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Introduction

PBDEs and other semivolatile organic compounds primarily enter soil via wet and dry atmospheric deposition.
Another pathway through which these compounds get to soil is the application of sewage sludge to agricultural
land. In Kuwait sewage sludge from wastewater treatment plants are dumped in the desert and this may
constitute an important pathway for these compounds to the terrestrial environment. Soils and sediments are
important reservoirs of POPs since they act as repositories during periods of maximum input into the
environment. When atmospheric concentrations decrease especially following bans/restrictions on the use of
these POPs, as was the case with PCBs and organochlorine pesticides, soils and sediments once thought of as
permanent sinks have been shown to act as important secondary sources supplying these chemicals to the
atmosphere. It is therefore important to obtain information on the levels, and fate, of these compounds in these
reservoirs.

PBDEs have been reported in various environmental media in Kuwait including air *, sediments ?, biota *,
indoor air/dust >°, and in sewage sludge ’. To date, however, there is virtually no information on the levels of
PBDEs in soils in the Middle East in general, and in Kuwait in particular. This manuscript present, for the first
time, data on PBDEs in soils collected along a northwest (upwind)-southeast (downwind) transect across
Kuwait. A secondary objective of the study was to investigates the “urban pulse” effect postulated by Harrad et
al. ® which suggests that urban areas are sources of PBDES to remote regions. It is hoped that this study will
provide background information on PBDEs in soil against which the effectiveness of the control measures on
their continued use in consumer products by the Stockholm Convention can be assessed in the future.
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Fig. 1. Soil sampling locations (Green arrow shows the
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through a 2 mm gauge sieve onto a solvent rinsed aluminium foil to remove debris and other large particles. The
sieve was cleaned and aluminium foil replaced between samples. The samples were immediately transferred to
clean; solvent rinsed amber glass bottles and kept at -20 °C until analysis.

Soil samples (~ 20g) were spiked with BDEs 30 and 181 as a recovery standards and extracted in a
Soxhlet apparatus using 1:1 v/v mixture of DCM:hexane and subjected to column chromatography to
remove interfering compounds. The eluent was blown down on a Turbovap concentrator, transferred to 2
ml vials and blown down under a gentle stream of nitrogen. 50 pl of dodecane was added during this blow
down stage to ensure the samples did not dry out. The samples were then transferred to 100 ul glass
inserts, and spiked with BDE 35 as internal standard, used for volume correction and to adjust for
variations in instrument response.

The sample extracts were analyzed on a Shimadzu GC 2010 (Shimadzu, Tokyo, Japan) gas chromatograph
(separation was acheived on a 30 m DB 5ms column - 0.25 mm i.d., 0.25 "Im film thickness) coupled to a
Shimadzu 2010 Mass Selective Detector operated in electron capture negative chemical ionization (ECNCI)
using selected ion monitoring (SIM), with methane as reagent gas. Operating conditions were identical to that
reported in Gevao et al (2010) ° The ions m/z 79 and 81 were monitored for PBDEs. BDE 209 was analyzed
separately on a 15 m DB 5ms column (0.25 mm i.d., 0.25 [m film thickness). The ions m/z 484.7, 486.7, and
488.7 were used for identification and quantitation was by external standard method against a set of calibration
standards.

Results and discussion:

The concentrations of PBDEs were calculated by dividing the amounts by the actual weight of soil
extracted after adjusting for moisture. A total of 8 PBDE congeners were regularly detected in samples
and quantified. These are BDEs 28, 47, 99, 100, 153, 154, 183, 209.. In the discussion that follow, ZPBDE
refers to the summation of all the congeners measured in this study where as X7PBDEs refers to the
concentrations of the penta congeners excluding BDE 209.
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The concentrations of PBDEs in the samples are summarized in Fig. 2 which is plotted along the north-south
direction from the Kuwait-Iraq border to the Kuwait-Saudi Arabia border which is coincident with the
predominant wind direction in the country; the natural gradient for pollutant input from long-range atmospheric
transport. The PBDE concentrations varied by a factor of ~250 and ranged from 289 — 80078 pg g™ d.w.,
whereas the concentrations of the X;PBDEs (the total contribution of the congeners that are predominantly
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present in the penta-BDE formulations) ranged from 26 — 6132 pg g™. The concentrations of PBDEs in Kuwait
City (shaded portion) is significantly higher (p< 0.01) than those collected from sites outside the city evidenced
by a clear pulse in the profile given in Fig. 2. This magnitude of the pulse in concentration estimated as the ratio
of the average concentration within the city to the average concentration at all the other locations outside the city
is ca 5 and 24 for XPBDE and X;PBDEs (penta-BDESs) respectively. This urban pulse for XPBDE is similar to
that reported by Harrad and Hunter ® for a similar study in Birmingham UK although the magnitude of the pulse
for X,PBDEs (penta-congeners) is much higher. It has been hypothesized that urban centers are net sources of
pollutants to the surrounding areas because pollutants emitted from urban areas are transported in the
atmosphere and deposited in remote locations. Since the predominant wind direction in the study area is from
the north-west (upwind) to the south-east (downwind) across Kuwait City, it is plausible to expect higher
concentrations of PBDEs in soil downwind of the urban source compared to those sampled upwind. The
average concentrations of PBDEs in soil samples collected downwind of Kuwait City was twice as high as the
average concentrations collected upwind of the City. This finding lends support to the hypothesis that urban
centers are sources of pollutants to surrounding areas.

The average concentrations of the £;PBDESs in background soils in this study (24.7 — 581 pg g™ d.w) is higher
than those reported in Harbin City, China (2.45 — 55.9 pg g d.w ) *°; comparable to rural soils in Birmingham
UK (73.5 — 285)  floodplain soil of the Saginaw River Watershed, Michigan, USA (20 — 830 pg g™ d.w), mean
background soils in the UK (400 pg g™ d.w.) **, and soils from a botanical garden in Manaus, Brazil (434 pg g™
d.w. ) *2. The X,PBDEs in soil samples from Kuwait City (66.5 — 6031 pg g™* d.w.) is also comparable to that
reported for urban soil samples from Birmingham, UK (401 - 3890 pg g™ d.w.) &, in urban soils from Mainz,
Germany (1043 pg g™* d.w.) ' Pujalt, Spain (6100 pg g™* d.w.) *3, and in Shanghai, China (23.6 — 3799 pg g™
d.w.). The concentrations reported in this study, and those cited above, represent the lower range of PBDE
values in soils around the world as much higher values have been recorded in soils from electronic recycling
activities ***® and agricultural soils that have been amended with sewage sludge ***°,

Technical Mixtures in Soil Samples. The congener mixture in the soil samples suggests that two main technical
formulations can be identified: deca and penta mixtures (Fig. 3). The congener profiles was dominated by BDE
209, the dominant congener in the technical deca formulation, accounting for 93% (range, 83 — 99%) of the
PBDEs in the soil samples. This was followed in decreasing order of importance by BDE 47 (range, 0.2 — 8.3%;
mean, 2.5%), BDE 99 (range, 0.4 — 4.8%; mean 2.2%) with the other congeners individually contributing less
than 1% to the total concentrations in each sample. If BDE 209 is discarded from the analyses and the congener
mixture is normalized to £,PBDES, it becomes apparent that the penta formulation is also an important source of
PBDEs in Kuwait (Fig. 4). Hassanin et al (2004) argued that this similarity in the soil profiles and that in the
technical penta formulations to indicate that the transfer of congeners from source-sink operate with similar
efficiencies across the penta PBDE congeners and that minimal weathering would have occurred during
atmospheric transport or within the soil.
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It is often suggested that soil organic matter plays a significant role in the distribution of POPs in soils/sediments
because they are hydrophobic contaminants. Consequently the concentrations derived from soil/sediment
analyses are often normalized to the organic carbon (OC) content. In this study the soil organic carbon content
of soils ranged from 0.4 to 2.5% except in Kuwait City where the values were between 3 and 7%. The organic
carbon content of the soils (especially soil samples collected outside Kuwait City) are generally lower than those
reported in other parts of the world ®**. The higher OC content of soils within the City may be due to mulching
of soils for greenery operations. The %OC concentrations in soils tracked the X,PBDE (excluding 209)
concentrations remarkably well (Fig. 5). When BDE 209 was included, however, differences in profiles were
evident especially in samples collected within Kuwait City where the OC content were significantly higher than
in the other samples. Congener specific soil concentrations were highly correlated with %OC (Pearson
correlation coefficients (R?) ranging between 0.7 and 0.82, p > 0.05) when the data from Kuwait City was
omitted from the analysis. However when the entire dataset was included in the assessment the none of the
congeners was significantly correlated with OC. These findings suggest that the soil concentrations outside the
urban centers were close to equilibrium with the atmosphere. It can be further deduced from the data that the
concentrations of PBDEs in soils within Kuwait City were far from a steady state with air are a function of
primary emissions.

Acknowledgements:
We are grateful to the Managements of Kuwait Institute of Scientific Research for funding this research.

References:

1. Gevao B, Al-Omair A, Sweetman A, Al-Bahloul M, Al-Ali L, Helaleh M, Zafar J. (2006). Environ.
Toxicol. Chem. 25: 1496-502

2. Gevao B, Jaward FM, MacLeod M, Jones KC. (2010). Environ. Sci. Technol. 44: 8114-20

3. Gevao B, Beg MU, Al-Ghadban AN, Al-Omair A, Helaleh M, Zafar J. (2006). Chemosphere 62: 1078-
86

4, Gevao B, Jaward FM, Al-Bahloul M, Ud din S, Beg MU, Zafar J. (2011). Arch Environ Contam
Toxicol 60: 636-42

5. Gevao B, Al-Bahloul M, Al-Ghadban AN, Ali L, Al-Omair A, Helaleh M, Al-Matrouk K, Zafar J.
(2006). Atmos. Environ. 40: 1419-26

6. Gevao B, Al-Bahloul M, Al-Ghadban AN, Al-Omair A, Ali L, Zafar J, Helaleh M. (2006).

Chemosphere 64: 603-8

7 Gevao B, Muzaini S, Helaleh M. (2008). Chemosphere 71: 242-7

8. Harrad S, Hunter S. (2006). Environ. Sci. Technol. 40: 4548-53

9. Gevao B, Jaward FM, MacLeod M, Jones KC. (2010). Environ. Sci. Technol. 44: 8114-20

10. Xu W, Nangi R, Hong Q, Wanli M, Yifan L. (2009). J. Environ. Sci. 21: 1541-6

11 Hassanin A, Breivik K, Meijer SN, Steinnes E, Thomas GO, Jones KC. (2004). Environ. Sci. Technol.
38: 738-45

12, Thorenz UR, Bandowe BAM, Sobocka J, Wilcke W. (2010). Environ. Pollut. 158: 2208-17

13. Eljarrat E, Marsh G, Labandeira A, Barcelo D. (2008). Chemosphere 71: 1079-86

14, Cai Z, Jiang G. (2006). Talanta 70: 88-90

15. Leung AO, Luksemburg WJ, Wong AS, Wong MH. (2007). Environ. Sci. Technol. 41: 2730-7

16. Ma J, Addink R, Yun S, Cheng J, Wang W, Kannan K. (2009). Environ. Sci. Technol. 43: 7350-6

17. Wang D, Cai Z, Jiang G, Leung A, Wong MH, Wong WK. (2005). Chemosphere 60: 810-6

18. Yang ZZ, Zhao XR, Zhao Q, Qin ZF, Qin XF, Xu XB, Jin ZX, Xu CX. (2008). Bull. Environ. Contam.
Toxicol. 80: 340-4

19. Matscheko N, Tysklind M, de Wit C, Bergek S, Andersson R, Sellstrom U. (2002). Environ. Toxicol.
Chem. 21: 2515-25

Organohalogen Compounds Vol. 73, 530-533 (2011) 533





