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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 magazirne. 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
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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

s o -

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 solenocid 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.
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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

R iAo 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

8 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 Sti11/Deutz <10
Hyster/Perkins 32
4 12/14 Sti11/Deutz <10
Hyster/Perkins <10
(ppm)
Nitrogen dioxide 1 12/13 Still/Deutz 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 egqual 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 Still 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 j24 | 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 26 | 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

> -
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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/m3 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.

!
'
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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.

[3%)

Range and Sensitivitvy

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
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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%.
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8.3.5 The temperature and pressure of the stmosphere 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-
mencded 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 S5-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 {n 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
bv 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 plottring 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 = gtandard 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 triethanolamine
(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 is 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 range 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

‘ 22 The sensitivity is 0.4 ug’'10 mg for an absorbance of 0.04

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

3. Interferences

)
!
‘ ’ \ 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

841

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
handied in the same manner as 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-mf{
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 ug) 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= —s x K445 , _J60  , _T+273
A% MW 4 298

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

& -

‘ 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
Anslyte: 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 80 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 I 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 sample 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 obtained for the backup section of the charcoal tube exceeds 25% of that found on
the front section. the possidility 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 tube 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 s 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. Resgests

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 