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Abstracy

Recent results of dispersant testing are reviewed, including shght revision in
the dispersant analytical procedures, wsting of new products, testing of long-term
stored disporsants, and a comparison of Corexit 9327 and 9300 dispersant
iormlatony

The procedure for the Swirling Flagk Test has not altered appreciably since ity
inveplion, however the analyas of the quantity of o1l dispersed has undergone
significant changes. The originallv-developed procedure made use of colonmetric
anatysis, bat bag since advanced to gas chromatographuc analysis, With the change in
aralvsis method, however, & host of subtle changes have been roquired that were net
considered when first changing from colorimetry to gas chromatography. A number
of minor mprovements have been mads to the procedure to correct and upgrade
facets of the analysis.

Several new dispersant products have been tested, results of this westing will
e surnmsriced,

A fest series was conducted on the dispersant Corexit 9527 that had been
stored for more than 20 yvears in g tank truck. The tests show that the effectiveness,
s ey and cotour of the product did vary somewhat between the three levels,
herwever this might not be signifieant in terms of field etfectiveness.

A companson of the laboratory effectiveness of Corexit 9527 and 9500 was
completed. Results show that the effectiveness of 9500 15 generatly greater than that
of 8517, however, this is not telated to the amount of eftectiveness. Generally, the
higher the effectrveness, the greater the effectiveness of 9500 and vice versa,
Stanstieally, about 14 of the time, 9527 s more effective than 9500,

L& Totroduction

Studies ou various facets of dispersants continue at Environment Canada’s
laberatories. This paper reports on several smatler studies related to dispersant
effectiveness. During the vears from 1985 to 1990, Environmen Canada and the
Urnited States Minerals Management Service endeavoured o develop new laboratory
chispersant eliectiveness wsts that provided repeatable results with systems that have
refation o the open waters where dispersants are actually used to combat ol spills.
Pruring this fime, five tests were examned out of a tetal suite of about 20
posstbifities. bmnal work was done on the possible test concepts (o assess potential
four further study. The tests that were selected for detailed comparative testing were
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St e o 1he bases that these were fests wsed by other orgamzations (ep. Mackay- [ now begins at 10% effectiveness for heavy ails. As a result, the detection limit of the
Cwdvau- Steelman tests, Warren Springs or Labofing test and the TFP test) or showed Swirking Flask Test 1s now 10%; all oils dispersing less than 10% fall below the range
sental for further development {swarling flask and flowing column tests) (Fingas ef of L‘alibratmﬂ standariis., amil are reported as < 1% effectiveness. The Hmuation in
LT Fias comparative testing showed that afl five tests could produce nat beng able to quantify effectiveness of dispersed mixtures that are below this
Sectieness resulte of the same order-of-magritude 11 8 the od-to-water ratio was threshold, is not considered significant, as the error and standard deviation below
senatned Bagh (peeater than 1 HI00F ard b1 the seuthing tme was mamtained at H0% 18 nearly as great. ‘ o
ey than 10 mumates The followmg factors wery not found to change results W a i The revised procedure is now simplified, with a single anabytical method to
S denrve d Lo hape B mode o encrgy apphcation and o) general apply to all ol types, and a detection limit ()f T dispersam r:fi'{:i‘m'crzc&g. Appendix
porimentat sesap The relative amount of anergy apphied was found o have a very A tt():ltg]ns the‘ newly revesed procedures. This s alse the procedure used w the
e ettect o the reulis : following sections
farther development work was condusied on ihe swirling flask test (Figas ¢ :
Poxsy Tests e luded aRtermg cach experimental parameter o measurs the effect, : KR Results of Testing of New Producty

otk was done for purely scientific reasons aswell ag o ensure thist testing was Several new products were tested for both dispersant effectiveness and for
Carepteal peant Sume of the tests tried in the earlier testing showed anomalies cffectiveness as a surlace washing agent. The dispersant test procedore followed tha
s sne thetr eperationa] perameters were madvertontly setat vidues thast were neas ' i1 the appendix and was muplermented wsing the standard ASMIE ol The properses of

Gl threshokds amd varmnces i performiny the cxpenment produced noisy results. ; thes oil are given in Jokaty o ol (1999) The surface washing tost resubts Tollowed
Revent studhos of thes nature focussed on unproving the analytcal procedures % procedures given i the hiterature (Fingas ef ol 199503, This test 15 simply a measure
e study s one of & coptiuing serics exploring lnboratory dispersant effectivencss t of the removal of Bunker C on a trough by water flushing, after the oil 15 treated with
. |g;"m§;m eral 1996, 1997 1998, 19991 MNew mproved methods for analysing avatio of 115 of the agens.
m‘f- muwv,x‘res warng was chromatography are given. Kather than the colorimetnic ‘ Test resuits are given in Table |
wibodobogy, wémr?‘; s several hnusations, & gas chromatographic method has been |
seteped Fingas of o 19950) The older colonmaeine measarements were Tab?e ! :‘;imws.zhez!.tiw products, Dasic Shickgone and Dispersa gi’]{)ww ]
ccombered with lueh nosse fevels which often obscured the phenomena being moderate dispersant effectiveness and that the products, Z1-800 and Z1-868 show a
cenred espesialls tor the very hght ods that did not absorb in the wavelengths high dispersant effectiveness As Vsu:’face washing agents only the Duasic Shickgone
showed a moderate dispersant effectiveness and only m fresh water, This s actually
an merestng resull becmsie most dispersants show little or no effectiveness as a
§ abveical Methodologies
' ?:ﬁ;zj&w:jtiw}!im rt*pa‘:s:;c:.d i recent papen Homgas of al., 1999} was adjusted Table 1 Dispersant Effectiveness Surface Washing Result )
Por b el e s s reflect the apmronoate ranee of use for the methad., z Average Std. Dov, Fresh Water Salt Water {3.3%)
smplify the analysis and betler reflect the appropoate range o Product o Average Std. Dev. A Std. D
; roma v o the sw Task teat, UV Visble spectrophotometry was e ey, verage ik
e ongnal verson of the swirhing fash test. UV AVisble spectrophutometn Dasic Slickgone NG 318 37 Y I A R ¥
e quannfy the orl content extracted from the al/water dispersion. This method Dispersit SPC 1000 9 30 138 17 51 1y
- capable of quannfving heavy, dark coloured otls w ow concentrrtions, h(:ca;\me SuperDispersant 25 151 18 63 1.3 32 35
¢ ihe Tugh leved of absorption at the apphicahle w avelengths, Wath conversion of the X500 0 a gn 35 51 19
o T pas cheogatography, the guantification of fow concentyalions of poorty Vytae DSP 2823 O 0 36 2.4 52 31
sty asls presented an obstacle Initally, the ol content anabysis contnued o use 21800 54 % 30 18.1 10 4z 15
Sank subtraction. The error i this methodelogy s discussed im an eartier paper _ 71808 589 43 12 12 #3 09
v er . 1999 and was changed to comparon of resolved peaks, However,
e e the tow Tes el of resalved peaks for quantification, heavy oils continued 1o be surface washing agent.
vdvsed by the blank subtraction method. This component of the method has now
ot dw;ﬁ;?m'&, o remove the need for a decision-making step i the analysis of the .
R A — : 4.6 Storage of Dispersants over Time
[ e I";;m-!_&‘ of catibratron staadards for beavy oils also regaired revision. The Cne of the problems with dispersant use 15 that dispersants are often stored for
vens sersion had & range of calibration standards representing from 210 25% | many years and then the question of their efficacy arises, Over the years BSEY has
et eness Often, the standards representing 7 and 8% effectiveness had no tested old stock dispersants, mostly from the Canadian Coast Guard. to assess their
codved petratenn hydrocarbon (RPH) content, i the combination of fow cificacy, The Cuast Guard stack in Newfoundland 1s about 20 vears old and 15
sventration and poor tesolution of the measurement techmique 1o such Tow levels. mamtained i a tank tader. Before the most recent test, the trailer had not moved for

o chimate U distertion W the califration curve . the range of calibration standards about & years, Sampling at three layers (op, middle and bottem; and 1 mixed sampled
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cotrducted ta ses i separation had oveutred amd 1oosee o there was a loss of
votineness, The west was dispersant effecuveness wang ASMB ol as above, and
cnaveordhng o the standard procedure given m the appendix. Results are given in

. %
b

Tabie 2 Long Term Storage of Corexit 8527
Dispersant Effectiveness %

Layer Average Std. Dev,
Top 4 5.0
Centre 345 4.0
Bottom 48.3 7.3
Stirred agt 4.9
Average of layers A4 5.4

The results show that there soa smal defferennal in effectiveness between the
sorn amd ey favers, within the standard deviston noted. This difference 1s about
e s Ben the o, contre and boto biyer effecoveness values wre averaged.
ditferenve abwe matches the colouraton difteronces noted oy the matenal as
feaced by darker colours i the lower taver of the tank, There appears to be a
B setthayg of the heevier surfactants, The colouravon differences, however, may
Juete rust or dint particles colieeting on the bottom
The vananon i colour was measured using o Perkan-Llmer Model 5524
sotraphotometer The stiered sample was used ay the reference, with changes in
srbance being recorded for the other three - 8 positive number indicates greater
crbance, and a negative number indicates lower absorbance, The wavelengths
Jowere arhatrands asogned, based on Houts of response, covermg the widest range
bt The results are m Table 3

sle b Codour Vansthions in the Long-Term Stored Daspersant
Relative Absorbance

Top Sample enire Sample Hottom Sample
(308 ERT (1125
1612 G006 (159
AR 4 (0] 3049

ihnarbanve teadingy for the top and centre samples sdiwcates that there s no
sivant dhfference hetween the top, centre and maxed samples. The bgher
St of the botom wample s corastent with o viiuslly darker colour noted.
wan debres n the sample, possibly rust, which miay be imparting the
shorghan o the surreundmg solution.
These data indicate that there 15 me sigmificant effects as a resuit of the long
storape of Hus particalar batch of Corexst 9537

4 Comparison of the Effectiveness of Corexit 9327 and Corexit 95300
several theones on the comparative effectiveness of Corexat 9527 and 9500
cheen proposed  For example, some speculation wasg that 9500 was miuck more
was more offective on certain specific

s on Beavy ol and that Corexit 9527

ods. Suflicient data now exist o compare these iwo products over o wade ranpe of
ols.

Table 4 gives the numerical summary of the test data. These data are taken
from the oif properties data base {Jokuty er al., 1999} and values were measured by
the methods given in the appendis with the exception that the published version that
was current during the vear, would have been used Frgure T shaws the same data
graphically, with the best it line through the data.
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Figure 1 Comparison of the Effectiveness of Corexit 9500 and 9527
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This comparison shows that generally Corexit 9500 s slighily more effective
than Corexit 9527, There docs not seem to be a heavy oil effect. This comparison is
somewhat less effective because of the broad spectrum of data used, some of the
older data may be less accurate, Furthermore, the Corexit 9527 data iy older and was
rounded down to steps of 5. However, the trend is still clear that the effectivencss of
9506 is higher for those oils where effectiveness is very good and only slightly more
effective on the heavier, less tispersible oils. 1n about 1/4 of the cases, Corexit 9527
15 more effective,
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Appendix A Swirling Flask Test Method

A1 Summary of Test Method

Drspeesant s pro-meced with ol placed on water v g test vessel. The test
vessel 1s agrated o moviny table shaker. At the end of the shaking perod, a setthng
period 15 specified and then a sample of water taken. The o1l 1 the water colurmm s
vatracted from the water using a pertane/dichloromethane mixture and analyzed
using gas chromatography.

The extract 15 analyred for o using a pag chromatograph cquipped with a
flame jonmzation detector (GO-FID). Quantification s by means of companson to an
internal standard. Effectivencess values are derived by calibration at fixed
cfiectiveness values,

A2 Reagents and Equipment
Reagents

Water purified by reverse osmosis o cgurvident means is wed tor (he test
water. Dachloromethane s disnlled-in glass grade. Pentane w distlled- in-glass prade
Fne granular salt, non-iodized, woused for making the salt water. The chermcal
Jispersant is used as supphied by the manufacturer. Oif is used s received,

Apparatus

A moedified 120wl brienmever flask 1s used us the tost vessel A side spowt
is added to enable taking the water sample with minimad disturbance of re-surfaced
oil. These are tHustrated 1 Figure 2. Modified vessels are avatlable from Pro Saience
I Foronto (416-699-994G1 )

The shaker 15 a moving-1able shaker with an erbital motion of Tineh and
fitted with flask holders. ldeally such shakers should be constructed mside
environmentalty-controlied chambers, thereby incremsing temperature conrol, 31 suck
an caclosed chamber 15 nol used, the measurement should be conducted mside
iemiperatuse-controlied rooms. (The New Brunswick Environmental Shaker moded
G277 ENew Brunswick Scientific, Edison, NI s ane enclosed shaker that meets
specifications. )

Aralysis s accomphshed using 8 gas chromatograph equipped with o flame
iormzation detector. The Hewlett Packard 5890 GC/FID with Chemstation sofiware
package is an equivalent unit. The column i a fused silica DBRSms coloemn (J & W
Sewentific, Folsom, CA or cquivalent).

The following is o Tist of other necessary supphies. Supphers of suitable uints
are given m brackets. Equivalent supplies are acceptable m every case. Quantities of
supphes are given 1o conduct a full set of six samples and calibration sey

15 - 12mm x 32mm crimp style visds with aluminnen/Teflon scals {Supeleo o

equivalent)

F2 - 125 b glass, Erlenmeyer flasks, modified with the additon of a dram

spout attached to base (available from Pro Science Inc., Toronto, Ontano,

phone 416-699-9901 )

6« 25 mb. glass, graduated mixing cylinders and stoppers

6 - 125 ml glass, separatory funnels and stoppers

6 - 100 ml glass, praduated mixing cylinders and stappers



)

& - 150l plasy, separatory Tunnels and stoppers

6o SEml plass, graduated ovlinders

6 %o 20 ml dispenser or ghess graduated cvbinders

Peneb v Teitr gl posstive dhisplacement pipette (Mandel Scentific Co.or
cyuivatenty

Ik posseee duaplacement pipette - vanable volume (Mandel Scientific Co.
Or ervaiont)

Dochpstal neers

Jemlote 100 mb dspenser o gradusted oylinders

1

P2l pdasne varboy

o dntesferences snd Sources of Brroy

Frrevierences can be eaused by contammmnis, particabarly residual onl or
Crctants psebvents, on glassware and other sample processing apparatus that tead
Gerete artefacts or elevated baselines wogas chwomatograms, AH glassware roust

thoroughby cleancd. Vhe cleamng process meludes ansing with dichloromethane

romove the o followed By ringing three nepes each with tap water, purified water

core osrosis and acetone. Onee cleaned. precautions must be taken to mnmze

dact of dhie glasswoare with surfactants ta provent undesired mterferences,

Drapersant eiivctveness 1s very suscephibde to onergy lovels, Table top

ners peaeratby start and stop stowly. Shakers that start motion rapdly and stop

Slenbyompart o bnghoenergy to the system and thus cause more dispersion than

Al b the case wath o normal shaker Furthermere, this varation would not be
able The sbakes tible used should be observed for raprd movements or stops 1o

e that it wable for these tests The rotations] speed of the shaker should be

Red by Techermcter every week,

Phae Drlenmes e flasks used w the tost are tapered and the encrpy fevel varies
the umount of [ Hhe dispenser wsed 1o BH e vessels watdy water should be
songby checked by weghing the amount of water delivered.

The autpul s by sepsitive to the volume of o, water and extractant
coved Al prpettes and dispensess shoudd be cabbrated onoa weekly basis using

o g halanve woth an acourscy constsient with the weights being measured.
Uihe wse of ponibve displacerment pipeties 1 mandatory for all controlled
e of mrerahire quantities. Use of volume displacement pipettes will reseltin

sreous resa it due tethe viscosity of the dispersants and oifs, the vaniable
ity o f e edls e be ested (some sem-solud) and the density of
oramgthane
The order of addinion of the dispersant and ol has effects on the accuracy of

den s the drspersant nray mteract with the sossel walls i added first, therehy
s the quantity avatlable in the premix. I s therefore smportant to add ol to
ceset et and wid the dispersant direethy o the ail Fhe second addition af oias

ded stpprhy Beviuse s gasier to gontrel a farpe volume of ol than s minaie
prc o dhapetant whien attempting to achieve d speafic rapo of 251
Lectant addition, syroreus sy s regrared o thoroughily
sharp, manusl strokes are supgested for hpht ol wile

RSN (PIRTITT

i Za e s
woonds oy requrs sning with a glass rod or spateia
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There are indications that the results for some premixed dispersant/ol
combinations change over tunc, 1t is necessary to take precautions against this
potential source of variation. The testing should be concluded as soon after the
premix is prepared as possible, generally within a few hours, Results from samptes
stored for periods as long as a week should not be considered rehiable.

Since the performance of the dispersant is affected by salmity, thorough
mixing of the salt water is required. Care should also be observed 1o avoid
evaporation from open containers of salt water. Over a period of days and weeks, the
foss of water can sigmficantly merease the salinity. An wrtight closure
reconmended to mamtam salinity levels at 3.3%,

Temperature 15 a factor in dispersion, so 1 is wrportant that all components
{walt water, pre-mix and temperature controdied chamber) are stable ag 2070 hefore
starhing, '

Extreme care should be taken when applying the oif 1o the surface such that
mixing does not occur. The ol should gently glide soross the water to form a shick. 1f
the ol streams out into the water, the agitation can drsperse the o, increasing the
amount of ail dispersed and erroncously rasing the fingl dispersion result,

Water 1 the spout attached to the swirling flask may contam more o less od
than the water in the flask itself. Therefore, it is important fo dram the contents of the
spout (about 3 ml ) before sampling, (il sometimes migrates into the spout and may
forms plug. This is especially true for heavy otls. I s unportant that the pluy does oot
enter the sample.

The pertormance of the test can be verified wd compared usimg standard ol
and dispersant samples. These are avalable at no charge, but in hmited quantiiies,
from the Emergencies Science Division, Environment Capada, Ot Ontario,
phone: 613-998-9622,

A4 Procedures
Ad D Crude Onf and Dhsporsant Sample Collection and Storage

The bulk ol is mechanically mixed for 24 hours prior (o ebtaming a weorkmg
sample. Working samples arc stored m 2 L high-density polyethylene bottles wih
polypropylene screw closures. The working sample s mechanically shaken for 30
manutes prior to removing & sub-sample for testing. When not in use, all samples
shipuld be stored in a temperature contrafled room at § °C. The dispersant i
manually shaken, vigorously, prior to sampling,
AA4Y Premix Sample Preparation

A small amount of oif 15 weighed into a 5 ml amber vial with Teflon hned
cap {approx. 1.0 mL). Approxamately 100 mg of dispersant 15 added 1o the sl Ol s
added urdit a 1:29 ratto of dispersant to oil is achieved tapprox, 2.5 mib ol 1s added).
The sample ts well mixed by manual shaking or stirning,
ALY Salt-water Preparation

Granular salt is weighed and added to water from reverse osmoses (RO)
filtration to obtain a 3 3% (w/v) selution. The water temperature 15 brought 1o 207C
betore use.
A Swirling Flask Preparation

The 120 ml. of salt water i phaced mto 3 125 ml modified Erfonmeyer flask.

Fhe tlask is mserted into the fask holders on the osailating table of the shaker. A




b4

st vedume of pre-nnx sobution 1 carefully apphed onto the surface of the water
e g porgirve degplacement prpette. The tp of the pipette s apphied 1o the water
Pree ared the desperantaod muxture gonthy expelied Pxtreme care s\l}_nuld he faken
Lenapplving the o to the surface such that ey does not oeeur. Fhe oil should
st plude across the water to form a slick 1 the oif streams out into the water, the
Lation Can disperse the ol, increasing the srount of ol dispersed and g-:wrmnemmly
v the fisal dispersron result. Herdg of the of and some creeping of the mixtuee
the vessel wall w normal,
% Shakng of Swirhing Flasks .

The tlask and contents are mechanically mied on the shaker in a temperature
strotied chamber at 2H°C, immediately after applving the o1l to the surface of the
rer A retaten speed of T30 RPM and s moang tume of 20 manates are used (o
ety the samples tollowed by a 10 nume seithng period, The flasks should be
s ed froor the ahke-moonted holders prior o the setthmg pened to i the
Latien Belween sotihing and samphng
P Sampde Collevton . ‘

Atter the ety me s complete, 3 mb of the arbin-water phase frony the
cutof the lash are drained to waste to dispose of any oaf plugs and obtaw 3
creseptamve sarnple. A 30 mb ahiquot of the dispersed od in water Szﬁtmpie s
dected g graduated cyhnder and tansierred to w125 ml separatory fuanel. The

v oxtracted weth 3 portions of 5 mb ot s 7030 ajwhh_u‘nmcihancch::n‘.slag solvent

sigre. collected o a 28 mb graduated mixng ovlinder, The Hnal extraction volume

whosted 1o 15 mb . Care s taken 1o ensure that water 1 not taken along with the
crt Bluring extraction, vigorous shakong is required to achieve full e);tmcutm i

pend 1o shake each sepasatory fupnel mdividuatly o achieve consistent results,

P omample Analvue o

Anpbvers consas of gas chromatographic analysis using a ﬁame.mmz:ﬂmn
cootor (GCUFETE 1 determume thie concentration of ofl o solvent. A 9000 pl,

. nootthe 15 mb sobvent extract and a 1000 gL volume of i[ll(‘.i"n“.ll btzxsuiz\id‘él"f}ﬂ
Lo Androstane o hexane) are combmed wea D 2mm x 32mm enmp-style vial
i Lrtbumesamy Tetban veals and shaken well Poteateoum hydrocarbon content i
antied b the poernal standard method, with the average hydz‘{;.cafi‘mr; relative
AT m;-ﬁm (ERE) determined over the entive avalytica] range inca separate run.
- petredeum content s determned by integranng the resolved peak area by the

B TR e

RPHE = A a0 N RRF X 20 (per X 1508 X 120430 (1
which stmplifies to
BPH = A A, N OTIMFRRF ) ()

e HPH 16 the Resolved Petraloum Hydrocarbon ameount in jig

A 18 the total ares of resolved peaks in counts

A, is the area of the imermal standard

i{{{i? 15 the Relative Response Factor which i turn s geven by
RRF » A/A, X € /0 where Ass the arca, O s the

concentration of the compound of interest,

693

A48 Calibration Stasdords

Asenes of 6 oil-in-selvent standards are prepared for evaluating the
cfhciency of the dusperant for each dispersast/on combination. The volume of
premixed dispersantol solution for each standard 15 selected fo represent a
percentage etficiency of the dispersed oil, eg. 50 pl = 50% efficiency (see Step 4.10
below for method of choosing calibeation standard vidumes ). The duspersant/on)
mixture 15 then accurately measured and applied to the water surface. and treated i
the same manner as the samples (see Step 4.4 and 4.5 above). At this point, the entire
volume of water is transferred (o a 250 ml, separatory funnel and extracted with 3
portions of 20 mL of a sobvent mixture of 70:30 dichleromethane peatane, Al il is
extracted, including the oil shek and oif on the walls of the swirking fask test vessel,
using the volume of extraction sofvent to rinse the flask of rerraanig ot hefore
adding o the separatory funnel. The extracts are combined i g graduated ovlinder
and topped up to a total volume of 60 mL. Chromatographic analvses 15 then
performed to determine the petrobeum content by antegrating the resobved prith arca
by the followng equations

RPH = A /AL X VRRE X 20 (pg) N 6009 X 1204120 (5

which simphifies to
RPH = A /A, XOVI30RRE (g (4)

Where:
RPH is the Resolved Petroleum Hydrocarbon amount in py
A 15 the total integrated area
A 15 the ares of the internal standard
RRE 15 the Relative Response Factor which in turn is given hy
RRE = AA_ X C/C, where A 15 the arca, € s the
concentration of the compound of interest,

A49 Selecting the Volume Range of the Calibration Standards

The volumes of the six calibration standards are chosen such that the RPH
determined for each of the six samples of each dispersant/oif combination fall within
tiie RPH range of the standards, The following guide 15 used to deternune the range
of standards for each type of ml being dispersed:

Heavy Onf - 10, 15, 20, 25, 3G, 359,
Medum Oil - 10, 20, 30, 44, 50, 60
Ligtht Onl - 36, 46, 50, 60, 70, £0%%

A4 Gas Chromatograph Parammeters and Seguencing

Resolved Petrolewrn Hydrocarbon {RPH) analysis for O, through Cy 1t
atkanes of the dispersed oil-in-water is carried out by high resolution capiilary
GCFID under the following conditions;

Column - 3O M %025 mm 1D HP-5 fused sthica column (0,10 pm fifm
thickness)

Pretector - Hame wnization detector

Autosampler - Hewlett Packard 7673 or equivalent

et - Splitfess



Hi

franes €arner - hehium, |6 mibmm, nonuest
Make upr - hehum, 284 mibdun
Eretector aw - 400 mimun
Pretector hydrogen - 30 mlLoun

fnpection vodumge - Pl
[ojestar wapeiature - 290 (.
Dietevtor [empessture - 320

bempetiatisre propnam - 30U for 1 omssuie, ther 13 °Crmin o 310°C,

hold & mptes. The total run time 15 23,33

minuics

Praby cabiliration Alkgae standard misture of 26 ppm (containing 5-¢-
Androstane, selevied athones, and o-Terphenyl in
fexanui s measired bofure and following cach sample
a1

Clearany frlaeoaare

Sornrorse cleany program ssoundertaken throughont the experiment to

povethle cress conurmmabion and scoumutaion of surfactants on the

are alwssaare e tharouphdy rinsed with tap and purified (ROY water and

roinetfiom bebw ven cach expenmental run. Ar weekdy intervals, the lab ware s

Pra Diecan 75 ¢ BDH Ine | or equevalent) sofutbion of cquivalent for 24 hours,

woth tapy andd pooifrod (RO water followed by the solvent acetene. Glassware

Gout ERE O whdde prlashic ware s an dnied

€ alouwtation and Heporting

The percentage of dispersion i caloulated by wreating a calibration curve of
senea verses REH from the standards and then aking the RPH of the
wentab value and setting the approprate effectiveness value.

Atbeast s meeurements of the RPH and effectveness should be measured.
andard deviation s determaned and reported. A standard deviation of more
2 cabmadite valoe s midieates poor reproducabaliy and the experiments should be

i

Do BREPH valuesthat fall below the range of the lowest calibration value
s thuest the vadue of that cabibratien stadard. Ths bast
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soatindard v abo the detection bt of the o
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Figure 2 - The Swirling Flask Vessel
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