TOXICOLOGY OF SYNTHETIC FUELS - A MINI REVIEW
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Recent analytical and toxicological studies on synthetic fuels have confirmed previous observations
that higher boiling fractions and blends are more toxic. It has also been reported that toxic effects
of synfuels are related to the polycyclic aromatic hydrocarbon (PAH) content, including nitrogen
containing and polar PAHs. Although carcinogenicity and mutagenicity are the main health concern
of higher boiling synthetic fuels, the systemic toxicity (effects on liver, blood, bone marrow, thymus
and thyroid) should not be overlooked. The marked thymic atrophy and perturbation of immune cells
of PAH treated animals suggest that these fractions are immuno-suppressive. The lower-boiling
fractions possess relatively weak carcinogenicity, mutagenicity and systemic toxicity, but their
dermal iritant effects are still of concern in occupational settings. In the fractions and blends
studied, the benzo(a)pyrene level is an indicator of their PAH content and hence toxicity. However,
it is also clear that different composition of PAH mixtures in the high boiling fractions produce
interactive effects that results in complex toxic and biochemical manifestations. The purpose of this
article is to review recent mammalian toxicity data of various synfuels, and to shed some light on
their potential human health hazards.

CARCINOGENICITY AND MUTAGENICITY

Early epidemiological studies showed that workers involving in the production of coal gas had a
significantly higher rate of bladder and lung cancer (Doll et al., 1972), and those in the production
of shale oils had a higher incidence of skin and scrotum cancer (Costello, 1979; Purde and Etlin,
1980). Reviews conducted by the International Agency for Research on Cancer concluded that shale
oils were human carcinogen (IARC 1985), and exposure to "older” coal-gasification processes was
carcinogenic to humans (IARC 1984). Workers in coal liquefaction plants were also reported to
have a higher incidence of skin cancer (Shepard, 1981). A large body of evidence indicated that
coal-derived synthetic fuels (Reilly and Renne, 1988; McKee et al., 1995; for review see Chu et.
al., 1994) and shale oils (Holland et al., 1981) were carcinogenic in animal studies and mutagenic
in bacterial bioassays. In general, the middle and high boiling streams were more tumorigenic.
More recent studies on coal coprocessing products and bitumen derived products also indicated that
the middle and high- boiling fractions were more mutagenic (Table 1) (Otson and Peake, 1993).

SUBCHRONIC TOXICITY

Although carcinogenicity and mutagenicity are the main health concern of high-boiling synthetic
fuels, their subchronic toxicity data are also required for health risk assessment. Table 2 summarizes
the data from animal studies that provide no-observed-adverse-effect levels (NOAELSs) for the fuels
tested. It can be seen that the major target organs are liver, blood, bone marrow, thymus and thyroid.
Theeffects onhematological disorders, and on the liver, consisting principally of hepatomegaly and
microsomal enzyme induction were reported (Chu et al., 1988, 1992, 1994; Poon et al., 1994, 1996).
The higher boiling fractions were more toxic and had NOAELs of less than 8 mg/kg/day. In
contrast, petroleum derived unleaded gasoline and Fuel Oil no. 1 were less toxic, with NOAELSs of
greater than 250 mg/kg/day (Table 2).

EFFECTS ON THE SKIN

While the lowest boiling distillates showed the weakest tumor induction and systemic effects, they
were shown to be a strong skin irritant. For example, shale-oil derived distillates, jet fuels (Holland
etal., 1981; ATSDR, 1995), and the light gas oil fraction of bitumen upgrading products (Poon et
al., 1994) produced severe skin lesions in rats. Feuston (1994) suggested that the skin irritation was
associjated with 2-ring aromatics, which were found to be most abundant in the low-boiling fractions.
Chemical-induced skin phototoxicity appears to be a major concern for high-boiling distillates and
bottom fractions. McKee and Maibach (1985) reported that EDS liquids with boiling points above
200°C produced skin phototoxic effects in guinea pigs. In a survey of workers at a pilot coal
liquefaction plant, Driscoll et al., (1995) noted that self-reported photosensitivity reactions were
strongly associated with dermal exposure to the solvents containing bottom fractions of coal liquids.
Paint that contained bitumen was considered to be the cause of an outbreak of skin phototoxicity and
ocular symptoms in workers in a dockyard (Davies, 1996). Coal tar and its products have been
known to cause photosensitive skin reactions (Gould et al., 1995). PAHs in coal tar and bitumens,
such as acridine, pyrene, and phenanthrene were reported to be potent phototoxins (Gendimenico
and Kochevar, 1984; Davies, 1996). These compounds are also present in the high-boiling fractions
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(Table 1).

EFFECTS ON IMMUNE FUNCTIONS

Studies with laboratory animals showed that high-boiling coal liquefaction products (Springer et
al., 1986), high-boiling coal co-processing products, and medium- and high-boiling bitumen
upgrading products ( Chu et al., 1992; Poon et al., 1994) produced thymic atrophy. Because the
thymus is an essential organ for the normal development of immunological functions in early life,
these observations suggest that treatment with higher-boiling fuels may compromise the immune
system. In contrast to a paucity of immunotoxicity data on synthetic fuels, these effects of PAHs
were well documented (reviewed in Ward et al., 1985; Davila et al.,, 1997). In addition to
benzo(a)pyrene, other PAHs such as phenanthrene and fluoranthene, which are widely present in
synthetic fuels, were also found to have immunosuppressive effects (Davila et al, 1996;
Yamaghuchiet al., 1996; Tsien etal., 1997). Recent surveys of coke-oven workers exposed to PAHs
revealed significant changes in their immune functions (Szczeklik et al., 1994; Winkeret al., 1996).

COMPLEX MIXTURES

It is generally accepted that the toxicities of higher boiling synthetic fuels are predominantly related
to their high PAH level, and the benzo[a]pyrene content is often used as an indicator of the total
PAHs in synfuels (Table 3). However, it would be an oversimplification to solely rely on the
benzo[a]pyrene level as the predictor of toxicity because different fuels have different PAH
compositions, and various chemicals in the mixtures may exert individual and interactive effects.
Forexample, individual PAHs were reported to exert an interactive effect on the mutagenicity of the
other hydrocarbon components coexisted in the mixtures (Hermann, 1981). Neutral PAHs were
associated with skin carcinogenicity while nitroaromatic and other polar aromatic compounds
appeared to be potent mutagen (Otson and Peake, 1993; McKee et al.,1995). Hydrotreatment is
known to substantially reduce the carcinogenicity, mutagenicity and acute toxicity of various
synthetic fuels (Holland et al., 1981; McKee and Lewis 1987). However, detail studies on the effect
of hydrotreatment on the PAH composition are still lacking.

SUMMARY

Prolonged exposure to synthetic fuels produces a broad range of systemic effects which include
carcinogenicity, growth suppression, biochemical changes, anemia and other hematological
disorders. Bone marrow, liver, kidney, thymus and skin are target organs affected by treatment. The
effects are more severe with heavy distillates, and distillates containing N-PAHs are more
biologically active. Although there is limited information on the occupational effects of synthetic
fuels, experience in the health effects of workers in petroleum industry and coke-oven operations can
serve as a guide in the implementation of industrial hygiene programs for synthetic fuel operations.
These include engineering controls, personal monitoring, hygiee practices and medical surveillance.
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Table 1. Mutagenicity (Salmonella test) of synthetic fuels.

Material tested Without S-9  With S-9  Reference

Coal Liguefaction Products

Hydrotreated naphtha (<200°C) NT McKee et al., 1995

EDS' process, RS-I (200-427°C) NT + McKee et al., 1995
EDS process, RS-1I (200-427°C) NT + McKee et al., 1995
Pittsburgh Energy Technology NT + Ran et al., 1995
Center
COED pyrolysis process NT + Rao et al., 1995
Coal Coprocessing Products
CANMET LGO (< 243°C) - - Otson and Peake, 1993
CANMET HGO I (243-409°C) - + Otson and Peake, 1993
CANMET HGO II (387-521°C) + + Otson and Peake, 1993
Bitumen Upgrading Products
CANMET LGO (200-315°C) - - . Otson and Peake, 1993
CANMET HGO 1 (315-415°C) ) - + Otson and Peake, 1993
CANMET HGO 11 (415-525°C) + + .Otson and Peake, 1993

'Abbreviations: EDS, a direct liquefaction process that utilizes an “in stream" catalytic
hydrotreatment process; RS, recycle solvent; COED, Char-oil Energy Development liquid;
CANMET, Canadian Centre for Mineral and Energy Technology; LGO, light gas oil; HGO, Heavy
gas oil; NT (Not tested)
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Table 2. Systemic toxicity of synthetic fuels via percutaneous administration.

Animal/Length NOAEL*
Synthetic fue) of Exposure Target organ (mg/kg/day) Reference
Gasoline (unleaded) Rabbits/2 Liver, blood, skin 590 Beck et al., 1983
weeks
Fuel 0il No. 1 Mice/13 weeks  Blood 250 NTP 1986
Clarified slurry oil Rats/13 weeks Liver, thymus, <8 Cruzan et al.,, 1986
bone marrow
Coal liguefaction
products
CANMET HGO-I Rats/13 weeks Liver, blood, bone <50 Chuetal., 1988
(154-378°C) marrow
Coal coprocessing
products .
CANMET HGO-I1  Rats/13 weeks Liver, blood, <8 Chuetal, 1992
(387-521°C) thymus, thyroid,
bone marrow
Bitumen upgrading
products
CANMET LGO Rats/4 weeks Bone marrow, 25 Poon et al., 1994
(200-315°C) skin
CANMET HGO-1 Rats/4 weeks Liver, blood, bone <25
(315-415°C) marrow, thymus
CANMET HGO-II  Rats/4 weeks Liver, blood, bone <25
(415-525°C) marrow, thymus
CANMET HGO-II  Rats/13 weeks Liver, blood, bone <8 Poon et al., 1996

(415-525°C)

marrow, thymus,
thyroid

? NOAEL = no-observed-adverse-effect-level

Table 3. Benzo(a)pyrene content in petroleum and synthetic fuels.

Benzo(a)pyrene
Synthetic fuel (ug/g) Reference
Jet Fuel JPS5 (from shale oil) ND! Griest et al., 1981
Petroleum (crude) 2.8-37 IARC 1985
Shale oil (SRM 1580 certified) 3.3-192 IARC 1985
Coal liguefaction products
Coal derived fuel oil 82 Tomkins et al., 1980
NBS Coal liquid oil 179 Tomkins et al., 1981
Coal-II heavy distillate, 550 Springer et al., 1986
288-454°C .
Coal coprocessing products
HGO1, 315-435°C 211 Otson and Peake, 1993; Peak,
1990 ’
Bitumen upgrading products
LGO, 200-315°C 6.5 Otson and Peake, 1993; Peak,
HGO 1, 315-415°C 23 1990
HGO 11, 415-525°C 590

' ND - non-detectable
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