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ABSTRACT

The effect of the oil spill dispersant (OSD) in the laboratory is mostly evaluated by testing the emulsification of the
OSD at present. Test value of dispersing effect in the laboratory is generally higher than the value in the actual field.
Mainly because a part of the spraying oil spill dispersants (OSDs) directly get into the water without a full role with
the spilled oils, which not only reduces the overall dispersion effect, but also increases the cost of handling the oil
spill and the secondary contamination to marine environment. Therefore, the total number of the OSDs that actually
exists in the oil should be considered to evaluate the effect of a certain OSD, and the miscibility of the oil with the
OSD should also be considered. Aim at the demand for testing the total number of the OSDs in the ail, this study has
explored the feasibility of an analytical method of the total number of the OSDs in the oil using the gas
chromatography (GC). First, the characteristic peaks representing these two substances in the GC had been found.
Secondly, standard curves were made with the relationship between the two characteristic peak ratios and the mass
ratios. Finally, the most appropriate characteristic peaks of the OSD and the oil were selected, with which a better
standard curve was also selected, considering the role of weathering at the same time, which are used to test the
relative total number of the OSDs in the oil spill.
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INTRODUCTION

Oil spills happening frequently in the marine eomiment are directly related to the increasing efuhage number
of the ails in the energy field. Despite the inttfanal agreements on oil pollution have many spi@vention
strategies, but the large-scale oil spills stiltarted frequentl{. The surfactant in the OSDs can effectively lower
the interfacial tension between the oil and theewahus greatly speeding up the oil spill dispegshto the watel?,
due to which the OSDs frequently are used to hatiaeoil spills. In order to better select the mappropriate
OSD, a number of standardized laboratory testofiedm used to evaluate the effect of different kid the OSDs
Bl Fingad” reported that there are about 50 different lalboyatest methods can be used to test the dispersing
ability of the OSDs. These tests in laboratory esaae in a controlled environment. The results skiwat all the
OSD effect values in the laboratory were highenthmathe actual field, which is mainly because $efactant is
separated from the spilled oils during the initidage period or the mixing period after the spmyitihat is
straightforward physical loss, the hydrophilic pafithe surfactant directly losses into the waaed the removal of
surfactants was equivalent to a proportional Idgs@entire dispersafl. For that reason, the accurate effect of the
OSD is depended on the actual number of the OShiseimils instead of the total number of the OSita have
been used. Therefore, determining the actual nuwiidtie OSDs in the oil spills under different cdiwhs is a new
focus of the OSD’s effect, which overcomes the farshortcomings that only considering emulsifyiffficeency of

the OSD, is a kind of supplement and improvemeithé¢oevaluation of the OSD, and is also an impomagans to
determine whether the OSD is physical loss dire@&hsed on such demand, this study has exploretbdsibility

of GC to analyze the actual relative number of@8Ds in the oil spill, which can be provided to leate the effect

of the OSD more accurately and objectively. Theradpcibility of the data had been ensured by séveaeallel
measurements, and the oil's and the OSD’s mostoapipte characteristic peaks were determined bygidening
the effects of weathering , reliable and stableddad curve obtained at the same time providingettperimental
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data and means for determining the actual relativaber of the OSDs in the oil spill.
EXPERIMENTAL SECTION

The experimental oil is from a platform in Bohaihel OSD is the FuKedtf OSD from Qingdao Huahai
Environmental Protection Industry Co., Ltd, which domposed mainly of high purity oil-based and e
surface active agents (oxidized lipids), coupled genetrating agent. The emulsification is thats,30 60%;
10min, > 20% with the using range of 20% -70% ia tls. Experimental sample is a kind of mixturetled OSD
and the oil. The quality ratio of the OSD and tligexpressed by gimg) is 0, 0.1, 0.2, 0.4 and 0.6. The GC is the
Shimadzu Co. 2010 gas chromatography.

2.1 Pretreatment

The chromatography column was successively fillg@ditton, 5.5¢g silica gel with column chromatograpbagent
grade (100-200 mesh, activation for 5 hours at@ptnd 1.2g anhydrous sodium sulfate (AR, activafay 12h at
30C) placed on the top. Each sample accurately weigleesifully dissolved by 15mL configured mixed saatof
dichloromethane and n-hexane (volume ratio is ZRijse the filled column by 10mL hexane, when ambyd
sodium sulfate just exposed, immediately pourirgydissolved oil sample prepared into the column @ilgcting
the chromatography liquid for testing.

2.2 Testing conditions of the GC

The temperature of the inlet and the detector wespectively 28@ and 300C, and the carrier gas was high purity
N,. Temperature program was that: the initial temjpeeawas 6@ at first, then increased to 100by 20C/min,
keeping for 2 min; and then increased to 280y 8C/min, keeping for 50 min.

To facilitate discussion of the experiment, thelkphaight values of the OSD and the crude oil wexgpectively
represented by Cand Q, where D and O represented the OSD and crude aiid i and j were the subscripts
representing the retention time of the OSD andtheespectively with the units were min. For exdenis o, refers

to the OSD’s peak height value at the retentioretmh 8.91min and ¢ refers to the oil's peak height value at
3.2min.

RESULTS AND DISCUSSION

3.1 The selection of the OSD’s and the oil's chartaristic peaks

The crude oil is a complex mixture composed of mldtingredients. When the oil mixes with the OSkere is a
significant problem that whether a single peak &f &&n represent the overall and how it to be usegliantitative
analysis for the crude oil. In this study how themcteristic peaks are selected is the criticgd.sThe selection
principle here is the first consideration problend & multiple of the OSD’s and the oil's charadtci peaks are
selected at first to avoid singularity, randomnédsaccuracies and specificity. The appropriate psalected is
shown as follow based on the gas chromatogrambeoBbhai crude oil and the OSD shown in Fig.1 aigd2F
respectively.
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Fig.1 The gas chromatogram of the Bohai oil
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Fig.2 The gas chromatogram of the OSD

Compared the gas chromatogram of the oil with ¢ifidhe OSD, it can be found that the retention tiangge of the
OSD (mainly 7-24min) is contained in the retenttome range of the oil (mainly 3-38min). The adjacpeaks of

the oil and OSD are divided into three categorigsetiding on their relative strengtbthe OSD’s peaks are strong,
while the oil's peaks are weak (the former is 3r3es than the latter}2) the OSD’s peaks are weak, while the oil's
peaks are strong (the latter is 3-5 times thanfahmer); @ the OSD’s and oil's peaks are almost the same. The
peaks inD and®@) are tentatively defined as OSD’s and oil's chaestic peaks respectively in the study.

Namely: when the retention time is 8.91, 8.99, 9@8, 11.4, 12.3 or 15.0min, the correspondingimam peaks
are the OSD’s characteristic peaks. When the rietetime is 3.2, 4.6, 5.6, 6.09, 16.4, 17.8, 12@5, 21.8, 23.0,
24.1, 25.2, 26.3, 27.4, 28.5, 29.9, 31.5, 33.58 3B.38.7 min, the corresponding maximum peakstleeoil’s
characteristic peaks based on Fig.1 and Fig. 2.

Table 1 The relative standard deviation (RSD) of [BO; in the sample of the OSD and the oil with variousatios

D8,91

D8,99

D9.6

DlO.B D11,4

D12,3

D15.0

Oz; 5.68%-28.74%
Os6 1.43%-11.79%
Ose 1.24%-11.64%
Osoc  1.36%-12.83%
O 3.56%-18.50%
O17¢  4.30%-17.87%

Ow: 6.60%-17.90%

Ox: 7.25%-16.58%
Oz¢  5.34%-17.31%
Ozc  5.84%-17.27%
Oz 7.33%-16.42%

Os: 6.80%-16.81%
Oz.: 4.54%-17.86%

Oy7. 5.45%-16.86%
Oz: 5.37%-18.26%
Oz 7.13%-20.19%
Oz1:  7.44%-23.56%
Oss:  7.16%-19.94%
Oszs¢  7.02%-21.63%
Ozg; 7.06%-20.66%

5.68%-28.28%
1.73%-7.86%
0.78%-6.76%
0.60%-5.94%
2.22%-11.90%
2.97%-10.82%
5.66%-11.31%
6.90%-10.87%
5.15%-11.31%
5.71%-12.92%
7.13%-15.08%
5.52%-16.10%
2.95%-17.92%
4.06%-16.77%
3.94%-18.04%
6.34%-20.15%
7.09%-23.57%
7.15%-19.71%
6.46%-21.60%
7.01%-20.58%

7.92%-29.51%
2.14%-12.92%
1.71%-11.61%
1.74%-9.79%
1.86%-8.15%
2.73%-8.58%
5.38%-9.01%
5.91%-9.75%
4.37%-9.94%
5.09%-12.83%
6.89%-14.81%
4.91%-15.77%
2.37%-17.46%
3.57%-16.02%
3.48%-17.19%
6.33%-19.37%
6.90%-22.62%
7.75%-18.63%
6.99%-20.63%
8.86%-19.35%

8.11%-28.48 9.14%-30.19%
2.39%-17.10%.61%-18.79%
2.31%-15.88%.19%-17.36%
2.77%-14.55%.91%-15.31%
2.66%-8.07%1.83%-6.33%
3.67%-8.07%2.39%-7.26%
5.38%-8.67%2.95%-7.76%
5.67%-8.80%4.28%-8.71%
6.24%-9.809%4.46%-8.91%
6.05%-28.46 5.15%-11.75%
5.22%-24.55 5.03%-13.50%
5.43%-25.59 4.69%-14.45%
3.84%-28.32 5.96%-24.53%
4.79%-25.79 3.27%-14.37%
4.44%-26.90 3.49%-15.51%
7.12%-28.14 6.30%-17.73%
7.67%-28.24 6.85%-20.81%
7.60%-28.32 7.88%-16.85%
6.90%-20.01 7.12%-18.80%
9.56%-28.7310.30%-17.42%

9.67%-29.23%
2.57%-19.78%
2.99%-18.52%
2.98%-17.07%
3.28%-7.84%
3.80%-7.86%
5.42%-8.91%
7.39%-9.05%
7.43%-10.64%
7.59%-12.74%
6.51%-14.74%
6.28%-15.75%
5.33%-17.42%
6.02%-15.90%
5.67%-17.03%
8.49%-19.16%
8.69%-22.21%
8.78%-18.32%
8.08%-20.02%
10.63%-18.59%

11.29%-29.60%
7.78%-24.06%
6.48%-23.30%
6.94%-22.93%
2.46%-16.19%
5.78%-17.42%
6.56%-20.03%
7.79%-21.05%
7.28%-23.15%
8.53%-23.63%
10.51%-21.47%
11.00%-20.75%
10.73%-22.46%
11.17%-20.45%
11.93%-21.21%
10.85%-23.48%
11.16%-25.49%
9.54%-24.58%
11.08%-22.68%
10.87%-20.51%

3.2 The assurance of experimental data

Before the standard curve is made by using theeabbaracteristic peaks, the characteristic pealkegiabove will
be selected initially based on parallel sample yaiglrepeatability to ensure the quality of theaddthe variables
and the dependent variables of the standard cueveeapectively the ratio of quality (fmg) and the peak height
(Di/O)). The range of the relative standard deviaticraisulated in Table 1.

According to table 1, if the value of the relatstandard deviation is greater than 10%, the pedkbevdiscarded,

from which the desirable characteristic peaks dtined. The OSD’s characteristic peaks are thes eviese
retention time are 9.6, 10.8 and 12.3min, simil#nky oil's characteristic peaks are the ones whetsamtion time are
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16.4, 17.8, 19.2, 20.5 and 21.8min. Most of thosadbove are steady, which can confirm that thglsipeak can
represent the whole amount. Some of ratios arestadde, impacting the accuracy of the data is gobbdue to the
loss of volatile low-carbon substances, or theidliffy of gasification for high carbon material ihe gasification
chamber of the GC.

3.3 The drawing of the standard curve

The standard curve was made with the ratios ofaciteristic peak height selected above, whose minteference
are small and reproducible are good, to furtheerieine whether the single peak ratios can reprabenoverall

quality ratio in the oil-OSD mixture. and the/Q, is calculated of the samples withpfmo = 0,0.1,0.2,0.4,0.6
(where i = 9.6,10.8 and 12.3 min; j = 16 4,17.813.5 and 21.8 min. ). Each of the abovy&Dcorresponding
mp/Mp can make one standard curve, so the total nunfibe@urves is 15, each of which has i lue to judge
the accuracy of the standard curve. The resultstaen in Table 2.

Table 2 The Rvalue of the standard curve

The
R?
Gike \ Ow7s Or92 Oz Oo1s

Di

O

Dgs 0.9642 0.9726 0.9766 0.9854 0.9892
Dis 0.9941 0.9945 0.9955 0.9973 0.9981
D13 0.996 0.9968 0.9975 0.9988 0.9992

From table 2, it can be seen that most of thedRue of the standard curve obtained are grehger ©.97, wherein
the R values of D040 and D, 4O, (j = 16. 4, 17.8, 19.2, 20.5 and 21.8 min) argedlater than that of 0.99 min.

3.4 The effect of the weathering

As used to deal with the oil spill in practicejgtneed some time for the OSDs to mix with the dilsing which a
small number of the oil and OSD will evaporateslobvious that in the research of the combinasi@tbility of the
oil spill and OSD or the effect continuity of thesD, the weathering impact (mainly evaporation pssgashould be
considered. In theory, if the characteristic peaies not affected by the weathering in the shormtaeramely the
value of the peak height is not changed, the ratidbe characteristic peak height will be not efféel by weathering
and still can reflect the initial mass ratio. Th&to say, the weathering has no effect on thedstahcurve. In this
study, the short-term weathering experiment isqaréd in 72h and sampled at 0, 3, 12, 24, 48 &idf@r
sample of rg/mp = 0.4 , which aim to judge the impact of the weaitig on this method. The relative standard
deviation of YO, and the Rvalues of the standard curve are the specific tigetion item, wherein [0, is the
ratio of the characteristic peak in the 3.3, i.2.10.8 and 12.3 min, j = 16. 4, 17.8, 19.2, 208 a1.8 min selected
above. The result is shown in the table 3.

Table 3 The relative standard deviation (RSD) of PO; after weathering

The

D;
RSD Os6.4 Ou7s 01902 Ou5 Ou18
G
Dos 11.33% 12.99% 12.99% 14.49% 16.45%
Dios 9.00% 10.97% 10.11% 12.04% 14.09%
D123 7.22% 9.58% 8.68% 11.48% 14.19%

The more appropriate acceptable peak ratios a4 D12 90164 D1240176 D124019, found from the Table 2
and Table 3. Because the mixture of the oil and @Slneven semi-liquid state due to the insuffitierixing. It
may have some error in analysis, Even so, thesaioove is acceptable.

The effect of the weathering to the ratio of thalpbeight has been further investigated throughatieve standard

curve showed in Fig.3 and Table 4. The ratio ofdharacteristic peak height were calculated whghmg = 0.4,
and compared with the actual average ratio of dbariatic peak height during the weathering procaof which
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is showed in Table 5.
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Fig.3 The standard curve of QogO16.4 D12dO016.4 D1240178and D12 40192

Table 4 The standard curves in Fig.3 correspondingarameter table

Di/Oj DlO,E/OIG,Z D12.E/016.1 D12.E/017.E D12,E/019,2
The fitting equation  y=1.04x+0.14 y=0.67x+0.12 yZBx+0.10 y=0.85x+0.12
The R value 0.9941 0.9960 0.9968 0.9975

Where, y ismp/mo, X is Dil O

Table 5 The table of the average of 340164 D124016.4 D124017sand D12 4019 at six weathering times

DG Di0g/O16:  Di12:#/O16c Di12:4/O176  Di2/Ono
The average of the weathering 0.5102 0.3759 0.37780.4152
The calculated value 0.5606 0.3827 0.3964 0.4569
The relative deviation 9.87% 1.80% 4.94% 10.03%

The relative deviation of the calculated value #mel actual value after weathering is almost ak ldsmn 10% as
showed in table 5. Only the relative deviation of, 0:9, is slightly more than 10%. Therefore, the most
appropriate characteristic peak of the OSD is thakpat 12.3min and the most appropriate peak obihis the
peak at 16.4min according to the above consolidseéecting results. For such most appropriate peh&sstandard
deviation of six injections is 3.28% -7.84%, th&\Rlue of the standard curve is 0.9960, the vafude relative
standard deviation that was affected by weatheigng22%, and the relative deviation of,30;54 between the
actual average value and the calculated valuei34.. The fitting equation of standard curve ig/mm, = 0.670/C;
+0.12.

CONCLUSION

Studies on whether the GC is valid to analyze ttaah number of the OSDs in the oil are still fawthe oil spill
field. Under the demand on the new methods andsitenthe OSD evaluation, this study is pursued lagck the
feasibility of GC has been explored as follow.

Through chromatographic analysis of the Bohai croilend the Fuken -Il OSD, the oil’s and OSD'’s i@weristic
peaks were initially selected depending on thetivaastrength of adjacent peaks; all the peaks veken into
account to be selected in order to avoid the sargyland specificity of the selected peaks, arahthelecting the
most appropriate peaks through analysis and tést, he mixture of the oil and the OSD was coafig in
different proportions, and the ratio of charactaripeak height of the samples was tested paralleé more
appropriate oil's and OSD's peaks were furtheraelt according to the relative standard deviatibthe ratio of
the characteristic peaks, which avoided human esithty errors; Secondly, the standard curve wasrdagending
on initial selection of the characteristic peaks, B value of which can be used for the further selectifinally, the
mixture of the oil and the OSD weathered for 72ts wtudied in this study, and the calculated valvere also
compared with the real measured values. The mgsbppate characteristic peaks of the oil and ttf&DQwvere
obtained, the retention times of which were 16.d 42.3 min respectively. Lastly, the standard cwo¥enass ratio
and the most appropriate peak height ratio was matiech was of good repeatability, can represeet tital
number of the OSD and the oil, and was slight erfiiced by the weathering. The curve can be usedalyze the
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actual number of the OSD in the oil spill in thigoeriment.

This paper provides methods and ideas for the stidhe analysis method for OSDs in the spilleds,odnd
provides a simple and reliable analytical methodridch and improve the effectiveness evaluatiothefOSDs.
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