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EXECUTIVE SUMMARY: I

The Australian Maritime Safety Authority (AMSA) is responsible for co-ordinating the clean-up
of oil-spills in Australia’s coastal waters. AMSA 18 currently evaluaimg the use of naturatly-
degrading sorbents as part of its clean-up strategy for ciled foreshores. The strategy envisaged is
that scrbent will be deployed to capture and immobilise il on the shore, following which, the
piled sorbent will either be left i siter to biodegrade, or recovered to be disposed of on land or 1o
be processed te be used again.

To inform its selection of a potentially suitable sorbeat (or sorbents), AMSA commissioned the
Centre for Rescarch on Ecological Impaets of Coastal Cities (EXCC} at the University of Sydney
to review available, relevant information. Recommendations follow searches of the scientific
Kterature {using computer data-bases) and approaches to mamifacturers of sorbents identified on
the World Wide Weh.

AMSA stipulated 8 key issues pertaining fo sorbents that required investigation. Our major
findings and recommendations for each of these issues are summansed below,

1. The rangse of naturally-occurring, bicdegradable sorbents currently available
{either as purpose-made products or waste-materials)

At most, there were 41 different kinds of natural oil-sorbents, Thirty three of the 41 types of
sorbent were plant-based sorbents, the remainder were from animals. Most sorbents were made
from readily available and relatively cheap materials and were in the form of loose granules or
fibres. Few sorbents were woven or formed into sorbent devices. Many sorbents were treated in
some way to increase their affinity for oil and their abikity to repel water, For some materials,
notably feathers, wool and cotton, the raw state was recommended, because excessive refinement
might strip surface chemicals that were important for capturing oif, Only a few sorbents
contained supplements to enhance the degradation of cil. Three sorbents were supplemented with
pil-degrading Psewdomonas bacteria, one was supplemented with nutrients 1o stimulate naturally-
occurring bacteria and one contained both nutnents and bacteria {of unknown species). |l

2. Physical and chemical actions of the sorbents on different kinds of oils

Sorhents can capture oil by three mechanisms: {1) adsorption to the surface of the sorbent; {2)
gbsorpiion into spaces among aggregated granules or fibres of sorbent (primary absorption}; (3)
absorption into spaces within individual granules or fibres of sorbent {secondary absorption). All
sorbents appeared to exploit at least two of these mechanisms. The most significant contrast in
terms of mechanism was between fibrous and granular sorbents. Unlike gramiles, woven or
tangled fibres provide stable spaces for pnmary absorption that make them particularly useful for
immobilising and/or recovering spilt oil,

The best quantitative data for discriminating amongst sorbents in terms of their ability to capture
oil were in reports by Environment Canada. These cover most of the different kinds of sorbents
discovered. Capture of oil was quantified using initial oil pick-up (IOP; Table 8} and maximal mi
pick-up on re-use (MOP; Table 9). There was no attempt to quantify the relative contributions
of adsorption, primary absorption and secondary absorption. MOP is an important consideration
where the aim 1% to recover and re-use the sorbent. Each sorbent examined by Environment
Canada was tested with a range of oils of widely differing viscosities.

Cesttre for Research an Feolpgical Impacts of Coastal Ciies, June 2001 2
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A wool-based sorbent, Woof Kmop, stood out as having the greatest I0P and MOP for the
greatest range of ¢ils. Wood Kmop performed well for cils as different in viscosity as cyclohexane
and 7-day Crude (Tables B and 9). Other sorbents that performed well in terms of 1OP and MOP
were the Comwved sarbent blanket (refined cellulose) and Ferdyol treated vegetable fibres.

In determining MOP, the researchers who evaluated sorbents for Environment Canada were also
able to estimate the maximal nrumber of effective re-uses for each sorbent. The sorbents that
showed the greatest re-usability wath the greatest range of oils were, in no particular order, the
Secclecm (feather pillow), Verdyol, Wool Kmop and CAF Cork (cork gramudes; Table 10).

Other relevant actions evaluated in the Environment Canada reports were initial water pick-up
(IWP} and maximal water pick-up on re-use {MWP). Great affinity for water is an undesirable

feature for an cil-sorbent, because it directly interferes with the capture of oil and could eventually i

cause the sorbent to sink. Sorbents that exhibited little IWP generally also showed little MWP.
The sorbents which showed the least TWP and MWP with the greatest range of oils were, in no
particular order, CCD Woodchips, the Seaclecn sorbent pillow and Verdyol (Tables 11 and 12),

The Environment Canada reports also provided a more qualitative evaluation of sorbents in terms
of their behaviour following 48-hours exposure to oif on water, The main chject of this test was
whether sorbents would continue to float after prolonged exposure. Most of the sorbents
previously recommended based on their affinity for oil and repellence to water performed well in
these tests. Exceptions were the Seaefean sorbent pillow, which sank with most oils and Ferdvol,
which sank with the less viscous oils (Table 13).

3. The rate of degradation of oils in the different sorbents and of the sorhents
themselves

There 15 very little information to discrimmnate amengst sorbents based on their degradability or
their effect on the degradability of oil. Degradability was not measured for any of the sorbents
reviewed, but sorbents made from woody material, wool or feathers would probably take the
longest to biodegrade, Sorbents made from non-woody plant material (e.g. peat, cotton,
milkweed} or refined cellulose fibres would probably degrade more quickly. The beeswax-based
sorbent Petrof Rem would be expected to degrade quickest of all because it dissolves in oil
without leaving a solid residue. How quickly it would degrade in the gbsence of il is unclear.

In terms of effects of sorbents on the degradability of oil, supplements of oil-degrading bacteria
and/or nutrients to stimulate them appear to be effective in laboratory trials. Commercially
available examples of suppiemented sorbents include Petrol Rem, which contains nutrients and
{2clem-Sork Pius, which contains both nutrients and bacteria,

4. The leachability of oil from different sorbents and information on potential
environmental and biological impacts

Of those sorbents considered of some value on other grounds, Cormwed, Seacfean, Verdvol, CCD
Woodchips, CAP Cork and Wool Kmop, only Seaclean and Verdyof cause problems of leaching
{seen as discolouration of the cil-water mixture; Table 13). No other information was available
to diseriminate among sorbents in terms of leaching. No information is available on potential
ecological impacts.

Cemire for Research on Feological Impacts of Coanstal Cities, June 2001 3
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5. Methods for applying the different sorbents and an assessment of whether
they could easily deployed on floating slicks or oiled foreshores

|} Virtually nothing is known about the relative ease of deployment of the different sorbents. All of
the loose, particulate sorbents should be amenable to deployment by hand, via blower or air-drop.
Structures formed from sorbents {mats, booms, pillows, eic.) generally need to be manually
deployed in the places they are most needed {Table 14).

There have been no substantial evaluations of the performance of natural sorbents in real oil-spills
and no field trials were available to provide recommendations. q

i 6. Reported advantages/disadvantages or limitations of available sorbents in oil-
spilf events

None of the sorbents had any unique advantageous or disadvantageous properties that have not
already been mentioned.

7. Reported experiences of actual use of naturally-degrading and/or nutrient
enriched sorbents in oil-spill events i

The performance of natural sorbents has never been evaluated in actual oil-spills.

I 8. Curmrrent indicative costs, storage requirements and shelf-lives of different
sorbents

The available information about storage and shelf-life identifies only that all the potentially useful
sorbents have simple storage requirements and iong shelf-lives. Dry conditions were stipulated 11
for many sorbents, but this is probably a senstble precaution for all sorbents. Al the sorbents
considered are organic, so they will all be more or less prone to natural processes of decay due to
fungt and bacteria, organisms which are most active when damp. Moreover, exposure of sorbents
to moisture during storage would be likely to reduce their affinity for oil when deploved. Yet
again, no information was provided that would allow us to recommend any particular sorbent.

There was no accurate, current information on costs to aflow comparisons among sorbents.
Recommendations on sorbents

The best types of sorbents are those with great capacity for primary absorption of oiff. These are
primarily sorbents formed from long fibres, such as wocl, cotton and so forth. One wool sorbent,
Wool Kmop, has the greatest TOP (initial o1l pick-up} and MOP (maximal oil pick-up) of any
sorbent considered. [t could also be re-used a substantial number of times (in terms of laboratory  {f
tests}. Wool-based sorbents have further merits, They are natural, available on a sustainable basis
and handling, storage and transport of wool are routine in many parts of Australia. Other possible
sorbents with usefill properties were also identified, using a diverse set of criteria.

lncertainties and limitations on recommendations

Apart form the lack of any information on several of the key issues, much of the best comparable
data came from laboratory tests by Environment Canada. Comparability was reduced because
techniques and methods changed from time to time.

The validity of results for real use, in the field, cannot be determined from such iabc-ratnrj,; trials
{however well they are done) and no field assessments could be found.

Cenire for Research on Ecological Impacts of Constaf Chtles, June 2001 4
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rA decision to deploy or to deploy and retrieve sorbents must be precautionary in environmental
terms, regardiess of the actual materials chosen. Thus, deploving a sorbent is sensible {and
essential) if the ecological consequences are less than leaving the oil alone {which is not always
the case in ceastal marine habitats) or retaining il 15 some area is of paramount Importance to
protect other areas. In the latter case, any degradation due to sorbents is justifiable in terms of

the potentially greater damage elsewhere.

Similarly, deciding to retreve oil-soaked sorbents must be based on knowledge that retrieval will
do less damage than leaving the material on-site. This is likely not to be realistic in some habitats,

Decision-making is hamstrung by 2 lack of field trials to determine the scale and nature of any
environmental threats.

It is strongly recommended that the necessary field experiments are done with any sorbent chosen
Tor use.

e |

dl
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INTRODUCTION

The Centre for Besearch on Ecological Impacts of Coastal Cities (EICC) is contracted to the
Australian Maritime Safety Authority {AMSA} to provide a literature-based review of properties
of different, naturaliv-oecurring, biodegradable sorbent materials that could potentiaily be used in
cleaning ciled foreshores. Such materials have been identified by AMSA as potentially useful in
situations where the remoteness of the incident and/er environmental features make it impraetical
or ineffective to contain and recover the ol at sea, or when 1ssues of emaronmental sensitivity
make it inadvisable to use chemical dispersants,

Using sorbent materials to clean oif spilt in the maring environment relies on the fact that oil is
captured and retaimed within the structure of the sorbent, reducing the ¢il’s mobility and so
minimising the area covered by a spill.  Binding of oil to the sorbent also reduces the oil’s imitial
volatility, thereby reducing contamination of water and sediments by the lighter, more toxic
species of hydrocarbon present in il (e.g. benzene, polyaromated hydrocarbons, eie).

There is currently a large range of sorbents at various stages of techmical and commercial
development as tools for eleaning marine oil-spills. AMSA is principally interested in using
naturally-occurring, biodegradable sorbents rather than synthetic, polymer-based or mineral
sorbents. One reason for this is that the former materials would reduce the necessity of
recovering and disposing of the oiled sorbent. At present, the only environmentally acceptable
method of disposing of this material is in regulated landfill, Tn the future, the disposal of oiled
sorbents in landfill will become increasingly problematic and expensive because of a lack of
available sites and more stringent laws on the disposal of wastes. In situations where it is
desirable and practical to remove oiled sorbent, naturatly-occurring, biodegradable sorbents
would also provide options for disposal other than landfill, e.g. composting and use as an
agricultural fertiliser. Finally, because of the general advantages of biodegradability, AMSA is
also interested in sorbents that are used in conjunction with nutrients and/or bacteria to accelerate
the breakdown process.

AMSA have stipulated that the ideal sorbent for its purposes should have the following
preperties. It should:

+ be cheap, readily available and amenable to long-term storage;

+ be easily deployed én floating slicks or oiled foreshores;

» be capable of a high degree of absorption and oil retention;

¢ not require recovery and disposal;

» not cause or exacerbate environmental impacts of oil on the foreshore and
s degrade rapidly along with adherent oil.

To aid AMSA in identifving a sorbent or sorbents that meet these requirements, this report
provides a review of’

» the range of naturally-occurring, biodegradable sorbent materials currently available (either as
purpose-made products or as waste-materials from other industries and activities);

¢ physical and chemical actions of the sorbents on different kinds of oils {e.g. crude, heavy,
light, bunker, eic.),

{entre for Research an Feological Impaets of Coastal Citles, June 2001 &
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+ the rate of degradation of oils in the different sorbents and of the sorbents themselves;

s the amount of leachate from different complexes of oil and sorbent and information on
potential environmental and biological impacts of the leachate;

« methods for applying the different sorbents and an assessment of whether they could easily
deploved on floating slicks or ciled foreshores (e.g via air-drop or spraying};

» reported advantages/disadvantages or limitations of available sorbents in relevant clean-up
SCENAnos;

» reported experiences of actual use of naturally-occurring, biodegradable sorbents in oil-spill
events and

e current indicative costs, storage requirements and shelf-life of the different sorbents.

MATERIALS AND METHODS

Methods of searches for relevant information

Literature for the present review was obtained in two ways: (1) via searches of computerised data-
bases of scientific publications {Table 13 and (7 via searches on the world-wide web (WWW) for
manufacturers of cil-sorbents.

Table 1. List of databases searched for published information on bindegradable gil-sorents for the
present review. All data-bases except the NERAC data-base are held by the University of Sydnay.

» Agustic Sciences & Fisheries Abstracts + Life Sciences Collection

» Biological & agricultural Index +« Epvircnment Abstracts

= Biclogical Abstracts (BIOSIS) «  EWA: Environmental Abstracts

o ELIXIR + Geabase

s« CAB Abstracts »  SCANfile

« CARL Uncover » SciFinder Scholar

«  Current Contents » Zoological Record

+ [Dissertation Abstracts s« NERAC (Private databass accessed via the
WA

Effictent searching for specific information held on computerised data-bases and the WWW
requires the use of ‘“key-word’ (or key-phrase) search-terms. We used the same search-terms to
scrutinise computer data-bases of scientific publications and the WWW. These search-terms are
listed in Table 2.

Cenire for Research on Ecological fmpacts of Coasial Ciies, June 2001 7
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Table 2. Search-terms used to identify and [ocate published information on hicdegradable oil-sarbents
listed in computer data-bases of scientific publications and on the world-wide web.

o il + sorbent = Ol + adsomption

* Ol + bioremediation o il + cleanup

s il + bipdegradation o Oil + spill

* il + absorption «  Cjl + nulrdent entiched sorbent

Tt was not feasible for us to attempt to obtain every scientific publication found, Instead, we used
the information provided in the data-base for each publication (title, abstract, e#c.) to identify
those publications that were ostensibly most relevant for our purpose (according to explicit
criteria based on AMSA’s requirements for knowledge). Occasionally, the summary information
presented on data-bases to describe a publication is not a good indication of 1ts actual contents.
Consequently, some of the publications that appeared to be relevant were found not to be when
we obtained them. There were undoubtedly some relevant publications we did not seek because
their contents were not adequately conveyed by their title and/or summary. To reduce the
likelihood of the latter occurring, we took a very liberal approach to selecting publications.
Furthermore, our search for scientific publications relevant for this review did not end wath the
searches of data-bases. The publications we obtained as a result of these searches were also
scrutinised for references to other relevamnt publications, which were subsequently sought. This
iterative approach was continued as long as there was sufficient remaining time to obtain, read
and summarise new publications. :

We searched the WWW for manufacturers of oil-sorbents using the three most frequently-used
search engines: (1) Fxcife, (i} Alta Visia and (i) ¥ahoo. Manufacturers identified by these
searches were contacted to request relevant information for our review. This was done via ematl,
where possible, or by printed letter. Each e-mail/letter requested each of the specific kinds of
information required by AMSA {as listed in the introduction to this report} and explained our
reason for seeking this information. Manufacturers who had not responded with six weeks of the
mmitial contact were contacted a second time. Where no response was obtained from a
manufacturer, their site on the WWW was our only source of information.

lssues related to the different kinds of literature

Most of the “scientific’ publications obtained for this study came from outside the mainstream
scientific literature; i.e. those publications commaonly held in academic libraries. Here, this
peripheral scientific literature (the so-catled ‘grey literature”) was mostly reports of limsted
availability published by private research organisations and government agencies and some
patents The vast majority of sctentific articles we obtained were in English, but we were also
able to review a rumber of articles in French and Spamish. A problem with the grey-literature for
a review such as this, is that it is often difficult {and sometimes impossible) to obtain quickly
andfor cheaply. It usually requires a direct request to the author or publisher. Of more conceri,
however, is the fact that it is rarely subject to rigorous peer-review as occurs for most academic
journals and texts, Consequently, much of the grey literature is potentially of questionable rigour
and reliability. Given the large number of scientific articles included m our review, however, we
were obliged to take major findings and conclusions at face-value. Tt was simply not feasible to
critique the scientific methods and interpretations of all of the unrefereed scientific publications

Centre for Research ont Ecological Impacty of Coastal Cliies, June 2001 a
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we obtained. Indeed, in many cases, this would have been impossible because of inadequate
presentation of the refevant information.

In the initial stages of reviewing the literature, scientific articles were treated separately from
information about the products obtamed from sorbent manufacturers. This was because of the
great difference in purpose and objectivity between the two kinds of hterature. Manufacturers’
product-information is potentially less scientifically reliable and will tend io accentoate the
positive and downplay the negative. We felt it necessary to make separate the two kinds of
information af the initial stage so as not to blur this important distinction.

At this point, three of the scientific articles we obtained from our searches require special
mention. These were three reports produced by the Canadian Federal Agency Frvircnment
Canada, These publications were produced as a series of ‘updates’ with the general title
Sefection criferia and laboratory evaluation of oil-spifl sorbents. The particular reports we were
able to obtain were Updates 77 (1983 ™), £17 {1985 *%) and 777 (1991 ¥, [Environment Canada
inform us that there will be future updates of this series. Contact details for Environment Canada
are provided in Appendix 2].

The value of the Environment Canada reports for the present review is that each uses a clear,
standardised method for evaluating individual sorbent materials and for comparing different
materials, There are, however, some differences between successive updates reflecting
progressive developments in methods of evaluation and presentation. As a set, these reports
cover all of the major classes of sorbent matertal found i the other items of literature obtained
from gur search. In our initial treatment of the scientific literature, we decided to summarise the
material in the Environment Canada reports separately from the rest of the scientific literature.
This was done so that the valuable results of their standardised comparisons would not be
obscured by being intermingled with information that was similar, but not strictly comparable
having been obtained by different methods.

LUise of the literature

To summarise the literature, we sought the following information from each article:
» the objective of the study or report (for scientific publications only};

» whether the sorbent(s} discussed was natural and biodegradable;

» 2 physical and chemical descripitons the sorbent(s);

» the product name, source and current indicative cost of each conunercially available sorbent
cited;

» information on whether the sorbent(s} was evaluated in the field and/or in the iaboratory,
+ the method of applying the sorbent(s) to spilt oil;
+ the mechaniam(s) by which each sorbent interacts with oil;

» information on whether the sorbent(s) was enriched with microbes and/or nutrients to
accelerate biodegradation;

» information on the effectiveness of the sorbent{s) with different kinds of oil;

+ information on the leachability of different oils from the sorbent(s);

Centre for Research on FEonlngical fmpeacts of Coastal Ciles, June 2007 g
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information on the rate of biodegradation of the sorbent{s) with and without oil;

information on the biological and ecological effects of the sorbent(s) (e.g. toxicity, efc.);

the method of storing the sorbent(s) and shelf-life when properly stored,
s other reported advantages/disadvantages of the sorbent{s).

For the set of articles in each class of literature we obtained, the summary information extracied
was compiled in tabular form. The tables of summarised information extracted from (i)
miscellaneocus scientific articles, (77} the reports by Environment Canada and {77) the product-
information supplied by manufacturers identified via the WWW are each presented as Appendices
to this report (m Microsoft Excel 97 files attached to the report).

RESULTS

Results from the scientific literature (excluding reports by Environment Canada)

The range of available blodegradable sorbents

Biodegradable sorbents reporied fall in to two mam classes: (1) plant-based sorbents composed
mainly of cellulose and/or lignin fibres and (2} protein-based sorbent materials derived from
animals. None of the sorbents found in this literature was nutrient-enriched. There was,
however, a sorbent that was supplemented with oil-degrading bacteria.

Plant-based sorbent materials vary considerably in their physical structure and/or degree of
refinement. In terms of physical structure, most of the plant-based sorbents were mere or less
fibrous (e.g. cotton » #0112 aose 1L gisal ' seagrass ) efe.), only a few were more
grarilar in nature (e.g. sawdust #. pine needles ~, efc.). The sawdust sorbent * was heat-treated
to alter its chemical composition to make it more hydrophobic and, hence, more oleophilic. Peat
is a mixture of partially decomposed and undecomposed plant material, mainly moss (e.z.
Sphagmun spp.), but also vascular plants such as reeds and sedges ' In most instances where
peat was trialled as a sorbent for oil, it was untrzated. In one study !, the peat was washed {to
remove soluble “dirt’}, dried at 60°C and then ground before being used. In another ' peat was
washed and air-dried for 24 hours. ) :

Different plant fibres that have been tried as sorbents for cil include wood fibres * '>** the aquatic

plant Salvinia herizogii |, milkweed {Asclepias sp.} ' *, kapok (Ceiba petandray > 1% V- 1%
¥ rosella (Hibiscus sabdariffa) ** ™1 12 sisal (dgave sisalana) ', coconut fibres (or coir;
Cocos muciferay ' U, kenaf (Hibiscus connabinus)” ", puffed millet “{species unknown; might
be Setaria spp. or Echinochlea spp.), seagrass (or eelgrass; species unknown) 2 pine needles =
{species unknown) different grades of cotton fibres (Gossypinn spp.) > > 5% 1% 12152 and
miscelianecus waste fibres from tropical horticulture (2.2 banana stalks, palm fronds, pineapple
crowns, efc.) 2. Among these fibres, milkweed, cotton and kapok are unique in being seed-fibres,
rather than structural fibres from the main body of the plant **°. In the majority of cases, fibres
for trials were obtained with little or no processing of the original plant material. In one study,
wood-fibres were heat-treated (*pyrolysis” at 200-300°C) to improve their hydrophobic and
oleophilic properties >. The various plant wastes from tropical horticulture * were washed in 0.1
% aluminivm sulphate, pressed to extract water, then dried and agitated to loosen bundles of
fibres and hence to increase overall surface area and pore space. Where cotton has beenused as a

Centre for Research on Ecolagical Impacts of Caastal Cities, June 2001 10
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sorbent for oil, 1t was generally unbleached, but there is at least one report where bleached cotton
was used ¥,

In a number of cases, plani-based sorbents were blended with other synthetic components to
improve overall sorbent capacity. Synthetic components contributed via their own sorbent
characteristics, (e.g.” *%%) and/or their structural propertics {e.g. **%). We only concerned
ourselves with these reports of natural/synthetic blended sorbents where they provided
information about the sorbent properties of the natural component,

Protein-based sorbents derived from animals appear much less frequently in the scientific literature
(excluding reports by Environment Canada) than do plant-based sorbents 54314 These

reports cover only five kinds of protein-based sorbent, two from crabshells (chitin and chitosan %),
keratin from gulf feathers %, untreated feathers * and wool fibres® 11" #” Chitin, chitosan, keratin

and were all used i the form of coarse fiakes.
Mechanisms of sorbent action and the effectiveness of different sorbents

Among the sorbent materials for which information was reported in scientific articles {excluding
reports by Environment Canada) there were three principal mechanisms for trapping oil; (i}
adsorbtion to the surface of the sorbent material; (ii) absorption into air-spaces among
ageregated granules or fibres of the serbent material {which we term “primary absorption”) and
(i) absorption into pits, lacunae or lumina within individual granules or fibres of the sorbent
matenal (termed ‘secondary absorption”).

Unfortunately, most studies either neglected to say which of these different oil-binding
mechanisms accurred with particnlar sorbents or, where they did, failed to estimate or predict
which of these three mechanism were the most important. Given, however, that most of the
sorbent materials were relatively crude nataral products, in the absence of reported information,
we believe we can make tairty reliable predictions about which of the three process for binding oil
should or should not apply to given sorbents. For instance, fibres of any matertal can be woven or
will naturally tangie, so knowing that a material is fibrous implies that it will have good primary
characteristics for absorption. Similarly, all plants have hollow internal conduits: xylem for
transporting water and phloem for transporting disselved nutnents. Any crude plant matier
should therefore have some capacity for secondary absorption

Mote that in terms of recovering oiled sorbents, primary abscrption is anly useful if the spaces
containing oil are physically stable, Thus, primary absorbency under recovery will be great for
woven or matted sorbents, medium for loose, fibrous sorbents and small for more granular
sorbents. Among loose fibrous sorbents, primary absorbency under recovery should increase with
the length of fibres. Thus, loose fibres of wool {long fibres) should provide greater primary
ahsorbency than loose fibres of peat (short fibres). When no recovery is attempied, both fibrous
and granular sorbents could be relied upon 1o reduce the mobility of the spilt oil by increasing its
overal] viscosity, Again, however, the effect would be greatest for woven or tangled fibres
because of the stability of spaces among individual fibres compared to that among granules.

Reported and predicted mechanisms of oil-sorption for the different plant and animal products
found in our review of the sclentific literature are summarised m Table 3. Entries in the table are
supplemented with comments from the literature where they are available and pertinent. Where
primary absorption is reported in Table 3 for a particular sorbent, we have provided an assessment
of its relative importance for oil immobilisation/recovery based on its physical form (7.e. granules
vy fibres, woven vs loose, eéc.).

Centre for Research on Eeologicel Impacts of Coastal Cities, June 2001 11
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Tahla 8. Reporied or predicted mechanisms of oil-sorption by different natural materials based on
information provided in the scientific Iiterature (excluding reports by Environment Canada). \Where
comparative information was availabile, comments ars provided on the relative performance of the
different materials.
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MHofe 1: IEis reported ™ lhat peat has greater averatl sorbent capacity than seagrass, which has greater capacity than pine needlss, but
reasons for these differances are not given, Wwe expect that pine nesdies shiild be the paorast sorbent becauss thair more granular

nature provides Httle ::a1pﬂcity for primany absorpticn.
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From this comparison of the oil-sorption mechanisms and capacities of the different natural
raterials it is possibie to identify several useful attributes of an oil-sorbent.

« It should have hydrophobicfoleophilic coating to promote floatation and oil-adsorption.
Examples of such coatings inciude lanolin on woot * ' 7 resins produced on the surface of
wood by pyrolysis > and the waxy coatings of plant fibres, such as kapok ¥, mitkweed ™ and,
to & lesser extent, untbleached cotton %

e« It should be fibrous, allowing the sorbent to aggregate, or be woven into a form that provides
physically stable air-spaces for primary absorption and subsequent retention of spilt oil

s Relative to its volume, the ideal sorbent should provide a large external surface to which ol
can adsorb. This can be achieved by using a sorbent made of narrow fibres . or small
granules. A textured surface (e.g. hairs, pits, scales, ezc.) will also increase external surface

. . 7
area and adsorption capacity > ** ",

+ 1t should possess relatively large, non-collapsing internal spaces (humina, lacunae, eic. } to give
a larae surface area for secondary absorption,
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For all the reasons ouilined above, it appears therefore that plant fibres make the best natural
sorbents for oil. It is difficult, however, 10 be certain of this because of the lack of comparable
data across the range of sorbent materials. The plant fibres for which there is the greatest amount
of comparative information ars milkweed, cotton, kapok and kenaf %14 The pattern that
consistently emerges from comparisons of these materials 1s that, for 2 broad range of oil-types
{from fuel oil to crude), milkweed has the greatest sorption capacity and kenaf has the smallest
{less by a factor of ~6 ¢.f. milkweed). The sorption capacities of kapek and cotton were similar
and only slightly less than that of milkweed.

Although only a limited number of studies addressed the question ™ "™ '™, it seems that the form

in which fibrous materials are exposed to oil is an important determinant of their overall sorption
capacity. The three ways of deploying fibres as sorbents for spilt cil are: {i} as loose fibres; {ii}
as formed bundles of unwoven fibres {form is maintained by loose stitching) and {iii) as woven
matetials. In one study, unwoven fibres were compared to woven fibres %, unwoven fibres were
best for low viscosity fuel oils {23 ¢P at 25°C) and woven fibres best for medium to high viscosity
firel oils {86 — 1524 cP at 25°C). In ancther similar study ', unwoven fibres were better than
woven materials for light, medium and high viscosity oils (viscosity range 12 — 330 ¢P at 24°C).
The only study to compare the sorption capacities of loose, unmwoven and woven fibres used only
one, low viscosity oil (5.5, cP at 16°C) and found that loose fibres were better than unwoven
fibres and both were better than woven fibres. The only other relevant study compared four
natural fibres (kapok, sisal, rosella, coir) '' and concluded that, for a range of viscosities {10 — 332
¢P at 24°C), a smaller packing density produced a greater oil sorption capacity than a greater
racking density.

One of the potential benefits of using sorbent materials to clean up spilt oil is that they can be
physically retrieved so that the oil can be extracted (by mechanical squeezing} and the sorbent re-
used. ¥ is, therefore, relevant to note that the sorbent capacities of many natural sorbents decline
markedly with repeated use ™ ¥, In one study *, it was reported that sorption capacity of cotton
with light crude (0.0551 poise at 37.8"C) was reduced to ~60 % of its initial capacity after
(unquantified) repeated use. A second study ” of three plant fibres (milkweed, cotton and kenaf)
exposed to three kinds of oil {No.2 Diesel fuel ofl (s.g. at 15.6°C = 0.846}, light crude (s.g. al
15.6°C = 0.854) and No.6 ‘Bunker C* fuel cil {s.g. at 15.6"C = 1.027}), reported that 90 % of
oil could, on average, be extracted by simple mechanical action, but re-use reduced capacity to 74
— 85 % of initial capacity.

The scientific literature we revigwed here presented considerable additional data on the mteraction
of particular sorbents with particular oils. Note, however, that in the hterature there is much
variation in the kinds of oils used, the ways the oils are described, the methods of assay and the
units in which results are presented. This makes it extremely difftcuit to make relizble
comparisons of the different sorbents. Because of the complexity and heterogeneity of this
additional information, we concluded that the oniy sensible way of reporting it is to provide a
summary for each individual scientific article. These sumimaries are provided in Appendix 1.

Use of sorbenis in the field: technigues of deployment and environmental inferactions

The scientific literature reviewed here provided no evaluations of the relative performance of
different natural sorhents for treating oil-spilis in natural marine habitats.

Centre for Research on Feologionl Impacts of Coastal Citles, June 2007 14
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One patent = for a sorbent comprising a natural (celulosic) core encapsulated in synthetic
exterior reported that, when deployed on the sea in the form of a boom, it performed as well as a
similar product that was entirely synthetic. No corroborating data were provided.

Following laboratory trials that showed peat moss was an effective sorbent, one smd}rzg reported
a number of crude, non-comparative trials of peat moss on actual oil-spilis. The first trial was on
2 small, floating patch of Bunker C oil. It was not said how the peat moss was deployed, but
once spread on the oil, the slick could be easily controlled and moved with the aid of a metal
screen of quarter-inch mesh. The second trial of peat moss was on spots of Bunker C ol {of a
few cm diameter) deposited on & sandy beach, Peat moss was spread on the beach, mixed with
the oil and picked up with rakes. It was reported that this resulted in the removal of at least 95 %
of the oil. The third trial was an attempt at a fill clean-np of a moderate-sized oil-slick {1,500 x
200 feet) that washed ashore on beaches and rocky shores in the St Lawrence River. Four cubic
feet of peat moss was used for every 100 square feet of shore. It was not said how effective the
method was for beach habitats, but, on rocky shores, 90 % of the spilt oil was recovered.

The literature provided almost no information on the actual or predicted biodegradability of the
sorbent of the oil-sorbent complex in field situations, The only report that had any specific focus
o1 biodegradation was a study of the effect of Pyeudomonas sp. bacteria on the degradation of
heavy oil iIn an aqueous system in the presence of the natural sorbents keratm, chitin and chitosan
*  This study did not report any information about the effect of Pseudomonas sp. bacteria on the
degradability of the sorbents. On average, the presence of Psendomonas sp. bacteria caused a
three-fold reduction in the time hefore depradation commenced and they significantly increased
rate of biodegradation, particufarly for lighter weight r#-alkanes. The only comment on the
sorbents in relation to degradation was that they facilitated degradation by providing a large,
stable surface-area for bacterial colonisation and digestion of the oil.

Although ne data or supporting information were provided, one report ** on the use of natural-
synthetic, blended sorbents hased on woed-pulp fibre, offered the comment that, because wood
pulp is highly lignified, it should have relatively low biodegradability compared to other, similar
organic materials.

Reported advantages and disadvantages of different sorbents

The advantages and disadvantages of different natural materials with regards to their mechanisms
and capacity for oil sorbency have already been discussed, so we confine our report here to other,
aspects of their performance.

Buoyancy and water-repeliency are important attributes for an oil-sorbent. Buoyancy is primarily
a function of density, but small particles that are denser than water can float by virtue of water-
proof (hydrophobic) coatings that prevent them from breaking the water’s surface tension. In
terms of buoyancy and water-repellency, the proteinacecus sorbents, chitin, keratin and chitosan
are the most inferior materials of those discussed here . This is not because they are proteins per
s, but because they are purified proteins. Feathers and wool are protein-based, but, in their raw
state, have & natural waxy, water-proof coating, Without such coatings, many proteins are very
hydrophilic and would quickly absorb water and sink when deployed in the sea.

A reduction in performarnce bhecause of ‘processing’ can also occur with wood-based sorbents.
Moderate heat-treatment of wood particles/fibres (200-350°C) improves their sorbency becanse it
causes the production of oleophilic resins *. Beyond 350°C, however, chemical reactions no
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longer favour the production of oleophilic resins and interstices between fibres collapse increasing
the wood’s density.

Mechanical reclamation of el from oiled sorbents can alse reduce the buoyancy and sorbency of
sorbent materials. For cotton °, this occurs because oil-reclamation strips natural oleophilic
chemicals from the sorbent and crushes interstices,

Fibres can be deployed in loose form or woven and formed into sorbent structures (booms,
pillows, efc.). Granular sorbents only be spread over spilt oil in loose form. This may not be a
problem, however, if the aim is to use the sorbent in situations {7.e. remote and/or sensitive
coastal habitats) where the oiled sorbent is not retrieved, but left f» sifir 1o biodegrade. In such
situations, it may not be practical to deploy people to place sorbent structures in strategic
positions to contain the spilt cil. Second, i such structures were deployed, their greater physical
integrity compared to loose sorbents may slow the degradation and physical break-up of the oiled
sorbent as it ages. Sorbent structures deployed and left on spilt oil may also be more unsightly
than loose sorbents.

Information not given in the scientific literature (excluding Environment Canada

reports}

Tn the scientific literature reviewed here, some of the kinds of information sought by AMSA were
entirely absent. The kinds of information net found inciuded:

s the rate of degradation of ¢ils in the different sorbents and of the sorbents themselves;
» the amount of leachate from different complexes of oil and serbent;

» potential environmental and biological impacts of the leachate and

» the costs, storage requirements and shelf-lives of sorbents.

Results from the reviews of sorbents by Environment Canada

The range of available hiodegradable sorbents

Updates IT*', 111 2, and IV ** of the ongoing review of oil-sorbents by Environment Canada
provide evaluations of 13 different naturally-occurring, brodegradable serbents/products. Cre,
COelan-Sorb, was evalvated (slightly differently) in two separate Updates (TIT and TV). Becauss of
slight methodological differences of unknown consequence between subsequent updates, both
sets of results for Oclan-Sorh are summarised and reported here,

The vast majority of organic oil-sorbeats covered by the three Environment Canada reports (12
out of 14) were plant-based sorbent materials comprised of loose granules and/or fibres of varying
lengths (Table 4} The only non-plant organic sorbents were Foo! Kmop ** and feathers (in the
form of pillows; sold as Seaclean *%). Seaclean > and Corwed *' were the only non-granular
sotbents covered in the reviews. Seaclean, as already mentioned, is a sorbent pitlow, whilst
Comved is in the form of a loosely woven blanket. Of the plant-based sorbents, two were made
wholly from peat moss. One of these was normal horticultural peat; the second (Oclan-Sorb} is
peat that has been chemically dried to improve its sorbent characteristics. Note that this
information for Ocfan-Sord was ohtained independently from the manufacturer. Of the remaining
plant sorbents, five were crude, wood or vegetable products {(i) sawdust », (i) woodchips ((CD
Woodchips ™), (i) pine bark (Zugol "3, (v} ground cork (CAP Cork ™) and ) ground corn
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cobs {Stiwik *') and four were forms of processed/treated ceflulosic fibres of wood or vegetable
origin (i} Bedex 3!, (ii} Conwed ™, (iii) Verdvol ™ and (v} Affob W), None of the organic

sorbents covered by the Environment Canada reports had been supplemented with oil-degrading
bacterta or nutrients Lo stimulate their proliferaticn.

Table 4. General properties of the different organic sorbents reviewsd in Updates i1, 1l and IV of the
review of oil-spill sorbents by Environment Canada.
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Densities (kg m™) formed part of the general description of the different sorbents covered in the
Environment Canada reports. It was not explained how this information should be used to assess
the effectiveness or practicality of different sorbents. Presumably, a good sorbent would be one
that combined small density with great sorbent capacity. Of the maternals/products evalunated, the
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least dense were Seacfean feather sorbent-pillows (14 kg.m™), Bedex wood-fibres {27 kg.m's} and
Wool Kmop (33 kg.m”). The most dense sorbent materials were sawdust (400-480 kg.m™),
Verdyo! treated vegetable fibre (300 ke.m™), Oclan-Sork peat moss (288 kg o), CCD
Woodchips (272 kg.m”) and Zugol modified pine bark (250 kg m™).

The addresses of the manufacturers of the different organic sorbents reviewed by Environment
Canada in Updates II, Il and TV are listed in Table 5.

Mechanisms of sorbent action and the effectiveness of difforent sorbents

Information on the pil-capturing mechanisms of the different materials was not provided by the
Environment Canada reports. Nevertheless, from information in the scienitfic literature and what
is generally known about the parts of plants and animals used to make the sorbents, we have made
reliable, albeit general statements about their ofl-capturing mechanisms (Table 5). As with the
sirnilar table for sorbents in the general scientific literature {Table 3}, we have provided comments
on each sorbent’s capacity for primary absorption based on its physical form {7 e. granules vs.
fibres, woven vs. loose, efc. ).

With the exception of wool fibres, which do not have internal spaces (necessary for secondary
absorption), all of the organic sorbents covered in the Environment Canada reports capture o1l
through a combination of adsorption to the external surface, primary absorption to spaces among
granules /fibres and secondary absorption into spaces within granules /fibres. As discussed
previously, effective primary absorption of oil into spaces among granules /fibres (necessary for
the recovery of il or its immobilisation if left /»# sifur) should be greatest for woven fibres,
intermediate for long, loose fibres and least for loose granules and short fibres. On this basis, the
best sorbent material/products for immobilising or recovering spilt oil should be the Conwed
sorbent blanket (cellulose fibres) and the Seaclean sorbent pillow (feathers). Of the locse
sorbents, the best for immobilisation or recovery would be Hos! Kmop (long, tangled fibres),
followed by Firdvol and Alfob W (shorter, less tangled fibres),

Six aspects the different sorbents’ overall effectiveness in capturing oil were compared among the
three Environment Canada reports. Data were from a series of replicated trials in which sorbents
were exposed to a set range of different oils, each in the forni of a thin layer on water. The six
variables compared were;

1. initial oil pick-up {TOP) {g cil per g sorbent);

2. maximal oil pick-up on re-use (MOP} (g oil per g sorbent),
3. number of effective re—uses:
4

imitial water pick-up (YWP) (g water per g sorbent),

1

maximal water pick-up on re-use (MWP} (g water per g sorbent);

=

response to 48-hour submersion in oil on water,
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Table 5. Contact addresses for the manufacturers of the different organic sorbents investigated by

Environment Canada in Updates Il, 11l and IV of their review of oib-spill sorbents.
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Update 11, 1983
Bedex {Distributory Thermo-Cell Insulation Lid.,
4288 Hawthorne Road, Otiawa, Cntaro, Canada K1G 349
- Comued {Distributor) CIL ine.,
P.0. Box 836, Edmonion, Atberta, Canada T5J 2L4
Peat moss Mo manufacturer or distributer given
Sfitowik {Distributor) Ashwell Feeds Lid.,
1534 Millwick Drive, Weston, Ontaro, Canada MEL Y7
Update 111, 1985
Oofan-Sorh (Manufactured) Hi-Peint Industries Ltd,
P.O. Box 2535, Pastal Station M, Calgary, Alberta, Canada T2P 2NG
Seaclean (Distributor) Sea Clean Inc.
7000 W 82 Avenue, Suite 555 Miami, Florida 23143 USA
Zuigal {Manufacturer) Svensk Barkindustri AB,
- Ostera 791 21, Falun, Sweden
Verdyol (Distributor) Verdycl Plant Research btd

R.R. 1, Cookstown, Ontario, Canada LOR 1LO

Update [V, 1991
Affob W

SoDWoodchips

CAP Cork

Sawdust

Wool! Kimop

{Distributor) Absorbtion Corp.,
Suite 320, 1130 West Penter St., Vancouver, BC Canada VBE 444

(Distributor) Carbontec Ind. nc.
400 East Broadway, Bismark, North Dakota 58501, USA

{Distributer) Sevenson Environmental Produsts Inc.,
274% Lockport Rd., Niagra Falls, New York 14302, USA

{Distributar} Lignum Sawdust Products

5204 Salaberry, Carignan, Quebec, Canada J3L 3P9
{Distributor} Wool Research Organisation of New Zealand Inc.,
Private Bag, Christchurch, New Zealand
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Table 6. Predicted mechanisms of sarbenf-action for organic sorberds in the reporis by Enviranment
Canada. {i} Adsorbtion is adherence to the surface of the sorbent material; §i) primary absorption is
absorption into stable airspaces among aggregated granules or fibres of the sorbent material {air-spaces
must be stable if they are to aid recovery of oil) and {jii) secondary absomtion is absorption into pits,
lacunas or lumina within individual granuies or fibres of the sorbent materizal.
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Unfortunately, comparing the different sorbents is complicated by the range of o0ils tested being
simitar, but not identical among the different reports. Only four cils were common to all three of
the Environment Canada reports. These were: (7} 1-day old Diesel, ii} -day old Crude, i) 7-
day old Crude and {iv} 1-day old Bunker C. Threz other kinds of oil/hydrocarbon were tested in
at least two of the reports: these were () 7-day old Diesel ™%, (i) cyclohexane ¥ and (37}
toluene **# 7-day old Bunker C was evaluated in only a single report *2. For the sake of
simplicity, all of these test liquids are referred to as “oils” in the following text, even though
cyclohexane and toluenes are not oils.

Qf potentially greater concern than differsnces among reports in the range of oils tested, are
differences in the way evaluations were done to measure pick-up of oil and water and the re-
usability of sorbents (Table 7}. In general, evaluations involved soaking a known amount of
sorbent in a layer of oil floating on water. The sorbent was then left to soak for a set time,
drained and hydraulically pressed to extract ¢il and any water that had been captured. The
differences among reports concerned the thickness of the layer of oil, the soak-time and, for the
48-hour test only, whether the system was agitated during the tests. In the 1983 report ™', all oils
were [ayered on water to a depth 1.0 mm. In the 1985 ** and 1991 reports =, cyclohexane,
toluene and diesel were deployed in a layer 2.5 mm deep and Crude and Bunker C oils in layers
5.0 mm deep. In Update I1 ¥, the soak time for all oils was 15 minutes; in Update T **, it was 1
houvr and in Update IV ** it was 30 minutes. For the 48-hour submersion test, the sorbent-oil-
water system was oscillated contineously in trials for the 1983 report, but left still in the 1985 and
1921 reports. Details of methodological differences between Environment Canada reports are
summarised below in Table 7.

The significance of these methodological differences for the oil and water pick-up tests is hard to
ascertain. The equivalence of findings among reports depends on the effects of thickness of ol
and soak-time on the sorbents’ performances. The most optimistic scenario would be if the
shortest soak-times and thinnest layers of oil used were well in excess of those needed to achieve
equilibrial conditions in the sorbent-cil-water system. The pessimistic scenario would be if the
thicker layers of oil and longer soak times had increased oil and water pick-up, but lessened re-
usability. For layer-thickness, we do not have any information to gauge which is the more likely
scenario, but we do for soak-time.

The sorbent product Oclan-Sorh {treated peat moss) was tested in both the 1985 report ** and the
1931 report 3 and reportedly attained generally greater IOP and MOP with a shorter soak-time
(30 mins ¢f 1 hour; see Tables 8§ & 9) [Note: oll-layers were of equal thickness in the 1985 and
1991 reports]. IWP showed the same trend between 1985 and 1991 as did the oil pick-up
variables {Table 11}, but MWP (Table 12} was greater in 1985 with the longer soak-time. The re-
usability of Oclar-Sorh was also generally greater in the 1991 report with the shorter soak-time
(Table 10). Differences in results for Oclan-Sorh between the 1985 and 1991 reports may have
been caused by the difference in soak-time {unlikely given the counter-intuitive trend for IOP,
MOP and TWP), or they may merely reflect different batches of the product. Overall, these results
for Oclan-Sord defy straightforward interpretation and add little to our knowledge of the general
effect of soak-time, Clearly, though, there are grounds to doubt the comparability of results
between different reports. Without firther information, we can say little more,
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Table 7. Methodological differences in oil and water pick-up tests among Updates 11 %, 111  and IV * of
the on-going reviews by Environment Canada

Fomee
; e -
o e
e E U b SRR
P Fixatent 2
Cyelo-henane .
Laver thickness 25 mm
Toluans v
_Layerthickness N 2.5 mim
1-clay Dlesel 7 ” o~
Layer thizkness 1.0 mm L 2BOM L 2Bmm_
T-day Diesal - ’ o
Layer thiskness 1.0 mm Lo REmMM e
1=day Grude ( - s
Layer thickness . t.gmm S0 mm 5.0 mm
T-day Crude 7 v v
Layer thickness 1.0 mm TR 5.0 mm 5.0 mm
1-day Bunker & i v -
___Lawyer thicknass 1.0 men R S0mm 5.0 men
T-day Bunker & X . X
 Layer thicknase o S.0 mm
Soak-tine for
measurng ol & 15 miltutas 60 minutes 30 minutes
__ water pick-up e
Water pick-up Cnly 1 variable given as
variables “waatar pick-up'. . ; - .
Not epacified whether infiat or Inital and maximal on re-uze Initial and maximal on re-uze
e raEKima| N
Conditions of 48-
haur sEbmersion Oll and water osclated il and water kepk atill il and water kept skl

tagt i_]ﬂl'!ltll'll.lﬂl.lﬁljf

The way we have presented results ffom the Environment Canada reports allows for uncertainty
concerning the comprarability of results from different reperts. For each variable measured, results
from the different Environment Canada reports are summarised in a single table, bul they are
grouped according to source. The written description of results for each variable proceeds as
though resuits from the different reports were comparable. In the event, however, that a more
precautionary view of the comparability of sorbents is deemed appropriate, the tables summarising
results emphasise (in bold text) the best performing sorbent(s) for sach evaluation m each of the
three updates. For brevity and to avoid confusion with the alternate overview of results these
separate evaluations for each report are not described in the text.

Further methodotogical details of specific tests and definitions of patticular vanables are provided
helow with a summary and interpretation of resuits.

1. Initial oil pick-up {ICP}

The initial oil pick-up is the amount of o1l captured on the sorbent’s first exposure to oil. A useful
sorbent for use on spilt oil would be one that extibited great IOP. In all three of the Environment
Canada reports, initial oil-pick-up (g oil per g sorbent) was calculated using the following
equation:
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Weight of oil, water

Initial oil plok-up & sorbent after initial _ Welght of water ISE;I]IIt_;?; E:-:eght of

(o ofl per g sorbent) = gxposure recoverad

Initiak weight of sorbent
Results for the different sorbents with different oils are summarsed in Table 8,

Table 8. Initial ail pick-up (g oil per g sorbent) for a range of organic sorbents in for the 1983 %', 19857
and 1991 * reviews by Environment Canada. Note that the strict comparability of the results from
different reports is suspact because of methodological differences of unknown consequence (see Table
7). Results emphasised in bold Indicate the best performing sorbent(s) in each category of evaluation for
each of the three reviews. (nt — not fested).

2 I
EHEH Ficd

Update Il, 1883

Bedex rit nt 7.07 877 7.24 11,90 8,83 it
Cormwad rit nt 13.81 13.01 2.58 4.53 2.80 rit
Peat mass ont ni 3.38 5.96 235 4.21 1.85 rit
Sfikwik nt ot 3.48 3.74 352 2.78 5.56 it
Update lll, 1985

Qelan-Sorh 4.39 4,68 4.88 576 5.84 239 10.21 621
Seaclean 2.76 6.07 5.63 5.91 2.85 2.96 1.66 224
Zugo! 0.88 1.73 1.06 236 307 2.80 4.99 4.71
Verdyol 2.01 8.79 9.41 10.33 2,28 12.57 £.21 8.50
tipdate IV, 1991

Affab W 2.36 2.78 2.51 nt 2.88 a7 584 nt
CCPWaodchips 0.51 0.82 0.54 nt 078 1.84 165 nt
CAP Cork 3.73 £.00 4.85 nt 3vs 382 2.14 it
Ccfan-Sorb 8.28 8.36 .07 nk 6.18 8.76 5.51 rt
Sawrust 5.28 5.20 4.08 nt 529 6.65 8,75 nt
Wao! Kimop S.51 11.62 9.54 nt 14.07 19.80 11.70 nit

If we ignore the methodological differences among reports and treat alf resulis as directly
comparable, then Wool Kmop *, stands out as having the greatest initial oil pick-up (IOP) for the
greatest range of oils. Woof Knop was not tested with 7-day Diesel or 7-day Bunker C, but for
the 6 other oils Woo! KXmop had the greatest IOP for ali but one kind of cil. With 1-day Digsel,
10P for Wool Kmap (9.5 g.g") was second to that for the Conwed sorbent bianket T(13.6 g.g™".
Wool Kmop was tested in the 1991 report *° with the thicker layers of eil (2.5 mm or 5.0 mm) and
the intermediate soak time (30 minutes), so we caution that its IOP may have been less were it
tested as per the 1991 report, which used a thinner oil-dayer and a shorter soak time (1.0 mm and
15 mins, respectively). Verdyol ™ also perfomed well across many types of oil; other materials
were much more hit-or-miss {Table 8}.
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As mentioned before, Oelan-Sork peat moss was tested independently in the 1985 * and the 1991
** reports. Results for Oclan-Sorb were generally comparable between reports, except for the test
with I-day Bunker C. [n 1985, with a soak-time of 50 munutes Oclan-Sord exhibited an 10P with
l-day Bunker C of 10.2 g g, a result second only to Woof Knop. In 1991, however, with a
soak-time of 30 minutes, Gclon-Sorb exhibited an IOP of only 5.5 g.g” with Bunker €. This
difference emphasises the possible problem of comparing sorbents among reports.

2. Maximal oil pick-up on re-use {MOF}

Maximal oil-pick-up {MOP) on re-use (g oil per g sorbent) was determined by calculating il
pick-up for each of several re-uses and nofing the maximal value attained. Sorbents were
continually re-used up to 10 times, or until the sorbent completely disintegrated, or oil pick-up fell
below 30 % of IOP. MOP may be a more important consideration than 1OP when selecting a
sorbent that can be used repeatedly to remove spilt oif from the environment. Results for MOP
are in Table 9 and results on re-usability are in Table 10,

Table 9. Maximal oll pick-up {g cil per g sorbent) for a range of organic sorbents examined in the 1883
¥ 1985 * and 1991 * reviews by Environment Canada. Resulis are grouped according to source. Note
that strict comparability of the resulis fram different repons is suspect because of methodological
differences of unknown consequence {sae Table 7). {nt - not tested)

T
Saaas
e
i
hig
. %
o kb e o PSR i T L P R i
Update Il, 1983
Bedex nt nt 7.07 o877 10,96 41.80 8.83 rit
Conwed nt nt 13.61 1301 12.60 15.00 4.21 rit
Peat moss nt nt 3.38 5.08 5.02 4.43 386 nt
Stikwik it nit 348 374 352 278 556 ot
Update I[f, 1985
Oclan-Sorb 4.29 4568 4,88 5.76 5.84 2.53 10.21 6.21
Seaclean 3.76 6.07 5683 581 295 332 208 2.85
Zugol 0.28 1.73 1.06 2,36 307 2.80 4.00 4.71
Verdyol 801 879 941 1033 414 1257 10.00 1043
Update IV, 1991
Alfob W 2.36 278 2.51 ot 2.48 3.7 5.84 nt
CCOWhoadchips 0.51 0.85 0.54 nt 0.78 1.84 2.65 ni
CAPR Cork 4,23 5.09 4.65 nt 3ve 3.8z 267 it
Ocfan-Sorf 538 g8.36 907 at G168 715 5.51 it
Savwdust 5.28 5.20 408 ot 5.29 B.65 875 nt
Woaol Kmop 074 11.62 9.54 nt 14.07 19.80 19.72 nt

Comparisons between MOP and TOP for the same combination of oil and sorbent can be relied
upon because the only methodological difference involved was re-use (f.¢. these compansons are
not affected by the other methodological differences that confuse comparisons among sorbents m
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different reports). For most combinations of oils and sorbents, the value of MOP was the same as
IOP (Table 9 ¢f Tabie 8). Out of 88 combinations of oils and serbents in the three different
reports, there were only 22 instances where MOP was greater than IOP. No sorbent had an MOP
= TOP in all cils tested.

MOP as a percentage of [OP was greatest for Comwed *' with 1-day Crude (486 %) and 7-day
Crude {331 %), and untreated peat moss °* with 1-day Bunker C (234 %) and 1-day Crude (214
9%). Substantial increases in MOP relative to 10P also occurred for Ferdyol * with 1-day Crude
{183 %) and I-day Bunker C (162 %), for Woo! Kmop ** with 1-day Bunker C {169 %) and
untreated peat moss with 1-day Diesel (159 %). All other increases in MOP relative to IOP were
in the range 101 % to 125 %4

Despite some large increases in MOP relative to IOP, the best performing sorbent for each ol
based on MOP was exactly the same as that based on TOP; Le. Comved*! was best with 1-day
Diesel and 7-day Diesel, Weol Kmop * was best with 1-day Crude, 7-day Crude, I-day Bunker C,
cyclohexane and toluene and Ferdyol > was best with 7-day Bunker C. Note that most of the
sorbents that attained the greatest MOP for each test-oil were also sorbents in the 1985 and 1991
reports, which used the thicker layers of oil (2.5 or 5.0 mm) ard the longer soak-times (60 and 30
minutes, respectively). These conditions may have contributed to generally larger vaiues of MOP
than in the 1983 report.

A problem with MOP as a selection criterion 15 that we are not told when and how often MOP
was attained for each combination of sorbent and oil. Given the criteria for stopping re-use
{disintegration; oil pick-up < 50 % IOP, or a maximum of 10 re-uses), a sorbent may have
attained its MOP on second re-use and then functioned at only 51% of TOP for a further 8 re-
uses, or it could have continved functioning at MOP for all subsequent re-uses. The total oil
pick-up over the sequence of re-uses would obviously be very different between these two
scenarios. Where the goal is recovery of spilt oil, total ol pick-up with re-use, or even average
pick-up, would be more useful selection criteria than MOP.

3. Re-usability of sorbent materialsfproducts

Tn each of the three Environment Canada reports, the number of effective re-uses for each sorhent
in each oil was measured by re-using sorbents up to 10 times, or until the sorbent completely
disintegrated, or oil pick-up fell below 50 % of TOP. Oil was replenished to the desired depth
{differed among reports; see Table 7) after each re-use. Like MOP, re-usability is an important
selection criterion when the intention is to use the sorbent repeatedly to remave spilt oil from the
etivironment.

Among reports, the combinations of sorbents and oils that resulted in the greatest number of
sorbent-re-uses were Wool Kmop * with cyclohexane and toluene (at least 10 uses in each case);
Seaclecn ** and Verdyof * with 1-day Bunker C and 7-day Bunker C (at least 10 uses in each
case), Seaclean with 7-day Crude {& uses} and Verdyo/ with 1-day (9 uses). Note that no
sorbent tested in the 1983 report gave the overall greatest number of re-uses with any oil, despite
the fact that the 1983 tests used the thinnest cil-layers (1.0 mm) and the shortest soak time (15
minutes). It might have been expected that these conditions would have caused generally greater
re-usability of sorbents compared to the conditions in tests in subsequent reports.
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Table 10. Number of effective re-uses for a range of organic sorbents examined in the 1983 %', 1985
and 1991 * reviews by Enviropment Canada. Results are grouped according to source. Note that the
strict comparability of the resulis from different reporis is suspect because of methodological differences
of unknown consequence (see Takle 7). (nt - not tested}.

e S ERR R AR,
B g% : s e
s i 1= B w:
- AR Loy m:* 3ei
SRR
>%§ ?&‘é
SR d Mmm;
Update 11, 1983
Bedex rt ht 0 0 2 ] a nt
Comwed nt nt 2 2 2 2 f nt
Faat moss ni nk 3] ] 1 2 2 ot
Slifowitc nt ik 0 o 1 1 0 nt
Update 111, 1985
Qelan-Sark 1 1 1 1 1 1 0 {
Seaclean 3 3 7 7 1 o 0 10
Zugol 1 1 1 1 1 1 2 2
Verdyof 2 3 2 2 9 4 10 0
Update Bf, 1991
Alfob W 1 1 1 4 2 1 2 nt
CCDWoodchips 1 0 a ot o 0 0 nt
CAF Cork 8 4 5 nk 5 3 5 nt
Oclan-Sorh 1 1 1 ni 5 5 5 nt
Sawdust o o i] m 0 0 i nt
Wool Kmeap 10 id 5 nt 5 5 5 nt

4. Initial water pick-up {[WP)

Initial water pickup (TWP) (g water per g sorbent} i8 the amount of water captured when the
sorbent is first exposed to oil on water. Because sorption-capacity taken up by water is not
available to oil, a usefil cil-sorbent for aguecus environments would be one with small IWP.
IWP was calculated as follows:

Initial water pick—up Weaight of water recovered

(g watert per g sorbent) = Initial weight of sorbent

No individual sorbent showed the absolute smallest IWP with all, or even a majority of oils {Table
11}. The particular combinations of sorbents and oils that resulted in the absolute smallest WP
were CCD Woodchips ™ and CAP Cork * with cyclohexane, CCD Woodchips with toluene,
Octan-Sorb with 1-day Diesel, Zugo! 2 with 7-day Diesel, Seactean ** with 1-day Crude, CCD
Woodchips and Oclan-Sorb with 7-day Crude, 4ffob W  with 1-day Bunker C and Seacieay
with 7-day Bunker C.
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Table 11. initial water pick-up (g oi! per g sorbent) for a range of organic sorbents in the 1983 %', 1985 *
and 1991 * reviews by Environment Canada. Results are grouped according to source. Note that the
strict comparability of the results from different reporis Is suspect bacause of methodological differences
of unknown consequence (see Table 7). (it — not tested).

TRLE Bioi PSR
- P e -
firoii
Somanmaen
S e
Ea -
Ekf :mmmg-\. i:"
Update 11, 1383
Eetlax nt ft 3.8Y 3zy 1.20 1.60 3.89 nt
Conwed nt ot D25 .25 0.80 068 112 nt
Peat moss nt At I 3.53 1.39 Q.41 0.64 nt
Shikowitc oM rt 0.22 0.57 0.37 1.17 2.43 o
Update [H, 1985
CQofan-Sorb 0.07 D20 0.00 0.07 Q.13 0.02 0.08 o1
Seaclean 0.45 .19 0.24 .22 0.02 0.10 0.0 G.02
Zugnol 0.03 0.04 D.06 0.04 0.08 0.09 0.05 .09
Verdyol 011 008 013 o2 807 . 019 012 008
Update IV, 1901
Alfob W 003 0.04 0.08 nt G.08 0.1 0.60 nt
CCD Woodchips ¢.00 0.00 0.0 nt 0.06 0.02 G.02 nt
CAF Cork ¢.00 Q.05 R nt G012 0.04 .08 nt
Oclan-Sarb .07 1.09 Q.10 ait .58 12 0.1 nt
Sawdust .49 0.58 087 at 0.33 g.03 0.38 nt
Woe! Kmop g.31 0.83 080 - ot 0.07 0.13 0.03 nt

5. Maximal water pick-up {MWP)

Maximal water pick-up (MWP} with re-use (g water per g sorbent) was determined by caleulating
water pick-up for each of several re-uses and noting the maximal value attained. MWP may be a
mere important consideration than IWP when selecting a sorbent that can be used repeatedly to
remove spilt oil from the environment. Assessments of MWP were only made in the 1985 and
1991 reports by Environment Canada reports. Results are summarised below in Table 12,

As with comparsons between MOP and IOP for eack oil-sorbent system, comparisons of MWP
and TWP are reliable because the only methodological difference mvolved was the re-use of
sorbents {Z.e. these compansons are not affected by the other methodological differences that
confuse comparisons among sorbents in different reports). Out of 68 combinations of ¢ils and
sorbents in the two different reports that measured MWP, there were 34 instances where MWP
was greater than TWP, 31 mstances where there was no change and 3 instances where MWP was
less than IWP. A reduction in water pick-up with re-use is a desirable property in an oil-sorbent.
All instances of this phenomenon occurred with Zugo! >, MWP as & percentage of IWP was 33
% for Zugo! with cyclohexane and 1-day Diesel and 75 % for Zugof with toluene. With all other
olls with which Zugol was tested, #t showed either no change or an increase in MWE relative to
WPp.
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Table 12. Maxima! water pick-up (g oif per g sorbent) for a range of organic sarbents in the 19852 and
1991 * reviews by Environment Canada. Results are grouped according to source. Note that the strict
comparability of the results from different reports (s suspect because of methodological differences of
unknown consequence (see Tabls 7). {nt - not tested).

Pt %:;ﬁsﬁ ;dﬁ.‘gg
e o
ol i

Update i, 1985

Qofan-Sorh 2.10 0.65 0.2% 047 0.13 0.02 0.06 o1
Seaciean 1.26 0.38 0,44 0.33 0.04 0.33 0.05 ¢.04
206! 0.0% 0.03 0.02 0.05 a.0a D1t .05 .10
Verdyol 014 034 04 022 037 018 019 0.0
Update IV, 199

Alfobh W .03 0.04 0.08 nt 0.08 0,11 Q.05 nt
CCDWfoodchips g.00 ¢.00 0.01 nt 0.96 0.02 0.02 nt
CAP Cork 0.07 .80 0.03 nt [ 0.08 0.28 nt
Colan-Sord .07 1.09 0,10 mt 058 0.65 0.29 m
Sawdust 0.49 058 087 at 0.33 003 0.25 nf
Woof Kmog 0.31 083 0.80 ot .86 0.3 0.34 nt

Whilst a reduction in water pick-up with re-use is the most desirable attribute for an oil-sorbent,
no inerease i3 the next most desirable. From the results in Table 12, three sorbents stand out as
showing no change in water pick-up with re-use across a broad range of oits,. These were CCD
Woodchips ¥, sawdust ™ and Alfob W5

With very few exceptions, the combinations of cils and sorbents that gave the absclute smallest
values of TWP also gave the absolute smallest values of MWP. The exceptions occurred with 1-
day Diesel and 1-day Bunker C. For 1-day Diesel, the smallest TWP was obtained with Qclan-
Sord in the 1985 report, but the lowest MWP was obtained with CCD Wondchips., For 1-day
Bunker C, the smallest TWT was obtained with Affod I, but the lowest MWP was obtamed with
(CCD Woodchips.

6. Observations following 48-hour submersion in oil an water

As far as can be ascertained from the limited information available, each report used the same
thickness of cil on water for the 48-hour tests of submersion as were used in tests to measure oil
and water pick-up. So, the thicknesses of oil-layers differed among reports for the same kind of
oil {details of differences were reported above). The methods used also differed among reports in
terms of whether there was physical agitation of the sorbent-oil-water system. For the 1983
report, the sorbent-gil-water system was oscillated continuously, but for the 1985 and 1991
reports it was kept still. We do not know precisely how this difference would have affected the
behasvigur of the sorbent. Potentially, agitation could have increased a sorbent’s exposure to the
water beneath the o1l and so possibly increased its tendency to absorb water and sink, So, as per
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48-hour tests of submersion in oil on water for a range of organic
and 1991 ¥ reviews by Environment Canada. Results are grouped

according to source. Mote that the strict comparability of the results from different reports is suspect
because of methodological differences of unknown conseguence (see Table 7). (it — not tested).

i i
=
bRt
o 'ﬁ nx $
oot 2]
L -
= '.'J:__:h F R EiE i i
Lipdate II,
19483
Bedex nt it 100 % aflost 104 % aflcat 100 % aficat 100 % afleat 11 % alloal B1 %% afload
Conwed nt nt 1040 % afloat - 100 % aflcat - 100 % aRoat- 100 % afleat- 100 % afloat - 100 ¥ eflost -
65 A8 % G % stronger 12 %% F3% 3B
weakensd weakaned waskanad weakened weskenedf
Pzat moss nt nt 100 % afloat 100 % aRoat  160% afloat 100 % afloat 0D % affoat 100 % afloat
Shkl-ﬂ"]'k it nt 190 % sfoet &3 % afloat 100 % aloat 100 % afloat 100 %% affeat 104 % afloat
Update Il
1985
Octan-Sorh  Afoat- Parlially sunk - Afloat- Afloal— AfTeat - Aftoat - &ftoat - Aflaat —
swallen zwaollen swalten swmlan — matted matted Hatted matted
diagolouration
of whaler
Saactean Padially sunk  Partlatly sunk - Aftoat Afloat Partlally senk Partelty sunk Periallysunk  Parislly sunk
matiad -
discolouraiion
of wetar
zugoi Afloat Adloat - Aftoat Aflaat Aftoat Afioat - Aflnat - Afloat —
matiad - matbéed matted trattad
dizcolouration
of water
Verdyo_; Parlially sunk - Eartlaly aunk - Parialiy sunk = Panllaly sunk - Afloet - Aflaat - Afioat - Afloat —
matted - nkatted - discolowration  dissclouratien matted matted matted metted
discolouralion  diseslauratlen  of water of waler
ol watar of wmlar
Update IV,
1991
Alfobh W Afloat - Aflaat - Adloat - nt Afloat - ATtoat - Aflost - it
saturatad saturated saturated aatargted saturated saturated
with test with test with test with test With tast with test
liguld liguid Iigueid tguld liguid ligLeid
cco Afloat Aflgat Aftaat mt Afipat Afloat Aftoat nt
Wm::dchips
Afloat - Adloat - Afloat- nk Aftoal - Aloat - Aflpat - mt
CAP Cork completety partially eompletahy parlizily pariially pacially
disptraed - dizparead - dispersed - disparsad - disporsod - dispersed -
saturaled salurated saturaled zaturaled saturaled padially
saturaled _
Oefan-Sork Afloat - Biboal = Afloat - nt Afloat - Afloat Afloat nt
completely  complelely complataly campletely
dieperasd dispersed dlaparsad dispersed
Aflaat - Aot~ Allcat - t Afloat - Adlnat - Sunk ot
Sawdust partialhy parifalky partinkhy parially pasfially
dizgpersed dispersed dizpersed disporsed dispersad
Afloat Afloat nt Alioat Afloat Aflnat nt

ool Kmop Afloat
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previous evaluations, methodological differences prevent strict comparability of results among
different reports. Observations from the 48-hour submersion tests done in each of the three
Environment Canada reports are summarised in Table 13.

It was easier to identify the poorly-performing sorbents than to ideniify those that performed
particularly well. Degrees of good performance were not noted. The most poorly-performing
sorbents were those that either sank (environmentaily undesirable and unhelpful for recovery),
physically weakened (noted only for sorbent structures rather than loose materials) or caused
discolouration of the water (indicative of leaching}. Sorbents that performed well with particular
oils (emphasised in bold in Table 13) can only be deduced by elimination of those that performed
poorly. Seaclzan 3 performed badly because it sank with all oils tested except 1-day and 7-day
Diesel. With toluene, Seaclean also caused discoloration of the water. Verdvol * also sank and
caused discolouration, but only with cyclohexane, toluene, 1-day Diesel and 7-day Diesel. The
(Conwed sorhent blanket *! floated on all combinations of oif and water, but its physical structure
substantially weakened with use with all oils. Bedex * partially sank with 7-day Bunker C and
almost entirely sank with 1-day Bunker C (it floated with all other oils). Sfidwek ground corn-
cobs *' partially sank with 7-day Diesel, but floated with all other oils. All other combinations of
oil and sorbent resulted in more or less satisfactory performances.

Use of sorbenis in the field: technigues of deployment and environmental inferactions

The only information presented in the three Environment Canada reports (1983 *', 1985 ** and
1991 ¥} on the use of sorbents in actual cil-spill situations was cbtained from the sorbent
manufacturers rather than independent evaluaticns by Environment Canada. Most of the
information provided is so superficial and generic that it provides little opportunity for
discrinmnating amongst sorbents (Table 14).

The only striking difference about deployment of sorbents is that those comprising loose granules
or fibres can be spread manually, or blown or dropped on to spilt cil, whilst structures formed
from sorbent, the Comwed sorbent blanket 3! and the Seaclean feather pillow * need to be
marusally placed where they are needed. Among the loose sorbents, there are some differences in
the methods of deployment descnbed, but we suspect that these differences reflect varying
degrees of detail in the information provided by manufacturers. Loose granules or fibres shouold
all be more or less deployable by the same methods, regardless of their differences in composition,
Tn strong winds, the least dense, loose sorbents (e.g. Bedex wood-fibres (27 kg.m™) and Wool
Kmop (33 kg.m™)) should be hardest to deploy, particularly if they are blown or dropped on to
the oil-spill from any great disiance. All sorbents are reported to begin capturing oil more or less
immediately on deployment.

A simmlar distinction between ioose sorbents and structures made from sorbents is evident for the
stated methods of recovery. The structures must be individually retrieved, whilst loose sorbents
{(where specified) appear generally amenable to manual recovery (shoveling, raking, skimming,
ete.), or mechanical retrieval (mechanised skimmers, suction devices, efc.).

Centre for Research on Eeological Impocts of Coastal Cifies, June 2044 0
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Table 14. Information about use of different sorbents reviewed in the Environment Canada reports in
actual oil-spills, Data came from sorbent manufacturers, rather than from evaluations by Eavironment
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Upcdate 11, 1983

Bedex

on waler: scoop,

il an water or "
Manuat, BOWn,  pon e ceover with 5 Immediste sudipn hose. o ogny Non-toxic
dropped cm Bedex] O land: soraps,
Ehivel
Conwed Frash crude,
bunker fusls
Marnyal e y Landfill, i
placament {d;siigaiiﬁ:?lenﬁw B30 seqonds  Manuaj incinertian Men-taxic
weight)
Peat moss Manual, bbow lfi;h:‘mw Mot knicem Menual, skimmer il-r!acrllr?:ill'gtlnn M on-toxic
Stikwik . i i : Landiil, .
Manual, Blawn  1:5 by weight |mmediate Manual, skimmer incineration Mon-tonic
Update 111, 1935
Colan-Sorb Manugl, blown  Fresh Grudeand  Imimediate Manual, suctien  Landfll, Mom-towic
distiflate fuels o hose, skimmer  incineration
shore & waler
(1:3- 15 lass
far haawy cils)
Saaclean Maral light otl=, Fully saturated in Manual with boat  Landfill, Mon-towic
placement =olvents and 13 mins hook, fork, efz. incineration
heawy aits {1:23 )
Zugrof Marual Light and heavy Immediake Manual Landfl, Mo infommatian
oils (1:3] incineration
Verdyol Manual, blown  Onwater, ils  Varled wiih Manual, skimmet Lahdml, Ma informstion
ranglng from viscosity of oil ineineration
Mo.2 Fuel il £o
Bunker C {1113 -
1:19)
Update 1V, 1291
Alfah W Manual, btawn Al oils, fuals, Immediate Manual, suction  Landel, Man-toxic
emulsions on hose incineration
shore end water
{13 by welghitd
CCD Woodchips Manual, blown,  Grades 182 {111 Immediate Marnual, burrt jr - Landgl, Mon-toxic
dropped = 1:4) Grade 3 st incdneration
2110 -
CAL Cork Manual, BMewn Al oifs, non-palar Immediate to Manual, skimmer i sty Wan-toxic
solventa (1:1 by several inlnutes bodegradatian,
yolurne) depending on landfile,
viscosity incineration
Cefan-Sorh Maryal, Blown, Al oils and fusls  |nmediate Marnual, Lanedtill, Mob-toxis
Oclan-Sark {1212 by weight) akimmer, sucton incineration,
spreader hose composting
Sawdust Manual, Al oifs and fieels  Imnteciate to fast Manual, Mt spcified Hon-tesc
rechanical §1:20 Ery weelgghith mechanical
Woo! Kmop Manual Wecous als Immediate i Mot specified Mot =peeified Mon-taxic
{1735 by waighty _anitaked
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The particular kinds of oils for which the different sorbents can be used and the recommended
ratios of sorbent to oil cannot be summanised here any more effectively than in Table 14. Almost
all manufacturers recommend their sorbents for use on both light and heavy oils. For Wool Kniop
* the only recommendation is for viscous oil, but we suspect this was not meant to imply that it
could not also be used on hghter oils,

Because the different sorbents in the Environment Canada reports are organic, methods for
disposing of them when oiled should be similar. The different methods of disposal recommended
by the sorbent manufacturers were landfill, incineration and composting. There is insufficient
information to determine whether any method might be betier for a particular sorhent. Where
information was available, all the sorbents were reportedly non-toxic, bt no information about
toxicity tests was provided.

Storage of sorbents

Data on the shelf-kves and storage requiremnents of sorbents (Table 15} provides little or no
opportunity for discriminating amongst them. Al the sorbents have long storage lives (20 years
to indefinite}, and most either have no special storage requirements or only need dry conditions.
The only sorbents for which special conditions are stipulated are Corwed ™', and Woof Kmop ™.
Comwed, must be kept away from ultraviolet light and should not be allowed to reach
temperatures = 107" C {unlikely in normal storage). Weool Kmop should be kept in an insect- and
rodent-free enviromment, but this is probably true for most organic sorbents.

Table 15. Shelf-lives and recommended storage-conditions for sarbents in the reports by Environment
Canada.

Update 11, 1983

Bedex Indeninite T Dy warehouse

Conwed Indefinite Below 16770, away fram Ulirav|slet |ig-l'-it"

Feat moss ot specified DOry conditions T

Elifewik indefinite T Mo other special consideratlans if in plastic
bags N

Update i1, 1985

Cefan-Sorh T indefinte Oy conditions o
Seaclean Indefite """ Day cendiions
Zugof Indefinite Dy conditions
Verdyol Inclefinkte ... Drycendklens

Update i, 1991

Affab W Indefinite S ) " None specified

CCO Woodehips Indefinite Dry conditions

CAP Cork tndefinite Mo speclal eondltlons
Sawdust Indefinite Dry conditions

Wool Kmop 20 years + _" Dry, redent- and insech-ires

Information not given in the Environment Canada reports

In the reporis by Environment Canada some of the kinds of information sought by AMBA were
entirely absent, including:
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the rate of degradation of oils in the different sorbents and of the sorbents themselves;

a  the amount of leachate from different complexes of oil and sorbent;
e potential environmental and biological impacts of the leachate,

» nnique advantages and disadvantages of particular sorbents and

» the costs of sorbents.

Results from manufacturers on the Worid-wide Web
Overview

Qur search for manufacturers of sorbents on the World-wide web (WWW) uncovered 68
companies which, on initial inspection, appeared relevant to this review { Appendix 3). All
companies were contacted at Ieast twice to request information. Only six aciually produced the
kinds of sorbents that are the subject of this report and responded to requests for information, or
provided relevant information on their web-site (Table 16). On the whole, we were surprised by
the reluctance of most manufacturers to respond to our requests and the paucity of information
provided by those that did. We suspect manufacturers would have been more forthcoming with

Table 16. Commercially available organic socherds and their manufacturers identified on the WY,
These were the only manufacturers that responded to requests for information.

g s fon -
e e
: et &:ﬁw i e ST
e N e e s
34 Sea-Sweep Sea-Sweep inc., USA seasweepDseaswesn, com
{Heat-treated wood-pulp) wiww, Seasweep.com Safewaste@ddaa.com.au
a5 AbsorbentWf The Westford Chemical Piriosolve@acl com
{Based on wood-pulp) Corporation, USA
www.wibhiosolve.com
36 Spill-Sorts Spill-Sorb Canada Inc., fnfo@@spillsorb.com
{Based on dried sphagnum Canada
Mross) wwn, 5pillsorb.com
37 Sphag-Sorb Pacific Soil Co., LISA Sphan@inknet.net
{Dried sphagnum moss) sphagsorb.com
38 Cefan-Sorh Hi-Paoint Industries, Canada Odlansorb@nf sympatico.com
{Dried peat mass) www.ociansorb.com
Qpfan-SorbFPius
{Cried peat moss, enriched ith
nutrients and microbes} _
39 Pelro! Rem Petral Rem Inc., USA Infog@petrolrem com
nutrignts micro-encapsulated  www_petrolremn.com

in heeswsx)

information if we had been potential castomers of their products rather than reviewers. The
product-names and WWW and e-mail address for the manufacturers that responded to our
approaches are in Table 16, Ttis difficult to make unambiguous comparisons of the different
sorbents from information provided by their mamsfacturers because they have not used common
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methods of description and evaluation.

The range of available bictlegradable sorbenis

Six sorbents of the seven are fibrous, plani-based products and one comprises bacteria and
nutrients micro-encapsulated in beeswax (Table 16} Of the six fibrous plant-products, two, Sea-
Sweep > and Absorbent W>°, were based on wood-pulp and four were based on pest-moss; (i)
Spifl-Sorb *°, (i) Sphag-Sorb ¥’ (iii) Oclan-Sorb ** and fiv) Oclan-Sork Plus *. Detailed
descriptions of these products follow below,

Sea-Sweep

Sea-Sweep > is manufactured from wood fibres {of no specified kind) through a patented
thermolytic process, not invelving any additional chemicals. The process is designed to
breakdown hemicellnose in the wood, whilst leaving cellulose wtact. This increases the porosity
of the wood fibres and thus their capacity for absorbing oil. Sea-Sweep is available as loose fibres
or in the form of booms, socks and pillows. The manufacturer does not describe the additional
materials used in the construction of these devices.

Absarbent W

The only information available about 4bsorhent I >’ is that it is manufactured from wood-pulp
wastes from the paper-making industry. It is available in loose form or in booms, socks and
pillows. The additional materials used to construct these sorbent devices are not described by the
manufaciurer.

Spifi-Sorb

This product is based on specially cultivated sphagnum peat-moss.  Preparation of the product
from the raw material involves aeration and heat-treatment to reduce the water-content from 90
% to approximately 10 %. Heat-treatment dispels water from pore spaces in the raw material,
Increasing its capacity to absorb il and causing chemical changes making the material more
oleophilic {and hydrophobic),

Sphag-Sorb
Like Spiil-Sord °, Sphag-Sorb *" is made from sphagnum moss and has a final meisture content

of approximately [0 %. Information on how it is manufactured from the raw material was not
provided. '

Oelan-Sorh

Oclan-Sorp ** is made from chemically dried peat fibres. The kind of peat and the details of the
chemical drving process are not specified in information obtained via the WWW, nor in the 1991
Environment Canada report, Tt i3, therefore, not known whether the processing leaves any
potentially toxic chemical restdues in the material,

Ocfan-Sorb Plus

Oclan-Sord Plis *° is a peat-based product, presumably made from the same kind of material used
to make the basic Qclon-Sorh ** product described above. Oclan-Sord Pl differs from Oclan-
Sorb and the other peat-based sorbents in that it is supplemented with {unspecified} non-
pathogenic, oil-degrading microbes and nutrients (nitrogen, phosphorous and other ‘trace
nuirients’ } to stimulate the proliferation of these microbes. Oclan-Sord Pius is not available as

Centre for Research an Beological fmpaets of Coastal Cittes, June 2001 KT
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formed sorbent devices, only in lopse form because if is designed to be left-where deployed rather
than to be recovered and disposed of elsewhere.

Feafrof Rem

Petrol Rem > comprises microscopic vesicles of beeswax containing unspecified oil-degrading
microbes and nutrients to stimulate therr proliferation. The kinds of microbes and nutrients
mcorporaied m Petrol Rem were not specified. [t Is only available in loose form because, like
Oclan-Sorb Pius ™, it is designed to be left where it is deployed. Strictly speaking, Patrol Rent is
less a sorbent than a delivery vehicle for oil-degrading bacteria and nutrients. Beeswax does
adsorb to oil, but with Petrof Rem, this property is exploited to bring the bacteria and nutrients in
close proximity to the oil rather than to sorb and retain the oil,

Mechanisms of sorbent action and the effectivensss of different sorbents

For sorbent products identified in manufacturers” web-sites there is little information on precise
mechanisms of sorbent action. In most cases, however, we can reliably predict the general
mechanism based on information for similar sorbent materials described in the scientific literature.
For ease of comparison among the different products, this information 1s summarised in tabutar
form (Table 17).

Tt is difficult to compare the effectiveness of the different sorbents described here, because the
relevant data supplied by manufacturers {on their web-sites and/or in response to our request)
were generally vague or incomplete for our purposes {f.e. effectiveness assessed for oils of
unspecified characteristics), were assayed using different methods and summarised in different
units.

Sea-Sweep

1 kg of Sea-Sweep ™ sorbs 4.2 1 of the *17° APT” crude, 6.3 1 of the *37° APT’ crude {cils with no
explained properties), 8.17 | of Bunker C and 3.01 [ of Jet fuel,

Absorbent W

The only available information for Absorbent W * is that, per unit quantity, it sorbs 2-3 times
more volume of o1l than polypropylene sorbents and up to 14 times more volume than clay.

Spiff-Sorb

One kg of Spill-Sorb *° is reported to sorb approximately 16 1 or 13.9 kg of Bow River Alberta
crude oil at temperatures from 14 to 17°C. Bow River Alberta crude has a specific gravity of
0.904 and a density of 0.873 kg.I'.

Sphag-Sorb

1 kg Sphag-Sorb *” absorbs approximately 8.9 1 of unspecified oil.
Oclan-Sorb

Oclan-Sorb ** absorbs twelve times its own weight in medium oil.
Oclan-Sorb Fius

Information on the sorbency to ol of Cefan-Sorh Plus 5% was not available, but, because it differs
from the basic Octan-Sorh *® only in the addition of oil-degrading bacteria and nutrients, its
sorbency is presumably similar; 7e. 1:12 weight of sorbent to weight of medium oil.
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Petfrof Rem

An application ratio of 1:2 by weight of Petrol Rem ™ to oil is recommended for control and
containment of spilt oil.

Table 17. A summary of reported or predicted mechanisms of oil-sorption and degradation for different
products investigated via their manufacturers’ web-sites. Mechanisms of sorbent action are based on
Information for similar materials described Tn the scientific Iterature. References to articles that were the
basis for predictions are provided in the table.
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& i h R oo PR
Wood-based
products
Sea-Sweep ™ St S R »
See Nate 7.
Absarbent W T o R IR >
See Note 1.
Feat-based
_praducts e
Spill—SurbE i o o »
Heat treatment Increases  See Mote 1. Enhanced by drying to
clenphillstty axpel ywater from intermal
IR SPates e
Sphan-Sorb > A o AR »
Heat treatmient increases  See Note 1. Enhanced by dryng fo
oleaphilicity expel water from intermnal
SpACES
Delan-Sark * ! o EE x
fiaa Mote 1. Enhanced by drying to
gxpel water from intemal
sprces —_—
Orlan-Sarb Plug o1 ARl T v
See Nofe 1. Enhanced by drying to ia sUpplement of ofl-
expel vater from tnternal  2egrading microbss and
SpECES rticrobe-stlimu lating
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Other
products
Petral Rem *® v x X vy
Adagrbency arises fram Physicel structure of Physical structure of Yia supplement of oil-
the hydrophabicly and Fetrol Rem breaks down Fefrol Rem breaks down degrading microbes and
ﬂlegPh"]f-'fh.l' of waxas * 1% incontact with @il to in contact with il to micrabe-stimuating
PEn Petrol Rem, itls  felease olbdegrading redease oll-deqgrading nutrients
sxplaited ko bring gil- kackeria and nutrisnts, hackeria and nutrients.
degrading bacteria in
close proximity to the oil
rather than to trap it.

Use of sorbanis in the fisld: techniques of deployment and environmental inferactions

All products for which we obtained manufacturers’ information are supplied in loose form, so .
are suitable for deploying on spilt oil without subsequent recovery (the method of use envisaged
by AMBSA for spills in remote and sensitive coastal envirenments). There are no instructions
spectfic to particular sorbents, except that sorbents be deployed in guantities proportionat to their
efficiency in retaining specific oils (this recommendation is somewhat fatuous given the paucity of
mformation supplied by the manufacturers). The different methods proposed for deploying loose
sorbents included manual dispersal, aerial drop (via arplane, helicopter, crane or boat boom), or
mechanical spraying using some form of compressed air blower. There was no information to
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suggest that these different methods are not equally applicable to all of the sorbent products
discussed here,

All the sorbents investigated from manufacturers’ product-information are reportedly
biodegradable. No additional information on the mechanisms or rates of degradation of particular
sorbents was available. Oclan-Sord Plus > and Petrol Rem ™ which are supplemented with oil-
degrading microbes and nutrients, reportedly undergo more rapid degradation in combination with
oil than would occur in the absence of these supplements.

None of the sorbents discussed here was reported to leach oil if deploved in quantities
proportional to their efficiency in retaining specific cils (again, this is a fatuous comment given the
lack of detailed information on the interaction of particular sorbents with particular oils).

None of the manufacturers of the sorbents discussed here provided information on the actual or
potential biological/ecological consequences of using them on otf gpilt in marine habitats.

Reported advantages and disadvantages of different sorbent materials

Information from manufacturers indicated that none of the sorbents had any unique advantageous
or disadvantageous properties.

Cosis

Information on current costs {as of mid-2000} was provided for only three sorbent products: Sea-
Sweep >, Absorbent W™ and Spill-Sork **. The details are as follow,

Loose Sea-Sweep ** is sold in buik units weighing ~908 kg comprising either lots of 80 x 11.34 kg
bags, costing Aus$ 8, 017, or lots of 400 x 2.27 kg bags, costing Aus$ 12, 350. Loose Absorbent
W is available in either 50 1 bags, costing Aus$ 36.30 each, or 10 1 bags, costing Aus$ 9.50
each. Loose Spifl-Sorb ™" is sold in double-compressed bags, each weighing 25 kg and costing
$US 95.00.

Costs for Absorbent B and Spifi-Sorb in the form of various sorbent devices (booms, pillows,
efc.) were also provided and are summansed in Appendix 4.

DISCUSSION AND RECOMMENDATIONS

The purpose of this report is to advise AMSA on suitable, naturally-degrading sorbents for
potential use in the clean-up of oil-spills in sensitive and/or remote coastal habitats.
Recommendations follow searches of the scientific literature {using computer data-bases) and
from approaches to manufacturers of sorbents identified on the WWW, Recommendations for
suitable sorbents are based on key attributes stipulated by AMSA. Thesc are:

¢ their effectiveness in sorbing and retaining a range of oils;

s their degradability and their effects on the degradability of sorbed oil;
» their methods of deployment, recovery and disposal;

s their requirements for storage and sheli-lives;

+ their environmental side-effects when deployed and, finally,

» their costs.

Centve for Research on Fealagical Impacts of Coastal Cities, June 2001 a7
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The following overview of sorbents provides recommendations for discriminating amongst them
{according to each of the key attributes identified by AMSA). In addition to identifying
potentially suitable sorbents, we also assess the nature of the available information and identify
important areas where relevant information is lacking. This critique is based mainly on AMSA™s
requirements for information, but we have also provided our assessment of the kinds of
informat:on needed to inform decision-making, These opinions arise from our role as experts in
environmental conservation and experimental marine ecology.

Overview of the range of different naturally-degrading oil-sorbents

Sorbents considered here differed enormously in composition and physical form. The most
important contrasts for classifying the different sorbents are:

s sorbents of plant versus antmal origin;
+ loose materials versus materials formed into sorbent structures (booms, pillows, efe.);

* unprocessed or ‘raw’ natural materials versus materials refined or treated to improve sorbent
properties;

¢ fibrous versus granular sorbents (N.B.; these represent extremes of a continuum) and

» sorbents enhanced with oil-degrading bacteria and/or nuttients to stimulate their action versus
sorbents without such bacteria and/or nutrients.

At most, 41 different kinds of natural cil-sorbents were discovered. Many appeared very similar
and were possibly identical. Thirty three of the 41 were made from readily available and cheap
plant materials. The majority of sorbents {33 of 41} were plant-based sorbents made from waste-
materials. The following types of plant-based sorbents were generally distinguished: {1} raw, non-
woody fibres from the stems, leaves or seeds of plants; (i1) raw, woody material; e.g. sawdust,
woodchips, efe.; (iii) refined and/or treated plant fibres; {iv) peat moss.

Most of the animal-based sorbents were also made from readily available and relatively cheap
materials (wool """ feathers % '* ¥ crab-shells %, e#c.), but one (Petrol Rem *7) was made
from beeswax, which is probably more scarce and expensive,

Only two of the sorbents we evaluated (1 plant based (Conwed *') and 1 animal based (Seaclean
%)) were woven or formed into sorbent devices, the remainder were loose granules {e.g. chitin,
peat, sawdust, efe.), or fibres of various lengths {e.2. cotton, coconut fibres (coir), wool, pine
needles, efc. ).

In many cases, particularly with the purpose-made sorbents, raw ];lant and animal materials were
treated in some way to improve their sorbent properties » #3132 33 3. 3536313 Thic senerally
involved drying and/or chemical treatment to increase the sorbents’ affinity to oil and repellency
to water. Note that, for some materials, notably feathers ', wool * ™% and cotton ", the raw
state was recommended, because excessive refinement might strip surface chemicals that were
important for the adsorption of oil.

Five sorbents contained supplements to enhance the degradation of sorbed oil. Of these, three
(keratin, chitin and chitosan %) were supplemented with oil-degrading Pseudomonas bactetia, one
(Petrol Rem *°) was supplemented with nutrients to stimulate naturally-oceurring bactera and one
(Oclan-Sorb Plus **) contained both nutrients and bacteria (of unknown species).
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Recommendations based on the different sorbents mechanisms of action and
effectiveness in sorbing and retaining oil

There are three primary mechanisms by which sorbents capture o1l
* adsorption to the surface of the sorbent material;

¢ absorption nto air-spaces among agoregated granules or fibres of the sorbent material
{primary absorption);

» absorption into spaces within individual granules or fibres of the sorbent material (secondary
absorption).

Most of the sorbents covered in this review capture cil by more than one of these mechanisms
(Tables 3, 6 and 17), There were virtually no quantitative data and [ittle qualitative data to
discriminate amongst sorbents based on the amount of oil captured via each mechamsm, Tn this
circumstance, it is only possible to describe the properties of sorbents that facilitate each of these
mechanisms and provide examples of the various mechanisins.

Adsorption is facilitated by a large external surface area and surface-coatings that are oleophilic.
Most of the sorbents have a large surface area, but precise information was not provided,
although “one gram of feathers has a greater surface area than any of the known sorbent
materials’ **, but the latter were not identified. In general, sorbents with the greatest surface area
will be those made of reiatively small gramzles or fine fibres and those with surfaces that support
structures such as hairs, pits, scales, efc.

For mest sorbents, there was no information about chemical oleophilicity, but several sorbenis
were noted to have chemical coatings with great affinity for oil, e.g. wool * ' 7, feathers | heat-
treated wood > * and the plant fibres kapok *, millkweed >*", and unbleached cotton ™% In
discussing chemical affinity for oil, one sorbent requires special mention. Petrol Rem comprises
various nutrients {to stimulate oil-degrading bacteria) micro-encapsulated in spheres of beeswax.
Being waxy, Petrol Rem has a great chemical affinity for non-polar compounds such as oils. In
fact, the affinity is so great that the beeswax acimally dissolves in ¢il. Thus, Petrol Rem is not a
sotbent in the normal sense. The prime purpose of the beeswax in Petrol Rem s to provide an
efficient delivery-mechanism for the nutrients within.

The sorbents that provide the greatest capacity for primary absarption of oil are those formed
from long fibres. Good examples include wool 154537 cotton > » % 101 MR v eanut fibres
{coir) L pifloweed, kapok, sisal " and refined ceffulose fibres **. These are the best kinds of
sorbents for recovering cil because they can be woven, or, if deployed as loose fibres, will
naturally form tangled ‘mats’. Sorbents comprising woven or tangled fibres have greater
structural integrity than aggregations of particulate sorbents, so they are better at retalning oil in
their interstices when recovered from the shore.

Sorbents with good secondary absorption characteristics include peat moss & % 1 1% 15 192121, 29,52,

364, 37,33} cotton > 7% 10 13,14 17, zz’ kapok 4,5,9, 10,11, 12,14 and millowesd > 7 I.af,?Al The common
charactenstic of these sorhents is great internat porosity, Drving of sorbents (via heat or
chemicals) can improve secondary absorption by driving water out of internal spaces. This
treatment is most commonly used for peat-based sorbentg 3% 3% 3%

The best quantitative data for discriminating amongst sorbents in terms of their ability to capture
oil were i the reports by Environment Canada ***** These cover most of the different kinds of
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sorbents discovered. Capture of oil was quantified using initial oil pick-up (IOP; Table 8) and
maximal oil pick-up on re-use (MOP; Table 9}. There was no attempt to quantify the relative
contrnibutions of adsorption, primary absorption and secondary absorption, MOP 15 an important
consideration where the aim is to recover and re-use the sorbent. Each sorbent was tested with a
range of oils of widely differing viscosities.

A wool-based sorbent, ool Kmop »*, stood out as having the greatest TOP and MOP for the
greatest range of oils. Wool Kmop performed well for oils as different in viscosity as cyclohexane
and 7-day Crude (Tables 8 and 8). Other sorbents that performed well in terms of [OP and MOP
were the Comved sorbent blanket (refined cellulose) and Ferdvol treated vegetable fibres ¥

In determining MOP, Eavironment Canada were also able to determine the maximal number of
effective re-uses for each sorbent. The sorbents that showed the greatest re-usability with the
greatest range of oils were, in no particular order, the Segclean - (feather pillow), Verdyol &,
Wool Kmop * and CAP Cork * {cork granules; Table 103

Other relevant actions evaluated in the Environment Canada reports were initial water pick-up
{IWP) and maximal water pick up on re-use (MWP). Great affinity for water is an undesirable
feature for an oil-sorbent, because it directly interferes with the capture of oil and could eventually
cause the sorbent to sink. Sorbents that exhibited little IWP generally also showed little MWP,
The sorbents which showed the least IWE and MWP with the greatest range of cils were, in no
particular order, CCD Woodchips >, the Seaclean sorbent pillow * and Ferdyof  (Tables 11 and
12).

The Emaronment Canada reports also provided a more gualitative evaluation of sorbents in terms
of their behaviour following 48-hours exposure to oil on water, The main object of this test was
whether sorbents would continue to float after prolonged exposure, Most of the sorbents
previously recommended based on their affinity for oil and repellence to water performed well in
these tests. Exceptions were the Seaclean sorbent pillow, which sank with most oils and Verdyol,
which sank with the less viscous oils (Table 13

Degradabiiity of sorbents and effects on degradabifity of sorbed off

There is very little information to discriminate amongst sorbents based on their degradability or
their effect on the degradability of oil. Degradability was not measured for any of the sorbents
but sorbents made from woody material, wool or feathers would probably take the longest to
biodegrade. Sorbents made from non-woody plant material {e.g. peat, cotton, milkaweed) or
refined cellulose fibres would probably degrade more quickly. The beeswax-based sorbent Petrof
Rem would be expected to degrade quickest of alf because it dissolves m o1} without leaving a
sohid residue. How quickly it would degrade in the absence of oil is unclear.

In terms of effects of sorbents on the degradability of oil, supplements of oil-degrading bacteria
and/or nutrients to stimulate them appear to be effective. Commercially available examples of
supplemented sorbents include Petrol Rem *°, which contains nutrients and Oclan-Sorb Plus *,
which contains both nutrients and bacteria.

Recommendations for deploying sorbents

Virtually nothing can be said about the relative ease of deployment of the different sorbents. All
of the loose, particulate sorbents should be amenable to manuel deployment or deployment via
blower or air-drop.  Structures formed from sorbents (mats, booms, pillows, efe.) generally necd
to be manually deployed in the places they are most needed (Table 14).
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There have been no substantial evaluations of the performance of natural sorbents in actual oil-
spifls that can be used to provide recommendations.

Recommendations based on the leachabitity of oif from the different sorbents

The 48-hour submersion tests in the Environment Canada reports (Table 13} provided some
quahitative information on leaching from the different sorbents. Of sorbents of value on other
grounds, Comwed ', Seaclean ™, Verdyol ¥, CCD Woodchips ™, CAP Cork * and Woof Kmop >,
only Seaclenn and Ferdyol cause problems of leaching (seen as discolouration of the oil-water
mixture}). No other information was available to discriminate among sorbents in ternins of
leaching.

Recommendafions based on environmental side-effects of fhe different sorbents

There is virtuaily no information about the different sorbents in terms of their possible
environmental side-effects. Most sorbents were reported to be non-toxic, but, more often than
not, this was the only information given. No sorbent was reported as being toxic. Where details
of toxicity tests were provided, the tests were typically simple ‘lethat dose’ tests done on single
species under laboratory conditions. These kinds of tests are far too simplistic and ahstracted
from reality to provide any real indication of potential ecological impacts in natural habitats
{(Underwood, 1995},

One environmental recommendation is, however, that AMSA avoid using sorbent materials
harvested from nature. Peat moss, one of the most frequently-cited natural sorbents, has
traditionally been extracted from natural peat bogs. There are real concerns about the
environmental sustainability of the peat extraction industry because it involves the wholesale
removal of habitat. In terms of source, the most environmentally sound sorbent would be some
form of waste or renewable material. For example, wool has valuable properties and can be
produced sustainably.

Costs, requirements for storage and shelf-ives of sorbents

The available information about storage and shelf-life identifies only that all the potentially useful
sorbents have simple storage requirements and long shelf-lives. Dry conditions were stipulated
for many sorbents, but this is probably a sensible precaution for all sorbents, All the sorbents
considered are organic, so they will all be more or lass prone to natural processes of decay due to
fungi and bacteria, organisms which are most active when damp. Moreover, exposure of sorbents
to moisture during storage would be likely to reduce their affinity for oif when deployed. Vet
again, no information was provided that would atfow us to recommend any particular sorbent.

There was no aceurate, current information on costs with which to compare the sorbents that
have heen considered thus far.

Recommendations on sorbents

Several sorbents appear to be more or less suitable for AMSA’s neads. Even for these, however,
recommtendations must be tentative because much of the information necessary to form secure
recommendations was not available. For the most part, recommendations are based on the
sorbents’ effectiveness in capturing oil. There was little information to diserimmate among
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Table 12. Recommended sorbents. The arder of sorhents in this table is not significant.
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sorbents based on their degradability, ease of deployment/recovery/storage, costs and, most
importantly, their environmental and ecelogical consequences.

The sorbents that AMSA should consider in detail are listed below in Table 18 with comments on
positive and negative attributes for each sorbent and the names of their manufaciurers (or
distributors}.

Using naturally-degrading sorbents for the freatment of oil-spiils in sensitive and
remote coastal habitats

The decision whether or not it is environmentally appropriate to deploy a naturally-degrading
sorbent to ‘clean-up’ o1l spilt in remote or sensitive coastal habitats depends on two issues:

» If sorbents were deployed on an oiled or soon-to-be oiled foreshore, is the effect better or no
warse than the effect of oil alone? Note that adverse effects of may be due to the sorbent
itself, disturbances during deployment, after sorbents have captured oil, or during removal of
oiled sorbent.

o Aregthere significant enmvironmental risks for other areas if a sorbent is not deployed? For
example, if oil is not trapped by sorbents on a particular site, it may move elsewhere.

There is little information about environmental consequences of using sorbents in coastal habitats,
Before considering issues of deployment and retrieval of sorbents, it is necessary to consider
relevant ecclogical issues in habitats where oil may be spilt.

Oil-spills are not all the same in their potential environmental consequences. This is not just
because oils vary in their chemical composition and therefore potential toxicity. Nor is it only
because spills vary in amounts of oil-spilled. The primary consideration is the type of habitat(s)
affected and therefore the varieties and abundances of animals and plants that may be damaged.

For example, it 1s known that crude oif spilled on rocky shores in open, coastal environments
generally does not cause long-lasting {“press”; Bender et al. 1984) disturbances. The vast
majority of the animals and plants affected are patchy in distribution and variable in numbers from
time to time. This is a consequence of life-histonies involving very numerous, widely dispersing
planktonic larvae or eggs. This ecology makes recovery from a disturbance very rapid. Oil-spills
are another type of disturbance from those occurming naturally and recovery is usually fast. This is
true even where a spill is very large (e.g. Fyxon Valdez, Wells et al., 1995},

Exceptions involve mammais and birds, which do not have the same reproductive capacity. Even
for these animals, apparently terrthle spills, killing many birds, cause mortality well within natural
variation {Wiens, 1996),

In complete contrast, oil in mangrove forests can have long-term consequences, lasting many
vears (Burns et al,, 1994), Oil persists and contaminants have effects lasting decades.

Parallel to such ecological issues, animals and plants in various habitats are much damaged by
human trampling arcund them. This is true for rocky shores (Povey and Keough, 1991) and
mangrove forests. In soft-sediment habitats {mangroves, salt-marshes, seagrasses, sandy beaches,
mud-flats), trampling and similar disturbances in attempis to clean up oil can have deleterious
environmental consequences. Not only is disturbance of sediments very disruptive, but it can
work oil below the surface and below layers with sufficient oxygen to allow degradation. Such oil
then forms a long-term euvironmental hazard because it leaches back out of sediments long after
the spill is apparently resolved (Underwood et al., 1993),
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A second issue is whether sorbent material itself has negative ecological consequences. This is
likely in some habitats, because loose granular material would smother animals and plants and, as
found for sand on rocky shores, could Kill filter-feeders, such as barnacles, mussels, tunicates
which have hundreds of other species {unpub. data). When full of oil, the sorbent may be a
further source of problems because it may delay degradation and detoxification of the oil.

Finally, if, as seems sensible in many habitats, the oil-soaked sorbent should be removed from the
field, all of the issues of disturbance to habitats again become relevant. Tf, in contrast, sorbents
are not removed, the oil can contimue to leach into surrounding habitat and the complex of ¢il and
sorbent will take np space, preventing recolenization of damaged habitats.

It is against this background of known environmentally-damaging processes that any use of
sorbents (or other attempts to clean up oil) should be considered.

Chne final environmental hazard in removal of oil-soaked sorbents is that the process may also
remove cues used by larvae to find suitable habitat. Larvae of many marine animals respond to
chemical cues, often created by adults of their own species {e.g. Crisp, 1974} or produced by
other types of animals or plants (e.g. Morse et al., 1984}, to find habitat while they are being
washed about in the plankton. Although o1l itself may, in fact, remowve such cues, there is no
published evidence to demonstrate this. In contrast, mechanical damage can remove cues,
becanse it removes remnants of previous adults. So, removal of oil-soaked sorbents could, if not
done with extreme caution, cause loss of appropriate environmental cues in areas damaged during
retrieval. This would delay — probably for long perieds — processes of recolonization and
TECOVErY,

To deploy or not to deploy sorbents

Deployment of sorbents in the field, given current limited knowledge (see below) should only be
done where:

+ it is possible to be sure that using sorbents to retain oil in a particelar area will assist in
preventing the oil from moving to an ecologically more sensitive area,

Thus, in south-eastern Ausiralia, many sandy-beaches in wave-exposed areas are less likely to
be damaged, in terms of biodiversity, by il than are habitats such as mangrove forests or
seagrass beds. This is because the fauna can rapidiy recover from disturbance and natural
weathering and degradation are likely to be fast in well-oxygenated areas. Sorbents could
help retain oil in such habitats rather than letting it be washed into nearby mangroves or mud-
flats. Of course, some beaches have great social recreational value and some are imnportant
habitat for birds to feed or nest, so there can be no universal rule.

« using sorbents, followed by natural degradation of cil-soaked material would do less
ecological damage than would be done by the ol alone.

This does not seem likely where deployment involves heavy machinery for delivery and
dispersal and where deployment will inevitable involve much trampling by work-crews and
vehicles. This suggests extreme caution in soft-sedimentary areas (mangroves, salt-marshes,
efc.}, but may be suitable action on rocky areas (where oil may not do much damage anyway).

Deployment wili be extremely less damaging in open habitats, where access can he by boat
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and matenial can be dispersed from boats. Such habitats are open mud-flats, rocky shores,
beaches, seagrass areas.

Table 1%, Some indications of appropriate use of sarbents in different coastal habitats.
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» using sorbents followed by retrieval of cil-soaked material would do less damage than oil
along, or oil plus sorbents left to degrade naturally,

Areas where retrieval of sorbents would inevitably cause problems are seagrass beds,
mangrove forests, areas of rocky shore with beds of mussels, tunicates, ef¢. Trampling,
mechanical damage to animals, plants and substrata will all be considerable. Tt is, however,
not clear what are the relative potential consequences of leaving the oil, absorbing it, but
leaving the sorbent and retrieving oil-soaked sorbents.

Retrieval may, of course, be important for cost-effectiveness, so that sorbent material can be re-
used. This potential advantage nust be considered in relation to potential environmental hazards.

Some indications of possible responses in different types of habitats are in Table 19. These are
based on extensive understanding of the literature on the ecology of these habitats. The Table
simply indicates current ignorance or uncertainty.

Reducing uncertainty by filling in gaps in available information

Sorbernits’ properties

1t was possible to recommend which sorbents may be supertor in terms of uptake and retenton of
oil and other physical and chemical properties. Such recommendations are, however, made
uncertain by the lack of coherent comparable information. Only a few of the sorbents examined
seemed to offer better prospects than the rest. ¥t would be sensible for AMSA to consnit with
Environment Canada (EC} to determine whether EC pians to make future comparative
assessments strictly comparable, This requires laboratory studies using the same methods (of
agitation, timing, efc.) and using precisely comparable oils and conditions of oils.

Alternatively, AMSA should consider commissioning & comparative study of the subset of
sorbents they choose. Such laboratory work will provide some more strictly comparable
information, using a range of relevant oils and eonditions of weathering of oils, re-use, efe.
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issies about deployment

Information from laboratory studies can, however, only be indicative of capacify of particular
sorbents. It will provide no help with the problem of which sorbents to use in the field.

There i3 currently very little to no information about how well sorbents work in the real world,
No comparative assessments have been made of ease of deployment and/or retrieval, particularly
under poor weather conditions, at night, such as often ocour when il is spilled.

There must be some practical evaluation, in the field, by trained personnel before all of the current
uncertainty could be reduced. The design of these field trials will be somewhat complex because
1f will require assessments under different weather conditions, in various habjtats and different
oils.

In fact, such trials should not be done unless planned in conjunction with experimental
assessments of environmental impacts, as below.

Environmental issues

The greatest uncertainty it any evaluation of possibly usefiil sorbents is that no information has
been collected about emvironmental disturbances they may cause, resulting in impacts on flora and
fauna. The issues were outlined in the Section on “Using naturally-degrading sorbents for the
treatment of oil-gpills in sensitive and remote coastal habitats™.

It would be contrary to national and international agreements about precautionary principles to
proceed with use of sorbents without some assessment of environmental risks.

This assessment can only be done by field experiments (for example, following the rationale in
Underwood and Peterson, 1988). The issues for design of such studies are not straightforward
{Green, 1579, Underwood, 1994). They are, however, tractable with suitable expertise. It is
particularly important to determine what to do under various scenarios because of problems in
mumerous previous attempts at clean up of oil. This is characterized by a chaotic response to
public demand “to do something” without prior plans built on sound understanding of the issucs
(Paine et al., 1996},

We strongly recommend that AMSA commission and seek fimding to implement the necessary
field investigations in a range of habitats (mangrove, seagrass, rocky shore would span the range
of issues) to determine the relative environmental impacts of leaving oil, using sorbents, using and
retrieving sorbents. Provided the logic and rigonr of experimental designs are well-conceived
(Underwood, 1997), these experimental studies will be able to answer many of the currently
unresolved questions,

Such experiments are often not possible because suitable places to do them are not identified.
Around Austrahia’s coast, at any given time, there are numerous planned disturbances that are
going to destroy large patched of natural habitat. Such areas are perfect for experimental analyses
of oil-spills and suitable responses to them because the habitats are going to be destroyed anyway.
For example, no-one knows what to do about oil-spilled into seagrass beds — a habitat considered
to be particularly important for ecological reasons related to juvenile fish of commercially
important species. 5o, 1 there is a spill in 2 seagrass bed (which are in estuaries and therefore
close to tankers, shipping and refineries), it is not known whether or not cleaning should be
attempted. This is very important for the future of such habitats. When the Third Runway was
built in Botany Bay, 12 hectares of seagrass were destroyed. A proposal to use this area, in
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advance of construction, to test processes of clean-up was refused on the grounds that it might
not be possible to control the experimental release of oil into 10 X 10 m experimental plots under
calm weather conditions on a falling tide. The proposal suggested that the release be done by
those charged with clean-up.

On the basis of this response, it seems that no-one should be allowed to attempt to clean-up ina
sensitive area 1t it is not possible to control patches of oil over 10 X 10 m under ideal conditions
and a planned release! Nevertheless, the principle is a sound one — AMSA should mvestigate
where major infrastructural and other projects are being planned so that areas of suitable habitat
can be used before they are sacrificed. The answers are crucial for all of Australia’s planned
responses to oil-spills.

The types, magnitudes and capacity for recovery from the potential environmental hazards
involved in the use of sorbents as part of clean-up are not known for any coastal habitat in
Australia. Until they are, in relation to the actual (as opposed to perceived) environmental
impacts of oil itself, it is not possible to determine what is an appropriate strategy for response to
oil-spills, including whether or not sorbents should be deployed and whether ar not they should be
recovered afterwards. Precantionary prineiples will be flouted if planned responses must continue
1o be made against a background of ecological ignerance.
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