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Abstract: Soil and sand dust resuspension is one of the major input mechanisms of harmful anthropogenic substances
into the atmosphere of arid regions. Pesticides and herbicides are the major components of these toxic substances in soils
of agricultural regions. This research examines the occurrence of pesticides and herbicides in soil and sand dust from
various locations in the city of Riyadh, Kingdom of Saudi Arabia. The organic components, including pesticides,
herbicides, fossil fuel residues, and natural lipids were analyzed by GC-MS for this area to define their sources and
strengths. The results show that various pesticides and herbicides are present in soil and sand dust in Riyadh City and
include Carbofuran, Chlorpyrifos, Oxadiazon, Ethoprophos, Dimpylate, Iso-Octyl-MCPA, Methyl dichlorofop,
Endosulfan I and II, and other unknown derivatives. Anticorrosive reagents such as l-chlorododecane and 1-
chlorotetradecane and plasticizers are also significant compounds in these samples. The occurrence of pesticide and
herbicide residues in most of the samples from the city is due to activities related to agriculture. Local agriculture and
gardening applications of these pesticides are suggested to be the main sources of these compounds in soil and sand dust
of the city. The presence of chloro-n-alkanes is attributed to contamination from antiabrasion-antiwear lubricating oils
used for protecting petroleum production equipment. The occurrence of plasticizers in these samples is attributed to tyre
and plastics abrasion products. n-Alkanes, UCM and series of hopane and sterane biomarkers were also detected in these
samples. The n-alkanes, ranging from C,¢ to C;4, maximum abundances at various carbon numbers, hopane biomarkers

and UCMs support the input of particles from vehicle emissions and the excess n-alkanes with odd carbon number
preferences, as well as methyl n-alkanoates indicate natural vegetation sources.
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Introduction a great variety of synthetic organic compounds,
have received attention because some can cause

Anthropogenic  organic matters including health effects (Beak, et al. 1991; Menichini, 1992).
pesticides and herbicides are now firmly established Much of the research to date on these compounds
as major carbonaceous components in the has been guided by the mutagenic and genotoxic
ecosphere. Their occurrence is related to human potential of related compound classes found in soil,
activities mainly in urban and rural areas, but also water and food (e.g., polycyclic aromatic
remote regions (Al-Mutlaq, et al. 2002; Beak, et al. hydrocarbon (PAH), oxygenated PAH (oxy-PAH),
1991; Buehler, et al. 2001; Cox, et al. 1982; Fraser, and nitroarenes) (Alsberg, et al. 1985; Choudhury,
et al. 1997; 1998a, b; Menichini, 1992; Rogge, et al. 1982; Schuetzle and Daisey, 1990; Schuetzle, et al.
1993a, b; 1996; Simoneit, 1986; 1989; Simoneit and 1985; Stenberg, et al. 1983; Westerholm, et al.
Mazurek, 1989; Simoneit, er al. 1988; 1990; 1991a, 1988; 1991). Some pesticide and herbicide
b, ¢; 1993). Pesticides and herbicides, consisting of compounds may be relatively stable molecules and
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could be used to trace and quantify their presence
in  different  environmental spheres. The
characterization of anthropogenic pesticide residues
and PAH may serve to further define the spatial
variation and geographical sources of organic
compound burdens in urban versus rural areas
(Simoneit, 1984a, b; 1989).

Assessing the contribution of soil and sand
resuspension into the atmosphere is a fundamental
need for environmentalists and policy makers due
to potential public health problems. Thus,
identification and quantitation of pesticide and
herbicide residues and other organic tracers for
sources in soil and sand dust are essential for
environmental assessments. The city of Riyadh is a
typical urban location in the Arabian Peninsula to
assess pesticide and herbicide residues and other
organic matter because it receives input from local
sources and long range atmospheric dust transport.
It was selected to represent other cities in the
Kingdom, where human and agricultural activities
are dominant (Al-Mutlaq, et al. 2002). The
characterization of these compounds in soil and
sand dust with respect to their natural and
anthropogenic ~ sources  will  facilitate an
understanding of their local and regional impacts.
Thus, the main purpose of this study is to investigate
the occurrence of pesticide and herbicide residues in
soil and sand samples from the city of Riyadh,
Kingdom of Saudi Arabia.

RN
Outside City
City Center
SM Slam Market

FM Faisalih Market

MoA Ministry of Agriculture
MoH Ministry of Health

Experimental Methods
Sampling and Extraction Procedure

Outer surface layers of soil and sand samples
were collected from various locations inside and
outside the city of Riyadh in the Kingdom of Saudi
Arabia to determine their pesticide and herbicide
residues by gas chromatography-mass spectrometry
(GC-MS) analysis. The samples were collected by
scrapping the uppermost layers of soil and sand,
where resuspension of dust and fine particles takes
place. The locations and descriptions of the collected
samples are shown in Figure 1 and Table 1.
Duplicate samples were collected from the
following locations in the winter season of 2002:

Outside the city (OC),
City center (CC),
Two market places:
Slam market place (SM)
Faisalih market place (FM)],
The Ministry of Agriculture area (MoA),
The Ministry of Health area (MoH).

All samples were mixtures of soil and sand, except
one was mostly soil (OC). Each sample was sieved
to obtain fine particles (<125um) before organic
matter extraction. The extraction was performed
twice by adding a mixture of methylene
chloride/methanol (3:1v/v) to the sieved fine

particles of each soil/sand sample and ultrasonicating
for 20 minutes. Each combined extract was filtered,
concentrated by evaporation, and finally under
nitrogen blow-down and room temperature to
approximately 50uL before GC-MS analysis.
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Table 1. Locations and descriptions of soil and sand samples collected in November 2001 from Riyadh City,

Saudi Arabia.

Sample Location Description

Outside City Outside the city, from palm tree farm Mostly soil

City Center City center Mixture of soil and sand
Slam Market Slam market place in the city Mixture of soil and sand
Faisalih Market Faisalih market place in the city Mixture of soil and sand

Ministry of Agriculture
Ministry of Health

Ministry of Agriculture locale, in the city
Ministry of Health locale, in the city

Mixture of soil and sand
Mixture of soil and sand

Instrumental Analysis

The analysis of the total extracts was carried out
by GC-MS, using a Hewlett-Packard 6890 GC
coupled to a 5973 Mass Selective Detector with a
DB-5MS (Agilent) fused silica capillary column
(30m x 0.25mm i.d., 0.25um film thickness) and
helium as carrier gas. The GC was temperature
programmed from 65°C (2 min initial time) to 300°C
at 6°C min’ (isothermal for 20 min final time). The
MS was operated in the electron impact mode at
70eV ion source energy.

Mass spectrometric data were acquired and
processed using the GC-MS ChemStation data
system. Compounds were identified by GC
retention index and MS comparison with authentic
standards, literature and library data, and
characterized mixtures. Unknown compounds were
characterized by interpretation of the fragmentation
pattern of their mass spectra. Relative
concentrations of the compounds were estimated
from ratios of GC-MS peak areas.

Results

The results of the organic chemical analyses
indicated that all extracts consist of mixtures of
organic compounds. Pesticide and herbicide
residues were the major compounds in the total
extracts from the market places SM and FM, and the
MOoA area as shown in Table 2. These pesticides and
herbicides included Carbofuran, Ethoprophos,
Dimpylate, Chlorpyrifos, Oxadiazon, Iso-Octyl-
MCPA, Methyl dichlorofop, Endosuifan I and II,
and other unknown derivatives as shown in Figures
2 and 3. The concentrations of pesticides and
herbicides ranged between 0.76 and 24.4ng/g of
sample. Plasticizers were also major compounds in
these samples (Table 2 and Fig. 2). They were
mainly diethyl phthalate, dibutyl phthalate, and
dioctyl phthalate, with concentrations ranging from
0.06 to 14.90ng/g sample.

Table 2. The concentrations of major pesticide/herbicide, chloro-n-alkanes and plasticizer compounds

detected in soil and sand samples from Riyadh.

Concentration (ng.g" sample)

Compound Composition MW | OC cc SM | FM [ MoA | MoH
Pesticide/Herbicide_

Carbofuran C,H,sNO, 221 - - 0.18 - - -
Ethoprophos CgH,40,PS, | 242 - - - 1.64 - -
Dimpylate C,,Hy N,O4PS 304 | - - 0.26 - - -
Iso-Octyl-MCPA C,7H,5ClO4 { 312 | - - - 0.28 - -
Methyl dichlorofop C,6H4C1,0, | 340 - - - 5.26 - -
Ronstar (Oxadiazon) C,sH,gC,N,04 344 ‘
Chlorpyrifos CoH,|CI3NO,PS | 349 0.31 |
Endosulfan I CoHgClg05S 404 - - - - 140 | -
Endosulfan II CyHClc05S 404 - - - - 0.86 -
Total - - 0.75 7.18 2.26 -
Chloro-n-alkanes 1 '

1-Chlorododecane C,H,4Cl 204 - 0.32 0.08 0.04 T 0.30
1-Chlorotetradecane C4H,Cl 232 - 0.14 0.08 0.02 T 0.22
Total - - 0.46 0.16 006 T 0.52
Plasticizers '

Diethyl phthalate CpBp0y 222 | - - 0.06 s - -
Dibutyl phthalate C 6H0,4 278 0.02 0.26 0.86 0.60 1.76 0.98
Dioctyl phthalate C,4H330, 390 | 0.04 1.74 13.98 2.90 2.38 1.22
Total | 0.06 2.00 14.90 3.50 4.14 2.20
Unknown compounds i 12.10 - - 6.42 - 2.60
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n-Alkanes were detected in these samples and
ranged from C,, to C,, with a maximum abundance
at different carbon numbers (Figs. 2a-f). Series of
hopane biomarkers were also detected and ranged
from C,; to Cj, and sterane biomarkers were
observed in trace amounts (Table 3). The UCM
(unresolved complex mixture of branched and
cyclic hydrocarbons) was obvious in these samples

as illustrated in Figure 2. 1-Chlorododecane and 1-
chlorotetradecane were also detected (Table 2, Fig.
3). Methyl n-alkanoates were found in all samples
from the Riyadh area and ranged from C;; to Cy
(Table 3). A major amount of unknown pesticide

residues was found in the FM sample (Figures 2d
and 3j and Table 2).

Table 3. Carbon number range and maximum of various organic compound groups in total extracts of soil

and sand samples from outside and in Riyadh.

Sample Code
Compound Class 0C cC SM FM | MoA MoH
n-Alkanes }
Range 18-36 16-37 16-35 16-35 16-35 16-35
Ceiss 29 29 27 20 21 29
CPI 3.6 1.4 L 1.1 1.1 3.5
Methyl n-alkanoates '
Range 16-29 13-25 13-19 13-19 13-29 13-29
S 17 17 17 17 17 17
Hopane Biomarkers 1
Range - 27-34 27-35 27-33 29-30 27-35
G - 29 29 29 29,30 29
Sterane Biomarkers ‘ [
Range 27-29 27-29 - 27-28 | 2729 27-29
C e 29 29 - 29 29
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Figure 2. GC-MS total ion current traces of total extracts from soil and sand samples of Riyadh showing the
major organic components: a) Outside the city (OC); b) City center (CC); c) Slam market place (SM);
d) Faisalih market place (FM); e) Ministry of Agriculture area (MoA); and f) Ministry of Health area (MoH).
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Figure 3. Mass spectra of chloro-n-alkanes, pesticides and herbicides detected in the soil and sand samples
from Riyadh: a) 1-Chlorododecane; b) Chlorpyrifos; c) Carbofuran; d) Ethoprophos; e) Dimpylate;
f) Methyl dichlorofop; g) Endosulfan I; h) Endosulfan II; i) Oxadiazon (Ronstar); and j) unknown.
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Discussion

The data of the organic chemical analysis of the
soil and sand dust from the Riyadh area indicate that
anthropogenic sources from urban and agriculture
related activities are significant. Natural background
sources from local and external vegetation are a
minor input of organic components.

Pesticide and Herbicide Residues

These results indicate that market places in the
city of Riyadh are major sources of anthropogenic
organic compounds, such as pesticide and herbicide
residues and plasticizers. They are major
components in dust samples collected around
market places where pesticide and herbicide stores
conduct business. This suggests that these local
stores are the main sources of these compounds in
the urban soil and sand dust. Spills of these
pesticides and herbicides near and around these
stores are expected to occur. This is supported by
the occurrence of these compounds mainly in the
samples from Slam market place, Faisalih market
place, and the Ministry of Agriculture area and their
absence in the other samples. Furthermore, each
sample from each market place contains specific
classes of pesticide and herbicide residues,
indicating that each market place and probably each
store sells a specific type or group of pesticide and
herbicide. Other sources and atmospheric transport
of these compounds by dust to these sites in the city
are unlikely. The detection of plasticizers in soil and
sand dust from the city is attributed to
contamination from plastic bags used by shops and
stores of these local markets and other urban uses of
plastics.

The toxicity of compounds such as Ethoprophos,
Carbofuran, and Endosulfan varies. They are
registered as hazardous materials and their effects
range from acute to chronic human health effects
(Battaglin, et al. 2001; Khare, et al. 2002). For
instance Endosulfan, which has been detected in
breast milk (Sanghi, et al. 2003), can reduce the
oxygen uptake in blood (Bhalchandra and Lomte,
2003).

Urban Traffic Emissions

The presence of n-alkanes, UCM, hopanes and
traces of steranes (Table 3, Fig. 2) indicate
anthropogenic sources from vehicle emissions
(Simoneit, 1984a, b). The increase of even carbon
numbered n-alkanes in the samples from inside the

city indicates an input of n-alkanes from combustion
emissions of fossil fuel (petroleum). This is evident
in the decrease of the carbon preference index (CPI,
o/e) from 3.6 to 1.0 (Table 3). The UCM, which is
the major petroleum component derived from
lubricating oil in vehicle exhaust (Simoneit, 1984a,
b), further supports the contribution from traffic
emissions (Fig. 2). The presence of biomarker
hopanes and steranes in the samples confirms the
contribution from urban traffic (Simoneit, 1984a, b).
These petroleum biomarker compounds are found at
highest concentrations in samples from the city
center, market places and the Ministries of
Agriculture and Health areas. The absence of major
PAH compounds indicates that buming processes
(e.g., biomass) are not a major source of organic
matter in these samples (Simoneit, 2002). The
occurrence  of  l-chlorododecane and I-
chlorotetradecane is due to contamination from
inhibitor products used as protection of equipment
for petroleum recovery (Lee and Lim, 2000;
Shakhovtseva, et al. 2000).

Natural Background

The n-alkanes with odd carbon number
predominances, homolog maxima at C,; C,q

and/or C5; and CPI(o/e) >3 are dominant in samples

from outside the city and the Ministry of Health area
(see Fig. 2). This indicates that natural background
wax from vegetation is the main source of aliphatic
compounds in these samples (Simoneit, 1977a, b;
1989). The presence of terpenoids (e.g., amyrins and
moretenol from higher vascular plants, Brassell, et
al. 1983; Simoneit, 1989), methyl n-alkanoates
(from plant biomass, Holloway, 1982) and
phytosterols (e.g., (Bsitosterol from vegetation,
Barbier, et al. 1981; Simoneit, et al. 1983) also
indicate natural background sources (Table 3 and
Fig. 2). Organic detritus from vegetation is
obviously abundant in the samples from outside the
city and the area of the Ministry of Health in
Riyadh.

Conclusion

The organic chemical analyses of total solvent
extracts from soil and sand dust samples collected
from the city of Riyadh indicated that anthropogenic
inputs are the major sources of the organic
compounds. These anthropogenic inputs are mainly
from agriculture related activities and urban traffic
emissions. The agriculture related compounds
include pesticide and herbicide residues from stores,
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plasticizers from plastic bags and other plastics used
by local commerce and petroleum related
compounds from vehicle emissions and lubricants.
Natural background organic matter from local and
regional vegetation sources is minor relative to the
anthropogenic compounds in the samples from the
city.

The greater contribution of anthropogenic versus
natural organic components is significant and
requires further studies to determine the fraction of
each source of organic components to soil and sand
dust in Riyadh. Additional detailed studies are also
needed to identify the reason(s) for the occurrence
and distribution of these pesticides and herbicides in
certain locations and not in others. Resuspension
and redistribution of soil and sand dust particles by
wind contributes to the total fine particle burden in
an urban atmospheric environment and thus to
inhalation by the population. Therefore, hazardous
organic compounds in dust may contribute to public
health problems in such urban areas. The
characterization, identification and quantification of
organic compounds in soil, sand and atmospheric
particulate matter of remote versus rural areas are
also crucial and important in order to facilitate the
processes of environmental assessment and
prediction of the impact of these compounds on
human health.
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