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Abstract: An intensive investigation was conducted to study the distributien of polycyclic aromatc hydrocarbons (PAHS), to show
firstly the level of pollution in the agricultural arcas and analyses specifically the status of soil polluted by these persistent pollutants in
some locations of Xiamen region. Seil samples collected from Jiulong agricultural catchment have been analysed for 16 PAH
compounds, using gas chramatography flame ionization detection in order to determine the level of selected PAH components and to
identify the factors that may control their distribution and persistence in the area. The main PAHs found in soil samples were the low
molecular weight. The total PAHs detected in soil samples ranged from 0.50 to 0.95 wg/g soil. The highest valugs of PAHs were
significantly detected in the orange tree leaves, which range from 236.1 to 249.3 wg/p soil showing recent atmospheric inputs of these
valatile pollutants. The distribution of PAHs in vegetablc were monitored and indicating that the concentration were high and ranged
from $.24 1o 58.87 pg/e. Other sediment samples were also colleeted and analysed from urban sewage (5.26 pug/g dw), aquacuitural
(0.52 wg/g dw) and industrial areas (from 0.62 to 2.09 pg/g dw), during this investigation. The contamination of Jiulong river estuary
and Xiamen Western Sea by PAHs has been then widely justificd by wastewater discharges and soil runoffs from these areas. The
results, therefore, provide important information on the current contamination status caused by the atmospheric transport and point 1o
the need for urgent actions to stop the release of these hydrocarbons to the environment. The necessity of implementing systematic
monitoring of PAHs is also emphasized.
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Introduction

As a result of current use in the rapidly indus-
trializing countries of low-latitudc tropical and
subiropical Asia regions, persistent organic pollutants
(POPs) (e.g. polychlorinated biphenyls (PCBs),
polycyclic aromatic hydrocarbons (PAHs), alkyl-
phenols, and some pesticides) have entered and are
still being eased into the global environment.
Atmospheric transport and ocean circulation arc the
primary mechanisms for circum-global dispersion of
these trace organic pollutants. Polycyclic aromatic
hydrocarbons (PAHs) form a group of compounds
composed of two or more fused aromatic rings. They
are formed by the incompletc combustion of organic
matter. Although natural sources of PAHs cxist, the
combustion of fossil fuels is the primary anthro-
pomorphic sourcc of PAHs released into  the
environment. PAHs are hydrophobic compounds; their
persistence in ecosystems is largely duc to their low
water solubility, which also results in their association
with particulate and sedimentary material.

The Environmental Protection Agencies of U.S.
in the most developed and devcloping countries have
identified 16 un-substituted PAHs as priority
pollutants, 8 of which are probable or possible human
carcinogens. A variety of PAHs are found in the
marine environment. Sources range from oil spills and
petrolcum scepage to atmospheric deposition follow-

ing forest and grass fires. Effects of PAH in the marine
environment include toxicity and carcino-genesis in
marine organisms and possible transfer to humans via
seafood(Malins et al., 1985; Stegeman, 1981).

The recent studies have shown that elevated
concentrations of PAHs have been recorded in some
locations in Xiamen coastal sediments. The sewage
outfalls, waste dumping and petroleum related origin
PAH, arc a major source of PAHs (Maskaoui et al.,
2001; 2002; Zhou ef al., 2000). In Daya bay the major
source of pollutants is related to urban/industrialized
discharges, oil petroleum spill and atmospheric fallout
(Zhou et al., 2001). Recently, a collection of as yet
uncharacterized PAH-degrading strains werc obtained
from the scdiment and water samples in Xiamen
harbor, especially in the most polluted sites of natural
petroleum  hydrocarbon  (Guo et al., 2001). These
studies have shown that clevated concentrations of
PAHs have been recorded in somc locations in
Xiamen coastal sediments. The detailed data of the
level of these organic pollutants from difterent
proposed sources of contamination is still nceded to be
investigated. Also some results concerning assessment
of the levels of PCBs in Xiamen region, which were
published recently, showed the contamination of the
soil, plants, leaves and vegetables posing a risk to
human health (Maskaoui et al., 2005). The purpose of
this work is to continue making a comparison of
vertical profiles but this time for PAHs in the area
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with different source background. With the lack of
data about this kind of pollutants, a similar inves-
tigation program already done for PCBs by Maskaoui
et al. (2005) will be conducted in sediments from
aquaculture area, wastewater discharges, agriculture
locations, industrial effluents at the same sites around
Xiamen Western Bay. To estimate the sources and
transport pathways of the PAHs and to facilitate the
determination of sediment accumulation rate,
sediment cores, soil and plant samples, will be taken
from contrasting marine and land locations.

1 Materials and methods

1.1 Geographic features, climates and rainfall
distribution

The total land area of the Xiamen Municipality's
administrative jurisdiction, including islands, is 1516
km? it is located in the southern coast of the Fujian
Province(Fig.1). The bay has a complex structure with
several islands and different seas, ie. the West
Harbour, Maluan Bay, Tong'an Bay, Jiulong River
Estuary, the Southern Sea and the Eastern Sea. The
average annual temperature is 20.9°C.

The warmest month is July and August with
28.4°C and the coldest period is January and February
with an average 12.6°C . Rainfall has an annual
average of 1143 mm. The cultivated soil in the
Municipality of the Xiamen arca was 427 km®. The
major crops are rice (29.8 km’), peanuts (12.6 km?),
vegetable(22.2 km®) and fruits(32 kin?).
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Fig.l Map of Xiamen region showing the sampling sites

1.2 Chemical standards

Refercnce PAHs (16 compounds, each at 2000
pg/ml) were obtained from Supelco. Working
standard was prepared by diluting the stock solution in
cyclohexane. These were further diluted with cyclo-
hexane to prepare calibration solutions for capillary
GC analyses in the range 0.01—2.00 ng/ pl. All
solvents used for sample processing and analyses
(dichloromethane, ethyl acetate, acetone, hexanc,
cyclohexane, and methanol) were analytical grade and
further distilled twice to remove impurities. Deionised
water was taken from a Milli-Q system (Millipore,

Watford).
1.3 Sampling and sample treatment

Samples of top soil in the cultivated areas along
the Juilong River and subsurface sediment from other
different areas of Western Xiamen Sea (Maluan and
Yuandang Lake) were collected during surveys on
June 26, 2002 (Fig.1). The grid reference of each
sampling site is given in Table 1.

Tahle 1 The grid reference of each sampling site

Sampie Time Svurce
S1 14: 00 Orange tree field -
S2 14: 20 Orange tree field
83 14: 35 Orange tree field
S84 9: 30 Aguacullural area{Maluan)
S5 12: 30 Electrical Industrial Factory(Songyu)
S6/87 13: 00 Electrical Industrial Factory(Songyu)
Urban scwage(Wastcwater Treatment Statin
S8 830
of the Yuandang Luke}
Tl 14: 10 Leaves from orange tree field
T2 14: 15 Leaves from orange tree field
T3 14: 20 Leaves trom orange tree ficld
T4 14: 30 Leaves from orange trec Neld
Pl 15: 00 Vegetabies(Xinglin distriet)
P2/P3 15: 15 Vegetables(Xinglin district)
P4 15.30 Vepetables(Xinglin distact)

Samples were taken using pre-clcaned glass
bottles. After the surface scdiment samples were
collected, the top 1 em surface layer was carefully
removed with a stainless steel spoon and stored in
pre-washed glass bottles. After returning to the
laboratory, the sediments were then stored at -20°C 1l
extraction.

1.4 Sample extraction

Soil, sediment, leaves and vegetable samples
were extracted in an ultrasonication bath, where SPM
or sediment samples (approximately 10 g dw) were
extracted twice in 100 ml of hexane:ethyl acetate, 2:1
(viv) for 30 min (Zhou et al., 2000; Maskaoui et «l.,
2002). The exiracts were blown down to 0.3 ml, and
purified in a silica gel column (4 mm i.d. X 90 mm).
The column was then eluted first with 3.5 ml of
hexane and the solution discarded. Further elution was
by benzene(5 ml) to obtain PAHs(Hong et al., 1995;
Zhou et of., 2000}. All the extracts were concentrated
by gentle N, blow-down to about 100 pl. Good
recovery was obtained using this procedure as shown
by Zhou et «l (2000,

1.5 Analyses

A Hewlett-Packard 5890 GC with a flame
ionisation detector (FID), an autosampler, and
Chemstation softwarc were used for determining the
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level of PAHs in soil and sediment samples. The
capillary column used for the analyses was BPX-5
{(Hewlett Packard HP-5 equivalent, 45 m X (.22 mm
i.d. X 0.25 pm film thickness). The oven temperature
of analyses was programmed from 60°C (initial time, 1
min) to 140°C at a rate of 20°C/min. 140 to 236C ata
rate of 3°C /min, 236 to 290°C at a rate of 4°C /min,
and held at 290°C for 1 min.

Before analysis, relevant standards were run to
check column performance, peak height and
resolution, and the limits of detection(LD}. With each
set of samples to be analysed, a solvent blank, a
standard mixture and a procedural blank were run in
sequence to check for contamination, peak of
identification and quantification. Compounds were
identified mainly by their retention times. Selected
samples were analysed by full scan GC/MS for
confirmation. All results for the samples were reported
on a day-weight basis.

1.6 Quality assurance

All analytical data were subject to strict quality
control. Spiked soil and sediment samples were
determined with good precision, and recoveries
ranged from 60 +8% to 94 +-10% for the samples
(Zhou et al., 2000; Maskaoui, 2000; Maskaoui et al.,
2002, Zhou and Maskaoui, 2003). Tn addition, the
errors involved in sampling were assessed by carrying
out triplicate sampling of waler at the same site and
the analysis of sample cxtracts, Results showed good
reproductbility of the samphing process.

2 Results and discussion

This part reports the results obtained from a
comprehensive survey of some locations in Xiamen
region for the levels of PAHs and represents an
atiempt to understand current contamination status in

Table 2 Concentration of PAH compounds from seme sampling
sites in Xiamen region, ng/g dw

Compeound 84 S5 S6 57 S8

\aphthalenc 2835 0142 3068 3001 2.531
Acenaphthylene 1487 1368 2083 237 1075
Accnaphthene 6314 5763 9127 1796 9.R7
Fluerene 1214 1137 5447 1048 1672
[*henarnthrene 9.53% 5759 7723 5073 oR4R
Anthracene 16,62 2027  19.17 1329 27638
Fluoranthene 9301 019 776 2741 8264
Pyrene 16.34 1596 5643 2696  487.1
Benzo|ajanthracene 13.03 2639 9781 0935 6473
Chrysene 17.605 2111 0 3417 58353

Benzo[b]fluoranthene 3437 1947 1663 8936 5448
Benzolk{Tuoranthene 2014 9722 6532 51.72 5044
Benzo[a]pyrene 109.7 9663 15356  RO.08 6233
Indenof1,2,3-cdlpyrene  94.5! 1763 1478 1913 5257
Dibenzo[ahlanthracene 7176 2168  78.18 3348 3739
Benzo[ghijperylenc 3741 2836  69.61 313 161.8
Total PAHs 516 2089 1029 622 5257

the area. A summary of data for the levels of PAHs in
five locations is shown in Table 2 and the following
interpretation and discussion will be focused on
sources of PAHs in Xiamen region.

The total PAH concentrations ranged from 0.52
wg/g dw at Station S4 and 5.26 pg/g dw at Station S8
with a mean concentration of 1.90 pg/g dw. The
highest concentration was observed at station S8. The
amount of PAHs detected is obviously related to urban
runoffs, sewage outfalls and wastewater discharges
which is observed during our sampling inside the
wastewater treatment station at the end of Yuandang
Lake(Fig.1). The high concentration was also obtained
from one of the three locations where the Flectrical
factory is sited at Songyu. The three levels of PAHs
detected in the samples (S5, S6 and 87) showed that
this installation presents one of the source of PAH
contamination of Xiamen coastal waters and
consequently could explain the PAH amounts found at
station S4(0.52 wg/g dw). After these short description
of the PAH levels, it is clear to conclude that the
major sources of PAHs are related to the sewage and
to the discharges from the Electrical factory located
just at the mouth of the harbor in front of the beautiful
Gulang Tsland. These major sources of PAHs will be
added to many non-point sources in the area,
contributing to the very high concentration of PAHs.

It is clear that in terms of individual PAH
composition, all target compounds were detected at all
the staticns expect Chrysene at station S6, only few of
the PAH compounds were present at concentration
jower than 10 ng/g dw (Table 2). In terms of the
composition of PAHs in the samples, 5-ring PAHs
(benzo[b] fluoranthene, benzo [k]fluoranthene, benzo
[a]pyrene, and dibenzo{a,h] anthraccne) and 6-ring
PAHs(indeno[1.2,3-cd)pyrenc, and benzo[ghi]pery-
lene) are the most abundant PAHs as shown in Fig.2.
In addition, 3-ring PAHs (acenaphthylene, fluorene,
phenanthrene, and anthracene) and 4-ring PAHs
{fluoranthene, pyrene, and benzo[a] anthracene) also
showed dominance at few sites(S6, S7 and S8).

1200 —— 54

Concentration, ng/g dw

PAH compounds

Fig.2 Concentration of PAHs compounds in different stations

I. Naphtalene; 2. acernaphthylene; 3. acenaphiene; 4. fluorine; 5.
phenanthrenc; 6. anthracene; 7.fluoranthene; 8. pyrene; 9. benzafa]
anthracene; 10. chrysenc; 11. benzo[b]fluoranthene; 12. benzo(k]
fluoranthene; 13. benzo[alpyrene; 14. indeno[1,2,3-cdpyrene; 3.
dibenzo[a,h] anthracenc; 16. benzo[ghi]perylene
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Polycyclic aromatic hydrocarbons PAHs are
widely distributed in the environment where they have
the potential to form carcinogenic and mutagenic diols
and epoxides that react with DNA. They can be used
as tracers in the vegetable, leaves and soil of river and
atmospheric transport of anthropogenic contaminants
because of their relative environmental stability and
variable composition (Mc Veety and Hites, 1988,
Yunker et al., 1995, 1996; Halsall et «l., 1997). In
contrast to the OCs, PAHs are produced in large
quantities by natural processes with the result that
environmental samples may contain both natural and
contaminant PAs. Natural sources include: natural
fires; natural losses or seeps of petroleum or coal

deposits; and diagenetic production in soils and
sediments.

PAHs are an important component of both crude
and refined oil and are produced during the incom-
plete combustion of coal, wood, and oil. PAHs, found
in crude and refined oif  {(Yunker ez af., 1993), ofien
have greater adverse effects than parent PAH without
alkyl substitutions on biota(Hellou et af., 1995). PAHs
are semi-volatile and those of high molecular weight
tend to become attached to particles. The
concentration of total PAHs as shown in Table 3 are
extremely high with range of 74.61—249.3 ng/g in
leaves, 8.24—58.87 pg/g in vegetables, and with a
mean concentration of 0.724 pg/g in soil samples.

Table 3 Concentration of PAH compounds from soil, leaves, vegetable samples in Xiamen region, ng/g dw

Compound Pl P2/P3 P4 51 S2 Tl T2 T3 T4

Naphtalene 17.61 11.34 19.25 0 4.444 13.07 10.37 6.456 I :8(}3
Acenaphthylene 59.2% 24.61 37.02 29.51 27.26 69.32 87.81 68.39 53.85
Acenaphtenc 82.89 16.49 41.43 50.43 5,388 246.6 2384 206.2 71.2

Fluorene 26.6 25.94 37.38 35.15 25.59 130.3 120 82.34 6.328
Phepanthrene 36.83 10.28 24.14 8.505 8.08 92,09 36.55 58.99 11.4
Anthracenc 163.9 14.7 81.14 15.63 15.51 158.2 175.6 1357 10.55
Fluoranthene 204.1 2037 40.05 23.89 8.927 R(1.56 80.31 65.8 13.16
Pyrene [59.9 16.49 S8 3145 8.044 402 3128 3319 2854
Benzo[alanthracene 387.8 51.47 35.40 [H 15.53 1070 844.7 628.6 368.7
Chrysene 0 0 ] 0 0 66.9 58.08 $5.35 32.52
Benzo|b]fluoranthene 113.4 997 869.9 0 52.76 1865 1837 1971 1718
Benzo[k]fluoranthene 1255 8.944 5.952 0 18.11 274.7 257.8 246.8 7347
Benzo[a]pyrene 27.2 17.04 6.904 0 19.97 2441 2760 2438 3470
Indeno[1.2,3-ed]pyrene 9884 6541 54245 493.9 2182 2E+05 2E+05 2E+05 57123
Dibenzola,h]anthracenc 24.11 2237 14.12 123.5 38.19 201.1 162 276.3 100.4
Benzo[ghilperylene T19.8 4583 3357 1332 36.68 42164 41621 20526 11270
Total PAHs 12033 8236 SHET3 945.2 502.7 249275 248602 236098 74610

Release of PAHs by human activities has
increased dramatically during the past century as a
result of increased combustion of fossil fuels. Most of
the samples have been shown to contain combustion
PAHs transported atmospherically to the Xiamen
environment.

Contamination was dominated by high molecular
weight compounds, particularly 5-ring PAHs. The
PAH distribution profile in the study area indicated
inputs from both point and diffuse, as the levels were
high throughout the sampling sites. The ratios of
certain related PAH compounds indicated that the
PAHs were mainly derived from urban air deposition.
Also the pollutants can be transported through water
column from the contaminated areas by sewage and
discharge inputs to these locations. Other evidence of
these high concentrations are based on potential inputs
from the large river (Jiuiong) which drains intensive
accidental spills during handling in the port and from

the industrial and domestic wastes.
3 Conclusions

Glabal transport pathways have existed as long as
the Earth has had oceans and an atmosphere.
Although, there is an evidence of pre-industrial
long-range contamination, it 1s only during the last 20
years, and particularly after the Chinese open policy,
that human activitics have significantly affected
remote environments of the globe. These global
impacts have been due larpely to the increase in
emissions to the atmosphere as a result of the
industrial revolution.

This contamination has been scientifically
recognized as a manifestation of long-range transport
of pollutants to the Xiamen areas. Problems caused by
contaminants depend on their distinctive characte-
ristics and how these interact with biogeochemical
pathways. In  general, polycyclic  aromatic
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hydrocarbons PAHs have been produced and released
to the environment in large quantities. Once released,
they are often long-lived and become widely
dispersed.

Because of the lack of previous studies from the
same sampling areas, it is not possible to make any
conclusion about the temporal variation of the
sediment quality in the area during the recent years. In
order to develop and maintain an adequate level of
environment protection, there is an urgent need to
develop a robust monitoring program for the
continued surveillance of PAHs in the area, and
consequently to adopt an efficient risk assessment
strategy to determine the likely impacts of these
compounds may have on the local ecosystems.

References:

Guo C L, Maskaoui K, Zheng T L et o, 2001. Degradation on
polyeyclic  aromatic  hydrocarbons  (PAHs) by mixed
microorganism isolaied from coastal sediment [J]. Journal of
Taiwan Strait, 20¢1): 43- -47.

Halsall C J, Bartic L A, Fellin P e af,, 1997. Spatial and temporal
variation of polycyclic aromatic hydrocarbons in the Arctic
atmosphere[J]. Environ Sci Technol, 31: 3593 —3599,

Hellou J, Mackay D, Fowler B, 1995, Bioconcentration of polycyclic
aromatic hydrocarbons from sediments o muscle of fish [T].
Environ Sci Technol, 29: 2555—2560.

Hong H S, Xu L, Zhang L P et af, 1995, Environmental fate and
chemistry of organic pellutants in the sediments of Xiamen and
Victoria Harbours[J]. Mar Pollut Bull, 31: 229—236.

Malins I C, Krahn M M, Myers M 8 et «of., 1985, Toxic chemicals in
sediments and biota from a creosote-polluted  harbor:
relationships with hepatic neoplasms and other hepatic lesions in
English sole {FPurophrys vetlus) [J]. Carcinogenesis, 6: 1463 -
1469.

Maskaoui K, 2000, Study on trace organic(?AHs, PCBs and Pesticides)

in marine environment and their mteraclion with microorganisms
D). Ph. D Thesis. Xiamen University, Xiamen, China,

Maskaoui K, Hong H S, Zhang Z L er aol, 2001. Distribution and
composition of PAHs in surface waters, powewater and
sediments from Xiamen Western Bay [J]. Chinese ] Oceanclogy
Limnology, 10(1): 73—380.

Maskaoui K, Zhou J L, ifong H S et «l., 2002. Contarination by
polyeyclic aromatic hydrocarbons in the Jiulong River Estiary
and Western Xiamen Sca[l]. Eaviron Pollut, 118: 109—122.

Maskaoui K, Zhou J L, Han Y L et ol., 2005. Contamination of soil,
leaves and vegetables by polychlorinated biphenyls (PCBs) iu
Xiamen region, China[J]. Journal of Environmental Sciences, 17
(3): 460—464,

McVeety B D, Hites R A, 1988. Atmospheric depusition of polyeyelic
aromatic hydrocarbons to water surfaces: a mass balance
approach[J|. Atmos Environ, 22: 511—3536.

Stegeman J J. 1981. Polynuclear aromatic hydrocarbons and their
metabolism in the marinc environment [M]. In : Polyeyclic
hydrocarbons and cancer {Gelboin H.V., Ts'o P.0O.0,, ed.). New
York : Academic Press. Vol. 3: 1-—60.

Yunker M B, Macdonald R W, Velikamp D § ez «f., 1995, Terrestrial
and marinc biomarkers in a seasonally ice covered Arctic
cstuary-integration of multivariate and biomarker approaches[J].
Mar Chem, 49: 1—50.

Yunker M B, Snowdon L R, Macdonald R W et o, 1996. Polycychc
aromatic hydrocarbon composition and potential sources for
sediment samples from the Beaufort and Barents Seas[J]. Environ
Sei Technol, 30: 1310—1320,

Zhou J L, Hong H S, Zhang Z L et «l., 2000, Multiphase distribution of
organic micropollutants in Xiamen Harbour, China (§]. Water
Research, 34: 2132-- 2215

Zhou J L, Maskacui K, Qiu Y W ez of., 2001, Polychlormated biphenyl
congeners and organochlorine insecticides in the watcr column
and sediments of Daya Bay, ChinalJ]. Environ Pollut, 113: 373—
384,

Zhou ) L, Maskaoui K, 2003, Distribuion of polycyclic aromatic
hydrocarbons in water and scdiments from Daya Bay, China[J].
Frviron Pollut, 121: 269— 2K1.

(Reccived for review June 16, 2005, Accepted July 28, 2005)



