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Fig. 2. Total ion chromatogram (TIC) and mass fragmentograms of m/z: 142, 156, 166, 170, 178,
180, 192, 202, 206, 216, 228, 242, 252, 276, 278, 300, and 302 of PAHs recovered from the

lowest horizon (0-0.8cm) of the K/T boundary claystone at Kawaruppu, Hokkaido, Japan.
Numbers for peaks correspond to the compounds listed in Tables 1 and 2.
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Fig. 3. Mass spectra of PAHs recovered from the lowest horizon (0-0.8cm) of the K/T boundary
claystone at Kawaruppu, Hokkaido, Japan and their chemical structures.
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Fig. 4. Mass spectra of PAHs recovered from the lowest horizon (0-0.8 cm) of the K/T boundary
claystone at Kawaruppu, Hokkaido, Japan (upper) and reference mass spectra of PAHs from
NIST mass spectra database (lower).
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Table 1. Polycyclic aromatic hydrocarbons in the K/T boundary sediments at Kawaruppu, their for-
mulae, molecular weights, retention times, retention indices and authentic chemicals.

Molecular  Retention Retention index” Authentic chemical
Peak no. Compound name Formula weight(m/z) time/min pr— " — - Purity/%

1 naphthalene CoH: 128 8.24 200.0 200.0 Wako 9
2 2-methylnaphthalene CuHy 142 11.05 216.4 215.6 TCI 96
3 1-methylnaphthalene CuHy 142 11:53 219.2 218.5 TCI 96
4 biphenyl C,H, 154 13.61 231.3 TCI 99
5 2,6-dimethylnaphthalene C,H., 156 14.38 235.8 233.5 Aldrich 99
5  2,7-dimethylnaphthalene CisHis 156 14.38 235.8 233.4 Aldrich 99
6 1,3-dimethylnaphthalene C,H), 156 14.85 238.5 236.2 Aldrich 96
7 1,6-dimethylnaphthalene C:Hy, 156 14.96 239.1 236.8 Aldrich 99
8 1,4-dimethylnahpthalene CuHi, 156 15.47 242.1 239.6 Aldrich 98
8" 2,3-dimethylnahpthalene CiHi 156 15.47 242.1 239.6 TCI 98
9 1,5-dimethylnaphthalene Ci:H;, 156 15.59 242.8 240.4 Aldrich 98
10 1,2-dimethylnaphthalene C.H; 156 15.98 245.1 242.1 Aldrich 98
11 1,8-dimethylnaphthalene C,H,, 156 16.63 248.9 Aldrich 95
12 acenaphthene C,Hy 154 16.91 250.5 TCI 99
13 fluorene Ci:Hy 166 19.91 268.0 TCI 95
14 phenanthrene CHyo 178 25.40 300.0 300.0 300.0 TCI 97
15 anthracene C.H, 178 25.66 301.6 301.7 TCI 96
16 3-methylphenanthrene CisHyp, 192 28.40 319.5 318.3 318.4 Synth' 95
17 2-methylphenanthrene CisHy, 192 28.52 320.3 319.1 319.1 Symhf 95
18*  4-methylphenanthrene CsHp 192 29.01 323.4 321.6 3225 Synth’ 95
18" 9-methylphenanthrene CisHi 192 29.01 323.4 322.0 322.5 Symh[ 95
19  1-methylphenanthrene C.Hp, 192 29.13 324.3 322.9 323.4 Synth! 95
20 fluoranthene CieHio 202 32.32 345.0 343.6 343.5 TCI 98
21 pyrene CicHio 202 33.48 352.5 351.3 350.2 TCI 97
22 2,3-benzofluorene C,H;; 216 35.65 366.7 368.5 TCI 95
23" chrysene CisHi, 228 40.76 400.0 400.0 400.0 TCI 97
23" triphenylene CisHi, 228 40.76 400.0 400.0 TCI 97
24 benzo[a]pyrene CyH,; 252 47.89 456.0 453.8 454.8 Aldrich 98
25 perylene CyH,» 252 48.30 459.2 457.0 457.9 TCl 98
26 1,2,3,4-dibenzoanthracene CpHyy 278 53.23 498.0 Aldrich 97
27  benzo|g,h,i|perylene C»H,, 276 53.95 503.6 499.8 Aldrich 98
28  coronene CuH,, 300 59.85 550.0 550.0 TCI 95

All compounds are identified with mass spectra and retention times of authentic compounds.
‘Detected as a co-clution peak.
°Retention index
for naphtalene to phenanthrene 1= {RT(sample) —RT(naphthalene)| / {RT(phenanthrene) —RT(naphthalene)! X 100+200
for phenanthrene to chrysene I= {RT(sample) —RT(phenanthrene)| / {RT(chrysene) —RT(phenanthrene)} X 100+ 300
for chrysene to coronene I= {RT(sample) —RT(chrysene)! / {RT(coronene) —RT(chrysene)} X 150+ 400
where RT(x) is the retention time of x.
‘Experimental data in this study, GC condition : Column; DB-5ht (0.25 mm X25 m),
Oven temp. ; 60°C-1 min-60°C-10°C/min-100°C-3°C/min-130°C-4°C/min-300°C
‘Reference data from Takada er al., 1984, GC condition: Column ; SE-54 (0.3 mm 25 m),
Oven temp. ; 50°C-2 min-50°C-30°C/min-140"C-8°C/min-280°C
‘Reference data from Radke et al., 1984, GC condition : Column; Ultra-2 (0.2 mmX50 m),
Oven temp. ; 120°C-2 min-120°C-3°C/min-310°C
‘Synthesized and offered by Dr. Nomoto (Department of Chemistry, University of Tsukuba).
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Table 2. Estimated polycyclic aromatic hydrocarbons in the K/T boundary sediments at Kawaruppu,
their formulae, molecular weights, retention times, and retention indices.

Retention index*

Peak no. Compound name Formula whé[;)lg::(l;lsr Rete7tlpn
gl z) time/min Exp® Ref Ref
al 2-ethylnaphthalene C,;Hy» 156 14.04 233.8 231.6
a2 1-ethylnaphthalene C.Hp 156 14.17 234.5 232.3
bl isopropylnaphtalene Ci;Hys 170 16.05 245.5
b2 isopropylnaphtalene Ci;Hyy 170 16.27 246.8
b3 n-propylnaphthalene C;H, 170 17.09 251.6
b4 trimethylnaphtalene CiHyy 170 17.58 254.4
b5 trimethylnaphtalene CiHy 170 17.93 256.4
b6 trimethylnaphtalene Ci:Hye 170 18.12 257.6
b7 trimethylnaphtalene CiHyy 170 18.25 258.3 246.7
b8 trimethylnaphtalene CisHu 170 18.38 259.1 o
b9 trimethylnaphtalenc CaH, 170 18.61 260.4 266.0
b10 trimethylnaphtalene CiHis 170 18.88 262.0 :
b1l trimethylnaphtalene C:H,, 170 18.95 262.4
b12 trimethylnaphtalene C:Hy, 170 19.34 264.7
b13 trimethylnaphtalene Ci;Hy 170 19.40 265.0
b14 trimethylnaphtalene Ci:Hyu 170 19.44 265.3
b15 trimethylnaphtalene Ci:H,y, 170 20.10 269.1
b16 trimethylnaphtalene CisHyy 170 20.62 2121
cl methylbiphenyl CiH:: 168 17.00 251.1
c2 methylbiphenyl CiHip, 168 17.27 252.6
c3 dimethy- or ethyl-biphenyl CuH,, 182 20.17 269.5
c4 dimethy- or ethyl-biphenyl Ci Hy 182 20.27 270.1
c5 dimethy- or ethyl-biphenyl CiH., 182 20.57 271.8
c6 dimethy- or ethyl-biphenyl C.Hy 182 21.34 276.3
d1 trimethylpropenylnaphthalene CieHis 210 22.92 285.5
d2 methylfluorene CuHip, 180 23.23 287.3
d3 methylfluorene Ci.H:. 180 23.28 287.6
d4 methylfluorene CiHz 180 23.45 288.6
ds trimethylpropenylnaphthalene CieHis 210 23.78 290.5
el methylphenanthrene CHs 192 28.74 321.8
f1 ethylphenanthrene CieHu 206 30.72 334.7
f2 cthylphenanthrene CiHis 206 31.17 337.7
f3 dimethyl- or ethyl-phenanthrene CieHis 206 31.64 340.7
f4  dimethylphenanthrene CuH,. 206 31.77 341.6 3334 52
f5 dimethylphenanthrene CiHu 206 31.91 342.5 -
f6  dimethylphenanthrene CieHu 206 32.05 343.5 L6 .
7 dimethylphenanthrene CiHys 206 32.20 344.4
f8 dimethylphenanthrene CisHis 206 32.61 347.1
gl carbazole C,HN 167 26.98 310.3
hi methylcarbazole C:H,N 181 28.92 323.0
h2 methylcarbazole Ci:H,N 181 29.68 328.0
h3 methylcarbazole Ci:HiN 181 29.80 328.8
il methylchrysene or methylbenzanthracene — CioHys 242 42.72 415.8
i2 methylchrysene or methylbenzanthracene — CiHy, 242 42.85 416.8
i3 methylchrysene or methylbenzanthracene — C,Hy, 242 43.05 418.4 417.2 417.0
i4 methylchrysene or methylbenzanthracene  CyoHyy 242 43.24 419.8 ~ ~
i5 methylchrysene or methylbenzanthracene  CiHs 242 43.49 421.8 422.2 422.4
i6 methylchrysene or methylbenzanthracene  CiHis 242 43.61 4227
i7 methylchrysene or methylbenzanthracene — CyHy 242 43.75 423.9
jl benzofluorene Ci:Hp 216 35.08 363.2 366.0
j2 benzofluorene C-Hp 216 35.54 366.3
3 benzofluorene CiHp, 216 35.73 367.5
4 2-methylpyrene CHy, 216 36.18 370.5 369.2 369.8
i5  4-methylpyrenc CiHy 216 36.69 373.8 372.5 373.9
j6 1-methylpyrene C:Hi 216 36.84 374.7 373.5 374.3
k1 benzo[j]fluoranthene CyH,; 252 46.39 444.5 442.5
k2 benzo[k|fluoranthene CuH: 252 46.50 445.4 443.1
k3 benzopyrene CyH,, 252 46.90 448.5
k4 benzo[e|pyrene CyH,, 252 47.66 454.5 451.6 453.2
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Table 2. (Continued)
Peak no. Compound name Formula Malecular Refention Retention index
weight(m/z) time/min Exp® Ref® Ref!
11 benzoperylene C»H:» 276 52.63 493.4
12 benzoperylene CxHy, 276 52.99 496.2
ml dibenzoanthracene CyH,, 278 52.70 494.0
m2 dibenzoanthracene CrH,, 278 53.63 501.2
m3 dibenzoanthracene CxH., 278 53.75 502.2
m4 dibenzoanthracene CypHy4 278 53.95 503.8
nl dibenzopyrene CuH.s 302 58.14 536.6
n2 dibenzopyrene CuHy 302 58.37 538.4
n3 dibenzopyrene C..Hi 302 58.65 540.6
n4 dibenzopyrene CH 302 58.82 542.0
nS dibenzopyrene CuHyy 302 60.04 5515
né dibenzopyrene C,H, 302 60.14 552.3
All compounds are identified with mass spectra and retention times of authentic compounds.
“Retention index
for naphtalene to phenanthrene I= [RT(sample) —RT(naphthalene)| / [RT(phenanthrene) —RT(naphthalene)f X 100200
for phenanthrene to chrysene I= {RT(sample)—RT(phenanthrene)f / [RT(chrysene) —RT(phenanthrene)f X 100+ 300
for chrysene to coronene I= |RT(sample)—RT(chrysene)! / {RT(coronene) —RT(chrysene)| X 150+ 400
where RT(x) is the retention time of x.
"Experimental data in this study, GC condition : Column ; DB-5ht (0.25 mm X25 m),
Oven temp. ; 60°C-1 min-60°C-10°C/min-100"C-3"C/min-130"C-4°C/min-300°C
‘Reference data from Takada et al., 1984, GC condition : Column ; SE-54 (0.3 mm X25 m),
Oven temp. ; 50°C-2 min-50°C-30°C/min-140°C-8°C/min-280°C
‘Reference data from Radke er al., 1984, GC condition : Column ; Ultra-2 (0.2 mmX50 m),
Oven temp. ; 120°C-2 min-120°C-3°C/min-310°C
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Fig. Appendix-1. A plausible isomerization mechan-
ism between 1-methynaphthalen (e-isomer)
and 2-methylnaphthalene (3-isomer). Isomeriza-
tion between 2-methynaphthalen and 3-methyl-

naphthalene is not occurred. (Suld and

Stuart, 1964)
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Table Appendix-1.

Maturity indices using isomers of alkyl-PAHs

Index Definition Refernce
Methylnaphthalene ratio MNR = ﬁ:ﬁg} Radke et al., (1982a)
Dimethylnaphthalene ratio DNR = 126D ﬁﬁ!gﬁgiDMN] Radke ef al., (1982b)
Dimethylnaphthalene ratio 2 DNR 2={21:%§44—:% Alexander et al., (1985)
Dimethylnaphthalene ratio 3 DNR3=% Alexander et al., (1985)
Methylphenathrene ratio MPR = ﬁ:ﬁg Radke er al., (1982b)
Methylphenathrene ratio 1 MPR 1= [1_[11\;5})] Radke er al., (1982a)
Methylphenathrene ratio 2 MPR 2= [2_[11\,41131 Radke er al., (1982a)
Methylphenathrene index 1 Mp1 1 =L2X(ZMP]+[3-MP]) Radke et al., (1982a)

[P]+ [IMP] + [9MP]
3% [2-MP]

Methylphenathrene index 2 MPI 2= [P]+ [1-MP] + [OMP]
-MP
Methylphenathrene ratios Rxy= B-MP} >

where x and y=1, 2, 3 or 9

Radke et al., (1982a)

Nomoto et al., (2000)

Abbreviations represent as follows ; MN: Methylnaphthalene, DMN : Dimethylnaphtalene, P: Phenan-

threne, MP : Methylphenanthrene
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