.3 680 3 LR R 586 628 160 161
1§ 33 $10 108 A 661.) 7.8 138 160 151 183
16 &3 330 107 13 497 .5 7.6 33 39 138 150
ARSI IR EEEE NSRS E S EEEE R E NS FEE RS E S E N EE XN SEE S EE R EREEESCSEAEEESREEEEREREERERERAREESR
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PEDCO ENVIRONMENTAL. INC.
ARMY DIESEL FORKLIFT STUDY

Loocation FOUR
Test Description TEST SEVEN
Date: DECEMBER 7. 1083

eSS RN EECE A ESEESUESCR NG RNARS OSSR ESRPER BSOSO DESFEO BRSO ESNBEERERESEPE
Elapsed 302 co €02 THC NO NOZX AlR) AIRZ
Time Tine ored) reM) (8§47, F) (844,17 orem) (3443

$ 03 0 4] 1.4 768 0 ¢ 7 850 887 LA DY 122
s 25 &0 478 L3 095 3 10 ¢ 2161 2070 144 )2
o 43 40 633 29 11001 0 3036 1799 210 200
$ €3 60 33 J 4 10357 8 L I 1319 2740 127 19
$ 23 80 566 3 8 1095.» 2 21006 3718 30 194
§ .43 00 687 S0 1171 s 1 137 3748 7 186
A H 120 354 2 03 | ] 3000 2093 227 163
i0 % 14¢ 3ie .} 847 & 3 1402 1402 166 166
1% 45 16L 7 0 012 .6 74 1004 1232 14 21¢C
41 03 180 140 1.6 026.3 7.4 896 1010 01 193
11:38 200 208 7 2129 .6 7.4 1372 1618 223 06
31495 210 160 24 830.7 7.1 1640 1806 lie e
12 63 ] L 13 17 1% 6 6 6 356 608 16 19¢
12.45 b0 (1] 16 207 .4 6.0 376 640 0 191
iz 43 0 b 14 700 .7 7.0 303 348 142 189
i3 oS 300 7 1.3 7793 7.3 159 23 158 184
13 .23 320 70 13 7311 76 305 332 132 157
13 45 340 89 18 794 6 7.9 632 692 161 166
14 03 360 112 1.3 82 9 8.7 337 5§73 164 166
14 23 360 176 4 040 S 4 1330 1317 190 186
i4 43 4460 1zl i3S 738 ¢ $ 7 [ 31 1¢C 139 156
- 4.0 L] 1 4 725.1 s 4 430 435 131 162
15 4§ 440 107 .S 040 .5 LALLM 137 14 119 132
43 43 460 93 .1 794 4 LR R 333 300 173 187
16 ©5 4€0 87 21 603 ¢ sree 66 $32 142 183
i6 40 513 89 1.3 679 ¢ 7.5 407 421 131 132
EEEES A EEE S E RS SRR SRR EESEEEE S EREEE S SRR SR R EE SV AR RS EESS S ERSEKSEESEEREEESESEREES
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PEDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIFT STUDY

Lecation. ONE
Test Descraption. TEST EICHT
Date: DECEMBER 8. 1005

Elaspsed 802 co co2 THC NO NOZ AIR] AlR2
Time Time (PPB) e PrM) M) (rPB) rPB)

s 03 0 seo t 3 4 4 LR L 14683 1029 302 $513
8$:15 0 LA 1.8 1003 sens 1502 17387 106 21e
8. 43 40 $63 t 1 022 9 7.4 1566 1893 200 19
$ 0S 0 1428 1.0 11349 7 31343 3732 211 06
8 23 80 1738 T 7 1188 17 7.7 3573 411} 03 111
9 45 100 1197 17 10831 1.7 23536 3038 214 [P P!
10 03 120 073 21 9335 7.2 1980 1249 202 198
id sl I8l 966 T3 10332 7.5 1911 2174 212 190
i0 45 163 s6¢ T2 842 5 7.7 1087 1321 218 221
11 05 180 933 26 10305 78 1977 136 (38 ] 232
il 23 200 1773 31 11860 8 1 31712 3987 203 04
11 43 «i0 1739 3.3 1168 8 8.3 3105 t] i) 143 160
12 03 40 1861 T8 1290 6 0.6 3022 5030 233 ¥
12 18 60 1510 ¢ 7 11153 8.0 2615 1950 196 117
12 45 80 1518 2.8 21087 0 7.6 2179 1678 190 116
i3 03 300 6§13 2.3 1030.2 7.6 1292 1316 1512 152
13:38 3i0 813 24 1176 4 7.7 1340 1727 172 229
13 45 340 1702 3.4 13966 8. ¢ 4487 4131 181 293
1é¢ 03 360 237 1.5 949 0 7.6 ] X 547 117 194
1423 380 133 1.0 240 3% 7.4 107 122 183 171
14 43 400 183 1.4 1008.0 7.3 377 432 195 160
13 03 420 417 186 1085.8 7.3 2990 1178 166 163
1$.13 440 114 1.3 842 .6 7.1 173 130 107 138
i3 45 460 48 2.0 11433 7.5 5758 L] H 100 168
i6 02 460 117 1.2 1017.0 73 101 120 218 204
ib 23 300 108 1.2 1100.4 7.7 (1] $5 402 173
15 .45 $iC fane IR (32X 1] sang sray IEXTY i EE ) (R
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PEDCO ENVIRONMENTAL, INC.
ARNMY DIESEL FORKLIFT STUDY

Location TVWO
Test Description: TEST EICHT
Date: DECEMBER 0. 188)

S SN ES S EESS R EACGECOOFEESCOCEOOSERES RSP0 SOV EESOESESAGNSEEpEsESOREEONEABESS
Elapsed 802 co coz THC NO NOX AIR) AIR2
Time Time (PPB/ (PPM) 44,8 344,10 (344 }) ren)

810 3 643 2.4 2079 7 eRen 3042 2234 513 530
8:30 13 1169 43 956.0 0 1334 1987 35 130
30 (- 100 7 103312 7.7 1217 1321 213 121
" a0 65 1994 30 1361 LI 3374 3812 122 114
3 8: 1731 3.7 12343 79 3026 4210 116 107
$ 30 103 1904 J 4 14212 .6 $700 7006 00 19
10.1¢0 115 971 3.0 10741 7.4 1890 3134) 203 06
10 30 145 1316 2.7 106 0 7.4 062 3153 11 2l
10.5¢ 183 558 1.0 1017.¢ 7.9 184 1302 229 23
il1.10 183 049 1.4 10305 7.8 1736 1686 236 224
1330 205 1582 3.8 12210 e.4 3939 4314 10 63
il°%0 «13 112 1.6 078.1 7.8 172 301 3 242
213 2463 1074 3.3 118401 8 4 3189 3667 198 207
11.30 265 L 1) 1 4 067.6 73 270 198 178 206
12 5¢C 03 112 1.4 #3359 72 421 472 e 231
13 10 305 78 1.2 2430 73 (2% 242 02 300
13 3¢ 38 918 117 9986 .1 7.7 13239 1386 269 23
i3 .50 34 38 2.3 1004 & 7.6 1193 1231 56 45
ie 13 365 8. 1.1 2142 0 73 69 87 209 1
«4:30 igs 64 1.2 846 4 7.2 179 183 193 1l
14 38 403 117 1.3 1047 .4 7.1 413 443 218 188
1% 19 4135 103 1.6 1041.7 70 611 §46 168 147
i3 3C 445 76 1.1 866 2 7.3 09 18 216 1735
<5 30 4635 L X 15 1013.7 7.4 240 133 189 174
' 16 10 485 (1Y 1.2 10395 7 4 141 15¢ 243 19
ab 30 Ses 67 1.0 741.0 3.3 3 2 104 163
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PEDCO ENVIRONMENTAL, INC.
ARNMY DIESEL FORKLIFT STUDY

Location THREE
Test Descraption TEST EICHT
Date: DECENBER 8. )0M)

S SSe SRS ENEEN IR S EESEN NSNS SRR RANGEREEAESANSAEGRENSSEQANnOSaESSaEEEaRES
Elapsed 802 co co2 THC NO NOL AR} AlR2
Time Time PPy (rrM) (PPM) ) e (PPB,

7 83 =10 16 0.8 010.0 0.6 S ] 472 562
¢ 13 10 41 0.9 7888 LL R 7 21 111 37
0:33 30 45 1.2 700 ) 6.7 33 " 174 s
8 35 30 47 1.1 751 ¢ 7.2 (£ 73 12 12
9 13 70 49 1.3 752.0 7.8 33 4] 2 1.3
9 33 80 48 1.2 741.2 7.1 149 173 116 212
9 32 110 54 13 768 .3 71 234 311 204 035
10 15 130 48 1.4 700 4 6.9 184 i 191 200
1C 35 136 48 11 797 & 7.2 137 234 48 132
i0 3 170 31 1.3 838 .9 7.7 21s 283 223 131
i1 15 190 232 2.5 1038 3 I} 27359 143 234 216
i1 35 210 160 2.3 1061 S 8.3 17e3 474 144 22
11 335 230 380 1.9 "Mz 3 ' 6 13501 3452 236 142
12 15 230 Jeb 3.1 113400 8.7 2468 1331 200 101
12 .38 170 38! 23 1069.9 8 7 1678 3754 203 114
a2 35 %0 332 3.5 1071 3 L ) Jzse 4369 14 119
15 12 310 47 3 0 1883 8 3 3064 3784 513 206
i3 35 Jic %4 3l 11100 .2 2981 3461 260 31
13 §:2 350 L L X 3.2 11001 8.4 2836 3815 68 37
14 .13 370 361 30 11871 8.6 342) 4131 1012 173
14 35 I8¢ 467 31 l1s2 ) 83 3387 3836 188 201
14 33 410 436 31 11450 8.0 3056 3788 213 184
15 15 430 449 30 1209 5 [ I 1737 3sS08 197 149
13 33 430 366 19 12298 8.2 2503 1948 239 199
15 83 470 566 3.9 1332.7 0.5 4113 4806 198 163
18 13 490 40 4.0 1312.9 9 4397 3379 136 215
18 233 340 (1 o7 833.8 07 4 2z 2035 186
BB R E RS E R RS EEEEE S E S R E N E RSN E E R R EE S E R rFEEEE EEE RS EESCEESCEESESEUEEREENREEESEREEREERS




PEDCO ENVIRONMINTAL. INC.
ARMY DIESEL FORKLIFT STUDY

Lecation FOUR
Test Desortption: TEST EIGHT
Date: DECEMBER 8. 1002

O OO SSESN PSSO ECEESEESEE PSSP ESSENESPRS ORI T SESSEBIOOPSSEETESSOEOEBASEEDS
Elapsed 302 co co2 THC NO NOX AlR} AIR2
Time Tine (rrp) (§ 44,0 ) 844, ¥ s (344}

8 00 -3 34 [ ) 700 .4 LA 12 [ e S48
s o0 i3 37 1.0 769 .4 LAR R ] 10 16 03 4}
8 &0 33 33 1.2 0z .8 [ 2 ] 134 139 169 110
i 900 33 37 1 4 044 3 T4 133/ (L] 07 102
§ 20 73 38 1.3 831 .4 74 (1] 73 207 08
9 40 L ] 4 1.3 $07.3 71 198 17 ti4 07
ig-oc 118 L X 12 801 ¢ 6.9 224 50 193 00
¢ 20 135 43 1.3 sl4 9 LI ) 161 184 199 197
10 &40 153 43 1 ¢ 014 .7 7.4 164 19 37 229
i1.C0 178 48 1.3 010.7 76 154 190 33 134
11-2C 198 31 1.4 932.3 70 8 mn 04 191
11:4¢ 213 67 1.1 $18.1 7.6 108 130 232 219
1¢ ¢¢ 238 33 13 078.0 7.7 198 248 238 219
i11.20 t3-1) (13 1.2 (] DU ) 77 240 s 174 203
12 &0 278 76 1 4 944 .8 73 8§32 48 184 199
15 00 2185 76 1.4 10829 7.8 492 596 47 (L H
13 3ls 161 17 060 5 7.3 26 739 111 99
13 &0 3335 195 17 111417 $ 3 1923 3318 183 170
ie¢ 00 333 134 23 10098 7.9 1873 1084 43 43
+4 10 371s 543 3.7 1124 3 0 2032 3091 167 177
14 & kR 1 534 3.4 12499 87 I824 4730 188 179
15°0¢C 4135 444 28 11673 8.1 2979 462 203 196
1823 433 468 3 2 1195 83 1702 4100 220 181
15 40 433 s 3.0 1284 8 "3 2161 W27 123 16
16 00 475 420 27 1203.6 ¢ 6 3101 3635 108 172
16 20 495 414 3.3 13142 { ] 621 1916 213 182
1§ 40 513 83 2.1 1110 9 7.7 719 873 tY k] 187
SEEEESESECESSSCEE RS RS S EE N E A S FEE RS EENEEER R C RS EEEE GRS S EEEEESSCREERERERERREREESERES
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PEDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIFT BTUDY

Lesation ONE
Test Description TEST NINE
Date DECEMBER 5. 1OB)

Blapsed 302 co co? THC NO NO2L AlIR} AlR2

Time Time (PPR) (PPN) (PPM) (8 44,0] orem (PPB)
8.00 -10 20 1.2 8le 0 7.4 [ ] 7 400 336
8.20 10 30 1.2 774 .} §.7 217 116 100 303
8 40 30 702 1.0 1133 6 [ ] 4374 4932 k31 43
9:00 30 643 2.0 1009 .1} 7.0 43487 4667 69 13
§ 2L 70 16 1.3 973 ) [ ] 1920 1017 34 196
9:40 30 206 1 4 228 .0 7 1333 1413 436 373
18 0C 110 204 1.3 1008.8 7.1 1437 1392 76 242
i0 20 i3 762 16 1080.9 7.4 3D4s 3092 310 280
12 40 15¢C 572 16 985 8 7.3 2455 2696 387 17
11.00 i70 780 1.6 1128.1 7.1 i1081) 2978 373 305
220 190 1069 1.3 1110 ¢ 7.3 3389 3622 389 38
11.50 0 1142 18 1172 0 .5 3137 4358 80 186
i. 10 40 1670 1.7 1306.5 7.6 $183 4913 322 279
12 30 60 1448 18 112 8 7.7 4808 4909 196 164
12:5¢C 28 1621 1.8 13410 7.4 4725 4865 144 11§
13 J¢C 300 1397 1.7 1333 & 7.5 4449 4634 82 1 13
13.30 3 1383 1.6 1310.3 T 4707 4910 82 [}
a3 50 340 1410 1 9% 14055 7.6 4439 4593 1298 118
14 10 360 1477 1.9 13348 77 $02s 5129 113 10¢
4. 30 360 1545 1.8 1384 ¢ 8.3 5048 5276 104 8l
i4 SO 400 1621 1 7 1443 ) 8.6 $237 57717 124 117
i5:10 420 1250 2.0 1233.2 2.3 4477 s002 79 73
15 3¢ 440 1421 1.8 13457 [ I-1 4692 $1135 103 105§
i5:50 460 15117 17 1320.9 9.4 4866 S110 80 s
16 10 480 1086 1.6 13327 8.6 3414 3606 70 71
i 30 $00 778 17 13111 0.8 3388 3660 66 101
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PEDCO ENVIRONMENTAL, INC.
ARMY DIESEL FORKLIFT STUDY

Location. TWO
Test Description TEST NINE
Date: DECEMBER §. 1003

SUSSEOSES SN EEEES S EEEESEESESEESCS U PESE NP ETACERSE SRR SN CEP RSSO EBESERSEREES
Elapsed $02 co co2 THC NO NOZ AlR) AIR?
Tisme Time (PPB) (PPM) rm o) (rPp) orem

8§ 03 -3 0 1.1 81t ¢ s.8 10 [ 309 320
$ &S 13 1 4 1.1 760.0 8.3 M 35 '3 ¥ 81
§ 435 35 758 ¢ 1136 ) 7.1 8170 §324 167 33
» 03 L] 1186 2.1 He3y 2 7.0 7173 7487 118 176
§ 23 73 [} 13 [ L X | L 1333 1609 363 I
$ 43 63 8l 14 260 & LI ] 1218 1172 449 404
10-05 118 (L] 1.4 $353 3 71 1103 1170 369 197
10 23 135 35?7 1.7 1002.6 7.4 2704 027 322 262
1C 435 153 132 17 957.2 7.3 2102 2313 416 330
i1 33 173 184 17 977.1 71 1176 1321 360 13
1i.23 1§53 8 17 210822 - 2807 2974 312 284
11-53 “15 604 1.7 1166 0 t 0 3063 3102 316 46
12.18 145 6§82 17 118 8 7 4 2962 3210 2180 178
12 35 «b3 1073 1.8 11739 2.3 194 e84 114 151
1.-33 83 1313 1.9 1224 9 7.3 4765 4942 181 141
iy . 1s 305 1044 1.7 1112 0 753 3167 2066 T4 85
13.353 323 1233 1.7 13029 7.6 Jses 4396 t 1 86
13 8¢ 345 1440 1.0 1361 753 4504 S106 12 116
14135 363 1616 1.5 13342 7.9 5211 317 L 1] 78
i4 35 ass 1587 1.7 1433 0 L ] 4016 5947 143 138
14 35 405 1680 17 13i0.9 L 3462 3625 L 1 8l
i§.15 4.5 1680 1.6 1432 0 8 ? 5663 398 8l 71
1333 445 1811 1.7 1449 3 L ) 5733 $335 98 L
43 83 465 11386 1.7 1325.1 6 41357 4611 (1] 37
16 15 485 764 17 1190.3 s 7 2433 2660 62 74
18 233 363 33 1.1 1015 7 1 6 § ¢ 162 aoe
EEE RS R EE RS SR EE R EE RS S RS E R E R R EEREE NS ERES SRS SRS RESEESEEESESESRESREERREREEERERER




PEDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIFT STUDY

Lecation THREE
Test Description: TEST NINE
Date: DECEMBER 8. 108}

Elapsed 802 co co2 THC NO NOZ AIR) AlIR2
Time Time (PPB) reM) (PPN, reM) (PPB) (PPB)
.10 0 33 10 948 7 6.7 22 440 4] 3748
s 30 0 3N 2.0 10342 U 2140 2413 02 135
& 50 40 423 1.2 106e.0 ¢ 8 2136 1374 310 133
9 10 60 352 21 1084 6 6.0 193) 2033 133 203
L 80 328 1.8 1076.6 7.0 1337 1772 369 185
§ 50 100 443 ¢1 11355 4 7.0 1004 060 30 34
f 10 1¢C 128 434 10 1034 ¢ 76 3830 1098 178 216
E 10 30 140 432 2.1 1162 5 7.8 1967 2235 360 269
: i0 S0 16¢C 531 10 1188 ¢ 7.3 2137 144 3N 32
11 10 180 430 1.9 1107 3 7.0 1736 2014 440 370
1i 30 200 648 21 12881 7.6 2478 2878 346 272
i: 00 ¢30 640 2.4 13326 7.9 2467 3023 300 31 [
1e 30 237 500 23 132.2 7 4 2303 13564 17 205
12-40 ¢70 569 1 9 1308.) 70 2401 2667 175 124
13 .08 150 5§72 1 8 1246 & 7.3 2342 1427 146 117 {
13 20 310 488 1.7 1159 4 7.2 1762 1804 83 20
13 40 330 360 17 11180 7.3 1676 1324 { 2] L] 7
ie 00 350 306 2.1 1121 & 7.4 1037 2083 111 106 .
14 20 37T 176 1.6 11359 6 7.4 9335 1015 9 64 i
14 40 380 190 1.0 1108.2 e 0 863 1058 123 120 -
S GO 410 159 15 122117 8.2 843 8 L} L P
153.2¢ 430 82 13 11%6.9 8.2 482 330 88 23 3
15:40 430 254 20 14233 e 4 1966 21359 8 04 4
a6 00 470 88 1.6 1165.0 8 2 500 357 63 61
15 10 483 (N 1 4 10% .3 8 4 06 1098 70 77 3
ib &0 310 28 10 680 .7 13 ¢ 4 334 349
B EEESE S EES I ESEEEE R EEE RS SRS E S EECEE RS SN EEE SR EEFE S E P EEEEERSISSEEEREEEEREESREEER 1
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PEDCO ENVIRONMENTAL. INC.
ARMY DIESEL FORKLIFT STUDY

Location TOUR
Test Description TEST NINE
Date: DECENBER &, 1802

OB RS SRS PSSP RPN ESESCER R BERESSO RSSO S SEOC VSRS ES SRRSO ORSPESEREBES

L Elapsed 802 co co2 THC NO NOZ AlR) AlR2
Tine Tine (PPB. (824, ) (PPM) 9440 ren) (PPB)

0:13 ] 193 17 1007 4 [ I ] 1468 18035 173 118

8 235 23 3.1 1.1 1115 ¢ L ) 1837 1110 i 13

8 353 43 420 2.1 U2 o0 b7 3072 1526 312 167

| - (3] 406 T 117135 70 2199 2378 31 180

| I (X 413 20 11472 §.7 1705 1883 433 373

933 108 438 21 1m0 7.0 1872 2108 3.0 263

iC 13 123 416 1.9 1130 4 73 1876 2072 284 138

10 33 143 417 18 111120 7.7 1962 2092 391 285

10 33 183 320 1 6 1206.2 70 1505 1647 374 35}

11 4% 185 104 18 256 S 7.0 1168 1303 IS 324

11 33 0 107 17 1118 3 78 1328 1453 368 194

12 05 135 207 19 11313 7.3 1445 1533 382 324

12 @3 3% 118 1.9 1102 .4 72 1218 1190 162 126

1243 273 142 1.9 1136 @ 7.1 1463 1572 139 68

i3 03 185 174 20 1306 6 7.3 1768 1877 [} 107

i3 23 313 140 1.9 1131.7 7 1440 1514 79 75

13 43 338 132 1.7 1382 2 74 1244 1334 119 128

14 03 355 118 1.9 12717 7.4 1444 1528 112 101

1423 373 103 17 11342 79 1010 1059 84 55

14 43 33 80 1.7 13711 8.1 886 935 133 130

s 03 413 216 21 1305 ¢ $ 3 18212 1819 87 L

13 28 433 79 18 120186 0.2 864 1026 98 96

13 43 4335 161 2.3 14117 (- 2217 2333 1Y 87

, 1603 475 67 16 12447 8.3 776 022 71 62

] 16 2¢ 4535 63 14 11201 8.6 532 543 70 82
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PEDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIFT STUDY

Lecation ONE
Test Description VWARENOUSE TEST 1
Date: DECEMBER 13, 1983

Elapsed 802 co coz THC NO NOX AIR) AIR2

Time Time (PPB)  (PPM,  (PPM)  (PPM)  (PPB)  (PPB)
s 05 s 93 07 858 2 7.6 Y sees 30 438
0.1 18 79 05 831.2 74 sane ernn 171 374
8 25 28 73 07 s9S.s 7.8 sees seen 300 e
® 35 35 reen 05 7319 7.1 Y aass €13 409
s 45 ‘s 56 0.5 6328 7.3 Yy sane e 6§28
» 00 60 101 13 s25.2 20 1943 1744 430 s38
s 10 70 3z8 36 ees.e 97 3628 4128 457 $21
9.20 80 6.4 49 960.2 10 4 $375 6703 330 als
s 36 83 536 ¢4 843 2 10.2 5407 5503 032 ¢57
5 40 100 551 47 871.0 10 4 §025 §070 433 ass
Y 11¢c 588 45 8187 10.2 s06e 6156 429 ess
30 00 12¢ 851 5.3 8712 306 2567 0161 469 ass
10 10 130 436 14 716 8 ' 4 €736 4789 365 405
i0 20 140 6§24 4.2 821.9 s 5469 K664 421 a0
16 30 150 273 ¢ 6 8793 9.8 5523 4830 430 472
10 40 160 230 a8 983 6 ) €828 4004 Y se4
10 50 172 77 ¢5 8270 96 6349 7261 674 526
11 c¢ 180 788 a5 8223 10 0 7259 8079 403 440
1110 19¢ 175 17 6740 79 1171 1381 €37 593
il oad 200 131 97 6195 7.9 136 158 s28 17
11 30 210 116 06 435 3 14 0 0 611 585
ii 4¢ 220 101 67 59875 7 9 § 19 459 549
1 8% 130 9 08 776 6 76 ¢ 1 2140 1747
1200 240 Y 08 705 8 7% 0 1 2231 1788
1236 250 9 08 6111 7.8 0 o 2243 1676
i1 20 260 103 07 651 2 7 7 0 2 167 305
SBE R E R EEEE R EEEREIEEEN FEE R R RS E R EE R E S EEEE R EEECEEERNESE X RS EESEEBEEESEREESXESEESEERRS
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PEDCO ENVIRONMENTAL, INC.
ARMY DIESEL FORXLIFT STUDY

Lecation THNREE
Test Description VAREHOUSE TEST )
Date: DECEMBER 13, 1082

OGS EE P NS EEE S SO EEEEBR SIS ASYES S TOSS T EEEE SRR FOaNEYPEESPEEOEPEDERENAS
Elapsed 802 €o €02 THC NO NOIX AlR) AlR2
Time Time (PR (8448 () rm) (PPB) (rPPB)

$:00 0 85 17 0830 0.1 nene sees 361 401

6 10 10 00 N TT I 7.7 anrs sens 412 $20

p 20 20 98 07 550 5 75 anme LT 332 413

‘ $:30 30 s 05 s419 7 8 rane sene 277 YY)
* 8 40 40 67 09 729 8 7.2 tees tens 1164 1858
e:55 55 s o8 5372 71 tane rann 537 €27

s 05 6 239 1.0 190 6 el 2996 2730 262 €25

‘ 9 15 78 614 2.3 10671 ) 441 4469 361 4“2
3 25 85 $23 21 1045 2 ’ 0 4818 4432 436 440

§ 35 85 747 23 8871 8 S24S soee 45) H'H

9 45 105 668 15 1000 1 s 1 4700 4756 308 1Y

9:53 1.5 547 27 9337 ’ s 4564 4218 367 372

i0 08 125 534 27 9272 (N} 3806 2096 371 EYY)

1018 135 516 16 820 ) 3994 4064 416 492

106.25% 145 ass 1.5 769.6 81 3021 3103 %3 s

i0.35 1S 93 14 8339 02 e ey ' $08

1045 165 5C7 1.6 0654 e.1 3081 3342 YY) 510

id 53 175 575 1.7 158 9 s.2 2913 3520 283 €37

11:08 i85 364 1% 823.9 ° 4 2250 1508 €35 514

11.18 185 124 12 S574.9 7.7 316 371 ¢4 96

11:28 ics 152 1.0  641.2 1.5 30 47 505 633

1135 Z15 99 0.7 5229 [ 2 ) 432 (37 ]

148 228 11} 28 6314 s 6 5629 $S12 1334 1104

11.85 135 t11] ¢ 2 11385 .4 $571 7904 2106 1769

lz-0°¢ 245 165 15  &is.6 7.8 1076 1211 1245 1872

12-18 255 2720 0.5  §63.1 76 14 45 1419 1385

12:25 26S tany 07 5354.7 7.6 v senn '] 88
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B-43

I - T T T e T ok P ATk
TR T e M e e T T e e e e y—ree-.




e e T v g

PEDCO ENVIRONMENTAL. INC
ARMY DIESEL FORKLIFT STUDY

Lecation ONE

Test Description VAREHOUSE TEST 2
Pate: DECEMBER 13. 1882

RSN RIS SSRGS AEN O SEEEARAS OSSO AOPSARROCSeERLAABROSEESERO OSSO ROSSEEEIRESS

Elavsed 302 co co2 THC NO NO1L AIR} AIR2
Time Tine (PPB) ($44.% orrM) (§44. 1) 844 K (244 ¥
12 25 -3 112 [ I 1 576 & 78 0 1 120 124
1233 7 704 3.0 853.1 .4 2483 3113 120 138
12:43 17 876 4.3 15 100 3197 3842 [} 114
125§ 117 739 S 4 1)10.8 10.9 I 4162 12 87
13 .05 37 783 S 7T 1114.% 10 6 3141 39015 92 8.
13 1% 47 844 53 928 ¢ 10.9 3711 30983 72 [ D]
13 138 57 3ol 3 6 880 .9 9.3 1574 1782 79 106
i3 39 67 $350 3.8 927 .17 10 © 1963 2283 73 70
13 .48 17 547 4.1 723 .0 96 2382 2705 [P} 50
i4 00 92 437 3.3 206.5 | I | 1957 2201 47 46
14 10 10¢ 831 S 2 1038 3 10.2 7703 9945 60 58
14 20 112 (1 X} 6.2 1158.8 10.6 9350 873 34 S
14 30 1e2 567 4 9 341 $.0 690¢ 7738 52 33
14 4¢C 132 838 ¢.7 1pB3 3 | 2N ] 8662 8004 48 [ ]
14 30 145 962 $.3 840.0 10.2 $514 (21.1] S1 [ 1]
15-00 132 749 4.7 989 .1 8.8 §056 6977 70 78
15:10 16¢ 633 6.6 236.8 2.6 §00S §306 34 [ N
i3 20 172 733 4.7 40032 . ¢ 8.5 $660 7698 (1) 71
153 182 7098 ¢ 9 946 8 10 © 58860 6767 $7 1Y)
13 40 192 737 49 923.1 10 2 6578 7309 51 37
15 § 202 874 5.3 2147.0 25 6 7616 peo4 46 S6
ie 00 212 7%0 $.7 1148 .2 10.1 7615 9317 33 48
16.10 2.2 6§37 [ -] 2032 . ¢ 10.1 6099 6§35¢0 [ 1] 31
a6 20 131 [ 1.1 $.6§ 1082.1 10.9 7036 2068 (3] (1]
16 3C 245 739 $.7 1000 6 11.0 5850 7260 79 76
ib 40 252 12137 15.6§ 1189%.3 13.0 7037 10066 ” 71
i6:350 262 1230 17 6 1111 ¢ 1.5 6363 $619 s 56




PEDCO ENVIRONMENTAL, INC
ARMY DIESIL FORKLIFT STUDY

Lecation: THREL
Test Description WARENOUSE TEST 2
Date. DECEMBER 13, )90)

GOSN EEE SRS NS EASE NI CE NN NSRS ENETNSCRSCINS AN SN EPASESSRESERAREESS
Elapsed 302 co co2 THC NO NOZX AIR} AlR2
Time Time $44 ¥ ) o) e 844 M) rep)

1230 2 13 1.4 8460 7.9 $28 940 " 104
12 40 12 720 2.3 0087 " 1635 1936 338 156

1550 22 723 24 0783 ‘N 1966 1211 " 128

13.00 32 800 2.0 1048.S ’.) 2448 2718 7 102

i3 19 Y 1Y) .0 1106 6 .1 2452 3417 70 82

i3 20 52 s 23 885 ¢ ' 2059 2302 00 "

13 30 6 .67 18 481 8.7 1095 1231 se '}

i3 40 72 721 2.2 1006.0 0.7 201 2434 57 62

13 8¢ 0 023 2.5 11877 8.9 2600 2889 4 45

14 05 " 770 23 1004 7 06 4587 5360 54 47

14 15 107 769 23 8450 0 s 4557 4855 6l §2

is 25 117 825 2.3 0173 0 s 5358 S661 51 e

16 3% 127 238 1.5 1876 60 1708 1869 24 Py

i¢ 45 137 247 1s 8238 0.2 2860 2600 a1 54

1455 147 793 23 1028 6 0.3 4997 5081 .2 1)

15 05 189 709 2.4 869 4 s 3776 4098 56 s

15 15 167 674 2.2 #58.8 ' 3560 4029 e 5s

15 25 117 04 2.5 1014 7 6.8 4833 5574 62 70

is 38 187 583 2.3 11102 ' 4109 4543 52 e

is A4S 197 734 2.7 11042 0.9 4669 5456 . se

15 55 207 672 2.5 e 0z 4625 5129 48 54

16 05 217 672 2.1 847 8.s 4062 4661 1) '3

16 18 227 916 16 922.4 ‘9 TIY 5117 59 s4

i6:25 217 873 1.4 11078 ' 4577 4136 75 67

p 16 35 247 $17 ¢S5 1066 4 5.9 337 4726 67 60
' i6 453 257 02 S0 1079.5 10.5 2083 4074 "% )
16 55 267 754 6.3 11118 113 3068 4231 Y e
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PEDCO ENVIRONMENTAL, INC.
ARMY DIESEL FORKLIFT STUDY

Lecation: ONE
Test Descripotion: WARENOUSE TEST 3
Date: DECEMBER 14, 1882

Elapsed 802 co co2 THC NO NOZ AlIR} AIR2
Tine Time rem) (844, M (PPM) (324, 0 rre) ($44 M

$ 13 3 [ ) U 774 .4 10.1 ] 3 @ 740
| I 11 13 142 13 9428 7.2 1046 1397 1583 134
833 3 690 4.6 132112 L I 7100 §866 142 131
8 45 N (11 3.2 11013 2.7 6002 7138 187 136
8 535 43 592 40 1178 .4 L -] 3462 6070 17 172
9 03 °3 826 36 12473 10 ) $810 8793 184 174
9 15 63 757 $.7 1310 ¢ 10.) 6632 8007 139 156
$:23 73 609 S.0 1ie8 5 10 2 3780 7861 152 143
8 35 83 050 58 131647 10.8 7N 9097 139 132
9 .45 9 701 5.7 13928 10.3 7591 8672 13 i
9 58 103 $31 6 7 13068 11.0 9169 11122 133 158
10.03 113 764 4.8 12969 10. 4 71357 7038 164 183
10 15 123 831 §.1 1361.9 11.1 8414 10230 170 131
1025 133 073 6.2 1420 6 1.2 3 10216 136 143
16 .33 143 8985 58 1332 4 11.0 7087 696 122 138
i0 43 i53 574 4 86 1199.5 10.3 S432 (111 132 172
10 35 163 730 6.3 187 4 10.5 §129 7133 162 166
11 03 173 802 49 13707 10.4 6600 7468 149 143
11 .15 183 793 $.0 1306.1 10.6 5801 7306 1356 163
11:125 193 821 5.9 13350.0 10.2 7219 8661 146 138
1. 33 03 1008 7.1 1314 6 10.9 87239 10383 130 183
1l &3 2i3 320 §.7 1489.9 10.6 8386 9717 146 171
1i 85 23 997 § 3 1382.2 10.4 8315 11048 149 131
12:05 3 809 $.1 1352.5 .8 63509 0331 1357 180
1 13 243 09: $.8 13%0.0 10 2 698355 0039 84 ] ) 161
ie.28 +53 743 S 4 1161.0 10.8 4607 6144 471 170
14:33 263 386 3.2 1025.6 9.6 1843 1337 1152 1766
il 43 1 185 1.0 97.9 .2 L1 123 2070 1778
1e 835 283 127 07 034.5 1.3 1 0 2073 1894
EE RS RS EEZ S S E S S EEEEE SRS R EE R RS E R ER S S EEEEREREEE R E RS SREEERECRSEEEEESERESSSEERRRRER
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PEDCO ENVIRONMENTAL, INC
ARNMY DIESEIL FORKLIFT STUDY

Lecation. TNREE
Test Description WAREHOUSE TEST 3
Date: DECEMBER 14, 190)

SN EESEESEESECASASEENSEIS USSR IRESEES NSNS AESESESSENPN0sSN0eEESINSasSasEs
Elapsed 802 co co: THC NO NOZX AIR} AIR2
Time Time (844§ M (8408 (PPM) rPB) res)

0:10 -2 7 1.1 L R E I 14.2 3 3 "l 042
020 L) 105 0.0 7979 7.0 1 1 170 280
s 30 18 L 31 1.6 1010.8 7.3 1135 1479 151 128
4 40 (1} 741 3.0 1323 2 s 4200 (1]} 149 122
¢ 30 38 762 1.9 1240 ¢ L) 4113 (111 173 153
» 00 48 8§36 10 14030 [ ) 4046 4521 138 132
10 L1 707 1.8 14258 e.9 4733 4690 164 161
8:20 (1] s 3.1 13539 9 .2 $634 6404 13¢ 16¢
' 30 78 4197 2.4 13556 $.9 s168 $970 179 180
9 40 (1] 709 3.0 1324 ) LI 3347 6331 168 156
$ 3¢ 96 782 2.8 1237.4 9.0 4999 5794 147 135
10:00 108 877 1.7 11970 L ) 4433 3063 17¢ 1587
10 10 118 630 1.4 1107.8 8.7 4143 4348 158 176
ib 20 128 (1} ] 1.6 123s.8 9.2 3954 4403 141 165
1030 138 620 1.8 1208.9 6.5 4112 4634 141 140
10:40 148 111 2.9 1335 10.8 444 3320 148 141
10:.50 158 064 .9 1428 7 f0 4379 3357 133 143
11.00 168 760 2.7 1397.% LI 4492 31350 150 143
11 10 178 720 2.7 1435.) 2.0 4370 o0l 132 146
11:20 1098 611 1.6 1307 3 e.3 4176 47 134 17y
1139 196 586 24 12155 8.0 4423 4981 103 137
11.40 08 632 1.5 129e.1 LI 4272 4810 109 153
11:50 218 585 1.4 1122 8 8.2 3s80 4000 156 180
12.00 1 6§31 1.6 12787 0.1 09 4182 1M 150
1. 10 238 870 2.6 1207.7 | | 364 4342 147 184
12:20 48 803 1.8 1390:.8 8. & 5094 5870 130 174
12:30 58 L BY 1.8 14142 $ 0 60352 6739 1414 133
12:40 160 101 1.4 $06.2 .4 €33 173 1144 1784
i1 50 278 163 1.0 $18.6 17 S51 80 30355 1849
i3.00 88 137 0.0 s00.9 79 3 10 2174 1935
SESA S S ESEESCE R AR E RS A SR E R E RS A S S SN S NGRS EEEAEREEEEE OSSR R ECRNEEEEEERGEEEERARREAER




PEDCO ENVIRONMENTAL, INC.
ARMY DIESEL FORKLIFT STUDY

Lecation. ONE
Test Description: WARENOUSE TEBT &
Datea: DECEMNBER 14, 10883

PSS ANSESRINEENASEEGAS NS ARSI ERNIESORSIIIRASES IS ERAESCEELENRRESSSARSSESRS
Elapsed 302 ceo co2 THC NO NOX AIR} AlR2
Time Time rnems (§44. 8 1344, 1844, M tres) (PPR)

| 13:03 -2 105 0.0 8220 7.4 3 2 1139 104}
13 i3 s ” 0.9 $37.7 7.4 3 ¢ t ¥ ] 133
13.13 18 104 1.0 1210083 7.1 202 163 117 106
13 35 20 7813 1.8 1330 8.2 3774 4316 141 128
13 &5 36 833 3.3 4840 8.3 4998 317 129 150
13:33 40 683 3.0 13708 0.3 L1l k) 4913 147 160
1¢ 03 38 704 2.7 1447 6 8.1 4007 4012 134 177
ie 13 (1] 828 3¢ 13208 0.3 4690 5441 162 163
i4.23 78 1108 3.5 2521 .4 8.5 3736 6425 183 134
24 33 (14 1077 3.8 1587.3% L I 5443 $201 1335 117
id 43 1] 1136 ¢ 2 1683.2 "2 5960 6383 142 123
14 53 108 1425 4 4 173).4 9.6 73147 7843 136 147
18:03 118 1140 42 17411 { I 6221 7214 180 176
15:13 128 1086 4.2 1668 8 t.7? 6607 8809 137 186
18 33 138 1002 § 4 1818.) s.0 3670 S8 195 187
15 35 1446 719 3.4 14370 3 43136 5164 166 154
i3 435 158 762 3.7 141% 6 2.1 4793 55987 183 147
i35 5¢ 168 (3} 38 13%1.2 L I ] 3435 §322 153 138
16 03 17 804 3. 8 1468.3 [ 4642 5414 133 120
a6 15 ie8 798 38 133713 .0 4736 5412 112 il
16 o3 19¢ 802 3.2 1454 .4 .0 4818 5340 78 71
16 38 108 1116 33 lse0.0 8.2 5356 €1 240 (2% ]
ib 43 18 1130 41 1681 8 8.3 3032 8345 30 232
ié 33 t 31 11ia 41 1761.2 8.3 617 ° 8712 218 4
1765 13t 1103 37 1624 0 9.1 4636 4896 204 187
17 13 148 L ] 28 139y 9.3 4406 331 206 222
17:33 139 1338 0.3 764 .0 1.0 b 0 690 179
BB ECASEEE RN EE S A S C R AN ESE AR OSSR SRR R TSR AR S SRR E IR EREEEEEEEEEESSESSESENRNSEERS
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PEDCO ENVIRONMENTAL. INC
ARMY DIEBEL FORKLIFT STUDY

Lecation. THREE
Test Description VWVARENOUSE TEST 4
Date: DECEMBER 14, 1002

CEES0sEE SR EINNSEESUSEUEARSREAGENGNEESEEAESATASESONSSERENO0N0SEEERENOESaENNE
Elapsed 302 co €02 THC NO NOX AlR} AIR2
Time Tine rem) (PPNM) (PPM) (rem) ($44 1) orem)

13 .10 3 156 0.0 942 .4 7.2 & 10 714 432
13 10 1) 142 0.0 003 .7 7.2 ] 4 145 130
13 30 2] 718 3.8 1137.6 s.6 4033 3030 122 180
i3 40 33 1016 $.0 152).0 10.0 0430 10877 107 137
13 30 43 730 S0 14017 10.2 8308 9546 147 138
14 00 33 683 6.3 1426.9 (N ] 0437 9663 132 147
14 2D 83 776 $ 8 1366.5 10.3 10978 11015 151 132
14 2 7 L] ) 5.7 1399 S .7 370 8372 19 176
14 3C 83 6§33 57 1420.6 10 2 6714 7878 133 97
is 40 9 LE DY 6.3 14709 10.35 7680 9333 146 136
1639 103 se S5 4 13106 10.4 3612 §390 150 178
15:00 11 370 $.1 1404 .6 10.4 4833 $005 163 153
15 10 123 §76 $.2 11397 10.8 5365 8660 1035 149
i3 20 13 633 4.8 12473 10.6 44356 3561 10 17¢
15 30 143 691 48 12378 10.6 37012 8540 180 104
13 40 13 744 4.9 14009 10.3 6442 7612 143 150
13 §0 163 877 6.4 1406.5 10.7 7877 9885 161 133
i6 00 172 624 $.1 1ive.p 8.9 6319 7618 154 163
16 10 18 869 $.3 1319 6 .9 7469 8380 L 1 t X
is 20 193 666 S.1 14049 10.1 $357 7122 111 83
16 30 203 860 6.0 1303 10.7 8433 0369 8% 130
16 40 112 616 4.5 1108.4 10.2 3594 3301 87 r3] ]
8 .3 23 8§02 4.6 1302.3 10.1 87 (1 1] 43 111
17-00 233 603 3.7 1246.5 .9 €285 3313 18 196
17 1C 43 571 3.9 1183.3 10.1 3003 1049 29 114
17:40 233 429 3.5 1187.7 .9 2050 4312 2198 181
S SEERES S ESEEE S EEEEE S S EF S A S E SRR RS E SRR SRS EESE S ERE A S S ESEEEEEERASRESEREEEEENESRER




PEDCO ENVIRONMENTAL. INC
ARMY DIESEL FORKLIFT BTUDY

Lecation ONE
Tost Description WAREHOUSE TEST §
Date: DECEMBER 15. 1902

Elapsed 802 co coz THRC NO NO2 AlIR} AlR2
Time Time (s (M (§44. 0 orm) (PPB) (344 M
8 00 27 117 [ ] 720 .5 14.9 b1 3] 367 383 L ¥4
s 10 -17 133 07 59 .0 [ ] 492 365 109 100
s 20 -7 103 0.6 8985 .7 s .6 181 168 0 9l
8:20 k] 972 1.6 02e¢ O 7.9 2166 2600 3113 7
8 40 13 1802 22 10270 s.2 452% 3338 59 72
8 30 <3 1668 2.0 103%.) 5.4 4598 $216 (1) 61
9 0C 33 1681 2.2 1114} [ -] 4008 §736 (1] 6l
% 10 43 1986 T4 1147 ) | -] S23s $021 | B} [ X
| Y] $3 34880 3.4 1443 0 | 7778 8073 108 84
8 30 €3 1567 18 1488 2 s.6 $397 7045 116 | B
8 4C 73 2345 26 1318.2 8.7 6658 7088 112 106
9 S0 83 2380 2.0 1381.) | I ] 9124 4968 T 67
10 00 83 211 2.6 1:135.0 .8 4398 5048 101 (1]
10.10 103 1449 3 1007 § 8.6 375¢ 37 L} ] 37
10 23 113 1969 2.1 1160.7 [ I | 3947 4390 (]} 3
+0:30 123 1303 J 9 1006 ¢ 8.6 3051 IsSe2 100 s
10 &C 133 1464 19 10260 .4 3465 3808 82 $2
a0 So 143 2048 2.3 1185.6 [ $00) $560 73 [ 3]
11 00 1523 1946 25 113% 6 [ I ] 4362 Sel1l 5¢ 52 :
i1 10 163 1611 2.3 1044 & 8.8 4343 4930 -1 ) 30 ;
311-29 173 30 3.0 13195 9.4 6404 7162 Se (1]
1. 30 103 1336 3.0 1155.2 9.1 4842 S906 71 340
11 &c 193 39 2.0 817.9 .5 2037 2308 1563 1409
i il1.50 «03 130 0.9 701 ¢ 7.6 214 71 2249 17898
11 09 213 103 0.8 681 6 7.3 & 34 2177 1818
llllll’ll.l.ll.ll.l.lll..I‘llllltllllll'l.l.l".lt'll..-‘lll‘.l....'.t..!ll.l l




PEDCO ENVIRONMENTAL, INC.
ARMY DIESEL FORKLIFT STUDY

Lecation. THNREE
Test Description: WAREHOUSE TEST §
Date: DECEMBER 13, 190

Elapsed 202 co co2 THC NO NOX AIR} AIRZ
Time Tine (PPB) M) (344, ) rmmn 344 M s

s 05 -2 L] 1] 1.3 3.7 7.2 1613 i 103 "
.13 =12 101 0.7 7 6.5 148 178 11 11%
8:23 -2 733 17 863 .2 7.8 t] F 1] (1]} 78 70
e 33 ] 1312 3.8 1000 ¢ 8.3 879 718 1 1] ]
s &3 16 1142 3.4 98626 0 6275 (11} 73 (3]
8 53 H 1104 3.3 10112 5.0 3142 8320 (1] S3
803 38 1003 2.7 1032.98 s. 9 4445 5163 101 82
§:13 L2 ] 1011 12 273 .4 .0 4329 4033 103 74
9.13 £13 1102 3 6 904 .8 8.2 4370 3189 107 80
§ 33 68 4302 3.0 1038.12 9.4 4085 $703 12l ”
9 43 78 1322 3.8 1144.3 L 0 3973 6835 107 3
§:35 (1] 1462 1.6 1022.1 LN ] 5377 414 (17 4“2
16.03 8 1490 3.6 1035.9 .9 6149 6e7y 83 43
10:15 106 1418 3.3 $76.1 | I s200 3961 36 33
13 15 118 988 3.0 1001.8 1.4 3726 4733 63 43
10:33 128 1000 1.0 $02.2 10. 4 3738 4932 (X} 41
10 45 138 1067 .7 898 6 2.4 4003 435) 0 7
10:35 ies 1149 3.4 1045.3 LN ) 3806 5007 4 4
i1 03 158 1238 3.1 10403 L ] 3782 5862 44 $7
1113 168 1067 2.7 082 1 8.2 4124 4773 49 sl
il 5 178 513 1.9 060.3 8.8 213} 16982 74 71
1135 188 L L) 1.6 973.0 8.2 1033 2132 504 645
11 63 196 159 0.8 §97.¢ 7.6 6 116 1244 1782
; 11 33 208 117 0.6 S585.4 1.2 ) 0 1130 1767
! S S SAS SR RS EES S E SR E SN S N EEE RS E R RS E R E NS ESRSEASESSASESRESESECASENSESEEERRSERESEREEER
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PEDCO ENVIRONMINTAL. INC.
ARMY DIESEL FORKLIFT STUDY

Lecation: ONE
Test Description: WAREROUSE TEST ¢
Date: DECEMBER 15, 1083

S ECERSEGEESESEES SIS NASEES AN NLESSARESESUERENNENEE0ESNSOENPEDSEEREERES
Elapsed 802 co co2 THC NO NOZ AIR} AIRZ
Tine Time (PPB) (reM) M) 74, M 24 % rem

11.03 -18 110 0.6 754.0 7.4 1 11 1110 1136
11 15 -6 142 0.3 817.2 7.4 Y 22 ¢? [} ]
11:25 z 1007 4.0 1173.9 8.6 5360 s5es 59 93
12 33 12 2186 5.1 11%3.9 10.9 7677 2060 . 74
1. 43 2 1416 4 2 10935 10.2 3130 (1211 66 104
12 53 a2 20 3.0 %99 L] 3383 434) 17 11
i3 05 42 1258 3 2 1001.2 97 40230 5382 113 9
15.15 52 1363 3.1 1134 ) 10.0 8062 6030 111 L 3]
a3 13 2 1723 38 1184.3 10.1 7286 03351 130 100
13.35 7 1198 S 6 14998 .6 1.1 9723 11276 130 106
13 43 82 17717 4.8 2111 10.9 7949 9757 12l 96
id: 55 2 2047 3.5 1404.9 113 9161 10332 138 124
1403 102 2298 3.6 1301 7 11.9 10221 11877 154 128
14 13 ilz 1820 5.2 1220.% 11.7 0079 1154 122 el
14 ¢ 122 13398 3.9 10320 10.6 5094 (13} 137 103
i4 35 132 1067 .8 814 .6 9.6 Isls 32 133 113
16 &5 142 2368 4 4 12155 0.9 08753 10502 02 8
14:335 152 139 30 1351.9 11.2 10283 11442 119 89
13:035 162 1670 .1 1212.8 11.2 7976 9595 98 82
15.18 172 2063 $.8 1302.7 1.9 12400 12%84 117 3
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PEDCO ENVIRONMENTAL, INC.
ARMY DIESEL FORKLIFT STUDY

Lecation: THREE
Test Description: VARENOUSE TEST ¢
Date: DECEMBER 13, 180)
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Elapsed 802 co co?2 THC NO NOI AlR) AlIR2
Time Time rem) rreM) M) (rPFM) 344} s

11:10 -13 108 0.3 710.) 74 1 z 104 (11
12:20 -3 203 1.1 588 7.4 900 0 (¥ 108
12.30 7 1682 2.1 1082 ¢ | I ] 107¢ 3100 5¢ 7
12:40 11 1386 1.9 1213.¢0 87 3047 3 14 "
1e .30 27 (] ¥ 1.3 1209 8.1 10098 2104 (14 117
1300 37 39 1.9 873 .4 8.2 1949 31169 L 1] 102
13 10 47 1330 1.4 1037.9 8.6 1492 2747 109 108
13 &0 37 1382 14 10354.4 8.2 1538 2788 117 L 1
13.30 67 1367 1.4 1033.0 .6 1730 1820 148 3110
13 40 17 1643 1.3 1070.¢ LI 3081 1348 144 110
13 .3¢ 87 1012 1.0 9078 0 8.3 024 1244 136 112
14 00 7 1092 1.1 948.0 8.0 2043 13 144 117
14 .1C 107 1227 1.3 1030.6 2.0 1162 1504 140 111
14 20 117 1143 1.7 10350 .4 ) 2211 26352 120 104
e 30 127 1117 1.2 212.1 8.6 (21} ] 2420 146 122
iq: 40 137 808 1.1 974 .6 .7 1827 1139 117 112
14 30 147 1544 1.4 10835.0 .0 2772 3068 101 [ X
15.00 157 1437 1.2 1085.3 8.0 2662 2012 (1] (L}
1310 167 1112 11 1"1.4 .0 22351 3308 110 &
is:20 177 800 0.9 197.9 U ] 1481 1908 143 103
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NOTES ON THE STATISTICAL ANALYSIS
The following description summarizes the approach taken in the sta-
tistical analysis of the continuous air monitoring data.

1) The variances of the data on each forklift were compared by use of a
standard "F" test with the following calculation:

ol

—

Calculated F = o

N

The calculated F value was compared with the table value at a 0.05 level
of significance for the appropriate degrees of freedom.

2) When results of the first test indicated similar variances (p>0.05), the
apparent difference in air monitoring data between the two forklifts was
tested by using a pooled variance to calculate a standard error and
Student "t" value according to the following calculations:

. T - x Y2 4+ ¢ _ ¥ )2
Pooled variance = o2 = T{X, x]) T(x, - %)
1 P no+n_ -2
(
1
2 2
o o
Standard error = o- - = A
xl-xz nl n1

Student t =t = (x, - x,) -0

A




3)

The calculated t value was compared with the table value for the appro-
priate degrees of freedom. The comparison was made at a 0.05 level of
significance for a one-tailed test.

When results of the first test indicated different variances (p<0.05),
the difference in air monitoring data between the two forklifts was
tested by use of a modified Behrens-Fisher t test.

Q
-~

[
>
|
+
Pl

Standard error oi - =

—

»

3
—
~

Blevens-Fisher t = t'=

The calculated t value was compared with the table value for the appro-
priate degrees of freedom. The comparison was made at a 0.05 level of
significance for a one-tailed test.
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