@ Archives of Petroleum & Environmental
Biotechnology

GAVIN PUBLISHERS

Research Article

Xue X, Arch Pet Environ Biotechnol 2017: APEB -115.
DOI: 10.29011/2574-7614. 100115

Changes of Parameters Characteristic for Surface Sediments in QOil

Spill Sea Area

Xue Xue”

Key Lab of Marine Environment and Ecology, Ministry of Education,Ocean University of China, China

“Corresponding author: Xue Xue, Key Lab of Marine Environment and Ecology, Ministry of Education, College of Environmental
Science and Engineering, Ocean University of China,Qingdao, 266100, China. Tel: +86 17854258468; Email: xuexue931121@163.

com

Citation: Xue X(2017) Changes of Parameters Characteristic for Surface Sediments in Oil Spill Sea Area. Arch Pet Environ Bio-

technol: APEB -115. DOI: 10.29011/2574-7614. 100115

Received Date: : 24 June, 2017; Accepted Date: 3 August, 2017; Published Date: 10 August, 2017

[Abstract

The explosion induced by Huangwei pipeline leakage on Nov 22, 2013, which provides a better experimental platform

~

for studying the weathering process of oil spill in real marine environment.The study bases on the sediment samples for four
times surveys of the southern coastal of Jiaozhou Bay, and by using the technique of Gas Chromatography-Mass Spectrometry
(GC-MYS), to analyzedistribution characteristics of biomarker of surface sediment in oil spill sea area, the fluctuation pattern of
characteristic parameters, and the source of sediment organic matter. Results show: Tricyclicterpane that with different carbon
numbers and hopance that with different stereochemistry configuration in terpanes, and cholestane, methylcholestaneand ethyl-
cholestane in steranewere detected in every station. The ratio Ts/Tmwas low, that maybe due to biological degradation; the ratio
C310f(S/(S+R)) and C29-Steraneaaa(S/(S+R))were close to 0.6, it indicated the area was affected by the input of petroleum.
The distribution pattern of characteristic parameters of steranes and terpaneswereconsistent in survey stations, indicating that
the composition of organic matter in the survey area was consistent. The characteristic parameters of sterane and terpaneswere
changing regularly with the change of time, indicating that the surface sediment in oil spill sea area that was contaminated by oil
spill is controlled weakly by oil Pollution; it is mainly affected by natural factor such as the input of organic matter. The sterane

N

in survey area is mainly came from mixed organic matter include higher plants, plankton and algae.

J

Keywords: Characteristic Parameters; Jiaozhou Bay; Oil Fin-
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Introduction

The oil spill identification system is constantly improving at
present in China. Oil spill identification requires selecting the sta-
ble characteristic ratiosthatare affected little by weathering. Sterane
and terpanes are important biomarkers in petroleum geochemistry.
These substances or their parameters not only characterize the in-
herent characteristics of oil, but also are affected littlebyweather-
ing degradation in marine environment. Due to the complexity of
the geology and conditions of oil generation, each crude oil always
displays unique biomarker fingerprints,which play an important
role indetermining oil spills, identifying crude oil, investigating
hydrocarbon behavior in the environment and monitoring the deg-
radation process and weathering status of crude oil under different
environmental conditions [1]. The south bank of Jiao zhou Bay

in Qingdao has built the largest deep-water oil terminal and large
refinery base in China.

The accident oil pipeline explosionoccurred on November
22,2013, led about 1 000 m? of ground was polluted by crude oil,
most of crude oil flowed into Jiaozhou Bay with the municipal
drainage culvert, and about 3000 m?of sea covered by oil. It caused
serious damagetothe coastal marine environment and marine or-
ganism. Yuanyuan Zhang [2] studied the short-term natural weath-
ering characteristics of the oil spillaccident. Xuena Yang [3] and
Jianxin Ren [4] have made a preliminary study on the character-
istics of organic matter in sediments on tidal flat culture zone and
surface sediments near the polluted area, and achieved remarkable
results. On the basis of the studies above, my paper bases on the
sediment samples of the southern coastal of JiaozhouBay and four
times survey datas after 2 years of oil spill,to study environmen-
tal evolution process and thefluctuation pattern with time of the
identification parameters in oil pollution, and analysis of the types
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and sources of organic matter. Whichin order to provide a scien-
tific basis for understanding the environmental pollution status of
coastal waters affected by oil spill in southern Jiaozhou Bay and
the remediation methods of sediment environmental pollution.

Materials and Methods
Sampling

A total of eight sampling sitesin the coastal area of the
south bank of Jiaozhou Bayare shown in (Figure 1). Four different
cruises wereconducted in November 2015, March 2016, October
2016, March 2017, and respectively.In accordance with the tech-
nical requirements of “The specification for marine monitoring”
(GB17378-2007), surface sediments samples were collected and
stored in a brown glass bottle and returned to the laboratory, and
after natural air drying at laboratory temperature to determine.
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Figure 1: The surface sediment sampling sites.
Instruments and Reagents

Gas Chromatography Mass Spectrometry(GC/MS): GC6890-
MS5975, Equipped With Mass Spectrometry Detector(MSD) and
HP-5 Capillary Chromatographic Column(Agilent, USA); Rotary
Evaporator: BuchiR-3HB, equipped with a diaphragm vacuum
pump (Buchi, Germany); Termovap Sample Concentrator: EFCG-
11155 (Organization, USA); Ultrasonic Cleaner: KQ5200DE
(Kun Shan Ultrasonic Instruments, China); Analytical Balance:
KERNABS220-4 (KERN, Germany).n-hexane, GR, ref.110-54-3
(TEDIA,USA); Dichloromethane, GC (TJSHIELD, China); So-
dium sulfate anhydrous, GR ( Kermel, China); Copper Powder,
99.99% (TJ Hua Zhen, China).

Sample Preparation

Groundthe dried surface sediments samples and pass them
through the 100-mesh sieve. Then weigh about 10.0 g of sediment
samples and add to 100 pL recovery rate indicator- Phenanthrene (4
mgeL") in it. Put the samples in Soxhlet extractor after be wrapped
up in worked filter paper. Then add 150 mL of n-hexane-dichlo-
romethane (Volume ratio 1:1) to Soxhlet extractor and extract 24 h
(thewater bath temperature is 60 °C, to ensure that t return 5-6 times
per hour). Then add 0.5 g copper powder after extraction to desul-
furization. The extract was filtered through anhydrous Na,SO, and
concentrated by rotary evaporation to about 2 mL, thentransfer it
with n-hexane to I mL nitrogen blowing bottle,transfer it to the gas
phase sample bottle after concentration,and finally put it for GC-
MS analyses.Blank experiments were performed simultaneously
with the sample analyses. The resulting GC-MS spectra showed
that the baseline was low and the noise was weak and the target
compound was not detected. The sample recovery range is 85.3%
-110.2%, up torequirements ofUSA EPA standards (70% -120%).

Sample Analysis

Chromatographic conditions: the initial temperature of 50
°Cfor 2 min, then on 6°Cemin-1 rose to 300°C, keep 16 min; carrier
gas is high purity He, flow rate 1.6 mL ¢ min-1; thecolumn pressure
is 94.9 kPa, the inlet temperature is 250°C, the injection volume is
1 uL, Split less injection, constant current injection mode.

Mass spectrometry conditions: the interface temperature is
250°C,the ion source temperature is 230°C, the quadruple tem-
perature is 150°C, the ionization energy is 70 eV, solvent delay 3
min, the scanning range is 50.00-500.00 amu; SIM way, deuterated
(188), Alkane terrene selective ions (191, 217).

Results and Discussion

The Distribution and Characteristic Parameters of Ster-
ane and Terpanes

The Distribution of Steranes and Terpanes

Figure 2 and Figure 3 show the chromatograms of terpanes
and steranes in sediment of typical stations. Figure 2 shows that,
in the sediments of sea area,tricyclicterpanes that with different
carbon numbers and Hopanesthat with different stereochemistry
configuration in terpanes, such as Trisnorhopane, moretane and
17a(H),21B(H)-,, 5 5, 5, Hopanes and a small amount of C, rear-
rangement Hopaneswere detected.
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Figure 2: GC-MS Chromatograms of terpanes in sediment from typical
sampling station(a, B = 17a (H), 21p (H)-Hopanes; B,a =178(H), 21o(H)-
Hopanes; R and S = C-22 Rand S configuration, G = Gammacerane; Ts
= 18a(H)-22,29,30-Trisnorhopane; Tm = 17a(H)-22, 29, 30-Trisnor-
hopane)
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Figure 3: GC-MS Chromatograms of steranes in sediment from typical

sampling station(aoa = So(H), 14a(H), 17a(H)-steranes; app = Sa(H),
14B(H), 17p(H)-steranes. R and S = C-20 R and S configuration).

In the terpanes, the abundance of 17a (H), 21B (H) -22, 29, 30-trisnorhopane (Tm) and 17a (H), 218 (H)-hopance (C30 Hopanes)
was the highest. C31, C32 of homo hopance were detected more obviously, and the presence of C31 and C32 homo Hopanes indicated
the influence of petroleum input [5]. In addition, all samples were detected gamma cerane, which gammacerane have been found in a
lot of crude oiling our country. These indicated that sediments in the survey area may be affected by oil input. (Figure 3) shows that for
steranes in the sediments of the investigated sea area, and cholestane, Methyl cholestane and Ethyl cholestane in sterane were detected,
in which the geological configuration afp of Sterane had advantages obviously.

The Characteristic Parameters of Steranes and Terpanes

Table 1.1-1.4 lists diagnostic ratios of steranes and terpanes in sediments of survey sea area for four times samplings. It is observed
that the range of Ts/Tm ratio in the four surveys were 0.15-0.25, 0.17-0.31, 0.38-0.62 and 0.43-0.59, and the ratio was lower, and it can
be also seen from Figure 2 that Tm abundance was very high, Ts abundance was low.

Station 1 2 3 5 6 7 8 Mean value
Ts/Tm 0.25 0.19 0.25 0.21 0.15 0.18 0.24 0.22 0.21
C,,ap/C, af 0.69 0.74 0.72 0.75 0.77 0.79 0.78 0.74 0.75
C,,aB(S/(S+R)) 0.60 0.60 0.60 0.61 0.61 0.58 0.57 0.61 0.60
C,,0pp/(afp+aaa) 0.48 0.48 0.48 0.44 0.44 0.43 0.44 0.44 0.46
C,,app/(opptaoa) 0.48 0.45 0.44 0.43 0.50 0.48 0.47 0.49 0.47
C,,app/(opptaaa) 0.40 0.39 0.39 0.39 0.39 0.39 0.40 0.40 0.39
C,,aBB/(C,.-C,,)apB 0.28 0.29 0.29 0.29 0.23 0.25 0.26 0.25 0.27
C,,app/(C,.-C,,)app 0.35 0.31 0.30 0.32 0.38 0.38 0.35 0.37 0.34
C,,app/(C,.-C,,)app 0.38 0.40 0.40 0.40 0.39 0.37 0.39 0.38 0.39
C,,000(S/(S+R)) 0.57 0.56 0.55 0.54 0.55 0.57 0.54 0.55 0.55

Table 1.1: The characteristic parameters of steranes and terpanes in the surface sediments in November 2015.
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Station 1 2 3 4 5 6 7 8 Mean value
Ts/Tm 0.17 0.31 0.18 0.31 0.18 0.17 0.25 0.27 0.23
C,,ap/C, ap 0.80 0.77 0.92 0.86 0.94 0.88 0.87 0.78 0.85
C,,0B(S/(S+R)) 0.50 0.52 0.54 0.51 0.55 0.51 0.51 0.46 0.51
C,,app/(app+aoa) 0.39 0.39 0.37 0.37 0.38 0.38 0.37 0.37 0.38
C,,app/(opptaaa) 0.70 0.64 0.66 0.72 0.67 0.64 0.63 0.68 0.67
C,,0Bp/(afp+aaa) 0.40 0.40 0.39 0.39 0.38 0.40 0.38 0.41 0.39
C,,app/(C,.-C,,)app 0.26 0.30 0.28 0.24 0.30 0.27 0.31 0.27 0.28
C,,app/(C,.-C,,)app 0.46 0.40 0.45 0.51 0.44 0.42 0.42 0.45 0.44
C,,0Bp/(C, -C,)upp 0.29 0.31 0.28 0.25 0.26 0.31 0.27 0.28 0.28
C,,a00(S/(S+R)) 0.51 0.49 0.53 0.54 0.53 0.51 0.51 0.54 0.52

Table 1.2: The characteristic parameters of steranes and terpanes in the surface sediments in March 2016.

Station 1 2 3 4 5 6 7 8 Mean value
Ts/Tm 0.52 0.58 0.53 0.38 0.62 0.52 0.57 0.57 0.54
C,,ap/C30ap 0.77 0.84 0.82 0.93 0.84 0.84 0.85 0.85 0.84
C,,0B(S/(S+R)) 0.56 0.50 0.52 0.53 0.54 0.53 0.51 0.50 0.52
C,,app/(opptaoa) 0.48 0.35 0.37 0.40 0.43 0.47 0.38 0.40 0.41
C,,0Bp/(afp+aaa) 0.61 0.64 0.59 0.65 0.60 0.59 0.62 0.61 0.62
C,,app/(apptaoa) 0.38 0.33 0.35 0.36 0.38 0.37 0.37 0.43 0.37
C,,app/(C,-C,,)app 0.35 0.29 0.32 0.31 0.35 0.34 0.31 0.28 0.32
C,,0Bp/(C, -C,)upp 0.40 0.44 0.41 0.41 0.38 0.40 0.43 0.43 0.41
C,,app/(C,-C,,)app 0.25 0.27 0.27 0.28 0.26 0.26 0.26 0.29 0.27
C,,000(S/(S+R)) 0.52 0.54 0.54 0.53 0.54 0.52 0.55 0.55 0.54

Table 1.3: The characteristic parameters of steranes and terpanes in the surface sediments in October 2016.

Station 1 2 3 4 5 6 7 8 Mean value
Ts/Tm 0.56 0.55 0.50 0.53 0.59 0.43 0.53 0.51 0.53
C,,ap/C300f 0.81 0.76 0.80 0.81 0.84 0.80 0.78 0.81 0.80
C,,aB(S/(S+R)) 0.63 0.64 0.63 0.64 0.62 0.64 0.64 0.60 0.63
C,,app/(opptaaa) 0.43 0.42 0.43 0.46 0.44 0.48 0.42 0.47 0.44
C,,app/(apptaoa) 0.50 0.48 0.48 0.52 0.51 0.55 0.50 0.51 0.50
C,,app/(opptaaa) 0.43 0.41 0.42 0.41 0.43 0.38 0.40 0.43 0.41
C,,0Bp/(C, -C,)upp 0.30 0.30 0.31 0.31 0.31 0.32 0.31 0.32 0.31
C,,app/(C,.-C,,)app 0.32 0.32 0.31 0.33 0.33 0.36 0.33 0.32 0.33
C,,app/(C,-C,,)app 0.37 0.38 0.38 0.36 0.36 0.32 0.36 0.36 0.36
C,,000(S/(S+R)) 0.62 0.59 0.60 0.60 0.60 0.57 0.61 0.59 0.60

Table 1.4: The characteristic parameters of steranes and terpanes in the surface sediments in March 2017.

Volume 2017; Issue 02




Citation: Xue X (2017) Changes of Parameters Characteristic for Surface Sediments in Oil Spill Sea Area. Arch Pet Environ Biotechnol: APEB -115.

According to the study of J P, Bao [6], it is found that the
ratio of Ts/Tm decreases with the increase of biodegradation inten-
sity. Therefore, it was inferred that the lower Ts/Tm ratio may be
related to biodegradation in four surveys.The component percent-
age ofR and S configuration in steranes and terpanes is the impor-
tant indicatorinassessment of thermal maturity of organic matter,
such as C, ~, .0f(S/(S+R)) and C a00(S/(S+R)), etc. They gener-
ally show different ranges with different maturity: low maturity
organic matter show between 0.52-0.55, fully mature equilibrium
value show of 0.6 or so[7,8]. Therefore, these parameters are often
used to distinguish between oil and non-oil inputs. The ranges of
C,,aB (S/(S+R)) ratio in the four surveys were 0.57-0.61, 0.46-
0.55, 0.50-0.56 and 0.60-0.64, which all around 0.6; the ranges
of C,,aa0 (S/(S+R)) ratio were0.54-0.57, 0.49-0.54, 0.52-0.55and
0.57-0.62. All of aboveindicated that the survey area had been af-
fected by oil input.

The regular C,.-C_-C sterane series (Cholestane, Ergos-
tane, and Stigmastane) is most common in oils, and because of its
high oil source characteristics, the correlation ratios of it are com-
monly used in chemical fingerprint studies.Steranes include both
biological configuration (Sa14al7a) and geologic configuration
(5014B17p), and the biological configuration isomers are gradual-
ly transformed into geologic configuration isomers with the degree
of thermal evolution increased, so we usually use app/ (app+oaoor)
to indicatethe maturity of crude oil.In the four surveys, the mean
value of C, afp/(app+aaa) were 0.46,0.38,0.41 and 0.44 respec-
tively; the mean value of C, aff/(afB+aoa) were 0.47,0.67,0.62
and 0.50 respectively; the mean value of C_ ofp/(afp+acc)were
0.39,0.28,0.37 and 0.41 respectively. All of aboveindicated that
the survey area had been affected by oil input.

The Distribution Pattern of Characteristic Param-
eters of Steranes and Terpanes

(Figure 4) Show that the comparison of eleven oil fin-
gerprint parameters of steranes and terpanesin sediments at eight
stationsamong the four times surveys. It can be seen from the fig-
ure that there wereslightly difference of the distribution pattern
of characteristic parameters of steranes and terpanes in different
surveys. However, in the single survey, the ratio values of steranes
and terpaneswere no significant difference in different stations,
and the distribution pattern of characteristic ratioswere consistent,
which indicated that the characteristic parameters of steranes and
terpanes of sediments at different stations in the survey area was
consistent.
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Figure 4: The distribution diagram of characteristic parameters of ster-
anes and terpanes in four samplings

Time Variation of the Characteristic Parameters of
Steranes and Terpanes

The steranes and terpanes in the marine environment are
highly stable and are less susceptible to weathering. HengzhenXu[9]
found that the characteristic parameters of terpanes and steranes in
the oil change less than 10% after weathering 1 year (or indoor
natural place 4 years). ZhendiWang[10] had used steranes and ter-
panes to identify oil spill that weathering 22 years in the environ-
ment. G. Mille[11] found that the biomarkers are very stable in the
salt marsh environment and remain unaltered even after a 13-year
period.

As shown in (Figure 5), in the four surveys, each
ratio parameters showed a certain regular fluctuation
over time, and its variation pattern is roughly divided
into two categories: the ratios C, off /C, aB, C,, app
/(aBB+aqa), CoBp/ (C,-C,)app,C,/C,changedin
shape “U”. And the ratios C,, af (S/(S+R)), C,, app /
(aBp+aaa), C,, upp/(oppraun), C,aBp/(C,,-C,)aBp,
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C,, aaa(S/(S+R)).Changed in shape “U” The ratio Ts/
Tmincreased 1-2 times in the previous two surveys,
and the difference between the maximum and the mini-
mum values of C, /C , steranes was about 1 times and
the fluctuation was significant. The characteristic pa-
rameters of steranes and terpanes varied regularly with
the change of time indicated that the organic matter in
the sediments of the survey area may no longer be con-
trolled by the oil input of the oil spill, but be influenced
by the natural factors such as the input of organic mat-
ter in the marine environment.
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Figure S: Time variation of the characteristic parameters of steranes and
terpanes.

Analysis of Source of Sediment Organic Matter
Steranes are widely found in petroleum and its
products, and they have strong resistance to environ-
mental degradation. It can be a good indication of oil
sources [12]. The triangular diagram of C,, C -C, ja00
steranes distribution can determine the source of sedi-
ment organic matter. C, steranes are mainly marine
sources, derived from lower aquatic organisms and
algae organic inputs; C steranesare mainly higher
plant sources; C,steranes play a less prominent role
in the sources because important terrigenous as well
as marine sources may existfor the sterols[13].Figure
6 shows the triangular diagram of C,-C_-C jooa ster-
anes distribution at each site in four times survey. It
can be seen that all the stations in the four surveys fell
in the mixed source region, indicated that the steranes
in the sediments of the sea area were mainly derived
from the mixed organic matter input from higher plants,

plankton and algae. The relative distribution of C, C,,,

C,,a0asteranes had a V-type distribution, which may be
due to the organic matter in the study area was affected
by the mixed input of petroleum products and their de-
rivatives and higher plants.

MNov. 2015
Mar. 2016
Ot 2006
Mar. 2017

]
L ]
&
*

>0
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Figure 6: The triangular diagram of C,.-C,-C, aaasteranes distribution
in four times survey.

Conclusion

In the surface sediment of the southern coastal
of Jiaozhou Bay, tricyclic terpanes that with different
carbon numbers, Hopanes, C,rearranged Hopanes,
cholestane, methylcholestane and ethylcholestanew-
ere detected in every station. The distribution range
of characteristics parameters Ts/Tm of the survey area
was wider, was 0.15-0.62, with a mean of 0.38, and the
ratio was low, which may be related to biodegradation.
The distribution range of characteristics parameters
C,,aB(S/(S+R)) and C-sterane aao(S/(S+R)) were
narrow, were 0.46-0.64 and 0.49-0.62respectively, they
were all close to 0.6. The distribution range of charac-
teristics parametersC,,app/(afp+aaa) was 0.33-0.43,
the mean value was 0.39, the component percentage of
geological configuration was high.All of above indicat-
ed the area was affected by the input of petroleum.

The distribution pattern of characteristic param-
eters of steranes and terpanes were consistent in sur-
vey stations, indicating that the composition of organic

6
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matter in the survey area was consistent. The character-
istic parameters of sterane and terpanes were changing
regularly with the change of time, indicating that the
surface sediment in oil spill sea area that was contami-
nated by oil spill is controlledweakly by oil pollution;
it is mainly affected by natural factor such as the input
of organic matter.The sterane in survey area is mainly
came from mixed organic matter include higher plants,
plankton and algae.The relative distribution of C,,, C,,,
C,,anasteranes had a V-type distribution, which may be
due to the organic matter in the study area was affected
by the mixed input of petroleum products and their de-
rivatives and higher plants.
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