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Date: 4/11/2005

Title: Analysis of Carbonyl Compounds Number:  2-710.4
by High Performance Liquid Chromatography Revision: 04
Water Alliance 2695 Gradient Acquisition Method for Carbonyls

Solvent A: 100% HPLC Water

Solvent B: 100% Optima Acetonitrile

Solvent C: 100% Optima Methanol

Column: Polaris C18-A, 4.6x15, 3um

Detector: PDA, 360 nm
Table 1. Gradient elution solvent conditions.

Time (min) Flow (mL) %A %B

0.01 1.50 70.0 30.0

1.00 1.50 70.0 30.0

20.00 1.50 60.0 40.0

32.00 1.50 55.0 45.0

41.00 1.50 37.0 63.0

45.00 1.50 37.0 63.0

50.00 1.50 30.0 70.0

55.00 1.50 70.0 . 30.0
The column is conditioned with 50:50 water/methanol for 10 minutes at the end of each
sequence.

3.6  Calibrations

Following the Millennium® 3.20 PDA document, five calibration standards are analyzed
using concentrations in Table 2 (see Figures 2 for example of calibration curve). The curve
is forced through zero and is acceptable with a R>> 0.95. A secondary standard from Restek
is used to verify the calibration.

Once the linear response factor has been documented, an intermediate concentration
standard near the anticipated level of each component (but at least ten times the detection
limit) is used for a daily calibration check standard. A sample chromatogram is shown in
Figure 1.

3.7  Data Acquisition and Processing

The calibration equation below is used to determine the amount of carbonyls in the samples
(this step is performed by the HPLC baseline data system).
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DRI STANDARD OPERATING PROCEDURE Page: 4 of 9
Date: 4/11/2005
Title: Analysis of Carbonyl Compounds Number:  2-710.4
by High Performance Liquid Chromatography Revision: 04
Table 2. Calibration Levels
Level 1 Level 2 Level 3 Level 4 Level 5
Conc. (ug/mL) 1 0.5 0.25 0.1 0.025
Formaldehyde 7.036 3.518 1.759 0.703 0.351
Acetaldehyde 5.13 2.565 1.282 0.513 0.256
Acetone 4.1 2.05 1.025 041 0.205
Acrolein 4.366 2.183 1.091 0.436 0.218
Propionaldehyde 4.113 2.056 1.028 0411 0.2055
Crotonaldehyde 3.57 1.785 0.892 0.357 0.178
2-Butanone (MEK) | 3.5 1.75 0.875 0.35 0.175
Methacrolein 3.57 1.785 0.892 0.357 0.178
n-Butyraldehyde 3.51 1.755 0.877 0.351 0.1755
Benzaldehyde 2.7 1.35 0.675 0.27 0.135
Valeraldehyde 3.122 1.561 0.78 0.312 0.156
Glyoxal 0.92 0.46 0.23 0.046 0.023
m-Tolualdehyde 2.506 1.253 0.626 0.25 0.125
Hexaldehyde 3.116 1.558 0.779 0.311 0.155
3.8 Calculations
Wy
Ca = x 1000
Vi (or Vs)
where:
Ca concentration of analyte (ng/L) in the original sample
Wy = total quantity of analyte (ug) in sample, blank corrected
Wd = W x VE
where:
w = Concentration of analyte in the cartridge (ng)
Vg = final volume (ml) of sample extract
Vi = total sample volume (L) under ambient conditions
Vs = total sample volume (L) at 25 °C and 760 mm Hg
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Title:

Date: 4/11/2005
Analysis of Carbonyl Compounds Number:  2-7104
by High Performance Liquid Chromatography Revision: 04

The analyte concentrations can be converted to ppbv using the following equation:

3.9

4.0

244
CA (ppr) = CA (ng/L) X
MW,
where:
Ca(ppbv) = concentration of analyte in parts per billion by volume
Ca(ng/L) iscalculated using V;
MW, = molecular weight of analyte.
Quality Control

After calibration, an intermediate concentration calibration check standard is analyzed every
10 samples with a £10% recovery.

3.9.1 Blanks

At least one field blank or 10% of the field samples, whichever is larger, should be shipped
and analyzed with each group of samples. The field blank is treated identically to the
samples except that no air is drawn through the cartridge.

Instrument blanks are analyzed after high concentrations.
3.9.2 Method Precision and Accuracy

10% of the samples are analyzed twice for replicate precision which typically falls within
+10%.

REFERENCES

Fung, K., and D. Grosjean (1981). "Determination of Nanogram Amounts of Carbonyls as
2,4, dinitrophenylhydrazones by High Performance Liquid Chromatography."
Analy. Chem., 53, 168.

U.S. EPA, “Method TO-11A: Determination of Formaldehyde in Ambient Air Using
Adsorbent Cartridge Followed by High Performance Liquid Chromatography
(HPLC) [Active Sampling Methodology],” EPA/625/R-96/010b, in Compendium
of Methods for the Determination of Toxic Organic Compounds in Ambient Air.
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Date: 4/11/2005

Title: Analysis of Carbonyl Compounds Number: 2-7104
by High Performance Liquid Chromatography Revision: 04

DRI STANDARD OPERATING PROCEDURE

Winberry, W.T., Jr., N.T. Murphy, and R.M. Riggan (1988). Method TO11 in Compendium
of Methods for the Determination of Toxic Organic Compounds in Ambient Air.
EPA/600/4-89/017, U.S. Environmental Protection Agency, Research Triangle Park,

NC.
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DRI STANDARD OPERATING PROCEDURE Page:

Date
Title: Analysis of Carbonyl Compounds Number:
by High Performance Liquid Chromatography Revision:

7 of 9
: 4/11/2005
2-7104

04

Sample Report

Reported by User: Katarzy na Rempala Project Name: API_Winter2004 # of Results: 5

SAMPLE INFORMATION

Sample Name: 0404%&y ei2 Acquired By: Katy
Sample Ty pe: Standard Date Acquired: 4/6/2005 3:56:28 PM
Vial: 3 Acq. Method Set:  Polaris_3um_MS
Injection #: 1 Date Processed:  4/7/2005 11:09:16 AM
Injection Volume: 20.00 ul Processing Methoc Polaris0405PM
Run Time: 55.0 Minutes Channel Name: Extract 360.0
Sample Set Name APl_040505 Proc. Chnl. Descr. PDA 360.0 nm
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Peak Name | RT | Area |Amount|Units| FOAMEtCN! |y chg| PDAMatch2 o o
Spect. Name Spect. Name
1 | Formaldehy de 10.993 | 233572) 3.518 | ug/mi | Formaldehy de 0.851
2 | Acetaldehy de 15.985| 176681 2.565 | ug/mi | Acetaldehy de 5.705 | n-Buty raidehy de 5.709
3 | Acetone 21.825{137633| 2.050 | ug/mi|Acetone 1.322 | 2-Butanone (MEK)| 1.870
4 | Acrolein 23.077 | 167748 2.183 | ug/ml| Acrolein 1.085 | Methacrolein 3.072
5 | Propionaldehyde |25.096 129540} 2.056 | ug/mi|n-Butyrakiehyde 1.448 | Acetaldehy de 1.653
6 | Crotonaldehyde [31.133]114907| 1.785|ug/mi]Crotonaldehyde 1.065 | Methacrolein 6.077
7 }2-Butanone (MEK) | 32.531 1102244 1.750 | ug/ml| 2-Butanone (MEK)| 1.621 | Acetone 2.927
8 | Methacrolein 33.490| 122150 1.785 | ug/ml | Methacrolein 3.741 | Acralein 5.489
9 | n-Butyraldehyde |34.352|112621 1.765 | ug/ml | n-Buty raldehy de 3.275 | Valeraldehy de 3.330
10 | Benzaldehy de 38.329| 82427 1.350 | ug/ml | Benzaldehy de 1.003 | m-Tolualdehy de 3.987

Report Method: Multi Sample Summary fo: Printed 11:25:44 AN/7/2005 Page: 3 of 10

Figure 1a. Chromatograph of Level 2 standard.
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DRI STANDARD OPERATING PROCEDURE

Title: Analysis of Carbonyl Compounds
by High Performance Liquid Chromatography

Page:

8 0of 9

Date: 4/11/2005

Number:
Revision:

2-710.4
04

Sample Report

Reported by User: Katarzy na Rempala

Project Name: API_Winter2004

# of Results: 5

Peak Name RT Area |Amount | Units ::Qt%t:;l Match1 ;;?eﬁy:‘;:i Match2
11 | Valeraldehy de 40.097| 97770} 1.561|ug/mi|Valeraldehyde 5.956 | n-Buty raldehy de 6.388
12 | Gly oxal 40.469] 21352 0.460|ug/ml
13 | m-Tolualdehyde |41.865| 70294| 1.253|ug/ml h-Tolualdehyde 0.975 | Benzaldehy de 3.809
14 | Hexaldehy de 43.659| 84775| 1.558|ug/mi|Hexaldehyde 1.304 | Valeraldehy de 1.531
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Figure 1b. Chromatograph of Level 2 standard.
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Date: 4/11/2005

Title: Analysis of Carbonyl Compounds Number: 2-7104
by High Performance Liquid Chromatography Revision: 04

LC Calibration Report ver1

Reported by User: Katarzyna Rempala (Katy ) Project Name:  API_Winter2004

Processing Method: E‘éiaﬁsomF‘M Project Name: API_Winter2004

Processing Method (D 1175 System: w2695

Calibration 1D: 1159 Channel: Extract 360.0

Date Calibrated: 4{7/2005 11:13:37 AM : Proc. Chnl. Descr. PDA 360.0'nitn-
soooooj;

400000-

300000
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200000-

100000

160000

: R N e T R M A
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Amount

Name: Formaldehyde; RT: 11.360; Fit Type: Linear thru Zero; Cal Curve Id: 1160; R: 0.999224;
" R"2: 0.998448; Weighting: None; Equation: Y = 6.84e+004 X

Figure 2. Calibration curve for formaldehyde.
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INTRODUCTION

The first article of this issue is by Rick McKelvey of the Canadian Wildlife
‘Service. Rick summarizes the oiled-bird problem and gives details on how to build a
portable hot-water system for cleaning birds. The second article summarizes spill
statistics for Atlantic Canada over the past fourteen years. The trends and significant
occurrences are reviewed.

The third article is by Merv Fingas and Ed Tennyson who review their joint
U.S. and Canadian project to evaluate Elastol and Demoussifier, two new spill treating
agents. Both agents functioned well over a series of tests ranging from laboratory to
large field scale. '
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EVALUATION OF TWO NEW OIL SPILL CHEMICAL ADDITIVES: ELASTOL AND
DEMOUSSIFIER

Submitted by:  Merv Fingas
Environment Canada-
Ottawa, Ontario

Ed Tennyson
U.S. Minerals Management Service
Reston, Virginia

Introduction

A new oil spill treating agent, Elastol, has been developed for enhancing the
recovery potential of oil. When added to oil, the powder renders oil visco-elastic making
it adhesive to oil spill recovery equipment. Elastol is composed of a non-toxic polymer,
polyisobutylene and is hydrophobic and not water soluble. A major study was undertaken
jointly by the U.S. Minerals Management Service and Environment Canada to evaluate this
new spill additive. Laboratory testing was done and studies were conducted in large-scale
test tanks and in a major field exercise off Canada's east coast.

At the same time, another new spill treating agent, demoussifier, was tested
in large outdoor tanks and at sea. This product, which also consists of a mixture of long-
chain polymers which have no measurable toxicity to humans or to aquatic life, was
developed at Environment Canada's River Road Labs. The product breaks up water-in-oil
emulsions and prevents their formation. :

Laboratory Testing of Elastol

The laboratory work on Elastol involved several different tests. The effect on
a suite of different oils was determined by measuring the time to initiate change and the
degree of elasticity formed. These oils included: Prudhoe Bay, Alberta Sweet Mix Blend,
Norman Wells, Bent Horn, Hibernia, Tarsiut, Atkinson, Amauligak crudes, diesel fuel and a
Bunker C mix. All oils displayed viscoeleastic properties when treated with doses of
600 to 6000 ppm Elastol. In general, more viscous oils tended to attain a higher degree of
elasticity than non-viscous oils, but did so over a longer period of time. No simple
correlation could be established between an oil property and Elastol effectiveness.
Elastol effectiveness is enhanced by mixing and by higher temperatures, although the
latter may be the effect of decreasing oil viscosity.

Under low mixing energy conditions, oils exhibited some degree of elasticity
within 15 minutes of Elastol application. A high degree of elasticity was not observed
until after one hour. Less viscous oils took less time to reach maximum elasticity and
viscous oils more time. If left to weather, Elastol-treated oil became more elastic with
the increasing viscosity of the oil. In fact, some samples left for 30-day periods became
elastic as rubber bands sold for stationery purposes. This effect has been ascribed to the
effect of the increasing viscosity of the oil with weathering (evaporation) and not the
progressive reaction of the Elastol.
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Elastol causes a minor reduction in the rate of oil evaporation, but not
significant enough to reduce its flash point. Elastol reduces slick spreading to a limited
degree, especially at high concentrations. This effect, about 20%, is not believed to have
a significant useful benefit by itself in real applications. When Elastol is applied in very
large doses, >1%, the slick would actually contract somewhat, but again, the effect would
not be benef1c1al in a field situation.

The addition of Elastol either had no effect or an inhibiting effect on the
formation of water-in-oil emulsions, except in the case of the Amauligak and Tarsiut oils
from the Beaufort Sea region. In two cases, the application of Elastol to emulsified oil
actually led to measurable de-emulsification. Application of Elastol to stable water-in-oil
emulsions sometirhes had little effect. Testing with commercial de-emulsifiers and the
Environment Canada "demoussifier", showed that Elastol had no effect on the operation of
these chemicals and that they could be used together. :

Elastol reduces chemical dispersant effectiveness by as much as one -order of
magnitude. Elastol also reduces natural dispersion of oil into water by as much as three

~orders of magnitude. This property, while superficially appearing negative, is actually

quite useful. If Elastol was used in situations where the aquatic life is very sensitive and
important, it could reduce water concentrations of the oil in the water to threshold levels.

Elasti¢ity was measured using a die swell apparatus in which -oil is pushed
through a small opening and the fluid responds by swelling to a size corresponding to its
elasticity., This is measured by photographing the swell, measuring it with a vernier
caliper and comparing untreated versus treated oil to yield a ratio which is described as
"elasticity" in this paper. The instrument displayed good sensitivity to polymer
concentration and to the degree of observed elasticity. This instrument could also be used
in field conditions and is.relatively insensitive to debris and water in the oil.

Tank Scale Testing of Elastol and Demoussifier

An application device was developed for each of the two products, as
commercial devices do not exist for delivering treatments at the low ratios required.
Elastol would be tested at 500 to 5000 ppm and demoussifier would be tested at 150 to
2000 ppm. A search of commercial devices revealed that nothing suitable was available
off-the-shelf but thatr sandblaster-type equipment could be satisfactorily modified. A
commercial blaster (Sears) was modified so that it could spray low quantities. One
modification was necessary for the solid Elastol, and another for the liquid demoussifier.
The modified applicator was tested on each product to ensure that uniform spacial
distribution was achieved and that application rates could be controlied over the
necessary range by adjusting the air pressure when applying the product from a boat
travelling at approximately 3 knots. A series of test tank runs were performed to ensure
that results obtained previously with hand distribution techniques and with pre-mixing
were duplicated with the new applicators. Success was achieved in all cases, and no
detrimental effects were observed during application of either product, such as herding
and other phenomena that have decreased the field effectiveness of dispersants so
dramatically (Bobra et al., 1988). ‘
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Part of this study involved large-scale tank testing of both products using the
Esso tank in Calgary, Alberta. The tank measures 15 x 19 m with a depth of 0.8 to 2 m.
Two test days were devoted to demoussifier and two to Elastol. Testing was performed in
two boomed areas inside the tank. This permitted the simultaneous testing of a control
and a treated slick under identical conditions. The demoussifier prevented the formation
of water-in-oil emulsions on both test days and did so at ratios as low as 1:2000 (500 ppm).

Elastol was added to a test crude oil at 4000 ppm and the test slick was
released several hours later when the oil was highly elastic. Despite this high elasticity,
the oil was not thick enough to burn. The oil was recovered by a rotating disk skimmer
and the effect of Elastol was to increase the recovery rate of this unit significantly. In
fact, the pump could not keep pace with.all the oil being recovered. -On the fourth day of
testing, crude oil was treated with 2000 ppm of Elastol and recovered with a skimmer.
The recovery rate was again high and exceeded the capacity of the pump to remove it.
On this particular day, the oil in the untreated boom had formed an emulsion. This was
treated with demoussifier as was the Elastol-treated slick. The demoussifier broke the
emulsion in the untreated slick and no emulsion formed in the treated slick, nor were any
other effects noted. During the first two trial days, the use of demoussifier reduced the
effectiveness of the recovery operation significantly. It was concluded, therefore, that on
a preliminary basis, demoussifier and Elastol could be used together to enhance recovery
and eliminate emulsion.

The tank scale tests showed that there were no scaling effects for either the
Elastol or the demoussifier. Both products worked well for the intended purpose. Elastol
increased the visco-elasticity of the oil and greatly increased the recovery by the oil
skimmer. Elastol, however, did not reduce the spreading or increase the thickness of the
slick sufficiently to allow in-situ burning. Demoussifier prevented the formation of
water-in-oil emulsion and also broke emulsion already formed. Although demoussifier
causes the oil to be less adhesive and lowers the recovery rate of skimmers, the two
products can be applied together to achieve positive results.

Large-scale Field Testing

The ‘tests conducted in the tank were repeated on five-barrel slicks during a
field trial 50 miles offshore of Nova Scotia (Seakem, 1988). Five slicks were laid for each
of the products and each product was tested both premixed and by application-at-sea, to
confirm that application effects were not a factor. The treatments and results of the

trial are summarized in Table 1.

The demoussifier trials were performed by laying down a five-barrel oil slick,
treating it with the product at the specified ratio, taking samples at subsequent intervals
and measuring the water content and the viscosity. One slick was left untreated
throughout as a control and another slick-was left to form mousse (water-in-oil emulsion)
and then treated at the 240-minute interval to test the demoussifier's ability to break
emulsion at sea. As can be seen by dramatic reduction in viscosity (105 000 to 22 600 cSt;
1050 to 226 cm /s) over the 30-minute period between samples, the product worked well

in breaking up the emulsion.

The product also worked well over the five-hour test period to prevent the
formation of emulsions. This is illustrated in Figure ! which also shows that there is a

SPILL TECHNOLOGY NEWSLETTER ' ‘ April~-June, 1988




\ '4).‘ g AR ettt . - PR P o R L . . . .
4 . .. . g ceL e Set, ST . T e e sl e
M.&hawu—ob--( R, . LeLL ERpp PO Loan L B IR A R

43

TABLE | TREATMENTS AND RESULTS OF TRIALS

Sample { - Sample 2
Treatment Time Viséosity Water . Time Viscosity Water
Trials Slick  (ppm) (min.) (cSt)* Content  Elasticity Comments {min.) (cSt)* . Content Elasticity Comments
Demoussifier I 1000 60 10 000  84% No mousse 300 34250 90% No mousse
formed noted -
2 250 - 60 2700 54% No mousse 300 62 250 93% No mousse
. formed noted
3 control 60 . 6350 33% Heavy mousse 270 320 000 95% Heavy mousse
4 post-4000 60 2200 72% Moderate mousse  pre-24¢0 105 000 90% Heavy mousse
post-270 22 600 78% Treatment broke
mousse
5 pre-1000 15 970 32% No mousse 280 38 500 80% No mousse
formed formed
Elastol [ 3000 130 29 300 1.33 Moderately 280 300 000 1.35 Highly elastic
elastic
7 1000 145 T 32 250 1.28 Low elasticity 230 228 000 1.33 Moderately
elastic
8 control 135 187 000 0.99 No elasticity, 290 242 000 0.99 No elasticity,
widespread widespread
9 9000 120 93 000 1.99 High elasticity 330 696 000 2,63 Super elastic
10 pre-3000 15 170 500 1.35 Moderate * . 315 156 000 1.57 Highly elastic
elasticity ’

* |cSt=)x10-2em?/s

strong correlation between the viscosity and the amount of treatment. The greater the
treatment, the less the viscosity, because of the lesser water content. The water content
was universally high, even in those slicks that visibly did not form water-in-oil emulsions.
Although water content is indicative of the formation of water-in-oil emulsification, the
stability of the emulsion would have to be determined because the unstable emulsions lost
water slowly. The water content of the slicks is interesting in that all the slicks laid over
the two day test period rapidly took up water, including those slicks that were treated
with Elastol. This was noted despite the fact that the oil viscosity was higher, although
not as high as that expected from an emulsion, and the oil did not have the appearance of
an emulsion. The appearance of the unemulsified oil is also significant, the water droplets
were often of sufficient size to be seen. An emulsion is reddish-brown in colour, has a
high viscosity and the water droplets are too small to be seen.

The Elastol tests were performed in an analogous manner, with one control
slick laid and one slick being pretreated to test the effect of at-sea treatment. The slicks
were sampled periodically, and both viscosity and elasticity were measured immediately

on board the ship.

The high elasticity of the treated slicks was significantly higher than that of
the untreated slicks and corresponded to that experienced in the laboratory, in fact, as
shown in Figure 2, it actually exceeded laboratory results at the higher doses. This
unexpected result is probably due to the better mixing achieved in the field situation.
Interestingly, the dose and elasticity in the field appear to be linear, a phenpmenon that
had not been noted previously.

The elasticity of the oil was sufficient to cause stringing of the product when
samples were recovered. This is indicative of a very high state of elasticity and would
result in high oil recovery rates if a skimmer was used. The elasticity app beared to be
uniform throughout the slicks despite the typical uneven distribution of treating agent at

sea.
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FIGURE 1 THE EFFECT OF DEMOUSSIFIER APPLICATION ON VISCOSITY

The slicks were monitored by a remote sensing aircraft, but the analysis of
slick areas was not complete at the time of writing. Slicks treated with Elastol, however,
appeared to be smaller to shipboard observers and the size of the slick appeared to
correlate well with the amount of Elastol. In fact, one was able to distinguish slicks by
their size, with the 9 000-ppm-treated slick being the smallest.

Summary and Conclusions

1. Elastol functioned well in the laboratory, test tank and in field situations; it caused
oil to become viscoelastic in all applications.

e e S e S e e e S _SNNS NN | NS 2 T 20N B 0 NS 20O EIDEE 20 e 0 I |

2.  Elastol is able to float with and mix with oil so that application is not critical as it
is with dispersants. ‘

3.  Demoussifier has the same application insensitivity as Elastol.
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4,  The effects of Elastol improves oil skimmer recovery.

5. Elastol retards slick spreading; however, this effect, for physical reasons, is not
sufficient for countermeasures purposes such as in-situ burning of oil on water.

6. The demoussifier prevented emulsion in the test slicks over the five-hour test
period.

7.  The demoussifier broke water-in-oil emulsions in 10 to 15 seconds after application.

3. Results of field application such as herding and loss of effectiveness, seen with
dispersants, were not noted at all with either product.

9. Water content is not a good indicator of mousse formation as all slicks at the
offshore trial accumulated a large amount of water. Stable mousse formation is
indicated by a stable water content, small water droplet 51ze, red colourmg and a

very high viscosity.
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FIGURE 2 ELASTICITY OF OILS AFTER ELASTOL TREATMENT
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MEMORANDUM

TO: All

FROM: Al Hadermann’

DATE: July 7, 1992

SUBJECT: Elastol and Corals and Seagrasses (with footnote)

Anitra Thorhaug* has tested Elastol powder and various weathered oils for toxicity to
seagrasses and corals. Tests were conducted on species in 50 gallon glass tanks
containing 100,000 ml of seawater. Tests were run at 0.00125%, 0.0075% and 0.01235% -
oil, i.e., approximately 1.25 ml, 7.5 mi and 125 ml. When Elastol was added it was
used at 10 mg, or 0.010 g. This corresponds to treatment concentrations of
approximately 8,000, 1,333 and 800 ppm for 1.26 ml, 7.5 ml, and 125 ml of oil,
respectively. Although the Elastol was not used as a slurty, and overtreatment obviously
occurred at the 12.5 ppm oil level, the results showed that Elastol treatment reduced the

toxicity of the oil. :

The exposure times to oil and oil and Elastol were 6 and 10 hours for coral and
seagrasses, and 10 hours for mangroves. Agitation was provided by air bubbling. The
seawater was replaced after the incubation (exposure) time.

Dr. Thorhaug reported that:

"The corals continued with their polyp feeding patterns with th'e Elastoi-oil mixture
in the tank. This was an extraordinary result compared to the other compounds used
in the test which were a variety of dispeised-oil products.”

*The quantitative data for the various concentrations and various oils show that the
oil plus the Elastol at concentrations at 125 ppm were appreciably less toxic than oil
alone for corals and' seagrasses."”

Since oil alone at 125 ppm did not affect mangroves, no basis for improvement with
Elastoi was seen. .

'In Summary, Dr. Thorhaug'states:

*The toxicity of oil alone was definitely greater than the Elastol treatments in almost
all the concentrations tested.”

*Anitra Thorhaug is a researcher at Florida International University, P.O. Box 490559,
Miami, FL. 33149,
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The toxicity of other than dispersant oil spill ocontrol agants
(solidifiers, gels, sorbent and bioremediation agents) for .cleaning oil

- spills has received very little attention (NRC, 1989; Thorhaug, 19917
INO, 1991). This is the beginning of an attempt to give the same
attention to the toxieity of these products to critical
" tropical/subtropical matrix organisms and fisheries species.

The product -elastosol contains polyisobuylene and -an oleophilic
surfactant. Although it §s proprietary, it has undergone chemical
analysis and field testing (FPingas, 1989; Bobras, 1987a&h, 1988aéb;
Fingas -and Tennyson, 1988), A wide variety of crude olls becaue
elasticized within 15 minutes more-or-less atter elastosol treatment.
Thegse were retained in solidirfied condition up to 30 days with
- viscoelastic properties maintained over this time period. The properties
appear to be that slicks are prevented from spreading and can be picked
up by akimmers efficiently. With sensitive ecosystems, the major use of
- elastosol clearly will be relatively small confined spills probably at
ports, marinas, oil refineries or in bays or estuaries. Thus, the
tolerance of critical habitat organisms to elastosol is important.,

NETHODS :

‘Toxicity studies ‘ .
-~ Laboratory investigatione. Standardized procedures used by the U.S.
Environmental Protection Agency (RPA) and various agencies (FAQ, UNESCO,
UNBP) for testing tropical matrix organisms were employed s6- that
standaxdized test results could be produced. The hope was to compare
results with temperate results, along with UNEP European dispersed-ol
toxicity data. :
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Table 1. Elastosol concentrations versus toxicity of seaqrasses, corals and mangroves. 7 to 12 spocinum

ut each concentration per treatment.
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critical matrix organisms rfor tropical shorelines was a
g:t:g:l::.:; on (1) importance tg the food web, (2) rate and difficuity
of replacement once decimatedq, (3 shoreline stabilization
characteristics, and (4) usefulness to the nation (fisheries, touriem).
Local experts such as Jeremy Wocdley, director of the Discovery Bay
Marine Laboratory and preeminent Jamaican coral reef expert, were asked

to choose indicator species for the project.

Standardization among technigues for various groups was attempted so
that the results of each group could be compared. Thus, the standardized

portion will be explained tirst. :

Lahoratory conditionsa. The procedure was described in detail by Thorhaug
and Marcus (1985), Fifty-gallon glass agquaria were used in out-of-door
conditions (such as fluctuating light, temperatures, and running water)
and, except for the mangroves and seagrasses, were protected.from rain
and wind. Temperatures rangad from 26° to 30°C, with fluctuation of i°C
+ 0.5°C. Seawater ranged from 30% to 33% (except for the mangroves). In
seagrasses, three inches of beach sand was at the bottom. Corals tanks
were bare. For seagrasses, a minimum of 15 blade groups of each species
was placed in each tank (1 tank per treatment). Great care was taken in
transport and holding conditions for the coral and mangrove specimens.
Time for squilibration of specimens was allowed. 100,000 cc of seawater

was. placed in each treatment. - .

Laboratory procedures. Oil-only was a treatment in each set. Time foy
weathering of oil was 24 hours at 28°C in shallow plastic pans, The
control tank was handled exactly the same as treatments. The daispersant
vas applied to oil floating on the tank surface with 1 minute of
vigorous stirring. The dispersed oil formed a brown Ccloud of fraee-
floating material, visually homogeneous throughout the tank (depended
somewhat on concentration and dispersant), The coral and seagrasses vereg
2:tthh:u§.h:;:g :li:: :11 iloat:&nq. on the top; the mangroves were in contact

. pecimens were in contact with the dispersant mousse.

The application of elastosol was 12 5 ppm oil '
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" Morphologicaily,

the results of elastosol included the observation that
the Gil flowing on the surface of the tanks within a few minutes of
treatment with elastosol congealed into long lines. There appeared to be
no film on the glass sides of the aquaria or on the water, The mixture

of slastosol and oil was complete. :
There were & series of biological and morphological observations.

1) The corals contlinued with their polyp feeding patterns with the
elastosol~oil mixture $n the tank. This was an extresordinary result
compared to the other compounds used in the test which were a variety of
dispersed~-oil products. Color and vigor of the polyps of all gpecies was

3) The eslastosol had no apparent effect on seagrass or mangtove vigor

or color.

The quantitative data for the various concentrations and various oils
show thet the oil plus the elastosol at concentrations of 125 ppn were
appreciably less toxic than oil alone for corals - and Bseagrasses.
Mangroves had no effect from elastosol, 01l alone did not affect
sangroves at these concentrations. Corals were the most sansitive to
oil, The response of decreased toxicity by application of elastosol is
seen dramatically at 125 fpm oil in. corals where the control had a
higher mortality than the oil plus the elastosol. The mangroves wers far
nore tolerant of oil, plus oil and clean-up product of any kind than

were seagrasses Oor corals.

CONCLUSIONS

The herder or solidifier Elastosol does not appear to have marked toxic
effects on the tropical/subtropical matrix organisms studied, even at
high concentrations. 0il alone at the higher concentrations does have a
toxic effect on seagrasses and corals. The results of dispersants at
these gameé concentrations were highly toxic on the seagrasses, corals
and mangroves for many of the products tested.

The elastosol in all tests was the least toxic of a series of oil spill
clean~up formulations. The toxicity of oil alone was definitely greater
than the elastosol treatments in almost all the concentrations tested.

The difficulty of application of elastomol would indicate use for a
smaller spill such as a harbor or estuarine spills. The fact of very low
toxicity corals would make this extremely wall-adapted to spills near or
over coral reefs. It may also be very helpful to control oil when spills
are within mangrove swamps. Certainly, spills which cannot be
xechanically handled or chemically dlispersed may warrant the expensé and
application methoeds for elastosol.
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,The, relative viscosities ne

ne " ns/fl.o- " 1)
‘alisell-ist'ed,i'n Table 2 are the ratios :of golution viscosity and
ol1l viscosity. ny increases wi‘tﬁ 1nc’reas:lng p‘o‘wdér concentration.
It is also seen that the’ relative viscﬁslty increase due to )
ELASTOLT M. becomes smaller with increasing viscosity of the oil.
F{:r 1%. concentration we get a relative viscosity of 16,3 for
B __péttoleum, compar-ea to 4.8 for vacuum punp oil.

Ih Flgure 2. and Fxgure 3 the tela!ive v1scosit1es dre plotted versus
the logarithm of the ‘oil viscosity for 2 000 ppm and . 10 000 ppm
powder, respectively. It is interesting to note ‘that for the
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Flg.z Relative viscosities ny for various ozls as obtained after
‘rolling powder oil mixtures with an ELASTOLT-M. concentra-
tion of 2 000 ppm at 259. Open symbols represent fraction-—
ated oils, full symbols crude olils..
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'Efig-.3: Same as Fig.1 for an ELASTOL’T"M'- concentration of 10 000 ppm.

'._'h

/1 mxxture of petroleum and transmission lubrlcant as we11 as for

the t'rude oils, the relative viscosities are significantly smallet
compared to fractionated oils of similar viscosity. A possible
explanation for the observed effect ‘might be the reduction of the
doil extension in the oil mixtures due to changes in the average

. polymer—-solvent 1nteraction. )

2‘ Dependence of - solution v1scosﬂ:y on powder concentrat1on

Zero shear rate viscosities ng were measured on solutions in
petroleum and fuel oil at various concentrat:.ons. For this purpose
base solutions having 6 000 ppm ELASTOLT. M. were prepared and
subsequently diluted by adding solvent. The tesulting data are
£hown Ln Figure 4. . .
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Fig. 4- Solutxon viscosity qs versus ELASTOLT <M. concentration
for petroleum and fuel oil. Full lines represent the fit by
the Huggins equation (see text) using the parameters given

iin the inserted table.

The viscosity of the solutions increaseés stronger than proportional
to the powder concentration in the range tested. The experimental
results are nicely described by a polynomial of order 2 (full lines)

as proposea by Buggins {2]

2y (2)

ne = ng 0 +‘[n]C + kg [n]? c
[n] béfng the intrinsic viscosity and kﬂ the Huggins constant. The -
values determined by a best fit to the data points are given in the

diagram.




3.-V1$Eoé1§stic1ty Qf_ﬁﬁASTOLT~ﬁQ solutions
Thé spIutioné wéte_édpﬁiﬁtgd to small amplitude oscillatory shear in
a rotational rheometer usipgAbi—COné .geometry. The apparatus is '

schematically depic;eé in Figure 5. A gap angle of a = 3.8° and
angular frequenc1es'u = 27f (f frequency of the oscillation) in

_the range of 0.2 to 18 s~ ’.were used. The shear amplitude was

1=05.

f'-orque - ////J |
measurement . (_ ' )"M"." %1

-sump[é'

driv’é"'f'._ diD e~y

Flg.s- Schematic drawing of the bi-cone geometry used . for ‘small -
amplitude oscxllatory shear. :

The resulting -shear stress:aZI'is‘oscillating at thé same frequency
but is phase shifted compared to the shear strain y [3] (seé

" Fig.6). It can be decomposed into Sine and Cosine components by

neans of a frequency response analyzer.

The direct output of the-measuiements are the storage modulué G' and
the loss modulus G" as functions of the angular frequency w. In our
éxperiments the contribution of inertia forces to G' has been

corrected for analytically.




-~shei1r strain y:

Y= §sinuwt

.s_heo_l‘ stress 0)qi .

L

le snnwl+ G cos wH

loss modulus

6217

storage modulus

a

"Fig.s* Decompositlon of the phase shifted oscillating shear stress
into two components ylelds the storage modulus Gl and the

loss modulus G".

In general the response of solutions to oscillatory shear can be
describad by an elastic spring G' and a dashpot g -AG"/G arranged in
parallelv[3] (Fig.7). & purely viscous fluid of viscosity n can be
. represented by the dashpot alone and ' the sheér stress is
‘ﬁ:opoitional to the shear rate y which ‘yields a phase shift of

90 degrees between Stress and strain. The dissipated energy per
cycle is proportional to the loss modulus G". An.elastic material
](e g. ideal rubber) can be represented by the spring, Bete the
stress is proportional to the strain (no phase shift). The storage
modulus G' represents the soring constant and is preportional.

to the stored energy per cycle. A viscoelastic material has both
components. The quantity G'/G" is equal to the ratio of stored and

dissipated energy.
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figy7f RepreSéntation'of the response &-yiscoelastic fluid to
~ oscillatory shear by a spring and dashpot arranged in
parallel (G' and G" are ftequency-deyendént). )

the behaviour of long polymer chains dissolved in a viscous fluid
(PIB macromolecules dissolved in oil in:our case) can be understood
4s follows: at rest the molecules'have a random.coil 1like )
equilibrium conformation (left side of Fig.8). In a flow fleld the
tandom coils immobilize part of the spivent giving rise to the

" observed viscosity increase_with-increaéing’pqumer concentration{

If the equilibrium coil conformation remains undisturbed the

solution would behdve in a purely viscous manner.
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at rest o "kdurjng:shéer flow

4

. E g.B. Equilibrium conformation (random coil) at rest and. deformed
5 state during flow of a macromolecule in dolution (schematic).

In reality, duringAflow the molecule’attains an ellipsoidal
conformation (right side of Fig.8) and will partiatly be orierited
parallel to the direction of flow. This deformation of the coil,
however, is reversible. When the flow is stopped the molecule will
re-establlsh its equilibrium conformation. This process ‘takes some

] time and is governed by a characteristic retardation time t. An
"estimate for ‘the characteristic time is possible based on the moduli-
(el nd 6"

1= eesn . . ‘ (3)

~It mist also be mentioned that, if the solution is not kept under

~ dhape constraint after removal of the shear deformation, the
re-attainment of the equilibrium.random coil conformation will
tesult in a reversed shear of the sample (Fig.9). The total
.recoverable sétain Yr. although difficult to measure on dilute
$olutions, may also be used as a direct measure of ‘the’ elasticity of
the sample besides the ratio G'/G".
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”xduringvsﬁear flow . affer unlOadingi,f

,iFig.9 Recoverable shear strain of a viscoelastic solution after

: unloading due to the desorientation of deformed molecules.

Coming ‘back to our measurements .of’ the moduli 6' and G" it is
important to note that small amplltude oscillatory shear measures
the viscoelasticigy of the solution at small deviations from the
équilibrium (coil like) conformation of the dissolved PIB molecules..

As an:exsméle Figure 10 shows the measured dynamic moduli of a

i65000'ppm solution of'ELASTOLT-ﬁ-iin petroleum. Tﬁejptonounced
viscoelasticity of the golution is evident from the fact that
besides the loss modulus a distinct storage modulus can be
ﬁeasutedi The ratio G'/G". increases with growing angular frequency.

The viscosity |n*| represented by the full symbols is calculated

“from the moduli according to

|n*| %:/ 2y gn? . v . : (4

this quantity is very eldse to the value of the viscosity in steady
thear flow if w is eqgual to the shear rate [4]. Thus, the decrease
of |n*(w)| with increasing angular frequency reflects the non-
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Fig.10- Storagq and 1oss moduli (open symbols) and v1scosity (full
symbqls). versus angular frequenicy of an ELASTOLT.M.
. solution sin petroleum at 16 ‘000 ppm and 24°C.

_ Newtonian behaviour of the’ solution, viz. the shear viscosity.
decreases ‘with increasing shear’ rate. -‘Agdin, this behaviour can be
understood in terms of Fxg 8. Deformed ‘and partially oriented

" macromolecules give rise to a viscosity decrease depending on the

shear rate.

FPigure 11 shows the concentration dependence of the moduli in
diesel 011 The pure oil (full circles) is Newtonian and does not
- have a meéasurahle storage modulus. In that case G" increases
proportlonal to w, the ratio G"/u begng equal to the viscosity n of
the oil t;].

With increasing ELASTOLT-M- concentration the storage modulus

grows stronger than the loss modulus. For o = 1 s—! (0.13 Hz) a
fourfold increase in concentration (4 000 ppm to 16 000 ppm) yields
- a G" growth of less thén-a factor of 20 whereas the stérage'modulus
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Fig,11: .Storage modulus (left diagram) and loss modulus (right
™ diagram) versus angular frequency of ELASTOLT.-M. solutions
in diesel oil at wvarious concentrations and 24°C, The pure
0il does not have a measurable storage modulus. .

increases approximateiy 100-fold. As a result, the ratio G'/G" at a
diven . frequency (cf. Table 3), taken as a'qqantltativé-measure of

the viscoelasticity, increases considerably. It is aléo.seen-that in
the same éequence.the‘ increase of‘G" 'is less than proportional to w.

A comparison of the dynamic moduli for a constant ELASTOLT-M.
donceﬁtration of_zlodd'ppp_ln various oils of different viscosities
" i{s shown in Figure 12. - ' o

Table 3 givés d_éompilation of the moduli measured on varjous
" golutions. Here, the G' and G" are .compared at a constant angular
frequency of v = 1.26 s’{ (£ = 0,2 Hz) and 24 °C. Besides the
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of 2 000 ppm and. 24 oc.

viscosity |n*| (Equ. (4)) and the ratio G'/G" this table also gives
the characterlstic ‘relaxation time t (Equ. (3)). For each oil both
G'/G" and 1 increase w1th growing concentration. The most pronounced

charniges are observed in the characteristic time,
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amplitude oscillatory shear.

. Table 3: Dynamic moduli and viscoelastic pri‘operties of various

solutions measured at ¢ = t.26 5=’ by means of small

- e - G- [ i“il ,G'/G‘ T
[pem] |[mPa]{([mPa] |[mPa:s] " {(ms]
petroleum 0 1.6 —~- 1.3 - -
/e 8 000| 23 . 1.6 18 0,07 55
R 16 000{125 | 25.6 | 102 ° 0.21] 14o
fuel oil - 0} 4.8] - 3.8 - -
o/ 4 000 12 0.35 8.8 0.03| 23
oS 8 000} 24 - 1.1 19 0.05) 36
diesel oil ! pl - - -
Lo 2 000(.-20 .|~ 0.4 16 0,02« 16
ol . 4 000§ 39 | 3.2 .31 0.08 65| .
-/ 8 000{125 21.6 | 105 0.17{ 137
oS 16 000(590 |290. ‘523 0.49] 390
spindle oil 0] - 8,9 - 7.1 - -
oS e 2 000] 18 .- 0.65 14 0.04 29
YN 4 000 33. | 2.1 26 0.06] 51
A . 8 000) 85.. | 12.6 | 68 0.15] 118
transformer oij » of 16 - 13 - -
./ ) 2 000 34 2,3 27 0.07 54
fine mechanics lubricant | 0} 42 - 33 - -
o/ ’ 2 0001 67 3.0 53 0.04 3ij




