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Introduction

Monitoring of pesticides in atmospheric deposition in Sweden was initiated in 2002 as part of
the national pesticide monitoring programme. The Swedish EPA has the overall responsibility
for the programme and it is performed by the Swedish University of Agricultural Sciences
(SLU), Division of Water Quality Management, in collaboration with the Section of Organic
Environmental Chemistry (also at SLU). The overall aim of the monitoring program is to get
an overview of potentially harmful substances, such as pesticides, deposited in a pristine area
in the south of Sweden, including long-range atmospheric transport of pesticides to Sweden.
The national pesticide monitoring programme also includes monitoring of surface waters,
groundwaters and sediments.

Endosulfan is a potential P/B/T (Persistent, Bioaccumulative, Toxic) substance and is
included on international priority lists. Endosulfan was previously registered for use in
Sweden (a total of three different products), but was taken off the market in 1995. The last
product registered was used as an insecticide in orchards, strawberry plantings and to protect
ornamental plants.

This report will give a brief overview of the results from the monitoring of pesticides in
atmospheric deposition, with special emphasis on findings of endosulfan. The results are also
compared to other recent findings of endosulfan in Sweden (Cousins et al., 2005).

Material and methods

Monitoring of atmospheric deposition within the national pesticide monitoring programme is
performed at Vavihill, a rural background site in a forested area in the county of Scania in the
very south of Sweden (56°01°N, 13°09°E). At this site other measurements on atmospheric
chemistry and deposition (though not pesticides) are performed within the European
Monitoring and Evaluation Programme (EMEP, station no SE11). Rainwater is collected
using a 0.5 m” funnel made of polished stainless steal (bulk deposition). Sampling is event-
related with samples being collected after a minimum of 5-10 mm of rain and with no longer
than 14 days between onset of rainfall and the sampling occasion.

Sampling started in 2002 and is on-going with ten to thirteen samples collected each year
during the main application seasons for pesticides (in Sweden), i.e. May-June and September-
October (Table 1). Pesticide residue analysis is performed by an accredited pesticide
laboratory at SLU and include some 80 different pesticides, some of which are no longer
registered for use within Sweden. During the four years a total of 91 substances were included
in the analytical programme.

Analytical procedures

The analyses were performed on unfiltered rainwater samples and involved two different
analytical methods, one for polar compounds and one for semi-polar and neutral compounds,
using liquid/liquid extraction. Endosulfan was analysed using the method suitable for semi-
polar and neutral components and included the analysis of alpha-endosulfan, beta-endosulfan
and endosulfan sulphate. Large volumes of water were extracted (3 litres) and quantification
was done with GC-MS. All detections were confirmed using two masses with a general limit
of detection (LOD) for most compounds in the range of 0.0002-0.01 pg/l. Quality assurance



procedures included field blanks and laboratory blanks. For each batch of analysis a recovery
test was performed with a number of the compounds most frequently detected. Surrogate and
internal standard were added to the method. The limit of quantification (LOQ) was generally
2-5 times higher than the LOD. Positive detects between LOD and LOQ were reported as
trace concentrations and were included in the calculation of deposition using the average
between LOD and LOQ.

The analytical procedures being of a very general nature, including a large number of
different pesticides, means that the LODs might not be as low as could be desired for some of
the compounds. The LOD for endosulfan ranged between 0.001-0.007 pg/l1 during the first
three years, but was lowered by one order of magnitude in 2005 (Table 1).

Table 1. Limit of detection (LOD) during 2002-2005 and limit of quantification (LOQ)
during 2005 for endosulfan (median values) used in the rainwater monitoring programme

LOD LOD LOD LOD LOQ
2002 2003 2004 2005 2005

alpha-endosulfan 0.006 0.002 0.001 0.0001 0.002
beta-endosulfan 0.007 0.002 0.001 0.00004 0.001
endosulfan sulphate 0.003 0.002 0.001 0.0002 0.002

Results

During the 2002-2005 monitoring campaign at Vavihill a total of 47 different compounds
were detected in precipitation, including 26 herbicides, 8 fungicides, 8 insecticides and 5
metabolites (Appendix 1). The highest concentration detected was 0.8 pg/l of the herbicide
prosulfocarb in a sample collected during the autumn of 2005 (Table 2). Detection
frequencies and maximum concentration for all detected substances are summarised in
Appendix 1. Findings were made both of substances that are frequently used in Sweden and
substances not registered for use within the country.

Table 2. Summary data of rainwater monitoring in Sweden at Vavihill during 2002-2005

2002 2003 2004 2005

Number of rainwater samples collected 10 12 12 13
Sampling period May-Jun, Apr-Jun, May-Jul, May-Jun,

Sep-Oct Sep-Nov Sep-Oct Sep-Oct
No of substances analysed 79 81 85 86
No of substances detected 31 36 34 38
Max conc. (pg/l) of a single substance (Pesticide*) 0.3 (Pros) 0.4 (IPU) 0.08 (Fen) 0.8 (Pros)
Max total conc. (ug/l) in a sample (Month) 0.37 (Oct) 0.59 May) 0.24 (May) 0.92 (Sep)
Max number of substances in a single sample 22 (May) 27 (May) 20 (May) 29 (May)
Total no of pesticides detected not registered for use in Sweden
(No of metabolites) 8 (+3) 11 (+3) 9 (+3) 11 (+2)
No of findings of endosulfan-alpha 0 2 1 11
No of findings of endosulfan-beta 0 0 2 13
No of findings of endosulfan sulphate 1 0 1 5
Max deposition (ug/m>*season) of a single substance
(Pesticide™®) 6.6 (Pros) 25.4 (IPU) 5.4 (Pros)  43.4 (Pros)
Calculated total seasonal deposition (ug/m**season) 30 87 42 95

* Pros = prosulfocarb; IPU = isoproturon; Fen = fenpropimorph



Table 3. Concentration of endosulfan in rainwater samples during 2005 (ng/l)

7 12 25 1 5 13 16 29 25 30 2 22 25
May May May Jun Jun  Jun Jun Jun. Sep Sep Oct Oct Oct

alpha- trace trace trace trace trace trace trace trace trace - - trace trace
endosulfan
ta-
be 0.002 trace trace trace 0.001 trace 0.003 0.001 trace trace trace trace trace
endosulfan
endosulfan

trace - trace - - - - trace - trace - trace -
sulphate

- = Not detected. trace = Detected at trace levels, i.e. above LOD, but below LOQ (Table 1).

During the first three years of monitoring there were only occasional findings of endosulfan
(Table 2) and only at a trace level, i.e. below the LOQ but above the LOD. However, during
2005 traces of endosulfan were detected in all samples (Table 3), which most likely can be
attributed to lowering the LOD by one order of magnitude that year (Table 1). Generally
speaking, the LOQ in 2005 was approximately the same as the LOD in 2004. Applying the
same LOD as used in 2004 on the results from 2005, only four of the findings from 2005
would have been detected. As a result, it is not possible to draw any conclusions on possible
trends of atmospheric deposition of endosulfan in Swedish precipitation since endosulfan
might well have been present in concentrations that was not possible to detect with the LOD
used during 2002-2004.

Beta-endosulfan was the only isomer detected in all samples during 2005 and also in a
concentration above its LOQ (Table 3), which partly might be due to its slightly lower LOQ
(Table 1).

Alfa- and beta-endosulfan both have an overall detection frequency during the four year
monitoring period of about 30% for the entire monitoring period (Figure 1), which makes
them less frequently detected than some other 20 pesticides. However, as mentioned above,
the findings were very scarce in the first three years and nearly 100% during the last year.
Substances that are not used in Sweden are indicted in Figure 1 with red bars and constitute
almost half of the substances detected in the atmospheric deposition.

Measured atmospheric deposition of endosulfan at the Vavihill site during 2002-2005 ranged
between not being detected and 0.7 pg/m* during a ca four month monitoring period each year
(Table 4). In Appendix 2 deposited amounts of all detected pesticides are given as a
comparison.

Table 4. Seasonal deposition (four months) of endosulfan at Vavihill 2002-2005
(pg/m**season)

Deposition | Deposition | Deposition | Deposition
2002 2003 2004 2005
alpha-endosulfan n.d. 0.31 0.22 0.24
beta-endosulfan n.d. n.d. 0.68 0.23
endosulfan sulphate 0.09 n.d. 0.22 0.11

n.d. = not detectd.
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Figure 1. Detection frequency for substances detected in more than 20% of the samples
collected at Vavihill during 2002-2005. Red coloured bars (#) indicate pesticides no longer
used in Sweden. DETA = deetylterbuthylatrazine. * = chlorpyrifos is registered for use in
Sweden, but sales are very low (ca 100 kg/year) and with lowered LOD during 2005 the
detection frequency increased from 0% to 100%).

Comparison with results from a screening study 2004

In a screening study undertaken during 2004, concentrations of endosulfan were determined
in a variety of environmental media in Sweden, including atmospheric deposition and in air
(Cousins et al., 2005). All together eleven samples were collected in both these matrices at
three different sites, one in the north of Finland (Pallas), one urban location on the Swedish
east-coast (Stockholm) and one on the west-coast of Sweden (R46). Samples were taken as
weekly samples and pooled to monthly analysis representing the four seasons. Atmospheric
deposition was collected using a bulk sampler with rainwater draining through a PUF-
adsorbent. LOD in the screening study was estimated to be 1 ng/sample for alpha-endosulfan
and 0.6 ng/sample for beta-endosulfan (M. Remberger, pers. communication).



The highest concentrations of endosulfan in air during 2004 were found in R0, a site on the
west coast of Sweden (Cousins et al., 2005). All samples from this site contained both alpha,
beta and endosulfan sulphate (exact figures in Appendix 3). Concentrations of the alpha-
isomer were higher than the others and alpha-endosulfan also showed a seasonal variation
with higher concentrations during spring and summer. The same seasonal variation could also
be observed for beta-endosulfan. At the northern site, Pallas, the investigation showed that
alpha-endosulfan was found in all samples, but no findings of beta-endosulfan were made.
The authors suggest that the more frequent findings and higher concentrations in R40 is a
consequence of that site being nearer to the southern and central parts of Europe where
endosulfan is registered for used (Cousins et al., 2005).

Analysis of the deposition samples showed that all samples from R&6 contained all three
forms of endosulfan. The deposition of all three forms were highest in May and generally
beta-endosulfan had a higher deposition than alpha and endosulfan sulphate (exact figures in
Table 5). No detections of any endosulfans were made in deposition from Pallas. The authors
conclude that beta-endosulfan is found more often in deposition due to its lower vapour
pressure which affects deposition positively (Cousins et al., 2005).

The results from the 2005 pesticide monitoring programme were recalculated to make
comparison to the 2004 screening study possible. Generally the findings of endosulfan were
lower in the screening study than in the monitoring programme (Table 5). The main reason is
likely the yearly variations in precipitation and wind direction, but also possibly that there
were more samples collected within the monitoring programme. Consequently a peak in
concentration is not diluted as might occur when pooling samples during a whole month.

Sampling at Vavihill was also performed during intensive spraying periods (May-June,
September-October) which might result in higher values compared to the screening study
where sampling was performed during May, August, November and January. In addition, the
Vavihill site is somewhat closer to continental Europe where applications of endosulfan takes
place. Prevailing wind directions at Vavihill are quite frequently coming from the south-west
and back-trajectory calculations demonstrates a certain correlation between wind direction
and findings of pesticides no longer used in Sweden in the deposition (Figure 2).

Sampling methods and analytical methods may also have contributed to the difference. Due to
the difference in methods it is not possible to compare LOD values between the studies. The
LOD has a great impact as is illustrated in the monitoring programme in the large difference
between findings in 2004 and 2005.

Beta-endosulfan was the dominating form in deposition samples both in the screening and
monitoring study.

Table 5. Deposition of endosulfan (ng/m**day) measured within the screening program at
R&6 and the pesticide monitoring programme at Vavihill during 2004 and 2005

May Aug Nov Jan May Jun Sept Oct
2004*  2004*  2004*  2005*  2005# 2005# 2005# 2005#
alpha endosulfan 1.4 0.2 0.3 0.2 2.6 2.2 1.9 11
beta endosulfan 33 0.6 0.4 1.0 2.5 4.2 1.0 5.5
endosulfan sulphate 0.6 0.4 0.2 0.2 2.2 0.8 1.0 3.9

* Measured at Ra0. # = Measured at Vavihill.



Conclusions

* The results from both studies emphasize that endosulfan is subject to long range transport
to Sweden.

* Transport occurs throughout the year with a higher deposition of endosulfan during the
early summer and with higher concentrations at sites closer to continental Europe.

* Beta-endosulfan is the form dominating in deposition samples, while alpha-endosulfan is
dominating in the air samples.

*  When lowering the limit of detection (LOD) for endosulfan by one order of magnitude
during 2005 endosulfan were detected in all samples collected, which demonstrates the
importance of an adequate LOD for monitoring long-range atmospheric transport of
persistent organic pollutants.

Date=2005-05-02, 18:00 Height= 100m, Lon= 13.15, Lat= 55.02
Location=vavihill Height= 1000m, Lon= 13.15, Lot= 56.02
Trajectory:

96h backwards

Intervals: .
minor=20min, major=5h

Figure 2. A 96-h back-trajectory calculation showing prevailing wind-directions during a
major rain event in May 2005 with 10 out of 25 detected pesticides being banned in Sweden,
incl. endosulfan.
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Appendix 1. Detection frequency (above the limit of detection, LOD) and the highest

measured concentration for detected substances each year. Metabolites are presented under

their mother substance

Detection frequency

Max concentration detected (ng/l)

Substance 2002 2003 2004 2005 2002 2003 2004 2005
aclonifen (H) 10% 33% 33% 46% t 0.01 0.01 0.01
alachlor* (H) n.d. 17% n.d. n.d. 0.01
atrazine* (H) 60% 58% 33% 31% 0.03 0.02 0.01 0.02
DIPA* (M) n.d. 8% n.d. n.d. t
azoxystrobin (F) 50% 33% 17% 46% 0.02 t t 0.01
bentazone (H) 50% 25% 33% 38% 0.01 0.01 0.005 0.01
bitertanol (F) n.d. 17% 8% n.d. t 0.04
chloridazon (H) n.d. n.d. n.d. 15% 0.02
chlorpyriphos (I) n.d. n.d. n.d. 100% t
clopyralid (H) 20% 25% 17% 15% 0.01 0.02 t t
cyprodinil (F) - - - 62% 0.01
2,4-D* (H) 50% 67% 17% 38% 0.02 0.02 0.008 0.03
DDT-p,p* () n.d. 8% n.d. n.d. t
dicamba (H) 40% 42% 17% 31% 0.01 0.02 0.004 0.02
dichlobenil* (H) 50% 42% 17% 85% t 0.008 t t
BAM* (M) n.d. 8% n.d. n.d. t
dichlorprop (H) 40% 33% 25% 23% 0.01 0.03 0.008 0.01
diflufenican (H) 10% 58% 8% 31% t 0.02 0.003 0.02
diuron* (H) 20% 42% 42% 62% t 0.008 t 0.03
a-endosulfan® (I) n.d. 17% 8% 85% t t t
B-endosulfan* (I) n.d. n.d. 17% 100% t 0.003
endosulfan sulphate* (M) 10% n.d. 8% 38% t t t
esfenvalerate (I) n.d. n.d. n.d. 46% t
ethofumesate (H) 60% 58% 25% 62% 0.02 0.03 0.03 0.03
fenpropimorph (F) 60% 42% 58% 54% 0.06 0.06 0.07 0.02
fluroxipyr (H) 50% 33% 42% 46% 0.01 0.02 0.02 0.02
iprodione (F) 20% n.d. n.d. 8% 0.03 t
isoproturon (H) 20% 75% 33% 62% 0.07 0.06 0.04 0.05
lambda-cyhalothrin (I) n.d. n.d. n.d. 38% t
lindane (y-HCH)* (1) 100% 92% 100%  62% 0.002 0.008 t t
a-HCH (M)* 100% 83% 17% n.d. t t t
MCPA (H) 70% 67% 75%  100% 0.03 0.15 0.05 0.2
mecoprop (H) 40% 67% 25% 46% 0.008 0.02 0.006 0.01
metamitron (H) n.d. 8% 8% n.d. 0.01 t
metazachlor (H) 10% 42% 42% 31% t 0.03 0.02 0.07
pendimethalin (H) n.d. 25% 17% 31% 0.05 0.01 0.2
pirimicarb (I) 30% n.d. 25% n.d. t t
propiconazole (F) 30% 33% 33% 54% t 0.01 t 0.01
propyzamide (H) n.d. 8% n.d. n.d. t
prosulfocarb (H) 40% 42% 58% 62% 0.3 0.4 0.05 0.8
quinmerac (H) n.d. n.d. 8% 15% t 0.02
simazine* (H) 10% n.d. n.d. 8% t t
terbuthylazine* (H) 50% 58% 58% 62% 0.02 0.03 0.04 0.06
DETA* (M) 40% 67% 50% 62% 0.04 0.07 0.04 0.08
tolylfluanid (F) 30% 8% 25% 8% t t t t
trifluralin®* (H) n.d. 17% n.d. 8% t t
vinclozolin* (F) 40% 17% 75% 62% t 0.02 t t

H = Herbicide, F = Fungicide, I = Insecticide, M = Metabolite * = not registered for use in Sweden t = trace
(concentration between LOD and LOQ) - =not measured n.d. = not detected



Appendix 2. Deposition (ug/m>*season) during 2002-2005 (the length of the season being
ca 4 months). Metabolites are presented under their mother substance

Deposition Deposition Deposition Deposition

Substance 2002 2003 2004 2005
aclonifen (H) 0.57 1.04 0.21 0.61
alachlor* (H) 0.52 1.09
atrazine® (H) 1.18 1.89 0.77 0.92
DIPA* (M) 0.32
azoxystrobin (F) 1.14 1.32 1.17 1.01
bentazone (H) 0.47 0.61 0.35 0.62
bitertanol (F) 0.56 0.66
chloridazon (H) 0.68
chlorpyriphos (I) 0.43
clopyralid (H) 0.25 0.76 0.28 0.37
cyprodinil (F) 1.07
2.4-D* (H) 0.69 2.11 0.69
DDT-p.p* (I) 0.06
dicamba (H) 0.45 1.16 0.14 0.49
dichlobenil* (H) 0.22 0.57 0.29 1.05
BAM* (M) 0.10
dichlorprop (H) 0.35 243 0.26 0.46
diflufenican (H) 0.05 0.97 0.29 0.75
diuron* (H) 0.07 0.68 1.08 1.40
a-endosulfan® (I) 0.31 0.22 0.24
B-endosulfan* (I) 0.68 0.23
endosulfan sulphate* (M) 0.09 0.22 0.11
esfenvalerate (I) 0.74
ethofumesate (H) 0.77 2.83 0.96 2.57
fenpropimorph (F) 2.05 2.86 521 1.38
fluroxipyr (H) 0.50 1.13 0.93 1.06
iprodione (F) 1.11 0.33
isoproturon (H) 2.37 25.36 4.39 3.58
lambda-cyhalothrin (I) 0.11
lindane (y-HCH)* (1) 0.25 0.85 0.78 0.43
a-HCH (M)* 0.12 0.24 0.18
MCPA (H) 2.93 7.17 2.96 10.64
mecoprop (H) 0.29 1.06 0.25 0.61
metamitron (H) 0.26 0.31
metazachlor (H) 0.16 1.34 2.52 2.83
pendimethalin (H) 1.02 3.24 1.04 8.74
pirimicarb (I) 0.15 0.49
propiconazole (F) 0.75 1.11 1.23 0.86
propyzamide (H) 0.17
prosulfocarb (H) 7.54 14.36 543 41.30
quinmerac (H) 0.06 0.62
simazine* (H) 0.16 0.13
terbuthylazine* (H) 1.36 4.15 2.93 3.29
DETA* (M) 2.07 4.78 241 4.53
tolylfluanid (F) 0.60 0.20 1.22 0.27
trifluralin* (H) 0.06 0.08
vinclozolin* (F) 0.19 0.75 0.85 0.17
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Appendix 3. Measured concentrations of endosulfan in air (pg/m’) at Ra6 (Swedish west-
coast) and Pallas (northern Finland) in the screening study during 2004 (Cousins et al., 2005)

R&6 Pallas
Jan May Aug Nov Jan May Aug Nov
alpha-endosulfan 1.9 17 15 6.8 2.5 2.6 8.6 5.8
beta-endosulfan 0.2 2.4 1.2 0.3 n.d. n.d. n.d. n.d.
endosulfan sulphate 0.1 0.4 0.5 0.1 n.d. 0.2 0.3 n.d.

n.d. = not detected.
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