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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 CI8-A, 4.6xI5, 3um 
Detector: PDA, 360nm 

Table 1. Gradient elution solvent conditions. 
Time (min) Flow (mL) %A °loB 
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 Millenniun132 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 R2 ~ 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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Table 2. Calibration Levels 
Level 1 Level 2 Level 3 Level 4 Level 5 

Cone. (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 0.41 0.205 
Acrolein 4.366 2.183 1.091 0.436 0.218 
Propionaldehyde 4.113 2.056 1.028 0.411 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 

x 1000 

where: 
CA concentration ofanalyte (ng/L) in the original sample 
Wd total quantity of analyte (Jlg) in sample, blank corrected 

where: 
W Concentration ofanalyte in the cartridge (Jlg) 
VE final volume (ml) of sample extract 
Vm total sample volume (L) under ambient conditions 
Vs total sample volume (L) at 25°C and 760 mm Hg 
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The analyte concentrations can be converted to ppbv using the following equation: 

24.4 

CA (Ppbv) 
MWA 

where: 
concentration ofanalyte in parts per billion by volume 

is calculated using Vs 

MWA molecular weight ofanalyte. 

3.9	 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%. 
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Sample Report
 
Reported by User. Katarzy na Rempala Project Name: API_Winter2004 # of Results: 5 

SAMPLE INFORMATION
 

Sample Name: 0404klve12 
Sample Ty pe: st8nd~a' 
Vial: 3 
Injection #: 1 
Injection Volume: 20.00 ul 
Run Time: 55.0 Minutes 
Sample Set Name API_040505 

Acquired By:
 
Date Acquired:
 
Acq. Method Set:
 
Date Processed:
 
Processing Methoc
 
Channel Name:
 
Proc. Chnl. Oeser.
 

Katy 
41612005 3:56:28 PM 
Polaris 3um MS 
4/7/2005 11 :09:16 AM 
PoIaris0405PM 
Extract 360.0 
PDA 360.0 nm 

0.010-j 

0.008-1:>. 
< 

0.000,: 

0.004; 

0.002-1 

o.oo~--r-- ~.;.,,:-__ -~~----.L-J~-+--.J.-. ~--~ 'Z:t.~-~-~~~~~----_-4 

Peak Name RT Area Amount Units 
PDA Match1 
Spect. Name 

Match1 PDA Match2 
Speet. Name 

Match2 

1 Formaldehy de 10.993 233572 3.518 uglml Formaldehyde 0.851 

2 Acetaldehy de 15.985 176681 2.565 uglml Acetaldehy de 5.705 n-Buty raldehy de 5.709 

3 Acetone 21.825 137633 2.050 uglmf Acetone 1.322 2-Butanone (MEK) 1.870 

4 Acrolein 23.077 167748 2.183 uglml Acrolein 1.085 Methac~ein 3.072 

5 Propionaldehy de 25.096 129540 2.056 uglml n-Buty raldehy de 1.448 Acetaldehy de 1.653 

6 Crotonaldehy de 31.133 114907 1.785 uglml Crotonaldehy de 1.065 Mefhacrolein 6.077 

7 2-Butanone (MEK) 32.531 102244 1.750 ugIml 2-Butanone (MEK) 1.621 Acetone 2.927 

8 Methacrolein 33.490 122150 1.785 uglml Methacrolein 3.741 Acrolein 5.489 

9 n-Buty ratdehy de 34.352 112621 1.755 uglml 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 fOi Printed 11:25:44 AM/712005 PaQe: 3 of 10 

Figure la. Chromatograph of Level 2 standard. 
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Sample Report
 
Reported by User: Katarzy na RempaJa Project Name: API Winter2004 # of Results: 5 

Peak Name RT Area Amount Units 
PDA Match1 
Spect. Name 

Match1 
PDA Match2 
Spect. Name 

Match2 

11 Valeraldehy de 40.097 97770 1.561 uglml Valeraldehy de 5.956 n-Buty raldehy de 6.388 

12 Glyoxal 40.469 21352 0.460 uglml 

13 m-Tolualdehy de 41.865 70294 1.253 uglml m..Tolualdehy de 0.975 Benzaldehy de 3.809 

14 Hexaldehy de 43.659 84775 1.558 ug/ml Hexaldehy de 
._-­ _ .. --­

1.304 Valeraldehy de 1.531 

Figure lb. Chromatograph of Level 2 standard. 
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r�ia L_c_c_al_ib_r_at_io_n_R_e_p_o_rt_v_e_r_1 
Reported by User: Katarzyna Rempala (Katy) Project Name:API~W.lnter2004 

Processing Method: ROJarls0405PM Project Name: AP'_Winter2004 

Processing Method 10 1175 System: W2695 

Calibration 10: 1159 Channel: Extract 360.0 

Date Calibrated: 4l712.00511:-1ai:37'AM Proc. Chnl. Oeser.' :PDA 360~O'iim 

500000~ 

400000~j 

300000--1 

ro 
e 
<! 

200000-~ 
J 

100000--} 

01 

-100000-·L...- . 
j ••• , I I • • ~ • • -. • t ' • 1 

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
Amount 

Name: Formaldehyde; RT: 11.360; Fit Type: Linearthru Zero; Cal Curve Id: 1160; R: 0.999224: 
RI2: 0.998448; Weighting: None; EQuation: Y =6.84e+OO4 X 

Figure 2. Calibration curve for formaldehyde. 
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I The Spill Technology· Newsletter was started .with modest intentions in 1976 to provide a 

forum for ·.the exchange of information' on spill countermeasures and other related 
matters. We now have over 2000 subscribers in over 4-0 countries. ~ 

I To broaden the scope of this newsletter, and to provide more information on industry and 
foreign activities in the field of spill control and prevention, readers are encouraged to 
submit articles on their work and views in this area. 
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I INTRODU'CTlON 

I The first article of this issue 1s by Rick McKelvey of the Canadian Wildlife 

I 
.Service. Rick 'summarizes the oiled-bird pr-oblem and gives details on how to build a 
portable ho,t-water system for cleaning 'birds. The seco'nd 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 Finga's and. Ed Tennyson who. review their joint

I U.S. and Canadian project to evaluate Elastol and Demousslfier, 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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I EVALUAnoN OF TWO NEW OIL SPILL CHEMICAL ADDITIVES: ELASTOL AND 
DEMOUSSIFIER 

I Submitted by: Merv Fingas 
Environment Canada' 
Ottawa, Ontario 

I Ed Tennyso'n .' 
u.s. Minerals Management Service 
Reston, Virginia

I 
Introduction 

I 
I . 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 recover·y equipment. Elastol· is composed of a non-toxic polymer, 
p.olyisobutylene and is hydrophobic and not water soluble. A major study was undertaken 

I 
jointly by the U.S. Minerals Management Service and. Environment Canada to evaluate this 
new spill additive~ Laborator.y testing was done and .studies were conducted in large-scale 
test tanks and in a ~ajor field exercis~ off Canada l s east c~ast. 

I 
At the same time, another new spilJ 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 h'ave 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.

I Laboratory Testing of Elastol 

The laboratory work on ·Elas·tol invoJved several different tests. The effect on 

I 
I a suite of different oils was "determined py measuring the time to initiate 'change" and the 

degree of. elasticity formed. These oils :included: Prudhoe Bay, Alberta Sw~et Mix Blend, 
Norman Wells, Bent Hor"n", Hiber.nia, Tarsiut, Atkinson, Amauligak crudes, diesel fuel and a 
Bunker C mix. All oils displayed viscoeleastic properties when treated with doses of 

I 
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. 

I . Under low mixing energy conditions, oils exhibited some degree of elasticity 

I 
within 1.5 min"utes of Elastol application. A high degree of elasticity was not observed 
until after one hour. Less viscous oils too'k less time ·to reach l}1aximum elasticity and 
viscous oils more time. If left to weather, .Elastol-treated oil became more elastic with 

I. 
the increasing viscosity of the oil. In fact, some samples left for 3D-day periods became 
elastic as rubber bands solq 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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I Elastol causes a minor reouction in the rate of oil evaporation, but not 

I 
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 beneficial in a field situation. 

I The addition of Elastol either had no effect or an inhibiting effect on the 

I 
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-oll 

I 
emulsions sometimes had little effect. Testing with commercial de-emulsifiers and the 
Environment Canada "demoussifler", showed that Elastol,had no effect on the operation' of 
these chemicals and that they could b~ 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

I , orders of magnitude. This property, while 5uperf.icially 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 w:ater to threshold,levels. 

I 
I 'Elasticity 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 

I 
"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 1s ,relatively insensitive to debris and water in the oil. 

Tank Scale Testing of ~lastol and ~ernoussifier 

I An application device was developed for each of the two products, as 
commercia;! devices do not exist for delivering treatments at the low ratios required. 
Elastol w~uld be tested at 500 to 5000 ppm and demou5si£ier would be tested at 150 to

I 2000 ppm. A searGh of. commercial devices revealed that nothing suitable was. available 

I 
off-the-shelf but that sandblaster-type equipment. could be satisfactorily modified. A 
commercial blaster (Sears) was modified so that it could s.pray low quantities. One 
modification was ne·cessar·y for the solid Elastol, and another for the liquid demoussifier. 
The modified applicator was tested on each product to ensure that uniform s-pacial 
distribution was achieved and that application rates could be controlled over the 
necessary range by adjusting the air pressure when applying the. product fr~m a boat

I travelling' at approximately 3 knots. A series of test tank runs .were performed to ensure 

I 
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 othet:" phenomena that have decreased the field effectiveness of dispersants so 
dramatically (Bobra et al., 1988). 

I 
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II Part of this study involved large-scale tank testing of both products using the 
Esso tank in Cal·gary, Alberta. The tank measures 15 x 19 m with a depth of 0.8 to 2 m. 

II 
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 ~d did so at ratios as low as 1:.2000 (500 ppm). 

II 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, 

I 
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.I 
The recovery rate was again l)i.gh and exceeded the capacity of the pump to remove it.

I On this particular ·day, the oil in the untreated boom had formed an emulsion. This was 

I 
trea;ted. with demoussifier as was the Elastol-treated slick. The demoussifier broke the 
emUlsion in the .:iJntreated 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. . .

I 
I 

The tank scaJe tests showed that there were no scaling effects for either the 
Elastol or the demoussifier. Both products worked well for the intended putpose. Elastol 
increased the visco-elastidty of the oil and ··greatly increased the r·ecovery by the oil 

I 
skimmer. Elastol, however, did not reduce the spreading or increase the thic.knes·s 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. 

I Large-scale Field Testing 

.. The· tests ··co·nducted in the tank were repeated on five-barrel slicks during a 
field trial 50 miles ·offshore of Nova S·cotia (Seakem, 1988). Five slicks were laid for each 

I 

1\ 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 an.d results of the 
trial are summarized in Table 1. 

I 
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 

I 
throughout as a control and another sIick·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 c~ be seen by dramatic reduction in viscosity (l05 000 to 22 600 cSt; 
1050 to 226 cm2js) over the 3D-minute period between samples, the product worked well 
in breaking up the emulsion. 

I The product also worked well over the five-hour test period to prevent the 
formation of emulsions. T·his is illustrated in Figure 1 which also shows that there is a 
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TABLE I TREATMENTS AND RESULTS OF TRIALS 

Sample I Sample 2 

Treatment Time Viscosity Water Time Viscosity Water 
Trials Slick (ppm) (min.) (cSt)· Content Elastidty Commenu (min.) (cSd' . Content Elasticity Comments 

Demoussifler 1000 60 10000 No mousse 300 142'0 CJO$ No mousse'''96 formed noted 
2'0 '0 2700 '4% No mousse )cO 62 2'0 93C16 No mouS$C 

formed noted 
control 60 , )'0 8196 Heavy mousse 270 )20 000 9'9ft Heavy mousse 
post-4000 60 2200 7296 Moderate mousse pre-2tfO 10' 000 9096 Heavy mousse 

I' 
pos1-270 22 600 7SCJ16 Treatment broke 

mOUS5e 
pre-lOOO 970 3296 No mousse 280 38 JOO 8096 No mousse 

formed formed 

Elastol 3000 130 29300 I..n Moderately 280 JOO 000 1.3.5 Highly elas tic 
elastic 

1000 1'" 32 2'0 1.21 Low elasticity 280 228 000 1.33 Moderately 
elastic 

control 1.3.5 187000 0.99 No ,elasticity, 290 242 000 0.99 No elasticity, 
widespread widespread 

9 9000 120 93000 1.99 High elasticity 3.30 696 000 2.63 Super elastic 
10 pre-JOOO 11' 170500 !.3.5 Moderate' 3., 1'6 000 1.'7 . HighlyellUtic 

elastidty . 1 CSt = 1 x 10-2 cm2/s 

strong correlation betwee'n 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, ~ven 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 ov,er 
the two day test period rapidly took tip water, incluqing 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 pr'etreated 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 
show'n in Fig~re 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 phen menan that 
had not been noted previously. 

The elasticity oJ the oil was sufficient to cause stringing of the oduct when 
samples were recovered. This is indicative o~ a very high state of elastici and would 
result if' high oil recovery rate's if a skimmer was used. The elasticity ap ared to' be 
uniform throughout the slicks despite' the typ.ical uneven distribution of trea ng 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 

I slick areas was not complete at the time of writing. Slicks treated with Elastol, however, 

I 
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 th.e 9 OOO-ppm-treated slick being the smallest. 

Summary and Conclusions 

I 1. Elastol functioned w~11 in the laboratory, test tank and in field. situations; it caused 
oil to become viscoelastic in all applications. 

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

I 3. Demoussifier has the same application insensitivity as Elastol. 

SPI.LL TECHNOLOGY NEWSLETTER April-June, 1988
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I 
~.	 The effects of Elastol improves oil skimmer recovery. 

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

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

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

I 8.	 Results of field application such as herding and loss of effectiveness, seen with 
dis~ersants, were. not noted at all with either product. 

I 
I 9. Water content is not a good indica~or 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 s"ize, red colouring and a 
very high viscosity. .. . : 
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Nt 'E M 0 RAN DUM 

TO: AU 

FROM: AI Hadermann 

DATE:. July 7, 1992 

SUBJECT: Elastoi ~ 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 seawate(. Tests were run at 0.00125%, 0.0075% and 0.01235% . 
oil, i.e., 'approximately 1.25 ml, 7.5 ml and 12.5 ml. When Elastol was added it was 
used at 10 mg, or 0.010 g. This corresponds to treatment concentrations of 
approximately ~,OOO~ 1,333 and 800 ppm for 1.25 ml, 7.5 ml,and 12.5 ml of aU, 
respectively. Although the Elastol was not used as a slurry, 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 oii and oil and Elasto1 ~ere 6 and 10 hours for coral and 
seagrasses, and 10 hours for m.angroves. 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 the Efastol-oil mixture 
in the tank. This was'an extraordinary ~It compared to the other compounds used 
in the test which were a variety of dispersed-oil products." 

Irfhe 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. u 

Since oH alone at 125 ppm did not affect mangroves, no basis for improvement with 
Elastot 'was seen. 

tn' Summary, Dr. Thorhaug states: 

"The toxicity of oil aJone was definitefy greater than the Elastol treatments in almost 
all ·the concentrations tested.· 

*Anitra Thorhaug is a researcher· at Florida International University, P.O.. Box 490559, 
Mfami, FL 33149.' 
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.BLAS-roSOL, ·an oil .pill control agent: Toxioity eftects on tropioal and 
aUbt%oplcal ••&gr... , coral•., fish.and manqroves. 

Barbara carby/Riohard Reese George S:Ldrak.Jl!tra rborbaug ­
1'1or:Lda J'nt8rlU1tioJlal univ O:L~c .ot Dlsaster prepared•. BO'Uny ~paru.nt
 

'12 Old edt' Road Univ •••·t IntiS"--.35'. SII 22 !'err.ce 
!laJd I FL 33145 lCiag.tOD, JUI41CI1 JC1DgstOI1, JUatoa 
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Xarl' ALten,IWendy ·fialker lI:LJce Rodr.tqu••--'arc.l ~.rson 
,,,turd Resource .oology l»partlJent coast QUarcf 
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Dr. BOiffaN ".e. Beverly" Killer Frankl.1n ·lIc:DolJ4ld 
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The toxioity -of oth.r than dispersant oil spill control ..qant.a 
(.~lid1f1.r81 gels, ~orbent and bloreaediation agents) tor.cleaninq 011 
spills 'hae received very -little attention (NRC, 1989: Thorhau;, 19911· 
nco, 1991). This 1. 'the beginning of an attempt to give ttl••a.. 
attention' to the to~ic1~y of these products ~ critical 

. ~ropical/aubtropioal .atrix organisDS and fisherl~s species. 

The product :elast.osol contains polyisobuylene and ,·an ol-eoph1~lic 
aurtaotant.. Mtboughlt. 1s ..proprietary, it: has undergone ah••leal 
anal'ya1•. ~nd... ·tl.l~ -t.••t!nq 'j(Pinq4s, 1989; Dobras, 1981.'b, 1988.teb, 
P1nq~i•. and '1'.nny.~·, 1988)~: A vide variety of crude 01"18 ,~.e 
ela8~lo1zed wi~in .15 alnutes aore-or-!ess atter elastoaol ~r.at.ent. 
~. were retained in soliditied condition up' t.o 30 day. vi1:h 
vi.coel.~tic.pt'Operties ·uinta1ned .over this time period. The propertl•• 
appear to be that slicks are pr.vent~d fro. spreading and can be picked 
up by akiaer••ttlaiently. WiUi .ensitive. ecosysteM, the a:Jor use of 
elasto801 ·clearly will be relatively ·small confined 'spills probably 'at 
parts, Jl&rina., 011 ref'in4U:'l... or in bays or estuarlea. 'rhus, -~. 
tolerance of' critical habit:at orqanlsms to elaatosol Is iaport&nt.. t. .. 

'2'OZ!c!ty .bidi.. 
Laboratory lD...ti9_tJ.one.. Standardized procedur"s used by the u.s. 
EnVironmental Protection Agency (EPA) and various&genc1•• (FAO, tnfESCO., 
~) tor testing tropical aatrix organisms were eaployed .0' that 
standardized .t••t results could be produoed. The hope va. to coapare 
r ••ultll ·with t ••perote r ••ult.a, along with OHEP Euro~n diaper••d-oil 
~x1c1ty «Sate • 

. • --~ •• - ! • . . 
.,.:." 

,-.',;'j. 
• ~... ' •• : __0. 

~----- -_._-_.. 
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Tabl. 1. Elastosol ·concenuat1cn. versus toxicity of seagrasses', corals and manqrovea. 7 to 12 spec~Da 
at each concentration per treatment'. 
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Selection of critical" matrix ·orqanla.. ror. tropical .horelin•• v•• a 
choice ba.ed on (1) i_portance to the food web, (2) ra1:e and difficulty 
of replao••ent once <1ee1aated, (3) ahore1.ine -t:abillzai:.ion 
char.oterl.tics, and (4) usefulness to the nation Cft.ber!.s, to~1••).
LOCal expert_ such as Jere.y· Woodley, director of the Discovery. Bay
Karine- Laboratory and preaainent Jaaaioan coral reef expert, were uted 
to cboo.. lndicator speCies tor. the' project.. 

Standardlzat10n among techniqU" for vario~ .qroupe was atteapted .0 
1:hat, the r ..ult:.a ot· eaoh group oould be oo.~r.d. tI'hu., 1:he standardized 
portion will be explained t1r8t. 

Laborat:ory conditions.. The prooedure was desoribed in detail by TborhauCJ 
and Marous (1985). Fifty-gallon qIas. aquaria .ere used in ou~-ot-esoor 
condition. (such as fluctuating liqht, temperatures, and runninq water)
and, except tor the mangroves and seagrass•• , Were protected .fro. rain 
an4 .,ind. Temperatures rangM froll 26- to 30·C, with fluctuation.ot l·:C 
t o.sec. Seawat:.er ranqed troa 30' t:o.33' (except to~ the·, .angrove•.). In 
Negra....., three inches ot beacb sand was at the bot.to.-. Corals tanka 
were bare. Far seagrasses I . a 1I1nill\lJl of 15 blade qrouptl ot each species 
Va. placed in each 'ta'nk (1 tank per treatJaant). Great care was taken '1n 
tran8port and holding oonditions tor the coral a~d aanqrove 8peo.l..ns. 
'1'1.. tot equilibration of 8peci..ns was allowed. 100,000 co of eea".ter 
..e· plaoed in each treatment. . 

LabQratory proceclurea. 'Oil-only "as. a .•treaellent: in each s.~. '1'1" for 
wea'th~ring ot 011 was 2' hours at 28 C in shallow plast.ic pan•• Th. 
con1:rol tank was handled exaotl.y t1t& a... a. t:reatlMna. The d1aperaant 
va. applied ~o 01.1 tloat:1n9 on .tbe. tank· surtace wl~ 1 ainute o~ 
vl~rou atlrrinq. The dispersed all, ·toraed a brown cloud' of tr••­
.floating uteri.i,. visually homogeneous throughout the tank (depended 
souvhat o~ concentration a~ dispersant). The ooral and seagrassea were 
not. touching the. o!lfloa1:.1nq. on the toPJ th. aangrovea war.• in conta t 
on 'the bark. All specimens' were in con1:act with the Al" C . ~ .persant:~••• 
!'he application or .~a.to801 was 12 '5 bn. 11' '. 
011 "i~· 10 Ia9 (1 paokaqe) of elatJ.t~lIol""- ~ ,15 PP1t 011 and 12.5 PPIl 
10 ·hours ror corals tmd seaqra88••. • l:,e exposure time. ware 6 and

htreat:JMn1: was iamediately removed and'~" ours tor mangrove.. Th. 
all tr.at:ll4lnu. " " uti Wot:or C.l.~ed ClIld chel19lG 1ft 

:~~i••na were i!)~t:8d.. up, 'to' 1". .cl . '.
 

r':dill9~~::~ih '!'he observation PGJ:iodll~cl::1da;lea9ra.8·) and 9
 
ftWlbet:e<t The.. .• Seagrasses had YO\lD9' Y or bi-weekly
ot:her lIO~bidly swer~ qrad~ for d18cOlorat1o~·-:.n blades taQQec2 and 
broIming, .11tel·~~ Corals were graded by _:;t1J\ghi' wil~ln9 and 
_ng'rOV.. were rGc! ",caxtruded POlyps a ec nq t -POtting 
dbcolorat1on, 1:4£ ~l::atIeaf drop, ttriq- d~p IlUCOUs seeretio,,: 
sYIlptou Of JIOrt41'lt'l and 111 on., leat .Pots Md'l root .dea-th and
orqan.1... were qr c:1 .. neS8\1QrG .Qd ' . eat wilt. Th 
but or IIOrta11ty. a ed. 'rhe. tables YhOW!nq 8thClUantitative by e~rt 8S. 

• resul'ts are not t s and 
o hit."" 

........ "" .,' :.0:.
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MorpbolOqi~~ll:Y, fhe: ~~~lts ot .lasweol l~~lllde4 the Obs.~ti~ that 
the (111 flowing on the surface of tb4' tanka within a few. ilinute. o~ 
treatMnt with elsstosol congealed into 10ft9 ~ine8. There appeared 'to be 
flO fll. on the qlas8 sides of th& aquaria. or o~ the v.ter. The .1xtur­
ot'.•1a.~.ol and' 011 was c01lpl.~.:. " 

There were a ••r1es of biological and morphologl.eal observations.• 

1) The corals continued with tbeir po1rp feeding pa~te~~ w1~ .th• 
• la8~1.o11 aixture in the tank. This was an ~oor4ina~ r~.ult 
coapated to the, other. co.pound~ used in the te'st which Mrs I var1"ty of 
dl.pe~.'ed-oil produots. Color anct viqor of the· polyps of all ,*p*o1.. " •• 
retained. ' . 

. 3) The elaatosol hedno apparent effeot on seaqra•• or .anqrove vi90r 
or oolor .. 

The quantitative data for the various conoentrations and various 011. 
sbow tbet th. oil plus the elastoBol at. conoentrations of laS ppa were 
appreciably less toxio than oil alone' tor coral., and ••a9~aa..... 
Mangrov.. had no effect fro. elaGto801. Oil' alone did not .fr.c~ 
••~V•• at these concentrations. CoraJ.. were the most .ensitive to 
oil. fte response of decreased toxioity by appl1c::a~i()n ,of elas'tosol 1• 
••en dr...~lcal1y at 125 ppm oil in..corals where tl). control bad a 
·htgher IIOrtality than the oil plus the. elaatosol. The mangrove. ware far 
aor. tolerant 'ot oil, plus oil and c~ean-up' product o~ any kind than 
were ".aqra.... or coral_. . . . 

. Th. herder or 801iditier Elastosol does ,not appear to h~v. ~ked toxio 
ette0t8· on the tropical/subtropical .a~rix orqan1.... studied, even'at 
hiCib oonc.ntrat:lons~ oil alone at the higher concentrations d.oes have a 
toxic effect on seaqrass8s and corals. The result. or' diapersante at 
the.. .... concentrations were highly toxio on the seaqra•••• , coralll 
and ..n~v.. tor many o.t the producta e~ted. 

The, ·.lastoeol in all tests was the least· "1;Oxio of a serie. of oil .pill
olean-up,foraulations. The toxicity of oi~.lon.~va. definitely greater
than the elasto801 treatJlente in almost all the' conQentrationa teated. 

The d1ttl~UltY Of application of ellllstollol . would ·1~~~~:··~~. ';or a 
Reller spill such as a harbor or est.uarin. 8p111l!J~ The .fact ot very low 
toxioity corals would .ake this extr...ly well-adapted to spill. near or 
over coral reefs. It aay also !:>e very helpf'ul t.o,oontrol oil when· spills 
.~. within aanqrove s.WUps,. ce·rta1nly, spills which cannot be 
mechani.cally handled or ch.aic~11y,dispersed. may warrant ·the expen.. and 
application ..thods tor elas'tosol • 

." ~ 
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The rel~~ive viscositIes qr' 

llr IS nsl ilO ' ( t ) 

'81~' 11sEed . in T~le 2' are the r~ti()~ of' solu~ion viscosity and, 

911 visc::osity •. · JJ~ increases. wtth incre,asing pOwder concentrat~on. 

I~. is also s~~n that th~'relatlve ~~scosity increase ~u@ to 

EtASTbl£~.M,. becQ~es sm·al.lerw!th increasing 'vis~osit:y of 'the. oil. 

F9r '1' .. :concentrat·i.on .~e .g~t" a relatIve v~sC'qsity of 16!3 for 

..petrole.um, compar,ed .tp ".8 .for vac~wn ·pump oil ~ 

I~'Fi9~~e 2·and Fi~uie'3 ~he ~el~tiv~ Yi~cosities ~re ~lott~d Versus 

.the loga,ri thJri 'o~ ~he 'oil .visc~si~y "fot" 2 000 ppm arid"1 0 000 ppm 

pbwder',' t'espectively~ I.t is i.nteresttng -"tQ no'te ~hat for the 
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Fig.2f ·Relative 'viscosities llr for"var~ous pils as obtained after 
. . r.ollin,g powder oil mixtures with an ELASTOL~·M. concentra­

tion of' 2 000 PPQl at 25 OC. Open symbols represent fraction­
ated oils, full symbols crude' Qils.~,· 
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·rig.• 3: $aroe.as,Fig.l for 'lin ELAScroI/l'·'M·. concentration of 10000 ppm. 

1/1' mi'xtur:~ of' petroleum and transmission 'lubrlcant as well as for
 

the ~~ude Ol~~i the rel~tive vlscos~tieB ~re significantly smaller
 
comp~red to fr~ctt?nated oils of simi~"ar ViSCdsity. A possible'
 
eX~laria~ion' fo~.th~.observed effec~'mi~ht be th~ reduction of th~
 

. . 

coil extenaion in the oil mixtures d\1e to ch.anges in the ave.rage 

polymer-solvent inter·acti~n. , 

~~ Dependence of· solution visco.sity ·on powder conce'nt~a.ti6n 
.~--~~~~~~-~----~-~~~~--~~---~--~~--~~--~-~~--------~~

Zero shear ~ate viscosities Os were .rnea~.~red on solutions in 

~etroleum. and fuel oil a~ various concentra~ions. For this purPose 

ba'se solutions hav:iryg 6 000 ppm ELA~TOL,T.M. were' prepa~ed and, 

subseque.ntly d.i~~ted by adding solvent. The r~$ultin9 data are 

shown in Figure 4. 
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~he "Huggins eq.uatlon: (s~e -text) uB~n9 the' parameters ~iven
 

·in the inser~ed tab~e. 

'The viscosity' of the solutions increases stronger than p~oportlonal 

·t,o the' powder concentration' in the range' tested.' The expe~~ment'ai 

results are nicely desctlb~d by a polynomial of Qrder 2 (full Itnesj 
as "propose~ by' B'u99ins {2):: 

Os =. (2) 

[-11] befng, the intr~nsic ·viscosity and klf the Huggins constant. ~he 

values determined by a best fit to the data point-s are given in the 

diagram. 



- 8, 

3.' Vis'coelasti~lty of. :.2LMTOLT.M'~. soi.\itions 
---~~~~-~~-~~~~~-~-~-~~~~~~~~~~~~--~-----~-

Th~ s~lution~ were. s~~~itt~ ~o s~al1 amplitUde·oscillatQry' shear in 
a ro~ational rhe~meter US.i-!,9· bi-cone ..geometry. The apparatus is 
schematically depic~ed in Figure '5.'~ gap eng·le.9f Cl = 3.8 0 and 

angu.l.~r f.requ'encies OJ = 2w·f (f frequency. of' the oscilla.tion) in
 
1
. the. t:ange of 0.2 to 1.8 8:- . were used.' The ~he'ar 8mpl~tude was 

y. ~ 0. .• 5 

torque
 
m'e as iJ r e~m"en,t
 

dr,iVe 

rig.5: ':schematlc dr~win9 of the bl-cooo geometry used .for small
 
.' amplitude oscillatory shear.
 

The result~n9 sbear stress, 0'21 'is oscillating, at tile same' frequen~y' 

but is phase shifted compared to the shear strain y [3] (see 

Fig.6). "It' ~an be decomposed into Sine an~ Cosine cOmponent,s, by 

,nteans of a frequency res'ponse analyz,er. 

, . 
Th~ ~.irect output of the, measurements are the st~rage m~dulus G' 'and 

the lo~s'n,todulus G",'as f.u~'ctions'of the ang."u.lar frequency (cJ. In our 

experiments the contribution of ~nertia forces to G' has peen 
cOl:rected for analyticall.Y. 
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··shear ,s t.rain l: 

l=~s;nwt 

'. " l--- ­

""()21:: l [G~ sin wt+ :G" (OS w.t l 
. .t" L"loss modulus 

storage .modul.us 
t " 

.' fig. 6,~.: 'Decom~~~,tlon of the' phase ~hlf,t"ed asci llating shear: stress 
, '. . . into two components yie.lds, the st?rage modulus G'· .and the 

': loss: modulus G". . 

In .general the· re'sponse' of solutions to' oscill~tory shear, c'an be 

described by 'an elastic' spring G' and a'dashpot 11 • ~n/~ arJ:8tlged ih 

parall'~l' [3] (Fig.7,). A' purely viscous flui,d ,of vis~~sity 11 oan be 

represented by the dashpot alone and'~h~ s~ear str~ss is 

P1;opolttional to the ~hear rate ywhich 'yi~lds a'l'hase, ehi.tt of 

90 degre'es b.etw~en stres~ and ~train. The	 dissip,ated energy per
 

G tI
d~cle ,is- proportional' to th~ loss ~~~~.lis An. 'elastic 'mater~'al• 

, .(t!"g. '-ideal rubber) can be represe'nt,ed by' .the sp'ring. Here the 

st~ess is pr~portional to ·th.e ,s.train, (no ,ph~se shift:).· Th'e storage 

~odUIU~G' ~epresents the spring constarit and is p.rop.ortional,
 

to the stored energy per cycle. A viscoelastic material has' both
 

compOne,nts. The qu.an'tity G"/G" is e9ua1 to the ratio qf ~tored and
 

di$sipated energy.
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Pig.,?:'	 Repre~~ntat;ton 'of the response a ·.vlscoelast.ic fluid to' 
oscillat.ory she~r by a sprIng and' dash~t arranged ·in 
para11el. (G" ,artd G- ·are fr'equ~ncy ·de~endent). " 

The 'behaviour of long polymer chai'ns. dissolved in a viscous flu'id 
(PIB ~a~romolecu~es dissolved 1n oil in. our case) can be understood 

as fo+l~ws: at rest the m9~ec~les have a random. coil like .. 
t!quil1~t:lum co~formation . (left Bi~e of Fig .'8).' In a flow field' the 
tandom coils immobilize part of th~ ~oivent giving riSe to the 
obser.ved viscosity inc~ease.with, inc'rea-sing' ~lyme'r ~o·ncent:~ation. 

1:£ the equilibrium coil conformation' remains undisturbed the 

solution would behav~ in a purely vis~ous manner. 
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at rest 
,I 

", ti9.8':" Eqaiiibrium 'c~nformati'on ('random co~l) at t;'es.t 'and. ,deform~~ " 
, , ,', .state .. during flow. of a macromolecule fn, !f"olution fs'chemat: Ie,} '. 

In ,reali~y, during, flQW th~ molecule' attains an, ellipsoidal 

'conformation' (r~ght' side of Fig~8) and, will partially be' oriented 

,paralle'l to th~ dir~ctlonof flow. This defor~at:ion of 'the coil~ 

however~ is reversible. When the flow i$ stopped the molecule will 
, '.' ...... ' 

r~~,~stablish ,its' equilibr.fum confor,mation. This proce~s 'take's som~
 

t"i,me·.and "t~. goyerned by ,a .char8cteri~tic ret:ltrd~t.ion ,time. t. An
 

, Ef~t;imate for ,the 'ch~r'act.eristic time ,i~ ,possible based on. the mod,uii' 

d t and. G~: 

'. (3) 

',It 'must ,also be meritioned that, if ~he solut ion is not kept' under 

ff~8pe co~s'tralnt after rE!moval of the shear ~eformation, the 

,te-att~inment of the equilibrium.rand~·coll co~~or~ation will 

result:· in a, rE!~.ersed shear of the"· s'ampl~ (Fig. 9). The total 

.iecov~rable strain "Yr' al though .di~fic\ll·t to meaSUI?e on dilut~ 

fioluti?ns, .may alS~ be :u~ed as a direct measure of ,the-' elasticity of 

the sample !?'esides the '.ratio G'/G i
'., 
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. duri~9. sh~(]r flow 
I ' 

• ··f ~ 

ofter unloading 

, , . ~ ,

Fi9.9;, Reco'verable 'shear strain ot .a viscoelastic solution 'after
 
, .~nload i-ng .d,ue , to 'the des?rientat ion o~· defotmed' mqlec~les.• ·
 

Coming .·b~ck to our. measure.ments .of··~~e 'moduli G····and G" it is 

impor~·a~t..~o ,n9·te 'that .small amp~.itude asci ~ la·tory shear measures 

toe viscoelas.tlci1;..Y of the solut,ion at small deviations from the' 
. .,' .... ! 

e'qu'ilibt;!um (coil-like) confo·rmat.ion of -the. dissolved. PIa molecules •. 

As' .an ~.,~x·~mple. Figure 10 shows t:h~ JJl~c;tsured 'dynami c moduli of a 

16·"OG-Q·· P~ s91utlon of .ELASTOtT •.M• , .in petroleum. :rhe~ pronounced 

visc()e'la'stlc~ity ~f the eolution is' evident from the',' fact ,that 

b~side~ .the loss :modUIU~ a distinct sto~age modulus : can be 

thea'sured~ The ra,tio'G ··/G"· increases. wi t;.l:l 9~owin9 angular ·fr~quency. 

the vis,.cosity' l·n*'1 r~presented by 'the full symbols is calculated 

from ~he moduli according to 

(ai' 

This 'quant~ty is very close to the· ~alue. of th~ vis'cosity in steady 

shear flow. if ~ i~ equal to the shear rate [4]. Thus, the, decrease 

of 'n*(~)1 with increasing angular frequency reflects the non­

_., 
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~i9.10i 'st~ra9~ ati.d lQs~, ..mOduli ('o'pen symbois) and -vlsc.osity (full' 
sym,l?~ls),'yer~u~ .angular frequency of al) ELAS.TOLT.M • 

. ;solution ~in petroleum at: 16 '000· ppm and ~4 ac.· 

Newt?n~~an ~havio,ir of .t~.e ·.solu,tion, viz'. ,the. shear viscosity.. 

d~crea:Ses .w'tt:'h i.nc·reasing she.ar: rate.• ·,Again.,· this behaviour. can be' 

unde1;stood. in terms c;>f Fig. 8 •. De·f.o·~ed 'and part i~l'ly o~,ie?t:ed 

macromolecules .give rise ·to a viscosity. decrease dep~nding on the 

shear rate ~.' 

Figure. 11 shows t::h~ coneent:ration dependence of the moduli in 

diesel oil. The pu:re' oil (full circles). is Ne'wtonian and dO.es· not 
. have a· ~~~uJ:"aPJ.~ s:tor~ge modul.tis • .In' tha~ case G" ..~ncre8ses 

p~oPort~~nal to Cd, ·the. ratio G"/tIJ bei_ng equal to the viscosity T1 of 

. the 0 ~ 1 [ ~ J• 

with increasi~9 ELASTOLT.M. concentration the st()rag~ modulus 

grows atro~ge~ than the 108$ rodulus. For· fA) =. 1 s-l (0.13 Hz) a 

. folirfold inc·rease in cori'centration (4 00f) .ppm to 16 OO~ ppm) yields 
. a G- growth of le~s than ·8 factor of 20 whereas the s,toragt:!' modulus 
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rig'. 1_~: ._storag~ ·D,lodu:lus· . (left diagram) and loss modulus (right 
diag.ram) ..·ve-r.su$. ~ngular frequency Qf' F.:LASTOL'J;·H•. solutions 
in diesel oil at various concentrations and 24°C. The pure 
all does··.·rJot.. have. 8 measurable ~tora<!e modulus. 

increases ap·p,rox.lmat.eiy· 1o0"" fol:d • As a .resu·l t, ~he rat~o' G*/G· ·at a 

given-frequency (cf. Tab~~ 3), taken as ~·9~antitative measure of 
th~.viseo~lasti~ity, iricreases c~nsi4er~bly. It is al~~ seen' that in 
the same seq~enc.~·. the incr~ase of Get· ts less tqan- p~oporti:onal oto w. 

Ii co~parJson' 'of the'. -~i~aml.d moduli for' 8 co'natant ELASTOLT.M. 

conce~tration of.2·OO~· p~ .in various oils of different viscosities 
. t8, shown" in Fig·u.~ "'12.· ..:.' 

Table .3 gives a cQml?ilation of the moduli measured .on various 

$olutlons. ·Here, the G' and G" at:e .comp-ared at a constant angular 

treqa~n<?'Y of ,of&) :: 1.26 s-1 (.f :I 0.2' Hz) and 24 oc.· Besides t:·~e 



. 0 1100' .' : 1p1 ". to . 10 
Q~.Utar· f:r~que~cy. w [1/$1 . angular frequency w (1/$) 

Ffg .'12: ·'storage. "modulus (left d~aqram) . and loss modulus (right 
diagram) versus angula'r frequenCy for' E:LASTOLT.M. " 
soulutions In' \'sriou8 0,118 'at, a, constant conce'nt-ration 
of ,2 ·000 ppm. and" 24 oc. . .' 

vis'cosity 1,11*1 (Equ.' (.4) and th~ ratio G1./G~ this .t~ble also .9'ive~ 

the c~~racteristic . ~'''elaxat:ion l::~me,! (Equ .'( 3) ) • "For each oil bqt:h 

G1 /G W
. ~nd ,f increas~ wi th gro~inq c~ncentrat~on. The most pronounced 

change~ are observed in ~he cha~acte~istic time. 
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Table 3: Dynamic moduli' and...vise<>eiastic propert.les o.t variou£ 
solutions meas~red. at .·c 1.26 s-' by means of small 
amplitude -QscilletQ-ry shear" . . 

'.. ....:.. . 

petrQ1euJI
./. 
./~ 

fuel oil 
./.
./. 

diesel oil 
./. 

. ./. 
./. 
./. 

spindle oil 
./.. 
./. 
./. 

tran'f;>former 
./. 

fine 
.'/. 

c 
[ppm] 

G-· 
(niP~ ~ 

G' 
{mpa] i "*1.r paeS] 

0 1.6 
., -. 1-.3 

8 0-00 23 1.6 18' 
16. 000 

0 

,~S 25.6 

-
102 

4.8 .3.8 
4 000 . 12 : '0.35 8.8 

" S 000 ·24 '1.1 19 

t 

.. 

p. 
2 000 
4 :000 
8 00'0 

16 OOQ 

·.20 
"39' 
125 
5.90 . 

-. 0.4 
3.2 

21.6 
290. 

16 
.·3.1. 

;Y 105 
'523 

'.0 8.9 - _7'.1 
2 OO~O 1.8'_ .. 0.6:5 14­
4 000 -3,3. 2. 1 26 
B poo. 85.· 12.6' 68 

... 0 
-.- ­

'16 - 13 
2 :GOO 34 2.3 27	 . 

lubricant o '. 
2 0'00 

4~ 
67 

-
3.0­

33 
53 

O'/G­

-
0.. ,·07 
0.2-1 

-
0.03 
0.05 

-
~	 0,02 

-0.08 
0·.17 
1)·.49 

-
0.04 
0.06· . 
.0.1"5, 
-oi:i... 

0.07 

mechanics -
0.04 

t_ 
(ma] 

-
55 

. 1.~O 

-
123­
36 

-. 16 
6S 

137 
3'90 

- -
-' 29 

51­
118 

-
·54 

-
35 


