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Introduction 
Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) are typical persistent organic 
pollutants (POPs) covered by the “Stockholm Convention on Persistent Organic Pollutants”, which 
was signed by the China government in May of 2001. For non-polar semivolatile compounds, intake 
from the air is the most important process for the uptake of organics in plant leaves1,2. Pine needles 
can be used as passive samplers to investigate the air pollution of POPs2-8. 
 
Dalian is a seaside city situated in north latitude 38°43'N-40°10'N and east longitude 
120°58'-123°31'. The main industries at Dalian include shipbuilding, chemical engineering, 
locomotive building, tourism, exhibition and software. It is the purpose of this study to evaluate the 
atmospheric levels of PCDD/Fs at Dalian using pine needles as passive samplers.  
 
Materials and Methods 
Sampling. In the urban area of Dalian, 16 sampling points were selected. In addition, a sampling 
point at an island that is about 100 km away from Dalian and was considered as a less-polluted area, 
was also included. The sampling time was May 2001. One-year-old pine (Cedrus deodara) needles 
were sampled and stored at -20°C until further analysis. 
 
Analysis: Using commercial heat insulant plastic bags, the pine needles were transferred to 
laboratory by airlines, where the standard PCDD/Fs analysis method9 was followed for 
PCDD/F analysis. Briefly, 13C12-labeled internal standards were spiked before extraction that 
was carried out using chloroform/toluene by a shaker. The extract was passed over anhydrous 
sodium sulfate to remove water. Purification of the extract was performed using a 
sandwich-column, an alumina-column, and a florisil-column in turn. The eluent was 
concentrated to about 1 ml and then the recovery standard was added. The final extract was 
concentrated to ca. 10 µl. Quantification was performed on a HRGC/HRMS by tracing the two 
most abundant signals of the isotope cluster of the molecular ions.  
 
Results and Discussion 
The sampling points were selected to characterize four typical regions in the urban area of Dalian, 
which are scenic areas (S10, S16), residential areas (R1, R3, R4, R11, R14, R15), areas with heavy 
traffic (T2, T5-T9, T12, T13) and a less-polluted remote area (L17). The analytical results show that 
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there are no large variations for the 
levels of the 2,3,7,8-substituted 
PCDD/Fs among the 17 sampling 
points.  
 
The PCDD/F levels at the two 
sampling points, S16 and L17, are 
relatively low, which is consistent 
with the fact that S16 stands for a 
scenic area and L17 is located at a 
remote island. Although the other 
scenic site S10 locates in the Dalian 
Forest Zoo, it is not far from the 
main entrance of the Zoo where 
there are heavy traffic and many 
residential buildings. Thus the 
PCDD/F levels for S10 are not as 
low as for locations S16 and L17. 
The pollution levels for the 
locations R1, R4, T5, T7, S10, and 
T12 are comparable and relatively 
low. The regions characterized by 
the sampling points T8, T13 and 
R14 may be relatively heavily 
impacted by pollution. Around the 
sampling point T8, there are a 
thermoelectricity plant, a diesel 
engine plant, and a wastewater 
treatment plant. Thus it is 
reasonable that the PCDD/F levels 
are high in this location. The 
sampling points T13 and R14 locate 
in the downtown characterized by 
extremely heavy traffic. The levels 
of 2,3,7,8-substituted PCDD/Fs at three typical locations, R1, R14 and S16, are shown in Table 1.  
 
Both ∑T4-O8CDDs and ∑T4-O8CDFs for the samples collected at Dalian are significantly lower 
than corresponding levels for pine needles sampled from pentachlorophenol wood-preserving sites 
in the USA10. The ∑T4-O8CDD/Fs levels in the pine needles sampled from Dalian are all less than 
205 ng/kg (dry weight), and lower than the corresponding levels in spruce needles collected from 
industrial, urban, rural, waste landfill and highway areas in Germany11. In addition, the levels of 
PCDD/F congeners in the spruce needles of Germany11 were typical of a combustion pattern in 
which ∑T4-O8CDFs is generally equal or greater than the ∑T4-O8CDDs; the dominant PCDDs are 
H6-O8CDDs, whereas the dominant PCDF congeners are the T4-P5CDFs. Generally, the patterns of 
2,3,7,8-substituted PCDD/Fs for the pine needle samples collected at Dalian are similar to the 
pattern for the spruce needles in Germany11. The only discrepancy is that for the Dalian pine needles 

Table 1. The pine needle levels of 2,3,7,8-substituted 
PCDD/Fs at three typical locations (Toxic Equivalents 

(TEQ) is based on the toxic equivalency factors 
developed by the World Health Organization14)* 

Compounds R1 R14 S16 
2,3,7,8-T4CDD 0.19 0.55  n.d. 
1,2,3,7,8-P5CDD 0.40 0.68  n.d. 
1,2,3,4,7,8-H6CDD 0.13 0.36  n.d. 
1,2,3,6,7,8-H6CDD 0.17 0.55  n.d. 
1,2,3,7,8,9-H6CDD 0.15 0.36  n.d. 
1,2,3,4,6,7,8-H7CDD 0.98 2.50  0.60  
O8CDD 3.33 12.50  4.44  
2,3,7,8-T4CDF 1.56 2.95  0.58  
1,2,3,7,8/1,2,3,4,8-P5CDF 1.31 2.50  0.38  
2,3,4,7,8-P5CDF 1.27 2.73  0.36  
1,2,3,4,7,8/1,2,3,4,7,9-H6CDF 0.92 2.73  0.31  
1,2,3,6,7,8-H6CDF 0.96 2.73  0.38  
1,2,3,7,8,9-H6CDF n.d. 0.11  n.d. 
2,3,4,6,7,8-H6CDF 0.92 2.27  0.49  
1,2,3,4,6,7,8-H7CDF 2.08 5.68  1.02  
1,2,3,4,7,8,9-H7CDF 0.17 0.43  0.13  
O8CDF 0.83 2.73  1.27  
TEQ (WHO 1998, Humans)  1.79 4.09  0.40  
* n.d. not detectable. 
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samples, ∑T4-P5CDD congeners are dominant. The 
PCDD/Fs in Dalian should mainly come from coal 
or fuel burning for thermoelectricity, domestic 
heating, and various vehicles. 
 
The ratios of plant to air concentrations lead to a 
pseudo-plant/air partition coefficient (KPA) with the 
unit of pg/g. For polychlorinated biphenyls (PCBs), 
linear relationships between logKPA and logarithms 
of octanol/air partition coefficient (logKOA) for 
Pinus sylvestris were established6. Supposing that 
the relationships are true for Cedrus deodara and 
can be extrapolated to PCDD/Fs, the KPA values for 
PCDD/Fs between Cedrus deodara and air can be 
calculated using the KOA values estimated 
previously12 at the typical temperature of 10°C in 
Dalian. The estimated KPA values for selected 
2,3,7,8-substituted PCDD/Fs are listed in Table 2. 
As KPA increases with the degree of chlorination, 
higher chlorinated PCDD/F congeners tend to 
partition into the pine needle phase strongly.  
 
Based on the KPA values, the air levels of 
2,3,7,8-substituted PCDD/Fs were estimated. 
Recently, Park and Kim13 reported on PCDD/F 
concentrations in Korean atmosphere. In 
comparison, the maximal estimated air levels in 
Dalian of the 2,3,7,8-substituted PCDD/Fs are lower 
than in the residential areas of Korean cities, except for 2,3,7,8-T4CDD/Fs, for which the maximal 
estimated air levels in Dalian are comparable with the corresponding values in the residential areas 
of Korean cities.  
 
Conclusions 
It is the first time in China to investigate the atmospheric PCDD/Fs levels using pine needles as 
passive samplers. Compared with other regions in the world, the PCDD/F levels in the pine needles 
and air from the urban area of Dalian are low. The PCDD/Fs in Dalian atmosphere are mainly 
emitted from various coal or fuel combustion processes.  
 
Acknowledgements: The authors thank Jarmila Kotalik for assisting pretreatment of the samples. 
The study was supported by the German Federal Ministry of Education and Research (BMBF); 
Liaoning Provincial Foundation on Science and Technology, P. R China; the Scientific Research 
Foundation for the Returned Overseas Chinese Scholars, and the Research Award Program for 
Outstanding Young Teachers in Higher Education Institutions of MOE (TRAPOYT), P. R. China. 
The research results were attained with the assistance of the Alexander von Humboldt (AvH) 
Foundation. 

Table 2. The estimated KPA values for 
selected 2,3,7,8-substituted PCDD/Fs 

PCDD/F congeners KPA 
(m3/g) 

2,3,7,8-T4CDD 70-145 
1,2,3,7,8-P5CDD 113-295 
1,2,3,4,7,8-H6CDD 176-563 
1,2,3,6,7,8-H6CDD 184-598 
1,2,3,7,8,9-H6CDD 172-541 
1,2,3,4,6,7,8-H7CDD 257-983 
O8CDD 425-2058 
2,3,7,8-T4CDF 76-163 
1,2,3,7,8/1,2,3,4,8-P5CDF 124-335 
2,3,4,7,8-P5CDF 129-356 
1,2,3,4,7,8/1,2,3,4,7,9-H6CDF 207-716 
1,2,3,6,7,8-H6CDF 212-741 
1,2,3,7,8,9-H6CDF 206-708 
2,3,4,6,7,8-H6CDF 216-759 
1,2,3,4,6,7,8-H7CDF 256-977 
1,2,3,4,7,8,9-H7CDF 340-1479 
O8CDF 535-2884 
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