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Table 1. Detailed locations sampling sites according to coordinates 

Location Latitude Distance in Meter 

1 32°18'14.11" N 35° 0'54.99" E 49 

2 32°18'24.00" N 35° 0'58.70" E 125 

3 32°18'11.25" N 35° 1'16.00" E 590 

4 32°17'54.10" N 35° 1'10.70" E 774 

5 32°18'37.10" N 35° 1'26.00" E 934 

6 32°18'56.71" N 35° 6'31.09" E 8876 

7 32°13'37.53" N 35°17'42.57" E 27837 

 

  
Figure 4. Position of expected polluted sampling sites: sample 1,2,3,4 and 5 (left)) and control sites: sample 6 

and 7 (right) 

 

After a sampling time of 4 weeks, the PUF disks were collected and each was wrapped carefully with aluminium 
foil and sent to Eurofins laboratories in Hamburg, Germany, to analyze the target compounds. For quality 
assurance, a wrapped PUF disk with aluminium and plastic foil was used as a blank sample and set in location 1 
with sample 1. To compare the ambient atmosphere quality in Tulkarm city especially around the industrial zone, 
two air samples (sample 6 and 7) were taken at a greater distance from the studied area. 

3. Results and Discussion 

In this study, according to the literature (Wilford, Harner, Zhu, Shoeb, & Johnes, 2004; Moussaoui, Tuduri, 
Kerchich, Meklati, & Eppe, 2012), we used 3.5 m3d-1 as a sampling rate for the passive PUF sampler and applied 
it to all studied substances collected in the 28 days campaign. No PCDD/PCDFs and dl-PCBs concentrations 
were detected above the limit of quantification (LOQ) in the blank sample, though there were traces which may 
indicate that the contamination resulted from transportation, storage or analysis. 

Table 2 and figure 5 show the PCDD/PCDDFs and dl-PCBs concentrations of seven samples located at different 
distances from Gishori industrial area. Taking the concentration of PCDDs traces in the blank sample into 
consideration by subtracting them from those in the samples, we find that all samples in the different locations 
might be considered free of PCDDs. However, three samples contained PCDFs, with concentrations slightly 
above the LOQ. Subtracting the half values of LOQ found in the blank sample, 0.045 pg·m-3 of 1, 2, 3, 4, 6, 7, 
8-HeptaCDF and 0.02 pg·m-3 of 2, 3, 7, 8-TetraCDF in sample 2 and 3 respectively. Sample 4 contained four 
congeners of PCDFs: 2, 3, 7, 8-TetraCDF, 1, 2, 3, 7 , 8-PentaCDF, 2, 3, 4, 7, 8-PentaCDF and 1, 2, 3, 4, 6, 7, 
8-HeptaCDF, their concentrations are 0.037, 0.023, 0.043 and 0.033 pg·m-3, respectively. Although this sample 
was located at about 800 meters to the east north of Gishori, for some reason, it contained a sum of toxic 
equivalent of 0.015 pg TEQ·m-3 which is significantly higher than those of samples 2 and 3 (0.00004 and 0.0019 
pg TEQ·m-3) which were sampled close to the industrial area. Compared to other international values, our study 
showed that in Tulkarm city concentrations are less than the range in five sites measured in Belgium (0.02 – 0.59 
pg TEQ·m-3), urban Germany (0.07 – 0.35 pg TEQ·m-3) and 4 sites in Sydney, Australia, (0.02 – 0.06 pg 
TEQ·m-3). These values were located within the range from 0.014 to 0.024 TEQ·m-3 in urban and suburban sites 
in Sweden and higher than the estimated value in the air from the North Sea in the Netherlands (0.005 pg 
TEQ·m-3) and a coastal site in Sweden (0.003-0.004 pg TEQ·m-3) (Air quality Guideline, 2000). 
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Table 2. Concentrations (pg·m-3) of PCDD/PCDFs and dl-PCBs in different samples  

Compound Sample  

blank  1 2 3 4 5 6 7 

2,3,7,8-TetraCDD < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

1,2,3,7,8-PentaCDD < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

1,2,3,4,7,8-HexaCDD < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

1,2,3,6,7,8-HexaCDD < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

1,2,3,7,8,9-HexaCDD < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

1,2,3,4,6,7,8-HeptaCDD < 0.06 < 0.06 < 0.06 < 0.06 < 0.06 < 0.06 < 0.06 < 0.06 

OctaCDD < 0.22 < 0.22 < 0.22 < 0.22 < 0.22 < 0.22 < 0.22 < 0.22 

2,3,7,8-TetraCDF < 0.03 < 0.03 < 0.03 0.035 0.05 < 0.03 < 0.03 < 0.03 

1,2,3,7,8-PentaCDF < 0.04 < 0.04 < 0.04 < 0.04 0.05 < 0.04 < 0.04 < 0.04 

2,3,4,7,8-Penta CDF < 0.04 < 0.04 < 0.04 < 0.04 0.06 < 0.04 < 0.04 < 0.04 

1,2,3,4,7,8-HexaCDF < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 

1,2,3,6,7,8-HexaCDF < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 

1,2,3,7,8,9-HexaCDF < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 

2,3,4,6,7,8-HexaCDF < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 

1,2,3,4,6,7,8-HeptaCDF < 0.05 < 0.05 0.07 < 0.05 0.06 < 0.05 < 0.05 < 0.05 

1,2,3,4,7,8,9-HeptaCDF < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 

OctaCDF < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 

PCB 77 < 0.37 0.80 1.07 0.95 1.00 0.81 1.03 1.28 

PCB 81 < 0.08 < 0.08 0.11 0.12 0.12 < 0.08 < 0.08 < 0.08 

PCB 105  < 0.8 1.90 2.35 2.05 2.28 2.29 2.62 2.96 

PCB 114 < 0.10 0.15 0.20 0.20 0.22 0.16 0.24 0.22 

PCB 118 < 2.86 4.38 5.29 4.92 6.20 6.18 7.13 7.31 

PCB 123 < 0.08 < 0.08 0.09 0.09 0.13 0.10 0.11 0.11 

PCB 126 < 0.10 < 0.10 0.14 0.13 0.14 < 0.10 0.14 0.13 

PCB 156 < 0.45 < 0.45 < 0.45 < 0.45 < 0.45 < 0.45 < 0.45 < 0.45 

PCB 157 < 0.09 < 0.09 < 0.09 < 0.09 0.11 < 0.09 0.11 < 0.09 

PCB 167 < 0.22 < 0.22 < 0.22 < 0.22 < 0.22 < 0.22 < 0.22 < 0.22 

PCB 169 < 0.24 < 0.24 < 0.24 < 0.24 < 0.24 < 0.24 < 0.24 < 0.24 

PCB 189 < 0.08 < 0.08 < 0.08 < 0.08 < 0.08 < 0.08 < 0.08 < 0.08 

< concentration means < concentration below the indicated limit of quantification provided by Eurofins 
laboratories, Hamburg, Germany. 
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