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: Partmon chromatography (‘:ephadex LH-2¢ or C,g-partmou) foHoweci oy
- high-performance liguid chromatography facilitated the organic and mutagenic char-
'_actenzatzon of synfuel samples. The mutagens in oiI shale retort Waters were poIar
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try in the United States. The feasibility of shale oil productlon and coal quuefactlon is
being tested using various technologies, most of which are presently at the bench-level
to. pilot-plant stages of development. A wide variety of experimental synfuel samples
are currently . € oemg ‘produced, along: with by- products -associated -withthe various
synfuel processes, e.g.; retort waters from oil ‘shale retorting. Concern about the
potential health and environmental impacts ofa synfuels industry has, in turn; prompt-
~ ed intensive: biomedical and environmental reséarch, much of it directed at chemi-
. wﬂy and : bxologxcally evaluating the oenotoncnyfcarcmogemczt} potential of syn-
fuels.. Research has already. demcnsfxated that certain crude and chemically frac-
tionated synfuel samples are mutagenic using carmnogen-screemng bioassay systems
“such:as the-Ames Salmenella :assaLy1 7 Known: carcinogens such as polynuclear ar-
" omatic hydrocarbons and nnmary aromatxc ammes have been xdentlﬁed in various.
. svn&ei samplesS 9. '
The pnmary coa! of thls study was to compare the orgamc and mutazemc’
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properties of a shale oil, oil shale retort waters, and selected coal liguefaction.pred-
ucts. The following synfuel samples, representing several technologies, were analyzed:
(1) 2z shale oil frem the Parzho aboveground retort; (2) four oil shale retort waters
from various retorting technologies [Paraho, aboveground; Occidental, modified in
sitzr (vertical); and Geokinetics, true in sire (horizontal)]; (3) a distiilate blend from
the solvent refined coal-Il process (SRC-II}; and (4} two samples from the SRC-I
process, a process solvent and a solid product.

A secondary geal of this study was to evaluate the effectiveness of partition
chromatography and high-performance liquid. chromatcgraphy (HPLC} in frac-
tionating synfuel samples. The various synfuel samples studied to date are extremely
complex, containing a plethora of organic species®®!° In general. these samples
haw: deficd anything but rudimentary characterization without some type of fractio-
nation. A number of different fractionation methods have already been evaluated, ali
aimed at facilitating the chemical and biological characterization of svofuel samples,
e.g., solvent extraction!%!?, thin-layer chromatography {TLC)’. Sephadex LH-20
partition chromatography’-12, HPLC®®, and alumina-silicic acid chromatography?>.
In ihis study, we decided te test the effectiveness of partition chromatography coup-~
led with HPLC in facilitating the organic and mutagenic characterization of synfuel
samiples. :

EXPERIMENTAL

Initial fractioration of shale oif and SRC samples

The Paraho shale ot and SRC-IT distiilate blend were initially fractionated by
Sephadex LH-20 partition chromatography based on a2 method developed by Klim-
isch and Stadler'® and modified by Jones e al.*2. In our precedure, the Sephadex LH-
20 was sweiled in methanol—water (85:15 v/v) and packed iz 2 30 x 2.5 cm glass
column. Each syofuel sample (1.5 g} was diluted with hexane and leaded on the
column. Sequential step-wise elution with hexane, 18% (v/v) toluene in kexane and
methanol { =309 m! each) viclded a general separation based on polarity. The SRC-I
saraples were not fractionated prior to HPLC because they appeared to be much less
complex chemically compared to the shale oil and SRC-II samples.

Initicl fractionation of oil shaie retort waters

Each retort water used in the mutagenesis studies was initially fractionated by
partition chromatography on a C, .-cartridge based on a method described by Riggin
andi Howard!>. In our procedure, the C, g-cartridge was preconditioned by eluting 2
ml of methanol through it, followed by 4 m! of milli-Q purified water. Each retort
water (24-150 m]) was then loaded onto the C, -cartridge; the organic-loaded car-
tridge was then washed with 4 mi of milli-Q-purified water. The C,g-extractable, or
hydrophobic organic, fraction of the retort water was ther cluted from the Cyq-
cartridge with 2 m! of methanol. The exact volume of each retort water loaded per
C, ;-carciridge was determined by constructing binding curves (dry weight of hydro-
phobic organics plotied versus volume of retort water). A volume corresponding to
the early, lincar part of the curve was selected to avoid overloading the cartridge.
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,_/PPLCana[ysz.._ Lo : .- T I
S ~ Each Sephadex LH—ZG fra tion oﬂﬂzé‘shale oil and SRC-II distillate blend, the
: hydtophofnc orgamc fraction of each retort water and the SRC-I samples were frac-
tionated on the basis of polarity by normal-phase HPLC using an NH,column and 2
- thrée-solvent mobile-phase system (Fig. 1). Hexane flowed through the column iso-
‘craticaly at'5 mi/miin for thefirst 5 min, folfowed by a [0-min linear gradrnt to 10094
methylene chloride; 106 % methylene chloride flowed fsocratically for 5 min, followed
by a 10-min, linear gradient to 100 % isopropanol; finally; 100 % isopropanof fowed
isocratically for'5 min. The NH,-column was reconditioned by cycling back to
ﬁexane using a Hnear gracﬁent of 10 min, followed Ev 1009 ,4, nﬂxane isocraticaify for

A. sample of 50 gl (S0-I100 mg/mi} was’ m_]ectec[ onto the NH,-column per
HPLC run; four to twenty runs of each sample were repetitively collected into 250-ml
round—béttom flasks. The HPLC effluent was monitored by UV absorbance at 250
nm. Each HPLC fraction was concentrated by rotary evaporation, transferred to a
preweighed vial; evaporated to dryness under nifrogen, weighed and redissolved in [
m! of methylene chloride. Half of the sample was set aside for combined gas ‘chro-
matography-mass spectrometry (GC-MS) analysis; the other half was redried and
dissolved in 0.5 ml dimethyl sulfoxide (DMSC}) for the Ames bioassay.

GC-MS analysis

Samples were analyzed on Hewlett-Packard 5982 and 5985 GC-MS instru-
ments in the electron-impact (70 eV) mode. The 5982 instrument was equipped with a
ISm x 0.30 mm LD. glass capillary column coated with 0.25-ym film thickness
of SE-52; the column was programmed from 40 to 100°C at 32°C/min, then pro-
grammed at 8°C/min to 300°C, where it was maintained isothermally for 10 min. The
5985 instrument was equipped with 2 60 m x .25 mm I.D. fused silica capillary col-
umn coated with 0.25 um of SE-534; the column was programmed from 40°C to 300°C
at 5°C/min, where it was maintained isothermally for  min. Splitless injection systems
were used to intfroduce the sample onto the GC-MS instruments. On the 5982 instru-
ment, the GC column was interfaced to the mass spectrometer via platinum—iridium
tubing; the GC column on the 5985 instrument was interfaced directly to the mass
spectrometer. A mass range of 50300 a.m.u. was scanned on the 5982 instrument by
computer (HP-5334A} every [.8 sec. A mass range of 50-40C a.m.u. was scanned on
the 5985 instrument every 1.0 sec by computer (HP-2100MX equipped with the HP-
792G Large Disc Drive).

TOC analysis ) ’

The total organic carbon (TQC) analyses of the retort waiers were pcrformcd
on a Coulometrics Carbon Analyser by non-agueous coulometric titration using a
sxlver titrant and ethanolamine.

Mutageneszs assay

Agar-plate mutagenicity assays were carried out essentially as described by
Ames et al.'®. The TASS strain of Salmorella typhimurium was used with the S9
fraction from rat liver homogenate (induced with Aroclor 1254) as a metabolic acti-
vator. Dimethyl sulfoxide was used as the solvent for all of the standards and HPLC
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fractions that wese bsoassayed. After & 24-36 h incubation of the incculated plate;
revertant colonies of TA9S were counted on a New Brunswick Scientific Company
Biotran I automated colony counter. » S

Mal erials.

. Standards. The stanéarés used I thc HPLC study were purchaseé from
Aldrich (Milwaukee, WE, US.A) 2nd RFK Corporation (Hope, RI, U.S.A)); 16-
azabenzolalpyrene was donated by Professor M. Lee of Brigham Young University.

Samples. The crude Paraho product oil was sampled on August 24th, 1977, at
the Paraho aboveground retort {Anvil Point, CO} from heated 500-barrel tanks and
transferred into PTFE-lined stainless steel drums for shipment to our Iaboratory. The
oil’s temperature at the initizl samplixza was 65°C. The crude oil was transported ata
temperature of ~4°C and stored in the Iaboratory at =4°C. Subsampling of the
Paraho product oil consisted of transferring it to PTFE-sealed, amber-giass bottles
after the sample had been thoroughly mixed at 65°C.

The Paraho retort storage water, scparated from shale oil in storage tanks, was
sampled on August 26th, [977; the Paraho condensate water, composed of condensed
off-gas, was sampled on October 13th, 1980, at the Paraho abeveground retort fAavil
Points, CO). The Occidentzl retort water was sampled from a retort water holding
tank on March 7th, 1979, at the vertical, modified in-site retort {Room 6} at Logan
Wash, CO. The Geokinetics retort water was sampled from a shale oil-retort water
separation tank on July 11th, 1978, at the horizontal, true iz-sife retort at Vernal, UT.
The retory waters were collected in PTFE-lined stainless steel drums or PTFE bottles
and stored uader the same conditions as the Paraho shale oil.

The SRC-II distillate blend was shipped to the laboratory from the SRC pifot
plaat in Fort Lewis, WA (operated by the Pittsburg & Midway Coal Mining Co.),
andd stored under the same conditions as the Paraho shale oil. The distillate blend
consists of a mix of 2.9 parts middle-distillate cut (175-29¢°C) and 1 past heavy-
distillate cut (290-4354°C).

The SRC-I process solvent and solid product samples were collected on June
4th, 1980, at the SRC-I pilot plant (Wilsonville, AL) during steady-state operation
and bilanketed under pitrogen. The samples were subsequently transferred into PTFE-
linzd stainless steel drums for shipment to our laboratory, where thev were stored at

~4°C prior to subsampiing and analysis. The solid praduct was crushed aund then
dissolved in toluene-methanol (3:1 v/v) prior to HPLC. )

Chromatograephic columns. The pBondapak NH.-colummns and precolumns
used in the HPLC anzlyses and the C, ;-Sep Pak cartridges used for the C, g-partition
chromatography were purchased from Waters Assoc. (Milford, MA, U.S.AY. The
NIE,~column was a semipreparative column (30 cm x 7 mm). The glass columns (45

X 2.5 cm) and Sephadex LH-20 used in the initial fractionation of the shale oil and
SEKC-II distiliate blend were purchased from Pharmacia (Piscataway, NJ, U.S.A)

Saolvents and glassware. The organic solvents used in the chromatographic anal-
ysizs were redistilled-in-glass solvents purchased from Burdick & Jackson Labs. De-
ionized water was passed through a milli-Q system (Millipore) containing two ion-
exchange resins and twe charcoal filters. All glassware was acid cleaned, except for
tha glass columns used for the Sephadex LE-20 chromatography which were solvent
rinsed with sonication. .
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--A'number of sxandards wete chromatographed on’ the NHz-column usmg the
thxee-soivent mobile-phase system (Fig: 1):-As will be discussed shortly, most of the
~ species in thn synfuel samples eluted in three distinct regions: hon—poiar moderately
',polar and- polar. Standards such as polynuclear arcmatic. nvdrocarbons and non-.
* polar heterocycles eluated in the- non-polar region; aromatic amines and N-heterocy-
cleseluted inthe moderately polar region and phenoland mixed-function heterocycles,
‘e.g., aminopyridinol, eluted in the polar region. An important feature of this chroma-
'tographlc fractionation is that there appears to be an appreciable sepa.ratlon of non-
mutagenic: phenolic-type compounds from' mutagemcaily active aromatic amines.
Phenohc—type compounds -aré generally major constituents of synfuel samples
'“mereas pnmar} ammat[c a.mmes 1f pr&sent are mmor cc>rxsf.1tueuf:s7 : ,
M utagemczty af synﬁ:ef samples prior to. H PLC _ )

The mutagenic activities of the synfuel samples pnor to HPLC fractmnatxon
are plotted in Fig. 2. The crude, or unfractionated, oil shale retort waters were gener-
ally non-mutagenic; only the Paraho storage water showed any activity. After C,s-
partition chromatography, however, all of the retort waters exhibited some mutagen-
icity (Table I}. The mutagenicity was confined to the hydrophobic organic fraction;
the complementary hydrophilic, or aqueous, fraction exhibited no activity. As Table ¥
illustrates,; the hydrophobic organic fraction generally constituted a small percentage.
of the retort waters” total organics (Paraho condensate, 31.4%; Occidental, 34.8%;
and Geokinetics, 34.8 7); the only exception being the Paraho storage water (72.4%).
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F' g. 1. HPLC of standards. Each standard (E mﬂ/mi in methanot or chloroform) was chromatographed on
a gBondapak NH,~colum=n usmg the three-solvent mobile-phase system depicted above at 2 flow-rate of 5
mi/min. The organic species in the synfuel samples studxed tvp:call} eluted in three distinct tegrons of
polarity: noa-poldr, moderately polar and polar. -~ )
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The bvdrophobic organic fraction of the Paraho storage water was much meore muta-
genic than those of the other waters, including the Paraho condensate water. The
storage water was much Iess mutagenic than the unfractionated Paraho shale oil on
the basts of total specific activity fi.e., revertants TA98 per ug dry weight of the total
resiciue in the retort water). On the basis of the specific mutagenic activity of the
hydrophobic organic fraction alone (i.e., revertants TASE per pg dry weight hydro-
phobic organics), however, the mutagenicity of the Paraho storage water was compa-
rable to that of the Paraho shale oit (1.32 versus 1.06 revertants per ug, respectively).

In most cases, the SRC samples were more mutagenic than the shale oil. The
SRC-I procsss solvent, however, exhibited only modest mutagenic activity; it was
evern less mutagenic than the crude Paraho shale oif. The SRC-I solid product {dis-
solved in toluene—methanol {(3:1 v/v}], on the other hand, exhibited appreciable muta-
genicity. Neither SRC-I sample was fractionated by Sephadex LH-20 chromatogra-
phy prior to HPLC because the samples appeared to be much less complex chemi-
cally, compared to the shale oil and SRC-II samples. The SRC-II distillate blend also
exhibited appreciable mutagenicity, though slightly less activity than the SRC-I solid
prodduct. Co - - :

Of the Sephadex LH-20 fractions, the non-polar hexane fracticns of the shale
oil and SRC-II distillate blend shewed no mutagenic activity despite the fact that they
contained most of the original samples’ mass (x80-95°)) (Fig. 2). The moderately
polar LH-20 toluene-hexane fractions of the shale oil and distillate blend were mode-
rately active and constituted =35 Y of the original samples. The toluene-hexane frac-
tion of the distiflate blend was much more mutagenic than the shale oil counterpart.
The polar. LH-20 methanol fractions of the shale eil and distillate blend were the
most mutagenic, with the methanol fraction of the SRC-IE distiilate blend being by
far the most active.
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Fig. 2. Mutagenicity of synfuel saraples befors HPLC fractionation. The unfractionated synfuel samples
ancl their C, ,-partition or Sephadex LH-20 chromatography fractions were bicassayed using the standard
Armes assay with the TA9S strain of Salmonells 1yphimurizzn and S% zs 2 metabolic activator.
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TABLE{-_—.»:. s ]
ORGANIC AND ‘c{UTAGEN{C PROPERTIES OF OIL SH:ALE RETORT WA.TERS

- QOrganic coatent - ‘Afuiag‘enici{_i',

- Retort water -
: . TQC crude ) H}{!‘rnnﬁnﬁfﬂ* ’ ) _rg;-‘;’;_:!tt 7 } ﬁ—egggg't*t
o R . retore water fraction (mgfml}
) - _ (mgiml} -
" Parato storage 4275 3094 £ 166  2353(5065)F 132
. Paraho condensate £08 -7 L28 £+ O.I3 ¢ : 0.05 -
= Occidental 423 - 147 % 001 (4] T G144

Geokinetics - - 293 102 £ 0I5 o 6.I3

* Extractable by C,.-partition chkromatography; expressed as mg dry residue per m! retort water.
*% Revertants TAIS per ul crude retort water. a
*%% Revertants TA98 per ig of hydrophobic organics. .
¥ Revertants TA9S per mg rotal dry residue in crude water.

‘Muragenicity of the refort waters” kydrophobic organic fraction after HPLC
After HPLC fractionation, most of the species in the hydrophobic crganic
fraction of each retort water eluted in the polar HPLC region but some species eluted
in the moderately polar HPELC region (Fig. 3). Virtually all of the mutagenic activity
was conecentrated in the polar HPLC region (Fig. 3). The mutagens of the Paraho~
storage water chromatographed throughout the polar HPLC region, indicating a fair
degree of heterogeneity. In contrast, the mutagens of the Paraho condensate water
appeared to be less heterogeneous. The mutagens of the Occidental and Geokinetics
" retort waters were even less heterogeneous, confined exclusively to one area of the

_polar HPLC region.

Mutagenicity of SRC-I samples after HPEC

) Most of the species in the SRC-I process solvent eluted in the non-polar HPLC
region, but some spécies eluted in the moderately polar and polar HPLC regions (Fig.

- 4A). However, no mutagenic activity appeared in the non-polar HPLC region. Most
“of the mutagenic activity was associated with the moderately polar HPLC region, but
some activity also appeared in the polar HPLC region as well. Unlike the process
solvent, most of the species in the SRC-I solid product chromatographed in the polar
HPLC region, but some species eluted in the non-polar and moderately polar HPEC
regions as well (Fig. 4B). The mutagenic activity of the solid product was spread from
the moderately polar to the polar HPLC regions with most of the activity residing in

the polar HPLC region. -

Mutagenicity of non-palar shale oif and SRC-II fractions after HPLC

The HPLC properties of the Sephadex LH-20 hexane fractions of the shale oil
and SRC-II distillate blend were qualitatively similar. On the basis of UV absorbance
and the dry weights of the HPLC fractions, most of the species in the LH-20 hexane
fractions eluted in the non-polar region of the HPLC chromatogram (Fig. 5). Some of
the species chromatographed in the moderately polar HPLC region. The HPLC
chromatograms indicate more chemiczl heterogeneity in the distillate blend hexane
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Fig. 4. HPLC a.ud mutagenic properties of SRC-T samples: A, process solvent and B, solid product. The
mass recovery of each of the above samples after HPLC (per cent dry weight recovered} was 10897 Each
HPLC fraction was collected and bioassayed as described b in F‘§. 2 and 3; the total and specific mutaocmc
acuvms of cach HPLC fraction were compute&_ ‘ A

fractmu compared to the shale oil counterpart.
Based on the Ames assay, the LH-20 hexane fractions of the shale oil and SRC-

I distillate blend differed dramatically. The Paraho LH-20 hexane fraction remained
mutagenically inactive even after the HPLC fractionation (Fig. ‘SA). In contrast,
HPLC of the LH-20 hexane fraction-of the distillate blend unmasked mutagenic
acuvny in the non—polar and moaerately polar HPLC reg:ons (Fig. SB) ’
M utaoemczty of moderately po[ar shale oil and SRC-IT ﬁ'acttons after H. PLC

~ ~ Most of the species in the Paraho LH-20 toluene-hexane fraction chromato-
graphed in the moderately polar HPLC region; but some material appeared in the
non-polar and polar regions (Fig: 6A). The mutagenic actraty was. spread from the
moderately polar to the polar dPLC regzons. - s
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Fig. 5. HPLC 1 nd mutagenic properties of the Sephadex LH-25 hexane fraction from: A, Paraho shale oi}
and B, SRC-H distillate blend. The mass recovery of each sample aftar HPLC (per cent dry weight
recovered) was 109 %. Each HPLC fraction was collected and bioassayad as described in Figs. 2 and 3; the
total and spesific mutagenic activities of eack HPLC fraction were computed.

I« tha shale oil, most of the species in the L H-20 toluene-hexane fraction of
‘the dicdliate blend chromatographed in the maderately polar HPLC region'(Fig. 6B).
However, the HPLC chromatogram of the distiliate blend was much more complex
than that of the shale oil. Another difference, the mutagenicity in the distiflate blend
wzs confined to only one HPLC fraction in the moderately potar HPLC region.
Mzagenicity of polar shale oil and SRC-I fractions after HPLC

Most of the species in the Paraho LH-20 methano! fraction chromatographed
in the polar HPLC region: some species appeared in the moderately polar region and
nothing appeared in the non-polar region (Fig. 7A}). Mutagenic activity was spread
fraom the moderately polar to polar HPLC regions.
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Fig. 6. HPLC and mutagenic properties of the Sephadex I H-20 toluene-hexane fraction from: A, Paraho
shale oil and B, SRC-II distillaie blend_ The' mass recovery of each sample after HPLC (per cent dry weight
_recovered) was 83 9. Each HPLC fraction was cellected and bioassayed as described in Figs. 2 and. 3; Lhc
total and specific muiagenic activities of cach HPLC fraction were computed. -~ -
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Fig. 7. HPEC and mutagenic properties of the Sephadex LH-20 methzrol fraction from: A, Paraho shale
of and B, SRC-II distillate biend. The mass recovery of each sample after HPLC (per «ent dry weight
recovered) was 100°%. Eack HPLC fraction was colfectsd and Bioassaved as described in F‘gs- Zand 3; the
toial and specific mutagenic activides of eack HREC fraction were cemgmaa. -



*‘The LH:20 taethanol fracuon of the dxstﬂ!at., blend containad more s and -
e heterogenextym 'the moderately polar HPLC regmn than the sl)mle 011 counter- %

- part (Fig. 7B). Unlike t -
: was confined o thcmoderately polar HPLC regxon.

- Orgamc cz'zaracterzzaz;on of swzﬁtel sm:p!es i R
Quahtame GC-MS analyses revéaled that the HPLC fractmns of a;l the syn- -
f mel samples'were still quite complex. The organic specx&s ldenttﬁed to date are listed
. in Tables TV The Tetort waters contained qaife a- va.nety of species in the mode—a
. rateiy polar HPLC region (Table IH) and particularly in the polar HPLC region”
(Table IV), wher:e most of the organics n.hromato graphed (see Fig. 3). The moderately:
_polar and polar organics of the shale oil and retort waters were quahtatxvely sxmllar,‘ :
* but the retort waters lacked any of the non-polar organics identified in the shale oil .
: (Table H). Like the shale oil, the SRC-II distillate blend and the SRC-T process
- solvent contained an abundance of non-polar- organics (T able IT). Unlike the shale .
oil, however, the SRC samples also contained [ow levels of primary aromatic amines, "
: aza—poiym.clear aromatic hydrocarbons. (Table III} and hydroxylated polyruciear
.aromatic hydrocarbons (Table IV). Preliminary analyses of the SRC-I solid product
mdxcate that the organic species present are qualitatively similar to those of the SRC I'
. ptowss solvent, except that tucy are more ettensuely oxy genated.

B Dmcussroxz

] Of aII the. synfuel sampie< analyzed the ox[ shaIe retort waters were Ieast muta-
genic. Itis notcwortb.v that al of the mu..agwmulty of the retort Waters was conﬁned to_

—_—

: TABLE It .
: NON-POLAR ORGANICS N SYNFUEL SkMPLES*

 Organic speciest* . Shale - SRCI ~  SRCII
: o v alf . - - process - . distillate
.- solfvemz:- - .. blend

- Alkanes
Alkenes _

_ Imdans -

Indenes - .

Anisoles -

- Naphtha!cn&s )

. Acenapthylenes

Bipkenyls -

Fluoremes & |

Phenanthrenes

- Fiu'onmhen&s

- Chryscx:ﬁ[bcnzamhracen:s
-Benzofluoranthene = '

o Benzo{n]pvrene -

' Beazofalpyreme .

- Pergleme.. . o

lecn.oﬂuoranthcnc

- Dz’benzothxopu»ne

xxx‘x‘x'xx‘xx‘x?‘cx'xxx‘xxxxx
x;xwxv‘x'XXxxX‘x‘xxxxxxxxx‘
xxx}ékxxx*’xxx_x‘x‘x‘xxxxxx

- Orgamm i uon-pmar HPLC region; no orgamcs detccted n n:tort watcts. -
if“ - **i’arcntmompound plus ‘alkyl homologues. R .
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TABLEIK R T TR TS :,- E ,f.}_ ‘“ B *.; .
MODERATELY POLAR ORGANICS IN SYNFUEL SAMPLESs- "= -~ “%7 - "

- Oryranic species™* Reiors Sr’u&: U SRCT . SRGH s
R . © . waters oil - . process’ . . - distillate -
A . ~ . sofvenr '_'.~::1b!e;'zd.5

Pyrroles

Pyiidines

Anilines

Indioles-

Quinolines -

Isoquinclines -

Carbazoles
Acridines/pEenanthridenes
Aminonaphthalenes
Amincphenanthrenes -
Amzinochryseacs -
Anunopyrenes
Animophenyinaphthalenas
Amivogquinolines
Aminccartazoles
Amincbenzocarbazoles
AzapyTenes
Azabenzopyrenes
Phepazines/benzocinnolines

XXX XXX

><‘
_"ilxxxx'x X %
XX X KX KX

KX X KK XX
TX XXX X% KKK KKK KKK K XK

* Organics in moderatsly polar HPLC region.
** Pareat compound plius atkyi bomofoguss.
**= Fentative identification.
TABLE IV
POLAR ORGANICS IN SYNFUEL SAMPLES*

Orgarnic species*> Rezar: Skale ’ SRC-!I SRC-IF

waters ofl process distiflare
solvent blend

Aliphatic ketonss x

Benzonitrile x

Pyridizels Terx

Pyridincaes x . Trx= )

Ptenels X X x Cox

Fluorsnols x X

Naphthels x x x

Carboxylic zcids x x

Alkylamides x x

Hydroxybiphenyis x o x

Hydroxypyrenes x x

Hydrozybenzonyrena x

Dihydroxybiphenyls X x

+ Organics iz pelar HPLC region
i* Parent compound pius alkyl komolozues.
=+ Tentative identificaticn.
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- ,:the h ,drophobxc orgamc fraction:Unhke the other retort waters studled the hydro— -
phabic organic fraction-of the Paraho storage water constituted a farge percentage of -
" the water’s total or rganic carbon (see Table 1) and exhibited mutagenicity comparable
. to that of the Paraho-shale oil (see Fig. 2 and Table I), suggesting that shale oiland -
- retort water should be separated immediately after oil shale retorting. As @ result of -
- the HPLC analyses, it is clear that the mutagens in the hydrophoblc orgamcfractlonr
) of aI[ the retort waters are polar and,-in some waters, quite heterogeneous.: -~ ~ .

- The.Paraho shale oil was significantly more mutagenic than the crude, un-
fra"tmnated retort waters. The absence of dppreciable mutagenicity in the shale oil
Sephadex LH-20 héxane fraction indicates that non-polar species do nét contribute
to the shale oil’s mutagenicity, at:least at this level of HPLC fractionation. The
presence of mutagenicity in the shale oil’s moderately polar and polar HPLC reg:lons

_indicates that the mutagens are chemically heterogeneous: -

- The SRC-II distillate blend differed from the shaleoilina number of ways. The
dxsnﬂate blend proved to be much more mutagenic than the shale oil. Furthermore,
the mutagenic profiles of the distillate blend after HPLC fractionation were quite
different than those of the shale oil. Unlike the shale oil, the distillate blend contains
non-polar mutagens which are unmasked by HPLC fractionation. Specific chemical
characterization of this fraction remazins to be done, but on the basis of HPLC
retention data of standards, likely candidates for these non-polar mutagens are poly-
‘nuclear aromatic hydrocarbons and non-polar heterocycles. In contrast to the shale
oil, the distillate blend’s moderately polar mutagens are confined to a single HPLC
fraction in the moderately poiar HPLC region, indicating that the distillate blend’s
mutagens are much less heterogenous than the shale oil’s mutagens.

-Of the various synfuel samples studied, the SRC-I samples appear to be the
most distinct. The process solvent was [ess mutagenic than the shale oil, whereas the
solid ptoduct was more mutagenic than the SRC-II distillate blend. On the basis of
the HPLC analysis, the process solvent’s mutagens are primarily moderately polar, .
fike the SRC-II distiilate blend, whereas the solid product’s mutagens range from
moderately polar to pelar, like the shale oil.

Results of earlier studies suggest that primary aromatic amines are major con-
tributors to the mutagenicity of SRC-II coal liquids®+*7. From our current study, it
is clear that the mutagenic activity of the SRC-II distillate blend and SRC-I process
solvent is Iargely confined to the moderately polar HPLC region, where primary
aromatic amine standards elute. Furthermore, primary aromatic amines and muta-
genic aza-polynuclear aromatic hydrocarbons have been identified in the moderately
polar HPLC regions of both the SRC samples (see Table III}. In contrast to the SRC
samples, none of the organic species identified to date in the shale oil are known
mutagens. Results of earlier studies suggest that, unlike SRC-II coal liquids, primary
aromatic amines prebably do not play a central role in the mutagenicity of shale oilS.
It is possible, nevertheless, that the shale oil contains extremeiy low levels of the
amines which may be responsible for some of the mutagenicity in the moderately
polar region of the HPLC chromatograms of the shale oil. Further chemical fractio-
nation and trace analysxs techniques may vet uncover low levels of primary aromatic
amines which are currently masked by other moderately polar species which are mucl‘
more abundant. -

Finally, HPLC wup!ed with’ Cls-pamtlon or Sephadex LH-20 partition chro-
matography promises fo be an effective way of fractionating synfuel samples for
chemicai and biological characterization. C,g-partition chromatography appears to .
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be a quick, efficlent way cf isolating the mutagemic activity in the retort waters.
Sephadex LFH-20 chromatography is an inexpensive, fairly effective, preparative-scale
method of inittally separating the mutagenic species in the moderately polar and
polar HPLC regions from the largely non-mutagenic but abundant species in the non-
pelar HPLC region. As the EPLC chromatcgrams illustrate, the normal-phase
HE'EC used in this study fractionated the various synfuel samples considerably. The
HPLC frattionation unmasked mutagenicity in the Sephadex LH-20 hexane fraction
of the SRC-II distiliate blend that would have otherwise gone undetected. On the
other hand, the mass recoveries from the HPLC fractionation of the retort waters
were poor {30-359%/}, perhaps due to selective adsorption of polar organies on the
NH.-column. In contrast. the mass recoveries of the shale oif and SRC samples were
excellent {see Figs. £-7). In conclusion, HPLC coupled with partition chromatogra-
phy zppears to be a2 method of choice for combined chemical and bxolcmczl charac-
terizztion studies.
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