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Partition chroxnatography (Sephadex LH-20 or C,,Ypar&ition) .fOlfowed i& 
: hi&--perfom2.~1ce liquid chromatography facilitated the &ganic and mutagenic c&r- 
+xi.%ation of s_ynfkeI sampIes_ The rntitagens in 03 shale retort wate& were poIar* 
taherear;thoseinashaIeoitran~e’~-_ _: :I .___‘_ _--_.-I. -.I. .‘. : -1.. 
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heterogeneous than tb&e:~f -an SRC-f&id-~___L_~ LA_ _.- _L.~.z~~l~: 
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&omatic~a+es and aza-polykticI&, arornz& hydrocarb&s) were ident _ . 
SR(-mi-A-A_;,-,-,_I:: Ed__-.- __ -: _ ; :. .. ,: _: .~ ,. ~. 
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tg in the U&d States. The feasibifity of shaIe oil production and coal liquefaction is 
being +t&.usipgrarious tcchnoiogies, most of which are presently St t&k beti!h-level 
to.pil&-pIant Sta@s of devel6pment;. A *de variety ofe.xperimen’LaI syti?el s&pIes 
arecurre~$Iy- being:produced, afong--&h .bylproduct& associated witkthe various 
synfud pro-e& e.g.; ret&t ivaters from @I _shaIe:retckt.ing. C+cern about the 
+tentialheaJth and environmental impacts of a synfuels industry&s, ia turn; prompt: 
ed intensive biomedic& and enviro~entai’ rekarch, knuch &T-it directed at tihemi- 
c@iy Sad 1 bioIog$x&y evaluating -t$e. g;Pnotoxicit$[czrcinogeni~ potential ‘of syni 
fu$s_: R&arch. has &ready dernckstrat&khat -&+&I crude and ckm.icall~ frac: 
tionz+d &yn@el stipks are mutagenic using carcinqgen-screening bioassay systems 
such:+ th+mes S&nZla_&say ‘-7; Endwn- carc&gens such as polyouclearlar_ 
ornati~ hydkjcarborxk and- primq. aromatic .ami&- have been identS&i k Various 
+mfbeI. sarnpl+?_ : 

._ .The primary g&of this study was to coepqe the ofgakc and~muta~enic 
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The Far&o shde oil aad SRC-11 distZate bEezd were itirially fractionated by 
Sqhadex LEE-30 paztio~l chromatogzzzphy based oo a me’tlrod deveioped by Him- 
is& a& Siadle9’ 2& modified by Jones et al.“. In OELT procedure, the Sephadex IX- 
20 was sweiIe4 in metkanoLwater (85:15 v!v) sod packed in 2 30 x 2.5 cm @zss 
co:unrpr_ Eack synfuei sampIe jr.5 g) was diluted witk kexane and loaded on tke 
column. Sequential step-piise ehtion witk kexane, 10% (v/v) toluene in kesane a.sd 
methanol (z 300 ml each) yielded a general separation based on polarity. Tke SRC-I 
sarxples were not fi2cGonaled prior to MPLC because tkey appeared to be muck Zess 
compie?c ckemic&y compared to tke shale oil and SRC-11 samples. 

Eack retort water used in the m&qenesis studies was i&i&y f~2ctiOnate.d by 
pa_&iOn ckromatograpky OR a CI,-cartridge based OE a metkoci described by RiMn 
an.3 Howard”. In our prwdure, the C,,-cartridge was preconditioned by elukg 2 
ml of mertranA tkrougk it, followed by 4 ml of milli-Q purified water. Each retoti 
\i-zter (24150 ml) was &en loaded onto tke &ddge; tke organic-toad& car- 
trisge was then wzsked %<tk 3 ml of miK-Q-pu.rifZed water. Tke C,,-extrac~ab!e, or 
kydropkobic orgtic, fraction of tke retort pi-ater was then elute&-from tke Cl,- 
carzidge with 2 ml of me’hnof. The exact vohme of each retort water Ioaded per 
C, ,-czrtridge was determined by construcring binding curves (dry WeigkE- of kydro- 
pkohic organ& p!~tted ~er.zz vOhme of retort w2Eer). A vOkmte COITeSpOndiIIg to 
tkaz eaciy, ihzr part of Ehe cr1rve was seLected to avoid overfoadtig the cartrids_ 





fi&tionS‘Ehat We32 bkS.Sy&. After 2 24-36 h ina.&tion of tke inocufated plate; 
.mxtaqcolonie-sofT&95 were CG~~~cnr;~ewBruns~~~IcScie~~~Co~~any 
BiGtrar;E an&omat& cufonycyter. 

Mater&& 
‘&wzfX&s_ .Tke stmdards _xzxd in the HPLC study &ere ptir&& from 

Aldrich (&4iiwaiEkee, WI, U_S_a_) ELLO-RFK Corporation (Hope, RI, U.S.&); IO- 
azabenzo&z&qrene was dona& ky Professor M_ Lee of &ighq Young University. 

Smples. T&z crurk ParzhG product oil xm.s svlpIed on August Xtlr, i977, at 
tke Paz&o &Gvegound i&G& @.I& pGk& co): from heated 5#-bafiel ~&T&S and 
Wmsferred into PTFE-lined srtiess s6xl dmms for sGpm=t to auf &r&aq. ike 
03’s teqperature at tke Initial sampling was 65°C. Tke crude ail was tmnssorted at a 
temperatwe of z4”C and storec$ in tke I&oratory at ~4°C. Subsampling of tke 
Parako pro&ucZ oil consisted of.&xisfe&g it to FIFE-se&d, am&-g&s bottles 
afxer tke s2nlpre h2d ken thorail@dy Iriix& at 65°C. 

The Par&m retmt sto*g wzter, qpaz2tecf from Shde 0iI in storage t2&s, vc’2.S 

sax~pkd on k_ugust 2&k, f977; the Parako condensate wafzer, composed of condensed 
o!Z-gzs, was svnpled on October 13tk,l9~& zt tke Paraho aboveground retort &&vii 
Points, CO). The -dent& retort water was sanqkd &cm a retort wafer hold& 
tank oz Marck 7tk, 1979, at the vertid, mod&A in-si& retort (Rooaz 6) at Logan 

W2d3, CO. The C~okinetics retort water was sampled from a skaIe o&retort water 
separation tank on July I I& 1978, at tke kotiont& tme i;i-sicrc retort at Vein& UT. 
Tke retort waters were coI!ected in PTFE-lined stai&ss steel drums or PTFE b~tties 
.md stored under tke same con&tions as tke Par&o shde oif. 

The SRC-fi distiH2te blend pi2s skipped to ‘Jre f&oratory from the SRC p3ot 
plant in Fort Lewis, WA (operated ky tke Pittsburg 8 Midway Coal h&ing cd.), 
and stored under ‘&e same condition,s as the Parako shale o& Tke distillate blend 
coatsts of a mix of 2.9 parts middleitistilate cut (17~29f1’C) and f pazt heavy- 
dist.iUate cut (29U4%*C)_ 

The SRC-I process solvent and soEd product samples were colkxt& on &me 
&IL, 1980, at tke SRC-I pilot plant (wilsonviile, XL) during steady-stare operation 

21~5 hiankered under nitro~gzn. The samples were srtbseque&Iy tr&erred into PTFE- 
lkd s~&nkss ste& dams for skipment to our laboratory, wkere tkey were stored at 
x:&T prior to subsucpiinng znd uzalysis. Tke solid product A’BS crushed and tken 
dissotved in tokzene-metkmol(3 : I. v/v) prior ta ?ZPLC. 

CtiTO.‘l?G~@~G$2iC coilmim. Tlie @ondap& &3+c0i~ 2nd precolumnn 

used in the HPLC anaIy_xs and tke Cl,- Sep Pak cartridges used fGh the C,,-partition 
chromatography were purchased from Waters Assoc. (hWford, MA, U.S.A-). Tke 
?+W,-colrro;n wzs a setiprepzrztive c&~nur (30 cm x 7 mn). Tke @ass cokmms (45 
x 2.5 cm) ad Sepkadex LH-20 used in the initial fnctiorzation of tke skaIe oil and 
SRC-11 distillate blend were p~~cbass from Pkmacia fPi_~txzy, NJ, U.S.A.). 

Soirenis mdghssware. ?3e orgtic solvents used in tke ckromatograpkic anal- 
yses were redis-Wed-in-glass solvents purckased from Bwdick & &t&son Labs. De- 
iOi Watir W% pZ%d EfrrOU@l2 T&.&Q SJ’Sten ~i&XXX?) Containing t-A’0 ion- 

exchange resins arzd two ckarcod 6kers_ AH &sswzre ~2s acid ckzxned, except for 
the glass cofwms used for tke Sephadcx LH-20 ckromatognpky wkich piere solvent 
rinsed with sonic&oa_ 
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~ ;. .-_-_: : A-&&~-of&&& : s we% chromatogra~hed-o~the~MF~~ol~ &kg the 

three-iol+nt &bile-phase system-(Fig;. ij;‘-As will be’discussed shortly9 m&t dfth$ 
spekieS i;r tke~s+f&l sampIeS &ted in thtee d.istin~‘regious~~oti-polar,~ moderately 

~.pdIar,and-polar_- Standards such ;as ~&nucI&~‘%r&natic- hydr+b&s ‘And non- 
. polar heterocyckk &$ed in-the -non-pofar~re$k~; arom& amities kd Nheterocy- 
ci&~h&dixithekderately polar region and phenol and mix&$tiction heterocycIes; 
e.&, ~amintipyridikol, eluted ikthe poIat re@&:An important feature of this chroma- 
tographic fractionation is tit there-app&s to be& appreciable s&u&on of non- 
mu&genie: phenok-e compoukis from mutageni&Hy a&ire aromtitic &nines_ 
PhenoIic-type tim~unds a~% -generally major constituerits of synfuel sampIes 
&ereas primary tiomatic amines, if present, are tier constituents7_ 

1 : 

Mut&enic~ty c~~s&.ce~ samples jmki to HPLC .: _ 

The mutagenic activities of the synfuel samples prior to HPLC fractionation 
+ pIott& iI&g _ 2_ The crude-,or unfractionated, oil shale retort waters Were gener- 
ally non-inutagkic; on&&e Paraho storage water shawed 2&y activity_ After C,,- 
partition chromatography2 however, alf of the retort waters exhibited some mutagen- 
icity Uable I)_ The mutagenicity waS cbnfkd to the hydrophobic organic fraction; 
the compkmentary hydrophilic, or aqueous, fracticin exhibited n& activity. As Table I: 
iksfrates; the hydrophobic organic fraction generality canstituted a smaU percentage 
of the retort waters’ toti organ& (Paraho condensate, 3E.4%; Occidental, 34.8 =A; 
zi&Geokineti~.34_8 “/; the o&y exception being the Paraha storage water (72_4OA_ 

L~018WOCA_J1ACRIOINE \ = 

FigI. EEPLC of stzxizrdr Exh standsd (E m$mI in methzxol or chloroform) WIS chmmatpgraphed on 
a~.B~ndap&MT,coIumnuskgther.hrf~ I so vezt mobikphase system depicted above 2~ 2 iloi=.=~~tz of 5 

d@in_ Theor_eanizsgzecies in ffit qxfixii2mpI~stidied typk2&e!uted intimedistinctregiia~.~ of 

p012rity:_no~j&5r, modazteIy p&r znif pofar. -. 



The_hydropI&bi~ orgaic fraction of the Pa&o storage wafer w& much more muta- 
stidz ‘&an those of i&e oaer waters, inckiing the Paraho condensate water. The 
stcqq water was much iess mutagenic than the unfractionated Pmaho shke oil air 
the bzsis of SotaX speci5c actkity fi.~_, ieyetimts T-493 pr ,~g dry ~&ght of the-total 
resictue in t&e -retort water). f)El tie basis of the qec% mtZagenic act&=@ .&the 
h#rophubic organic fraction alone (i.e., revertants TAB per pg dry weight hydra-m 
phobic qaoicsj, however3 tie matqeaicity of t&e Par&o sto_age water was compa- 
rable to that of the Par&o shale oi? (I.32 WT~U.S IX% revertants.per PgX respectively). 

Zn most -es, the SRC samples ~+-cre more mutagetic tharr the shale oil_ The 
SRC-E process solv~~ however, exhibited ody modest mut@enic ti$tity; it was 
even kss mu’tzgenic Man the--de Par&o shaic ail. The SRC-T s&d product Edis- 
solve ia toluencGletha& (3: f v/v)]_ on the other band, exhibited appreciable mrlta- 
g&city. Neither SRC-I sample was fractionated by Sephadex LH-20 chromatogra- 
phy prior to HPLC Dec;i~e the szmpks appeved to be much 1es.s compkx c&m.i- 
cz&, cuzq~~ed to tfre s&de oil. 2nd SRC-IE s~aqks. The SRC-Ef distilkte bknd &O 
e&i bit& appreciable mutzgen+y, though slightly 1~ activity than the SRC-I-solid 
pXl1&Xt. -_ - 

Of the Sephadex LEE-2Q fratioos, the noo-polar hexane fraqions of the &ate 
oil ;md SRC-11 dist3Iate blend &XV& no mutagenic a&<~ despite tie f2ct ahat they 
corrtine0 most of the original samples’ mass (~%k-!?5~~~ (Fis 2)_ The moderatefy 
polar LH-20 tofuene-hexane fractions of the shale oil and distillate blend were mode- 
rately active and constim:ed z 5 o/O of t&- u origin& sa~pks. The toluene-hexane frzc- 
don of the disti3ate blend was much more mtztagenic thzo the shale oil coumerpart. 
The p&r, LK-20 rnec&mot fractions of the shale oil and diiIlate bknd were ‘Jre 
most mutagetic, wit& the methanol fraction of the SRC-EE distikte bIezld being by 
far the most active_ 



- Reveztants TA98 per pg of hydrophobic ortics_ 
f fteuertznts TA9S per mg toot& dry residue in crude wit:r. 

Mita&nicity of rile relorr rvarers’ &droptiobic arganic fracrion afier KPLC 
-A!Tter HPLC fraction&o< host of the-species in the hydrophobic or_@c 

fraction of each retort water kfu~ed in the poIar HPLC region but some species eluted 
in the moderately polar HPLC re@on (Fig_ 3). Virtually aiI of the mutagenic activity 
was tincentrated in the polar HPLC region (Fig. 3). The mutagens of the Far&o - 
storage wtiter chromatographed throughout the polar HPLC region, indicating a fair 
degree of heterogeneity. In contrast, the mutagens of the Paraho condensate water 
appeared to be fess heterogeneous. The mutagens of the Occident& and Geokinetics 
retort water&were even Iess heterogeneous, confined exclusively to one sea of the 
polaY$iPLC region. 

Mutagenici@ of SRC-I san@es &?er HPLC 
Most of the species in the SRC-I process solvent eluted in the non-polar HPLC 

regio< but some spkies eluted in the moderately _polar and poIar HPLC regions (Fig_ 
4A). However; no mutagenic activity appeared in the non-polar HPLC region, Most 
-of the rnutzgenic activity was associated with the moPerate& polar HPLC region, but 
some activity also appeared in the poIar HPLC region as well. Unlike the process 
solvent, most of the species in the SRC-E soIid product chromatographed in the poIar 
HPLC re@orr, but some species eluted in the non-polar and moderately pokr HPLC 
regio.ns as weI1 (Fig_ 43). The mutagenic activity of the solid product was spread from 
the moderately p&n- to the poIar HPLC regions with most of the actiti~ residing in 
the poku HPLC region. 

Muragenici~y of non-polar shde oil and SRC-fTfrircEions afrer HPLC 
The -HPLC properties of the Sephadex LK-20 hexane fractions of the shale oil 

and SRC-11 &still&e blend were qualitatively simiIar_ 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 ie$on of the HPLC chromatogram (Fig_ 5). Some of 
the species chromatographed in the moderately polar HPLC region_ The HPLC 
chromatograms indicate more chemical heterogeneity in the distillate blend hexane 
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Of ail $he synfuel samples analyzed% tie oil shaIe retort waters we& least muta- 
g&ic_ It is tiotewofihy &&at all of the mu+ageticity ofthe retort waters was conBed to_ 

_. -_ 
TABLE II 
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XON-POLAR ORGANIC!3 t&l SYNFUEL 
-_ 

S_kWLEsr 



Y 

x 

x 

x 
x- 

x 

x- 

x . . 
x x - 

-’ -..x ---. : 
x. -Y . . x 

.x x.-. .:x- :. 
x x x 
x x x 
X x x 

T- x x:. 

x x .- 

X x- 

X x 
x x 
Y X- 

x X 

Y x 
x x 

x 

x 

x 

x 

x 
x 

x x 
X X 

x X 



_^ _- 
-- PA~~OE+~O_~~~RAPHY-H~FS~UELS - : -: .- --- --~ -_‘_m~~ :. 

.-. __ ._ ;- - :-_A : .-. _ -. 

~-=a; ~~~phobi~~~inicfi~~~on-_Unlike &&~_f&* &t&s sm&&, _&e &&o-- 
ph5b+ &ga$c f&3&i*-af ihc Parah sio~&wafer ccG.sfitu~ a Ia& perc&tage of 

' '&k.wa&s @td ?@&.A%b~ (See Table r) a$ e%hibit& mutagenicity’&m~arable 
_ tcdhat ofIt& Pa+kg-&de.c@ {sxJ&2 and Table I), su&esting that shalti Oil-alnd 
: zet~~_wat&houId.~.s&raxe-d i.mq&gqI$ a.ft&@X shak retortingi As z&s& of- 

t.@HpLC gdyses~ it is clear that the mutagens in the hydr&h*bic o~g&icfr&ioh- 
5f811~e~retort~a~~~~lac~~--in_s~_e %aters-_q& heterogetieous. T r -: 
;-... 1 ThcParab shale oil- was significantly. more mutagenic thti the-crude; g-. 
Eractionated retort- waters: The abeti&= of-&pp&ciable mutagenicity ti the-shale oil 
Se&adz- LH-20 h&ane fr&ztion’indicat&s that nofi~polarspecies do I& contribute 
to the&ale oil’s mutagenici~, zt kast at this level of- HFLC fractionation_ -The 
presene of mutagnicity in the @ale oil’s tioderately poIar and pofti HPLC regions 
indi~b. that the m@agens z&e chtically heterogeneous; 

The SRC-II distillate blend diEered from the shaie oil in a number of ways. 7% 
di~z$iilate blend proved t5 be much more mutagenic than the shale oil. Furthermore, 
the mutagenic profZes of the~distilIate blend after~HI?LC tictionation were quite 
merent than those of the shale oil. Unlike the shale oiI, the distiJ.Iate bIend contains 
non-pplar mutagerrs which are unmasked by HPLC fractionation. Spe&c chemical 
chara&e&ation 5f this fraction remains t5 be donet but on the- basis of HPEC 

ntention da@ of standards, Likely candidates for these non-polar mutagens are poLy- 
-nuclear aromatic-hydrocarbons and~non~polar heterocycIes_ In contrast to the shale 
oil, the distillate bIend’s moderately polar tiutage& are confined t5 a single HPLC 
fmtion in-the moderately pofar HFLC @on, iridicating that the distillate Mend’s 
mutagens are much Iess heterogenorrs than the shale 53% mutagens. 

-Of the various synfuel samples studied, the SRC4 SampIes appear to be the 
most distinct; The process solvent was Iess mutagenic tha& the shale 52, whereas the 
solid piroduct was more mutagenic than then SRC-II distifiate blend. On the basis of 
the HPLC analysis, the process soient'smrrtageens z.re primarily moderately polrr, 

Iike the SRC-II distillate blend+ whereas the solid product’s mutagens range from 
moderately poIar to paizr, iike the sh& oil. 

Results of earlier studies suggest that primary aromatic &nes iz~ft rrzajor COXI- 

tributors to the mtitzgenicity af SRC-Eco& Eiquids6P7*17_ From our current study, it 
is clear that the mutag&& activity of the SRC-II distillate Mend and SRC-E process 
sotvent is largely confined to the mbderatery pofar- HFLC region, where prinrq- 
aromatic an&e standards eIute_ Furthermore, primary aromatic amines and muta- 
genic aza-poIynucIeararoma+ hydrocarbons have beeti identified &-the moderately 
polar HPLC regions of both the SRC samples (see Tab6 III). fn contrast to the SRC 
sampIes, none of the orgadc specie~s identified to date in the shaEe oil are knbwz 

mut&gens_ Results pf earlier studi=~sti~&est that, unlike SRC-II &at liquids, primary 
aromatic amines probably do not pfay a central roIe in the mutagen&y of shale 03~. 
It is possible, nevertheless, that the sha!& diI contains extremely low IeveIs of the 
amines which may be respdnsible for some of the mutagenicity in the mode+eIy 
p5.k~ region of the ,HPW chramatograms of the share oiL_Further chemic%I fractia- 
nation and trace analy$s techniques may yet uncover low IeveIs of primary &omatic 
amines which are current& masked by other modez%t+ polar species which are much 
more abundant . . 

Finaily, HFLC c5upIed wit&C&part?tio$ or Sephadex LH-20 &utition chro- 
matography promises to be ZJ.TX effect& way’ of fmctionating sy&ueI samples for 
chemical and bioIogicaf characterization. C,s-partition chromatography apxxus to 




