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2.8.4.3 Correcting of Recovefy data

All values for individual compounds are corrected for losses during extraction and fractionation,
and the triterpanes are further corrected for their response on the GC-MS. The surrogate
standards were analysed on GC and quantified against the internal standards.

2.9 ANALYSIS OF RESULTS

The success of bioremediation products is assessed by comparing, statistically, the mass of oil
recovered from the test flasks with that recovered from the negative controls, and through
analysis of the oil chemistry data. The oil chemistry analysis yields 4 measures of oil
biodegradation: EOM:hopane, Total GC detectable aliphatics:hopane, Total GC resolvable
aliphatics: hopane, and Total GC resolvable aromatics: hopane. For the purposes of the approval
procedure, only the latter two measurements are used as part of the pass/fail criteria. Both these
measurements are determined by reference to appropriate analytical standards (see Section 3.8)
and are therefore prone to a minimum of error. EOM measurements can be influenced by
non-petroleum sources of organic carbon which may be present in some products. The
measurement of Total GC detectable aliphatics requires the accurate quantification of the
unresolved complex mixture (UCM) seen on gas chromatographs of petroleum hydrocarbons,
which may also be prone to error. This additional information will be reported as it may be of
value to oil spill responders and may help them distinguish between similar products. However,
the ratios of EOM/hopane and Total GC detectable Aliphatics/hopane are not analysed
statistically and not included as part of the pass/fail criteria.

The ratios of Total GC resolvable aromatics/hopane and Total GC detectable
aliphatics/hopane are analysed statistically. The variance of the data from each microcosm is
determined and the largest and smallest variance from the test data are compared to check
whether there is a significant difference using the F_, test (Parker, 1981). If there is a significant
difference (p<0.05) then a non-parametric test is employed to determine statistical differences
(i.e. Kruskal-Wallis test). If the variances are not found to be statistically different (p>0.05) then
the statistical analysis is conducted using a one-way Analysis of Variance (Sokal & Rolfe, 1981).
Differences between treatments are identified using the Dunnett procedure (Montgomery,
1991) which compares many treatments with data from the negative control.

The test is only regarded as valid if the positive control is found to be statistically different
(p<0.05) from the negative control. If no significant difference is found between these results,
then the experiment must be regarded as being invalid and should be repeated.

A product passes the flask test if the oil levels in the test flasks are significantly lower (p<0.05)
than those in the negative control, and if the oil in the test flask is significantly more
biodegraded (p<0.05) than that recorded in the negative control. If a product passes the flask
test it is then tested in beach microcosms (Section 3).
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3 Microcosm Test

3.1 OVERVIEW OF TEST

The aim of the experiment is to determine whether a bioremediation product can stimulate the
biodegradation of oil in beach microcosms (Figure 1). The most important features of the
microcosm design are that the sediment is subjected to tidal cycle charactenistic of the intertidal
zone of a natural beach, and that fresh artificial seawater is used for each tide. This tests the
ability of the bioremediation product to resist tidal removal and persist within the beach.

The ability of bioremediation products to stimulate oil biodegradation will be studied in
comparison to an untreated oiled microcosm (negative control), and an oiled microcosm treated
with a product known to stimulate oil biodegradation (positive control). The product will pass
the test if it stimulates oil biodegradation to a significantly greater extent (p<0.05) than that
recorded in the negative control over the course of the experiment and results in a substantial
decrease in oil concentration. Oil biodegradation is assessed by studying changes in the ratios of
biodegradable petroleum components to the recalcitrant biomarker 17a, 21B-hopane (Bragg et
al., 1994). This latter compound is not thought to be present in uncontaminated sediment, and
is know to be broken down only slowly in natural sediments (Jones et al., 1986; Ries-Kautt &
Albrecht, 1989; Bragg et al., 1994). This technique is capable of distinguishing oil
biodegradation from processes which merely enhance oil removal from the microcosms (Bragg
et al., 1994; Swannell et al., 1995; Swannell et al., 1997).The oil chemistry is analysed using the
same methodology as that used for the flask experiment. However, changes in microbial
number and activity are also measured, to confirm that the bioremediation product is
stimulating hydrocarbon-degrading micro-organisms and promoting microbial decomposition
processes. Stimulation of oil biodegradation in the positive control above that recorded in the
negative control serves as confirmation that the test is operating satisfactorily.

3.2 MICROCOSM DESIGN

Beach sediment is collected by coring from the inter-tidal zone and from the aerobic zone of a
beach. The sediment should be a fine sand according to a standard classification (Klute 1986)
contal.mng 3 % mud and with a mean total organic matter content of 0.6%. It must contain at
least 10 hydrocarbon - degrading bacteria per gram of sediment and should be free of
hydrocarbon contamination. Such a sediment can be obtained at Stert Flats (Somerset, UK). On
arrival at the laboratory the cores are sieved, washed with artificial sea water and placed in 3
columns (glass, 0.32 m high, 0.1 m internal diameter, containing approximately 1.3 kg of sand
(Figure 1)). These columns are equilibrated for 7 days (i.e. at least 14 tidal cycles) before the
addition of oil. Peristaltic pumps are used to simulate a tidal cycle . Fresh artificial seawater is
pumped into each core at a maximum bulk flow velocity of 0.33 m.h-!. The seawater is
retained for 5.0 h and is then pumped from each microcosm into plastic 20 litre bottles, for
storage prior to disposal. No seawater is recycled to the microcosms. The tidal cycle is repeated
every 12 h, ensuring that each core is covered with fresh seawater for 10 h in every 24 h (the
filling and emptying of each microcosm takes approximately 2 h.day™). The tests are conducted -
in the dark except when sampling.
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Figure 1 Design of Laboratory Microcosms
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3.3 OIL

Weathered Forties crude oil is used for the test procedure. This UK crude oil was selected
because it is biodegradable and it has been spilled in UK coastal waters. The oil is weathered to
remove volatile compounds which rapidly evaporate after a spill at sea or on shorelines (see

Section 2.2).

3.4 ARTIFICIAL SEAWATER

Artificial seawater is made by preparing Instant Ocean (Aquarium Systems Inc.) or an equivalent
in accordance with the manufacturer’s instructions.

3.5 STANDARD NUTRIENT PREPARATION

In order to confirm that the test is operating successfully a positive control is incorporated as
part of the test design. This consists of adding a treatment which is known to promote the
biodegradation of oil under the conditions of the test. Previous research has shown that regular
addition of'sodium nitrate and potassium dihydrogen orthophosphate promote oil
biodegradation both in laboratory mesocosms and in the field (Swannell et al., 1995; Venosa et
al., 1996). Hence, the positive control for the microcosm test consists of the weekly addition of
sodium nitrate (3.05 g) and potassium dihydrogen orthophosphate (0.20 g, fertiliser grade),
dissolved in 50 ml of tap water. The negative control is treated at the same time with 50 ml
water. Three additions of the standard nutrient preparation are made over the course of the
experiment. There is no need to add the standard microbial inoculum to the positive control as
there is an active hydrocarbon-degrading microbial population in Stert beach sediment (as there
is in most shoreline environments (Swannell ef al., 1996b)). The presence of a hydrocarbon-
degrading population is confirmed by enumerating the population capable of growth on Forties
crude oil in all microcosms, at the beginning of the experiment and periodically as the
experiment proceeds (Section 3.7).

3.6 TEST DESIGN AND OPERATION

After the sediment cores have equilibrated in the microcosms (Section 3.2), oil is added to each
core at 3.7 kg.m_z. Previous experiments have demonstrated that this application of oil will
penetrate rapidly into the beach sediment, simulating concentrations that could be achieved
after a spill incident (Croft et al., 1995). The oil is applied at high tide just before the ebb tidal
cycle begins. The ebb tide draws the oil evenly into the surface of the beach sediment as the
seawater is pumped out of the microcosms. The microcosms are left for two tidal cycles (24 h)
to allow equilibration with the oil before the bioremediation treatments are applied (Table 2).
The test bioremediation product(s) are applied to microcosms exactly as directed by the
manufacturer. If the product is a fertiliser, then its ability to stimulate the indigenous
hydrocarbon-degrading population is assessed. No additional micro-organisms are added. As
such, a fertiliser product will be tested in an identical manner as that described for the positive
control. The treatments are allocated to the microcosms at random. The experiment is
conducted for 28 days.
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Table 2 Design of Microcosm Experiment
Treatment Nutrient Inoculum Comments
Addition
Negative 50 ml water None To do determine the background
Control only biodegradation rate of oil under test
conditions.
Positive Standard None To confirm that a standard
Control Nutrient bioremediation treatment causes a
Addition significant stimulation of oil
(Section 3.5) biodegradation above that noted in
the control
Test As directed by As directed by Test of bioremediation ﬁroduct

3.7 MICROBIOLOGICAL ANALYSIS

3.7.1 Microbial Activity

As indigenous micro-organisms biodegrade oil they produce carbon dioxide, water and some
breakdown products such as fatty acids and catechols (Prince, 1993; Swannell et al., 1994a & b;
Swannell et al., 1995). Therefore, monitoring carbon dioxide evolution indicates whether any
treatment is stimulating microbial decomposition processes. If the bioremediation treatment is
inorganic then any stimulation of CO, evolution is likely to be the result of oil biodegradation.
Thus in the positive control, a stimulation of CO, production is likely to indicate a stimulation
of oil biodegradation (Swannell et al., 1995 Swannell et al., 1997). However if a product
contains organic molecules, then a stimulation of CO; evolution may indicate merely the
biodegradation of components of the product (Croft et al., 1995). Therefore, CO, evolution is
used for indicative purposes only and not as part of the pass/fail criteria for the product.

The evolution rate of carbon dioxide is determined in each microcosm before oil addition, and
on each working day thereafter at the same time in the tidal cycle. A graph of CO, evolution
against time is plotted for each microcosm at each sample time, and the lincarity of the
relationship is confirmed using regression analysis. The rcsults of the regression analysis are then
used to calculate the rate of CO, production in vpm.min™".

The device is calibrated each working day, prior to analysis, using CO, -free air (to zero the
instrument), and a standard gas containing a known amount of CO, mixed with nitrogen. The
stability of the analyser over the duration of the measurements must be confirmed prior to
conducting the test.
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3.7.2 Enumeration of Hydrocarbon-Degraders

When oil is added to marine sediments the indigenous hydrocarbon-degrading community
proliferates to utilise the new source of carbon and energy. However, the proliferation is usually
limited by the concentrations of specific nutrients, such as nitrogen and phosphorus. Thus
adding these limiting nutrients may well stimulate the concentration of hydrocarbon-degraders
(Prince et al., 1993; Swannell et al., 1996; Swannel et al., 1997.). The aim of monitoring the
number of hydrocarbon-degraders is therefore to confirm the presence of an active
hydrocarbon-degrading microbial community in the Stert sediment, and to study in outline the
effect of the bioremediation treatments on the community.

Three samples (1-2 g) are taken at random from each microcosm for microbiological analysis
directly before addition of the oil, and 7 and 28 days after oil addition. Samples are collected
within an 8 cm diameter circle in the centre of each core to avoid edge effects. The numbers of
hydrocarbon-degrading micro-organisms are determined using a Most Probable Number
(MPN) technique based on the “sheen screen” technique (Brown and Braddock, 1990) and

described by Swannell et al. (1995).

3.8 CHEMICAL ANALYSIS

This is conducted in the same manner as for the flask test except that 10 grams of the sediment
are extracted rather than the volume of the Edenmyer flask. The same quality assurance
procedures are used for these analysis.

3.9 ANALYSIS OF RESULTS

The test will only be regarded as valid if the positive controls demonstrate significant stimulation
(p<0.05) of the biodegradation of oil, in comparison to the negative control. Once this has been
confirmed then the efficacy of the product(s) may be assessed.

The oil chemistry data is analysed in the same way as for the flask test. The product passes the
test if the oil in the test microcosm is significantly (p<0.05) more biodegraded, and at a much
lower concentration, than that in the negative control.
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4 Reporting of Results

Based on the results of the tests, statistical analysis is used to determine whether the product has
significantly (p<0.05) enhanced the biodegradation of oil in comparison to untreated controls in

both the flask and the microcosm test (Section 2.9 & 3.9). The following documentation will be
generated at this stage:

e data listings of each analyte (e.g. oil chemistry, CO, evolution, and MPN data where
appropriate).

e atable of summary statistics for each analyte including mean, standard deviation and
variance.

e th mean reduction (% standard deviation) in oil content in each test.

* an ANOVA table for each analyte tested statistically (i.e. oil chemistry results from flask and
microcosm studies).

® aclear summary of the statistical findings as produced by the appropriate computer software.

e details of the computer software used to conduct the statistical analyses.

If the product fails to stimulate oil biodegradation in the flask test, then the result will be
reported to the Marine Environmental Protection Division of MAFF, and the testing will
cease. If a significant difference is recorded in both the flask and microcosm experiments, it is
reported to the Marine Environmental Protection Division of MAFF that the product does
significantly enhance the biodegradation of oil under the test conditions. Based on the results of

the toxicity assessment and the efficacy test, MAFF will decide whether to approve the product
for use on shorelines in the UK.
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