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� Extensive passive air sampling at Argentina's Pampa revealed worldwide Endosulfan maxima.
� Intensive soybean cultivation in the Rural area and horticulture in peri urban sites were main sources.
� Temporal pattern showed peaks during warm periods associated with seasonal application on soybean crops.
� A marked declining trend over time in Rural sites is related to incipient control policies.
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a b s t r a c t

In order to evaluate the impact of intensive agriculture on air quality in the most productive and
populated Argentina's Pampas, a comprehensive assessment of airborne Endosulfan (

P
Endo) was per-

formed using polyurethane passive samplers deployed from 2010 to 2013 covering the critical period of
Endosulfan restrictions at twenty nine sites in the Rural Pampa and Great Buenos Aires Metropolitan
Area (GBA: Horticultural and Urban subareas).

P
Endo concentrations were very high and variable (0.01

e63 ng m�3), exceeding worldwide reported maxima at Horticultural GBA and Rural Pampa with lowest
values at Urban GBA (geometric means: 3.1, 1.1 and 0.53 ng m�3, respectively). The composition was
relatively fresh with strong predominance of Endo I (72 ± 18%) over Endo II (23 ± 15%) and Endo SO4

(5 ± 10%). Airborne
P

Endo was significantly correlated to annual soybean crop in Rural Pampa.
P

Endo
concentrations showed a temporal pattern defined by consistent peaks enriched in Endo I during
summer application periods, cold temperature minima with higher proportions of Endo SO4 and a
general exponentially declining trend over time related to incipient control policies.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The organochlorine pesticide Endosulfan is widely used as a
pest control agent for a variety of crops (i.e. soybean, sunflower,
cotton, corn, vegetables). Its global production has been estimated
in 12,800 tonnes per year (Li and Macdonald, 2005) with a
declining use over the last 15 years in the northern hemisphere and
Ambiental y Biogeoquímica
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viza).
an increasing trend in the southern hemisphere (Weber et al.,
2010). In Argentina, Endosulfan is the most used pesticide along
with Cypermethrin (300% increment or 1500 t y�1) principally
related to intensive soybean culture (Bejarano Gonzalez, 2008).

In parallel to its broad utilization, during the last decade inter-
national concern has arisen due to the negative effects of Endo-
sulfan on human health caused by acute and chronic exposure
(hyperactivity, breathing difficulty, tremors, hunching, convulsions,
birth defects and epilepsy; ATSDR, 2013). In the environment, it can
undergo long range atmospheric transport (LRAT) to remote re-
gions, bioaccumulate in organisms and biomagnify through food
chains (van Pul et al., 1997; Jones and de Voogt, 1999; Goerke et al.,
2004). The technical mixture, composed of >95% of two isomers,
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Endosulfan I and II (in ratios from 2:1 to 7:3), breaks down to
Endosulfan sulphate (Endo SO4) which is more persistent than and
as toxic as parent compounds (US EPA, 2007). Consequently, in 2011
Endosulfan was listed under the Stockholm Convention (SC) as a
Persistent Organic Pollutant (POP) in order to reduce/eliminate its
release into the environment (UNEP, 2011). Argentina, as party of
this Convention, has banned the import of the active ingredient
from July 2012 and its use from July 2013 (SENASA, 2011).

To evaluate the efficiency of SC and to assess air concentration of
POPs around the globe, a Global Monitoring Plan (GMP) has been
deployed since 2009 (Kl�anov�a and Harner, 2013). For this purpose,
high volume active samplers (HiVol) and two types of passive air
samplers (PAS) are employed: XAD-based resin and polyurethane
foam (PUFs) disks. Principal PAS advantages over HiVol are that
they are more simple, low-cost devices, easy to handle and inde-
pendent from any energy source so they can be used to assess
temporal and spatial trends over long periods simultaneously at
different geographic scales (local, regional and global; Harner et al.,
2004; Pozo et al., 2006, 2009; Gouin et al., 2008; Wannaz et al.,
2013).

Previous studies in Argentina have documented high levels of
Endosulfan in a range of environmental matrices like sediment
(Miglioranza et al., 2013), soil (Gonzalez et al., 2010), runoff
(Jergentz et al., 2005) and biota (Ondarza et al., 2012). However,
information on atmospheric concentrations is scarce and limited,
both spatially and temporally, i.e. Santa Fe City (Lorenzatti et al.,
2008) and Bahia Blanca, in southern region of Buenos Aires Prov-
ince (Pozo et al., 2009; Tombesi et al., 2014) that were sampled for
one and two periods.

In the present studywe perform a comprehensive assessment of
atmospheric concentrations of Endosulfan in the most productive
and populated region of Argentina (Pampa) during 2.5 sampling
years, covering the critical period of Endosulfan import restrictions
in order to discriminate spatial and temporal patterns and assess
the efficacy of incipient control policies.

1.1. Study area

The Pampa region is a flat area of 60 million ha below 200 m a. l.
with warm (mean temperature 15e20 �C) and humid weather
without a dry season (mean rainfall, 600e1000 mm per year;
Grossi Gallego and Lopardo, 1988). It is characterized by its well-
drained soils, with optimum pH, inorganic nutrient contents and
rich in organic matter, constituting the prime agricultural land in
Argentina (Merini et al., 2007). Intensive agricultural practices in
this region produce 40e70% of cereal and legume crops of the
country (z100 millions of tonnes; NMACF, 2014). Floricultural and
horticultural production is also an important economic activity of
this area, especially on the peri-urban horticultural “ring” at Great
Buenos Aires Metropolitan Area (GBA) where 135,300 tonnes of
vegetables are produced annually (BAME, 2014a). GBA is also the
most populated region of Argentina with more than 12 million
people representing 32% of Argentina's population (INDEC, 2010).

2. Materials and methods

2.1. Sampling

Twenty nine sites covering an area >400,000 km2 between
30�430 e 38�430 S and 57�130 e 62�330 W were sampled in 2e7
periods (Table 1) ofz4 months each (mean: 134 days) from August
2010 to January 2013 (a few months after import restrictions, on
July 2012). Each sampling site was grouped into two geographic
regions (Fig. 1), i.e. Rural Pampa (RP, 19 sites; 76 samples) and Great
Buenos Aires Metropolitan Area (GBA,10 sites; 37 samples). Annual
agricultural and vegetable production data (tonnes of soybean þ
sunflower þ corn and horticultural crops harvested in 2010e2011;
BAME, 2014b; Bolsacer, 2014) were used to evaluate the incidence
of economic activity. At Rural Pampa, agriculture production is very
important at every site (27,950e1,027,740 t y�1) with the exception
of Punta Indio where stockbreeding is the prevailing activity
(Stratta Fernandez et al., 2013). In GBA, Florencio Varela and Olmos
were separated as horticultural sites (6806 and 45,802 t y�1 har-
vest, respectively) relative to the Urban sensu stricto subarea.

In general, samplers were placed 3e4 m above the ground on
street lights or trees in public or private lands (yacht clubs, fishing/
sport clubs, private houses/farms). At rural sites PAS were placed at
variable distances (200e1000 m) from farmlands. Details of
geographic location, population, agricultural production and sam-
pling periods per site are described in Supplementary Material
Table S1.

2.2. Passive air samplers

PUF-PAS were designed and constructed at the Environmental
Chemistry and Biogeochemistry Laboratory (LAQAB, National Uni-
versity of La Plata) based on prototypes kindly provided by RECE-
TOX (Research Centre for Toxic Compounds in the Environment,
Masaryk University, Czech Republic) and Environment Canada (EC).
Briefly, they consist on a polyurethane foam disk (14 cm diameter;
1.5 cm thick; 385 cm2 surface area; 0.03 g cm�3 density) housed in a
two stainless steel dome chamber (external diameters: 24.5 and
22.5 cm) separated by a 2 cm gap. The performance of this design
was compared with the devices employed by RECETOX and EC
(Astoviza, 2014). Briefly, regression analysis performed between
the total mass captured by LAQAB device compared with the other
samplers (LAQAB vs. RECETOX-LAQAB vs. EC) showed very signifi-
cant correlations with slopes no different from 1 for several com-
pounds indicating no significant differences between samplers
(details in Supplementary Material).

Prior to exposure, PUF disks were pre-cleaned (distilled water
wash and 1:1 v/v acetone:petroleum ether Soxhlet extraction for
24 h) and fortified with 10 ng of Depuration Compounds (PCB 30,
119 and 207) to calculate sampling rates (R) as described by Pozo
et al. (2006). PUF disks were stored wrapped in foil and placed
into ziplock polyethylene bags at �10 �C. Sampler chambers were
rinsed with acetone and petroleum ether and stored in poly-
ethylene bags until deployment.

2.3. Chemical analysis

Exposed disks were wrapped in aluminium foil, labelled, placed
into ziplock polyethylene bags and transported in a cooler to the
laboratory where they were stored frozen until analysis. Field
blanks (n ¼ 11) were obtained by transporting, installing and
immediately removing PUF disks during each deployment.

Exposed PUF disks were spiked with internal standards (d6-
aHCH and d8-DDT; C/N/D Isotopes Inc.) and Soxhlet extracted 24 h
with petroleum ether. The extracts were concentrated under ni-
trogen and fractionated by chromatography on silica gel column
(1000 mg SamplingQ, Agilent) to separate Endosulfan I (petroleum
ether-dichloromethane) and Endosulfan II and sulfate (dichloro-
methane-methanol).

Target compounds were analysed by HRGC-ECD equipped with
a DB5 capillary column (30 m � 320 mm i. d. � 0.25 mm film
thickness). The initial oven temperature was programmed from
65 �C (2 min), to 130 �C (1 min) at 10 �C min�1 and then to 300 �C
(10 min) at 5 �C min�1. Injector and detector temperatures were
maintained at 250 �C and 330 �C, respectively. Nitrogen (purity
>99.99%) was employed as the carrier gas at a flow rate of



Table 1
Sampling information and Endosulfan concentrations.

Sampling sites, acronyms Sampling periods SEndos range (ng m�3) Geometric mean (ng m�3)

Rural Pampa (RP)
La Paz, LPZ 5 0.14e34 2.0
Concordia, CON 5 0.10e11 0.87
Paran�a, PAR 5 0.09e18 1.6
Villaguay, VGY 4 0.45e26 2.7
Victoria, VIC 5 0.18e22 2.1
Gualeguaychú, GUA 7 0.12e37 1.0
San Nicol�as, SN 6 0.12e11 1.7
Pergamino, PER 4 0.30e51 4.0
Z�arate, ZAR 5 0.11e6.4 0.85
San Antonio de Areco, SAA 6 0.10e27 2.0
Ines Indart, INI 2 0.39e18 2.7
Magdalena, MGD 5 0.03e0.77 0.17
Punta Indio, PI 5 0.06e1.6 0.34
Saladillo, SAL 2 0.07e34 1.5
Trenquelauquen1, TR1 2 0.44e10 2.1
Trenquelauquen2, TR2 2 0.26e8.4 1.5
Bolivar, BOL 2 0.21e4.2 0.95
Rauch, RAU 2 0.01e0.07 0.03
Copetonas, COP 2 0.04e1.1 0.21
Great Buenos Aires metropolitan area (GBA)
Urban sensu stricto
Buenos Aires City1, CABA1 4 0.09e3.2 0.46
Buenos Aires City2, CABA2 6 0.09e6.9 0.99
Quilmes, QUI 7 0.02e15 0.41
Punta Lara, PTL 3 0.18e1.1 0.45
Ensenada, ENS 3 0.33e1.3 0.54
La Plata, LPT 4 0.16e2.2 0.76
La Balandra, BLD 5 0.04e0.91 0.34
Horticultural
Florencio Varela, VAR 2 0.46e1.0 0.68
Olmos1, OL1 2 2.5e3.2 2.8
Olmos2, OL2 2 3.8e63 15

Fig. 1. Sampling sites at Argentina's Pampa showing land use (source: DIVA GIS, 2015) and a satellite image of Great Buenos Aires Metropolitan Area.
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1.5 ml min�1. Quantification was performed by a five-point cali-
bration curve using external standard solutions (M-680P Pesticide
Mix AccuStandar Inc.). Compounds were confirmed by gas chro-
matograph coupled to mass spectrometry (Agilent 6850-5973N
MSD; EI 70 eV, 2.94 scans seg�1, 50e550 amu).

2.4. Quality assurance/Quality control (QA/QC)

Method detection limits (MDL) were defined as the average of
blanks (field blanks; n¼ 11 and laboratory blanks; n¼ 4) plus three
standard deviations. When target compounds were not detected in
blanks, one half of the instrumental detection limit (IDL: equivalent
amount of the signaletoenoise ratio �3) was used as MDL. For
Endo I, Endo II and Endo SO4, MDLs were 2.4, 0.2 and 0.2 ng
sample�1, respectively. Method recovery averaged 75 ± 16% for d6-
aHCH and 72 ± 26% for d8-DDT; correction was applied when
sample recovery was <85%.

2.5. Calculation of air concentrations from depuration compounds

Siteespecific sampling rates (R) were calculated based on the
loss of DCs according to previously described PUFs techniques (e.g.
Shoeib and Harner, 2002a; Pozo et al., 2004; Moeckel et al., 2009).
Briefly, average ambient temperature for each period and site were
used to calculate DCs and target compound octanol-air (KOA) and
PUF-air partition coefficients (KPUF-A in with units of m3 g�1)
according to log KOA ¼ A þ B/T (Odabasi and Cetin, 2012) and log
KPUF-A ¼ 0.6366 log KOA � 3.1774 (equation 9b from Shoeib and
Harner, 2002a). R, the effective air volumes (Vef), and ultimately
air concentration (Cair) were calculated according to:

R ¼
�ln

�
Ccorr
CD

CCD;0

�
*K�PUF�A*dPUF*VPUF

t
ec.1

(Moeckel et al., 2009)

Vef ¼ KPUF�AVPUF

�
1� exp�

�
R

VPUFKPUF�A

�
t
�

ec.2

(Motelay-Massei et al., 2005)

Cair ¼
MPUF

Vef
ec.3

where CDC,0 and CDC are the concentrations of the DC (ng sample�1)
at the beginning and the end of the deployment period, respec-
tively (CDC values are corrected based on recoveries of the stable DC
[PCB 207] that does not volatilize from the PUF); dPUF is the PUF bulk
density (g m�3), VPUF is the volume of the PUF (m3), t is the
deployment period in days andMPUF is the amount of Endosulfan in
the PUF (ng).

Only DCs with recoveries between 15 and 85% were used for
calculations, either PCB-30 or PCB-119 or an average of both of
them. In some samples lighter DCs were below detection limit due
to enhanced volatilization during longer deployments. Therefore, it
would be advisable to increase the spiking level of these more
volatile compounds and/or use a larger DCs set with contrasting
physicalechemical properties.

The grand mean R average for the entire study
(6.3 ± 3.9 m3 day�1) is comparable to previous PAS-PUF reports, i.e.
4.8 ± 2.3 m3 day�1 (Pozo et al., 2004), 5.9 ± 0.9 m3 day�1 (Gouin
et al., 2008) and 6.1 ± 1.8 m3 day�1 (Persoon and Hornbuckle,
2009).

In general, PAS exposed to free air currents in rural sites (e g Ines
Indart, Saladillo, Rauch) presented higher R values (up to
9 m3 day�1) compared to PAS deployed in more protected and
constructed urban areas (lower than 4 m3 day�1 for CABA, La Plata
and Ensenada). However, no significant correlations were observed
between R values and site-specific relevant meteorological pa-
rameters like wind speed (Tuduri et al., 2006) or ambient tem-
perature (Kennedy et al., 2010). Individual meteorological
conditions and R values are summarized in Supplementary Mate-
rial, Table S1.

2.6. Statistical analysis

Air concentrations of
P

Endo (isomers I and IIþ Endosulfan SO4)
are presented as Geometric Mean (GM) values rather than arith-
metic means to prevent the skew introduced by outliers. ANOVA
test were used to compare differences between sampling areas
(significance level set at p < 0.05) and regression analysis was used
to evaluate covariation of agriculture activity and

P
Endo air con-

centrations. All statistical analysis were executed using Xlstat 2014
(Addinsoft).

3. Results and discussion

Air concentration of
P

Endo (Table 1) showed large variability
(0.01e63 ng m�3) with highest values at Horticultural GBA
(0.46e63 ng m�3) followed by Rural Pampa (0.01e51 ng m�3) and
lowest at Urban GBA (0.02e15 ng m�3), with an overall relatively
fresh composition (Endo I: 72 ± 18%; Endo II: 23 ± 15%; Endo SO4:
5 ± 10%). These concentrations are globally very high; at some sites
from Rural Pampa and Horticultural GBA exceeded other reported
PAS-PUF maxima (India:z26 ng m�3, Pozo et al., 2011;
Mexico:z27 ng m�3, Wong et al., 2009). The remarkable range of
airborne

P
Endo concentrations reflects marked spatial as well as

temporal variability as described below (Sections 3.2 and 3.3).
Details of sampling locations and

P
Endo concentrations at each

site are shown in Supplementary Material (Table S1).

3.1. Global comparison

Fig. 2 shows air concentration of
P

Endo (GM þ one standard
deviation, sd) at each sampling subarea compared with other
monitoring programmes. Our grand GM value (0.93 ng m�3) cor-
responds to high/very high range compared to the first-year results
of the Global Atmospheric Passive Sampling Programme
(0.08 ng m�3; Pozo et al., 2009).

The highest concentrations from Horticultural stations
(3.1 ngm�3), are similar to values described for a rural site of Ghana
(3.0 ng m�3; Pozo et al., 2009). Both regions are characterized by an
intensive horticulture activity where Endosulfan is sprayed to
control pests of several crops (tomato, pepper, lettuce) and is
usually overused (Cieza, 2004; Ntow, 2008). These results reflect
the intensive use of agrochemicals per unit area characteristic of
horticultural activity (Cieza, 2004).

At Rural Pampa,
P

Endo concentrations (1.1 ng m�3) are com-
parable to those reported for global largest producers and major
consumers of this pesticide, i.e. India and South Korea (2.3 and
1.8 ng m�3, respectively; Pozo et al., 2009) and are equivalent to
concentrations reported for Southern Buenos Aires province
(1.5 ng m�3; Tombesi et al., 2014), revealing the importance of
farming as the principal Endosulfan source in Argentina.

Finally, levels at Urban GBA (0.53 ng m�3) are similar to those
reported for bordering countries such as Bolivia and Brazil (0.44
and 0.65 ng m�3, respectively) which is the major Endosulfan
consumer in Latin America (4400e7200 t y�1, UNECE, 2010). Our
urban GBA

P
Endo concentrations are also comparable to those



Fig. 2. Endosulfan concentrations in air (geometric means, ng m�3 þ sd) from this study (in black) compared with other PAS-PUF monitoring programmes (* Pozo et al., 2009; **
Tombesi et al., 2014; *** Wong et al., 2009).
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reported for some European countries such as Turkey and Spain
(0.51 and 0.46 ng m�3, respectively) which consume about 50% of
the European Union total volume (Endosulfan Preliminary Dossier,
2003). Since direct application of Endosulfan at Urban GBA has not
been reported, the intermediate concentrations found suggest at-
mospheric transport from agricultural sites.
3.2. Spatial distribution

Air concentration of
P

Endo (GM; ng m�3) at each sampling site
is mapped in Fig. 3. Briefly, the most remarkable spatial pattern is
that at Rural Pampa concentrations vary in a wide range
(0.03e4.0 ng m�3) and almost everywhere (70% of sites) exceed
1 ng m�3, whereas at GBA, strictly urban stations present more
homogeneous and significantly (p-value: 0.05) lower concentra-
tions (0.33e0.98 ng m�3) compared to Horticultural sites
(0.68e15 ng m�3).

The peak concentration at Olmos 2 is 1e2 orders of magnitude
higher than at the other horticultural sites, Olmos 1 and F. Varela,
reflecting the differences in labour at both stations. Olmos 2 is a
conventional farm, i.e. several vegetables are co-cultivated and
Fig. 3. Spatial variation of Endosulfan concent
pesticides are applied all over the year, whereas Olmos 1 is an
organic farm emphasizing management practices (i.e. probably
affected by Endosulfan transport from nearby conventional farms)
and F. Varela is a monoculture farm (floriculture) where Endosulfan
is used irregularly.

At Rural Pampa the highest Endo concentrations were detected
in NW/Wof Buenos Aires province (PER, INI, TR1, and SAA, GM: 4.0,
2.6, 2.1 and 2.0 ng m�3, respectively) and in Entre Rios province
(VGY, VIC and LPZ; GM: 2.7, 2.1 and 2.0 ng m�3, respectively). These
locations comprise the most fertile land of the region, where
agriculture is the main economic activity. To evaluate the signifi-
cance of this activity as key factor determining airborne Endosulfan
patterns, a regression analysis was performed between

P
Endo and

main crop annual production for each site (soybean, corn and
sunflower in thousands of tonnes). Only soybean production was
significantly correlated (p-level< 0.05) with

P
Endo concentration

(Fig. 4) indicating that this is the principal source of residues
collected by our PUF-PAS. This explanation is consistent with the
intensification of soybean culture in Argentina (~400% acreage in-
crease from 1995 to 2005; see SM Fig. S2; Conte et al., 2007), which
placed the country as the third largest exporter of this leguminous
rations (geometric means, ng m�3) in air.



Fig. 4. Linear regression between annual soybean production (thousands of tonnes)
and Endosulfan concentrations (geometric mean, ng m�3) in air at Rural Pampa sites.
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(Cuniberti et al., 2011). This crop is characterized by its high per-
formance due to the new labour technologies, glyphosate resistant
transgenic seeds, and intensive pesticide use, namely Endosulfans,
Cypermethrin and Chlorpyrifos which comprise ~75% of the total
agrochemicals applied (Jergentz et al., 2005).
3.3. Temporal variations

In order to assess temporal variations in a context of heteroge-
neous sampling times (2e7 sampling periods of 63e298 days each;
Table 1), sampling periods were classified according to average
Fig. 5. Variability of Endosulfan concentrations and composition at representatives sites fro
temperature as warm (>20 �C), temperate (15e20 �C) or cool
(<15 �C).

Generally, a strong variability of airborne
P

Endo concentration
(0.01e0.1 to 1 e >10 ng m�3) is observed at each sampling site.
There is a marked temporal pattern, basically defined by consistent
peaks enriched in Endo I (81 ± 12%) during warm periods,

P
Endo

minima with higher proportions of Endo SO4 (7.9 ± 13% vs.
1.6 ± 2.4%) in cool periods, and a generally declining trend over
time (SM Table S1 and Fig. 5).

This pattern is more evident at Rural Pampa where highest
concentrations at each site correspond to the first warm period
(2010e2011), principally at 5 sites which exceed reported

P
Endo

global maxima (PER, LPZ, GUA, SAA and VGY: 35 ± 9.9 ng m�3 Vs.
India: z26 ng m�3, Pozo et al., 2011; Mexico: z27 ng m�3, Wong
et al., 2009). These peak concentrations are basically composed of
Endo I with little Endo II and only trace amounts of Endo SO4
(85 ± 14; 11 ± 13 and 0.7 ± 1.4%, respectively). A similar Endo I
predominance is observed in the following lower warm peaks
suggesting pulse signals associated to the seasonal application of
Endosulfan on soybean crops from November to April.

These fresh Endosulfan pulses are also indicated by the Endo I/
(IþII) isomeric ratio which is typically around 0.70 in the formu-
lation (Weber et al., 2010; Hapeman et al., 2013) and average
0.83 ± 0.12 during warm periods (0.68 ± 0.17 in cool periods). This
higher enrichment of Endo I could be explained by the contrasting
physical properties of both Endosulfan isomers: higher Henry's Law
constant for Endo I (0.70 vs 0.045 Pa m3 mol�1; Shen and Wania,
2005) and higher octanol-air partition coefficient of Endo II (log
KOA: 9.28 vs 8.64; Shoeib and Harner, 2002b; Odabasi and Cetin,
2012) promoting a stronger volatilization from soils and plants of
m Rural Pampa (top) and GBA (sampling periods arranged in chronologycal sequence).
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Endo I (Ruedel, 1997; Rice et al., 2002) and stronger adsorption to
soil and to airborne particles of Endo II (Shoeib and Harner, 2002a).
In addition, isomerization of Endo II to Endo I could also contribute
to Endo I enrichment during warm periods. This process is posi-
tively correlated with temperature (Rice et al., 1997) and has been
observed in the solid-water and the airewater interphases (Walse
et al., 2002).

On the other hand, in soils the less volatile Endo SO4 (Weber
et al., 2010) is formed through biologically catalyzed oxidation of
both isomers with a faster rate for Endo I (Ghadiri and Rose, 2001).
This would explain the 10 times relative increase of Endo SO4
(0.7 ± 1.4 to 6.9 ± 9.0%) during no application-cooler periods.

The long-term declining trend of
P

Endo concentrations over
time (5 to more than 300 times reduction) follow an exponential
decrease at all sites of Rural Pampa and is especially marked at LPZ,
CON, PAR, VIC and GUA implying a 92 ± 2.4% loss during the first
year. This pattern contrast with the slight increment of soybean
harvest from 2010 to 2013 (19e21 millions of tonnes, BASM, 2014)
reflecting a change in the agrochemicals applied related to incipient
control policies, i.e. banning of Endosulfan imports in July 2012
(SENASA, 2011) and probable substitution with less persistent pes-
ticides such as pyrethroids and organophosphates (Gonzalez et al.,
2010). This type of exponentially decreasing temporal patterns are
a common feature observed in longer-time series after control
measures of persistent pollutants; both in biotic (Bignert et al.,1998;
de Boer et al., 2010) and abiotic environmental compartments
(Olson et al., 2000; Marvin et al., 2004) with steepest slopes re-
ported for air (Jones and de Voogt, 1999; Schuster et al., 2010).

At GBA there is no homogeneous pattern and temporal varia-
tions differ between subareas. Horticultural sites show a prominent
warm peak at all sites (including the highest value ever reported:
Olmos 2: z63 ng m�3) with strong Endo I predominance and only
traces of Endo SO4 (85 ± 5.6% and 0.15 ± 0.18%, respectively). In
addition, the high I/(IþII) ratio (0.85 ± 0.06) indicates recent
application as observed in Rural Pampa peaks. On the other hand, at
Urban sites there is no uniform temporal pattern: some stations
insinuate warm peaks and a slight declining trend, while others
show an opposite increasing pattern or irregular airborne

P
Endo

concentrations. In general, there is a predominance of Endo I
(70 ± 19%), followed by Endo II (24 ± 15%) and Endo SO4 (7.1 ± 14%)
suggesting prevailing atmospheric transport from agricultural
areas.

4. Conclusions

The comprehensive study of airborne Endosulfan in the most
productive and populated Argentina's Pampas revealed high to very
high concentrations (GM: 0.93 ng m�3; range: 0.01e63 ng m�3)
doubling previous worldwide reported maxima. The strong vari-
ability reflect spatial differences related to intensive use of agro-
chemicals in horticultural activities in the peri urban area of Buenos
Aires and agriculture in the rural area as indicated the significant
correlation between airborne Endosulfan and annual soybean crop.
A marked temporal pattern, basically defined by consistent peaks
enriched in Endo I during warm periods,

P
Endo minima with

higher proportions of Endo SO4 during no application/cooler pe-
riods and a generally declining trend over time related to incipient
control policies, is also detected, especially at Rural Pampa.
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