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plate count methods [17] while PAH degraders were estimated using 
a modi�ed most probable number method [18]. Triplicate sediment 
samples were collected at day 0, 56, 161 and 730 and were sent to an 
independent testing laboratory (TE laboratories, Carlow, Ireland) for 
PAH quanti�cation and speciation.

Results

Analysis of the PAH contaminated sediment revealed that �uorene, 
phenanthracene, �uoranthene, pyrene were the predominant PAHs in 
the soil and accounted for over 70% of the total EPA 16 PAHs present. A 
feasibility study investigating the use of phytoremediation as a treatment 
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over the 730 day period. �e other remaining PAHs were degraded 
by 80-99%. �e PAH analysis of the Ecopile soils suggested that there 
was considerably more degradation of phenanthrene, �uoranthene, 
benzo[a]anthracene, benzo[a]pyrene and indeno[1,2,3,cd]pyrene 
in Ecopile 1 than in Ecopile 2. Many of the unidenti�ed compounds 
present in the initial contaminated sediment (unidenti�ed peaks) 
were not observed in the GC-FID pro�les a�er 161 days, suggesting 
that these compounds were also biodegraded (Figure 5). A control pile 
containing just untreated sediment showed a 27.5% reduction in EPA 
16 PAH concentrations over the 730 day period.

Discussion

�is study examined the feasibility of using Ecopiling as a 
possible remediation system for the removal of PAHs from creosote 

contaminated sediment. Ecopiling is a modi�cation of traditional 
passive composting (biopiling) by incorporating phytoremediation 
into the remediation process. �e Ecopile process also involves bio-
stimulation of indigenous hydrocarbon degraders, bio-augmentation 
through inoculation with known hydrocarbon degrading consortia and 
phytoremediation, through the e�ect of root growth and penetration 
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kg-1). However, they reported up to a 50% decrease in root and shoot 
yield in ryegrass. �e reduction in growth was thought to be due to 
toxicity of low molecular weight constituents. Yu et al. [20] showed that 
both phenanthrene and pyrene signi�cantly decreased the biomass of 
ryegrass plants. While in an earlier report, Yu et al. [21] found no e�ects 
on plant growth or any sign of stress in white clover and perennial 
ryegrass grown in soil spiked with phenanthrene and pyrene at rates 
up to 375 mg kg-1. Saison et al. [22] found that the growth of Italian 
rye-grass (Lolium multi�orum var. Fastyl) and red clover (Trifolium 
pratense) on coking plant soils with 2077 mg PAH kg-1 soil was similar 
to plant growth in an uncontaminated control. In the current study 
we found that sowing the plant seeds in a thin layer of clean soil led 
to signi�cant improvements in plant biomass. Seed germination is a 
very sensitive phase of plant growth, and many classical toxicity assays 
are based upon germination or seedling emergence in the presence 
of contaminants. Henner et al. [23] found that seed germination was 
strongly inhibited by low molecular weight, water-soluble compounds, 
for example toluene, styrene and naphthalene. Kuiper et al. [24] also 
found that naphthalene reduced seedling emergence. Seedlings grown 
in naphthalene contaminated (200 mg Kg-1) soil produced no above 
ground growth. Liu et al. [25] found the high levels of phenanthrene 
(200 mg kg-1) exhibited toxic e�ects on ryegrass but this toxicity was 
only observed a�er 75 days. �e analysis of the soils in the current study 
showed that there were low molecular weights PAHs present which may 
have been responsible for the reduced biomass observed.

In the greenhouse trials the growth of ryegrass in the creosote 
contaminated soil did result in greater PAH degradation than in the 
unplanted controls. Glass beakers with greater ryegrass biomass had 
greater levels of PAH biodegradation. Yu et al. [21] showed that 
ryegrass enhanced the dissipation of phenanthrene and pyrene 
through the signi�cant (p<0.05) increase in peroxidase activities 
in soil. Olson et al. [26] found that planting soil with perennial ryegrass 
led to 85% dissipation of PAHs in contaminated soil. �ere are also many 
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was characterised by having a high diversity and the persistence of 
an introduced bacterial consortium during the entire biotreatment 
process. Llado et al. [36] used a dynamic biopile as a remediation 
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