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Abstract The extensive and intensive use of many
pesticides in agriculture has caused environmental pollution.
Chemicals directly added to the soil, whether in greenhouses
or in open fields can reach ground water, rivers and lakes by
run off, where significant amounts may directly or indirectly
affect human health. Therefore, interest has grown to
establish appropriate, fast and inexpensive methods to assess
the environmental impacts of chemicals, including pesticides,
in soil. Soil organisms are important for soil fertility, and
sustainability of soil ecosystems can be disrupted by soil
toxicity. The main aim of this study is to establish a novel
and convenient assay to investigate and quantify soil
toxicity.
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1. Introduction

The monitoring of pollutants and other chemical residues
in the environment is an important part of environmental
protection. Due to their inherently toxic nature there is a
public perception that pesticides pose a particular threat to
the environment and therefore monitoring their levels is an
important part of environmental monitoring. There are many
sensitive methods using gas or liquid chromatography
coupled to sensitive detectors such as mass spectrometers
which are the basis for setting environmental standards by
regulatory and legislative bodies [1]. The methods are laid
down as international standards regulated by the
International Standards Organization (ISO) [2]. Although
these methods are accurate and precise they require a
significant investment in equipment and trained personnel. It
is also not always clear how they relate to toxic effects on
organisms, therefore, biomarkers have been extensively used
to assess environmental pollution. There are many reviews
of the use of whole-organisms and molecular biomarkers for
ecotoxicology including aquatic and soil ecosystems where

pesticides might be expected to accumulate. A full review of
this subject is beyond the scope of this research topic;
however, a recent review advocates the use of Daphnia as
part of routine environmental risk assessment of plant
protection products [3].

Soil contains microflora and fauna which play an
important role in sustainability and fertility and can be
disrupted by soil contamination [4]. Thus, it is important to
establish appropriate methods to assess toxicity of soil
contaminants. Soil toxicity has been assessed using plants,
bacteria, collembolans and earthworms [5]; unfortunately the
most abundant group of soil invertebrates, namely
nematodes are not given importance in soil toxicity studies.
There are thought to be almost 500,000 species worldwide [6]
and their activity plays an essential role for soil [7] as well as
agricultural production and sustainability [8].

Caenorhabditis elegans has been successfully used as a
test organism in several environmental studies to investigate
soil toxicity [4, 9-15]. C.elegans was considered to be a
suitable test organism as its cuticle allows uptake of water
soluble materials such as dissolved metals [12].

Several endpoints such as changes in behaviour, lethality,
gene expression, mortality and feeding have been examined
in C.elegans to investigate toxicological effects of chemical
compounds including heavy metals and pesticides [16-18].

Hoss et al. [4] used C.elegans as a test organism to test
nine uncontaminated reference soils and 22 contaminated
soils with different chemical properties by observing the
growth, reproduction and fertility of C.elegans. They found
out that in reference soils C.elegans showed a very low
variability of growth and 100% fertility whereas the
contaminated soils showed clear toxic effects on C.elegans.
More recently Anbalagan et al. [15] tested a range of
pesticides on 24 GFP stress-gene reporter strains of
C.elegans and discovered that both the organochlorine
endosulfan and the organophosphate dichlorvos were
capable of inducing stress genes but with different patterns
of gene induction. They also demonstrated significant
toxicity from uncharacterised organic contamination in
agricultural soil from south east Spain.
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It has been shown that pharyngeal pumping in C.elegans is
sensitive to a range of compounds [16, 19] including
pesticides and the aim of the work presented in this research
paper was to test the utility of the assay for assessing
toxicants in field samples.

In Saudi Arabia, there is little information and no database
available regarding soil toxicity due to the extensive use of
agrochemicals either in greenhouses or in open fields. To
address this problem a study was carried out to collect soil
samples from intensively cultivated greenhouses and soil
from adjacent uncultivated sites and to assess whether soil
pore water from these samples produced a change in

pharyngeal pumping.

2. Materials and Methods

Forty six soil samples from greenhouses and 30 control
samples were collected from 15 different farms in Saudi
Arabia in September 2012. Some farms were air conditioned
greenhouses (which tend to be more intensively cultivated),
whilst some were only normal (non-air conditioned) and
there were some which had both facilities. From each farm,
control soil samples were collected from outside of the
greenhouse approximately 10 metres away (depending on
the layout of the farm). A sample of irrigation water was also
tested for pH and conductivity.

Electrical conductivity (EC) and pH was directly
measured by inserting an EC electrode or a pH electrode into
the suspension. Water samples were directly collected from
well water of each farm. EC and pH of water samples were
also measured. Assessment of the organic content of soil
samples were done following the method of Walkley and
Black [20]. Each farm was allotted a letter from A to O and a
numerical sub-script indicated the sample number or
replicate. This step was taken to conceal the identity of the
farm.

Soil extraction described by Anbalagan et al. [14] was
followed. Initial experiments were carried out to establish
whether the extraction method could elute known toxicants
added to a soil sample for detection in the pharyngeal
pumping assay. A simulated soil sample was prepared from
90% horticultural sand and 10% Cactus Compost (w/w)
purchased from Wheatcroft’s Garden Centre, Nottingham,
UK. 20g of the mixture was transferred to a Petri dish, and
allowed to dry. 5Sml of distilled water (control) or 5Sml of
either 300ppm or 1200ppm oxamyl were sprayed onto the
simulated soil samples in Petri dishes. The dishes were left
overnight to dry at room temperature (20°C). The same
method was then used to elute the simulated samples and
the samples collected from greenhouses as described below:
50 % (v/w) of distilled water was added to each soil sample
(50ml distilled water plus 100g of soil sample) and mixed in

a beaker. The suspension was left at 4°C overnight to enable
soluble material to leach out. The content of each beaker
was transferred to a 20ml syringe plugged with glass wool
mounted in a 50ml centrifuge tube. Each 50ml tube was
centrifuged at 5000rpm for 5 minutes. The 20ml syringe
containing the soil sample was removed. The eluate was
centrifuged again and the clear solution was transferred to a
15ml tube using a pasture pipette. The extracted water was
initially tested as extracted (100%), and diluted as necessary
depending upon the level of activity. 750pul of extracted
water was transferred to labelled 6 well plates + 750 pl
K-medium and N2 (wild-type) C.elegans. Plates were
incubated at 20°C for 1 hour and 24 hours. After 1 hour or
24 hours a 200pul sample was taken from each well using a
micropipette and transferred to small plates containing
normal nematode growth medium (NGM) (Sodium chloride
(3.0g/1) Agar (17.0g/1) Peptone (2.5g/1) Cholesterol (5mg/l)
Distilled water (975ml) Calcium chloride (ImM)
Magnesium sulphate (1mM) Potassium phosphate (2mM))
without bacteria. Individual C.elegans were isolated using a
flamed platinum wire pick and transferred to a small plate
containing NGM without bacteria. Pharyngeal pumping rate
was counted manually using a stop watch by direct
observation under a microscope and expressed as
pumps/minute. For each treatment the pumping rate of 5
worms was determined and expressed as the mean pumping
rate + SEM.

Soil samples showing activity in the C.elegans pharyngeal
pumping assay were subject to chemical analysis. 20ml of
soil eluate was made up to 500ml with distilled water in
clean glass bottles provided by ALcontrol Laboratories and
transported in ice cooled containers to the analytical
laboratories. They were analysed using an Agilent 6890 gas
chromatography system with coupled Agilent 5973 Mass
Spectrometer with an ISO 1725 accredited method for the
detection of organophosphorus and organochlorine
pesticides and triazine herbicides, with a limit of detection of
0.01ug/l.

3. Results

An initial pilot study was carried out with a laboratory
prepared soil sample treated with a known concentration of
the commonly used soil carbamate nematicide, oxamyl. The
aim of this experiment was to establish whether the soil
extraction process would release a toxicant from soil pore
water with a known effect on pharyngeal pumping. The
results are shown in figure 1 and show that soil samples
eluted after treatment with either 300ppm or 1200ppm
oxamyl in water produced a significant inhibition of
pharyngeal pumping compared with control samples treated
with water.
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Figure 1.

Comparison of the effects of soil eluate after spraying with water (control) or oxamyl (300 and 1200ppm) on the rate of pharyngeal pumping in

N2 C.elegans expressed as % of the control pumping rate in K-medium without eluate. Each bar shows the mean + SEM of 5 replicates. A and B indicate
replicated samples. For comparison the pumping rates of worms treated directly with 250 and 500ppm of oxamyl (without soil elution) are shown.

The physico-chemical properties of the soil samples were
tested. The water pH in all farms was slightly alkaline and
the conductivity varied showing different mineral content of
the water. The soil pH was a mostly consistent alkaline
pattern with pH between 8 and 9. The conductivity of the soil
suspensions from the greenhouses varied with air
conditioned greenhouses usually having higher conductivity
and with control samples often having much lower
conductivity presumably due to the fertilizer and other
mineral content added to the cultivated soils in the
greenhouses. Organic matter also varied considerably with
some soils having very low levels of organic content or
carbon. The final soil eluates had a very consistent pH
between 7.3 and 8.1.

The eluate from each sample was tested, without dilution,
on pharyngeal pumping. The control samples from outside of
the greenhouse were averaged to provide a single average for
each site. C.elegans were incubated for 1 hour and 24 hours
before measuring pharyngeal pumping.

For each greenhouse sample the reduction in pharyngeal
pumping was calculated as a percent reduction relative to its
control. The movements of C.elegans were also observed.

There were clear qualitative and quantitative differences
between the effects of the eluates from different farms. In

most cases, the differences between air-conditioned and
normal greenhouses was relatively small but there was
evidence from farms A, D and I that the soil from air
conditioned greenhouses was more toxic than from normal
greenhouses, but in the case of farm A and D the differences
were less marked when C.elegans were incubated for 24
hours than for 1 hour.

The most striking effect was seen in farm M where the
eluate had profound effects on both pharyngeal movement
and locomotion and inhibition of pharyngeal pumping and
paralysis was consistent at 1 hour and 24 hours.

The toxicity of the eluate from farm M was further studied
by carrying out a dose-response assay by diluting the eluate
from 100% to 50%, 25%, 10% 5% and 1% and measuring
pharyngeal pumping at each concentration. The
dose-response curves are shown in figure 2. In each case
there is a clear dose-inhibition relationship and the most
toxic samples from site M1-1 had a maximum inhibition of
pumping of around 60% which was consistent after 1 and 24
hours incubation. There was little difference in the
dose-inhibition curves after incubating C.elegans for 1 or 24
hours in the eluate from M1-1 but the curves from the other
sites suggest that the more dilute samples were more
effective after 1 hour than 24 hours of incubation.
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Figure 2. Comparison of the effects of the extracted solution of M1-1, M1-2, M2-1 and M2-2 after 1 hour & 24 hours incubation on the rate of pharyngeal
pumping in N2 C.elegans expressed as % of the control pumping rate in K-medium without eluate. Each point is the mean + SEM of 5 replicates, but in most
cases the error bars are smaller than the symbols used. The lines were fitted using a non-linear regression in GraphPad Prism 6 with the maximum plateau as

100% and the minimum as 0%.

The pharyngeal pumping assay is therefore capable of
detecting toxicants in field samples and is able to
discriminate between the toxicity of soils from different sites
and therefore can serve as a useful biomarker in initial
monitoring. It seems likely from data presented that the
eluate from some of these sites contains one or more of the
neurotoxic nematicides which are heavily used in intensive
horticulture in Saudi Arabia, particularly to control plant
parasitic nematodes. This is supported by personal
knowledge that greenhouses in Saudi Arabia receive
extensive and poorly recorded or regulated administration of
insecticides and nematicides. It is unknown from these
experiments what the toxicants might be or at what
concentration they might be present. We can, however, make
an estimate by comparison of the dose-response curves. The
apparent ICsg is about 80% of the eluate. If we compare that
with values for a widely used nematicide, oxamyl (figure 1),
the inhibition is equivalent to that caused by ca. 350ppm
oxamyl. A reasonable estimate would therefore be that the
eluate contains toxicant or toxicants with the equivalent
potency of 300-400ppm oxamyl. We decided on that basis to
submit the eluate for chemical analysis by Alcontrol
laboratories (Hawarden, Cheshire, UK). 12 ecluates of
samples taken from farms M (M 1-1, M 1-2, M 2-1 M 2-2,
M.Cland M.C2)and H (H 1-1, H1-2, H2-1 H2-2, HC 1
and H.C 2) were diluted by taking 20ml of the eluate and
adding 480ml double distilled water in glass bottles supplied
by the analytical lab. The samples were transported in cooled

containers and analysed by GCMS according to ISO 17025
for 28 different organochlorine and organophosphate
insecticides.

Our estimate of the effective concentration of the diluted
material sent for analysis from the most potent samples, e.g.
M1-1 would be in the order of 32ppm i.e. 32mg/l and should
therefore be well in excess of the limits of detection of the
assay (0.01pg/l).

Disappointingly, the 12 samples had no compounds above
the limit of detection except malathion which had a level
<0.03pg/l in all samples. As it is present in all samples,
including the controls, we assume this is an artifact. The one
positive contaminant detected was from sample M2-2 where
azinphos-methyl was present at 0.09ug/l. Furthermore, the
negative finding suggests that other pesticides and/or
degradation products may account for the toxicity of the soil
eluate samples.

4. Discussion

The heavy application of pesticides has been associated
with the increase in food consumption and can result in
contaminating sites close to or at a distance from the site of
application. The potential for contamination by human
activity such as misuse of pesticides and discarding of
pesticide containers in conjunction with natural processes
including rain and wind can result in chemical substances
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being leached from soil leading to contamination of rivers,
lakes and sea. Therefore, the experiments here were designed
to test the content of soil pore water eluted from soil samples
collected from glasshouses in Saudi Arabia to establish
whether the C.elegans pharyngeal pumping assay is a useful
system to quantify the presence of environmental pollution
due to pesticide application.

The pharyngeal pumping assay does seem to be able to
differentiate the toxicity of soils from different farms, is
relatively sensitive, cheap and straightforward to carry out
and provides easily quantifiable data. It would be useful to
carry out more pilot studies to establish how well it can
detect the commonly used agrochemicals and mixtures of
different chemicals. It is possible that its sensitivity may be
restricted by access of toxicants to target sites in the pharynx,
and although Sochova et al. [12] suggested C.elegans has a
thin water-permeable cuticle covering its body, making it
more sensitive to dissolved metals, it has been necessary in
some experiments analyzing the effects of anthelmintics on
pharyngeal pumping to use a cut preparation where the
anterior of the organism is transected from the rest of the
body to provide better access by drugs [21,22]. It may be
useful to compare the sensitivity of the assay using intact
C.elegans with a cut preparation to see if there is any
difference in sensitivity. Pesticides vary in terms of their
hydrophobicity which may also affect their movement across
the C.elegans cuticle.

Sochova et al. [12] pointed out the need to consider other
factors such as pH, organic content and soil type, and the
need to use a reference sample from all test sites which
should have the same soil properties as the contaminated site.
Carbon and organic content, pH and salinity of soil samples
have been shown to influence degradation and solubility of
many chemical compounds including heavy metals and
pesticides. For example the pH has a significant role in
enhancing solubility of heavy metals (e.g. Pb, Cd and Zn) in
soil samples [23] where acidic conditions promote metal
solubility. Another study by Hoss et al. [4] confirmed that at
higher pH, metals are also insoluble in the pore water phase.
The Saudi Arabian soils tested here mostly had a high pH
and salinity. It does not seem likely that the pH and salinity
values seen in these experiments would affect C.elegans
directly, as Khanna et al. [24] tested the sensitivity of
C.elegans to both pH and salinity in aquatic media. They
found that up to 15.49g/1 NaCl (15490ppm) in K-medium
had no significant effects on lethality and was tolerated by
C.elegans. They also highlighted that a pH range of 3.1 to
11.9 for 24 hours and 3.2 to 11.8 for 96 hours had no
significant effects on the survival of C.elegnas and make the
organism very suitable for soil monitoring. It was also
notable that farm H had the lowest organic and carbon
content and the soil had least effect on pharyngeal pumping.
This may suggest that organic content is important in the
retention of the toxicants; alternatively the lack of organic
material and low levels of contaminants might point to low
cultivation inputs. The positive controls using oxamyl with a
simulated soil sample suggested that the method could detect

retroactive molecules in soil and the results from the farm
samples confirm that levels of contamination varied. The
pattern was not entirely consistent, but greenhouse samples
were always more toxic than control samples and air
conditioned greenhouses often had more toxic soil eluates
than normal greenhouses, presumably reflecting the
increased resources, including agrochemicals used in the air
conditioned units.

The contaminants from greenhouses on farm M clearly
had significant amounts of toxic material in the soil and the
dose-response experiments with diluted eluates produced
dose-inhibition curves reminiscent of those seen with pure
pesticides. It is interesting that the chemical analysis
indicates that azinphos-methyl may be present in sample
M2-2. This is an organophosphate pesticide with significant
toxicity and environmental impact which has been banned in
the EU since 2006 and was the subject of a law-suit by
American Farm Workers [25]. Its effect on a range of
biomarkers has been described and its contribution to
environmental contamination assessed [26].

5. Conclusions

The studies included in this paper provide further evidence
that pharyngeal pumping rate in C.elegans is a potentially
useful biomarker assay for assessing the environmental
impacts of soil toxicants. The assay described here has
produced quantifiable responses to soil residues treated with
standard doses of a widely used soil nematicide, as well as
unknown toxicants eluted from soil samples collected in the
field. The assay also has the additional benefits of being easy
and cheap to set up using standard laboratory equipment and
has the potential for use in environmental modelling in
countries such as Saudi Arabia with developing agricultural
economies where application of agrochemicals is not well
controlled and where resources for chemical analysis are not
readily available.
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