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Air, soils and sediments surrounding an abandoned pentachlorophenol (PCP) factory were sampled to
determine the levels of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs), unintentionally
formed during PCP production. The mean concentration of PCDD/Fs in ambient air was one order of
magnitude higher than that of the reference site. A trend of decreasing concentrations with increasing
distance from the factory was observed, suggesting this site has a significant influence on the regional
ambient air. As for soil samples collected within 3 km from the factory and sediment samples from the
adjacent rivers, high levels of contamination were found with WHO-TEQ concentrations of 193 � 211 pg/
g and 667 � 978 pg/g, respectively. The PCDD/F homologue profiles of all samples were consistent with
those found in the technical product of PCP, with OCDD as the dominant congener. These results indicate
PCDD/Fs in the historical contaminated site pose a long-term impact on surrounding environment.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The current concern about polychlorinated dibenzo-p-dioxins
and dibenzofurans (PCDD/Fs) is predominantly focused on thermal
sources such as metallurgy, secondary metal industries, the open
burning of e-waste, and biomass and municipal waste incineration
(Weber et al., 2008a). However, historical activities in the chlorine
based chemical industry have also released large amounts of PCDD/
Fs to the environment. These historic PCDD/F sources greatly
exceed the emissions from contemporary thermal sources (Weber
et al., 2008b). In particular, the production of pentachlorophenol
(PCP) and sodium pentachlorophenate (Na-PCP) have been recog-
nized as a major historic source of PCDD/Fs (Alcock and Jones, 1997;
Masunaga et al., 2001). During PCP (Na-PCP) production, PCDD/Fs
(mainly hepta- and octa- substituted PCDD/Fs) were unintention-
ally generated. The improper disposal of these chemicals and
chemical waste originating from production processes has created
themajor PCDD/F contaminated sites around theworld (Alcock and
Jones, 1997). Consequently, the potential environmental legacy
from these sites remains a great concern. Further, PCDD/Fs can be
transported from contaminated sites via volatilization or particle-
All rights reserved.
bound transport to the atmospheric environment as secondary
sources (DuarteDavidson et al., 1997). However, information on the
levels of PCDD/Fs in atmosphere surrounding deserted PCP plants is
scarce.

In China, PCP and Na-PCP were produced in the past, mainly for
use as a fungicide and wood preservative. Dagu Chemical Plant,
located on the bank of the Haihe River in Tanggu District, Tianjin,
was the biggest PCP and Na-PCP manufacturer in China. The peak
annual production from this plant was up to 17 000 tons per year.
Bao et al. (1995) reported that PCDD/F concentrations in Chinese
PCP and Na-PCP products were 142 and 92 ng I-TEQ/g, respectively.
However, themajority of PCDD/Fs generated during PCP production
remained in the waste residues. In 1994, PCDD/F levels in the
thermolysis waste from PCP (Na-PCP) production at Dagu Chemical
Plant were investigated (Bao et al., 1994), and very high TEQ
concentrations, in the range of 612e924 mg I-TEQ/g, were detected.
Due to poor treatment measures, a thousand tons of the waste had
been discharged into the surrounding environment. Consequently,
high levels of PCDD/Fs were detected in the ambient environment,
with a study in 1997 showing that soils around the plant and
sediments in an adjacent river were heavily contaminated with
PCDD/Fs (Luksemburg et al., 1997). The I-TEQ concentrations in the
surrounding environment ranged from 15 to 740 000 pg/g in soils
and from 150 to 110 000 pg/g in sediments, making this the most
highly PCDD/F contaminated site in China.
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PCP and Na-PCP manufacture was discontinued at this chemical
plant in 2003 after almost 50 years of operation, and basic remedial
measures including the removal of the most heavily contaminated
soils and capping the surface waste residues with non-
contaminated soils have been carried out. However, due to tech-
nical difficulties and the expense of remedial measures, large
amounts of waste residues are still present in this area. Conse-
quently, this historical contaminated site appears to represent both
a current and future risk to the surrounding environment. Histor-
ical investigations on the status of this contaminated site had been
focused on samples from the waste residues, soils and sediments
collected within and around the plant when PCP (Na-PCP) was still
being produced (Bao et al., 1994; Luksemburg et al., 1997; 2001).
However, few data are available to assess the current environ-
mental effect of this historical contaminated site.

In this study, an extensive analysis of PCDD/Fs in various envi-
ronmental samples (atmosphere, soils and sediments) in relation to
their distance from the former PCP factory was conducted, also
comparing the data with a corresponding residential area in Tian-
jin. The objective of this study was to evaluate the current envi-
ronmental impact of PCDD/Fs in the historical contaminated site.
2. Materials and methods

2.1. Sampling

2.1.1. Sampling areas
The abandoned PCP plant is located near a residential area along the Haihe River

in Tanggu District, Tianjin, a coastal region with approximately 500 000 people. In
this study, air, soil and sediment samples were collected around this factory in
Tanggu District. The residential area of Tianjin City (50 km from this factory) has
a negligible amount of industrial PCDD/F sources, and was used as reference site for
comparison. The prevailing wind direction during the sampling periodwas observed
to be from east and southeast, with the average speed of 4.5 m/s. Four atmospheric
sampling sites (A1eA4) were selected approximately 7, 2.5, 2 and 1.5 km away from
the historical PCP factory, respectively, in the residential areas of Tanggu and one
sampling site was established in the reference area. Two to five atmosphere samples
were collected at each site for analysis. A total of eight soil samples were also
Fig. 1. Map of air, soil and sediment sampling sites. The residential area in Tianjin city has a
air, soil and sediment samples were collected during June to August, 2010.
collected, six of which (S1eS6) were fromwithin an approximate 3 km radius of the
PCP plant, with the remaining two samples taken from the reference site in Tianjin.

There are two main rivers near the former PCP plant, the Haihe River and the
Dagu Drainage River. Haihe River is the largest river system in North China and was
an important water source for Tianjin. To reduce the amount of pollution in the
Haihe River, the Dagu Drainage River was excavated to collect domestic and
industrial wastewater (Ding et al., 2005). Both rivers empty into Bohai Bay about
10 km from the Dagu Chemical Plant. Ten river sediment samples were collected in
this study from the Haihe River (H1eH3) and the Dagu Drainage River (DG1eDG7)
adjacent to and within 5 km downstream of the chemical plant. To also assess the
environmental impact of this plant on Bohai Bay, four coastal sediment samples
were collected in Bohai Bay (BH1eBH4) near the mouths of the Haihe and Dagu
Drainage rivers. All samples were collected during June to August, 2010. Fig. 1 shows
the location of all sampling sites.

2.1.2. Sampling method
Ambient air samples were collected using high volume samplers (Echo Hi-Vol,

Tecora Co. Italy) in accordance with US-EPA Method TO-9A. Particulate phase
PCDD/Fs were collected onto cleaned glass fiber filters (GFF) 102 mm in diameter,
while the gas phase PCDD/Fs were adsorbed onto polyurethane foam (PUF), 63 mm
diameter and 76 mm length. Prior to sampling, the GFFs were baked at 450 �C to
remove organic contaminants, and the PUFs were extracted with acetone in an
accelerated solvent extraction (ASE) system (Dionex 350). The air sampling flowing
rate was 0.22 m3/min, as specified, and each sample was collected continuously for
48 h under consistent weather conditions without rain. The sampling volumes were
normalized to the standard conditions of 760 mm Hg and 298 K. After sampling, the
GFFs and PUFs were tightly wrapped, separately, in aluminum foil and packed in
sealed polyethylene bags to avoid contamination and loss.

Surface soil samples (depth 0e10 cm) were collected using a pre-cleaned
stainless steel shovel. Surface sediments (depth 0e10 cm) were taken with a grab
sampler (Ekman Grab Sampler, Wildlife Supply Company, US) either from a boat or
a bridge. The soil and sediment sampleswerewrapped in solvent-cleaned aluminum
foil and stored at �20 �C, then were freeze dried as soon as possible for analysis.

2.2. Sample preparation and analysis

The preparation and analysis of the samples were conducted in accordance with
US-EPAMethod 1613B for seventeen 2,3,7,8-substituted PCDD/Fs. Prior to extraction,
the GFF and PUF plug which had collected the target compounds from ambient air
were combined together, and 10 g subsamples of dried soil or sediment were
homogenized. All samples were spiked with known amounts of 13C12-PCDD/F
internal standards (Wellington Laboratories, Canada). The samples were then
extracted by ASE using hexane: dichloromethane 1:1. The extracts were concen-
trated using a rotary evaporator (Heidolph, Germany) and were then cleaned up
negligible amount of industrial PCDD/F sources, and was used as reference site. All the
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with a silica gel column (treated with 44% sulfuric acid) and multi-layer silica
columns. The PCDD/Fs were fractionated on a basic alumina column and were
concentrated to about 20 mL by rotary evaporator followed by a gentle stream of
nitrogen. The final extracts were spiked with 13C12-labeled PCDD/Fs standards for
quantification prior to injection onto a high resolution gas chromatograph with
detection by a high resolution mass spectrometer (HRGC/HRMS).

The PCDD/Fs were analyzed using an Agilent 6890 gas chromatograph (Agilent,
USA) coupled with an Autospec Ultima high resolution mass spectrometer (Waters,
USA). Chromatographic separationwas achievedwith a DB-5MS fused-silica column
(60 m, 0.25 mm i.d. x 0.25 mm) (Agilent, USA). The gas chromatograph was operated
in splitless mode with 1 mL of sample solution injected by a CTC PAL auto-sampler.
Helium was used as the carrier gas with a constant flow of 1.2 mL/min. The mass
spectrometer was operated with positive electron impact ionization (EIþ) in the
selective ion monitoring (SIM) mode, with a resolution of 10 000 and an electron
impact energy of 38 eV.

2.3. Quality assurance and quality control (QA/QC)

In the ambient air sampling, a second PUFwas located in series with the first PUF
to confirm that no breakthrough had occurred. Field and laboratory blanks were
performed routinely and the values were acceptable for the required methods for
different kinds of samples. The recoveries of the 13C12-labeled PCDD/F internal
standards were in the range of 40e126%, which was acceptable for Method 1613B.
The limit of detection (LOD) in this study was defined as three times the signal/noise
(S/N) ratio. Where concentrations were below the LOD, a value of half the LOD was
used to calculate the total concentrations and TEQs.

3. Results and discussion

3.1. Concentrations and distribution of PCDD/Fs in ambient air

Table 1 lists the mean concentrations of the individual PCDD/F
congeners and the TEQs in ambient air, soils and sediments.
Tables S1eS3 in the Supplementary material include detailed
PCDD/F concentrations at each site. For the ambient air samples,
the total 2,3,7,8-substituted PCDD/F concentrations in the four
samples surrounding the PCP plant (A1eA4) ranged from 2635 to
65 506 fg/m3 with a mean value of 29 581 fg/m3. The total 2,3,7,8-
substituted PCDD/F concentration in ambient air at the reference
site 50 km from the plant was 1993 fg/m3, one order of magnitude
lower than in the samples from Tanggu District. When compared
with ambient air quality data reported in other industrial areas, the
mean total PCDD/F concentration around this abandoned PCP plant
is higher than in Italy around a municipal solid waste incinerator
(1.18e6.06 pg/m3) (Colombo et al., 2009); more than 15 times
higher than in an industrial area of Taiwan (Wang et al., 2007); and
Table 1
Mean concentrations and TEQs for PCDD/Fs in air, soils and sedimentsa.

Sampling areas Surrounding the abandoned PCP plant

Air (n ¼ 4) (fg/m3) Soils (n ¼ 6) (pg/g) River Sediments (n ¼
2378-TCDF 39.7 � 19.3 8.5 � 7.8 15.4 � 18.8
12378-PeCDF 35.2 � 15.3 14.7 � 12.8 21.8 � 26.5
23478-PeCDF 45.3 � 22 28.2 � 26.7 32.3 � 36.9
123478-HxCDF 146 � 122 287 � 314 1030 � 1716
123678-HxCDF 45.6 � 22 55.1 � 49.8 167 � 175
234678-HxCDF 40.1 � 12 40.9 � 43.1 179 � 332
123789-HxCDF 16.2 � 10.6 19.8 � 25.5 37.1 � 54.5
1234678-HpCDF 325 � 227 544 � 580 2354 � 3979
1234789-HpCDF 84.3 � 68.2 160 � 186 801 � 1455
OCDF 1317 � 954 2003 � 2316 14 447�22 612
2378-TCDD 2.7 � 2.1 1.4 � 1.41 5.6 � 5.2
12378-PeCDD 8.9 � 8.5 16.1 � 16.5 22 � 20.8
123478-HxCDD 16.5 � 16.3 49 � 56.6 183 � 215
123678-HxCDD 92.3 � 90.1 317 � 372 896 � 1352
123789-HxCDD 47.8 � 47.5 143 � 171 224 � 239
1234678-HpCDD 2120 � 2327 5829 � 7001 26 275 � 40 155
OCDD 25 198 � 24 063 41 720 � 51 468 192 219 � 275 181
Total 2378-PCDD/Fs 29 581 � 27 989 51 231 � 53 968 238 910 � 346 382
WHO-TEQ 104 � 84.3 193 � 211 667 � 978

a Results are shown as mean values � standard deviation.
almost 20 times higher than around a steel plant in Northeast China
(Li et al., 2010). These results demonstrate that there is a high level
PCDD/F contamination in the ambient air around this abandoned
PCP plant, and the impact of this contaminated site on ambient air
quality is significant.

It is well known that the PCDD/F congeners commonly found as
PCP (Na-PCP) impurities, are dominated by OCDD followed by
1,2,3,4,6,7,8-HpCDD andOCDF. Bao et al. (1995) reported that OCDD,
1,2,3,4,6,7,8-HpCDD and OCDF contributed 76%, 8.5e10% and
10e12%, respectively, to the total 2,3,7,8-substituted PCDD/Fs
present in Chinese technical PCP and Na-PCP products. In the
ambient air samples from the Tanggu area, a similar congener profile
was observed, with OCDD (81% � 8.5%, average � standard devia-
tion), 1,2,3,4,6,7,8-HpCDD (6.7% � 2.3%) and OCDF (6.3 � 2.9%)
dominating the 2,3,7,8-substituted PCDD/F congeners. The average
concentration of these characteristic congeners (Total concentra-
tions of OCDD,1,2,3,4,6,7,8-HpCDDandOCDF)was approximately 21
times higher than in the reference area. As shown in Fig. 2,
a decreasing concentration gradient of these indicative congeners
(Total concentrations of OCDD, 1,2,3,4,6,7,8-HpCDD and OCDF) was
observed along with increasing distance from this abandoned PCP
factory, with: A4 > A3 > A2 > A1 > reference site
(63 741 > 35 960 > 12 548 > 2293 > 1348 fg/m3, respectively). This
gradient clearly indicates that the ambient air contamination by
PCDD/Fs is from this factory via atmospheric transport. Locations A4,
A3 and A2, which are within 2.5 km of the plant, are significantly
influenced by this contaminated site. Moreover, east and southeast
winds were prevailing over the sampling periods. The A3 and A4
sites, with higher concentrations of these characteristic PCDD/F
congeners (Total concentrations of OCDD, 1,2,3,4,6,7,8-HpCDD and
OCDF) are just located in the downwind from the historical area
sites. This result reveals that wind directions are probably another
factor affecting the levels anddistributionof PCDD/Fs in atmosphere.

Generally, PCDD/Fs are characterized by very low vapor pres-
sures and high octanol/water partition coefficients. These proper-
ties determine their fate and environmental behavior, with PCDD/
Fs strongly partitioned to soils and sediments, and virtually
immobile in the terrestrial environment (Fiedler, 1996). However,
the results of this study clearly indicate that PCDD/Fs have been
transferred to ambient air from the contaminated site. These
legacies imposed a striking impact on the pollution of regional
atmosphere as a secondary pollution source. It is conjectured that
Reference area

10) (pg/g) Coastal sediments (n ¼ 4) (pg/g) Air (fg/m3) Soils (n ¼ 2) (pg/g)

0.5 � 0.38 53.8 1.5 � 0.92
0.6 � 0.6 48 1.5 � 0.28
1 � 0.53 53.5 1.4 � 0.92

27.7 � 18.7 65.1 2.6 � 1.7
5.3 � 5.5 54.1 1.4 � 0.14
4.8 � 5 61.2 1 � 0.07
1.5 � 1.3 11.3 0.3 � 0
213 � 332 207 5.3 � 3.82
66 � 103 31.3 1 � 0.78

4197 � 7374 316 12.2 � 12.9
0.6 � 0.87 3.4 0.3 � 0.07
2.4 � 2.04 10.1 0.4 � 0.21

14.8 � 13.3 8.5 0.3 � 0.28
22.5 � 14.6 23 1 � 0.64
11.7 � 9.11 14.7 1 � 1.1
765 � 560 186 14.5 � 15.5

10 805 � 9825 846 74 � 76.5
16 137 � 18 133 1993 305 � 374

27 � 22.7 64.8 2.42 � 0.45
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there are different pathways for the transfer of PCDD/Fs from this
contaminated site to ambient air: via volatilization of gas phase
PCDD/Fs; or via particle-bound transport of soil and dust particu-
lates from the terrestrial contamination. In general, the volatility of
PCDD/Fs decreases with increasing chlorination, as can see from
the vapor pressure of different congeners (Chang et al., 2004). The
lower chlorinated congeners (tetra- and penta-CDD/Fs) which have
somewhat higher vapor pressures are more readily volatilized.
However, for the highly chlorinated congeners, especially the
predominant congener in this study, OCDD, the vapor pressure is in
the order of 10�8 Pa (Baker and Hites, 2000), so volatilization from
soils seems highly unlikely. Thus particulate-bound transport from
soils is believed to be the principal pathway for the transport of
OCDD into ambient air. In addition to the two pathways described
above, Liu et al. (2002) reported it is possible for PCP to react
photochemically to form OCDD and HpCDD. Baker and Hites (2000)
suggested that available sunlight in the troposphere may convert
environmental levels of PCP in the atmosphere to OCDD and lesser
amounts of HpCDD. These studies indicate that PCP which has
volatilized from the contaminated site may be converted to OCDD
and HpCDD in ambient air. It should be noted, however, that
elevated concentrations of OCDF, at similar concentrations to
HpCDD, were also observed in the air samples, suggesting that the
contribution of photochemical synthesis to the OCDD and HpCDD
might be neglected.

TheWHO 2005 toxic equivalency factors (TEF) values were used
to calculate the toxic equivalents (TEQs) for PCDD/Fs. OCDD has
a very low TEF of 0.0003 which results in a low contribution by this
congener to the total WHO-TEQ in the air samples (<10%). Thus,
a typical profile from this site, with high levels of OCDD in the air
leads to a relatively low TEQ concentrations with an average value
of 104 fg WHO-TEQ/m3 (range: 34.9e214 fg WHO-TEQ/m3), which
is only slightly higher than the reference area (64.8 fg WHO-TEQ/
m3). The difference between the contaminated site and reference
site concentrations were not apparent. The TEQ results suggest that
the abandoned PCP factory has a limited impact on the toxicity of
the ambient air. Despite this, an extremely high mass of PCDD/Fs
(predominantly Hp-CDD/Fs and OCDD/F) would be constantly
released to ambient air from this contaminated site, and these
PCDD/Fs would be deposited onto ambient soils, plants and water,
leading to their entry into the food chain. Therefore, the high
concentrations of PCDD/Fs in air released from this contaminated
site have important environmental implications.
3.2. Concentrations and distribution of PCDD/Fs in soils and
sediments

The PCDD/F TEQs in the six soil samples collected around the
contaminated site ranged from 48 to 493 pg WHO-TEQ/g dry
weight (dw) with a mean value of 193 pg WHO-TEQ/g dw. In
contrast, the concentrations in soil samples collected from the
reference area ranged from 2.4 to 2.7 pg WHO-TEQ/g dw,
a substantially lower amount, suggesting that the soils surrounding
this PCP factory are highly contaminated by PCDD/Fs.

The highest concentrations of PCDD/Fs were found in samples
S1 and S3 (493 pg WHO-TEQ/g dw and 439 pg WHO-TEQ/g dw,
respectively, as shown in Table S2) which were collected from areas
to the southeast of the contaminated site which were used as
a chemical waste deposition site for the factory in the past. Due to
the long-term dumping of waste, PCDD/Fs would be diffused into
soils with these chemical waste residues and may be responsible
for the severe contamination in these areas. Sites of S5 and S6,
which were located in residential areas on the opposite side of the
Haihe River (approximately 2 km away from the site), had PCDD/F
levels that were an order of magnitude lower than those at S1 and
S3 with values of 58 pgWHO-TEQ/g dw (S5) and 56 pgWHO-TEQ/g
dw (S6). However, these concentrations are still more than 20 times
higher than at the reference sites. As there was no direct pollution
by waste material from this site at the S5 and S6 locations, dust
particle transportation and precipitation from this chemical plant
over a long period of time are probably the main reasons for the
elevated PCDD/F levels.

The PCDD/F TEQ concentrations in ten sediment samples
collected from the Haihe River and Dagu Drainage River ranged
from 136 to 3272 pg WHO-TEQ/g dw with an average of 667 pg
WHO-TEQ/g dw. These sediment concentrations are higher than
the soil concentrations. This severe contamination of the river
sediments adjacent to this abandoned PCP factory means that the
PCDD/F levels around this site are much higher than reported in
most other sites in China. The mean TEQ concentration in the river
sediments was 220 times higher than levels recorded in the Liaohe
River (Zhang et al., 2010), 226 times higher than in the Pearl River
Delta (Zhang et al., 2009), and was also greater than reported at
some PCDD/F contamination sites such as Dongting Lake
(0.7e11 pg I-TEQ/g) (Gao et al., 2008) and Ya-er Lake (Wu et al.,
2001) (10e420 pg I-TEQ/g) in China.

The concentrations in sediments in the Dagu Drainage River
(DG1eDG7) were considerably higher than those from the Haihe
River (H1eH3) (see Table S3). This result is consistent with the fact
that wastewater from this chemical plant was directly discharged
into the Dagu Drainage River. Extremely high PCDD/Fs levels (up to
3272 pg WHO-TEQ/g dw) were found at site DG2, located near the
discharge point from this abandoned PCP plant. In contrast, at site
DG1, located upstream of the chemical plant, the concentrations
were much lower (136 pg WHO-TEQ/g dw). In the sites in the
downstream of this factory, the PCDD/F concentrations decreased
with increasing distance from the discharge point into the Dagu
Drainage River. This trend confirms that this abandoned PCP factory
was a major source of PCDD/Fs in this river.

The Haihe and Dagu Drainage rivers both flow through a large
canal and ultimately empty into Bohai Bay about 10 km from this
chemical plant. It is reasonable to assume that contamination in the
two rivers would also influence Bohai Bay, so sediment samples
were collected from Bohai Bay near the river mouth estuary. As
expected, the PCDD/Fs TEQ concentrations in the four sediment
samples from Bohai Bay (BH1eBH4) ranged from 8.4 to 58.7 pg
WHO-TEQ/g dw with a mean value of 27.1 pg WHO-TEQ/g dw.
These concentrations are higher than those measured at the
Qingdao Coastal Sea (0.2e4.2 pg/g TEQ dw) (Pan et al., 2008), and
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Fig. 3. PCDD/F congener profiles in air, soil and sediment samples surrounding the
abandoned PCP factory.
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the Yellow River and Yangtze River estuaries (0.11e1.01 WHO-TEQ
pg/g) (Hui et al., 2009) in China. Similar congener profiles were
found in the river sediment and Bohai Bay sediment samples,
suggesting that the PCDD/F concentrations in Bohai Bay are
contributed by this contaminated site.

To better evaluate the PCDD/F contamination in the sediments,
the Canadian Sediment Quality Guidelines (CCME, 2002) were
adopted. Two guideline values have been developed: Probable
Effect Levels (PELs) which represent the concentration abovewhich
adverse ecological effects are likely to occur; and the Interim
Sediment Quality Guidelines (ISQGs) which are the value below
which adverse effects on sediment fauna are unlikely. The PELs and
ISQGs for PCDD/Fs are 21.5 pg TEQ/g and 0.85 pg TEQ/g respectively.
In this study, the TEQ concentrations in all the river sediment
samples exceeded the PEL, and the mean concentration was more
than 30 times above the PEL. In the sediments from Bohai Bay, the
TEQ values for all samples exceeded the ISQG, and the concentra-
tions in two samples were also above the PEL. These results imply
that PCDD/Fs were very persistent in sediments in both rivers and
Bohai Bay and the elevated concentrations are likely to result in the
bioaccumulation of PCDD/Fs with higher levels occurring in the
aquatic food chain which may pose a potential risk to aquatic life.

The homologue profile of PCDD/Fs in soils and sediments
surrounding this site closely match the “fingerprint” homologue
profile of PCDD/Fs in PCP (Na-PCP) impurities and are also similar to
the PCDD/Fs profile in the air samples in this study (Fig. 3). OCDD is
the dominant congener, contributing an average of 78% of the total
2,3,7,8-substituted PCDD/Fs in soil and 79.1% in the sediment. The
next most abundant congeners were 1,2,3,4,6,7,8-HpCDD (12% and
11% on average in soil and sediment, respectively) and OCDF (7.5%
and 6% on average). Further, the congener profile determined in this
studywas similar to that in Dongting Lakewhichwas contaminated
by the use of Na-PCP (Gao et al., 2008), where OCDD contributed
74e97% to the total 2,3,7,8-substituted PCDD/F concentrations. The
congener pattern measured in this study further confirms that PCP
(Na-PCP) production at this chemical plant is the main source of
PCDD/F contamination in this regional environment.
4. Conclusions

The results of this study indicate that PCDD/F pollution in
ambient air, soil and sediment was found surrounding the aban-
doned PCP factory. Bohai Bay, 10 km from the site, is also influenced
by this historical PCDD/F source. Despite the production of PCP was
discontinued for several years, residues of PCDD/Fs are still strongly
persistent in various environmental compartments surrounding
this factory, with a significant impact on regional environment.
Furthermore, this study presents clear evidence that the historical
contaminated site can serve as a secondary pollution source of
PCDD/Fs and provide a long-term release of these pollutants into
ambient air. Therefore, monitoring and further remediation of
these historical contaminated sites is likely to become an emergent
issue.
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