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INTRODUCTION

Spills of liquid products from oit shame and coal 1iquefaction,may
be among the most s1gn1f1cant environmental nazards of synthetic fuels”
product1on Fu11 sca]e commerc1a11zat1on of coal llquefactton and
sha]e 011 productlon in th1s country ~111 a]most 1nev1tab1y be

"accompanwed by a certa1n amount of acc1denta1 release of synthetic oils

dur1ng transporLat1on, storage, and handling 1 Because o1ls der1ved

“‘,_from coa] and sha]e d1ffer from petro]eum products 1n 1mportant

chem1ca1 and pnys1ca1 character1st1cs, the ecolochal effects of
synfue]s spills will be different from, and.probabTy'more.serwous than,v
. the effects of . petro]eum spi1ls- In récognitidn of. this fact,-the
-:Advanced Foss11 Energy Program 1n the Erv1ronmenta1 Sc1ences D1v1s1on -
Tiat O0ak Ridge. Nat1ona1 Laboratory is now conduct1ng researcn on tne |
- .potential.prob]ems of.synthetic oi},spills. :The'a}gal toxicityvteStseh:,-"‘

described below are part,of this program.

-"'ALGAL TOKICITY. TEST. | | o .

A]gae are the dom1nant pr1mary producers n most freshwater
'ecosystems- Because a]gae aré ‘at the base of most’ aquat1c food webs,”A
A changes in the quant1ty,<qua11ty, or productjv1ty of the a]ga]

‘ conmunity could have far-reaching consequences,for the rest of the
‘ecosystem.- Our algal toxicity screening‘test is simple, rapid, and' '
eco1ogica11ylmean1ngfu1; and it has been used‘successfuily,with several
‘dozen aromatic compounds and more than 20 conventional and synthetic
0115.2 The major objective of the test is rapid‘comparison of.

different materials with respect to their short—term-effects on




freshwater algae. The test organisms are Selenastrum capricornutum, a

unicellular green a]ga, and M1crocyst1s aeruginosa,-a’

~ . non- n1trogen f1x1ng, b1ue green a]ga Photosynthet1c 1nh1b1t1on is the f_:

: :cr1ter1on of tox1c1ty A second obgect1ve of the“algal bloassay is

determination of the range of tox1c concentrations to gu1de furtner
:test1ng L - . o

_ The test procedure nas been descrlbed prevxous]y2 % and on]y e
”,brﬁef out11ne~w111-be presented here Ce]]s from an actlveﬁy grow1ng L
f‘culture are suspended in the test so]ut1on and 1ncubated for 4 h. |

After 2 h, a 1

C-bicarbonate solution is added to eachfsampleiu The

algae. take up this fnorganic lécdandtincorporatefit fnto'onganic ‘;f“

‘,fcompounds:durjng-photosyntnesis; vAtﬁthe end‘of'tneg4:h5inCWbation;gAA
‘formaldehyde is added to kill the célls. AiiouotS”from:each sample are .
ac1d1f1ed w1th HCl to convert all rema1n1ng 1norgan1c carbon to COZ’

;-wh1cr is e‘oved by bubb11ng w1th air. "The remaining (organwc)
is then assayed by 11qu1d sc1nt111at1on spectrometry to determ1ne the""

»rate of phOtOSJhthES]S Resu]ts are expressed as percentages of

‘controls.u

WATERIALS TESTED

Coa] 11quefact on products nave been the focus of our most

intensive efforts to date.4 556 However, when Dr.,Gr1est informed us

of the arrival of the Paraho/SOHIO shale o0il suite in the Fossil Fuels

7,8 we requested samples of several of

Research Materials Facility,
the 0ils for toxicity screening tests, because of their inherent

interest to our program as well as for comparison with petroleum- and



coal-derived oi1s, The oils tested (with their Fossil Fue]s,Research
Mater1als Fac1]1ty numbers in parentneses) were the following: |
"*Crude shale 011 (No. 4001) R | o
- *Hydrotreated shale 011 (No. 4602)
*Hydrotreated residue'(No.14607) -
*3p-5 (jet fuel) (No. 4608) .
%DM (diesel fuel marine) (No. 4610).
He alsoltested'three petroieum!productsbtor cohparison;
. %p-5 (No. 4514) | - -
*DFM (No 4616) A
_ *No 6 residual. fue] 011 (No. 5401)'
Crude petro]eum was not tested because tnere is: abundant ev1dence
E,that petro]eum crudes are genera]]y less tox1c to aquat1c organtsms e
than refined petro]eum products 9,10,11

When 011 is sp111ed on. Nater most of it e1tner f]oats on the

surface or s1nks to the bottom depend1ng on 1ts dens1ty and that of

the water The hazard to aquat1c organlsms stems more from exposure to '

components of the 011 that d1sso1ve 1nto the water than from d1rect

11,12 Moreover, the oil may be contained

contact w1th the oil itself.
“and ultimately recovered, while the water w1th wh1ch it comes in
contact will affect a wider area and for a 1onger per1od of time. For
these reasons'and to avoid the experimental difficulties of working ‘
with immiscible materia1s,.We tested the water-so]ubte fractions.{WSFs)
of the‘oi1s rather than the whole 0ils. Each WSF was prepared by

adding 0il to distilled water in a 1:8 (oil:water) ratio and stirring

very gently for 16 h in the. dark. The WSF was then separated from the



0il and filtered (Whatman No. 41) before testing. Algal growth

nutrients were added, and dilutions were made into fresh algal growth

13

med ium. Test solution concentrations were expressed as percentages

“of full-strength WSF.

RESULTS AND DISCUSSION

The effects of the five shale oil NSFs on photosynthesis by .

‘I“Se1enastrum capr1cornutum are shown in F1g 1 The crude shade 011 WSF

was the most tox1c a 10% solut1on of th1s mater1a1 1nh1b1ted '
photosynthesis by near}y 804. Hydrotreat1ng s1gn1f1cant1y reduced the
toxicity of this 0il. The res1due.of the.hydrotreated oil, however,

was more toxic. than the whole hydrotreated oil--in fact, the

Shydrotreated res1due was near]y as tox1c to S caofiCofnutum as”érude S

" shale oil."~ Ne1ther of the ref1ned sha]e 011 products was- toxic in"

these tests. ‘

The effectiveness of hydrotreating in reducing the toxicity of
crude shale 0il was demonstrated with both test species (Fig. 2).. Ne:'
believe that th1s reduct1on in toxicity is due to removal. of n1trogen?~u

and oxygen from the 0l during hydrotreat1ng.l4b The n1trogen— and .

- .oxygen-containing ‘compounds, espacially primary amines and pheno]s,lare_‘

among the most toxic arematic compounds to freshwater a]gae.3 . These

compounds are a]so much more so]ub]e in water thnan the1r hydrocarbon

<ana1ogs, so their abundance in WSFs is. greater, proportionally, than

their abundance in 0il. Preliminary analyses of the WSFs by UV

‘spectroscopy have shown that the concentration of dissolved oil in the

crude shale oil WSF is approximately five times that in the



. hydrotreated shale oil NSF.5 In studies with coaT-TiquefactionA

products, we have found the ether-soluble bases to be the most toxTc‘
codponents of WSFs, with ether-soTuhTe acids next in importahce.zt6
SimiTar fhveetigations'with shaTe‘oiTs.houe yetuto'beacorried-out,:but
we expect the same general trends to hon true. '

The ref1ned shaTe 011 products, JP- 5 and DFM were not tox1c to

' S. capr1cornutum The petroleum der1ved JP 5 was. aTso nontoch, but

. the petroTeum DFM was compTeteTy 1nn1b1tory at’ 100% SF (Fig. 3). The
" DFM was the most toxic petroTeum product_we_nave tested in our
Taboratory 5 6 - 4 ' L
. The results with residual fuel oiTsj(Fig;.A) do not_preeeot“é
clear pattern The petroleum .residual fuel oil had littie effect on. .

’S capr1cornutum wh1Te the hydrotreated snaTe 011 res1due was tox1c at'u‘

10% WSF. In the case of M. aerug1no a, however, the WSFs of the- two
0ils were equally toxic. Subfract1onat1on of these WSFS, foTTowed Dy
.b1oassays of 1nd1v1dua1 subfract1ons, wou]d ‘be usefuT in expTa1n1ng

these resuTts

Figure 5 presents a comparison of the effects on S. capricornutum

of the WSFs of petro]eum DFM crude shale oil, and'a-typicaT unrefined
-TcoaT T1quefact1on product The‘12 coal-derived 0ils we have tested do
not differ greatTy in their tox1c1ty to aTgae all are considerably

more toxic than crude shale otT.S‘




CONCLUSTONS

While these results do not constitute a complete eva]dation of the
."Eeiative ecofogical hazafdsAof thé 0ils tesfed;'several tentativé
conclusions are suggested ‘. |

'(1) The WSFs of some of the Paraho/SOHIO sha]e 0115, part1cu]ar1y
: cfude.shale 011, are more toxlc to algae than WSFs of petro]eum L
Prdducts Sha]e 051'§§ills might fhérefofe,‘bédéxdeéted to have .
;greater eco]og1ca1 1mpact than petro]eun sp111s L ”

(2) Unref1ned coa] 11quefact1on product WSFs are more toxic to.

“algae than WSFs of shale oils in" the Paraho/SOHIQ suite.

(3) Refining reduces the toxicity of shale oil to algae.
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Fig. 1.

Fig. 2.
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Fig. 5.

"FIGURE CAPTIONS

Relative photosynthesis (% of controls) of

Selenastrum capricornutum exposed to water-soluble

fractions (NSFs)-of‘five shale oils. Fossil -
Fuels Research Materials Facility sample - -
jdentification numbers are given in parenthéées;

Relative photosynthesis (% of controls) of

Selenastrum capricornutum and Microcystis

aeruginosa exposed to water-soluble fractions
(WSFs) of crude and hydrotreated sha]e.oils;~
Error bars-iﬁd{cate'i 1 S.ﬁ.:' |

Relative photosynthesis (% of controls) of

Selenastrum-capricornutum exposad to water-soluble

fractions (WSFs) of shale oil DFM, petroleum OFM,

shale 011 JP-5, and petroleum JP-5. Efror nars |

indicate *+1 S.0.

Relative photosynthesis (% of controls) of Selenastrum

capricornutum and Microcystis asruginosa exposed to

Water-sd]ub]e}fractions (WSFs) of hydrotreated shale oil-
residue and a petroleum-derived residual fuel oil. Error bars
indicate +15.0.

Relative photosynthesis (% of controls) of Selenastrum _

capricornutum exposed to water-soluble fractions
(WSFs) of-petroleum DFM, crude shale oil, and 4:
unrefined coal-derived distillate 0il. Error bars

indicate 1 S.D.
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