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Abstract: The South China Sea (SCS) is one of the most productive and accumulative 

marginal shelves of organic carbon in the world. To expound the transformation and 

preservation of organic carbon in the Northeast SCS, where abundant oil and gas resources 

have been reported, compound specific sterols in free (FR), base hydrolytic (BH), and acid 

hydrolytic (AH) forms were analyzed in surface and columnar sediments in May, 2016. The 

results showed that the total contents of sterols detected ranged from 0.15 to 3.74 ppm dry 

weight in the surface sediments, and gradually decreased from 3.41 to 0.17 ppm dry weight 

from surface to deep sediments, in which cholesterol (27
∆5

) was the most abundant 

component. Sterols mainly existed in the BH form (54.51%–74.20%), followed by the FR 

form (25.50%–45.49%) and then the AH form (0–3.77%) in turn, in the surface sediments. 

BH and FR sterols accounted for 0–49.08% and 50.92%–100% in the columnar sediments, 

while AH sterols were undetectable. The contents of specific sterols indicated that, the 

primary source of marine organic carbon was about 5 times as much as that from terrestrial 

input. More and more FR sterols transformed into BH sterols with increasing sedimentary 

depth, and BH sterols absolutely dominated in sediment depths under 25 cm. The forms of 

Sterols C27 were maintained at a relative consistence state, but Sterols C28 to C30 degraded 

gradually during the sedimentation process. It was suggested that the stability of sterols, 

based on the chemical structures, might be the primary factor controlling their degradation 

and preservation in deeper sediments. These results would help to understand the organic 

carbon (OC) transformation in a hydrate formation area in a marginal sea. 
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1 Introduction  
 

Although marginal seas cover 10% of the total sea area, an annual organic matter (OM) of 

approximately 90% of the total marine OM reservation from high productivity, terrestrial inputs, and 

deposition rates was preserved (Hedges and Keil, 1995; Tao et al., 2016). Sedimentary OM records 

abundant information on climatic change and the depositional environments. Thus, identifying the 

composition and occurrence states of sedimentary OM would be of great help to determine its source, 

transportation, transformation, and preservation.  

The South China Sea (SCS) represents one of the largest marginal seas in the world, with an area of 
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350×10
4
 km

2
. Due to the significant impacts from rapid economic development and urbanization in 

South China, the average depositional flux of terrestrial OM from the Pearl River Estuary (PRE) has 

reached a level of 28.7 times the background level, which has led to a series of problems including 

eutrophication and the stimulation of primary productivity in coastal waters (Zhang Ling et al., 2009). 

Although most of the organic carbon (OC) was mineralized in the water column and surface sediments, 

particulate organic carbon (POC) as high as 1.5%–3.5% was ultimately accumulated at a rate of 15–40 

mg C/cm
2
/ka in the surface sediments of the northern and central SCS (Chen Jianfang et al., 1998). 

Besides its sources, many factors affect OC accumulation and preservation in sediments. It is 

generally believed that the smaller the grain size, the larger the specific surface area, and the easier the 

adsorption and preservation of POC and dissolved organic carbon (DOC). This leads to an OC 

accumulation onto fine sediments (Zhang Weiyan et al., 2015). Moreover, a reducing sedimentary 

environment and high deposition rate have been shown to be beneficial to OC preservation (Vetrov et 

al., 2011). Besides the particle size and redox conditions, OC sources and the degrees of degradation 

and transformation during depositions significantly influenced the OC geochemistry in the sediments 

of Shenhu Sea (Mao Shengyi et al., 2014). 

Studies have shown that the production of biogenic methane from hydrate formation could be 

encouraged if the deposition rate and OC content reached 30 m/Ma and 0.5%, respectively 

(Kvenvolden, 1985). It was reported that, the OC deposition rates ranged from 89 to 819 m/Ma in the 

Holocene epoch and OC contents were higher than 0.7% in Dongsha Sea sediments, which were both 

located at the proper ranges for hydrate formation (Wu Nengyou et al., 2007). This higher OC 

accumulation could likely be one of the origins for local hydrate formation. Meanwhile, the OC 

contents as high as 0.97% were detected in muddy sediments from a methane fluid active zone in the 

northeastern SCS (Yu Xiaoguo et al., 2013). 

The hydrate formation was related not only to the OC preservation but also the compound groups. 

The OC that was derived from marine phytoplankton and strongly reworked by bacteria had great 

potential for oil generation, while the OC that originated from terrestrial higher plants had a higher 

possibility of gas production (Tissot, 1974). The SCS has been recognized as a common development 

area of cold spring and natural hydrates and the OC preserved might be produced by a large number of 

autotrophic communities in the sediments, which include methanogenic archaea and sulfate reducing 

bacteria (Zhang and Lanoil, 2004; Ding Ling and Zhao Meixun, 2010; Ding et al., 2017; Lei Huayan et 

al., 2018). However, more information is necessary to discover the OC occurrence and hydrate 

formation. Because of the stable, diverse, and specific chemical structures, sterols were widely used as 

biomarkers in marine organic geochemistry to discern OC origination (Volkman, 1986; Rieley et al., 

1991; Xiao et al., 2013), issue OC diagenesis (Gaskell and Eglinton, 1975; Yoshimura et al., 2009; Jeng 

and Han, 2015), and interpret ecological functions in marine ecosystem (Venkatesan and Kaplan, 1990; 

Schubert et al., 1998; Seki et al., 2004; Xing Lei et al., 2012; Zhu et al., 2018). Meanwhile, the sterol 

transformation and preservation could be demonstrated by the occurrence states of free and binding 

forms in the sediment (Wang Jiangtao et al., 2011). 

Therefore, compound specific sterols, as well as their morphologic forms, were applied in this study 

to address OC transformation and sedimentation in the sediments of the Northeast SCS as follows: 1) 

the compositions of sterol molecules and the forms they occur in, 2) the relative contributions of 

potential bio-sources to the sterol pools, and 3) the transformation and preservation of sterols during 

sedimentation. 

 

2 Geological Settings 
 

Due to the interaction between the Pacific and Eurasian plates, the North SCS has experienced 

complex geological forces, such as intense magmatism and frequent tectonic movement; these formed 

landforms and the area is dominated by a continental shelf (water depth<200 m), continental slope 

(water depth <3500 m) and deep sea basin (water depth>3500 m) (Feng Wenke and Bao Caiwang, 

1982; Su Guangqing et al., 1987). After the environmental changes seen in continental facies, 

transitional phases, and marine facies, rocks with multiple hydrocarbon sources (third series lacustrine 

facies and shallow sea facies mudstones) had been developed in the deep areas of the continental slope 
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in the North SCS, and the kerogen was dominated by type II and III (Chen Jie et al., 2007; Zhu Weilin 

et al., 2010). Meanwhile, there were several sets of favorable reservoirs and cap assemblages, and also 

various lithologic traps in the deep area (Hu et al., 2015). Tectonic evolution, fault activities, and a 

higher geothermal field led to the migration and accumulation of oil and gas in the northern marginal 

SCS (He Jiaxiong et al., 2012). It was reported that some petroliferous basins were developed in the 

continental shelf of the Northeast SCS (e. g. Pearl River Mouth Basin and Southwest Taiwan Basin) 

(Zhang Gongcheng et al., 2013); more than 20 oil and gas fields had been discovered successively, and 

the annual oil output is kept at 10 million cubic meters in the PRE basin (He Jiaxiong et al., 2012). 

 
3 Samples and Methods 
 
3.1 Study area and sampling 

The study area is located in the northeastern continental slope of the SCS, which was reported as an 

oil-gas prone area (Lu et al., 2014; Su Ming et al., 2017). Four sampling stations were set up and 

recorded as D1, G2, S7 and S8 (Fig. 1) along the NE–SW slope, in May, 2016, and the water depth 

increased from 735 to 1248 m. A 1.6 m sediment column was obtained using a gravity sampler with 

cylindrical polyvinyl chloride pipes attached (300 cm × 10 cm), at station S8, and a 40 cm sediment 

column was collected with a box corer at the same time, to make up for the gravity deformation on the 

surface of the 1.6 m sediment column. Surface sediments were sampled with a box corer at stations D1, 

G2, S7 and S8. The surface sediments and sediment columns were quickly frozen in situ by pouring 

liquid nitrogen over them and then kept frozen (−20ºC) until laboratory segmentation and analysis. The 

sediment column was thawed at room temperature and sliced at 1 or 2 cm intervals from surface to 

bottom before analysis. The obtained samples consisted of dark gray silty mud. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Study area and sampling sites in the South China Sea (SCS) in May, 2016.  

PRE, Pearl River Estuary; TWS, Taiwan Strait. 

 

3.2 Analysis of OC and its stable isotopes  

Lyophilized and homogenized sediments were treated with 10% HCl in order to remove carbonates, 

then rinsed with Milli-Q water until the pH approximated 7, and then dried at low temperature. A 70 

mg sample of pretreated sediment from every sample was wrapped with a tin cup for instrumental 

analysis. The OC content was measured using an element analyzer (PE2400II, UK), with relative 

standard deviations of 0.03wt% (n=6). The δ
13

C abundance was determined in the carbonate-free 

samples via a Flash EA 1112 connected to an isotope ratio mass spectrometer (MAT253), with a 

standard deviation of 0.3‰. 

 

3.3 Analysis of sterol molecules 

5 g of sediment was ultrasonically extracted with organic solvents (methanol and methylene chloride) 

for free (FR) sterols. The residue was first saponified and, then, was ultrasonically extracted with 
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organic solvents for base hydrolytic (BH) sterols. The last residue was acidified with a HF–HCl 

solution and further extracted for acid hydrolytic (AH) sterols. Both BH and AH sterols stood for the 

bound organic matter to the particles, and represented a closer binding to the particles in turn. Extracts 

were saponified and treated with BSTFA (N,O-bis(trimethylsilyl)-trifluoroacetamide) in acetonitrile to 

form trimethylsilyl-ethers (TMEs) (Zou et al., 2004). The TMEs were analyzed via gas 

chromatography (Agilent 7890A capillary, DB–5, 30 m × 0.25 mm × 0.25 μm) connected to a mass 

spectrometer (Agilent 5975C). An internal standard (5α-Cholestane, 124.904 mg/L) was added for 

quantification before the GC–MS measurement. The temperature of the inlet and detector was 300ºC. 

The oven temperature was programmed as 50–150ºC at 20ºC/min, then 150–300ºC at 4ºC/min intervals, 

and held at 300ºC for 20 min. Hydrogen was used as the carrier gas at a flow rate of 30 mL/min. The 

abundance of sterol molecules was calculated by comparing peak areas of the internal standard with 

compounds of interest in reconstructed total ion current (TIC) chromatograms. The result was 

normalized to the weights of dry sediment (ppm, dry weight). The relative operation error was smaller 

than 4.21% for every sterol molecule detected. 

 
4 Results and Discussions 
 
4.1 OC and δ

13
C 

The OC contents in surface sediments ranged from 0.28 to 0.66% (average at 0.55%) (Fig. 2) with 

higher OC contents near to the PRE (Sites S7 and S8) and the Taiwan Strait (TWS) (Site D1), and 

lower OC content in middle area (Site C1). The OC presented similar values to those in the East China 

Sea (Li Feng et al., 2016), but higher than the values in the Yellow Sea, which is a semi-open marginal 

area in North China, and lower than those in the Bohai Sea, which is a semi-closed inland sea in North 

China (Gao HanLing et al., 2017). Following the general decreasing tendency from near shore to off 

shore areas (Zhao Meixun et al., 2009; Xiong Linfang et al., 2013), OC contents in the study area were 

lower than those in the PRE (Guo Wei, 2016). 

Vertical OC contents at Site S8 are shown in Fig. 2. The OC contents were higher in the upper 22 cm 

sediments with an average value of 0.91%, which suddenly decreased over the depth ranging from 22 

to 40 cm, and then increase gradually from 40 cm to the deepest depths. Comparing with those in other 

slope sediments in Shenhu area in the SCS (0.20%–0.61%) (Mao Shengyi et al., 2014) and the coastal 

area of the East China Sea (0.50%–0.73%) (Wang et al., 2016), OC was enriched in the sediments at 

Site S8 vertically, which was meaningful for the formation of biogenic gas and consistent with the 

environmental background of the oil and gas sustained releasing region (Chen et al., 2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The organic carbon (OC) contents in the sediments of the northeast slope of the SCS. 
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δ
13

C was slightly enriched in the upper 30 cm sediments, with an average of −21.33‰, while those 

in the middle and deep sediments were slightly depleted to −21.46‰ and −21.54‰, respectively. 

Because of the selective molecular degradation of OC during physical, chemical and biological 

processes, the deeper the deposition, the longer the degradation time, and the lower the δ
13

C was 

shifted (Chen Fajin et al., 2012). In this study, the δ
13

C of OC was depleted by 0.21‰ from the surface 

down to 160 cm. 

 

4.2 Composition and distribution of sterols 

Eight species of sterols were detected in the sediments, shown in Table 1. The total sterol (TST) 

content was summed up using the content of every sterol molecule detected in the same sample. TST 

ranged from 0.15 to 3.74 ppm (Fig. 3). The highest TST was detected at Site D1, followed by those at 

Sites S7 and S8, and a lowest TST was found at Site G2. The SCS was typically in tropical and 

subtropical states and its productivity was mainly controlled by nutrients (Ning et al., 2004; Han et al., 

2012). An area of higher productivity was located in the North SCS, due to the input of eutrophic 

diluted water from the Pearl River and the abundant nutrients carried annually by the southeast 

monsoon, initially coming from the East China Sea and through the TWS in the summer (Liu et al., 

2002). Therefore, the distribution of the TST contents followed a similar pattern as that of the OC 

distribution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Contents and morphologic compositions of the total sterols (TST) in the surface sediments in the Northeast 

SCS.   
FR, free sterols; BH, base hydrolytic sterols; AH, acid hydrolytic sterols.  

 

BH sterols occurred at a higher percentage of TST, i.e., 54.51%–74.20% in surface sediments, 

followed by FR sterols, i.e., 25.50%–45.49%, and then AH sterols, i.e., 0–3.77%. As summed up by FR, 

BH and AH forms of sterols, the TST contents in the surface sediments in the study area were evidently 

higher than those in the PRE and adjacent SCS (9.0–493.5 ppb), where OC contents (0.06%–1.02%) 

were higher than the OC contents in study area (Hu et al., 2009). It should be noted that the general 

extraction methods on sterols, which only contained FR sterols, largely underestimated the sterol 

contribution to total lipids and OC, which may also miss a lot of information on BH sterols. 

Vertical TST gradually decreased with depth from 3.41 to 0.17 ppm (Fig. 4); FR and BH sterols 

accounted for 0–49.08% and 50.92%–100%, respectively, while AH sterols were undetectable. The 

TST contents and every sterol followed a similar vertical pattern and correlated closely with each other 

(r>0.90). There was also a close relationship between OC and TST contents (r=0.77). 27
∆22

 occurred in 

relatively high proportions ranging from 22.89% to 37.60% (ave. 27.83%) of TST, followed by 27
∆5, 22

 

and 28
∆5, 22

 ranging from 15.88% to 31.16% (ave. 18.91%) and from 14.09% to 23.38% (ave. 17.20%), 

respectively. Meanwhile, 28
∆22

, 29
∆7, 22

 and 30
∆22

 were <10%, correspondingly. Except for the 

undetectable AH sterols, the compositions of sterol forms varied from surface to deep sediments. 27
∆5, 
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22
, 27

∆5
, 27

∆0
 and 28

∆5, 22
 primarily existed as BH ranging from 52.71% to 100%; 28

∆5
 was completely 

detected as BH except at the 2 cm layer, while 29
∆5, 22

, 29
∆5

 and 30
∆22

 were in FR, prior to those in BH 

at some layers. 

 

 

 

 

Fig. 4. Contents and morphologic compositions of sterol molecules in the sediments in the Northeast SCS.  

FR, free sterols; BH, base hydrolytic sterols.  

 

4.3 Potential sources of sedimentary sterols  

Based on the compound specific sterol molecules, their potential sources could be deduced in the 

sediment. For example, 27
∆5,22

, 27
∆5

 and 27
0
 were predominantly derived from marine plankton and 

widely distributed in zooplankton and phytoplankton (Volkman, 2005; Ai et al., 2008); 28
∆5,22 

and 28
∆5
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come from phytoplankton and terrestrial plants (Volkman, 1986), but mainly from diatoms (Volkman 

and Hallegraeff, 1988), while 29
∆5, 22 

and 29
∆5

 come from terrestrial plants (Venkatesan and Kaplan, 

1990; Rieley et al., 1991), and 30
∆22

 from dinoflagellate and certain diatoms (Volkman et al., 1993). 

Sterols C27 absolutely dominated the sterols, i.e., 51.05%–76.62% (ave. 59.78%) of TST, and Sterol 

C28 (ranging from 17.71% to 28.34% of TST, ave. 20.95%) was higher than Sterol C29 (ranging from 

0 to 23.50% of TST, ave. 15.51%). The compositions of the sterols were distinct from those in the PRE 

(Strong et al., 2012), in which Sterol C29 was the most abundant in all the estuary sediments and 

derived from vascular plants. The percentages of Sterols C27, C28 and C30 relative to TST (abbreviate 

to S (27+28+30)/TST) and Sterol C29 relative to TST (abbreviate to S29/TST) were calculated, to 

estimate the relative contributions from marine phytoplankton and terrestrial plants, respectively. As 

shown in Fig. 5a, marine sterols absolutely dominated making up 76–100% (ave. 84%), while 

terrestrial ones accounted for 0–24% (ave. 16%). The relative contributions were almost consistent at a 

ratio of 5:1 (marine sterols: terrestrial sterols, abbreviate to M/T) from the surface to the deep 

sediments, except at 35 to 40 cm and below 100 cm. The relative contents of Sterol C27 at 35 to 40 cm 

and below 100 cm sediments were 17% higher than those of other layer sediments. However, the 

relative contents of Sterol C29 decreased, which suggested the prosperous growth of marine organisms 

led to an increase in the proportion of the authigenic components in the sediments. Marine FR sterols 

were first degraded and transformed to BH sterols during the deposition process, which were well 

preserved in deep sediments. In addition, the degradation rates of terrestrial sterols in the sediments 

were slower than those of marine sterols because of their stable molecular structures; thus, FR M/T 

declined with depth, but not BH M/T, to the contrary (Fig. 5b). 

 

 

 

 

 

Fig. 5. Percentages of sterols from different sources and the sterol ratios of marine to terrestrial sources (M/T) in 

the sediment column. 
FR, free sterols; BH, base hydrolytic sterols.   

 

The ratio of Sterols C30 content to C28 content (abbreviate to R30/28) could reflect the community 

structure of phytoplankton in euphotic zones (Schulte and Bard, 2003; Jeng and Huh, 2004; Zhao et al., 

2006). As shown in Fig. 6, R30/28 wavered among 0.16 and 0.37 vertically. It was indicated that, 

diatoms absolutely dominated the phytoplankton community in the study area. This agreed with the 

results in the North SCS, which was based on the individual identification, pigment chromatography, 

and organic biomarkers of phytoplankton (Sun Jun et al., 2007; Huang et al., 2010; Li Yuhong et al., 

2012; Li Li et al., 2014). The R30/28 increased from 0.24 to 0.37 in the sediments above the 10 cm 
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layer, and the relative contents of diatoms increased and were related to the increasing eutrophication 

of seawater in recent years. Then, R30/28 decreased with depth between sediment depths of 10 and 30 

cm. The fact that marine sterols accounted for almost 100% of the TST, and that R30/28 dropped 

suddenly from 0.27 to 0.16 at about 30 cm, indicated the algal communities mostly transitioned from 

diatoms to dinoflagellates during this deposition period. Below the 30 cm layer, the R30/28 gradually 

increased to 0.25, which was comparable to those in the upper sediments. The relative contents of 

Sterols C28 varied little throughout the whole sediment column and the distribution pattern of Sterol 

C30 was similar to that of Sterols C29 (r=0.88). The sudden variation at about 30 cm layer might imply 

an important event that changed the phytoplankton community structure during the corresponding 

deposition period. More evidence would be necessary for a detailed discussion on the episodic event. 

Morphologically, due to the spatial structure, the R30/28’s of BH were lower than those of FR, which 

suggested that Sterol C30 had more difficulty binding with sediment particles. Thus, the relative 

contents of the FR Sterol C30 were higher than that of the FR Sterols C28. However, the trend was 

opposite to that of the Sterols C28 and C30 in BH. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Ratios of Sterols 30 to 28 (R C30/C28) in the sediment column in the Northeast SCS.  
FR, free sterols; BH, base hydrolytic sterols.  

 

 

4.4 Transformation and degradation of sterols 

Biochemical studies showed that organisms contain a certain amount of stanols, which were the 

direct contributors to the stanol pool in sediments (Nishimura and Koyama, 1977). Moreover, the 

stenol reduction and hydrogenation provided considerable sources of stanols after deposition (Gaskell 

and Eglinton, 1975; Gagosian and Heinzer, 1979). Thus, because of the reducing environment, the 

ratios of stanol to stenol (abbreviate to STA/STE) increased with depth (Duan Yi et al., 1998; Muri et 

al., 2004). 27
∆0

 was the only detectable stanol in this study and its STA/STE varied distinctly in FR and 

BH forms (Fig. 7). The increasing STA/STE of FR sterols with depth agreed with the interpretation of a 

reducing sedimentary environment in the study site, and the FR sterol was further hydrogenized for its 

long term deposition. Although different from that of FR sterols, the STA/STE of BH sterols varied 

little from surface to deep sediment, and the STA/STE's in the upper sediments were slightly higher 

than those in deeper sediments. This tendency suggested the gradual refraction of BH sterols, which 

might be due to their closer coherence with sedimentary particles and the rapid bacteria hydrogenation 

in the upper sediments (Ding and Sun, 2005). The STA/STE in the study area followed a similar pattern 

as that in the Nansha area, SCS (Duan Yi et al., 1998), but was lower than in the Changjiang Estuary 

(Lv Xiaoxia and Zhai Shikui, 2006) with respect to the active hydrodynamic condition and rich 

microbial content (Gagasian and Heinzer, 1979; Tian et al., 1992). 
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Fig. 7. Ratios of Stanol 27 to Stenol 27 (STA/STE) in the sediment column in the Northeast SCS.  
FR, free sterols; BH, base hydrolytic sterols.  

 

 

The degradation of OM played a key role in early diagenesis, which also provided energy to drive 

biogeochemical processes in the marine sedimentary environment (Bourdon et al., 2000). Generally, 

sterols were more stable than fatty acids and fatty alcohols, so to the sterols in the FR and BH forms. 

Meanwhile, the FR components were more active, and more easily oxidized and degraded than the BH 

and AH components because the BH and AH components were chemically stable and closely 

associated with sedimentary particles (Ding and Sun, 2005). 

Without any detectable AH sterols in the sediments, the ratios of FR sterols to BH sterols (abbreviate 

to FR/BH) were calculated to estimate the degree of sterol degradation. A FR/BH higher than 1 

indicated lower degradation, lower transformation from FR to BH, and higher accumulation, and vice 

versa. As shown in Figs. 4 and 8, the TST decreased and FR/BH of Sterols 27 to 30 significantly 

increased from the surface to the subsurface layer, suggesting an active degradation before the sterol 

transformation from FR to BH at the corresponding layers. The FR/BH of Sterols 28 to 30 decreased 

gradually and the FR/BH of Sterol 27 remained at a relatively consistent ratio below the subsurface 

layer but those ratios varied greatly from 30 to 40 cm. The decreasing FR/BH of Sterols 28 to 30 

indicated continuous degradations, transformation from FR to BH, and/or stronger resistance to the 

degradation of BH sterols than FR sterols during the aging processes under subsurface sediments. 

Meanwhile, the ratios with little variation and decreased contents of Sterol 27 indicated a relatively 

consistent degradation rate and transformation rate from FR to BH. The differential degradation and 

transformation rates between Sterol 27 and Sterols 28 to 30 might be due to their molecular structure 

and chemical stability, such as the molecular weight and the side alkyl chains (Sun and Wakeham, 

1994). This difference would further lead to the intensive preservation and then hydration of organic 

carbon (Lin et al., 2014). 
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Fig. 8. Ratios of free sterols to base hydrolytic sterols (FR/BH) in the sediment column in the Northeast SCS. 

 

 

5 Conclusions 
 

(1) Eight species of sterols were detected in the northeast continental slope of the SCS, including 

27
∆5, 22

, 27
∆5

, 27
∆0

, 28
∆5, 22，28

∆5，29
∆5, 22，29

∆5
, and 30

∆22
. 

(2) Both the OC and sterols displayed higher values in the areas near to the PRE and Taiwan Strait, 

which were greatly influenced by material inputs and hydrodynamics. 

(3) Sterols were primarily present in the BH form (71.66%) and free form (28.34%), while AH 

sterols were under-detected in the columnar sediments. 

(4) The compound specific sterols primarily originated from marine production (84 %), with a few 

from terrestrial input (16%). 

(5) Based on the existing forms of sterol molecules, their molecular structure and chemical stability 

basically controlled their degradation and transformation rates, which would further concern the 

preservation and then hydration of OC. 
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