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Abstract

In southern Mediterranean countries, little is known about pesticide inputs under greenhouses, and use is rarely
compared with the actual content in the soil. The contamination of agricultural soils by pesticides in the Ziban region
(Algeria) was studied by comparing field surveys (farmers, sellers) and direct observations (pesticides packaging) with
results of a soil multi-residue analysis using chromatography (liquid and gas) and mass spectrometry detection. Twelve soil
samples (six locations at two depths) under tomato greenhouses in six localities (M’Ziraa, Sidi Okba, Ain Naga, El Ghrous,
Doucen, and Lioua) were analyzed. The number of active ingredients reported by respondents and observations reached 71
Als belonging to 34 chemical groups. Despite the wide range of Als declared to be used by farmers, four other
(unexpected) Als have been identified and quantified by chromatographic analyzes: azinphos-methyl (AZM)
(organophosphate), methyl-parathion (organophosphate), and the metabolites p,p'-DDE (organochlorine) and
desethylatrazine (triazine). Only AZM and p, p'-DDE were detected in all samples. After examining the possible sources,
AZM could be drifting from neighboring regions. The origin of p,p'-DDE was likely the historical use of DDT in locust
control or the recent use of dicofol. In conclusion, phytosanitary surveys alone are not sufficient to identify all the Al that
can circulate in an agricultural landscape; periodic multi-residue analyses are required to monitor soil contamination. Also,
maximum limits for each active ingredient in the soil must be established at the national level to classify a « pollueted »

soil.
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1. Introduction

Surveys to list pesticides active substances employed by farmers have been conducted in the Mediterranean region (e.g.,
Jaradat (2009) and Al-sa’ed et al. (2011) in Palestine; Marucci et al. (2011) in Italy; Ozkan et al. (2004) in Turkey; Fekkoul
et al. (2013) and Merouane (2014) in Morocco), including in Algeria (e.g., Siouane (2012) in the north-central area (Blida);
Ayad-Mokhtari (2012) in the northwest (Oran, Mostaganem, and Tlemcen); and in the southeast, Ramdani et al. (2009) and
Belhadi et al. (2016) in Biskra and Ben Abdelhamid (2016) in El Oued). These surveys identified active substances used
for different crops and production systems in different soils and climatic conditions. Nevertheless, only a very few studies,
particularly in developing countries, performed simultaneous analyses of the soil matrix in the considered fields (e.g.,
Ayad-Mokhtari (2012) and Merouane (2014)); Moreover, these last studies (2012 and 2014) considered a limited number
of active substances: 2 and 5 respectively, by Gaz Chromatography (GC) or Liquid Chromatography (LC) method..
Discrepancies between molecules employed and detected are explained by the lack of materials and standards according to
the first study and are due to the low use of these compounds in the zone and the partial or total transformation of the
molecules according to the second one.

The 2015 Algerian index (Downloadable on this site:  http://www.minagri.dz/pdf/ Dpvct/INDEX
_PRODUITS_PHYTO_2015.pdf) of agricultural phytosanitary products (DPVCT 2015) lists the authorized ingredients
(insecticides, acaricides, fungicides, and herbicides), with more than 200 synthetic organic chemical active ingredients that
enter into the formulations of almost 900 commercial products. In the past, more than 480 pesticides were registered in
Algeria, according to Ayad-Mokhtari (2012). According to Bouziani (2007) in Siouane (2012) and in Louchahi (2015),
approximately 400 active ingredients were in approximately 7000 specialties in 2007. Thus, in 10 years, the number of
registered Als decreased by half following the decrease observed in the European Community (EC) in the 90’s; however,
the Algerian list maintained a few Als that are prohibited in the EC. Moreover, Ould El Hadj et al. (2011) referred to the
use of other Als that are not included in the 2015 or 2007 Algerian phytosanitary index, including the organo-chlorinated
persistent organic pollutants (POPs): aldrin, dieldrin, toxaphene and Hexachlorocyclohexane (HCHSs), which were used in
locust control in the Algerian Sahara.

A traditional sylvo-agro-pastoral agriculture with large areas of date palms characterizes the Ziban area, near the city of
Biskra (Bouziane and Labadi 2009). Currently, the area dedicated to phoeniculture is approximately 42 000 hectares
(Directorate of Agricultural Services -DSA-Biskra 2009 in Absi 2013), with more than 4 million palms (Bouammar 2010;
Absi 2013). In more recent years, a massive development of market gardening under plastic greenhouses has occurred
(Hartani et al. 2015). In 2012, according to the Directorate of Agricultural Services (2013), Biskra represented the highest
national level (=37%) of this development, with a greenhouse area of 3581 ha (Bettiche 2017). Cerruto and Emma (2010)
report that pesticide application is a practice closely associated with greenhouse production to improve the quality and
quantity of agricultural products. Additionally, pollutants are contained in a fixed space with little chance for degradation
under natural conditions (Chen et al. 2013).

The aims of this study were the following: first, list the active ingredients used by greenhouse farmers; second, compare
surveys and analytical results for the presence of pesticides commonly used in the greenhouse environment in the Ziban
region; and third, question the possible origins of some pesticides when detected in soil.

2. Materials and Methods
2.1. Study area
The study site was the Ziban region (Biskra), located in the north-eastern part of Algerian Sahara (Fig. 1). The study

included six localities (Table 1): three in the Ziban East and three in the Ziban West. The six districts, ranked by decreasing
vegetable production under greenhouses, are El Ghrous (EG), Ain Naga (AN), Doucen (D), Sidi Okba (SO), Lioua (L) and
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M'Ziraa (MZ). These districts represented 65% of the land dedicated to greenhouse crops during the campaign in
2011/2012 (DSA, 2013). The soil was sampled at the six sites (1 sample per locality). Of the protected cultivation areas,
89% are occupied by Solanaceae (tomato, chili, pepper) of which over 50% are dedicated to the cultivation of tomato
(2011/2012 campaign). In five sites, farmers chose three tomato greenhouses (400 m2), whereas in the M'Ziraa site, a
single, large greenhouse (1 ha) was chosen.
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Figure 1: Geographic location of the study area and the sampling points.

2.2. Surveys

Surveys were conducted to determine the pesticides used on greenhouse crops in the Biskra district (Fig.1). These
surveys were conducted between 2011/2012 and 2014/2015 in a campaign aimed toward greenhouse farmers (63) and
pesticide providers (12) in face-to-face surveys. Surveyed farmers and sellers of chemical inputs were located in the six
localities involved in the study. Direct questioning was performed asking the following: "What are the pesticides you
use/sell for treatments of diseases and pests on protected crops in greenhouses?" Other non-systematic means of
investigation included observations of used pesticide packaging indoors or around greenhouses during our field trips.

2.3. Soil Sampling

Sampling was performed in the 6 tomato greenhouse soils at two depths, (0-5 cm) and (5-30 cm), in April 2014 (end of
the tomato cultivation cycle). The 12 samples covered the six districts including MZ, AN, SO, EG, D and L (Fig. 1). At the
AN, SO, EG, D and L districts, each sample was composed of fifteen soil subsamples from three tomato greenhouses.
Subsamples from each depth of 0-5and 5-30 cm were collected randomly using a graduated stainless spoon and an
Edelman auger at the first and second depths, respectively. For the site of M'Ziraa, the soil sampling was conducted in one
Canary type tomato greenhouse (1 ha) with more subsampled points. Because the soils of the large greenhouses were
covered with black plastic mulch, the plastic cover was cut through to sample. The subsamples were bulked to form 12
composite samples (2/site, one from each depth). All samples (more than 1 kg) were placed into polyethylene labeled bags,
transported to the CRSTRA laboratory, air-dried at room temperature and then passed through a 2 mm sieve. Almost 500 g
of each sample was transferred into plastic boxes and stored in a freezer at -18 °C until chromatographic analysis.
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Table 1: Data from the six localities and principal cropping systems practiced.

Localities SAU! SUG? Main cropping systems
(ha) (ANAT, 2006) (ha)
M’Ziraa 6941 ha, 4583 ha 176 Greenhouses, field crops, irrigated cereals (Naouri et
irrigated: (66.02%) al. 2015), date palms.
Ain 25060 ha, 11 363 ha 554
= i o
Naga irrigated: (45.34%)
Sidi Okba 9625 ha, 8439 ha 277 Greenhouses, date palms, fruit trees (in
irrigated: (87.67%) monoculture), field crops, cereals + sheep and cattle
breeding (Hamamouche et al. 2015).
El Ghrous 6862 ha, 3103 ha 680 Greenhouses, date palms, field crops + arboriculture
irrigated: (45.22%) (for self-consumption) (Bouammar 2012).
Doucen 7462 ha: 6744 ha 363 Greenhouses, potato and melon-watermelon, cereal
irrigated: (90.37%) and forage crops (Bouammar 2010), Arboriculture
(apricot tree) (Benaziza and Bentchikou 2012), date
palms, sheep and cattle breeding.
Lioua 5556 ha, 4923 ha 253 Greenhouses, date palms, field crops, cereals.

irrigated: (88.60%)

Notes: *Useful agricultural Area; “Surface under greenhouses; 1 ha = 100 are.

2.4. Pesticide Multi-Residue Analysis
The samples were analyzed in October 2014 at the organic pollutants unit of the Labocea laboratory according to a

specific internal method described as follows. Sample extraction was conducted with acetone in an acid medium. A mixture
of internal standards was added to the sample, which was stirred for 15 min after ultrasound, followed by mechanical
agitation for 30 min. The acetone extract was then filtered on a  folded filter.
For molecules analyzed by LC, the filtered acetone extract was diluted 1/100 in Evian water acidified with formic acid. For
analysis by Solid phase extraction/triple quadrupole detector (SPE/TQD) (HPLC system and mass spectrometer), 1 ml of
extract was injected. For molecules analyzed by GC, an aliquot of the filtered acetone extract was purified on Florisil
eluting with methanol. Samples were concentrated by evaporation to 250 pL and then analyzed by GC/MS. The
identification of molecules using GC and LC was performed by using an internal method for the determination of organic

pollutants in sediment/soil: the yields were corrected by the use of internal standards added immediately before extraction.

2.4.1. GC/MS System

GC separations were performed with a capillary column (60 m, 0.25 mm x 0.25 um). The flow rate was 1.5 ml/min
with an oven temperature of 50 °C and an injection volume of 1 ul in splitless mode. The carrier gas was helium with a
pressure of 1.6 psi. The temperature of the oven was programmed as follows: the initial temperature of 50 °C maintained
for 1 min, followed by a first temperature gradient of 40 °C/min to 90 °C and a second gradient of 6 °C/min up to 320 °C

for 15 min.
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3. Results and Discussion

3.1 Survey Results: List of Active Ingredients Used Under Greenhouses in Biskra

The active ingredients (Als) were directly mentioned by the sellers or identified according to the trade names provided
by the farmers, referring to the phytosanitary index, versions 2007 and 2015, published by the Plant Protection and
Technical Inspection Department (DPVCT). These Als were subsequently classified according to chemical group using the
pesticide properties database (PPDB) and the bio-pesticides database (BPDB).

When the data collected from the different parties (farmers and sellers) and the various means of investigation (surveys
and observations) were combined, the number of Als reached 71 (including one herbicide) entered into the formulation of
more than 100 trade specialties including 34 chemical classes (with one inorganic class). Of these Als, fungicides were
more than half (51%), whereas insecticides and acaricides were slightly less than half (48%), with herbicides representing
1% (only one Al; Table 2). A farmer and/or a seller cited these substances at least once. Belhadi et al. (2016) studied the
greenhouse environment during the 2011/2012 campaign in the same 3 localities in the Ziban West and detected 187 Als,

which are not listed entirely in their paper.

With regard to Algerian legislation, 5 (=8%) of the 60 Als reported for use by farmers in the 2013/2014 cycle were
withdrawn from approval at the end of 2013, including methomyl, zineb, dinocap, amitraz, endosulfan and dicofol.
Regarding European rules, 9 Als (15%) of these 60 Als were not approved for use. They included the Algerian Als
withdrawn (except methomyl) and four additional Als (carbendazim, diazinon, hexaconazole and thiocyclam-hydrogen-
oxalate). According to the PPDB website (last update 22/02/2017), carbendazim remains in use in Austria, Spain, Poland,
Portugal, Romania and the United Kingdom, whereas endosulfan remains in use in Spain, particularly in the Almeria
region, the largest greenhouse growing area in the Mediterranean basin dedicated to intensive vegetable production
(Gallardo et al. 2013 in FAO 2013). The Sixth meeting of the Stockholm Convention on Persistent Organic Pollutants
(POPs) recommended listing endosulfan in Annex A (eliminated POPs), with exemptions. Although approved for use in
Europe, only the following countries continue to use methomyl: Bulgaria, Cyprus, Greece, Spain, Hungary, Italy, Malta,
Portugal and Romania.

Regarding the health risk and according to the World Health Organization (WHO, 2010), only one active ingredient
from the list (ethoprofos) (table 2) has been identified as extremely hazardous (class la), and 4 others (abamectin,
methomyl, oxamyl and tefluthrin) are highly hazardous (class Ib). The primary 10 chemical groups to which most farmer-
reported Als belonged are the following: avermectins, neonicotinoids, triazoles, carbamates, synthetic pyrethroids,
organophosphates, organochlorines, oxadiazines, benzimidazoles and strob ilurins.
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Table 2 : List of all chemical substance groups, active ingredients, and the types of pesticide uses mentioned under greenhouses by chemical input providers and farmers between
2011 and 2015, in addition to direct observations of pesticide empty containers around or inside greenhouses.

Substance Active Surveyed parts and survey periods (campaign) Direct Substance Active ingredient Surveyed parts and survey periods (campaign Direct
group ingredient (Al) . . group (AD) . .
Providers (s) Farmers observatio Providers (s) Farmers observatio
(Algerian and ns (Algerian and ns
European _ _ _ _ European status) _ _ _ _
status) N=1 N=5 N=6 N=63 N=1 N=5 N=6 N=63
(2011/201 | (2012/201 | (2013/201 | (2013/201 | (2013/015) (2011/20 | (2012/201 | (2013/201 | (2013/201 | (2013/015)
2) 3) 4) 4) 12) 3) 4) 4)
Insecticides Fungicides
Anthranilic Chlorantranilipro + + + Acetamide Cymoxanil  ((1a, + + + +
diamide le (1a, 2a) 2a)
Avermectin Abamectin  (1a, + + + + + Anilinopyrimidi | Cyprodinil  (1a, +
2a) ne 2a)
Emamectin + + + + Benzamide Zoxamide (1a, 2a) +
benzoate (1a, 2a)
Carbamate Methomyl (1w, + + + + + Benzimidazole Carbendazim (1a, + + +

2a)

Oxamyl (1a, 2a)

2na)

Methylthiophanate
(1a, 2a)

Diacylhydrazine | Tebufenozide + Carbamate Mancozeb (1a, 2a) + + + +
(1a, 2a)

Neonicotinoid Acetamiprid (1a, + + + + + Maneb (1a, 2a) + + +
2a)
Imidacloprid (1a, + + + + + Propamocarb HCI + + + +
2a) (1a, 2a)
Thiacloprid (1a, + Propineb (1a, 2a) + + + +
2a)
Thiamethoxam + + + Zineb (1w*, 2na) +
(1a, 2a)

Organochlorine Endosulfan + + + + Chloronitrile Chlorothalonil + + + +
(1Iw*, 2na) (1a, 2a)

Organophosphat
e

Acephate  (1w*,
2na)

Dicarboximide

Iprodione (1a, 2a)
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Chlorpyrifos- + + + Dicarboximide Iprodione (1a, 2a)
ethyl (1a, 2a)
Chlorpyrifos- + + Dinitrophenol Dinocap (1a, 2na)
methyl (1a, 2a)
Diazinon (1a, + + + Organophosphat | Fosetyl-aluminum
2na) e (1a, 2a)
Ethoprophos (1a, + Oxazole Hymexazol (1la,
2a) 23)
Oxadiazine Indoxacarb (1a, + + + Phenylamide Metalaxyl (1a, 2a)
2a)
Synthetic Beta- Metalaxyl-M (1a,
Pyrethroid cypermethrin 2a)
(1a, 2p)
Bifenthrin  (1a, + + Phenylpyrrole Fludioxonil  (1a,
2a) 23)
Cypermethrin + + + Phenylpyrrole Fludioxonil  (1a,
(1a, 2a) 23)
Deltamethrin + Phthalimide Folpel/Folpet (1a,
(1a, 2a) 23)
Lambda + + + Pyrimidine Fenarimol (1a,
cyhalothrin  (1a, 2na)
2a)
Tefluthrin =~ (1a, + Quinoline Quinozol/
2a) Quinosol (1a, 2a)
Spinosyn Spinosad (1a, 2a) + Strobilurin Azoxystrobin (1a,
2a)
Unclassified Buprofezin (la, + + Kresoxim-methyl
2a) (1a, 2a)
Thiocyclam- + + + Pyraclostrobin
hydrogen- (1a, 2a)
oxalate (1a, 2na)
Acaricides
Benzilate Bromopropylate + Trifloxystrobin
(1a, 2na) (1a, 2a)
Carboxamide Hexythiazox (1a, + Triazole Bromuconazole
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2a)
Amidine (1) Amitraz  (1w*, + + +
2na)
Organochlorine Dicofol ~ (1w*, + + + +
2na)
Pyrazolium Fenpyroximate + +
(1a, 2a)
Pyrethroid Acrinathrin  (1a, +
2a)
Sulfite ester Propargite  (1a, + + +
2na)
Tetrazine Clofentezine (1a, +
2a)
Herbicides
Phosphonoglyci Glyphosate (1a, .
ne 2a)

(1a, 2a)

Difenoconazole
(1a, 2a)

Epoxiconazole
(1a, 2a)

Hexaconazole (1a,
2na)

Myclobutanil (1a,
2a)

Penconazole (1la,
2a)

Tebuconazole (1a,
2a)

Triadimenol (1a,
2a)

Total: 34 groups; 71 Als: 36 Fs (50.7%), 25 Is (35.21%), 9 As (8 + abamectin) (12.67%) and 1 H (1.4%).

Inorganic
compounds

Copper (1a, 2a)

Copper
oxychloride (1a,
2a)

Sulfur (1a, 2a)

Notes: +: Al mentioned, 1 Algerian status, 2 European Community status, a: Approved, na: Not approved, w: Withdrawn recently, p: Pending, * December 2013.
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Table 3: Number and type of Als analyzed by GC and LC (identified and not identified by the surveys) in the soil.

Analysed compounds PAHs' Pesticides PCB’ PBDES® Various Total
By GC 16 57 11 10 10 104
ByLC - 41 - - - 41
Identified by survey <DL - 10 - - - 10
>DL - 5 - - - 5
Not identified bysurvey > DL 9 4 - - 6 19
<DL 7 79 11 10 4 111
Total 16 98 11 10 10 145
Notes: DL: detection limits. * Polycyclic aromatic hydrocarbons, 2 Polychlorinated biphenyl, ® Polybrominated dipheny! ethers.
Table 4: Concentrations of active substances (ug.kg™ of dry weight) not reported by the surveys and detected in soils under tomato greenhouses.
Active ingredient Substance L Depth (cm) Locations DL
>
(Al) groups = MZ AN so EG L (Hg-kg™ dw)
Azinphos-methyl | 0-5 111 8.4 11.0 22.1 51.1 115 <2
(AZM) Organo-phosphate
5-30 14.8 36.5 16.7 5.5 24.8 7.8
Parathion-methyl | 0-5 <DL <DL <DL 4.59 <DL <DL <2
5-30 <DL <DL <DL <DL <DL <DL
p,p'-DDE Organo-chlorine | 0-5 0.89 0.75 0.76 0.98 0.85 0.78 <0.1
5-30 0.91 0.73 0.79 0.97 0.84 0.76
Desethylatrazine (DEA) Triazine H 0-5 <DL <DL <DL <DL <DL <DL <0.5
5-30 <DL <DL 1.38 <DL <DL <DL

Notes: I: Insecticide, H: Herbicide, DL: Detection limits, dw: dry weight.
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3.2 Analytical Results: Pesticides and Other Organic Micro-Pollutant Detection

Among all Als identified by the surveys, only 15 were analyzed in the soil, and only 5 were above the detection limit
(DL). The content of approximately 60 survey-identified pesticides were under limits of detection for the analytical
method. Finally, 4 unexpected active ingredients (3 insecticides and 1 herbicide) were quantified, although they were not
recorded in the surveys. In addition to the pesticide Als, among the non-reported survey organic compounds that exceeded
the DL, 9 PAHs and 6 various compounds (benzene derivatives and phthalates, among others) were identified (Table 3). In
the analysis of polychlorobiphenyls (PCBs) or polybrominated diphenyl ethers (PBDES), no compound exceeded the
corresponding DL (Table 3). However, only pesticides and those not identified by surveys will be discussed in this paper.
Table 4 shows concentrations of the 4 unexpected Als not on the survey list but detected (at least once) in the soil samples,
namely, azinphos-methyl, parathion methyl, p,p'-DDE (DDT-metabolite), and desethylatrazine (atrazine-metabolite).

Because DEA and parathion-methyl were detected only in one site each and at one depth, these compounds were
considered accidental. Nevertheless, because the number of sampling points was small, the detection of each could
represent a minor but significant practice, which we will discuss as unexpected detections. Either these single detections
resulted from analytical errors or possibly from occasional incorrect practices, including use of counterfeit material
(reasons from 1 to 4 in figure 2).

Punctual - parathion-methyl, DEA

1. Resilience 2. Investigation fault 3. Failure of answers

11. Accidental spill 4. Counterfeit pesticides

Assumptions: Sources of

residues of the 4 unexpected
10. Seed coating active ingredients 5. Locust Control/'Vector Control-Products
9. Leakage from storage sites 6. Contaminated manure
8. Spray drift 7. Metabolite Of Other Als
Use of azinphos-methyl on apple tree, apricot tree against Recent contribution : dicofol==DDT=>p,p’-DDE
the Codling moth

Old contribution of DDT=>p p’-DDE

Retained sources

Figure 2: Possible causes of the presence of unsuspected active ingredients in agricultural soils.

However, DEA, a soluble and leachable metabolite from atrazine herbicides, was unexpectedly detected in this context,
in which atrazine should not be used. Nevertheless, as Shomar et al. (2006) related, “In spite of being banned, farmers of
Gaza use atrazine more than any other pesticide because it is highly effective and less expensive compared to other
herbicide currently available.” Thus, atrazine use might have occurred in one of the 6 greenhouses sampled. Detection in
the deep layer and the relative persistence of the metabolite (DT50 > 150 days) suggest treatment before plowing,
indicating that the treatment may have been applied before the greenhouse was established, which could explain the
absence of mention of the Al from the surveys.

Parathion methyl is an obsolete insecticide with a rapid degradation dynamic (DT50 <20 days), and the application was

Bettiche et al. (2019) Origins of pesticide residues in agricultural soils in Biskra
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detected on the soil surface. These two elements suggest that past use was not detected, and therefore, the detection was
either an analytical error or of illegal use. Note that parathion methyl is classified extremely hazardous (la) by the WHO
(2010).

Azinphos-methyl and p,p'-DDE were detected systematically in all our samples and at each depth. These active
substances were unexpected, and their origins require further discussion. For each unexpected ingredient, we propose 11
hypotheses (Fig. 2) that could explain their presence in greenhouse soils.

Concentrations of AZM in soils of the 3 eastern sites were highest in the deep samples (5-30 cm) unlike those of the 3
western sites, in which contents were highest at the soil surface (0-5 cm). However, these concentrations were all above the
detection limit. Although p,p'-DDE concentrations were also above the detection limit, the difference in depths was less
pronounced than that for AZM.

3.2.1 Azinphos-methyl (AZM)

Azinphos-methyl  (phosphorodithioic  acid,  S-3,4-dihydro-4-oxo-1,2,3-benzotriazin-3-ylmethyl ~ O,0-dimethyl
phosphorodithioate) is an organophosphorus non-systemic pesticide widely used to control a variety of insects on food and
non-food crops, ornamentals and forest trees (Flocco et al. 2004); AZM is one of the most heavily applied pesticides in the
United States (NCFAP 1997 in Shulz et al. 2003). In the present study, AZM was detected in all studied soils, with the
lowest and highest detected concentrations of 5.5 and 51.1 pg.kg-1 for dry weight in the EI Ghrous and Doucen soils,
respectively (Ziban West). In East Ziban, in Ain Naga, the lowest and highest concentrations ranged from 8.4 to 36.5 ug.kg’
! dry weight. In Algeria, with the absence of standards for soil pollution, discussion about the levels of soil content for Als
is difficult, because no reference is provided to trigger recommendation, decontamination or depollution actions. In the
Khaled-Khodja (2016) study, AZM was one of the pesticides analyzed by "Labocea" in water and sediments of Oueds
(rivers) near the Gulf of Annaba (northeastern Algeria, a wilaya/state that produces industrial tomatoes, cereals and citrus)
during October 2009, February 2010, May 2010 and August 2010; however, this substance was never detected (maybe
because of the rapid degradation ability (DT50 <30 days)). AZM soil concentrations in this study were 2 to 20-fold greater
than those found in plum orchard soil in South Africa by Reinecke and Reinecke (2007). According to Oliver et al. (2003),
limited data are available about the behavior of AZM in soils around the world. Notably, Reinecke and Reinecke (2007)
showed that around a plum orchard in Western Cape, South Africa, AZM concentrations in non-target areas were
consistently higher than those in the target areas, leading to the conclusion that AZM was carried by wind to adjacent areas
by drift during treatment. According to Quaghebeur et al. (2004) in Lamprea-Maldonado (2009), for typical wind speeds of
3 and 5 m.s™, pesticides can travel distances of 250 and 500 km per day, respectively, in the atmosphere. In the Ziban
region during the year, two types of winds occur: northern winds that blow during the winter and spring with a maximum
moisture content of 85% (Masmoudi 2009), and the south and southwesterly winds named "siroccos" characterized by the
training of sands that are common in March, April and May; over 23 years (1988-2010), the wind maximum monthly
average speed (59 m.s™) at Biskra was recorded during the month of April. Greenhouse plastic film is removed every year
at the end of the crop cycle, leaving the soil without any cover. Greenhouse locations may change at a maximum every 3
years (for tunnels), giving way to land fallow or field crops (market gardening, cereals, and fodder). Considering these
elements, the AZM might have been used before the installation of a new greenhouse or be the result of drifting. This
drifting may result from treatments of palm trees; for example, in Israel, since the 1960s, date growers have used various
organophosphates for the control of fruit pests (Blumberg 2008). Malathion, which provided the most satisfactory control
of nitidulids, was replaced during the early 1980s with AZM, which was more effective against sap beetles. However, the
use of this compound has been banned according to the regulations published in 2002 by European Trading Companies
(Blumberg 2008). Soroker et al. (2005) describe treatments of red date palm weevil (Rhynchophorus ferrugineus) along the
northern coast of the Dead Sea. Tree and trunk branches are treated during the period from May to July twice per month
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with AZM (0.2%) or with diazinon (0.3%). However, we have no evidence of similar use of AZM on date palm in Algeria
or in Biskra. Drift might come from the cultivation of other fruits; for example, before the EU ban of AZM, this insecticide
was applied against the codling moth Cydia pomonella (L.) (Lepidoptera: Tortricidae) in Spain (Rodriguez et al. 2012). In
Algeria, AZM is authorized for use against the codling moth on apples, including in the nearby wilaya of Batna (Brahim
2010; DSA-Batna, 2013 in Abdesselam 2016), one of the wilayas bordering (northeast) Biskra (Fig.1). Codling moth
targets pome fruits such as apples and pears, in addition to stone fruits and walnuts (Dunley and Welter 2000). AZM has
been used on a variety of crops; however, the primary use has been on tree crops, including pome and stone fruit and nut
crops (Lewis 2004). In Doucen (western Ziban), where the highest concentration of AZM was detected, fruit arboriculture
is represented primarily by apricot trees (Table 1). The flight of the first generation of C. pomonella in the Batna region
occurred between April and May from 2004 to 2013 (Regional Station for Plant Protection (SRPV) of Ain Touta 2013 in
Abdesselam 2016). This period implies that corresponding treatments are performed during the maximum winds coming
from the north and from the south on Biskra. As a consequence, a real drift from the Batna or Doucen fruit tree production
zones might explain the AZM in Ziban sites. Temporary drift and the influence of wind sequence and soil contamination
before or after tilling might explain the differences in content within different soil layers.

Another concern that will not be addressed here but is relevant to note is that AZM is classified as highly hazardous (Ib)
by the WHO (2010). AZM residues can contaminate the food chain through ingested soil by farm animals that graze on the
rest of the crops (including roots), and in Doucen, for example, sheep and cattle are raised, which represent a risk for the
population through consumption of contaminated meat and/or milk.

3.2.2 p,p'-DDE

Unlike AZM, the concentrations of p,p’-dichlorodiphenyldichloroethylene (p,p'-DDE or 4,4’-DDE) were uniform
between depths and among sites. The highest and lowest concentrations were detected at EI Ghrous and Ain Naga,
respectively, at 0.98 and 0.73 pg.kg™ of dry weight. The direct application of technical DDT or dicofol can introduce DDT
into the environment (Wang et al. 2011). In a survey on phytosanitary uses, Ayad-Mokhtari (2012) noted the current use of
prohibited products such as DDT and malathion in the region of Oran (northwest Algeria). p,p'-DDE is a metabolite of
DDT degradation. Metabolites may be at higher levels in the soil than those of the parent pesticide (Andreu and Pico 2004),
because metabolites are more stable and persistent than the parent compound (Quensen et al. 1998 and Yao et al. 2006 in
Wang et al. 2007). DDEs can persist in soil for a very long time, potentially hundreds of years (ATSDR 2002 in Kihampa
et al. 2010). DDT-related products strongly adhere to soils and therefore remain in the surface layers but may be found in
surface and underground waters.

The use of DDT in agriculture was banned in most developed countries in the 1970s (banished by WHO since 1972),
and generalized interdiction was effective during the 1980s. Finally, the Stockholm agreement proposed production
prohibition and elimination of stocks in the 1990s. However, the WHO recommended DDT for indoor use at its third
meeting in May 2007, and the Conference of the Parties of the Stockholm Convention lifted the ban for this use, concluding
that the necessity for use of DDT for disease vector control will be evaluated every two years (WHO 2011). Therefore,
DTT remains a widely used insecticide in India and African countries to fight malaria (Yu 2014). Malaria ranks first in the
Algerian list of infectious diseases; in southern Algeria, 300 cases of malaria were reported between 1980 and 2007
(Hammadi et al. 2009). Algeria is also the most affected country in the Mediterranean and Maghreb by leishmaniasis
(Cherif 2014). The number of cases reported in Algeria in 2005 was 30,227 (Guemache et al. 2007), with Biskra first
among the wilayas affected that year (2005). In prophylaxis against this transmission, (Guemache et al., 2007) it is advised
to kill sandflies, which are the disease vector, with a wide spraying of all the houses before the end of April. Insecticides
that could be used are organochlorines, organophosphorus compounds, carbamates and pyrethroids (Rorbet and Chandre
2009).
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Similar to all African countries, Algeria is affected by migratory locust invasions. Currently, the organochlorines
formerly used in locust control tend to be replaced by other groups such as synthetic pyrethroids that are far less persistent
in the environment. According to Ould EI Hadj (2011), during a large-scale locust invasion, particularly in the Saharan
environment, and in the search for a radical treatment, even pesticides banned in most countries (organochlorines) are used
anarchically. However, even in the case of old treatments using DDT, degradation products can always be present.

e Recentuse: DDT contained in dicofol

Dicofol was ranked first on the list of acaricides sold by the sellers of plant protection products (Bettiche et al. 2017)
and was also on the list of active substances reported by sellers and farmers in the present study. Bellamine et al. (2012)
suggested in their study in rural Kenitra (west of Morocco) on intensively farmed soil that the source of DDT could be
dicofol, which produces DDT as a metabolite. Additionally, Li et al. (2006) found that a DDT impurity in dicofol may be
responsible for the recent DDT input into soil in the Pearl River Delta (region of southern China). Dicofol has also been
identified by Turgut et al. (2009) in Turkey as a contributing factor to the continuous DDT contamination of soil and water.
According to Strandberg et al. (1998) in Benbakhta et al. (2014), the ratio of DDT metabolites, p,p'-DDT/p,p'-DDE,
provides a useful index of whether DDT is recent or old (historical). A value <0.33 usually indicates an older entry of DDT.
In this study, although p,p'-DDT was analyzed for, it was not detected, suggesting that with p,p'-DDT/p,p'-DDE <0.33, the
DDT had undergone a total transformation to p,p’-DDE. Thus, the source of DDT was old. However, this calculation
assumes an initial production of DDT and not of dicofol.

Conclusions

Despite the many Als (71) identified by the various surveys, we did not identify all the Als that can circulate and
contaminate the agricultural soils of the Ziban area. Four unexpected pesticide Als were identified with the multi-residue
analysis technique, which led us to question an approach that was established only on recent surveys and direct
observations. The actual trend in analytical methods is that more substances can be investigated on the same soil sample in
a few analytical runs, reaching currently approximately 230 ingredients in some European labs at a commercial cost of
approximately 1€ per substance. However, this number must be confronted against the fact that potential pesticide
pollutants may include the 200 Als of the actual authorized list in addition to the 200 Als that were removed from the
authorized list, the 12 POPs, and at least 12 metabolites (3 HCHs (a-/B-/y-), 3 endosulfans (a-/p-/-sulfate), 4 DDTs (o,p'-
DDT, p,p'-DDT, p,p'-DDD and p,p'-DDE) and 2 atrazines: deethylatrazine (DEA) and deisopropylatrazine (DIA)). For
example, after the study, the possibility remains to detect other Als of the 255 pesticide Als that were not identified (-71)
by survey and/or analyzed (-98) and have been used in Algeria.

Nevertheless, particularly in southern countries, research or environmental administrations should compare evidence
from surveys with analytical facts and specify regular and complementary multi-point monitoring of practices and soil
contents. Indeed, soil sampling and analysis will be necessary more often to reflect amounts of Als and metabolites to
prevent a misunderstanding of the contamination situations. This work lists 11 situations that may cause a discrepancy from
the surveys (Fig. 2), and we could not imagine a process other than analytical measurements to identify the content of
problematic pesticides and metabolites in soil that escape survey listings. The limited number of soil samples analyzed
(lack of repetitions) was a limiting factor of the scope of the present work; for example, questions were raised about the two
unexpected substances that were measured in two greenhouses soil at two different depths (DEA, parathion methyl) that
could not be answered.

All soil samples were contaminated with azinphos-methyl (AZM) and p,p'-DDE. For AZM, the most likely sources
were the drifting transport from other regions (bordering wilayas) in which the Al is used in apple orchards against the

codling moth. For p,p'-DDE, a metabolite of DDT, two possible sources of non-agricultural and agricultural origin were
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suspected. On one hand, the resilience of the metabolite from technical DDT formerly used (before 1980) in locust control
and/or in agricultural use (before 1960) may produce residues because of the significant half-life; on the other hand, the
DDE may be a metabolite of dicofol, which is currently used as an acaricide for greenhouse crops and was reported in our

farmer interviews.

In the absence of national or international standards for soil pesticides residues (except for a few countries), the
concentrations recorded cannot be used to determine pollutant status. However, contamination is effective, because certain

substances reside in the soil beyond the treatment target (depth and time).
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