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ABSTRACT

A series of man-made ponds, with a fine-gravel sediment and
containing meso-trophic water, were used to compare the fate,
distribution and composition of oil-dispersant mixtures with oiled
and controlled conditions, using Norman Wells crude o0il and Corexit
9527 as the_disperéant, Surface, water column, sediment, liner and
attached biota were sampled systematically for a year. The water
¢olumn contained only a small aniount of the oil during most of the
ékperimenta1 period as dispersed oil quickly surfaced and eventually
sank to the sediment. The chemistry and composition of the slicks
were examined; thinner slicks had a greater carbonyl content and more
dispersant relative to thicker slicks. Final distribution analysis
revealed that more oil was unaccounted for in the oil-dispersant
ponds than in the oil-treated pond. There was no evidence to suggest
that the dispersant altered the composition of the oil during the

experiment, and the oil in alil ponds underwent changes that were

similarly independent of treatment.
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INTRODUCTION

Dispersants are viewed as an adjunct to the successful control
of 0il spills, the primary control being dependent on mechanical
methods. Under certain conditions, such as inability to deploy
mechan{cal methods or the need to protect nesting grounds, dispersant
use ma} be contemplated. The use of dispersants in such situations is
contingent upon their passing'certain laboratory tests re]ated to their
effectiveness and toxicity. The tests rank these substances both in
effectiveness and toxicity, and form the basis of an acceptability
list (1). What the testing does not provide is information on long-
term effectiveness as well as on the fate and effect of the
oil-dispersant mixture.

The present study was instituted to answer the question of the
fate and ecological effect of an oil-dispersant mixture in a selected
ecosystem over an extended period of time. Also, the effectiveness of
the dispersant under the test conditions and the ability of the
ecosystem to recover, if adversely affected, Were investigated.

Large outdoor ponds with their indigenous biota were utilized,
and results from ponds treated with an oil-dispersant mixture were
‘compared to those from oil-treated and control ponds. The chemical
and biological components of the system which were monitored were
0il and dispersant, water chemistry (e.g., nutrients, D.0., A.T.P.),
phytoplankton, periphyton, fungi, bacterie, protozoa, zooplankton,
and zoobenthos. This report deals exclusively with the composition,

distribution and fate of the oil and oil-dispersant mixtures.



METHODS

The site of the ponds was at the University of Toronto's
Institute for Environmental Studies Field Statioh at'Baie du Dore,
near Douglas Point Nuclear Power Plant on Lake Huron (Fig. 1). Four
large I-beams divided a rectangular pit 22.5m X 9m by 2m &eep
into five approximate]} equal ponds. These ponds were 1ined with
four layers of 6-mil black polyethylene sheeting, strung between
the beams. Sufficient liner was used in each pond to drop vertically
from the beams to the bottom of the respective ponds and to cover the
bottom so that each pond was a closed system. Details of the lining
attachment to the beams is shown in Fig. 2. water from nearby Lake
Huron was pumped onto the five ponds to a depth of 1.7m and the
polyethylene at the edges was anchored with gravel. Sufficient fine
gravel-silt mix was then added to the ponds to provide a 5-cm sediment

layer. A catwalk was constructed down the centre of the ponds along

the east-west axis to facilitate sempling. One end pond was designated

as a reserve.
The ponds were a]]owea to stabilize initially for several months
to allow the biological systems to equilibrate before treatment. The
spiils were carried out on July 5, 1978, fn the afﬁernoon.
The 0i1 used was Norman Wells crude oil which has been utilized
for several other studies (2,3,4). In the oil-treated pond, six liters

of 0i1 were poured onto the water surface from a height of one meter.



The dispersant used was Corexit 9527. One liter of this was added
to six liters of 0il, hand-stirred with 13 liters of pond water to
produce a dark brown oil-in-water emulsion and poured onto the
surface of two ponds. As the interior ponds contained approximately
41 x 10 liters of water, the above quantities would produce nominal
concentrations of about 100 ppm 0il and 20 ppm dispersant in the
water phase assuming complete mixing. The exterior pond contained
significantly more water and the effective concentration was 70 ppm
oil and 15 ppm of dispersant.

Samples of sub-surface water were withdrawn at 0, 1, 4, 24,
48 hours, one week, two weeks, and fortnightly thereafter until ice
formation over the pond, six months after treatment. During and
after the period of ice-cover, samples weie withdrawn once a month.
Surface slicks were taken at the same sampling dates for the first
100 days. Sediment samples were removed at monthly intervals after
treatment. Attached algae were occasionally sampled for o0il and
dispersant concentrations.

Surface slicks, whether in the form of thick oil (streamers
or lenses) or thin films (sheéhs), were sampled by placing a
10cmx 10cmby 0.4mm blotting pape‘r (general office use) directly
on the sampling area and removing it immediately after the tocp had
betome completely wetted. The paper was then placed in a jar and
returned to the laboratory for extraction by CCl, and subsequent

analysis by IR (Appendix I) and UV spectroscopy (Appendix I1), as



well as column chromatography. Surface concentrations of oil or oil and
dispersant were determined by the IR method and were expressed as
slick thickness. As the area was known, the thickness was determined

by using a density of 0.9 for the oil.

Water Column Samples containing oil or o0il and dispersant were

removed from the desired depth oi the water column by using a c1eaf
2 liter plexiglass Van Dorn bottle. During the first weeks after
treatment, two samples were withdrawn to determine any differences in
the distribution between the top and bottom water layers. Generally
only one sample was required and this was taken at mid-depth. One
liter of the contents was placed in a 2-1liter separatory funnel to
which 3005 NaCl-was added. Ten ml CCls. was added and the mixture
shaken for one minute and allowed to separate. The CCl, layer was
centrifuged to remove any water droplets and then returned to the
laboratory in vials. IR analysis was used to determine the oi] and
dispersant concentrations as shown in Appendix I. Other water
column samples were filtered on site and returiied cold for analysis
in the Water Quality (Ontario) Laboratories.

"Beached" 0il material on the liner was generally removed by

gently scraping the liner and transferring the material to a small

storage bottle. The material was analyzed in the laboratory after

CC1, extraction. On the day of the final sampling, vertical strips
of liner were removed from all sides of each pond. These strips were
further divided, extracted and analyzed.

0il in the sediment was sampled at selected locations by

using a 48 oz empty juice can fastened to the end of a 3-meter pole.




Care had to be taken not to destroy the benthic community so

replicate samples were not taken until the end of the study period.
The sediment samples were placed in 1-liter glass jars with 1 cm
excess water over the solid material. Within 24 hours, each sample
was doéed with 100 m1 of CC1. and extracted on a reciprocal shaker
for one hour. The CCl, phase was separated, centrifuged, and
analyzed. The sediment was air dried and then oven dried at 100°C

to determine dry weight. The details of this method are reported

in Appendix I. On July 24, 1979 (approximately one year) when

the biological sampling was completed, a more thorough sampling of the
sediment was initiated. On that date, samples were removéd on a

Tine paraliel to the catwalk at 0.6 meter intervals. One month later,
after reviéwing the results of the analyses, additional samples were

removed. These sediment sampling positions are shown in Figure 3.

0i1 in Attached Biota was determined’occasionally when there
~was a thick cover of periphyton over the sediment and liner.
Samples were removed noting the approximate area of cover, shipped
back to the laboratory uppreserved, and treated as the above sediment
samples.

IR Analysis was performed on a Pefkin-E]mer 457 IR recording
spectrophotometer using NaCl cells. The absorbancg at 1050 cm-!
was used to measure the dispersant concentration and the dispersant
contribution to the absorbance at 2920 cm™! was calculated. From
the corrected absorbance at 2920 cm™!, the concentration of the oil
could be determined. The precision of this method is shown in

Appendix I. Since crude o0il does not contain any carbonyl groups,



the carbonyl absorbance at 1720 cm™! was used as a qualitative
indication of o0il oxidation. These values were normalized by
dividing by the methylene absorbance at 1455 cm!.

UV Analyses were made on a Unicam SP 1800 Ultraviolet
recording spectrophotometer using Si02 cells. The solvent was CCl.
and the absorbance at 280 nm was measured to determine the degree of
arcmaticity, expressed as the absorptivity (5). The selection of
this method resulted from preliminary studies on benzene,

naphthalene and anthracene solutions shown in Appendix I11.

Chromatography

(a) Column chromatography was performed by filling a 20 Em x 0.85
cm i.d. chromatographic column with dry silica gel. The sample was
introduced at the top'of the column by dissolving 0.1 to 0.5 g of
sample in 10 ml of hexane and 1nitiating the elutions with hexane.
30 m1 of this solvent was passed through the column, followed by 30.m1
of benzene with all liquid'being retained. |

The silica gel was removed from the column and thé residue
rémoved by Soxhlet extraction-wjth benzéne. The extracts were

air dried, taken up in CCl, andanalyzed by IR spectroscopy for

hydrocarbon concentration.

(b) GLC operating conditions are shown in Table 1.

Water Chemistry Parameters of dissolved organic carbon and dissolved

reactive silica were determined using standard methods (6).



RESULTS AND OBSERVATIONS

The volumes of water in the ponds, calculated frum measure-
ments of the pond geometry, are shown in Fig. 4 plotted against
time. This figure shows similar fluctuations for all ponds

reflecting dry and wet periods.

A. Distribution and Concentrations

1. 0i1 Treated Pond (Pond 4)

(a) Surface. At the time of the spill, the oil spread from
the point of addition and surface oil of varying thickness covered
the entire pond surface within an hour. Most of the oil was then

‘swept by the wind into a corner of the pond, leaving surface sheené
and streamers over the rest of the pond surface. After fdur hours,
the oil, which had impacted along the lirer, radiated streamers.of
011 which covered an estimated 10% of the water surface. The oil
continued to be moved about the pond by subsequent wind actidn but
some oil was found to rémain adhering to the liner. As shown in
Table 2, which lists the thickness.of the slicks and sheens, only
small quantities of thick oil and streamers were noticeable on the
water surface after fourteen days. A more thorough description of

the slicks will be given in Section B.



(b) Water Column. Depicted in Fig. 5 are the concenfrations
of the 0il in the water column plotted as a function of time. The
concentration was Highest one hour after the treatmenf, and
decreased rapidly to 1 ppm within one day. Concentrations about
this level were measured during the remainder of the experiment. As
shown in Fig. 4, the water level decireased for several weeks after
treatment as there was no significant rainfall during this period.
This decrease did not noticeably affect the concentration in the
water column but stranded small amounts of oil at various levels on
the liner. The late-summer rains raised the water levels
significantly and left some of the 0il on the liner below the water
surface. Cyanophyceae were observed growing on the liner in

discrete bands where the o0il was stranded.

(c) Sediment. During the course of the experiment, a limited
number of samples were taken of the sediment to avoid excessive
disturbance of the benthic biota. Samples that were taken were
used for qualitative studieé on oil composition given in Section B.
Although 0i1 was found in ai] samples, the variation of the oil |
distribution would not permit quantitative estimates. This variation
is shown in Table 3 which lists the oil and dispersant concentrations
recovered from the sediment samples for all ponds during the experiment.
The values from the treated ponds were usually greater by an order of

magnitude than the background hydrocarbon ]eVels of the control pond.



The winter samples, collected from under an ice-cover, contained very
Tittle oil, probably as a result of the same positions being

used at each sampling in each pond. At the final sampling dates,

July and August 1979, a sufficient AUmber of samples was taken to
provide quantitative data on the amount and distribution of the oil.
"Shallow" and deep" sediment samples exhibited no enrichment of o0il

(or dispersant) in either surface or deeper layers of sediment. Fig. 6
shows the distribution 6f 0il on the north-south axis of the ponds and
Fig. 7, on the east-west axis. Higher o0il concentrations were found

on the east side of the pond near the catwalk, corresponding to the
heavier concentrations of surface o1l observed earlier in the experiment.
The sediment surface did not show any visible oiliness or particulate
0il, even in these areas. The total amount of 0il in the sediment was
ca]cu1ated by considering 0.3m strips a]bng the north-south axis

and then summing for the pond. This calculation showed that 53.8% of

- the 01l initially added to the pond was stii] in the sediment. Visual
and microscopic examination of the sediment did not reveal the

presence of 0il (or dispersant) droplets. Gccasional slight disturbances
of the sediment released smaf] quantities of oil into rainbow-coloured
or colourless sheens which, in total, were calculated as being less

than 1% of the o0il in the sediment.

(3) Liner and Attached Biota. On the last sampling date,
strips of liner were removed and analyzed and the resulting liner-surface
0il concentrations are shown in Table 4. The biotic material attached

to the Tiner in this pond was insufficient for reliable sampling.



(e) Evaporatién. The method used for this study was
a simulated g.].c._disti]]ation technique previously reported (7).
Within the first few days, analyses by this method indicated that
about 18% of the oil had evaporated. Chromatograms of the oil
recovered from the sediment showed that a total of 21% of it had

evaporated.

2. 0i1-Dispersant Ponds (Ponds 1 and 3)

(a) Surface. The dark brown oil-in-water emulsion introduced
at the centre of ponds spread almost uniformly in all directions,
with the entire surface layer of water being cb]oured a light brown
within 10 minutes. During the first few hours, some of the oil came
out of the emulsified state and formed long ribbons and small lenses
(10 cm diameter) which impacted on the liners by wind action. The
0i1 at this time was not as dark or cohesive as found in the oil
treated pond. The water not covered by ribbons or lenses appeared
milky.
| The measured thicknesses of ribbons and sheens are given in
Table 2. These values indicate that thick oil, generally obseived
as ribbons, was present from July to September; surface sheens
persisted into October; and no measurable amount of surface oil

was found after that time. Dispersant was found in conjunction

with the oil in all samples.
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(b) Water Column. With the surfacing of the oil during the
first hour aftef treatment, the top 5 to 10 cm of the water was
left milky. This milkiness extehded half-way down the water column
(0.8m) within 24 hours and appeared uniformly distributed throughout
the water column within the first week. Only a few water samples
were collected at this time to avoid excessive turbulence in the water.
No zooplankters visible to the eye were found in the milky layer
at the 24-hour sample collection, but some were observed in the
~clear water below.

Concentrations of the oil and dispersant are shown in Fig. 8.
As anticipated, because of the larger volume of pond 1, the values
for this pond are slightly lower than those from pond 3, the interior
pond. There is an initial increase in the oil and dispersant
concentration after the treatmént but this'slow1yvdecreases to day
111 whare the oil concentrations are below 1 ppm in both ponds as
are dispersant concentrations. The ratio of oil:dispersant in the
water column is generally lower than the 5:1 value initially added.

Fig. 9 shows results of the dissolved organic carbon measure-
ments. For the oi1~dispe}sant‘ponds, these values are much higher
than the hydrocarbon values obtained from the IR technique (Fig. 8).
It is noteworthy that after day 28, both parameters follow the same
trends. After the initial decrease in concehtrations from day 28 to
day 138, there is a leveling-off of values followed by another |
decrease starting on day 224. The leveling-off was probably'caused
by ice formation condensing the organics in the water column; the

subsequent decrease could have arisen by dilution by the melting ice.
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From the time of treatment until freeze-up, the water turbidity
in both ponds was sufficient to produce an estimated Secchi depth of
less than .7m; the bottoms of the ponds could not be seen. The
turbidity was significantly reduced after the thaw of 1979 (day 280)
although dispersant concentrations were not too different from those
found prior to freeze-up.

Twenty water quality parameters were monitored regularly in
the ponds. Some have been previously reported (8) and others will
be incorporated in later reports. The results from the dissolved
reactive silica (DRS) measurements showed the greatest variation
with treatment of the non-nutrient parameters. Shortly after treatment,
the DRS concentrations increased in both oil-dispersant ponds,
reaching a maximum about day 75 as shown in‘Fig. 10. By freeze-up,
the values had decreased and after the spring thaw, the concentrations
were similar and low in all ponds. Additional laboratory studies,
detailed in Appendix V were carried out to investigate the possitle
release of silica from the sediment by the dispersant. The results

indicated that no such. release occurred.

(c) Sediment. Oi]:dispefsant ratios calculated from
‘extraction of sediment samples taken during the experiment are shown-
in Fig. 11. Large vériations between successive samples fiom the
same pond may be caused by the heterogeneity in the sediment.
However, the trend of the results indicate that during the ice-free
periods, the oil-dispersant ratios were greater than the initially

added value of 5:1. °
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As in the oil treated pond, a more complete sampling of the
sediment was undertaken at the conclusion of the experiment and the
results are shown in Figs. 6 and 7. In both oil-dispersant ponds,
the highest concentrations of oil and dispersant were found near the
liners. The west slope of pond liwas extensively sampled to
'investigate the possibility that oil and dispersant accumulated in
that area during the water level decrease in the summer of 1978.

No enhanced concentrations of 0il or dispersant were found in this

part of the sediment.

(d) Liner and Attached Biota. Ponds 1 and 3 appeared to
have a continuous cover of attached filamentous material on the
liner and over the sediment within a month after the treatment.
After May, 1979, this material was sampled and analyzed for o0il and
dispersant. These results are listed in Table 5, along with those
from the oil treated ponds. From another part of this study, the
amount of biotic material on the liner ahd over the bottom‘were
greater than was found in the oil treated pond (Appendix V).

Listed in Table 4 are the vélues of the oil and dispersant

recovered from the liner.

(e) Evaporation. The degree of evaporation of the oil in

these two ponds was approximately 20%.
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B. Chemical Composition and Physical Measurements of the 0il

With the sample size employed and the number of components
in each sample, it was not possible to distinguish any variation in
the oil composition between the samples of the oil-treated and

oil-dispersant ponds sampled on the same day.

(a) Surface. Fig. 12 depicts the persistence of surface
films, where the dashed line is an idealized representation of the
diminishing areal extent of thin films in the 0.01 to 10 u rénge.
Films in this thickness range Were observed throughout the period but
became intermittent and generally smaller as time increased. As
indicated in this figure, slicks on the oil-dispersant ponds
disappeared earlier than in the oil-treated pond. This may have
resulted from the thick oil on the liner of pond 4 being taken back
onto the water surface, whereas there were less such deposits
observed'on the liners of ponds 1 and 3.‘ The description of sliéks
shown in Fig. 12 is elaborated further in Fig. 13, which shows
the appezrance of various slicks as a function of film thickness.

Our observed colour-to-thickness relationship agrees with reported
values (9) which are shown on the lower part of Fig. 13.
Fig. 14 is a blot of oi]-dispérsént ratios versus the thickness

of the slick. From the relationship shown on the plot, the thicker

the slick is, the more o0il or less dispersant in the slick re]ativé

to the amount added and the thicker slicks contain predominantly

0il released from the emulsified state.
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The next figure, Fig. 15, illustrates that oxidation occurs
on the surface films to a considerable degree, even after short
exposure fimes. From this figure, it is evident that the thinner the
film, the greater the carbonyl content.

Finally, by utilizing the absorbance at 280 nm as an
indicator of aromaticity, Fig. 16 illustrates the changes that do
occur in the thicker surface films on a short-term basis. Surface
oil from all treated ponds exhibited an increase in aromaticity
during the first twenty-fouf hours, then a decrease, but maintained
a vélue greater than that found in the original oil. The shape of
this graph can be explained by considering the initial increase as
arising from a concentrating effect on the benzenoid structures
by the evaporation of the front ends of the o0il; the subsequent
evapofation of the simpler aromatics decreases the total aromaticity

but leaves the higher aromatics which would absorb more strongly.

(b) Sediment. Unlike the surface slick samples which were
available for only a few months after treatment, results from the
sediment samples encompass a much longer period of time. Spectroscopic

measurements of the sediment extracts show an interesting pattern.

Fig. 17, which illustrates the specific absorbances at 280 nm, had

a maximum at day 125, and after this the values level off. IR

measurements of the carbony] group from the sediment samples showed

no over-all trends.
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The sediment extracts were subjected to column chromatography
when the sample size permitted. In this method, the material was
separated into three fractions (hexane eluate, benzene eluate and
column residue) of increasing polarity. Typiéa] results obtained
by this method are shown in Fig. 18. They indicate that aged or
residual o0ils contain increasing amounts of polar material at the
expense of the less polar components.

Fig. 19 illustrates the results cbtained from sediment
extracts treated by this technique. They show a net decrease in
the amount of o0il in the hexane eluate and an increase in the residue
between the initial and final samples. fhe data derived from the interim
samples follow a complex pattern that is essentially similar for each

treated pond.
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DISCUSSION

Prior to commenting on‘the distribution and composition of
the oil in the ponds, the reliability and’the limitations of the
analytical methods must be demonstrated. The calibration of the
methods has already been referred to and are found in Appendix
I. The standard errors in the IR analysis are within the
2 to 5% range reported in the literature (10,11). The extraction
efficiency was found to be greater than 98% from water and better
than 96% from the sediment samples. The uptake of surface films by
blotting paper and the subsequent extraction was also
96% efficient. In short, we feel that the oil and dispersant
concentration measurements are reliable.

Special efforts were made tb ensure the dispersant's effective-
ness in the experimental system. The oil:dispersant ratio chosen,
5:1, was lower than the generally recommended range {about 10:1),
Previous 1ab studies indicated that lower ratios would be better for
freshwater use. The oii-dispersant mix was stirred into a small
amount of pond water to brodu;e a fine oil-in-water emulsion, and
was then poured into the ponds in that form, so that additional
turbulence in the ponds was not needed for the initial oil dispersion.
In spite of this precaution, our observations and measurements indicatéd
a limited effectiveness of the dispersant even at the favourable ratio
used. Visual observation showed that considerable amounts of oil
were released from the dispersed state in the water column onto the
surface within one hour of the treatment. The concurrent milky-

white appearance of the water also suggested that only a small
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fraction of the oil remained in the water. Analyses of wéter samples
cénfirmed'these obseryations, and showed that the highest oil .
concentrations found in the water, shortly after the treatment,
were less than 20% of the design concentration., During the first
'weeks of the experiment, the slicks in the oil-dispersant ponds
appeared to be as extenéive as those in the undispeFSed oil pond.
Another i]]uStration of the 0il release from the dispersed state is
given in Table 6 which shows low oil:dispersant ratios in the water
column, but high values in surface slicks and in sediments.

Tﬁe turbidity of the water column in the oil-dispersant ponds,
which persisted'unti1 freeze-up, could not be ascribed to the
presence of the dispersant alone. The dispersant concentrations were
Tow during most of that period and were similar to those measured in
the following spring when there was no turbidity. This behaviour
could not be related to phytoplankton growth as the pond did not
exhibit corresponding trends in populations or biomass (B)f

A possible clue to this turbidity phenomenon may be the observation
of high"dissolved reactive silica" concentrations in the water phase
of the turbid oil-dispersant ponds, The dispersant in these ponds may have
produced stable suspensions of either sediment material or airborre particulates.
The first of these possibilities had to be discounted after the T
dispersant fajled to re-suspend any pond sediment material in a
laboratory study, (Appendix V) The presence of airborne particulates (12),
kept in suspension by the dispersant, remains a possibility.

The results of the final saﬁp]ing and analysis of the pond

sediments allow some comparisons between the undispersed and dispersed
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o1l ponds. The ofl distribution patterns in the sediment near the

liners suggest that a significant portion of the oil, in all three

treated ponds,surfaced first, and sank later to the bottom near

the liners, where surface slicks had been commonly observed. This
possible pathway of the oil was apparentTy unaffected by the pre-
sence of the dispersant. Another interesting finding is that the
evaporafion losses of the oil in the final samples were remarkably
similar in all ponds. This would again indicate that the "history"
of the oil, such as its physical state, location, or its residence
time on the water surface, was similar for both the dispersed and

undispersed oil.

The final materié1 balances for the oil and the dispersant,
given in Figures 20 and 21, show that at the conclusion of the
experiment most of the oil and the dispersant still present were found in the
sediment. The dense growth of periphyton in the oil-dispersant ponds,
the 1iners, and the water column contained only minor quantities of
0il or dispersant. The results also show that a significant portion
pf the oil was lost from all ponds, exclusive of the evaporative losses,
and that a fraction of the d{spersant was also missing from the oil-
dispersant pondé. Nothing is knowé of the relative amounts of losses
due to chemical, photochemical, or biological processés, nor indeed
whether all such processes were important, It is noteworthy, however,
that the sum of these losses was significantly higher in the o0il-
dispersant ponds than in the oil-treated pond. This observation

should be emphasized considering that one of the classical arguments
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for the use of o0il spill dispersants is that they may increase the
biodegradation rates of spilled oil (13). To our knowledge, the
extent of such degradation processes has not been reported in

ecosystems as large or as diverse as those used in this study.

Evaluating data on oil composition is difficult as oil is a
complex mixture of several hydrocarbon classes, and its composition
will change during environmental exposure because of several possible
processes. Such processes that will produce changes may occur
simultaneously or consecutively and include evaporation, photochemical
reactions, biological degradation processes and organic-sediment
interactions. 'The presence of carbonyl compounds in the surface slicks
within the first few hours of exposure is an indicatibn of the potency
of photochemical reactions in thin organic layers. The maximum and
then subsequent leveling off of the carbonyl absorption in the 0il may
be caused both by a decrease of oxidative activity and by éffective
processes for the removal of carbonyls. The latter may include
reactions with other 0il compbnents or with naturalborganics,
irreversible adsorption.on the sediment, or further oxidation. A
better understanding of such behaviour may require an exhaustive
identificatibn-of all possible degradation products, either in pond studies
such as these, or in studies in smaller and simpler systems, or both.

The "aromaticity" of the oil exhibited an initial maximum
followed by a leveling off period. Reports of bacterial degradation
of oil genera]]& show the removal of aliphatic components (14, 15).

If this was the only, or the most significant process for oil
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degradation in our system, then we would expect a continous

increase of relative aromaticity as the more readily degradable aliphatics
are removed. Since this was not observed, the changes in aromaticity

must be taken as an indication that other pathways exist fbr oil

degradation.

The 1iquid chromatographic fractionation of the o0il gave the
most striking indication of thé complex behaviour of the oil. The
trends in the composition (Fig. 19) show the predominance of
different processes or pathways at different times during the
experiment. We must nhote also that the main trends were similar in
all three ponds, suggesting that the dispersant did not introduce

significantly different pathways of oil degradation.
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TABLE 1

Gas Chromatographic Conditions

Instruﬁent: Hewlett-Packard 5750 equipped with dual column

" Column: 1.8m x .0.31 cm, 5% 0V-1, A.W.M.C.S. 80-100 mesh

Detector: FID. Injector Temperature: 280°C. Detector Temperature: 320°C
Initial Temperature: 80°C for 0.0 min. |
Final Température: 260°C for 45 min. Programmed at 10°C/min.

Carrier Gas: Helium. Flow rate: 37 ml/min at 80°C

Hydrogen Flow Rate: 36 ml/min. Air Flow Rate: 480 ml/min.
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TABLE 2

Slick Thickness Measurements

Time after = ==ccce-e- Measured thickness in microns---------
"spill" Q1] pond 0il-dispersant ponds
(Pond 4) (Pond 1) (Pond 3)
1 hour 11.65 15.7
143.8 186.4
171.2
4 hours 178.5 - | 3.1 2.3
299.4 359.2 324.5
1 day | . - 51.8 36.7 56.7
265.9 334.1 270.3
2 days 26.37 5.6 .35
26.2 17.5 43.2
316 354 355
7 days 0.8 | 31.7 30.2
346 147.9 223.2
14 days .43 7.5 .85
101 _ 41.1 55.6
27 days . .21 ' .075 .65
. 47.8
41 days 136 .043 .189
55 days .05 : 1 .09
69 days : .051 .006 .022
83 days ' .062 _ none none
97 days .006 none ’ none
111 days none none none

Footnote: Multiple values indicate the presence of different slicks
: on any given sampling date.
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TABLE 3

Concentration of 0i1 or 0il1 Plus Dispersant in Sediment Samples

0i1 &

Control 0il & 0i1l
Dispersant Dispersant
Time Pond 1 Pond 2 Pond 3 Pond 4
(days) (mg/q) (mg/g) (ma/g) (mg/g)
55 0.229 0.033 0.105 0.170
83 0.033 0.007 0.239 0.298
97 0.232 0.012 0.300 0.301
m 0.148 0.023 0.860 4.41
125 0.029 0.028 2.21
139 0.110 0.081 0.142 0.028
167 0.293 0.016 0.117 0.156
202 0.007 0.007 0.105
230 0.041 " 0.073 0.041 0.037
251 0.365 0.009 0.095 0.017
293 0.271 0.023 0.315 0.138
322 0.155 0.321 0.474
349 0.107 0.181 0.142
384 0.399 0.014 0.522 0.915




- 27 -

juesaadstip b ||t ‘1o b g°g/ :sobeuasay

0L°0lL  96°8L , | 96" 11 09°8/ : s e3oy
(20e43) 2274 88 . (adeu3)  g2¢ 195 502
(90043) G9°'8 v801L (90043} 19°8 v6° v vo¢
0.°0L 60°€9 801 . 9G"L1L 9,729 vL°¢ £0¢
juessadsiq L0 wd *yjbua| (e3zo]l 43quny juesdadsiq( 110 Al ‘eade (ejo) Jaqunp
J0 sweab |ejo) 40 sweub ejo)
:SjuswlANSeaw J4eaul| wouai (g :s1seq eade ug (y

puog uy satjtjuenh |e30]

“JUBWLPAS YILM POUIAOD SEM 3PLS 3S3M BY} UO JBUL| Y} ‘| puod Ul :33ON

(@2eu43) (@de43) 91°6 6821 uo1329s woj}ljoq ‘apLs 3se] 502
(9%e43) (93e43) 86° L 2720 uoL3das plu ‘spts jsej v0¢
G8°6 02ev 02°8S L0622 duL| 4ajem-|duL ‘doj “apis 3se] £02
wd /bu LW/ bw wd /6w Zu/bw 49qunp
punoj juesuaadsiq punoj Lo uorjes’o| a|dues 9| dweg

L puod ‘

43uUL7 puod uo H:,wum.‘_waw.,_.c pue [ L) LeuLy ey 314vl



juesaadsip b gpg  “1L0 b Q°Ey :Sobeusay

£€°¢ oty . 9°¢ 0°EY :s|ejoy

- v°0l L19 - v°olL ¥9°g oLe

¢’ L2 0081 A L2 08°2L 60¢

¢’ 8y L19 € 8’ ELe 80¢

L1 - ové L1 - 8G°¢ L0¢

A L'9 0v6 2" 19 0€ " 902
juesaadstq (10 w*yjbuay ejoy 43quiny quesaadsiq L0 M ‘eade |ejop JAaquinp

30 sweuab |e30) 40 sueab |ejo}

SJUBWIANSPW JAeBUL] WOUA{ (g . siseq eade ug (y

- 28 =

puog ui sarjrjueny Le3o)

(adeuy) . (9oea3) 9891 1681 4ley wo3joq “apis jse3 0lL2

Ve %% G0°¢1 ve9l jLey doy <aptis 3se3 602

e’ £8 _ 8 GESl wo3joq “aptLs 3SIM 80¢

8L 28V - - .u0L3das plu “apLs JSIM 102

122 2§ 9%°9 FAR A dul| J33em |oul “do} ‘apLs ISaM 902

w /6w u/bu wd /6w Lu/bu . Jaquiny
punoj juesaadstq . punoj 10 -uorjesoy adweg 9| dwes

£ puod

. 43Ul puod uo juesuadst( q {40 LeuLy :qp alqe] .



- 29 -

[t0 b Z2°69  :9beuaaay

L°LL 809 1s|ejoy
£°8 8L £°1 6° G512
¢'8l 0261 L/ St 1A%4
£¢l 8€L 0791 vy £Le
8°0¢ 006 £°9e 6° 2lLe
8L 006 G LL L7 LLe
LLo jo LLO j0 ‘
swedb (e30) wd ‘yjbua| ezoy swedb |e30] W ‘eaue [ejof 43quiny

:sjuswaansesw Jeaui| wouy4 (g

(siseq eaue ug (y

puoq up saijijuenp |ejol

TN NI ELvt Uot3d3s woljoq “spts 3sej Si¢
6L°¢L LLLL uo1323s do} ‘apts jse3 vie
v9°91 0ov9e P4y} wo330q- “apLs Isap (% b
02°v€ £969¢ uLl Jo9jem “ouL ‘paLy)l pLw “3pLS 31SaM 2le
¥9°8 r4YA piLyy doj “apts 3sap LLe
wd /6w /6w JAaquiny
-====-punoy |[LQ------ uoLjes0 a|dweg . 9| dueg
v puod

43ULY pUOqd U0 L |eul4

1oy alqey




- 30 -

8°€2 0°9¢2 00956 £ ,
(30e43) 622 00695 | (v8€) 6161 ‘v ALnp
L't §°€L GGeh £ .
- - 228 (1043u0)) 2
8°21 L"GEL 92¢8 L . (6¥€) . 6L6L ‘6L dunp
88 v LL 952, £
9°pl el £82¢ L (22€) 6161 ‘€2 Aey
juesaadsiq _wo. “Im Auap ‘aebiy

sweub ‘puod 43d sjybiLam pajewllsy

puod (Fuawjeauy uajye Aeq) ajeq

aebyy payoeljy ul juesdadsig pue |10

§ Jlavl




-3 -

£ pue | Spuod 404 sabeusAe aue a|qel ayj uL san|ea ayy

"9lqejLeae jou - y/N
A3LLs ou - SN

2

00°G = pappe Sjunouwe uo paseq anjiea _mwvwcap

v9°L g2l (SN) W/N pg8g Aeq uo

. ‘but |dwes |euty
£G°L 60" ¢ (SN) LS50 Lit
8t LL 6L°L , (SN) LLt | L6
G8°'§ v/N _ (SN) , GG £8
v/N 2£°9 (sSN) v/N 69
60° L 98"/ (SN) : GE"¢- 65
8p°LL 26°L 16°8 66°1 L
9/°2 Ge'¢ | £8°2 G9° L L2

(3uawieauy
S}0PUXD J9ul| uo SYOLLS uwn (09 43330 Aeq)
JuawLpas s31sodag daegung J93eM

awt] buy |dweg

sa|dweg puod ui solriey juesuadsig/LLo
9 379vL

KA



- 32 -

Figure 1. Location of Experimental Ponds.
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Figure 2. Representation of liner attachment.



I BEAM

EYES FOR CABLE (welded)
i /

\ ———3/8" CABLE THAT PASSES THROUGH EYES
1/4" CABLE
4 PLY LINER
METAL HANGER
1"x 2" LUMBER

BOLT &
WASHERS

o \

4 PLY LINER




- 34 -

Table 3. Sediment sampling locations
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Figure 4.
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Water volumes in ponds.
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Figure 5. 0i1 concentrations in water column of oil-treated pond.
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Figure 6. 0i1 distribution in sediments shown along the

north-south axis.
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Fiéure 7. 01l distribution in sediment shown along the

east-west axis where @ indicate an average

of several values
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‘ Figure 8. 0i1 and dispersant concentrations in the water

columns of the oil-dispersant treated ponds.
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Figure 9. Dissolved organic carbon concentrations in water

columns of ekperimenta] ponds.



N .
v/.n o o * N

NOr H"dV g34 o3 1200 BNV NN Hdv 934
SAvGQ O0Sg 08¢ 0] ¥4 ovi 0L 0o 0.- orvi- Otc-
g1 3 11 13 u 11 1 [| 1 14 | 0
B 3 | b || | | i | U
\||lll/ ) 1.“
\\ s/ /.Illl'lll \\||llln/, .
\ 7 ,./. i 2 ' .\ ,

-G
ko)
O
3
- Ol
(10) ¥ # ANOd - —-—
(Juesiadsig 10) €# ANOd ++++++ | N

(Puod 013U0D) g # ANOd -=-----
(luessadsig 10) | # ANOd

NO84HvD DJINVOHO a3A10SSId




- 4] -

Figure 10. Dissolved reactive silica concentrations in water columns

of experimental ponds.



ONV NAF Hdv 934 23Q 120 5NV NNAr HdvY 934
0S¢ 082 012 ovl 0. 0 0/- Ovi- oLz-
1 1 1 .

| iR 11 1 1
I

(IO) ¥ #ANOd ——-—-—
(1uesiadsiQ IO) € #ANOd #+==+-vee»
(puod 1013u0D) g # ANOd ---====~---
(uesiadsig 10) I # ANOJ
VOIS JAILOV3IH A3A10SSId

T

>

-¢0

-v0

- +90

~- 80

-0l

}

wdd



- 42 -

Figure 11. O0il:Dispersant ratios recovered from sediment samples.
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Figure 12. Persistence of surface films.
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Figure 13.
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Appearance of surface films.
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Figure 14. Initial oil:dispersant ratios of surface films as a

function of thickness.
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Figure 15. Carbonyl stretch absorption of surface films
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Figure 16. UV absorption of surface films. C is the

concentration by IR (Appendix I).
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Figure 17. UV absorbance of sediment extracts. C is

concentration as determined by IR.
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Figure 18. Liquid chromatographic fractions of some

petroleum products.
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Figure 19. Liquid chromatograph fractions of sediment extracts

plotted as a function 0of tine.



,,,,,,,,,,,,,,,,, Essesssicsomotons
g
S5 R ‘
: >
i POND4 OIL e e Rt
= : :
i rot —_—
!
T3 +3 onet - = T 1 > poorws ==
I 3 roy 't ITIasst
") I BEBOED B b v ih e myn: i - 3 -+
Esieess 3 ===
80 < - “ - it 3 +
: : S e
: = Testens 95
e e
SEESEIEE fireets ; ,
, S T : = : :

owe s
t
s >4 3T naswe:
e n b 3
It T 1
41 >0 e Be PO
’B0 5 DB BEe»: : r\
3 3
b o
i
T
T
T 1

WT. % OF RECOVERED OIL

DO ] ] - :
0] 100 200 300 400

i ( COLUMN' RESIDUE

o R A R L

200
DAYS

LIQUID CHROMATOGRAPHIC SEPARATION OF SEDIMENT
® EXTRACTS N

'~



- 50 -

Figure 20. Final distribution of oil in treated ponds.
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Figure 21. Final distribution of dispersant in oil-dispersant

treated ponds.
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APPENDIX I

A. Infrared Method of 0i1 and Dispersant Analysis

The determination of 0i1 and dipsersant concentrations in all
water, slick, and sediment samples was based on extraction of the
samples with CCl., and on obtaining the IR spectrum of the extracts.
A Perkin-Elmer 457 grating IR spectrophotometer with matched NaCl
cells of 1 mm path length was used, the reference cell contafning the
pure solvent.

011 concentrations were calculated from the absorption at
2920 cm™!. Ana]y51§ of oil-dipsersant mixtures utilized both the
above C-H stretch absorption as well as that assigned to C-0 stretch
at 1050 cm™!. The results of the calibration are summarized in
Table I-A, and graphically shown in Figures I-1 and 1-2, indicating
that Beer's Law is valid for this system in the 0 to 3500 mg/i
concent}ation range. The calibration constant apparently was not
affected by evaporative aging of the crude o0il and the values
obtained for a "topped" crude oil which had lost about 30% of its
weight by evaporatidn Qf the most volatile oi1 components, could not
be distinguished from those of fresh ¢il. Two light fuel oils tested,
No. 2 fuel 0il and Jet A-1 fuel, gave calibration values similar to
those of the crude oil. A very'1ight and a very heavy petroleum
fraction, namely a gasoline and No. 6 fuel oil (Bunker C), on the

other hand, would require their own calibration curves.
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The equations used to calculate o0il and dipsersant concentra-

tions in the solvent are

Coil = 49:3 Aogog -+ - v v e e e s (1)
Cdisp. = 91.3A2920 - - - . . . ... .. e e (2)
Cd'ISp = 122.1 A]OSO Ce e e e e e e e e e e e e e (3)

where the C's are concentrations in mg/10 m1 CC1, and the A's

are tHe measured absorbances at the wavelengths shown in the sub-
scripts. In solutions containing oil alone or dispersant alone, the
concentrations ére calculated from only one of the above equations:

Eq (1) for 0il, and Eq (2) or (3) for the dispersant. In the analysis
of oi1jdispersant mixtures, the dispersant concentration is ca]cu]ated
from Eq (3), while the 0il concentration is given by

where the second term in the parentheses is the dispersant's

contribution to the observed absorbance at 2920 c¢m-!.
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TABLE I-A

Summary of IR Calibration Data

Crude 011 Dispersant
2920 cm~ - 2920 cm™* 1050 cm~*
Calibration constant, 49.3 91.3 122.1
(C/R)
No. of data points, (n) 10 18 15

Correlation coefficient, .9993 .9990 .999¢
(r) ‘
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Figure I-1.  Concentration - absorbance relationships for

selected petroleum prcducts
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Figure 1-2. Calibration plots for 0il and dispersant concentrations
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B. The Use of the IR Method in the Analysis of Field Samples

Water samples: One-liter aliquots of the water samples

collected with a Van Dorn bottle were transferred intq a 2-liter
separatory funnel immediately upon collection. After dissolving

300 g of NaCl in the sample, it was extracted by shaking wifh 10 mls
of CC1. for one minute. The mixture was allowed to separate for

5 minutes, resulting in an organic layer containing emulsified water.
This layer was removed from the funnel and was centrifuged at
approximately 1500 rpm until the solvent phase was clear (10 to

15 minutes). Most of the solvent layer was then transferred with a
small pipette into a vial, (5 to 8 mls) and was returned to the
laboratory for analysis. No attempts were made to quantitatively
Separate the solvent phase and the fraction in the vial was assumed
to be representative of the 10 ml solvent phase added. In preliminary
laboratory tests, this assumption was shown to produce recoveries of

about 98% for both 0il and dispersant.

sediment samples: The'samples were collected at the site in

1-1iter jars, each containing 400 to 600 grams of dry solids. The
solids settled to produce a visible sediment-water interface within
a8 minute, and the samples were then transported to the laboratory
with 1 cm free water layer above the sediment material. Extractions
were performed by adding 100 m] of CC1, to the bottle and agitating

on a reciprocal shaker for one hour. Disposable pipettes were used
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to remove 20 to 30 mls of the solvent phase from the sediment interstices.
Thfs was then centrifuged, as in the caﬁe of the water extracts, to
remove both moisture and fine solids from the solvent phase. The
clarified solvent phase was then subjected to IR analysis and for
any subsequent tests sﬁch as gas-]iquid chromatography and liquid
chromatography. The extracticn efficiency was tested in the
iaboratory by spiking ;ediment material from the pond site with the
0il and extracting, as above, after allowing it to stand for two
days. The results, illustrated in Table 1-B, show that the extrac-
tipn was over 95% efficient. Preliminary tests with dispersant

in the sediment indicated similar recoveries.

surface slick samples: Surface slicks were sampled by Towering

10x 10 cm squares of ordinary office type blotting paper, attached

to the end of a stick with a thumbtack, onto the water surface,
allowing it to be wetted through to the top, and transferring it to

a small jar for later analysis. In the case of very thin surface
sheens, several squares Qere used in the areé to be tested, and these
were extracted together. The extraction was accomplished by adding

50 mis of CCl, into the jars with the blotting paper and intermittent]y
(e.g., 5 to 6 times) hand-shaking the jar for one hour. The extracts
were free of water and were analyzed directly with the IR method.

A laboratory evaluation of the method was carried out by producing oil
films of known thicknesses by placing known‘weights of crude o0il on

top of diéti]]ed water in Petri dishes of known surface areas. These
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films were then sampled by the field method, except that smaller
squares of the blotting paper were used. The results in Table I-C
show average recovery of 96.2%. The losses are probab1y due to
incomplete extraction from the paper,'which was indicated by a
residual greyish color in the paper after extraction. Additional
contact with fresh solvent for a 24-hour pericd did not recover
~additional o0il from the pads, nor did it remove the grey residual
colour. The observed scatter in the results is probably due to
uncertainties in the actual adsorption'step. Occagiona11y, small
areas of the paper appeared o0il-free, indicating either inhomogeneities
in the o1l fi]m; or, more probably, hydrophilic impurities in the
paper. It is important to note that many of the laboratory films
were non-homogeneous, containing blotches, streamers, heavy 01}
concentrations, or thin spots. This apparently did not affect the
measurements as the irregularities were small relative to the size

of the absorbent pad.
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TABLE I-B

Laboratory Tests of Sediment Extraction Method

Dry wt. of 0i1l Concentrations in CCl,
Sediment added = o se-emecceeo- (mg/10 mls) -----on-muu-
(g) (mg) Calculated Found % Recovered
500.2 305.0 30.50 30.91 ©101.3
500.3 269.4 26.94 25.75 95.6
500.0 279.1 . 27.91 25.75 92.3
500.7 ' 292.8 _ 29.28 27.94 95.4

500.0 274.3 27.43 25.75 93.9

Recovery statistics:

n = 5
Ave. recovery, x = 95.7%
Std. deviation, s = 3.40
Dry wt. of Dispersant Concentrations in CC1,
Sediment added | mmmemmmme-e- (mg/10 mls) =--ememeass
(9) (mg) Calculated Found % Recovered
500.3 223.0 22.3 21.67 97.2
500.0 ' 241.6 24.16 22.48 93.0
500.3 175.6 17.56 : 16.29 92.7
500.0 214.2 21.42 20.09 93.8
500.0 249.5 ' 24.95 23.55 94.4
Recovery statistics:
n = 5
Ave. recovery, x - 94.2%
Std. deyviation,s = 1.79



. TABLE I-C

Laboratory Evaluation of Sampling
and Analysis of Surface Films

Film thickness, u 0il in pad, mg
No. Calculated Measured Calculated Found % Recovery
] 17.3 16.8 54.7 53.1 97.0
2 6.1 6.7 16.8 18.5 110.1
3 4.8 4.7 10.8 10.5 97.2
4 4.1 4.2 62.5 63.7 101.9
5 3.0 3.0 1.5 11.9 103.5
6 6.4 5.7 20.3 17.9 88.2
7 12.0 10.6 42.2 37.4 88.6
8 4.8 4.4 17.6 16.2 92.0
9 9.4 8.3 34.8 30.7 88.2
10 13.2 12.1 48.1 44.2 91.1
1k 20.2 18.9 88.2 82.7 93.8
12 48.9 51.8 213.6 226.4 106.0
13 102.9 92.9 449.8 405.9 90.2
14 78.5 79.4 342.9 347.3 101.3
15 224.7 196.0 982.1 856.5 87.2
16 25.1 26.5 109.7 115.8 105.6
17+ 47.8 44.4 307.1 285.4 92.9

Statistics of % recovery values:

n = 17
Average, n = 96.2%
Standard deviation, s = 7.2%

* Single test with Bunker C
! Thickness = 0il wt. x 0i1 density/Area
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APPENDIX 11

‘UV Analysis of the Field Samples

A11 UV spectra were obtained with a Unicam SP 1800 spectrophoto-
meter using a 10 mm silica cell. While some of the preliminary tests
were made of the crude oii and of some petroleum products in hexane or
chloroform, the field samples were all analyzed in carbon tetrachloride
solvent versus air.

The spectra of Norman Wells crude oil and three petroleum products
are shown in Figure II-1. The concentrations producing these spectra
indicate that UV absorbances of these products increase in the order:
gasoline No.:2 fuel 0i1 crude oil Bunker C. Since the UV
absorbances in this region may be related to aromatic structures, the
"aromaticity" of these products is also presumed to increase in the
same order. A plot of the absorbance/concentration values (A/C),
at se]ectéd wavelengths is given in Fig. I11-2 where the A/C term
may be considered as a measure of relative arbmaticity. At a given
wavelength this ratio may be used to compare the aromaticity of
different oils, or to follow changes in the aromaticity of one o0il
as a function 6f degradation processes. A comparison of the absorbances
at higher wavelengths, e.g., 280 and 320 um, could provide clues about
the nature of the aromatic content of the 0ils since the absorbances
at higher wavelengths are nofma]]y indicative of condensed aromatic

compounds.
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In the field study, the large number of samples and analyses
Timited our survey to the measurement of absorbances at 280 nm.
The A2gp/C ratios were then considered as indicators of changes in

the aromaticity of the o0il during the experiment.
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Figure 11-1. UV spectra of some petroleum products.
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Figure 11-2. Absorptivity of some petroleum products at

selected wavelengths.
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APPENDIX 111

Periphyton.Measurements

Table III-A lists the dfy weights and the ash weights of
the attached material in the ponds. These materials were obtained
Trom vertically-supported sand-blasted plexiglass plates in the
bottom of all ponds. Each plate had dimensions of 7emx 7 cmx .5cm
end at least two were collected at each sampling time (as denoted in
the table) from each pond. The periphyton was brushed off the plate
by ffrst using a soft-bristled toothbrush, then rinsed into a wide-
mouth 250 ml bottle containing 3 ml of modified Lugol's solution (1).
Thé more strongly adhering material was brusbed into the same bottle
with a "hard-brist]ed” toothbrush. After returning the samples to
the laboratories, the fi]améntous material and water were placed
individually in a Vitreous blender for one minute and then transferred
back intc the original sample bottie with final volume being
adjusted to 200 ml. An aliquct was then passed through a pre-washed,
pre-heated (500°C) and pre-weighed filter paper (Whatman GF.C). The
residue was left overnight in a drying oven set at 85°C and weiched for
the dry weight. The fi]fer paper was then dried for 2 hours at 500°C
and the filter paper weighed again after cooling in a dessicator to
obtain the ash-free weight. |

After treatment, the results form the oi]-tfeated pond were
similar to those from the control pond. The weights from pond 3, one

of the oil-dispersant ponds, were several times higher than those in

the control or oil-treated ponds. The weights from pond 1, the other
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oil-dispersant treated pond were several times higher than those
from pond 3. Although the results from pond 1 were similar to those
from the oil-treated énd controf ponds after a year; the values
taken from pond 3 (oil-dispersant) were still significantly higher

than any other pond.

(1) C. Saraceni and D. Ruggiu, in "A Manual on Methods for
Measuring Primary Production in Aquatic Environments,
R.A. Vollenweider Ed., IBP Handbook No. 12, Blackwell
Scientific Publications, Oxford, London, Edinburgh, Melbourne,

2nd Edition, p. 7.
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APPENDIX IV

Dissolved Reactive Silica Studies

Shortly after treatment of the ponds used in the oil-dispersant-
ecosystem studies, high concentrations of dissolved reactive silica:
(DRS) were measured in both oil-dispersant treated ponds but not in
the oil-treated or control ponds. To investigate the possibility
that the dispersant was interacting with the sediment, two series of
laboratory tests were initiated. Both tests made use of the
sediment material in the ponds and the dispersant, Corexit 9527, but
one series qsed distilled water and the other used filtered pond
water.

Twelve large polyethylene pitchers were filled with 2.5 & of
distilled water. Fifty g of sediment material sieved through a 2 mm
mesh was added to six of_the vessels and all pitchers were covered
with large, clear, po]yethy]ene bags ("Baggies") to prevent evaporation.
After two weeks, the vessels were divided into four sets of three
pitchers each - two sets with sediment and two without. To one
set with sediment and one set without, sufficient dispersant was
added from a stock solution to give a concentration of 10.1 ppm of
| dispersant in each of the six vessels. Just prior to the dispersant
addition and on days 7, 14, 21, 35, 49, 63, 70, and 85, 50 m]

aliquots were withdrawn, filtered and then analyzed for DSR.
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2.5 £ of filtered (6.45 u) pond water was placed into eight
other large polyethylene pitchers, and 40 g of sediment was sieved
into six of these. Two smaller polyethylene pitchers were filled
with 1.25 ¢ of filtered pond water and were used as controls. All
vessels were covered with clear polyethylene bags for the duration
of the experiment. After two weeks, which allowed the sediment to
settle, dispersant (10.1 ppm) was added to three vessels with sedi-
ment and to two without. This arrangement gave three_vesse]s with
sediment and dispersant, three with sediment only, two with
dispersant only, and two smaller vessels as control. 50 ml aliquots
were withdrawn, filtered and analyzed for DSR at the same times as
the distilled water tests outlined above. Thelana1yses were
carried out by Ship Support Services, Water Qua]ity Branch (Ontario
Regionj;, EMS.

The pKE was checked at the conclusion of the experiment and
there were no major differences between thé various sets of vessels
using water from the same source. Also, the dispersant was found
to remain mainly in the aqueaus pthe after B84 days.

The results are presented {n Table IV-A. Pond water has
higher DRS values than the distilled water and the vessels with
added sediment had higher DRS values than those without. However,

addition of dispersant had no effect on the DRS concentrations.
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