


Exxon Valdez oil spill and faecal porphyrins

oiled latrine sites at Esther Passage along the coast of Prince William Sound.
Population estimates for the oiled study area (Knight Island) during summer 1990
ranged from 36 to 42 river otters; estimates from the non-oiled area (Esther
Passage) ranged between 32 and 44 otters (Testa et al. 1994). These
radiolabelling studies showed that up to seven otters can use a latrine site.

Faecal extraction
The protocol used for extraction of faecal porphryins is a modification of that
developed by Lockwood (1985), and is summarized in Figure 1. Five millilitres of
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12N HCL was added to approximately 1.0 g of dry (lyophilized) faeces. This
mixture was vortexed, allowed to sit for 5 min, and vortexed again. Fifteen
miliilitres of both diethy! ether and distilied H,0 were added, and the mixture was
vortexed after each addition. To ensure that the prophyrins were not denatured,
the time elapsed between the addition of HCl and H,0 did not excced 10 min. This
mixture was then centrifuged at 3000 RPM for 10 min. The ageuous phase was
centrifuged again at 4000 rpm for 5 min, and the supernatant refrigerated in the
dark until time of analysis. The aqueous phase, which contains all prophyrins, was
approximatley 20 ml, and exact volumes were recorded.
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Figure 1. Porphyrin extraction procedure for river otter faeces.
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Figure 3. Comparison of the percentage of oiled and non-oiled faecal samples
from Prince William Sound, Alaska which have detectable levels of individual
porphyrins. n = 31 faeces from the oiled area, n = 19 faeces from the non-oiled
area.

coproporphyrin could be detected were increased, whereas
protoporphyrin detection was decreased compared with the
non-oiled areas (Figure 3). Only the difference for the
proportion of coproporphyrin, however, was significant
(Z=1.97,d.f. =1, P<0.05).

Discussion

Shorelines in Herring Bay received extensive oiling following
the Exxon Valdez spill; 73% of shorelines showed evidence of
some oil, and 26% were oiled heavily by August 1989 (Bowyer
et al. 1995). River otters continued to inhabit oil areas in Herring
Bay (Testa et al. 1994), and both their reliance on intertidal and
subtidal habitats (Bowyer et al. 1994, 1995) as well as large
home ranges (20—40 km of shoreline) indicated that otters were
probably exposed to crude oil. The difference in total
porphyrin concentrations in samples of otters faeces from
oiled and non-oiled areas of Prince William Sound strongly
suggests that there is an effect from the oil on the haem
synthesis of river otters. The HPLC analysis also shows
qualitative differences in porphyrin profiles of otter faeces
between the oiled and non-oiled ares. Coproporphyrins
appeared to be mostly responsible for differences observed in
total porphyrins.

We believe the faecal-porphyrin profile could reflect the
effect of oil on the hepatogastric system. Normally, porphryins
other than protoporphyrin are formed in small amounts and
the pathway of haem synthesis is carefully controlled (Kappas
1987). When the regulatory process is disturbed, however, a
variety of other porphyrins and porphyrin precursors
accumulate (i.e. piling up; Marks 1985). In animals, these
porphyrins and precursors are usually formed in the liver and
excreted in the urine and faeces. In our study, faeces in the
oiled area showed a higher percentage having coprophyrin
present than those in the non-oiled area, while there was a
relative but non-significant decrease in the percentage of
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faeces showing protoporphyrin from the non-oiled area
(Figure 3). Coproporphyrinogen oxygenase is localized in the
mitochondrion and there is a close relationship between
mitochondrial structure and biochemical functionality
(Hackenbrock 1972, Fowler et al. 1987). Because the
disruption of liver mitochondrial respiration and any change
in the normal flow of electrons will influence the activity of
this enzyme, the piling up and subsequent presence of
coproporphrin in a greater percentage of faeces of river otters
living in oiled areas support the previous findings that
indicated liver damage in animals living in oiled areas (Duffy
et al. 1994a).

Biochemical markers provide a link between the inferences
of exposure assessments and the extrapolation of future risk
(Silbergeld, 1987, 1995). Haem synthesis responds to genetic,
nutritional and chemical factors in addition to being
influenced by feedback mechanisms. For instance, we know
the diet of river otters differed between oiled and non-oiled
areas in 1990, with otters from oiled areas consuming more
perciformes (fish) and otters from non-oiled areas eating more
achaeogastropda (gastropods) and malacostraca (crabs)
(Bowyer et al. 1994). Although we noted a difference between
the total means of porphyrins in faeces collected from oiled
and non-oiled areas, HPLC profiling or fingerprinting appears
to be a more distinctive biomarker for comparison of river
otters faces from oiled and non-oiled areas. Further studies are
needed on animals in Prince William Sound to evaluate the
specificity and sensitivity of porphyrin profiles as a useful
biomarker in low-level chronic chemical exposures. More
research is also needed to determine whether exposure to oil
directly affects porphyrin production (as opposed to a
pollution-mediated dietary shift) and further investigation into
temporal and spatial variation in faecal porphyrin levels are
needed to validate the use of faecal porphyrin as a biomarker.
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