MDEC 2009

National Institute for Occupational Safety and Health,
! Pittsburgh Research Laboratory

| E 15th MDEC Conference, Ricmond Hill, October 5-9, 2009 M |

Introduction

# In addition, exposure to airborne contaminants including gaseous
pollutants emitted by diesel engines (primarily carbon dioxide (CO,),
carbon monoxide (CO), nitric oxide (NO), and nitrogen dioxide (NO,))
are limited by 30 CFR 57.5001.
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Introduction
[

#* Filtration systems with disposable filter elements (DFEs)
# Diesel oxidation catalyst (DOC)

# Changing fuel supply from petroleum diesel to biodiesel blends is
considered by a number of underground mine operators to be viable
alternative and/or supplement to using exhaust aftertreatment
technologies.
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Methodology

Diesel Laboratory at NIOSH Lake Lynn Experimental Mine
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Evaluation of Uncatalyzed Diesel Particulate Filter (DPF)
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Biodiesel Evaluation:
Muffler and DOC/Muffler Exhaust Configurations

S1P2- 4



MDEC 2009

Biodiesel (B100): Stepansol SB-W, Stepan Company (Northfield, IN);
B50 Blend (B50): 50% Biodiesel & 50% ULSD;

Test Method Unit B100 ULSPD
K]/kg 39975 46486

Energy, Net SR (BTU/Ib) | (17198) | (19999)
Cetane Number ASTM D-613 - 49.2 58.1
Density ASTM D-4052 g/ml 0.8835 0.8050
Oxygen Content ASTM D-5291M Wt. % 10.54 0.51
Flash Point, PMCC ASTM D-93A °C (F) 138 (280) 61 (142)
Sulfur Content ASTM D-5453 mg/kg 5.1 10.0 9

Biodiesel vs. ULSD
[

#* fuel-bound oxygen
#* lower emissions of unburned hydrocarbons

#* high ignition quality
#* clevated NOy emissions

#* advancement in fuel injection timing
® lower compressibility and higher speed of sound
® higher cetane number

Schénborn, A., Ladommatos, N., Williams, J., Allan, R., Rogerson, J.
Combustion and Flame 2009, 156, 1396-1412. 10
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—

Steady-State Test Modes
(B

gnzlen; Torque Power
Mode Description P
rpm Nm kW
Rated speed
Ml 50% load 2950 55.6 17.2
Rated speed
M2 100% load 2950 111.2 34.3
Intermediate speed
M3 50% load 2100 69.1 14.9
Intermediate speed
M4 100% load 2100 136.9 30.6

12
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Instrumentation for Physical Characterization of Diesel Aerosols

#* Total alveolar region deposited surface area: Nanoparticle Surface Area Monitor
(TSI NSAM 3550);

#* Total number and size distribution: Scanning Mobility Particle Sizer

System Used to Sample DPM for Carbon Analysis and
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Mutagenic Activity Analysis of Solvent Extracted Filter Assays

# The samples analyzed for bacterial gene mutation.

# Bacterial tester strain TA98 previously shown to be sensitive to the
genotoxicity of diesel exhaust and airborne particles was used in this
study.

15
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total mass concentrations - 5 to 100 fold reduction;
total alveolar region deposited (ARD) surface area — 2 to 20 fold reduction

M1 | M2 | M3 | M4
—_ 1000 |
= |
bt £0.0 |
£ |
£ 60.0
[¥]
s 40.0 -
E 20.0
£ 8
3
c 0.0 ! I I |
3
= -20.0
B
Ll -40.0
-60.0
Cc | sic | sm C |SiC|{sM | C |SIC|sM | C |SIC|SM
DPF | DPF | DPF | DPF | DPF | DPF | DPF | DPF | DPF | DPF | DPF | DPF
ilmass 97.3 | 90.6 | 91.5 |101.9| 97.8 | 96.6 | 87.2 | 91.7 | 97.1 |100.0 99.0 | 99.7
Ill\RDsurface area | 78.7 618 | 87.9 | 97.0 | 91.5 | 78.7 | 85.3 | 93.9 | 89.1
ilnumber 81.0 | 34.0 | 95.3 | 95.3 | 62.6 |-16.7 | 88.5 | 954 | 94.5 | 94.0 | 83.6 | 58.6
Engine Operating Mode / DPF System 17
_TosH|

was more pronounced heavy-load conditions).
B50 and B100 increased total number concentrations up to 40 % (the
100.0
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|l B350, Mass 9.5 61.1 26.0 30.2 24.9 22.7
|l B100, Mass 14.8 53.2 25.0 53.9 71 45.3
|l B350, Number -14.0 -1.3 -20.5 7.6 7.3 4.7
|[mB100, Number | 314 0.5 -38.6 114 -21.3 0.2
Exhaust System / Engine Operating Mode ?h;si
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[muso| 702 72 | 418 1350 0 | mas
mB50 A7 424 A 103.0 354 524
BB100 425 35.3 28 51.5 5T 6.3
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primary filter increased g e
with fraction of biodiesel in s
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T T )
mULSD 9.2 130 M43 87 201 2.9
mB50 59.1 242 483 107 | 303 15.9
BB100 641 ug §7.8 175 | 358 209 19
Mode [MosH|

esults:
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+ Muffler
+ C DPF
+ SiC DPF

- smopE nucleation mode aerosols were
L00e observed when the engine
equipped with DPFs were
operated at high-load engine
operating conditions (M2), but

diidlog{Dp) [particle/cm

+ Muffier
«+ Cordierite DPF
« SiC DPF
= Sintered Metal DPF

dNidlog(Dp) [particle/cm?]

21
[TosH|
Results indicate strong relationship between concentration of nucleation
DPFs, DOC, Muffler
Average Average Exhaust
Mode Exhaust Temperatures at
Temperatures at Outlet from
Inlet to Device Device
°C °C
M1 306 258
M2 436
M3 216
M4 485 402
22
[TosH|
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concentrations increased and the
median diameter slightly
decreased with an increase in the

dNidiog(Dp) [#cm?
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or M1,DO ad relatively major eliect on aerosol concentrations:
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or M1,DO ad relatively major eliect on aerosol concentrations:
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or lv

, DU ad relatively minor eiiect on aerosol concentrations:
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or Mz, DO ad relatively minor eiiect on aerosol concentrations:
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activity;

1. the muffler samples: M1 and M3 showed activity, M2 and M4 did not show

Sample CEo’:tl;?gl:ls:a tion Engine Mode Mu;;:gtf‘::;
1 Muffler M1 ++
2 Muffler M2
3 Muffler M3 ++
4 Muffler

1. the samples collected at M1 and M3 showed positive dose response
relation;

100.0
90.0 A
80.0 A1
700
60.0 A
50.0 A
40.0 A
300
20.0 A
10.0 A

0.0

Mutagenic Activity [revertants / plate]

| M1

130

133
26.0

40.0 1200
370 61.0

1800
46.0

| M2

13.0

13.0

220 22.0

16.0

|M3

M4

24.0
13.0

20.0
13.0

41.0 61.0
18.0 13.0

70.0
16.0

Sample Concentrations [ug / plate]
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The samples collected for the DOC cases did not show positive dose

response relation.

100.0

90.0 A
80.0 A1
700
60.0 A
50.0 A
40.0 A
300
20.0 A

Mutagenic Activity [revertants / plate]

m M1

0.0

0.0
14.0

133
18.0

40.0
200

1200
31.0

DocC

1800
16.0

m M2

14.0

17.0

18.0

24.0

24.0

M3
4

14.0
10.0

14.0
18.0

17.0
18.0

22.0
23.0

19.0
10.0

Sample Concentrations [pg / plate]

33

The samples collected for the DFEs and SM DPF at M1 showed positive dose

response relation.

T 1400

=

2 4200

o

c
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B 800
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% 400
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9 200
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= 0.0 -

0.0 133 400 120.0 180.0

B Muffler 13.0 26.0 37.0 61.0 46.0
mDFE-A 13.0 15.0 36.0 44.0 41.0
mLDFE-A 13.0 280 51.0 108.0 56.0
mDFE-B 13.0 210 470 83.0 880
@ SM DPF 13.0 200 41.0 80.0 700

Sample Concentrations [ug / plate]
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The DFE-A, LDFE-A, DFE-B, and SM DPF reduced Ames Salmonella assay
mutagenic activity.

80.0

70.0 1

60.0

50.0 A

40.0

30.0

20.0

Reduction in Mutagenic Activity [%;

10.0

0.0

DFE-A LDFE-A DFE-B SM DPF

M1 71 34 30 62
Exhaust Aftretreatment

35

| i

Ames salmonella assay mutagenic activity:
1. the activity of B50 and B100 samples was higher that that of ULSD;
2.the DOC samples also showed activity for B50 and B100.

Muffler Muffler + DOC
Fuel
M1 M2 M3 M4 M1 M2
ULSD + - + — + —
B50 + + + + + + - + + + +
B100 + + + + + - — + +

S1P2- 18



MDEC 2009

showed positive
response relation.

Mutagenic Activity [revertants / plate]
g

The mutagenic activity

400 B0
muLsD| 18 kil 48 &7 )
mWBS0D | 18 22 50 78 76
mB100 | 18 33 683 128 95
Sample Concentrations [pg / plate]
M2, Muter|
180 —

mulffler a showe -
positive dose response
relation. o

Mutagenic Activity [revertants / plate]
g

The mutagenic activity

133 40.0 1200 180.0
2 30 ] 32
28 58 bl 49
55 B4 148 10 37
‘Sample Concentrations [ug / plate] TiosH|

M3, Muther|
180 —
160
140

120 at M3 showed positive dose
response relation.

Mutagenic Activity [revertants / plate]
g

80
60
“w© g The mutagenic activity
2 l increased with fraction of
L} ! 133 400 1200 180.0
BULSD| 18 2 40 n 82
mEB50 18 25 42 BO 88
wB100 | 23 2% 48 7 83

‘Sample Concentrations [ug / plate]

T (14, Mutter]|
g 180
% 160
E w0
g 120
The samples collected for z ™
muffler at M4 did not exhibit 3 *
cer = 60
positive dose response g .
relation. 2 = ‘
a2 00 133 400 1200 180.0
muLsD| 18 2 22 21
meso | 18 18 16 28 19
mE100 | 27 24 21 36 18 38

Sample Concentrations [jg / plate] [ ThOSH
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3 | [oe
]
2w
3
P e ]
& response relation.
3 40
£ : The mutagenic activity
0 P . .
. |
=
e 1200 180.0
muiso| 18 2 a2 B0 &
WBSD | 18 29 a0 73 54
mE0D 18 19 26 40 44
‘Sample Concentrations [ug / plate]
_—
350
s 1
E 300
]
5 20
i :
positive dose response z ™
relation. 3 0
§ 100
. .. g
The mutagenic activity 3
i i i 133 40.0 1200 180.0
musp| 18 2 a1 55
meso | 18 2 37 50
IB‘IDO. 18 85 189 320 137

‘Sample Concentrations [ug / plate]

39

2. Size

1. Concentrations

40
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aerosols (number, surface area, and mass):

.00E+06 A

.00E+06 -

— Muffler, number
——DPF, number

—Muffler, surface area
——DPF, surface area
—Muffler, mass

—o—[DPF, mass

.00E+06

d(N)/dlog(Dp) [#/cm? and
(d(SA)IdIngQE‘)p))*1 0"{;4) [nm’limsl

1.00E+06 -

0.00E+00

1

Muffler
Accumulation mode
00% by mass,
surface area,
and number

500.0

400.0

3000

2000

100.0

MDEC 2009

d(M)/dlog(Dp) [ng/m?]

41

with respect to the metric considered: mass, elemental carbon, total surface
1000
R
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. I
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wr
' 400 Elermerital Total ARD
. Total Surface ¥ Mumbier
Mess [TEQK) | Mass (SMPS) Carbon e | Surface Area R
(NOSH 5040 | AeBEMPS) | i (SMPS)
% Changs 855 937 95.7 81.1 6.8 515
Parameter (Instrument/Method)
42
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LUDEP 2 deposition model (ICRP Pub 66):

100.00

20.00

00.00

70.00

60.00

50.00

40.00

Deposition [%]

3000
2000 g

1000 s

- bronchiclar region
+ alveolar intersticial region

- total

0.00

100 1000 10000

d [nm] 43

et et s

et et s

e effects of the changes in the aerosol size are even more important when

30 =~maCcoe®

Change in alveolar deposition [%]

wEgaE

Mass [SWP'S) Total Surtace Area (SMPS) | Numiber (SMPS)
[% Changs G0 651 -1587
Parameter (Instrument/Method)

44
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Chemical composition of DPM changes with implementation of DPF systems.
sy
4.00E+02
— Muffler -—DPF
3.00E+02 -
[ ng
E
(=]
=
=
Q 200E+02 |
g EC (and OC)
2 reduction
£
=
1.00E+02 A
oc
increase
1 10 100 1000
Dp [nm]
45
_TosH|

!xample Ol l!!e e!lecls !10!1656! l!as on size !ISIIIEUIIOI[S Ol !1esel aeroso!s

(number, surface area, and mass):

3.00E+06 e
—ULSD, number
——B100, number
50E+06 ——ULSD, surface area

T 2500

——B100, surface area
—ULSD, mass

—o—B100, mass

00E+06 + 2000

50E+06 1 1500

00E+06 1 1000

d{M)/dlog(Dp) [#cm?] [ug/m?]

T 50.0

d{N)/dlog(Dp) [#cm?3] and
d(sA)/dlag(Dp)*10+(-4) [nm?*/cm?]

00E+05 A

00
1000

0.00E+00 o

Dp [nm]

46
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respect to the metric considered: mass, elemental carbon, total surface area,
50.0
R
e 400
d
Y = 300
R
it § 200
o bl
- 'E 100
D
2 00 +
3
: £ -10.0 1
0 [
. =) -20.0
c
©
, 5 o
1
i -400
500
Elemernal Total Surface Total ARD Number
Mass (TEOM) | Mass (SMPS) |Carbon (NIOSH Surface Area
S040) Area (SMPS) (NSAM) [SMPS)
% Change 17.1 105 395 29 267 310
Parameter (Instrument/Method)
47
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W

g et
sttt
]

i% i{ Ili %
i A\
— _._.../": : \._.

LI B R - I
Change in alveolar deposition [%)]

|!|!e e!!ects o! t!e c!anges in t!e aeroso! size are even more important w!en

400

450

Total Surtace Area

[% Change|

126

48
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2000 —
Wer [ twifers0oC |
Cwmt JCm2 ] M3 I Me T o ][ M2 |

g

Total Concentrations [ugim?]
g

chemical composition of DPM:
1. reduction in EC conc.

o
=1

[muLso| 702 872 413 135.0 80 | 645

(mB50 | 447 424 344 103.0 354 | s24

|mB100 | 425 353 218 515 37 | 383
Exhaust / Mode

OC in TC [%]

Trading EC for OC!!!

[
o
a

M1 M|

muLSD| 392 204 |

mB50 59.1 242 483 107 03 | 158

nB100 641 .8 57.6 17.5 358 | 200 49

g
__g

#* But, both DPFs and biodiesel altered profoundly other physical, chemical,
and toxicological properties of aerosols emitted by diesel engine.

# The finding of these studies warrant further research on establishing
relation between changes in physical, chemical and toxicological
properties and risks associated with exposure to aerosols emitted by
diesel engine.
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