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Bample 1D
Rcquired 24-Jun-1996 at 06:17:31
PP : Scan El+
_ 6.689 T
100 1.0667
Area
7.028
ne11
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Figure A 1 Gas chromatogram of standard PAHs -
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bampIoID:
Acquired 24-Jun-1998 at 05:17:31
4PPA-M Scan El+
21.210 T
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Figure A 1 Gas chromatogram of standard PAHs (continued)

[=3
—



‘Compound Name: NAPHTHALENE
'Synonym: Albocarbon
MW : 128

vy

/§/\

i

'Data File: 4PPM-M

Acquired 24—Juno1996 at 06:17: 31 S

Forward Fit: 973, Reverse Fit: 977
PPM-M 127 (1.604 !

. & bheh;
y :
] ! !
*] 127} 129 '.
o'“,,, 51 6," 7-7 155103 (13}143155" 202 207/ - 2.?02'5325? %3‘1“ %31?(3?9 }
ROTT  NIST 5167: NAPHTHALENE 1
& 128 i 1
| i

% l

127I129

1

3

!

I i LA AR A VAR A T m"-"-1|

50 77
=1

‘ —rrrprrrrp
60 80 1@I120 140 160 150 200 220 240 260 280 3(!)_320

Acquired 06:17:31 at 06:17: 31

‘Sample I1D: - ) s i -.._._i
‘Hit  Compound Name MW. Fomula for ~REV _ Library Entry CAS L
1 NAPHTHALENE 128 C10HB 973 977 NIST 5167 91.20- .
2 1H-INDENE, 1-METHYLENE- 128 C10H8 935 = 971 NIST 5168 24718 :
13 AZULENE 128 C10H8 954 958 NIST 5168 27551 !
4 42.2 PROPELLA-2,4,7 S-TETRAENE 128 C10H8 813 918 NIST 5169 88090 f
5 1H-INDENE-{-METHANOL, ACETATE 188 C12H1202 688 756 NIST 19908 51926-

6 CYCLOPROP A INDENE, 6-BROMO-1,1A 68 208 C10H9EBr 708 715 NIST 24774 55780

7 1,4-METHANONAPHTHALEN-8-OL, 1,4-DIHY 158 C11H100 619 633 NIST 12092 4798-3

8 2H-THIETE, 2-METHYLENE4-PHENYL-, 1,1- 192 C10HBO2S 599 618 NIST 20649 16793

‘9 BENZENE, 1,3-BUTADIENYL- 130 C10H10 501 566 NIST 5567 1515-7

510 1H-INDENE, 1,1-DIMETHYL- 144 C11H12 554 562 NIST 8563 18636~

1" BENZENE, (CYCLOPROPYLIDENEMETHYL) 130 C10H10 481 558 NIST 5572 7555-6

12 CYCLCPROP A INDENE, 1,1A.86A-TETRAH 130 C10H10 543 549 NIST 5579 15677-

13 BENZENE, (1-METHYLENE-2-PROPENYL)- 130 C10H10 528 536 NIST 5571 2288-1

14 BENZENE, DIETHENYL- 130 5 R .

C10H10 530 533 NIST 5568 13217

Figure A2 Comparison of mass spectrum of standard naphthalene with mass spectra in NIST library
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‘Compound Name: ACENAPHTHYLENE
Synonym: Cyclopenta[dejnaphthalene
MW ; 152

Sample Description :
Acquired 24-Jun-1996 at 06:17:31

APPM-M 2

24 {556

\ \63 76 87 98 125\26127\

152

153

!

i

Forward Fit: 834, Reverse Fit; 838

£ (5eE!

/ 159171 \20],203/ / 5_75301:102/ 315

F
LAl

A
NIST 10446 ACENAPHTHYLENE

ARAA 4anas AARASt

T

R:828
Hit 1
100 152
]
%] 151|153
] /
0 - - —r—; miz
o 40 €0 80 100 120 140 160 180 200 220 240 260 280 300 320
Data File; 4PPM-M Acquired 06:17:31 at 06:17:31
SamplaiD: e " , S . _ .
Ht _Compound Name MW.  Formula _kr  REV __ Library Entry CAS T
1 ACENAPHTHYLENE 152 C12H® 834 &8  NIST 10446 20896
2 BIPHENYLENE 152 - Ci2H8 764 769  NIST 10447 25979
3 1H-PHENALEN-1-ONE 180  C13HBO 656 663  NIST 17920  546-39
4  4,4-DIODODIPHENYL 406  C12HBIZ 616 629  NIST 54346  3001-1
S  ACENAPHTHYLENE, 5BROMO-1,2-DIHYDR 232  C12H9Br 897 €02  NIST 30779 20519
‘8 BEN2OC CINNOLINE 180  Ci2HBN2 548 589  NIST 17854 23017
.7 BIPHENYL, 2,6-DIBROMO- 310 C12HBBR2 539 542  NIST 44184 59080-
8 25DIBROMOBIPHENYL 30 C12HBR2 515 518 NIST 44165 57422
‘9 1,1-BIPHENYL, 2-BROMO- 232 C12H8Br 499 505  NIST 30280 20520
40 BENZO H GINNGLINE 180 C12HBN2 asl - 495 NIST 17853 0-000
‘11 ACENAPHTHENE 154 C12H10 490 493  NIST 11098 83-32-
12 1,1-BIPHENYL, 440DO- 280 C12H9t A78 482  NIST 39358 15913
43 SH-FLUOREMN-B-ONE 180  C13HBO 467 474 NIST 17921 48625
A4 1,1-BIPHENYL, 240D0- 280 CtaHet 483 488 NIST 39360 21135 _ |

Figure A 3 Comparison of mass spectrum of standard acenaphthylene with mass spectra in NIST library



‘Compound Name: ACENAPHTHENE
Synormym: Acenaphtiriens, 1,2-dihydro-
MW : 154

Sample Dw:nphon

Acquired 24-Jun-1996 &l 06:17:31

APPH-M 486 (7,012

|

|
Forward Fit: 961, Reverse Fit: 963

]

2_45951
100 i
152
» 151
& 76 77 / 290
b so 51 e 93/ 126 123 : 1& 20&2001 256-;53 283/ 297311
R.963 NIST 11006: ACENAPHTHENE

40 60 B0 100 120 140 160

e .
'Data File: 4PPM-M
1Sample 1D;

180 200 220 240 260 280 300 320 |

Acquired 06:17:31 at 06:17:31

t

]

iHit _Compound Name i} MW,  Formua for  REV _ Library Entry CAS

i1 ACENAPHTHENE 154 C12H10 961 963 NIST 11098 83-32-
2 BENZENE, (2,4-CYCLOPENTADIEN-1-YLIDE 154 C12H10 780 924 NIST 11092 73385
3 1,4-ETHENONAPHTHALENE, 1 4-DIHYDRO- 154 C12H10 a9 914 NIST 11095 73224
4 NAPHTHALENE, 2-ETHENYL- 154 C12H10 904 508 NIST 11097 82754
S BIPHENYL 154 C12H10 863 869 NIST 11094 52-52-
6 ACENAPHTHYLENE, 5-BROMO-1,2-DIHYDR 232 C12H9B¢ 696 ™ NIST Ty 20510
7 CHLORODIPHENYLARSINE 264 C12H10ClAs 613 | 655 NIST 36508 71248
8 PHENYLTRIS(TRIMETHYLSILOXYL)SILANE 372 C15H3203514 606 636 NIST 51503 21168
9 5, 10-METHANOBENZOCYCLOQCTEN-11-0 218 C13H0CI 611 624 NIST 26755 33655
10 ARSINE, (PENTAFLUQROPHENYL)DIPHEN 398 C18H10F5As- 550 570 NIST 53527 20001-
11 1,1-BIPHENYL, 3-NITRO- 199 C12H9O2N 563 565 NIST 22640 21135
12 NAPHTHALENE, 18—BIS(BROMOMETHYL)- M2 C12H10Br2 537 558 NIST 44410 20259
13 ARSINE, OXOPHENYL- 168 CEH50As 476 502 - NIST 14355 63700
14 SHODOACENAPHTHENE 280 . CizHsl .74 462 NIST 39358 0000

Figure A 4 Comparison of mass spectrum of standard acenaphthene with mass spectra in NIST library
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Compound Name: FLUORENE
Synonym: 9H-Fluorens
‘MW : 168

—

a8
_/

5 G5al

THTETTTT

R:896 NIST

e Mot :
14181: FLUORENE

'''''''

ST— ———
Acquired 24-Jun-1956 ot 06:17:31 i
Forward Fit: 890, Revorse Fit: 396-|
APPMM 655 (5. 145) ;
.
165 :
100 168
%
163
sy 68 Blez o) 17 245
0l 83N N 83 115 A0 |If 77 207200  \252 267 281 284 316.318
] T USRI SARET Lt S SAMME DA MY AL A AT MM T

Hit 1
100 168
% )
163 {167
o == S A LAk hAAELANED SR M Wt M WAL A VAR I N T MVE

. I _ 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
:Data File: 4PPM-M Acquired 06:17:31 at 06:17.31
Sample 1D: . LN - —
‘Hit  Compound Name MW. Formula for REV Library Enry CAS _ B ]
1 FLUORENE 168 C13H10 890 896 NIST 14181  68-7>
2 9H-FLUORENE -S-CARBOXYLIC ACID 210 C14H1002 80s 892 NIST 25424 15893
3 1H-PHENALENE 168 C13H10 859 834 NIST 14180 203-80
4 BENZENE, 1,1'(DIAZOMETHYLENE)BIS- 194 C13H1DN2 699 809 NIST . 21353 88340
5 SH-FLUORENE, 5-BROMO- 244 C13H9EBr 747 780 NIST 32662 19405
6 FLUORENE-S-METHANOL 198 C14H120 734 773 NIST 21953 24324
7 2-FLUORENECARBOXALDEHYDE 164 C14H100 Tz 736 NIST 21400 30084-
8 ETHANONE, DIAZODIPHENYL- 2 C14H100N2 635 679 NIST 28140 34691
9 ETHENONE, 2.2-DIPHENYL- 194 C14H100 629 678 NIST 21398 52508
10  FLUORENE, 8-CHLORO- 200 C13H8CH 531 &872 NIST 2953 6630-6
‘11 FLUORENE, 2,4A-DIHYDRO- 168 C13H12 568 632 NIST 14805 59247-
12 9-PHENANTHRENOL : 194 C14H100 581 614 NIST 21401 48417
43 4,5DIPHENYL-1,3-DIOXOL-2-ONE 238 C1SH1003 544 580 NIST 31539 21240-
14 BENZO C CINNOLINE, 4-METHYL- 184 C13H10N2 516 580 NIST 21358 19174 _

‘Figure A 5 Comparison of mass spectrum of standard fluorene with mass spectra in NIST library-
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C.ornpomd und Name: PHENA.NTHRENE

Sample Description :

Acquired 24-Jun-1996 at 06:17:31
Forward Fit: 829, Reverse Fit: 853,
4PPM-M 1080 {30.95%
& §7el
160- 178
%] 176 |79
1 5183 6 80 82\
AV \ \{ 4 g/ 126151 V153 207.208 239 254 268 282 / / 316
4 A L. L
RES3 NIST 17367 PHENANTHRENE
Hit 5
f00- 17
* 63 75 VA
] 76
o132 & NN 93/99 126 19102 183 e
L2 KA KAk whiiy nasis SRSy MR IRINS ASEE L0 TAARE YOAE WA RS AR NS WARLARAS DALMY LA T
L » o Tap 0. 80 100 120 140 160 150 200 | 220 | 240 260 260 300 320
Data File: 4PPM-M ‘Acquired 06:17:31 at 06:17:31
Sample ID: e \\ s R o
Hit__ Compound Name M.W. Fomuta for REV _ Library Entry CAS B o
4 GH-FLUORENE, 6-METHYLENE- 178 C14HD 878 941  MIST 1769 44258
12 ANTHRACENE 178 C14H10 926 930  NIST 17368  120-12
i3 DIPHENYLETHYNE 178 C14H10 884 867  NIST 17370 50165
4 4HYDROXY-S-METHYL-3-PHENYL-DELTA. 178  CSH1002N2 720 867  NIST 17115  16227-
5  PHENANTHRENE 178 C14H10 840 853  NIST 17367 85-01-
'8 2CYCLOPROPEN-1-ONE, 2.3-DIPHENYL- 206  C15H100 825 848 MNIST 24438 886-38
.7 7,6-DIPHENYLBICYCLO 4.2.1 NONA-24,7-T 270  C21H18 829 839  NIST J7880 54049
'8 910-ETHANOANTHRACENE, §,10-DIHYDR 206  C16H14 765 815  NIST 24479 58756
9  BENZENE, 1.1'{1,2-DIiODO-1,2-ETHENEDIY ~ 432 = G14H1012 744 - 761 NIST 56041 74752
10 SH-DIBENZO A,D CYCLOHEPTEN-SONE 206 G1SH100 713, 717 NIST 24438 22223
11 CINNOLINE, 3-PHENYL- 206 C14HIDNZ2 586 = 632  MNIST 24393 10604
42 BEMZENE, 1,1-(1-NITRO-1,2-ETHENEDIYL) 225  C14H11O2N 589 617  NIST 28907 12150
M3  BENZO H QUINOLINE 179  C13HO9N 582 614  NIST 17507 230-27
14 ANTHRAGENE, 8,10-DIHYDRO- 180 _C14H12 596 602 NIST 17960_ 613-31 _

Figure A 6 Comparison of mass spectrum of standard phenanthrene with mass spectra in NIST library
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p—— - ——— e e —n - "~

;Canpwnd Namae: ANTHRACENE [Sample Description : T T
ISynomfm Anthracin Acquired 24-Jun-1995 at 06:17.31 I
MW 178 . Forward Fit: BT8, Reverse Fit: 931
; 4PPM-M 1105 (11.155) i
3E7ag)
100+ §78 |
] |
% 176 | 179 i
] 516375 ga 99 257 285 300 316
LTS PP moizell mamme? Nw? 0"
R:931 NIST 17368 ANTHRACENE :
i Hit 2
: 100? 178
] '
; % )
: ] 176 {179
- B9
! o 39 \3;5 J 98.99 126150\51 iz
: AT e Rl L w)
; BD 100 120 140 160 180 200 220 240 250 280 300 320 ]
|Data File: 4APPM-M Acquired 06:17:31 at 06:17:31
:Sample 1D: L il o
Ht _ Comnpound Nare M.W. Formula for "REV _Library Entry CAS ]
1 9H-FLUORENE, S-METHYLENE- 178 C14H10 878 41 NIST 17369 44258
‘2 ANTHRACENE 178 C14H10 8268 991 NIST 1368 12012
'3 4-HYDROXY-5-METHYL-3-PHENYL-.DELTA. 178 CSH1002N2 722 866 NIST 17115  16227-
iq DIPHENYLETHYNE 178 C14H10 881 865 NIST 17370 50165
i  PHENANTHRENE 178 C14H10 844 858 NIST 17367 8501
8 2-CYCLOPROPEN-1-ONE, 2,3-DIPHENYL- 206 C15H100 824 B47 NIST 24436 885-38
7 7.8-DIPHENYLBICYCLO 4.2.1 NONA-2.47-T 270 C21H18 828 840 NIST * 37850 54049-
8 §,10-ETHANOANTHRACENE, 8,10-DIHYDR 208 C16H14 772 823 NIST 24479 . 56756
'9 BENZENE, 1,1-(1,2-DIIODO-1 2-ETHENEDIY 432 C14H1012 744 762 NIST 56041 74752-
10 SH-DIBEMZO A D CYCLOHEPTEN-5-ONE 206 C15H100 711 715 NIST 24438 2222-3
i1 CINNOLINE, 3-PHENYL- 2068 C14H10N2 586 631 NIST . 24393 10604-
12 BENZENE, 1,1"-(1-NITRO-1,2- ETHENEDFYL) 7 C14H110O2N 601 618 NIST 28907 12150
}13 BENZO H QUINOLINE 179 C13H9N 584 614 NIST 17807 230-27
114 ANTHRACENE, 8,10-DIHYDRO- 180 . C14H12 509 G068 NIST 17960 £13-31 L 1

Figure A 7 Comparison of mass spectrum of standard anthracene with mass spectra in NIST library
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Compound Nama FLUORANTHENE Sample Ducnptlon |
Synonym Benzene, 1,2-(1,8-naphthalenediyl)- Acquired 24-Jun-1996 at 06:17:31 |
‘MW : Forward Fil: 875, Reverse Fit: 891
: PO M 1666 {14,905 |
202 & %
100 ! l
|
E
% 200 |
51 63 75 101
I NN "3@0\ 12149450 174178 gl(,zos/ 248768281 298311316
I ! 1 i LARM YA |
R:891 NIST 23457 FLUORANTHENE
Hit 2
100 2“’2
!
* 75 o 2 lm
1
28 50\“\ 881005 e 149450 174199 ‘/
AL A NS SRR ST = AL MR W P T M2
. - 20 40 60 80 100 120 140 160 130200220240 260 280 300 320 ___l
:Data File: 4PPM-M Acquired 06:17:31 at 06:17:31
:Sample ID: o _ - e e
Hit Compound Name o MW. Formula for REV Library Em_ CAS e o
1 PYRENE 202 C16H10 881 898 NIST 12900
i2 FLUORANTHENE 202 C1€H10 875 891 NIST 23457 2068-44
i3 BENZENE, 1,11 B3-BUTADIYNE-1,4-DIYL)Bl 202 C168H10 845 849 NIST 23468 B86-66
‘4 ANTHRACENE, 8-{2-NITROETHENYL)- 248 C16H11O2N 758 802 NIST 33709 58349
5 3,10B-DIHYDROFLUORANTHENE 204 C16H12 637 759 NIST 23993 37960
!8 2 3-DIHYDROFLUORANTHENE 204 C16H12 684 754 NIST 73987 30338-
7 1,9-DIHYDROPYRENE 204 C16H12 575 657 NIST 23886 0-00-0
'8 PYRENE, 4,5-DIHYDRO- 204 C16H12 561 623 NIST 23991 68239
) ANTHRACENE, 9-ETHENYL- 204 C16H12 605 611 NIST 23992 24445
10 1HHNDENE, 1{PHENYLMETHYLENE)- 204 CigH12 ar7 551 NIST 23994 53948
i1 7H-BENZ DE ANTHRACEN-7-ONE 230 C17H100O 524 548 NIST 30040 82-05-
12 INDENO 2,1-A INDENE, 5,10-DIHYDRO- 204 C16H12 513 546 NIST 23995 65432
13 THEBENIDINE- 200 C15HIN 493 540 NIST 23615 19403
14 NAPHTHALENE, 1-PHENYL- 204 C16H12 501 519 NIST 23990 60502

Figure A 8 Comparison of mass spectrum of standard fluoranthene with mass spectra in NIST library
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‘Compound Name: PYRENE

Synonym: &-Pyrene
MW : 202

Sample Descnphon

Acquired 24-Jun-1996 at 06:17:31

APPN-M 1762 {15,545}

;
i

Forward Fit: 878, Reversa Fit: 834

PR
al

100+ 202 |
i E
%] . TP g
51 63 75_,100-101 { 258271 289 :
N \ \53\ [ 110122 1mm 17,’4198: ,( 223 240 N\, 281 / 308311
T T L ST EEEAT AAREr ALAEN MARMS AL AAAAH AR Rkt A M L A SRR AN A MR A
R894 | NIST 23469: PYRENE :
Hit 1
100 Z‘I’z
%_
] 10 200 203
] 5174
{ 29 50~ \00\5 102 1mm174415 204
0 ""i""l'“'[ T W LA RRE A VAARLAASAL WA L T miz
. i i N 406080100120140160180200220240260280300320
‘Data File: 4PPMEM Acquired 06:17:31 a1 06:17:31
SampleiD: =~ P - NS & e e
HA__Compound Name o MW. Fomua _ foc  REV Lbmy  Emy CAS .
1 PYRENE 202 | C16H1D 878 894  NIST 23469 129-00
2 FLUORANTHENE 202 C16H1D 856 874  NIST ZIET  206-44
3 BENZENE, 1,1'{1,3-BUTADIYNE-1,4-DIYL)BI 202 ~ C16H10 813 818  NIST 23468 BBG-66
‘4 ANTHRACENE, 5-(2-NITROETHENYL)- 249  CH6H11O2N 759 797  NIST 33709 56349
5 3,90B-DIHYDROFLUORANTHENE 204  C1E6H12 652 746 MNIST 23995  37980-
‘s 2.3-DIHYDROFLUORANTHENE 204  C16H12 678 748  NIST 230987 30339
7 1,9-DIHYDROPYRENE 204 C16H12 589 651  NIST 23986 0000
'8 PYRENE, 4,5-DIHYDRO- 204  C16H12 568 617  NIST 23991 66289
i  ANTHRACENE, -ETHENYL- 204  C16H12 580 588  NIST 23902 24446
10 1HANDENE, 1-(PHENYLMETHYLENE)- 204  C16H12 477 538 ) NIST 23954 5394-8
11 7H-BENZ DE ANTHRACEN-7-ONE 230 C17H100 529 533 NIST 30040  82-05
12 INDENO 2,1-A INDENE, 5,10-DIHYDRO- 204 - C16H12 501 531 NIST 23995 65432
13 THEBEMIDINE- 203 C15H9N 460 508  NIST 73615  194-03
14 NAPHTHALENE, 1-PHENYL- 204 C18H12 481 488 NIST 23990 60502 .

Figure A9 Comparison of mass spectrum of standard pyrene with mass spectra in NIST library
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‘Compound Name: BENZ A ANTHRACENE
'Synonym: Benzarthracene
MW : 228

Data Fite: 4PPM-M
‘Sample 1D:

Sarnple Deserl

plm
Acquired 24-Jun-1996 at 06:17. 31

3PPREM 2596 (21.117)

Forward Fit: 895, Reverse Fit: 911i

1 153 .

1“.)?
% 226
] 51 63 75 114 200 \|229 244 303 31
i 113 288 8
o \\\@8““ D d 149450 174 NS L2 s L
1 LA R T b AR A v i O Ty
R.911 NIST 29697 BENZ A ANTHRACENE
Hit 1
100?
%]
63 75 113114 122
101
ol B NN D AT \224\ 20 I
20 40 60 80 100 1,20,”140 160 180 200 220 240 2eu 280 300320

Acquired 06:17:31 at 06:17:31

Hit  Compound Name M.W. Formula for REV __Libary Entry CAS o
4 BENZ A ANTHRACENE 228 C1i8H12 a9s 811 NIST 29697  56-55-
2 NAPHTHACENE e C1BH12 883 882 - NIST 29693 82-24-
3 CHRYSENE 228 C1BH12 823 871 NIST 29696 218-01
4 TRIPHENYLENE 228 C1BH1i2 815 838 NIST 29698 21759
5 BENZQ C PHENANTHRENE 228 C18H12 788 805 NIST 29894 18519
] 3,8-PHENANTHRENEDICARBONITRILE 228 CiSHEN2 841 9 NIST 29681 18930-
7 3,4 DIHYDROCYCLOPENTA(CD)PYRENE (A 228 C18H12 669 752 NIST 29695 25732-
8 NAPHTHACENE, 5,12-DIHYDRO- 230 C18H14 609 &21 NIST 30045 (95902
19 1,123 TETRAGHLORO-1,3-DISILACYCLOB 224 C2H4CHSI2 480 582 NIST 2B448 21469
10  56DHYDROCHRYSENE 230 C18H14 495 533 NIST 30048 20919
) BENZO({AJACRIDINE 229 C1i7H1iN 441 519 NIST 28807 22511
12  BENZENE, 2-BROMO-1,4-DICHLORO- 224 CEH3CREBr 397 469 NIST 28464 14355
13 L-5-PROPYLTHIOMETHYLHYDANTOIN (+}-5 204 C7H1203N28 111 468 NIST 23650 79646
230 C18H14 442 466 NIST 30052 8415

114  O-TERPHENYL

Figure A 10 Comparison of mass spectrum of standard benzo[a]anthracene with mass spectra in NIST library
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iCompound Name: CHRYSENE

Synonym; Benzo[a]phenanthrene
MW ;228 .

Sampie Dasaiplion

Acquired 24-Jun-1996 at 06:17:31
Forward Fit: 825, Reverse Fi: 875

IPPM-M 2610 (24 212

100 228

i
1 &1t -l
i
i
i

i
% i

51 53 73, 176
o N‘ r; 14126150 Y 19&200224\1( / 265 281 310,/
T i "

R:875 NIST 2%96 CHRYSENE |

Hit 3,
100 228 ;
I !
i i
! % 226 1229 i
!
— e 40 60 BD 100 120 140 160 180 200 220 240 250 280 300 320 !
Data File: 4PPM-M Aoquu'edm1731at061731
Sample 1D: . o ~ O : -
Ht Compound Name .. MW. Fonub  flr  REV  Lbary = Emtry CAS . o
1 BENZ A ANTHRACENE 228 C18H12 838 912 NIST 29697 56-55-
2 NAPHTHACENE 228 C18H12 859 arr NIST 29693 9224
3 CHRYSENE 228 C18H12 825 875 NIST 29696 21801
4 TRIPHENYLENE prl C18H12 809 833 NIST 20658 21759
5 BENZO C PHENANTHRENE 28 C18H12 795 811 NIST 29654 19519
8 3 4-DIHYDROCYCLOPENTA{CD)PYRENE (A 228 C18H12 663 0 NIST 29695 25732-
7 3 6-PHENANTHRENEDICARBONITRILE prl) C16H8N2 825 745 NIST 29681 18930-
8 NAPHTHACENE, 5,12-DIHYDRO- 230 C1i8H14 6a2 614 NIST 0045 959-02
9 1,1.33-TETRACHLORO-1,3-DISILACYCLOB . 224 C2H4CHSI2 479 584 NIST 28443 . 21489
10 5.6-DIHYDROCHRYSENE 230 C18H14 490 527 NIST 30048 20919
11 BENZO{A)ACRIDINE 229 C1TH11N 436 513 NIST 29807 225-11
12 L-5-PROPYLTHIOMETHYLHYDANTOIN (+)-5 204 CTH1203N2S 121 508 NIST 23650 79646
13 BENZENE, 2-BROMO-1,4-DICHLORO- 24 CGHACR2Br 396 472 NIST 28464 14355
14 BENZENE, 4-BROMO-1,2-DICHLORO- 224 . CG6H3CREr 392 465 NIST.._ 28462  18282- -

Figure A 11 Comparison of mass spectrum of standard chrysene with mass spectra in NIST library
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Compound Name: BENZC J FLUORANTHENE [Sample Description

Synonym: Benzo-10,11 fluoranthene * Acquired 24-Jun-1996 at 06:17:31
MW ;252 Forward Fit: 902, Reverss Fit; 934
2PPRLM 3200 (25,150
S Etad
100 252
]
o,

151 74 125126 150 200 299
ol g Ngraeo ST azr 7 a7a N7 2&‘2‘%\1 (265 2812825 318310
R:934 NIST 34435 BENZO J FLUORANTHENE

Hit 1
100 252
%] 250 {253
] 74 150 163
o] 100\‘3\.57| 127 7 1982w 22}22_54;@54 s
AR A AL VRRLRAIA i W T T

S o _ 40 60 80 100 120 140 160 | 180 200 220 | 240 260 280 300 320

Data File: 4PPM-M : Acquired 06:17:31 at(B1731
Sample [D: _ P I
Hit  Compound Name MW. Fomula for REV  Library Enmhy CAS ]
1 BENZO J FLUORANTHENE 252 C20H12 802 934 NIST 34435 205-82

2 BENZO K FLUORANTHENE 252 C20H12 872 929 NIST 34434 207-08

3 BENZ E ACEPHENANTHRYLENE 252 C20H12 B89 922 NIST 34432 20599

4 BENZO E PYRENE 252 C20H12 880 912 NIST 34433 19297

S PERYLENE 252 C20H12 a51 B899 NIST 34430 19855

-] BENZO A PYRENE 252 C20H12 751 764 NIST 34431 50-92-

7 1H-INDENE, 1.1'<{1,2-ETHANEDIYLIDENE)BI 254 C20H14 600 - 697 NIST 34834 72088

8 S{M-NITROBENZYLIDENE)FLUORENE 299 C20H1302N 838 676 NIST 42643 4415

9 9-({P-NITROBENZYLIDENE)FLUORENE 299 C20H1302N 604 648 NIST 426468 6954-7

10 BENZO A PYRENE, 4,5-DIHYDRO- 254 C20H14 592 637 NIST 34832  57652-

11 1,V-BINAPHTHALENE 254 C20H14 570 627 NIST 34830 - 604-53

12 4,8 -BIAZULENYL 254 C20H14 489 625 NIST 34825 0000

13 1,2-DIHYDROBENZO B FLUORANTHENE 254 C20H14 471 623 NIST 34824 0000 ’
14 46-BIAZULENYL 254  C20H14 487 622 NIST 34835 94154 i

Figure A 12 Comparison of mass spectrum of standard benzo[b]fluoranthene with mass spectra in NIST library
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npound Name: BENZO K FLUORANTHENE
S"'"";';'z Dibenzolb,jk]fluorena

' Samph*

Description :
Acquired 24-Jun-1996 at 06:17:31

PEM-M J1E7 125 GBS

Forward Fit: 901, Reverse Fit: gaq

16°2%

100 2
g 2253
51 74 11 126 207 224 300

'{ 6 N\, 57 \374\00\31125\11133 150 174200\\ N 24‘-"\|L/ 280281/ 308

SELS 7. oo oS T £ CA LA L b Wiie} S 2 A

R830  NIST 34434 BENZO K FLUORANTHENE
| Hit 4
; sof 252
% 250 [ 253

i 32
. 127 Meeusl X mapses s iz
| 20 40 60 80 100 120 140 160 180 200 720 240 260 280 300 320
‘Data File: 4PPM-M Acquired 06:17:31 at 06:17:31
Sample I ____ .. I |
:Hnl Compound Narme MW. Formula for ~ REV _ Library Entry CAS -
1 BENZO K FLUORANTHENE 252 C20H12 893 930  NIST 34434  207-08 1
2 BENZO J FLUORANTHENE 252 C20H12 501 925  NIST 34435 205-82
'3 BENZ E ACEPHENANTHRYLENE 252 C20H12 286 913 NIST 34432 20599
4  PERYLENE 252  C20H12 871 901  NIST 34430 18855
§  BENZO E PYRENE 252 C20H12 a72 894  NiST 34433 19267
‘6 BENZO A PYRENE 252 C20H12 74 759 NIST 34431 5032
17 1HJNDENE, 1,1-(1,2-ETHANEDIYLIDENE)BI 254  C20H14 592 677 NIST 34834 72068
8  9{M-NITROBENZYLIDENE)FLUORENE 209  C20H1302N 629 661  NIST 2683 44215
8  BENZO A PYRENE, 4,5-DIHYORO- 254  C20H14 599 635  NIST 34832 57652-
10 1,1-BINAPHTHALENE 254~ C20H14 587 634 | NIST 34830 604-53
11 9(P-NITROBENZYLIDENE)FLUORENE 299 C20M1302N 88 632  NIST 42648 6954.7
12 45-BIAZULENYL 254  C20H14 500 629  NIST 34825 0-00-0
13 46-BIAZULENYL 254  C20H14 498 626  NIST 835 94154
14  1.2-DIHYDROBENZO B FLUORANTHENE 254  C20M14 482 626 NIST 34824 0000

Figure A 13 Comparison of mass spectrum of standard benzo(k]}fluoranthene with mass spectra in NIST library
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Compound Name: BENZO A PYRENE " |sample Dascription: T
iSymwm: Benz{ajpyrene Acquired 24-Jun-1996 at 06:17:31
_‘MW 1252 Forward Fit: 740, Reverse Fit: 775
: 4PPM-M 3202 425,162
i p 7 Odad
o 252
i
i %
1 b
. 51 6373
z ol N N\ \8 3\?\!133 1% \191 \297 224 2433 281283 318319
! B AR Y| “'l AALSAALE ARALE RLLLS SALLL CARRE RALLE LM SAAREY ' LA MM AAAEE |
: R:775 NIST 34431: BENZO A PYRENE
Hit 6
| + 252
: ‘ 250 {253
' 58 77 1 8 ’
' ol SRS : SJW ][133 14 198-20C 226228 229 || 254 o
S ; W,,,.,, . - -
o 40 60 B0 100 140 aozoozzozmzeozao:mm'
Data File: APPM-M Acquired 08:17:31 a1 06:17:31
[Sample ID: - Y — ]
Hit Compound Name ___Mw.  Formula for  REV Library Entrty CAS e ]
1 BENZO J FLUORANTHENE 252 CzOM12 884 923 NIST 34435 20582
2 BENZO K FLUORANTHENE 252  C20H12 858 923 NIST 34434 207-08
3 BENZ E ACEPHENANTHRYLENE 252  C20H12 873 914 "NIST 34432 20599
4 BENZO E PYRENE 252 C20H12 854 892 NIST 34433 19297
5 PERYLENE 252  C20H12 844 892 NIST 34430 19855
[ BENZO A PYRENE 252 C20H12 740 775 MIST 34431 50-32-
7 1H-INDENE. 1.1'-{1,2-ETHANEDIYUIDENE)Bl 254  C20H14 586 679 NIST 34534 72088
8 ' 9-(M-NITROBENZYLIDENE)FLUCRENE 209  C20H1302N 602 654 NIST 42843 44215
9 8-{P-NITROBENZYLIDENE)FLUORENE 299 C20H1302N 582 . &3 NIST 42648 = €954-7
10 BENZO APYRENE, 4,5-DIHYDRC- 254  C20H14 576 628 NIST M8I2 57852
11 4,8-BIAZULENYL 254 = C20H14 493 &8 NIST 34825 0000
12 4,6-BIAZULENYL 254  C20H14 491 619 NIST 34835 04154
13 1,1-BINAPHTHALENE 254  C20H14 557 619 NIST 34830 60453
14 9H-FLUORENE, 8-{(PHENYLMETHYLENE)- 254 . C20H14 521 567 NIST 34828 18358

Figure A 14 Comparison of mass spectrum of standard benzo[a]pyrene with mass spectra in NIST library
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Compound Name ]NDENO 1,2,3CD PYRENE Sample Daswphon . "
ISynonym o-Phenylenepyrene _ Acquired 24-Jum-1996 ot 06:17:31
!MW:ZTE Forward Fit: 398, Reverse Fit: 898,
; ' APPM-M 3806 123.155: i
i 257 6 dTeld
! 100+
| ] 276 !
| % o281 :
: : 53 o1 val 274; 4
: o B .1%4\‘15\: ( /159 W moger N s
i i " Tk [k SRS LAY M MR LA RAERNT CAMMAEEALAR ENA ALY REAAE SEEEE SARM|
R:898 anr 3859: INDENO 1 2 3-co PYRENE
276 Hit 1
100 '
o] ;
1 2741277
] s \I/
ol 2/ \111‘2‘\ \n ma 28 Lo
b e -
L o | x 80 100 120 140 180 180 200 ' 220 240 260 280 300 320
Data File: 4PPM-M Acquired 06:17:31 at 06:17:31
Sampie:ID: - M - 3 L ]
Hit  Compound Name . MW.  Formula fo  REV  Libmary Entry CAS
1 INDENO 1,2,3-CD PYRENE 276 C22H12 303 898 NIST 38896 193-39
2 BENZO GHi PERYLENE 276 C22H12 308 824 NIST 38894 191-24
3 1,12-BENZPERYLENE 276 C22H12 290 778 NIST 38893 0000
4 DIBENZO DEF,MNO CHRYSENE 278 C22H12 282 739 NIST 38895 19128
5 1,1.1,3,5.7,7.7-OCTAMETHYLTETRASILOXA 282 C8H2603S14 . 347 707 NIST 39662 0-00-0
8 3 3DIETHOXY-1,1,1,5,5,5HEXAMETHYLTRI 298 C10H28045(3 398 703 NIST 41981 0-00-0
7 METHYLTRIS(TRIMETHYLSILOXY)SILANE 310 C10H30035 14 272 556 NIST 44156 17928-
8 CYCLOPROPANECARBONITRILE, 2- PDIM 276 C10H20N2 142 474 NIST 38875 32589
g BEN2O B CHRYSENE 278 C22H14 186 427 NIST . . 39241 . 21417
10  DIBENZ AH ANTHRACENE 278 C22H14 125 365 NIST 39243 5370
11 3{P-TRIMETHYLSILYLOXYPHENYL)-1-TRIM 296 C15H2802Si2 180 331 NIST 42033 0000
12 1,2:7,8-DIBENZPHENANTHRENE 278 C22H14 32 314 NIST 39237 0000
13 DIBENZ A,J ANTHRACENE 278 C22H14 85 07 NIST 35242 2244
14  9-PHENANTHRENEMETHYL 3-BUTENCATE 276 CioHi802 156 307 NIST 38858 92174 L o

Figure A 15 Comparison of mass spectrum of standard indeno[1,2,3-cd]pyrene with mass spectra in NIST library
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Compound Name: DIBENZ A HA ANTHRACENE

‘Symnym Dibenzofa, h]anﬂ'nracene
‘MW : 278

Sample Desmptlon
Acquired 24-Jun-1996 at 06:17:31

APEN-M 2821 25.265

XA
207 Bt
e 278
276 |
-
% N S \/81
51  §7..74 139 238250 274
P N Ao o A O [ T
R753  NIST 39243: DIBENZ A.H ANTHRACENE
278 Hit 3,
100 : |
% 2761279
130 N

20 40 eo'"s‘o'mo

120 140 160 180 200 220 240 260 2ao'3m'azo n

i

|

Data File: 4APPM-M

Acquired 06:17:31 at 06.17:31)

Sample ID: Vb | ]
Hit_ Compound Name MW. Formula for REV _ Library Entty CAS e -
1 BENZO A NAPHTHACENE 278 C22H14 324 903 NIST 39240 22688

2 OIBENZ A, ANTHRACENE 278 C22H4 7<) 888 NIST 39242 224-41

3 DIBENZ A H ANTHRACENE 278 C2H14 kel 753 NIST 39243 5370

4 1,27 8-DIBENZPHENANTHRENE 278 C22H14 as5 7 NIST 39237  0-00-0

5 PENTACENE 278 C22H14 295 656 NIST 39238 13548

8 BENZO B CHRYSENE 278 C22H14 327 648 NIST 39241 21417

7 BENZO B TRIPHENYLENE 278 C22H14 423 578 NIST 39238 21558

8 INDENO 1,2,3-CD PYRENE 276 C22H12 199 541 NIST 38896 183-39

9 BENZO GHI PERYLENE 278 C22H12 233 523 NIST 368894 191-24

10 1,12-BENZPERYLENE 278 C22H12 213 509 NIST 38893 0-00-0

11 DIBENZO.DEF MNO.CHRYSENE 276 C22H12 204 476 NIST 38895 191-28

12 TRIPROLIDINE 278 C19HZ2N2 210 w7 NIST 39215 486-12

13 1,4DICHLORO-3-(TRICHLOROVINYL)BENZ 274 CBH3CKs M 387 NIST 38356 0-000

14 12-DICHLORO-5-(TRICHLOROVINYL)BENZ 274 C8H3CIK 163 329 NIST 38355 0-00-0

Figure A 16 Comparison of mass spectrum of standard dibenzo[a,h]anthracene with mass spectra in NIST library
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Compound Name; BENZO GHI PERYLENE Sample Description : :
Synonym: Benzo-1,12-perylene Acquired 24-Jun-1996 at 06:17:31 !
MW : 276 Forward Fit: 505, Reverse Fit: 837.
APPM-M 3868 (28,6051 !
276 11004,
‘ 100-) .
! ] 207
: %) 274|278
; 1371 208 ., N
| ol \55 \73 3796/ 125) 147 163 177 | 191 / 48272\,I I |(2 295«310
i AL ARt A AR MAAAAE RAGAL SAMAE SARRY ARLE) R 14N i ShAA
; R:837 NIST 38894 BENZO GH! PERYLENE
; Hit 2
i 1w? 278
% 277
: i 137 13?39 274
+ g .
j 0 9199 123\24 ]i/ 145 isB 199 245\\27?mﬁ278 : e
i b SRR SRR DAL T T A
. e R 0 60 80 100 190 | 140 160 180 | 200 | 220 | 240 ' 260 280 300 320
IData File: 4PPM-M Acquired 08:17-31 at 06:17:31)
lsin_:ﬂ_eL_ , . .
iHit _Compound Name _ MW, Formula for REV _ Library Entty CAS -
INDENO 1,2,3-CD PYRENE 276 C22H12 505 859 NIST 38896 193-39
12 BENZO GHI PERYLENE 276 C22H12 515 837 NIST 38894 191-24
3 1,2-DIHYDROINDENOC 1,2,3-CD PYRENKE 278 C22H14 343 812 NIST 39238 0000
4 1,12-BENZPERYLENE 276 C22H12 483 789 NIST 38393 0-000
S5 DIBENZO DEF,MNO CHRYSENE 276 C22H12 462 749 NIST 38895 191-26
-] BENZO B CHRYSENE 278 C22H14 423 641 NIST 39241 21417
7 BENZO A NAPHTHACENE 278 C22H14 304 570 NIST 39240 22688
8 DIBENZ A,J ANTHRACENE 278 C22H14 303 569 NIST 39242 22441
9 DIBENZ A, H ANTHRACENE 278 C22H14 333 5638 NIST 39243 53-70-
10 1,2:7.8-DIBENZPHENANTHRENE 278 C22H14 359 557 NIST 35237 0000
1 BENZO B TREPHENYLENE 278 C22H14 423 501 NIST 39238 21558
12 PENTACENE 278 C22H14 256 426 NIST 39239 13548
13 1,2-DICHLORO-5-(T RICHLOROVINYL)BENZ 274 C8H3ICKS 242 424 NIST 33355 0000
14 CYCLOPROPANECARBONITRILE, 2- P-{DIM 276 C19H20N2 1 421 NIST 38875 32589-

Figure A 17 Comparison of mass spectrum of standard benzo[ghi]perylene with mass spectra in NIST library
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Earnpie 1D; PAHSs In base diesel exhaust

pcquired 13-Feb-1997 at 11:17:35
’ Egan Ei+
100 — 6.577 ‘?4;:_’:
Arta
b.830
4
B 873
/
7.327
/
%_
[3.966
/
32.187
7.393 -
7 10.414 41 gaq
18.131 15.8930
L . . P i
L s 1 et s ro s s ————————— A Ao SaR s
5.000 7.500 10.000 12.500 15.000 17,500 20.000 22.500 25.000 27.500 30.000 32.500 35.000

Figure B 1 Gas chromatogram of hydrocarbons fraction of base diesel exhaust at 800 rpm.
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Eample [0: PAHs in base diesel exhaust
hoquited 13-Feb-1997 al 12:09:07 :
R Sega El+ |-
778 T T
100 K 0o 1,795
v Area
6.954
1y 949
1
12.037
I ’/983 7.7 13512
/s 10.458
32162
16.350
18.178 22837
19,954
| .
0 r!l'?.ril[‘lITTI_Y_rll‘lllIlilliII"I'[—!III[“F'ITYTllil!"'ll'l"!llllllillil[‘llln
5.000 10.000 15.000 20.000 25.000 30.000 35.000

Figure B 2 Gas chromatogram of hydrocarbons fraction of base diesel exhaust at 1600 rpm
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E::u;:ie ID: PAHs in base diesel exhaust
ired 13-Feb-1997 at 13:00:35 )
. Scan El+
Tic
100 3780 2.4805
13.582 Area
14.952
865 12.002
899
% -]
10.432
18.419
212
0 L [ Ll ¥ T T ' LI § T T I T L} I L) T l T T L a2 l L) LI B 4 r T LI [ T T l T L) l'_'—'t
5.000 10.000 15.000 30.000 35.000
Figure B3 Gas chromatogram of hydrocarbons fraction of base diesel exhaust at 2400 rpm
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ISample ID: PAHs in base diesel+isoamyl 4%exhaust
Pequired 13-Feb-1897 at 13:52:07
" Scan El+
__3.788 TIC
100 2.5905
6.582 Arca
7.332
% e
H.070
4528
5,588
rl
N
0 e T e e e e e T i R Ao ey aa et ——
5.000 7500 10000 12500 15000  17.500 20000 22500 . 26000 & 27.500 @ 30.000 @ 22500 35000
alcohol at 800 rpm.

Figure B 4 Gas chromatogram of hydrocarbons fraction of blended fuel between base diesel exhaust and 4% isoamyl
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Sampio 1D: PAHS in bass diesel+isoamyl 4%exhaust
hoquired 13-Feb-1997 st 14:43:41
3 6.982 =
100 - : e
27765
7.341 Area
/
4880
Pz
% —

8.824

| i 18.155 19.939 21.481

e N LRl R e R b e R s
7.500 10.000 12.500

22.843

RBAES &
15.000

ERRAEEREREE FERR AN EAREE YLy
20.000 22.500 25.000

AU A —|
17.500 27500 30000 32500 _ 35000

Figure B5 Gas chromatogram of hydrocarbons fraction of blended fuel between base dl&ﬁel exhaust and 4% isoamyl
alcohot at 1600 rpm.
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Sample ID:. PAHs in base diesel+soamyl 4%exhaust
Pequired 13-Feb-1997 at 15:35:11

100 2,899 13.528

T
1.2095
Amra

. Sean B+
r4.911

12.006
3.993

10.437
% 4/080 6.947 18.374

32170
14124 0.578
8.788

2 867
_4.185 7.384 24'0925 195 26.220
11 4238 18207 19.58421518 '
437

27.477

, | Lkl | A
0 RARREARsas aaaa e R R AR R A
5.000 7.500 10.000

7T RN AR R LA REs e R E R R s u
12.500 '15.000 17.500 20.000 22.500 25.000

BRI RRAMS RARAS AaZay L L T
27.500 30000 32500 35000

Figure B 6 Gas chromatogram of hydrocarbons fraction of blended fuel between base diesel exhaust and 4% isoamyl
alcohol at 2400 rpm. :
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mple ID: PAHs in base diasel exhaust + 6% soamyl
Bcquired 14-Feb-1997 &t 15:53:28
. Scan El+
68.986 : e
100 4 1675
Area
8 779
1
%...
3 961
" 25.430
JI.ON
7.321
131 32178
847
213 13,470 1484
16.300
l A 'y .l -l | A A A
0 Lt L L e e S B T e e e e
5,000 Y 15.000 20.000 25.000 30,000 35,000

Figure B7 Gas chromatogram of hydrocarbons fraction of blended fuel between base diesel exhaust and 6% isoamyl
alcohol at 800 rpm. '
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Fample ID: PAHs in base diesel exhaust + 6% scamyl
Pequired 14-Feb-1997 at 16:45:01
Sean El+
780 T
100 12 12205
Argg
6.955
7.327
% (
b 989
117
3018
’ 32166
§.0965
/!
+ 6.383
. 259
5.578 R
i 35.335
. | . L—A— l——L
0 lIlETIIIJl‘ll_l[llilrlllliliﬁ’ltillllllillllﬁllillrlllllj'lr_l_illll_Filllrn
5.000 10.000 15.000 20.000 25.000 30.000 35.000

Figure B 8 Gas chromatogram of hydrocarbons fraction of blended fuel between base diesel exhaust and 6% isoamyl
alcohol at 1600 rpm.
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Earnple ID: PAHs in base diesel exhaust + 6% isoamyl
cquired 14-Feb-1997 at 17:36:34
Scan Ei+
780 T
Area
]
h 565
7.2347
/-
%] 104651200 13516 .
_A4.890
8.846
427
l.939 y
4083 16.350
4154
1 9 645
_A.489 32149
0ﬁ]l’xt]llll"llll]!l‘lli'!Illlilllil_lllllTl ["_V_I llllll 'l r'lillf‘l*" lTn
5.000 10,000 15.000 . 20.000 25.000 30.000 35.000

Figure B9 Gas chromatogram of hydrocarbqns fraction of blended fuel between base diésel exh
alcohol at 2400 rpm.

aust and 6% isoamy]
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ample 1D: PAHS from exhaust of base diesel+isoarnyt alc, B%[300
f\cquired 05-Mar-1997 at 12:50:38

Scan El+

100 6.840._.6.854 TIC
4.18e5
Area
4403
' |4.627
11”
i 7158
' | 8.265
i T j |72
. A
%11 i
il j
. b i
| i _
1 S4r2| | : 22,037
' ‘l

B s L L e am ama L L e S MRS RN MAASE RAARE S Sl RS RESSS SR RAAS RS LAY AR &
5.000 7.500 10.000 12.500 15.000 17.500 20.000 22.500 25.000 27.500 30.000 32.500 35.000

Figure B 10 Gas chromatogram of hydrocarbons fraction of blended fuel between base diesel exhaust and 8% isoamyl
alcohol at 800 rpm. .
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mple iD: PAHs from exhaust of base diesel+iscamyl 8%
wired 08-Mar-1997 of 15:43:23
Scan Ei+
TIC
100 6.621 ,
Area
7.151
7
%..
3 769
4
3.006
s
1 14534
1ifl 6224 7/209
W) |
8545 40.17¢
. 14.626
sasz| i 1.76513.248 18.031 31.961
U -‘C 22.581 25.148 ‘
A A A _l A A " " - A
0L T e e e e T T T T T T e e e e
5,000 7500 . 10000 42500 15000 17500 20000 22500 25000 = 27500 30000 32500 35000

Figure B 11Gas chromatogram of hydrocarbons fraction of blended fuel between base diesel exhaust and 8% isoamyl
alcohol at 1600 rpm.
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Sample [0: PAHs in exhaust from base dieset+iscamyl 8%

Acquired 08-Mar-1997 at 16:34:49
Scan El+
7148 TIC
100-, 5755
Area
4.452 \
y:
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\ i 13.289
il oss4
] 661
: 10.353] b
1
| it
5.443 a{ 16.066

9.374 31,968

i

35.009

0L e
5000 7500 10000 12500 15000 _17.500

: ; rrprrrrprr 1t

22500 25000 27500 30000 32500 35000

20.000

Figure B 12 Gas chromatogram of hydrocarbons fraction of blended fuel between base diesel exhaust and 8% isoamy!
alcohol at 2400 rpm. '
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E.:paa |D: PAMs from exhaust of base diesel+iscamyl alc.10%[1600}-2
uired 03-Mar-1997 at 13:08:02
Scan Ei+
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Figure B 13 Gas chromatogram of hydrocarbons fraction of blended fuel between base diesel exhaust and 10% isoamyl
alcohol at 800 rpm.
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Fample 10: PAHs from exhatrst of base diesel+isoamyl alc.10%
Acquired 08-Mar-1997 =t 14:00:26
Scan ER
6.846. 7175 TIC
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Figure B 14 Gas chromatogram of hydrocarbons fraction of blended fuel between base diesel exhaust and 10% iscamy!l .
alcohol at 1600 rpn..
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[Sample I1D: PAHs from exhaust of base diesel+iscanmyl akc.10%
Acquired 08-Mar-1997 at 14:51:52 Sean El+
TIC
100 6.852. 7178 e
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[3.769
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10.230
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25147
A Il |

Figure B 15 Gas chromatogram of hydrocarbons fraction of blended fuel between base diesel exhaust and 10% isoamy|
alcohol at 2400 rpm. -
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iSample |D: PAHS in base diesel exhaust
Muirﬁ 13-Feb- 1997 at 11:17:35
Scan EI+
4.498 128
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Figure B 16 Gas chromatogram of hydrocarbons fraction of base diesel exhaust at 2400 rptﬁ (a) Gas chromatogram of
naphthalene and (b) selected ion chromatograms of m/z 128
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Eampis |ID: PAHs in base diesel exhaust
pequired 13-Feb-1997 at 13:00:35

1031
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A7023
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Figure B 17 Gas chromatogram of hydrocarbons fraction of base diesel exhaust at 2400 rpm (a) Gas chromatogram of
acenaphthylene and (b) selected ion chromatograms of m/z 152
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Bample 1D: PAHs in base diesel exhaust
Bequired 13-Feb-1957 at 13:00:35
Zean Ei+
154
wo] A.04e3
Area
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R e e o e e e o L e B 1 e I o i BB AL B e i
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Figure B 18 Gas chromatogram of hydrocarbons fraction of base diesel exhaust at 2400 rpm (a) Gas chromatogram of
acenaphthene and (b) selected ion chromatograms of m/z 154
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ple 1D: PAHs in base dlesel exhaurst
Pequired 13-Feb-1997 at 13:00:35
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Figure B 19 Gas chromatogram of hydrocarbons fraction of base diesel exhaust at 2400 rpm (a) Gas chromatogram of

fluorene and (b) selected ion chromatograms of m/z 166
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Sample 1D: PAHS In base diesel exhaust
Acquired 13-Feb-1997 at 11:17:35

Scan El+
~ 11.019 ) . 178
100 5.73e3
\ b - Area
10.848
’
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Figure B 20 Gas chromatogram of hydrocarbons fraction of base diesel exhaust at 2400 rpm (a) Gas chromatogram of
phenanthrene and anthracene and (b ) selected ion chromatograms of m/z 178
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Sample |D: PAHs in bhase diesel exhaust
Acquired 13-Feb-1997 st 11:17:35

. ) Scan El+
100 14789 Ry e
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0 Y M e S e e | v ey e e T ' T T r—r—r—r—
Scan Ei+
100+ 14.789 14,658 TIC

3.64e5

15.006

S ————————— .- . e 1t

14.400 14.600 14.800 15.000 15.200 15.400 15.600 15.&1) 18|@m

Figure B 21 Gas chromatogram of hydrocarbons fraction of base diesel exhaust at 2400 rpm (a) Gas chromatogram of
fluoranthene and pyrene and (b) selected ion chromatograms of m/z 202
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Name: NAPHTHALENE Sample Description : PAHs in base diesel axhaust
Synonym: Albacarbon Acquired 13-Feb-1937 at 11:17:35
- 128 Forward Fit: 576, Reverse Fi: 74#
BAIG-1 36 (4 .498) RT (2.4.000}
e £ 1624
100 .
%]
12 274287 317
a 4051 m?gg m \ 1/129 151/ 18320620 248 268 ./ 07 /.
I Hu '"I'"l k" 155 Nk AL DAL bhihd bl 00 bbb il iihd hhR) Riaid Rhbk AL Rhkhl bl | bl LA il WA Rk S M
A7is NIST 5167. NAPHTHALENE
Hit 4
100, 128
*_
] 127|129
0 b WAL L i ™ T VR
‘ zo40"__50ao1oo1zo14o1eo1sozoozzoz4ozeozsosooazo
Data Fite: BAI-1 Acquired 11:17:35 at 11:17:35
Sample ID: PAHs In base diesel exhaust
Hit  Compound Naime MW. Formula fot REV__ Library Entry CAS
1 1HANDENE, 1-METHYLENE- 128 C1oHB 576 913  NIST 5168 24718
2 4.2.2 PROPELLA-2,4,7.8-TETRAENE 128 C10H8 €9 805  NIST 5169 83090
3 AZULENE ' 128 c1oH8 642 785  NIST 5166 27551
4  NAPHTHALENE 128  CloHB 625 749  NIST 5167 91-20-
5  $,2-BENZENEDICARBONITRILE 128 CBHANZ 52 743 NIST 012 9115
6  1.3-BENZENEDICARBONITRILE 128 C8H4AN2 551 714 NIST 5014 62617
7 QUINOUNE, 240D0- 355  COHENI 538 712 NIST 34850 65608
3 1.4-BENZENEDICARBONITRILE 128 CBHAN2 570 704 | NIST 5013 62328
9 2-PROPENENITRILE, 3-PHENYL-, (E}- 129 COHN &1 701 NIST 5206 18853
10 QUINOLINIUM, 1-BUTYL-, IODIDE 313 C13HIEN! 219 674 NIST 44818 12008
11 2H-THIETE, 2METHYLENE-4-PHENYL-, 1,1- 192  C10HBO2S 47 654  NIST 20849 16793
12 1-ACETOXY-1-PHENYLBUT-2-YNE 183  C12H1ZO2 257 65T  NIST 19894 0-00-0
13 QUINOLINE, S{PHENYLAZO)- 233 C1SH11N3 322 (843 | NIST 30513 25117-
14 2-QUINOLINEGARBCXYLIC ACID 173 C1OHZOZN 41 838 NIST 15504 = 9310

Figure B 22 Comparison of mass spectrum_ of naphthalene with mass spectra in NIST library
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Compotnd Name: ACENAPHTHYLENE
m Cyclopenta[dejnaphthalene

Sample Description
Acquired 13-Feb-1997 at 13:00:35

BEIO-1 326 (6,546} C (321.345-334 342)

100+

Data File: BAIO-1
Sampie |D: PAHs n base diesel exhaust

ion : PAHS in base diesel exdhaust

152

20 40 60 80 100 120 140 160 1B0 200 220 240 260 280 300 320

Forward Fit: 540, Reverse Fit: 685

1753

Hit 2

Acquired 13:00:35 st 13:00:

Hit Compound Name MW.  Formula for REV Library Entty CAS
1 BIPHENYLENE 152 C12H8 587 830 NIST 10447 259-79
2 ACENAPHTHYLENE 152 C12H8 540 G838 NIST 10448 20896
3 4, 4-DIIODODIPHENYL 408 Ci2HBI2 472 665 NIST 54348 3001-1
4 1H-PHENALEN-1-ONE 180 C13HBO 458 648 NIST 17820 54339
5 TRIS{TRIMETHYLSILYL)ETHYLENE 244 C11H2883 191 594 NIST 32641 0-000
6 ACENAPHTHYLENE, 1 2-DIHYORO-S-NITRD 199 C12H902N 429 591 NIST 2645 602-87
7 1,1-BIPHENYL, 4 4'-DINITRO- 244 C1ZHBO4AN2 452 569 NIST 32647 15287
8 SILANE, (2-CYCLOPROPYLETHENYLYOXY 158 CBM1BOSI 302 588 NIST 11403 74585
9 1,1-BIPHENYL, 3-NITRO- 189 C12H302N 427 565 NIST 22640 21135
10  9H-FLUOREN-S-ONE 180 C13HBO 338 555 NIST 17921 486-25
11 9.10-PHENANTHRENEDIONE 208 C14HBO2 387 553 NIST 24944 84-11-
12 NAPHTHALENE, 2 6-DIMETHYL- 158 C12H12 A47 548 NIST 11624 $31-42
13 1-PHENYL-3-METHYLPENTA-1,2,4-TRIENE 158 C12H12 173 541 NIST 11817 0-00-0
14  NAPHTHMALENE, 1,7-DIMETHYL- 156 C12H12 440 540 NIST 11628 57537

Figure B 23 Comparison of mass spectrum of acenaphthylene with mass spectra in NIST library
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Compound Name: ACENAPHTHENE

Synonym: Acenaphthylene, 1,2-dihydro-
MW 1 154

Sample Description : PAHs in base diesel exhaust
Accquired 13-Feb-1997 at 13:00:35

BEJ0-1 260 (6.0001 Tm {254.260-262 .268)

1001

Forward Fit; 568, Reverse Fit: 738

125e3

%-1
0_.
R 738 NIST 11096: ACENAPHTHENE
154 Hit 3
1001
% .
] 155
] 128
0 LS S S i WAL bbbl bl WA R WA 1 | St Sl i Sl L bl il m
20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320
Data File: BAJO-1 Acquired 13:00:35 at 13:00:35
Sample 10: PAHs in base diese] exhaust .
Hit  Compound Name MW. Formula for REV Library Entry CAS
1 BIPHENYL 154 C12H10 582 768 NIST 11094 92-52-
2 CHLORODIPHENYLARSINE 2684 C12H10CIAs 482 742 NIST 38508 712-48
3 ACENAPHTHENE 154 C12H10 568 738 NIST 11096 83-32-
4 NAPHTHALENE, 2-ETHENYL- 154 C12H10 569 733 NIST 11097 82754
5] 1, 4ETHENONAPHTHALENE, 1,4-DIHYDRO- 154 C12H10 472 690 NIST 11095 73224
6 2-QUINOLINECARBONITRILE 154 C10HBN2 338 690 NIST 10848 1438-4
7 2 5-ETHENC 422 PROPELLA-3,7 8-TRIENE 154 C12H10 540 687 NIST 11093 BBO90-
8 14SOQUINOLINECARBONITRILE 154 C10HEN2 423 683 NIST 10850 11983
9 ARSINE, (PENTAFLUOROPHENYL)DIPHEN 396 C18H10FSAs 428 642 NIST 53521 20901-
10  PYRIDINIUM, 1-METHYL-2-PHENYL-, IODID 287 C12H12NI 341 553 NIST 42241 52806
11 PROPANEDINITRILE, (PHENYUMETHYLE! 154 C10HEN2 414 545 NIST 10849 2700-2
12 PYRIDINE, »PHENYL- - 155 C11HE8N 353 544 NIST 11242 10088
13 PYRIDINE, 2-PHENYL- 155 C11HON 4068 538 NIST 41243 1008-8
14 4-PHENYL-1-CYCLOPROPYLPYRIDIUMBR 275 C14H14NBr 397 536 NIST 38607 0000

Figure B 24 Comparison of mass spectrum of acenaphthene with mass spectra in NIST library
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Compound Name: FLUORENE Sample Description : PAHs in base diese] exhaust

Synomym: 9H-Fluorene Acquired 13-Feb-1897 at 13:00:35

MW : 168 Forward Fit: 606, Reverse Fit: 752
BE!D-1 508 (3.511) Cm (508.514-520.526)

?ahel

166 v

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Data Fie: BAIO-1 Acquired 13:00:35 at 13:00:39
Sample ID: PAHs in base diesel exhaust

Hit  Compound Name M.W. Formuia for REV Library Entry CAS

1 1H-PHENALENE 168 C13H10 608 800 NIST 14180 20380
2 FLUORENE 165 C13H10 662 782 NIST 4131 8873
3 OH-FLUORENE-9-CARBOXYLIC ACID 210 C14H1002 550 ™ NIST 25424 19853
4 SH-FLUORENE, 8-BROMO- 244 C13H9Br 537 699 NIST 32662 19405
5 FLUORENE, 8-CHLORO- 200 C13HSC! 546 877 NIST 22959 6530-8
8 2FLUORENECARBOXALDEHYDE 194 C14H100 584 675 NIST 21400 30084-
7 FLUORENE-S-METHANOL 198 C14H120 493 660 NIST 21853 24324
B8 BH-FLUORENE, BROMO- 244 C13HSBr 552 638 NIST 32683 28801-
9 BENZO C CINNOLINE, 4METHYL- 184 C13HI0ON2 398 817 NIST 1358 10174
10 ETHANONE, DIAZODIPHENYL- fr7r] C14H100N2 419 607 NIST 28140 34691
11 6H-PURIN-G-ONE, 1,7-DIHYDRO-2-{(METHYL 165 CEH7ONS 414 547 NIST 13624 10030-
12 S-PHENANTHRENOL 154 C14H10C 453 5090 NIST 21401 48417
13  ETHENONE, 2,2-DIPHENYL- 154 C14H100 353 579 NIST 21398 52508
14 2-METHYL-5, 5-DIPHENYL-4-(METHYLTHIO) 280 C1TH16N2S 298 571 NIST 39454 24133-

Figure B 25 Comparison of mass spectrum of fluorene with mass spectra in NIST library
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Compound Name: PHENANTHRENE Sampie Description : PAHs in base diesel exhaust
Synonym: Phenanthren Acquired 13-Feb-1997 et 11:17:35 -
MW ;178 Forward Fit: 438, Reverso Fit:
BAID-1 833 (10.848) Rf (2,4.000)
Y 1.75e3
100~ 178
%]
] 185 218 232 247259
o
RGIS NIST 17387. PHENANTHRENE
178 Hi 7
100
*]
0- miz
20 40 60 50 100 120 140 160 180 200 220 240 260 280 300 320
Data Fle: BAIO-1 Acquired 11:17:35 at 1117
Sample 10: PAHs in base diesel exhaust .
Hit  Compound Name MW. Formula for REV __ Library Entry CAS
1 9H-FLUORENE, S-METHYLENE- 178 C14H10 382 868 NIST 17369 44258
2 AHYDROXY-S-METHYL-3-PHENYL- OELTA. 178 COH1002N2 J20 818 NIST 17415 16227-
3 DIPHENYLETHYNE 118 C14H10 54 T NIST 17370 50165
4 1H-BENZOTRIAZOLE, 1-METHYL-7-NITRO- 178 C7THBO2N4 235 733 NIST 17018 14209-
S 9,10-ETHANOANTHRACENE, §,10-DIHYDR 208 Ci6H14 377 718 NIST 24470 58758
6 CINNOLINE, 4-PHENYL- 206 C14H10N2 433 708 NIST 24352 210874-
7 PHENANTHRENE 178 C14H10 530 695 NIST 17387 8501
8 1.2,4 5-BENZENETETRACARBONITRILE 178 C10M2N4 258 694 NIST 17128 712-74
9 ANTHRACENE 178 C14H10 489 638 NIST 17368  120-12
10 9,10-ANTHRACENEDIONE, 1,2-DIMETHYL- 238 C16H1202 479 674 NIST 31152 328549
1" BENZENE, 1,1'{1-NITRO-1 2-ETHENED{YL) 225 C14H1102N 455 652 NIST 28907 12150
12 CINNOLINE, 3-PHENYL- 208 G4H10N2 320 625 NIST 24393 10604~
13 5CHLORO-2-METHYLQUINOXALINE 178 COHTN2C! 255 NIST 17108 76582-
14 BIPHENYLENE 152 Cc12H8 275 617 NIST 10447 258-19

Figure B 26 Comparison of mass spectrum of phenanthrene with mass spectra in NIST library
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[Compound Name: ANTHRACENE
Synonym: Anthracin

Sample Description : PAHs in base diese| exhaust
Accquired 13-Feb-1997 at 11:17:35

MW : 178 Forward Fit: 545, Reverse Fit: 753
BAIO-1 852 {11 .010) Cm (849 852-851:858)
178 182e3
1
O ) 83 _ 76 87 1781179
42 3950 | 74 %111 51152
R.753 NIST 17368; ANTHRACENE
173 Hit 6
1
miz
20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320
Data File: BAIO-1 Acquired 11:17:35 ot 11:17;

Sampie ID: PAHs in base diesel exhaust

REV__ Ubrary Enty CAS

Hit  Compound Name MW. Formuia for

1 OH-FLUORENE, 8-METHYLENE- 178 C14H1C 847 893 NIST 17389 44258
2 DIPHENYLETHYNE 17 C14H10 758 855 NIST 17370 501-65
3 4-HYDROXY-5-METHYL-3-PHENYL-DELTA. 178 CIH10O2N2 358 T87 NISY 17118 18227
4 CINNOLINE, 4-PHENYL- 2006 Ci4H10M2 634 768 NIST 2432 21874
S 1,2,4,5-BENZENETETRACARBONITRILE 172 C10H2N4 359 781 NIST 1128 T2-14
6 ANTHRACENE 178 C14H10 553 753 NIST 17358 120-12
7 PHENANTHRENE 178 C14H10 637 749 NIST 17357 850t
8 9,10-ETHANOANTHRACENE, 6,'0-DIHYDR 206 C16H14 75 ™ NIST 24479 56756
9 SH-DIBENZO A.D CYCLOHEPTEN-S-ONE 26 C15H100 584 674 NIST 4808 22123
10 5-CHLORO-2-METHYLQUINOXALINE 178 COH7TN2C! n €54 RIST 17108 76982-
1 9,10-ANTHRACENEDIONE, 1,2-DIMETHYL- 238 C16H1202 545 634 NIST 31152 2859
12 CINNOLINE, 3-PHENYL- 208 C14H10N2 95 630 NIST 24383 10604
13  BENZENE, 1,1{1-NITRO-1 2-ETHENEDIYL) 225 C14H1102N 513 ax7 NIST 28507 12150
14  BENZENE, 1, 1(CHLOROETHENYLIDENE)8 214 C14H11CI 479 570 NIST 28374 45418

Figure B 27 Comparison of mass spectrum of anthracene with mass spectra in NIST library
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Compound Name: FLUORANTHENE
Synonym: Benzene, 1,2-{1,8-naphthalenediyl)-
MW : 202

Sample Description : PAHs in base diesel exhaust

Acquired 13-Feb-1997 at 11:17:35

BAIG-1 1285 ¢14.773) Cm (1281.1265-1288.1293)

100-

74 g7 101 11
4 50 83

R:B75 NIST 23467: FLUORANTHENE

20 40 &0 80 100 120 140 160 160

Oata File: BAN-1
Sample 10: PAHs in base diesel exhaust

200 220 240 260 280 300 320

Forward Fit: 828, Reverse Fit: 875

§Eted

Hit 2

Acquired 11:17:35 at 11:17:35

[Hit  Compound Name MW. Formuta for REV Litwmry CAS

1 BENZENE, 1,1'-(1,3-BUTADIYNE-1,4-DIYL)BI 202 C16H10 868 897 NIST 886-66 '
2 FLUORANTHENE 202 Ci6H10 828 875 NIST 206-44
3 PYRENE 202 C16H10 739 831 NIST 129-00
4 3,108-DIHYDROFLUORANTHENE 204 C16H12 451 a7 NIST 37980
5 2, 3-DIHYDROFLUORANTHENE 204 C16H12 475 806 NIST 30339
8 1.9-DIHYDROPYRENE 204 C16H12 412 756 NIST 0-00-0
7 ANTHRACENE, 9-2-N[TROETHENYL)- 249 C16H1102N 537 748 NIST 58345-
8 PYRENE, 4,5-DIHYDRO- ’ 204 C16H12 469 687 NIST 66285
9 ANTHRACENE, 8-ETHENYL- 204 Ci6H12 604 648 NiST 24448
10 1H-NDENE, 1{PHENYLMETHYLENE)- 204 C16H12 367 643 NIST 53948
11 THEBENIDINE- 203 Ci5H9N 553 632 NIST 19403
12 4-BROMO-1 2-{METHYLENEDIOXY)BENZEN - 200 C7TH50C2Br 383 615 NIST 2835-1
13 INDENO 2,1-A INDENE, 5,10-DIHYDRO- 204 CA6H12 480 608 NIST 65432
14 7H-BENZ DE ANTHRACEN-7-ONE 20 CI1THI0O 577 602 NIST 82-05-

Figure B 28 Comparison of mass spectrum of fluoranthene with mass spectra in NIST library
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Compound Name:; PYRENE
Synonym: #-Pyrene
MW : 202

Sample Description : PAHS in base diesel exhaust
Acquired 13-Feb-1997 at 11:17:35

BAIO 1 1358 (15.418) Cm (1355.1359-1362;1366)

R:856 NIST 23469; PYRENE

100

Forward Fit: 730, Reverse Fit: 856

202 7 Band

Hit 3

100 120 140 160 480 200 220 240 260 280 300 320

Data File: BAIO-1
Sample ID: PAHs in base diesel exhaust

Acquired 11:17:35 at 11:17:35

OO~ DH U AWM~

[Hit  Compound Name MW. Fomula for REV Library Entry CAS
FLUORANTHENE 202 CA6H10 805 833 NIST 23487 200-44
BENZENE, 1,11, 3-BUTADIYNE-1 4-DIYL)BI 202 C16H10 826 891 NIST 23458 83868
PYRENE : 202 C16H10 730 858 NIST 234689 12900
3,108-DIHYDROFLUORANTHENE 204 C16H12 458 824 NIST 23983 37980-
2. 3-DIHYDROFLUORANTHENE 204 C16H12 468 789 NIST 23587 30339
ANTHRACENE, 5-2-NITROETHENYL}- 249 C16H1102N 527 758 NIST 33709 58349
1.9-DIHYDROPYRENE 204 C16H12 405 73r NIST 23986 0000
PYRENE, 4,5-DIHYDRO- 204 C16H12 437 676 NIST 23991 68289
INDENO 2,1-A INDENE, 5,10-DIHYDRO- 204 C16H12 504 B4 NIST 23995 6543-2

10 ANTHRACENE, 9-ETHENYL- 204 C16H12 565 841 NIST 23992 24448

11 1H-INDENE, 1-{(PHENYLMETHYLENE)- 204 C16H12 344 621 NIST 23994 53548

12 4-BROMO-1,2-{(METHYLENEDIOXY)BENZEN 200 C7TH502Br 374 618 NIST 22138 26351

13 THEBENIDINE- 203 C1SHSN 507 616 NIST 23615 19403

14  7H-BENZ DE ANTHRACEN-7-ONE 230 Ci7H100 549 609 NIST 30040  82-05-

Figure B29 Comparison of mass spectrum of pyrene with mass spectra in NIST library
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Figure C 1. Calibration curve of Naphthélene
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Figure C2 Calibration curve of Acenaphthylene
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Figure C3 Calibration curve of Acenaphthene
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Figure C 4 Calibration curve of Fluorene
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Figure C 5 Calibration curve of Phenanthrene
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Figure C 6 Calibration curve of Anthracene
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Figure C 7 Calibration curve of Fluoranthene
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Figure C 8 Calibration curve of Pyrene -
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