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Abstract: The concentrations, accumulation and sources of 15 polycyclic aromatic hydrocarbons 

(PAHs) had been studied or evaluated in the surface layer sediments of Taizhou Bay, China. It 

showed that the concentrations of PAHs ranged from 85.4 to 167.6 ng/g (averaged 138.62 ng/g), 

and the highest level was found in Jiao Jiang Dock. Percentages of 2-, 3-, 4-, 5- and 6-cyclic 

aromatic hydrocarbons were 7.8 %, 42.1 %, 33.3 %, 9.6 % and 7.2 % respectively. The 

accumulation indices of PAHs ranged from 532.7 to 1068.9 (averaged 807.5), and the index of 

Phenanthrene was the highest (122.7), while that of Benzo (a) Pyrene was the lowest (2.7) among 

them. In Taizhou Bay, PAHs in surface layer sediments came mainly from coal burning, partly from 

direct pollution of petroleum hydrocarbons. 
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Introduction 

 
PAHs, as persistent organic contaminants, widely existing in the environment, mainly come from 

forest fires, volcanic activitives, automobile gases and oil leaking, et al. In marine environment, they 

threaten marine eco-environment and harm human’s health through food chain as well. They were 

commonly carried by suspended substance in waters and atmospheric aerosol. When combined with 

sediments in seawater, it is very difficult for them to be degraded photochemically, or oxidated by 

microorganisms, and thus accumulated in sediments eventually [1]. The Study on concentrations of PAHs 

in marine sediments could help to understand the transmutation of contaminants reversely and reveal their 

pollution history [2]. Much attentions had been paid on them since 1970s worldwidely, and Chinese 

scholars began to study  pollution charecteristics of PAHs in inshore areas since 1980s and it was shown 

that  pollution situations were clearly positively correlative with industry development in coastal area. In 

recent years, environmental researchers in China had made a massive investigation on the pollution 

situation of PAHs in the East China Sea [3], South China Sea [4], Bohai Sea [5] and Yellow Sea [6], and found 

that there existed great differences in PAHs concentration among different periods and areas. So it was 

very necessary to make a deep research on pollution degrees, sources and concentration causes of  

PAHs in marine environments. 

Many factors could cause the difference in concentration levels of PAHs in marine sediments, such 
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as organic carbon content in marine sediment [7], particle diameter of sediment, the discharge amount of 

oily wastewater from ships, the scale of marine aquaculture, and the development of coastal industry and 

urbanization, etc. Many Industries such as aquaculture, chemical industry, electric power industry, terminal 

operation and dismantlement works of used electric appliance had been growing rapidly in the areas 

around Taizhou Bay ,and Taizhou Power Plant, a station  consuming 10,000 tons of coal per day, might 

be the main source of PAHs in the marine environment of Taizhou Bay. In this paper, the concentration, 

accumulation and possible sources of PAHs in surface layer sediment in Taizhou Bay were studied to 

provide some scientific references for the sustainable development of coastwise marine industries in 

Taizhou. 

 

1  Material and menthod 

 

1.1  Sampling 

Sediments and seawater were sampled in April 2006. 7 sites in inshore area (shown in Fig.1) were 

selected according to the current course of water system in Taizhou Bay. Station 1 was located in the 

entrance of Taizhou Bay (with a boatyard nearby.); Station 2 was situated near Jiaojiang Dock.; Station 3 

was near the coal transportation dock used by Taizhou Power Plant; Station 4 was next to the sewage 

outlets of Taizhou Power Plant; Station 5 was just around the sewage outlets of Jiaojiang chemical 

industry area.; Station 6 was near the sewage outlets of Linhai chemical industry area and Station 7 was 

around the marine aquaculture area of Taizhou Bay. Collected by grab bucket sampler, surface layer 

sediment samples were placed in glass jars and then carried to laboratory, air-dried naturally, grinded, put 

in glass jars, sealed and stored for further use; Water samples from surface, middle and bottom layer of 

seawater were also collected in the same station simultaneously. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1  Sampling sites  
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1.2  Instruments and reagents  

An Agilent 1100 series high-efficiency liquid chromatography (HELC) (fluorescence detector); 

chromatographic column specially for PAHs (3 × 250 mm, Agilent); 

15 PAHs standard substances: Naphthalene, Cenaphthene, Fluorene, Phenanthrene, Anthracene, 

Fluoranthene, Pyrene, Benzo (a) anthracene, Chrysene, Benzo (b) fluoranthene, Benzo (k) fluoranthene, 

Benzo (a) pyrene, Dibenzo (a, h) anthracene,  Benzo (g, hi) perylene, Indeno (1, 2, 3-cd) pyrene 

(purchased from Acros Organics, America); ultra-pure water ,chromatographically or analytically pure 

reagents for experimental use. 

1.3  Pretreatment of samples  

1.3.1  Pretreatment of water samples 

60 mL water sample and 60 mL redistilled methylene dichloride were added into the iodine flask, 

ultrasonic extracted for 60 mins at 30 °C, and kept static state for 20 mins; 50 mL organic extract was 

moved to a rotary evaporator, condensed to 0.5 mL, then dried with nitrogen; dissolved with 2 mL HPLC 

pure methyl alcohol, PAHs were filtrated into the flask with 0.22 µm filter paper, and then analyzed with 

HPLC/FLD; Each sample was analyzed repeatedly for three times and control experiments were done at 

the same time. The concentration unit of PAHs in seawater was ng/g.  

1.3.2  Pretreatment of sediment samples 

2 g sediment was intermixed with anhydrous sodium sulfate, added 10 mL methylene dichloride, 

ultrasonic extracted for 60 mins, and kept static state for 20 mins, centrifuged for 10 mins with 3000 r/min; 

3 mL supernatant fluid was filtered through 2 g silica gel column and eluted with 11 mL methylene 

dichloride plus n-hexane (1:1); Eluted fluid was condensed to 0.5 mL with a rotary evaporator , dried with 

nitrogen,   2 mL HPLC pure methanol added to dissolve PAHs, and then filtered into flask with 0.22 µm 

filter paper and finally analyzed with HPLC/FLD; each sample was analyzed repeatedly for three times 

and control experiments were done at the same time. The concentration unit of PAHs in surface layer 

sediments was ng/g. 

 

1.4  Condition and quality control for HPLC/FLD analysis of samples PAHs 

All samples were analyzed by an Agilent 1100 series high-efficiency liquid chromatography coupled 

with fluorescence detector. 15 µl sample was added, and methyl cyanide-water acted as carrier liquid at a 

constant flow rate of 0.5 mL/min, and the column temperature was 30 °C. The revised collection rate of 

PAHs in this analysis method was from 72 % to 115 %. The detectabilities were 0.09 ng⋅L-1 for 

Naphthalene, 0.08 for Cenaphthene, 0.05 for Fluorene, 0.04 for Phenanthrene, 0.02 for Anthracene, 0.1 

for Fluoranthene, 0.05 for Pyrene, 0.2 for Benzo (a) anthracene, 0.06 for Chrysene, 0.08 for Benzo (b) 

fluoranthene, 0.04 for Benzo (k) fluoranthene, 0.06 for Benzo (a) pyrene, 0.1 for Dibenzo (a, h) anthracene, 

0.2 for Benzo (g, hi) perylene and Indeno (1, 2, 3 - cd) pyrene respectively. 
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2  Results and discussion 
 

Concentrations, accumulation indices of PAHs in samples of surface layer sediment and those of 

surface, middle and bottom layer water were showed in Tab.1. 

 

Tab.1  Concentration and accumulation of PAHs in water (ng/L) and sediment 

 

 site Naph Ace Fluor Phen An FlA Pyr BaA Chry BbF BkF BaP DA BP In ∑PAHs 

1 384.3 226.2 179.9 294.4 68.7 262.1 855.3 293.1 197.6 103.9 58.0 104.6 56.6 117 40.8 3242.5 

2 746.2 287.5 401.5 381.7 78.8 209.1 907.9 332.2 178.3 85.4 37.5 86.8 19.3 78 20.4 3850.6 

3 413.1 101.3 337.1 333.7 74.6 211.5 938 314.9 192.6 99.9 40.0 93.9 17.2 93.2 22.5 3283.5 

4 359.8 96.5 133.8 411.7 81.1 209.4 1126 495.2 191.5 90.3 39.7 92.3 19.3 82.1 20.7 3449.4 

5 693.8 124 465.1 435.9 82.6 246.7 853.1 308.6 187.5 93.1 39.4 88.4 23.6 85.7 28.2 3755.7 

6 370.6 61.6 489.2 337.5 78.5 221 782.6 279.6 169.1 101.8 38.9 86.2 20.8 81.1 14.1 3132.6 

se
aw

at
er

 

7 212 56.6 277.5 280.5 74.2 216.7 819.6 310.2 193 99.1 40.6 93.2 35.6 82.6 20.8 2812.2 

1 9.47 1.79 3.51 29.82 3.1 25.72 10.81 8.78 2.25 18.5 6.12 0.55 0.12 19.86 8.25 148.6 

2 24.05 2.34 14.6 59.15 3.6 15.68 2.14 8 15.84 13.26 2.34 0.21 0.24 3.63 2.51 167.6 

3 9.82 1.89 5.63 28.85 1.19 10.87 1.69 4.76 56 19.18 1.41 0.12 0.09 5.19 1.29 148.0 

4 1.04 nd 7.29 47.77 2.15 30.94 3.48 12.15 8.91 7.02 3.62 0.48 0.10 14.75 5.88 145.6 

5 11.98 1.58 10.7 65.39 6.24 12.06 1.46 8.51 14.83 5.48 0.85 0.05 0.01 1.8 0.54 141.5 

6 8.6 1.48 8.12 36.91 2.03 8.53 2.13 20.27 33.38 6.18 2.37 0.26 0.11 2.5 0.82 133.7 

7 9.38 1.39 6.83 39.54 4.64 5.43 0.99 2.99 3.06 6.25 0.81 0.07 0.01 2.75 1.24 85.4 su
rf

ac
e 

la
ye

r 
se

di
m

en
t 

X  10.62 1.5 8.1 43.92 3.28 15.6 3.24 9.35 19.18 10.84 2.5 0.25 0.1 7.21 2.93 138.6 

1 24.6 7.9 19.5 101.3 45.1 98.1 12.6 30.0 11.4 178.1 105.5 5.3 2.1 169.7 202.2 1013.4 

2 32.2 8.1 36.4 155.0 45.7 75.0 2.4 24.1 88.8 155.3 62.4 2.4 12.4 46.5 123.0 869.7 

3 23.8 18.7 16.7 86.5 15.9 51.4 1.8 15.11 290.8 192.1 35.2 1.3 5.2 55.7 57.3 867.5 

4 2.9 0 54.5 116.0 26.5 147.8 3.1 24.51 46.5 77.7 91.2 5.2 5.2 179.7 284.1 1064.9 

5 17.3 12.7 23.0 150.0 75.5 48.9 1.7 27.6 79.1 58.9 21.6 0.6 0.4 21.0 19.1 557.4 

6 23.2 24.0 16.6 109.4 25.9 38.6 2.7 72.5 197.4 60.7 60.9 3.0 5.3 30.8 58.2 729.2 ac
cu

m
ul

at
io

n 
in

di
ce

s 

7 44.3 24.6 24.6 140.9 62.5 25.1 1.2 9.6 15.8 63.1 20.0 0.8 0.3 33.3 59.6 525.7 

 X  24.0 13.7 27.3 122.7 42.4 69.3 3.6 29.1 104.3 112.3 56.7 2.7 4.4 76.7 114.8 804.0 

Note：1. dry weight for contents in sediment；2. nd : no necessity to be detected 

2.1  Concentration of PAHs in surface layer sediments of Taizhou Bay 

Tab.1 indicated that the concentrations of PAHs in surface layer sediments ranged from 85.4 to 

167.6 ng/g, and the average value was 138.62 ng/g. In the light of 15 PAHs concentration sequence from 

high to low, stations in turn were 2, 1, 3, 4, 6, 5 and 7. Station 2 had the highest level (167.6 ng/g), while 

station 7 the lowest (85.4 ng/g), and there were little difference among station 1 - 6. PAHs pollution 
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situation was relatively lower compared with some reported cases both home and abroad. It was reported 

that there were cases where the concentration of PAHs in surface layer sediments was above 100µg/g 

(dry weight, the same as follows) in some countries, such as that in Narragansett Bay were 0.569 -    

216 µg/g [8]; concentration of PAHs in Izmit in the Marmara, which is one of the reported highest level of 

PAHs ,was unexpectedly up to 30.0 - 1670.0 µg/g [9]; other cases listed were, for example, Ulsan Port of 

Korea (0.017 - 3.1 µg/g) [10], Aegean Sea of Greece (45 - 148 ng/g) [11], and Adriatic Waters of Italia (24.1 - 

501.1 ng/g）[12], et al. In China, the concentrations of total PAHs in the East China Sea, South China Sea, 

Bohai Sea and Yellow Sea were 105.3 - 60000 ng/g [13,14], 82 - 49066 ng/g [15,16], 32.70 - 3558.88 ng/g [5,17] 

and 222.1 - 776.3 ng/g [6] respectively.  

 
 

 

 

 

 

         

 

 

 

 

Considering the individual ingredient, the concentration of Phenanthrene was relatively higher and 

averaged 43.92 ng/g, followed by Chrysene of 19.19, Benzo (b) fluoranthene of 15.60 ng/g and 

Naphthalene of 10.84 ng/g , whereas Dibenzo (a, h), anthracene and Benzo (a) pyrene were relatively 

lower than others. Some scholars considered that all carcinogenic PAHs have Phenanthrene cycle, and 

they could be regarded as derivatives of Phenanthren with the outstanding feature of 9 and 10 bonds of 

Phenanthren, because of their high electron density, and are prone to combine with DNA and RNA in cells 

to cause Carcinogenesis [18]. In surface layer sediments in Taizhou Bay, PAHs with HMW had been picked 

out in every station in some way, and maybe have potential toxic and side effect on marine organism. It is 

very important to carry out the further investigation and steps should be taken to insure the security of 

aquatic product, because Taizhou Bay had been developed to be an important aquaculture base. 

2.2  Composition characteristics of PAHs in surface layer sediments 

Fig.2 showed percentages of PAHs with 2 - 6 benzene ring in total PAHs concentration. Arene with 2 

ring made up 0.71 % - 14.4 % of total PAHs (averaged 7.8 %), and highest level was found in station 2. 

Arene with 3 ring made up 25.38 % - 61.37 % of total PAHs (averaged 42.1%), and relatively high levels 

was found in station 2, 4, 5 and 7. Arene with 4 ring made up 14.6 % - 49.55 % of total PAHs (averaged 

33.3 %), and relatively high levels in station 1, 3, 4 and 6. Arene with 5 ring made up 4.51 % - 16.9 % of 

total PAHs (averaged 9.6 %), and was found relatively high levels in station 1 and 3. Arene with 6 ring 

made up 1.66 - 19.0% of total PAHs (averaged 7.2 %), and relatively high levels in station 1 and 4. The 

图1　不同环数多环芳烃的比例

Fig 1 The rate of simple PAHs
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rates of arene with 3 ring and 4 ring were relatively high in surface layer sediments. Compared with other 

arene, arene with 4 ring had a uniform distribution in all stations. Another characteristic was that PAHs with 

more than 4 ring had a high percentage in total PAHs. In this sea area, highly toxic PAHs with more than 4 

rings in this area should be paid more attention to, though total concentration of PAHs in surface layer 

sediments was not so high. PAHs with more than 4 rings, such as Pyrene, Fluoranthene and Benzo (a) 

pyrene had features with high boiling points, solvable in oil and relatively high Genotoxicity, Benzo (a) 

pyrene, Indeno (1, 2, 3-cd) pyrene and Dibenzo (a, h) anthracene were especially extreme carcinogens. 

2.3  PAHs accumulation rules in surface layer sediments 

PAHs accumulation indices in all stations were defined as the ratios of PAHs concentration in 

surface layer sediments to that in seawater at the same station, as showed in Tab.1. 15 PAHs 

accumulation index in the surface layer sediments ranged from 525.7 to 1064.9 (averaged 804.0); 

Phenanthrene accumulation index ranged from 86.5 to 155.0 (with the highest average value 122.7 

compared with others); Indeno (1, 2, 3-cd) pyrene accumulation index ranged from 11.1 to 202.2 

(averaged 114.8); Benzo (b) fluoranthene accumulation index was from 58.9 to 192.1 (averaged 112.3); 

Chrysene accumulation index was 104.3; and all four above were in excess of 100. Benzo (a) pyrene (2.7), 

Pyrene (3.6) and Dibenzo (a, h) anthracene (4.4) had low accumulation indices.  

2.4  Sources analysis of PAHs in surface layer sediments 

The sources of PAHs in surface layer sediments of Taizhou Bay were identified by the ratio method. 

If the ratio of FluA/ ( FluA+ Pyr) was smaller than 0.4, it meant that the PAHs was from oil pollution. If the 

ratio of FluA/( FluA+ Pyr) was larger than 0.5, it meant that PAHs was from burning of firewood and coal. 

And if the ration was from 0.4 to 0.5, that was from burning of oil or its refined products. If the ratio of In /(In 

+ B[gih]P) was smaller than 0.2, it meant that PAHs was from oil discharge, and from burning of fossil fuel 

if the rations between them. According to parameters of every station shown in Fig. 3, we could conclude 

that sources of PAHs in surface layer sediments in Taizhou Bay were mainly from burning of coal and 

fossil fuel. 

 

 

 

 

 

 

3  Conclusion 
 

a) PAHs concentration in surface layer sediments ranged from 85.4 to 167.6 ng/g (averaged   

 

图3 多环芳烃来源诊断

Fig 3 Diagnostic ration for source
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138.6 ng/g). In the ordination of total PAHs concentration from high to low, station order were in turn 

Jiaojiang Dock, the entrance of Taizhou Bay, Taizhou Power Plant’s coal dock, Taizhou Power Plant’s 

sewage outlets, Jiaojiang Chemical Industry Park’s sewage outlets, Linhai Chemical Industry Park’s 

sewage outlets, and Taizhou Bay marine aquaculture area. Concentration of PAHs in surface layer 

sediment in Jiaojiang dock was the highest one of 167.6 ng/g and 2.5 times higher than that at marine 

aquaculture area with the lowest value of 85.4 ng/g. Compared with other marine areas home and abroad, 

PAHs pollution was relatively low in surface layer sediments in Taizhou Bay.  

b) 15 PAHs accumulation indices in surface layer sediments ranged from 525.7 to 1064.9 (averaged 

804.0). Phenanthrene accumulation index has the largest( averaged 122.7), Indeno (1, 2, 3-cd) pyrene in 

the next place (averaged 114.8), Benzo (b) fluoranthene was the third (averaged 112.3) ,and Benzo (a) 

pyrene was the least (averaged 2.7). 

c) Sources of PAHs in surface layer sediments of Taizhou Bay were mainly from burning of coal and 

fossil fuel. 
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台州湾海域表层沉积物中多环芳烃的                   

浓度水平、富集规律及来源 
 

金彬明 1，江锦花 2 

(1. 温州医学院生命科学学院，浙江 温州，325035；2. 台州学院环境工程系，浙江 临海，317000) 

 

摘 要：研究了台州湾海域海水和表层沉积物中 15种多环芳烃（PAHs）的浓度水平，评价了表层沉积

物对多环芳烃的富集规律，探讨其可能来源。结果表明，表层沉积物中 PAHs 的浓度范围为 85.4 ～ 

167.6 ng/g，平均值为 138.62 ng/g，总多环芳烃的最大值是椒江码头。表层沉积物中二环、三环、四

环、五环和六环多环芳烃占总多环芳烃的百分含量平均值分别为 7.8 %，42.1 %, 33.3 %, 9.6 %和    

7.2 %，三环多环芳烃的含量最高；表层沉积物对多环芳烃的富集系数为 532.7 ～ 1068.9，平均值为

807.5，单组分菲的富集系数最高为 122.7，最小的是苯并（a）芘为 2.7；台州湾表层沉积物中的多环

芳烃主要来源于燃煤污染，部分来源于石油烃类物质的直接污染。 

 

关键词：台州湾；表层沉积物；多环芳烃（PAHs）；浓度水平  

 

 

 


