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Exposure assessments were conducted aboard diesel locomotives. Results were evaluated to

determine variables that affect exposure to DPM (diesel particulate matter) and to assess use

of EC (elemental carbon) and OC (organic carbon) as surrogates for DPM. National Institute

for Occupational Safety and Health Method 5040 was used for collection and analysis of

samples in locomotives and in nonrailroad settings. The level of EC, but not OC, in locomotives

was found to be significantly affected by position of exhaust stacks and windows. EC ranged

from ,1 to 45 mg/m3 with a geometric mean (GM) of 3.7 mg/m3 and OC ranged from 4 to

4570 mg/m3 with a GM of 36.3 mg/m3. Background measurements of EC ranged from ,1 to 8

mg/m3 and OC levels were 4 to 84 mg/m3. This study confirms that train crew exposure to

DPM is much lower than exposures for miners, is comparable to background urban exposures,

and is lower than but comparable to exposures for truck drivers. It also indicates that EC levels

are highly predictive of diesel exhaust exposure whereas OC levels are not, and that open

windows and exhaust stack(s) in front of the locomotive cab have a significant effect on EC.

Keywords: diesel exhaust, elemental carbon, organic carbon, railroad
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S
ince the late 1950s essentially all loco-
motives in railroad freight service have
been diesel powered. The current fleet
consists of approximately 22,000 loco-

motives ranging in size from 1500 to 6000
horsepower that are manufactured principally by
General Electric (GE) and the Electro-Motive
Division (EMD) of General Motors. Historically,
all EMD locomotives have used two 2-cycle en-
gines, whereas GE used a four-cycle engine.(1)

Both manufacturers use the diesel engine to
power electric drive motors.

Diesel exhaust is a complex mixture of gases,
vapors, and particulates. Constituents have been
reported to include carbon monoxide; carbon di-
oxide; sulfur dioxide; nitrogen oxides; benzene;
1,3-butadiene; various aldehydes; and polynucle-
ar aromatic hydrocarbons.(2) Diesel particulate
(soot) consists of an elemental carbon (EC) core
comprising 60–70% of the particle, onto which
other material may be adsorbed. Diesel particu-
lates are less than 1 mm aerodynamic diameter in
size and tend to form chains or clusters.(3,4) Es-
timates of the number of different compounds
generated by a diesel engine that can be ad-
sorbed onto the EC core have ranged up to
18,000.(5) Because of the complexity of this mix-
ture, it is not possible to measure whole diesel

exhaust. Investigators have used various com-
ponents as surrogates or markers of exposure to
quantify diesel exhaust exposure. Early investi-
gations focused on carbon monoxide and irri-
tant gases such as aldehydes and oxides of ni-
trogen.(6–8) Later studies utilized various
surrogates to quantify the particulate component
of whole diesel exhaust.(3,9–13)

In an epidemiological study of railroad work-
er exposure to diesel exhaust, Woskie and co-
workers sampled respirable dust as a surrogate
for diesel particulate matter (DPM). Those sam-
ples were adjusted to account for the significant
amount of particulate derived from tobacco
smoke. After determining weight gain, each filter
was composited and analyzed for nicotine. This
allowed the fraction of particulate from cigarette
smoke to be subtracted from the total respirable
particulate yielding an adjusted respirable partic-
ulate (ARP) level. The authors recognized that
the samples may have been contaminated with
sand, dirt, fibers, and other particulate matter,
but had no mechanism for accurately subtracting
these materials. Based on this analytical meth-
odology freight engineers had a geometric mean
(GM) exposure to ARP of 73 mg/m3, and there
was a GM exposure level to ARP of 49 mg/m3

for yard engineers.(10,14)
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FIGURE 1. Diesel locomotive

In underground coal mines utilizing diesel equipment, partic-
ulate analysis exhibits bimodal distribution in which 90% of the
coal dust is larger than 1.0 mm aerodynamic diameter and more
than 90% of the DPM is smaller than 1.0 mm with a mass median
aerodynamic diameter (MMAD) of 0.2 mm. The combination of
DPM and coal dust led to the extensive use of a dichotomous
sampler when sampling for DPM. The dichotomous sampler sep-
arates the particulate sample into mass fractions above and below
0.8 mm MMAD. The dichotomous sampler seems to be appro-
priate for sampling DPM in the presence of coal dust because
there appears to be little relative interference in the small particle
range to confound the DPM sample. However, this may not be
true in other environments where other small particles may exist
and DPM levels are lower and may confound the DPM
sample.(3,15)

The most recent studies have used EC as a surrogate for eval-
uating the particulate component.(4,12,16) EC has been found to be
the major component of DPM and has been described to be a
‘‘very sensitive and precise indicator’’ of DPM exposure that is
not influenced by tobacco smoke, which is almost entirely
OC.(4,17,18)

The American Conference of Governmental Industrial Hygien-
ists (ACGIH) recently promulgated a proposed threshold limit
value (TLVt) that specifies EC as the surrogate for DPM. The
proposed TLV is 20 mg/m3 of EC.(19)

Industrial hygiene samples have been collected routinely to
evaluate train crew exposure to diesel exhaust. As part of these
ongoing evaluations, DPM levels have been measured under a va-
riety of normal operating conditions using analytical techniques
that determined both EC and OC levels in the sample. For com-
parison purposes the same sampling and analytical techniques were
used to collect background samples in nonrailroad urban and rural
settings.

METHODS AND MATERIALS

Sampling and Analytical Method Selection

ACGIH issued a proposed TLV of 150 mg/m3 for DPM in 1995,
which was revised to a proposed 50 mg/m3 in 1999. This was
further revised in 2001 to 20 mg/m3 measured as EC.(19) The
Mine Safety and Health Administration (MSHA) also issued a reg-
ulation for DPM of 400 mg/m3 based on the measurement of
total carbon (TC), which is EC plus OC. The 400 mg/m3 con-
centration limit is to be reduced to 160 mg/m3 in 2006. These
MSHA limits are based on DPM being composed of approxi-
mately 80% TC.(20)

The National Institute for Occupational Safety and Health
(NIOSH) Analytical Method 5040 for Elemental Carbon (Diesel
Particulate) requires an open-faced quartz fiber filter (QFF) and
thermo-optical analysis.(21) This method indicates that a size-selec-
tive impactor may be required in environments where coal dust
may interfere positively with the analysis. There was no coal dust
in the environments assessed in this study and thus, size selection
was deemed to be unnecessary.

The collected QFF samples originally were submitted to the
only commercial lab performing a thermal-optical method for EC.
During the latter part of the study, samples also were submitted
to an American Industrial Hygiene Association-accredited labo-
ratory to expedite sample analysis. Both laboratories use the ther-
mal-optical technique specified in NIOSH 5040 analytical
method.(21)

Sampling Strategy

EC and OC levels were monitored on two major U.S. railroads
in a variety of locations, terrains, weather conditions, types of
trains, and models of locomotives. No air-conditioned locomotives
were included in this study. The same sampling techniques were
used to collect background samples in various nonrailroad loca-
tions throughout the United States including a national park, a
beach, and major city locations. Many of the city locations were
taken in downtown areas near the local courthouse.

During the assessment of occupational exposures, older loco-
motives, steeper grades, and tunnels were selected for sampling if
available. A total of 19 different locomotive models manufactured
between 1968 and 1997 by GE or EMD were included in this
study. The terrain was categorized as flat, rolling, or mountainous,
and it was noted whether the windows were open or closed. The
crews positioned the windows for their own comfort, and the in-
vestigator had no input except when riding in an otherwise un-
occupied trailing unit when the windows were opened to evaluate
maximum possible exposures. Testing was conducted on both lead
and trailing locomotives. Train crews are subject to the Hours of
Service Regulation enforced by the Federal Railroad Administra-
tion. Their workday is determined by the length of run worked
with a maximum of 12 hours prior to 8 hours of rest. During the
tests the length of time the crew was on the locomotive ranged
from 2 hours 4 min to 10 hours 29 min.

One or more locomotives are used to pull freight trains. Each
can be operated facing in either direction and are referred to as
‘‘long-hood’’ or ‘‘short-hood’’ forward (Figure 1). The short-
hood forward configuration is the more common, where the ex-
haust stack of the locomotive is approximately 5 m behind the
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TABLE I. Summaries of Sampling Data

Date Railroad
Loco.
Mfg.

Loco.
Type

Loco.
Mfg. Date

Preceding
Stacks Run Type Terrain Windows

7/12/96
4/30/96
9/10/96
9/10/96
9/13/96
9/23/96

A
A
A
A
A
A

EMD
GE
GE
EMD
GE
GE

GP38-2
CW40-8
CW40-8
SD40-2
CW40-8
GP40-2

1978
1993
1992
1981
1991
1975

0
0
0
0
0
0

local
through
through
through
through
through

flat
flat
rolling
rolling
rolling
flat

open
closed
closed
open
closed
open

9/24/96
9/26/96
9/27/96
7/11/96
9/12/96
5/1/96

A
A
A
A
A
A

GE
EMD
GE
EMD
GE
EMD

C30-7
SD40-2
CW40-8
GP38-2
B36-7
Road Slug

1979
1980
1991
1979
1985
1991

0
0
0
0
0
0

through
through
through
local
through
through

flat
flat
flat
flat
rolling
rolling

open
open
open
open
open
open

5/2/96
12/4/97
9/24/97
9/25/97
7/29/97
7/30/97

A
A
A
A
A
A

EMD
EMD
EMD
EMD
EMD
EMD

SD40-2
GP40-2
SD40
MP15AC
GP40-2
SD40

1980
1981
1968
1978
1972
1971

0
0
0.5
0.5
0
0.5

through
through
yard
yard
yard
yard

mountain
mountain
flat
flat
flat
flat

open
closed
open
open
open
open

10/21/97
10/22/97
10/23/97
7/15/97
7/15/97
7/15/97

A
A
A
A
A
A

GE
GE
EMD
GE
GE
GE

CW44AC
CW44AC
SD50
CW44-9
C40-8
CW40-8

1996
1995
1984
1994
1990
1992

0
0
0
0
2
0

through
through
through
through
through
through

flat
flat
flat
rolling
rolling
rolling

closed
closed
closed
closed
open
open

7/15/97
7/16/97
7/16/97
7/17/97
7/17/97
7/18/97

A
A
A
A
A
A

GE
GE
GE
GE
GE
GE

CW40-8
C40-8
C40-8
B36-7
B36-7
B36-7

1992
1989
1989
1985
1985
1985

2
0
2
0
2
1

through
through
through
through
through
through

rolling
rolling
rolling
rolling
rolling
rolling

open
open
open
open
open
open

11/17/97
11/20/97
11/20/97
8/26/97
8/27/97
6/3/97

A
A
A
A
A
B

EMD
GE
GE
GE
EMD
EMD

SD40-2
C30-7
CW44-9
CW44AC
SD40-2
SD60

1980
1981
1994
1996
1989
1989

0
0
0
1.5
0
0

through
through
through
pusher
local
through

flat
flat
flat
mountain
mountain
flat

open
closed
closed
closed
open
open

6/3/97
6/4/97
6/4/97
6/5/97
6/6/97
6/7/97

B
B
B
B
B
B

GE
EMD
GE
EMD
GE
GE

CW44-9
SD90MAC
CW44-9
SD40M-2
AC4400CW
C40-8

1994
1995
1994
1968
1997
1988

1
1
2
1
1
1

through
through
through
through
through
through

flat
flat
flat
flat
flat
flat

open
open
open
open
open
open

11/6/97
6/26/98
6/28/98
6/28/98
7/7/98
7/8/98
6/27/98

A
A
A
A
A
A
A

EMD
GE
GE
GE
GE
GE
GE

SW1500
B23-7
CW44-9
CW40-8
B36-7
B36-7
C40-8

1971
1978
1994
1991
1985
1985
1989

0.5
0
0
0
0
0
0

yard
through
through
through
through
through
through

flat
flat
flat
flat
flat
flat
flat

open
open
open
open
open
open
open

operating cab. In the long-hood forward configuration the ex-
haust stack is approximately 5 m in front of the operating cab.
Therefore, a sample collected in a short- hood forward leading
locomotive would have no preceding stacks. A leading locomotive
with long-hood forward would have one exhaust stack preceding
the sampled cab.

Freight train runs can be categorized as ‘‘road’’ (from point A
to point B with little or no intermediate work), ‘‘local’’ (from
point A to point B or back to point A with intermediate stops to
pick up or drop off rail cars), or ‘‘yard’’ (moving rail cars within
a rail yard or industry). A typical freight train crew consists of an

engineer and a conductor, which can be supplemented with a
brakeman/switchman for local runs or yard jobs. The crew typi-
cally occupies the cab of the first (lead) locomotive except when
the brakeman/switchman and/or conductor dismount for switch-
ing activities, including coupling and uncoupling freight cars. The
engineer may be the only cab occupant during switching and cou-
pling activities. Before the use of a caboose was largely discontin-
ued in the mid21980s, road train crews consisted of up to five
people, two of whom occupied the caboose. Currently, there are
occasions when a nonworking crew might ‘‘deadhead’’ (travel to
another location to begin an assignment or return home) by riding
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TABLE I. Extended

Sample
Time
(Min)

Elemental
Carbon
mg/m3

Organic
Carbon
mg/m3

Elemental
to Total

Carbon Ratio
%

309
474
291
624
268
605

4
3

,4
3

,4
,2

84
39
26
40
26
32

5
7

13
7

13
6

539
546
593
312
622
608

4
,2
,2
,3

4
3

53
35
31

4570
47
8

7
5
6

,1
8

27
518
430
335
214
577
275

4
2
3
5
2

,2

42
41
12
84
30
37

9
5

19
5
7
6

455
350
400
315
313
272

,2
,2

2
,2
20

,3

40
31
32
37
46
33

5
6
6
5

30
8

278
344
340
394
395
444

12
,2
37
4

45
22

69
13
72
47
87
42

15
13
34
8

34
34

627
175
567
629
529
450

,1
,4
,1

2
6

,2

33
71
36
5

35
21

3
5
3

24
14
7

454
237
383
575
603
424

28
36
4

11
12
23

57
,12

4
46
29
61

33
75
53
20
29
27

394
380
124
235
366
265
420

2
,2
,6
,3

4
5

,2

31
45
50
40
59
70
29

7
4

11
7
6
7
6

in one of the trailing locomotives. In some mountainous terrain,
and with certain types of trains, one or more pusher or helper
locomotives may be added to the middle or rear of the train. These
locomotives may or may not be occupied by train crew members.

The samples were collected on the engineer’s operating console
in each locomotive. This position is within an arm’s length of the
engineer and was selected as being representative of a breathing
zone sample, yet not obtrusive to the engineer. A previous study
in this type of railroad setting demonstrated that there was no
significant difference between fixed location samples and personal
samples.(10) A flow rate of approximately 2 L/min was maintained,

and the samples were collected for the entire work period except
for time spent away from the locomotives at the beginning and
end of the shift. Any samples with flow rate variations exceeding
5% during the sampling period were discarded as were samples
taken with tobacco smokers in the cab.

Data Analysis

GMs, based on log transformation of the data, were determined
for all samples and for a number of subgroups. Prior studies of
EC found the data to be lognormally distributed.(4,22) For samples
reported as below the laboratory limit of detection (LOD), the
LOD of the method was used to calculate the EC or OC level.
All exposure estimates are expressed as the work period time-
weighted average (TWA). The data were analyzed for significant
effects of exhaust stack location, railroad, locomotive manufactur-
er, window position (open or closed), run type, and terrain using
Statistical Analysis System (SASt) software.(23) Analysis was done
using the General Linear Model Procedure on the log-trans-
formed data. Differences between means were evaluated with the
Duncan’s mean test. GM values were calculated by the following
equation.

n 
 ln xO i i51 GM 5 exp

n 

where xi 5 untransformed EC or OC concentration.
Geometric standard deviation (GSD) was calculated by the fol-

lowing equation.

GSD 5 exp(s )lnx

where slnx is the sample deviation of the log-transformed data.

RESULTS

The EC and OC levels under various conditions are summarized
in Table I. EC and OC concentrations are reported to the

nearest whole microgram. ‘‘Preceding stacks’’ refers to exhaust
stacks in front of the sample in the direction of travel. Fractional
stacks are the result of a change of direction during sample col-
lection. The statistical analysis results are summarized in Table II.

Data analysis shows that exhaust stacks preceding the sample
have a highly significant effect on EC (p50.0001). Window po-
sition (open or closed) also has a highly significant effect on EC
(p50.0001). None of the other variables have a significant effect
on EC levels. Both the type of run (road, yard, or local) (p5
0.004) and railroad (p50.01) had a significant effect on OC but
not EC. All runs on one railroad were of the road type. Caution
is advised in interpreting some of these OC results, as some vari-
ables had few data points. No other variables had a statistically
significant effect on EC. The study was not well balanced in design
in terms of run type, and more data may be necessary to fully
evaluate some of the OC results. The one OC result that is orders
of magnitude higher than the others was collected during indus-
trial switching of a wood pulp mill and is believed to be the result
of biogenic contamination.

DISCUSSION

Although EC has few sources other than diesel engines, OC
may originate from a variety of sources including biogenic ma-

terials.(4,24,25) A study of the South Coast Air Basin of California
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TABLE II. Results of Statistical Analysis

Conditions
Number

of Samples

Elemental Carbon
(mg/m3)

GM GSD

Organic Carbon
(mg/m3)

GM GSD

No Preceding Stacks
Preceding Stacks

33
16

2.5
10.1

1.5
1.9

36.9
31.6

2.5
2.6

Local Freight
Yard Engine
Road FreightA

3
5

40

4.1
2.8
4.5

1.4
1.3
2.7

236.6
32.4
37.1

13.5
2.0
1.8

4 Cycle Engine
2 Cycle Engine

31
18

4.9
3.2

2.7
2.2

36.6
44.2

2.0
3.4

Railroad A
Railroad B

42
7

3.6
10.9

2.2
3.1

42.8
23.6

2.5
2.8

Mountainous
Rolling
Flat

4
14
31

2.9
6.4
3.6

1.8
2.9
2.4

23.3
40.5
41.5

2.8
1.6
2.9

Windows Open
Windows Closed

38
11

4.9
2.3

2.7
1.5

42.4
30.3

2.7
1.9

All Samples 49 3.7 2.6 36.3 2.5
ADue to the unusual nature of pusher unit, it was left out of these calculations.

found that 65% of the EC was contributed by diesel engines,
whereas only 21% of the TC (EC plus OC) particulate was from
diesel engines. The remainder of the EC was primarily from other
fuels such as gasoline and jet fuel. Other large OC sources includ-
ed industrial processes, natural gas combustion, and fugitive emis-
sions such as cigarette smoke, cooking food, and wood fires.(26)

Preliminary data collected by the Environmental Protection Agen-
cy indicates that biogenic sources of volatile organic compounds
exceed anthrogenic sources on a national basis.(27) OC also can be
generated by many sources in the workplace and is often substan-
tial if gasoline powered equipment is used in the area.(25)

The analyses indicate that EC is a better surrogate for diesel
exhaust than TC or OC. This is because of its limited sources,
and because variables more likely to effect exposure (e.g., preced-
ing stacks and window position) are highly associated with EC
and not associated with OC. Higher diesel exhaust levels are log-
ically expected when windows are open and when the exhaust
stack precedes the cab, and these expectations are confirmed by
personal observation, such as more odor and visible smoke. These
results show that the locomotive cab levels of EC with a GM of
3.7 mg/m3 and a GSD of 2.6 are near background urban levels
of EC having a GM of 3.1 mg/m3. The EC level in an engine
without exhaust stacks preceding the sampler was a GM of 2.5
mg/m3 compared to a GM of 10.1 mg/m3 with at least one stack
preceding the sample. The overall GM for OC was 36.3 mg/m3.
The OC GM was 36.9 mg/m3 when there were no preceding
stacks and 31.6 mg/m3 with at least one preceding stack. These
data indicate that the OC has sources other than diesel exhaust
and little relevance in determining DPM exposure.

The EC levels measured in lead locomotives (those without
preceding stacks), with a GM of 2.5 mg/m3, are less than local
truck drivers with a GM of 4.0 mg/m3 and road truckers with a
GM of 3.8 mg/m3. The locomotive EC data was consistent with
data collected inside locomotive cabs in a recent Canadian railroad
study.(16) Highway background EC levels have been reported to
have a GM of 4.0 mg/m3 with residential background levels (de-
fined as at least 1 mile from any major highway) having a GM of
1.1 mg/m3. All of the above referenced samples were collected as
submicrometer-sized particulates.(4) Other background EC levels

reported include an annual average in Los Angeles of 4.78 mg/
m3 and background levels of more than 10 mg/m3 in some are-
as.(26) NIOSH reported 14–78 mg/m3 EC in a fire station and 8–
12 ug/m3 EC as background levels outside of the fire station.
These building and fire station samples were collected with open-
faced filter cassettes.(28) Railroad train crew EC exposures are well
below those found in underground mines where EC levels of 400
mg/m3 have been exceeded.(12) Locomotive levels of OC were
inconsistent.

Levels of EC do not correlate well with previously published
ARP levels reported for railroad workers, most likely due to the
fact that EC is more indicative of DPM, whereas ARP includes
particulates from other than diesel emissions.(14)

TC is determined by adding EC to OC. In this study EC con-
stituted a range of ,1–75% of the TC in the locomotive cab. The
GM of the percentage of EC to TC of samples collected in lead
locomotives is 6.3% and in trailing locomotives is 22.2%. This
demonstrates that increased diesel exhaust levels result in higher
amounts of EC and indicates that TC and OC levels are associated
with nondiesel sources. The low ratio of EC to TC in lead loco-
motives, where the exhaust stack was behind the sampler, com-
pared with the higher ratio of EC to TC in trailing locomotives
shows that TC is not indicative of diesel exhaust at low EC levels.
The fact that OC levels are similar, whether measured in front of
or behind the exhaust stacks, brings into question the relevancy
of using OC or TC to determine diesel particulate levels. If diesel
particulate contains 70% EC, other sources must be responsible
for most of the OC found in these tests.

The background samples collected for comparison purposes are
shown in Table III. Detectable background EC levels ranged from
2 to 8 mg/m3 and OC levels ranged from 8 to 62 mg/m3. The
EC levels are in the same range as the background levels discussed
earlier. The TC of the Denver, Chicago, and San Francisco areas’
background sample data is above the proposed TLV for EC of 20
mg/m3. This supports the conclusion that TC has many nondiesel
sources and is inappropriate for determining DPM levels. This data
and previous research suggest that OC or TC should not be used
to calculate whole diesel particulate. If TC data is desired, it may
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TABLE III. Background Samples

Location Date

Sample
Time
(min)

Sample
Rate

(L/min)
EC

mg/m3

OC
mg/m3

TC
mg/m3

Elemental
to Total
Carbon
Ratio %

Chicago, IL
Crestview, FL
Dade City, FL
Dallas, TX
Denver, CO
Elmhurst, IL

7/29/99
2/24/99
2/11/99
9/21/99
8/31/99
7/29/99

480
491
332
422
420
624

2.0
2.1
2.0
2.2
2.1
2.0

8
,2

4
4
3
3

45
39
15
39
84
21

53
39
19
43
87
24

15
5

21
13
5

13
Houston, TX
Junction City, GA
Kansas City, MO
Kansas City, MO
Lakeland, FL
Las Vegas, NV

5/1/99
4/8/99
9/29/99
9/29/99
3/25/99

11/22/99

280
323
480
480
420
491

2.0
2.1
2.5
2.6
1.9
2.2

4
,2
,1

2
,2
,2

30
13
10
4

14
39

34
13
10
6

14
39

12
15
17
33
14
5

Los Angeles, CA
McCook, NE
McKenzie, TN
McKenzie, TN
Salida Beach, CA
San Bernardino, CA

7/14/99
7/14/99
4/20/99
4/21/99
7/15/99
5/25/99

430
360
335
413
504
360

2.0
2.5
2.0
2.0
2.0
2.5

2
,2
,2
,2

2
4

35
48
21
20
8

29

37
48
23
20
10
33

5
4
9

10
20
12

San Diego, CA
San Francisco, CA
San Jose, CA
Santa Ana, CA
Sequoia National Forest, CA
Shelbiana, KY

7/15/99
9/30/99
8/21/99
7/14/99
7/13/99
6/14/98

430
472
550
563
480
267

2.0
2.0
2.5
2.0
2.0
2.0

8
3
1

,1
3
3

32
59
24
20
30
10

40
62
25
20
33
13

20
6
7
5
9

75
Shelbiana, KY
St. Louis, MO
St. Paul, MN
Visalia, CA

10/11/99
10/25/99
7/14/99
7/13/99

77
420
509
540

4.1
2.0
1.9
2.0

5
2
3
2

20
11
25
12

25
13
28
14

20
15
11
14

be advantageous to use a size selective sampler to eliminate some
potential nondiesel OC sources.

CONCLUSIONS

EC is an appropriate surrogate for determining levels of DPM
in the railroad and similar environments. OC and TC are not

associated with conditions expected to result in higher levels of
DPM, and the use of TC to compare DPM levels to the TLV will
result in incorrect conclusions.

The level of DPM, as determined by EC, in lead locomotive
cabs is well below the proposed TLV and in the range of back-
ground exposures regardless of variables such as railroad, loco-
motive manufacturer, geographic location, and age of locomotive.
Levels of EC are higher if the cab is preceded by exhaust stacks
and/or the windows are open. Railroad train crew exposures to
EC are comparable with those of truck drivers and much lower
than those of underground miners.
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