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Abstract

This study investigates the presence of highly toxic and carcinogenic compounds such as dioxins, furans and
dioxin-like polychlorinated biphenyls, which may have evolved as a result of many industrial and burning
processes, in Tulkarm ambient atmosphere. The measured concentrations were compared to values found in
other studies undertaken in other sites globally. PCB 118, PCB 104 and PCB 77 were the main congeners
making the ambient air profile of Tulkarm city, Palestine. While PCDFs were detected in about 40% of air
samples no PCDDs were recorded. The contribution of Gishori complex area to air pollution was considered.
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1. Introduction

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) (Fig. 1) are two series
of planar, tricyclic ethers, which have up to eight chlorine atoms attached to carbon (Morrison & Murphy, 2006).
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Figure 1. Chemical structures of PCDDs (left) and PCDFs (right)

PCDDs and PCDFs are known to be some of the most toxic persistent organic pollutants (POPs) in the
environment. They can cause cancer and have negative effects on the human reproductive and immune systems
(Kogevinas, 2001; Biegel & Safe, 1990). The main source of human exposure to dioxin is through diet, mainly
meat, fish, and dairy products (Travis & Hattemer-Frey, 1991). Dioxins accumulate in the fatty tissues, where
they may persist for months or years (Fierens et al., 2003). PCDDs and PCDFs can be formed through many
industrial processes such as chlorine bleaching of pulp (Hrutfiord & Negri, 1992), medical and municipal waste
incineration (Liem, Hoogerbrugge, Kootstra, van der Velde & de Jong, 1991) and many other processes such as
cement kilns, municipal wastewater treatment, sludge and secondary copper smelting (U.S. EPA, 2006).
Moreover, dioxins can be formed from various combustion sources like burning treated wood, combustion of
leaded gasoline in automobiles and firing of coal. Dioxin-like poly chlorinated biphenyls (PCBs) congeners (Fig.
2), have a co-planar structure very similar to that of dioxins and have dioxin-like effects (Ahlborg et al., 1994).
They have been intentionally produced by humans for different purposes such as an insulating material in
electrical equipment, surface coatings, inks, adhesives and flame-retardants (Fernandes et al., 2008). Similar to
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dioxins, PCBs can accumulate in the food chain, especially in oils and fats (Olanca, Cakirogullari, Ucar, Kirisik,

& Kilic, 2014).
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Figure 2. Chemical structures of PCBs

In general, there are a few studies about air pollution and air quality in the West Bank, Palestine. The scarcity of
data on air pollutant emissions in the Palestinian Territories refers to the hardly adequate measurement
infrastructure. Since there is no power generation or heavy industry in the West Bank, air quality has not been
viewed as an important issue in comparison to other environmental domains such as those mentioned by Color et
al. (2011). The city of Tulkarm, which borders the Geshori industrial complex, had its environmental profile
analyzed in 1996 by the Applied Research Institute-Jerusalem (ARIJ) (ARIJ, 1996) and Alkhalil and Qasem
(2009). The air pollution in this region was superficially discussed, focusing on sulphur, nitrogen and carbon
oxides, which may come from transportation, industry and energy production emissions in Israel (AR1J, 1996).

PCDDs, PCDFs and dI-PCBs, as possible air pollutants, were mentioned in just a few studies concerning burning
solid waste dumpsites in some cities in Palestine (El-Hamouz, 2002). To the authors knowledge no study has
been undertaken to analyze PCDD/ PCDFs or PCBs in air samples in any city in West Bank. The aim of this
study was to investigate the presence of dioxins, furans and dioxin-like polychlorinated biphenyls in the Tulkarm
ambient atmosphere.

2. Method

A pre-cleaned PUF foam disk with a density of 0.0213 g-em™, a diameter of 14 cm and a thickness of 1.35 cm
was used as the passive air sampler. It was deployed in a sheltered chamber consisting of two steel bowls, as
shown in Figure (3), to protect the foam disks from direct precipitation, sunlight and coarse particle deposition.
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Figure 3. Schematic representation of sampler housing

In order to determine the dioxins and dioxin-like compounds in ambient air in Tulkarm city, seven air samples in
different locations were collected in one sampling campaign between the end of July and the end of August 2015
Table (1) and Figure (4) show the sampling locations.
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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°1824.00" 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°17'42.57T" E 27837
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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 m*d™" 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 dI-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 dI-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™ 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™, 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™ which is significantly higher than those of samples 2 and 3 (0.00004 and 0.0019
pg TEQ-m™) 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™), urban Germany (0.07 — 0.35 pg TEQ':m™~) and 4 sites in Sydney, Australia, (0.02 — 0.06 pg
TEQ'm™). These values were located within the range from 0.014 to 0.024 TEQ'm™ 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™) and a coastal site in Sweden (0.003-0.004 pg TEQ-m™) (Air quality Guideline, 2000).
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Table 2. Concentrations (pg'm™) of PCDD/PCDFs and dI-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 <022 <022 <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 <03 <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 2.05 228 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 <2.86 438 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 <045 <045 <0.45 <0.45 <045 <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 <022 <022 <0.22 <0.22 <0.22 <0.22 <0.22
PCB 169 <0.24 <024 <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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Figure 5. PCDD/PCDFs and dI-PCBs fractions in samples located at different distances from Gishori.

Regardless of the distance of the samples to Gishori, all samples have the same dI-PCBs profile and almost the
same fractions. All profiles are dominated by PCB 118 (57 — 64 %) followed by PCB104 (23 — 29%) and then by
PCB 77 (8 — 11%).

As shown in Table 3, there is no relation between the location of the samples from the industrial area and the
total (PCDD/PCDDFs + dI-PCBs). However, the concentration range of these compounds, in the Tulkarm area,
is much smaller than, for example, northern Algeria (0.249 — 0.771 X(PCDD/Fs+dI-PCBs) pg TEQ'm™)
(Moussaoui et al, 2012).

Table 3. Total concentration of PCDD/PCDFs and dI-PCBs, in terms of WHO 2005-TEQ, of samples located at
different distances from the north east of Gishori.

samples  location to X(PCDD/Fs+dl-PCBs)

Gishori in meter [pg TEQ-m™]

Sample 1 49 0.0002
Sample 2 125 0.01

Sample 3 590 0.0103
Sample 4 770 0.0244
Sample 5 934 0.0003
Sample 6 88876 0.0093
Sample 7 27837 0.008

4. Conclusions

Within the 28 days sampling campaign, no serious dioxin, furans or dioxin-like poly chlorinated biphenyls
pollution were found in the ambient atmosphere of Tulkarm city. The values of toxic equivalency of these
compounds in the city were found to be much lower than many comparative sites in the world. Since the
sampling campaign was too short, it would therefore be advisable to extend the sampling campaign for one year
to control the air quality during such time. Moreover, due to the high toxicity of dioxin, furan and dioxin-like
poly chlorinated biphenyls and the existence of the industrial area in Tulkarm, a permanent monitoring of these
compounds in the ambient air of the city is highly recommended.
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