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Abstract

A pilot study found that DDT breakdown at the GC inlet was extensive in extracts from some—but not all—samples with high organic
carbon contents. However, DDT losses could be prevented with a one-step extraction-cleanup in the Soxflo instrument with dichloromethane
and charcoal. This dry-column procedure took 1 h at room temperature. It was tested on spiked soil and peat samples and validated with
certified soil and sediment reference materials. Spike recoveries from freshly spiked samples ranged from 79 to 111% gi@Rg4000
concentrations. Recoveries from the real-world CRMs were 99.7-100.2% of DDT, 89.7—90.4% of DDD and 89.6-107.9% of DDE. It was
concluded that charcoal cleanups should be used routinely during surveys for environmental DDX pollution in order to mitigate against
unpredictable matrix-enhanced breakdown in the GC.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction DDT binds to soil organic matter and can leach into the soil
profile[11,12], soils that had not been cultivated for 13 years
Extensive information exists on the negative effects of had greater concentrations of organochlorine insecticides at
DDT and its metabolites on the environment and hgab). the 15-20 cm depth than near the surff@e Furthermore,
Recent research revealed that certain edible plants, includinghe relatively high volatility of DDT can result in seasonal
some common vegetables, selectively take up persistentfluctuations along the soil profile, which may need to be
organic pollutants (e.g. DDE, chlordane, aldrin, heptachlor, taken into account when devising sampling schemes (our
polychlorinated dibenzg-dioxins and polychlorinated  unpublished observations). The long-term persistence of
dibenzofurans)6,7]. Only limited research has so far been these pesticides, therefore, still poses problems for the
conducted on one such bioaccumulator, dandelion, which isenvironment, for farming in general and for organic farming
increasingly being used as a vegetable and in salad withinin particular. Environmental management decisions require
the EU. Since the banning of DDT in the USA and Europe, accurate data as soil DDT/DDD and DDT/DDE ratios have
research into the environmental fate of DDT has decreasedbeen used to distinguish between previous and current
and relatively few data now exist on soil DDT levels after pesticide inputs[9,13]. Robust methods are, therefore,
long periods of applicatiofB]. It was shown recently that needed to monitor their environmental fate and potential
DDT was one of the main pollutants in agricultural soils of for bioaccumulation along the whole food chain, i.e. in
central GermanyQ] and in Dutch canal sediments0]. As soils/sediments—plants/animal produjd$—16]
The analysis of DDXs still poses surprising challenges

* Corresponding author. Tel.: +44 118 378 6619; fax: +44 118935 2421. @nd it has been pointed out that high levels may go unde-
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dence exists of analytical problems and poor DDT data: only Supplies Ltd., Newmarket, UK) were extracted with DCM
71% of participants achieved satisfactargcores for DDT and air-dried and used in the sample holders of the Soxflo in-
analysis in an international proficiency testing scheme for strument (Scientific & Technical Supplies Ltd., Newmarket,
foods and feedfl7]. Amongst the likely reasons for this are  UK). Round bottom flasks and Soxflo stainless steel sample
slight variations in the water content of the silica used during holders were washed in hot water, rinsed with distilled water
the cleanup stepl8] and DDT breakdown at the GC in- and oven-dried at 10CC.

let, which can result from hot injection ports, contamination

by co-extracted organic compounds or matrix interferences 2 - sojl samples

[3,19-22]

Recent developments for extracting DDXs from soilsand ~ pp unpolluted alluvial soil (Soil Series Black37]) was
sediments include sonication, microwave-assisted extractiongqiected from the University Farm at Sonning in October
[21-23] pressurised liquid extraction (PLE4-26]and su- 1999, freeze-dried, sieved (<1 mm) and then ball milled for
percritical fluid extraction (SFER7-30} High soil organic 5 min. polluted, weathered coastal soils were provided by
matter (OM) and clay contents tend to pose particular prob- the Environment Agency in respect of an investigation of
lems for DDX extraction§l,29], but unacceptably low DDX  |and that had been sprayed with DDT regularly in the 1960s
recoveries of 42-70% have also been reported abkg 5 control mosquitoes. Soils were air dried at r.t. and ground
by ultrasonic extraction from a spiked sandy, low OM soil (<2 mm). Soil properties are describedTable 1 Irish moss

[31]. Hubert et al[32] suggested that PLE yielded better re- heat was purchased in a local garden centre (Homebase Ltd.,
sults than ultrasonic or Soxhlet extractions for DDXs once Reading, UK).

operating variables were optimised. However, the complex-
ities of method development for PLE and SFE extractions
and their high cost pose considerable disadvant@#sAl-

though a suite of techniques now exists for fast extractions, :
cleanup steps still tend to be time-consuming and problem- Samples (10 g) were extracted with DCM (150 ml) for 5 h.

. . Extracts were evaporated just to dryness on a rotary evapora-
atic. One or more cleanup steps are often used and involve . . 4
activated florisil, silica and sodium sulfate but require careful gc;ra(aeloyr:/tiiglagti;&:jlfrg u(ﬂ:an gm,sgéglr){ Zﬂgewﬁhﬂ
standardisatiof34]. ! X zene,

We recently developed a dry-column procedure, the Soxflo and subjected to gas chromatography-mass spectrometry

(SoF) technique, to extract fat from foods and feeds and ter- (GC-MS) analysis.

penoids from plant$35,36] This proved an efficient and

fast technique (ca. 1 h) in which a solvent is passed just once2.4. Soxflo extractions

through a sample that is packed into the form of a dry column.

As extractions take place at room temperature, itisamildand ~ First, a layer of charcoal (2g for soil and peat extrac-
environmentally friendly technique requiring neither heating tions; 4 g for sediment extractions) was sandwiched between
nor Coo”ng water. The SoF technique gave excellent y|e|ds two cellulose disks at the bottom of the stainless steel Soxflo
with low relative standard deviations compared to Soxhlet sample holder (25mm diameter, 65mm length). Then the
extractions and consensus values for CRM samples. Heresamples, soil (10g), peat (4g) or CRMs (5g), were placed
we report a simple and effective one-step extraction-cleanup,above the charcoal layer and capped with a third cellulose

based on the Soxflo technique, for DDT and its metabolites disk at the top. This dry column of charcoal plus sample was
from soil, peat and sediment samples. then firmly compressed by hand with a plunger as described

previously[35]. The sample holder was then inserted into
the SoF instrument which consists of: (i) a solvent reser-

2.3. Soxhlet extractions

2. Experimental voir at the top that is connected to a small pump, (i) a
tightly fitting support for the sample holder, and at the bot-

2.1. Reagents and apparatus tom (iii) a connector for a round bottom flask to collect the
eluant.

Dichloromethane (DCM; HPLC grade), hexane (residue ~ Replicate samples were extracted with DCM (70 ml) at
analysis grade) and charcoal (activated grade) were used ad flow rate of 1drop/s (extractions lasted for 60 min). The
received from Fisher Scientific (Loughborough, Uk)p'- solvent (70 ml) is passed just once through the sample col-
DDT (98%), p,p-DDD (97%) andp,p-DDE (99%) and umn. Any residual solvent is pushed through the sample by
the internal standard, hexachlorobenzene (97%), were from@ peristaltic pump at the end of an extraction. Extracts were
Aldrich Chemicals (Poole, UK). Certified reference materi- €vaporated justto dryness on arotary evaporator bel6W35
als (CRMs), a sandy loam soil (CRM804-050) and a marine and taken up in DCM (5 ml), spiked withid of the internal
sediment (New York/New Jersey Waterway Sediment, SRM standard (hexachlorobenzene, 19@@ml) and subjected to
1944; 4.4% organic carbon), were from LGC Promochem GC-MS analysis. External standards ranged from 20 to 1000
(Teddington, UK). Cellulose disks (Scientific and Technical (rg/ml) of DDT, DDD and DDE.
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Table 1
Soil properties
Soil numbers Organic C Total N CEC Sand/silt/clay
(g/1009) (g/10049) (meq/100Q) (%)

Polluted soils

1 2.19 0.203 14.6 22/56/22

2 3.19 0.281 17.0 38/42/20

3 3.95 0.384 26.5 20/42/38

4 4.80 0.454 22.0 52/38/10

5 6.40 0.681 30.9 44/34/22
Unpolluted soil

6 6.66 0.705 47.7 33/5/31
2.5. Spiking method ture was 150C; the oven temperature was programmed to

rise at 15 C/minfrom 150to 270C in the first 8 min and then

The unpolluted soil no. 6 (50 g, ball milled), the polluted kept constant for another 5 min. Helium (Premier grade; Air
soil no. 1 (509, <2 mm) or Irish moss peat (509, <2mm) Products, Crewe) was used as the carrier gas set at 140 kPa,
were placed in a 11 pearl shaped flask. Standard solutionsflow rate was 1.2 ml/min. Interface temperature was 251
(50ul) containing DDT, DDD, DDE (20—400Qg/ml) were MS conditions were: El positive mode, ionisation energy was
added to 600 ml of hexane to give final spike concentrations 70 eV, ion source temperature was 2@) source current
of 20-400Qug/kg soil or peat. The hexane solution was added was 967.A, trap current was 122A, filament current was
to the soil or peat and rotated slowly for 1 h on a rotary evap- 4.26 A, scan rate was 2 scans/s with 50—210 amu/scan.
orator at ambient temperature and pressure. Solvent was then Characterisation of compounds was based on GC retention
evaporated at 40C under nitrogen (without vacuum) to re-  times, computer matching with the Wiley6 library (accept-
move most of the solvent. When almost dry, nitrogen was able matches >900), visual comparison of the fragmentation

switched off and the flask rotated until dry. patterns and by comparison with authentic compounds.
2.6. Gas chromatography—mass spectrometry 2.7. GC-MS analysis
DCM extracts (qul) were injected into the GC-MS sys- Positive EI: DDT and DDD were detected by selective ion

tem (Carlo Erba GCB8000 interfaced with a Fisons MD800 recording of fragment ions at 235 and 28% and DDE was
guadrupole mass spectrometer). The GC instrument was fit-detected from ions at 246, 248 and 3w/2.

ted with a splitless injector and equipped with a Varian

Chrompack WCOT fused silica column (CP-Sil 8CB low 2.8. Statistical analysis

bleed/MS, 30 nmx 0.25 mm, df=0.2fum; cat no. CP5860;

Chrompack UK Ltd., London, UK). The injector tempera- Data were analysed using INSTAT Plus version[BS].

Table 2
Comparison of Soxhlet and Soxflo extractions of an unpolluted soil (soil no. 6) spiked with DDT, DDD, ik
Spike concentration DDT DDD DDE
Mean S.D% R.S.D. Mean S.D.;R.S.D. Mean S.D.;R.S.D.
Soxhlet
500 Found 423 76.3;18.1 473 118.7; 25.1 536 130.1;24.3
Recovered (%) 85 945 1072
200 Found 233 58.1; 25.0 244 64.8; 26.6 272 66.2;24.3
Recovered (%) 118 1221 1361
100 Found 98B 17.0;17.7 96t 17.5;18.2 104 12.9;12.4
Recovered (%) 98 964 1042
Soxflo
500 Found 443 15.5;3.5 433 47.2;10.9 470 30.4;6.5
Recovered (%) 88 86.6 94.0
200 Found 179 16.0; 8.9 179 17.1;9.5 186 14.4,7.7
Recovered (%) 28 895 932
100 Found 89 13.2;14.8 89 16.7;18.6 8® 12.3;14.3
Recovered (%) 24 894 860
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3. Results and discussion 2 100 m N mE B N
i g S go- A A 4 A
3.1. Soil characteristics - n ¢
o 60 - X § @ K soil
Table 1lists the properties of the soil samples used in this § | X & PY —k— soil 2
study. These samples included an unpolluted soil and well- 3 40 °* o —&— soil 3
weathered, polluted soils. Soil carbon contents ranged from &£ 29 - § —@-soil 4
2.2106.7%, CEC from 15 to 48% and clay contents from 10 (=) —lk- soil 6
to 38%. *® ° 1I2I3I¢IISrGWT"r819[10I11112I

Injection number
3.2. Pilot study: Soxflo versus Soxhlet extractions of a
spiked soil sample Fig. 1. Effect of soil extracts on measured DDT concentrations in perfor-
mance evaluation standards (PES). Soils 1-3 had matching PES @fd.20

The feasibility of the SoF procedure for extracting DDX DPDT/ml; soil 4 had PES of 2.0ag DDT/ml; soil 5 had PES of 10,09

from soils was tested in a preliminary experiment against DD'_I'/_mI. Soil dichloromethane extracts were injected in the odd-numbered
. . . pOSItIOI’]S.

Soxhlet extractions. An unpolluted soil from the Univer-
sity farm was spiked with DDT, DDD and DDE concen- spiked sand and peat soils and required additional cleanup
trations of 100-50f.g/kg. Soxhlet recoveries ranged from stepg27,39,40]
85 to 136% (with R.S.D.-values from 12.4 to 26T&ble 9
and SoF recoveries from 86 to 94% (with R.S.D.-values 3.3. Matrix-enhanced degradation of DDT in the
from 4 to 19). The SoF technique produced slightly bet- absence of a cleanup
ter results as there were no unacceptably high recoveries
and R.S.D. values were slightly lower. These results con-  During a survey for DDX pollution in some coastal soils,
curred with findings from a previous SoF—Soxhlet compari- Which had been sprayed in the 1960s to control mosquitoes,
son[36]. the inclusion of a performance evaluation standard (PES) re-

Soxhlet extractions are often used because they give highvea|ed large losses of DDT in the GC inlet. Matrix-enhanced
yields against which new extraction methods are compared.degradation of DDT occurred insome, but notall, soil extracts
However, Soxhlet extractions can yield large amounts of co- and had not been detected during the pilot study that com-
extractants, which may produce too high values for these pared SoF and Soxhletrecoveries from a spiked Sabile 2.
pesticides despite cleanup and ECD detedtlg2i7]. For ex- These matrix interferences caused PES DDT losses of up to
ample, Van der Velde et al. found that Soxhlet extractions, 100% €ig. 1) when SoF soil extracts without cleanup were
compared to solvent extractions at r.t., tended to yield unac-injected between PES standards (note: a new GC injection
ceptably high recoveries of DDX (up to 164%) from freshly liner was used for each series of soil extracts and PES stan-

Table 3
Effect of soil:charcoal ratios in Soxflo column on measured DDT, DDD and DDE concentrations ip.giy)
Soil number Soil:charcoal mass ratio DDT DDD DDE
Mean S.D% R.S.D. Mean S.D.;R.S.D. Mean S.D.;R.S.D.
2 10:2 161 16.9; 10.5 19.9 4.65; 23.4 8.3 2.38;5.6
5:2 139 20.4;14.7 18.1 4.68; 25.9 337 2.30; 6.8
5:4 147 15.0; 10.3 16.6 2.33;14.1 320 2.75; 8.1
3 10:2 148 2.0;1.4 28.9 6.32;21.9 140 6.1;4.4
5:2 140 11.6; 8.3 28.9 3.37;11.7 128 14.4;11.3
5:4 142 23.9;16.8 25.4 5.83;23.0 132 27.5;20.8
4 10:2 1855 99.9;5.4 244 22.6;9.3 2245 139.1; 6.2
5:2 1831 92.0;5.0 200 15.0; 7.5 2185 84.7;3.9
5:4 1848 63.6; 3.4 278 19.3; 85 2357 99.5; 4.2
5 10:2 5666 1349; 23.8 12262 750; 6.1 8360 55.2; 6.6
5:2 8107 278;3.4 10928° 810;7.4 896 28.3; 3.2
5:4 624% 166; 2.7 9878 234;2.4 808 21.0;2.6
Average R.S.D. values
10:2 10.3 15.2 57
5:2 7.9 13.1 6.3
5:4 8.3 12.0 8.9

Values in the same column followed by different letters are significantly diffepen0(05).
an=3.
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dards). Interestingly, Foreman and Gajgk also reported 100
large losses, i.e. up to 65% matrix-enhanced DDT break-
down at the GC inlet, during the analysis of some natural 10 1
water samples and sediment extracts with concomitant in-  _
creases in DDD and DDE peal&21]. -—E 11
(=]
(=]
3.4. Development of a charcoal cleanup procedure @ 0.1
Whilst several techniques exist for fast DDX extractions, 0.014
cleanups can be time consuming and problematic because sil-
ica requires careful standardisation for water conjté 1] 0.001 4
DDT losses were most pronounced in the highly coloured ex- SNeraeNoOg IR ernaN®
tract from soil 5 Fig. 1); therefore, charcoal was tested for Injection number

its suitability in cleaning up these extracts. Charcoal is com-
monly used for removing organic matter from soil extracts
[42]. Soils with organic C contents ranging from 3.2 to 6.4%
(Table ) were subjected to a one-step extraction-cleanup
with DCM and charcoalTable 3shows the results of three
soil to charcoal ratios (10:2, 5:2, 5:4g/g). Although there iment are shown irfrig. 2 replicate injections of a 10,0g
were a few significant differences in the amounts of DDT, DDT/ml standard yielded reproducible DDT peaks (injec-
DDD and DDE extracted from these soils, the trends were tions numbered 1-6); but as soon as the Soxflo DCM extract
not consistent. The 10:2 soil:charcoal ratio yielded slightly of an unspiked peat sample, which had not been treated with
higher values in 8 out of 12 data sets, although most of thesecharcoal, was injected between these DDT standards, DDT
were not significantly different. Average R.S.D.-values were concentrations decreased logarithmically.
8.8 for DDT, 13.4 for DDD and 7.0 for DDE. It was con-
cluded that all soil:charcoal ratios could be used for a one-step3.5. One-step extraction-cleanup of spiked soil and peat
extraction-cleanup. samples

Interestingly, the soil with the highest organic carbon con-
tent (soil no. 5) gave the highest DDX values at the 5:2 ra-  The recoveries achievable with this extraction-cleanup
tio. More charcoal was also required for the spiked peat (4:2; procedure were then investigated in more detail with soil
sample:charcoal ratio) and CRM sediment (5:4) samples (seeno. 1 (DDX levels were <pg/kg) and a peat sample. These
Sections3.5 and 3.5 The need for more charcoal in these samples were spiked with a wider range of DDX concentra-
sample types may indicate that OM could have contributed to tions than aboveTable 2 to include the Dutch intervention
DDT breakdown inthe GC inlet. The results of another exper- level of 4000ug DDX/kg. Soil no. 1 was spiked with DDT,

Fig. 2. Effect of peat extract on measured DDT concentrations in a per-
formance evaluation standard (1Q.@ DDT/ml). Dichloromethane peat ex-
tracts were injected in positions 7, 9, 11, 13, 15 and 17.

Table 4
Recoveries of spiked DDT, DDD and DDE concentrations from soil (soil no. 1) and peat sapgikg)(
Spike concentration DDT DDD DDE
Mean S.D% R.S.D. Mean S.D.;R.S.D. Mean S.D.;R.S.D.
Soll
4000 Found 3610 507.2;14.1 3653 337.1;9.2 3733 481.4;12.9
Recovered (%). aQ 913 933
1000 Found 888 103.2; 11.6 896 111.4;12.4 859 145.1; 16.9
Recovered (%) 88 896 859
100 Found 846 10.22;12.1 9P 11.58;12.6 83 8.84;10.6
Recovered (%) 85 919 833
50 Found 45 3.07; 6.5 461 6.02; 13.1 46 6.03;13.1
Recovered (%) 99 921 921
20 Found 20 2.13;10.2 2@ 1.09;5.4 22 2.38;10.7
Recovered (%) 108 1010 1108
Peat
1000 Found 921 104.5; 11.3 991 118.3;11.9 1013 104.9; 10.4
Recovered (%) 92 991 1013
50 Found 143 5.08; 11.6 39 4.87;12.3 A(B 2.55;6.3
Recovered (%) 8B 793 806
20 Found 13 1.17;6.7 18 1.67;9.2 17 1.98;11.6
Recovered (%) 86 904 857
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DDD and DDE concentrations of 20—4008/kg. Recover- 100%- 3 4

iesranged from 83t0 111% (average 93%) and R.S.D.-values @ )

from5to 17 (average 11.4)gble 4. Garden peat was spiked

with 20—100Q.g/kg concentrations; recoveries ranged from

79 to 101 (average 89%) and R.S.D.-values from 6 to 12

(average 10.1). These recoveries from garden peat were ex-

cellent compared to values as low as 33% obtained with r.t.

solvent extractions of a freshly spiked peat soil (3.3% organic

carbon), which the authors attributed to rapid and almost ir- M

reversible adsorption to organic matfar]. ™
The literature contains surprisingly few examples of the "4 5 6 7

use of charcoal in cleaning up pollutant extracts. Charcoal

has been recognised as a very efficient adsorbent of DDT and ®)

DDD from water, but apparently the presence of water also

caused problems with low recoverigd. Coconut charcoal

has been employed for the separation of DDX from P{(2Bs

and as a cleanup for endosulfd3]. More recently, amethod — T — T

was described which was not too dissimilar to this SoF pro- 4 5 6 7 8 9 min

cedure: sediments Cont.ammg awide rapge of pollutants WereFig. 3. GC-MS analysis of Soxflo extracts prepared from of soil no. 6 spiked

extracted by Soxhlet with DCM, and this was followed by @ with (a) 100.g DDX/kg and extracted with hexane/acetone and (b)290

two-step Si gel and charcoal cleandd]. DDX/kg and extracted with dichloromethane. Peak numbers: 1, internal
It is of interest that our findings of better baselines for standard; 2, DDE; 3, DDD; 4, DDT.

DCM versus acetone:hexane (1:1) extractidrig.(3) con-

cur with Fitzpatrick and Deaf25] who predicted from the

Hildebrand solubility parameter that the ideal extraction sol- 3.6. Validation of one-step extraction-cleanup with soil

vent forp,p’-DDT was DCM and not hexane:acetone (1:1), and sediment CRMs

despite the fact that hexane:acetone is widely used for con-

taminated soilgl,45]. They experimentally verified this with Finally, this one-step extraction-cleanup procedure was

PLE, whereas we found this to be true also for SoF extrac- validated with certified reference materials produced from

tions at r.t. Only a few reports describe the use of DCM for real-world soil and sediment samples. The observed values

DDX extractiong44,45]. Filek and Lindnef46] substituted covered concentrations from 93 to 138§/kg. The recover-

DCM with a less toxic solvent, i.g¢ert-butylmethyl ether, for ies from the soil CRM were 99.7% for DDT, 90.4% for DDD

extracting organochlorine pesticides. It would be interesting and 89.6% for DDE with R.S.D.-values of 2.5—4Table 9.

to calculate the solubility parameters for this solvent accord- The recoveries from the sediment CRM were 100.2% for

ing to the proposed modf25] and to test it experimentally DDT, 89.7% for DDD and 107.9% for DDE with R.S.D.-

100%]|

with the SoF extraction procedure. values of 1.2-7.0.

Table 5

Soxflo one-step extraction and cleanup of DDT, DDD and DDE from soil and sediment CRMs prior to GC-MS apajfi$ (

Certified reference materials DDT DDD DDE

Soil CRM
Observed mean 1057 1382 1362
S.D2 283 558 342
R.S.D. 2.7 4.0 2.5
Recovery (%) 99.7 90.4 89.6
Certified value 1060 1531 1520
95% C.I. 926-1195 1294-1767 1325-1715

New York sediment CRM
Observed mean 119.2 96.9 92.8
s.DP 3.61 1.20 6.51
R.S.D. 3.0 1.2 7.0
Recovery (%) 100.2 89.7 107.9
Certified value 119 108 86
95% C.I. 108-130 92-124 74-98
an=7.

bnh=2.
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Fig. 4. GC-MS analysis of Soxflo extracts prepared from samples spiked 4 5 6 7 8 9 min

with 20, 50 and 10Q.g DDX/kg: (a) spiked soil no. 1 and (b) spiked peat . . »
samples. Peak numbers: 1, internal standard; 2, DDE; 3, DDD: 4, DDT. Fig. 5.' GC-MS analysis of So'xﬂo extracts prepared from certified refe?rence
materials: (a) sandy loam soil CRM804-050 and (b) New York sediment

. - CRM 1944, Peak numbers: 1, internal standard; 2, DDE; 3, DDD; 4, DDT.
3.7. Detection limits

The limit of quantification for spiked soil and peat samples concentrations above 1@y/kg [39,40] SoF extractions re-
was 20ug DDX/Kkg (Fig. 4 Table 4. Although DDX peaks  covered 83—-111% of DDXs from soils and sediments and
were still detectable at 10g/kg, there was considerable in-  79-101% from peatTables 2, 4 and )5 Judging from the
terference from co-extractants. It would be worth testing if results presented ifiable 5and Fig. 5, this one-step SoF
charcoal in combination with other cleanup materials could extraction-cleanup procedure, which was carried out at r.t.
be used in the SoF sample tube to lower the detection limit with 70 ml DCM and charcoal within 60 min, was just as ef-
further. ficient as several EPA methods that used hexane/acetone (1:1)

The R.S.D.-values for the CRMs ranged from 1.2 to 7.0 or DCM/acetone (1:1) and which had been used in the certifi-
(Table § and tended to be lower than those obtained with the cation of the CRMs: 16—24 h extractions with 300 ml solvent
spiked or weathered samples (range 1.4-25a®jes 24 by Soxhlet; 2 h extractions with 50 ml solvent by Soxtec or
It is likely that the lower R.S.D.s from the CRMs can be repeated extractions with>3100 ml solvent by sonication
attributed to their smaller particle size and greater homo- [45]. All values are within the 95% confidence interval given
geneity[47]. The CRM sediment sample had particle sizes on the CRM certificates. The recoveries were excellent for
of 61-250um whereas our soil samples were either ball DDT (99.7% for soil and 100.2% for sediment CRMSs); re-
milled briefly (Table 2 or sieved to <2 mmTables 3 and ¥ coveries were 90.4 and 89.7% for DDD and 89.6 and 107.9%
Figs. 4 and 5and Tables 2—-4demonstrate what can be for DDE, respectively.
achieved with this one-step SoF extraction-cleanup proce- Inthe SoF technique, the sample is packed into the form of
dure with samples containing naturally incurred DDX that a dry column and the solvent passes through this column just

have been ground less finely. once. This extraction technique, therefore, minimises analyte
re-adsorption compared to Soxhlet or conventional solvent
3.8. Soxflo versus other extraction methods extractions whilst at the same time continuously exposing

the sample matrix to pure solvent. It was suggested that SoF
SoF recoveries meet the EU recommendations for accu-extractions are based on the same principles as flash column
racy of an analytical method, i.e. 80 to 110% for analyte chromatography35].
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Table 6

Interlaboratory comparison @ip’-DDX in polluted soils (Lg/kg)

Soil number Method DDT DDD DDE DDT/DDD DDT/DDE

2 Soxfld* 139 181 337 81 3.8
Contract Laboratofy 235 140 409 168 5.7

3 Soxflo 140 283 128 51 11
Contract Laboratory 221 ¢ 111 29 2.0

4 Soxflo 1831 200 2185 8 0.8
Contract Laboratory <6 287 <05 0.02 1.0

5 Soxflo 8107 10926 890 R 6.8
Contract Laboratory 346 4956 893 .10 0.4

a Soxflo data, segable 3
b DDXs extracted witliso-hexane in Soxhlet set-up and extracts cleaned up with activated alumina and silver nitrate.

Van der Velde et al[27] concluded that SFE gave better The Dutch intervention values are 400§/kg of soil or
recoveries (94%) than solvent or Soxhlet extractions from sediment and refer to the sum of DDT, DDD and DDE con-
a peat soil (3.3% organic C) spiked with 14i@/kg con- centrationg48]. The contract laboratory would have passed
centrations. However, this method was not validated with soil no. 4 as satisfactory, whereas the SoF procedure demon-
CRMs, which would have been particularly relevant given strated that it required treatment. Furthermore, DDT/DDD
the comment that “method development of SFE is laborious and DDT/DDE ratios have been used to distinguish between
because many parameters need optimisation and the strongast and present pollutant sour¢®ks Table 6shows large
matrix dependence of the extraction process precludes thediscrepancies amongst these ratios between the two labora-
transfer of SFE conditions gained in spike experiments to a tories. Reliable analytical methods will, therefore, be needed
range of real sampleg33]. Thompson et a[22] described to identify pollutant sources and for monitoring the environ-
microwave-assisted extractions (MAE) with DCM followed mental fate of DDT.
by several cleanup steps. The procedure was validated with
a marine sediment, CRM 1941a, and achieved 102-124%
recoveries for DDX. Some reports of new extraction tech- 4. Conclusions
nigues use surprisingly small sample sizes, e.g. 1-2g for

SFE, MAE or PLE extractiong®2,24] The SoF sample tube The Soxflo instrument allowed a one-step extraction-
holds 5-10 g soil and can be modified to include larger quan- cleanup of 5-10g environmental samples in 1h at room
tities. temperature. Passing the dichloromethane extracts (70 ml)
through charcoal prevented DDT breakdown at the GC inlet.
3.9. An interlaboratory comparison: implications for After concentration, these extracts were ready for injection
environmental data into the GC-MS. Without charcoal cleanup, DDT breakdown

at the GC inlet was extensive especially with extracts ob-

Two of the low and two of the high OM soil samples tained from peat and some soil samples. It was concluded
were sent to a contract laboratory that is well established for that charcoal cleanups should be used routinely when moni-
organic pollutant analysis. This revealed that soils with <4% toring DDX pollution in environmental samples.
C gave comparable results, but data from soils with >4% C
were up to 4490-fold highefable § by the SoF procedure.
This suggests that matrix interferences went undetected inAcknowledgements
the contract laboratory and substantiates concerns that some
data relating to DDT degradation in the environment may  We are grateful for in-kind contributions from Scientific
be of questionable quality because of matrix-enhanced DDT and Technical Supplies Ltd. (Newmarket, UK) and for the
losses in the GC inlgB]. Further research will be needed to polluted samples, which were donated by the Environment
identify the interfering matrix components. Agency. We thank Mrs. S. Duncan, Royal Agricultural Col-

Data obtained with the proposed SoF procedure are morelege for the organic carbon and particle size analysis.
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that DDT losses had occurred during the analysis by the con-References
tract laboratory (contamination in our laboratory can be ruled
out as none was ever detected with blanks); (ii) a very high [1] M. Chiba, Residue Rev. 30 (1969) 63.
DDD concentration was found in soil no. 5 with the SoF [2] \{\Q;S DDZ';and its Derivatives, World Health Organisation, Geneva,
procedure as expected for a waterlogged site and (iii) a very [3] W.T. ’Fg;em;cm, P.M. Gates, Environ. Sci. Technol. 31 (1997) 905.
high DDE concentration was found in soil no. 4 with the SoF  [4] 3. Beard, S. Marshall, K. Jong, R. Newton, T. Triplett-McBride, B.
procedure as expected for a well-aerated[8te Humphries, R. Bronks, Arch. Environ. Health 55 (2000) 177.



R.H. Brown et al. / J. Chromatogr. A 1061 (2004) 1-9 9

[5] J. Payne, M. Scholze, A. Kortenkamp, Environ. Health Perspect. 109 [29] J.R. Dean, Extraction Methods for Environmental Analysis, John

(2001) 391.

[6] G.F. Fries, Rev. Environ. Contam. Toxicol. 141 (1995) 71.

[7] M.J.1. Mattina, W. lannucci-Berger, L. Dykas, J. Agric. Food Chem.
48 (2000) 1909.

[8] H.M. Shivaramaiah, I.0.A. Odeh, I.R. Keendy, J.H. Skerritt, J. Agric.
Food Chem. 50 (2002) 5360.

[9] M. Manz, K.D. Wenzel, U. Dietze, G. Schuurmann, Sci. Total Env-
iron. 277 (2001) 187.

[10] P. Kelderman, W.M.E. Drossaert, Z. Min, L.S. Gallione, L.C.
Okonkwo, I.A. Clarisse, Water Res. 34 (2000) 936.

[11] K.L. Pennington, S.S. Harper, W.C. Koskinen, Weed Sci. 39 (1991)
667.

[12] H. Xie, T.F. Guetzloff, J.A. Rice, Soil Sci. 162 (1997) 421.

[13] G. Fillmann, J.W. Readman, |. Tolosa, J. Bartocci, J.P. Villeneuve,
C. Cattini, L.D. Mee, Marine Pollution Bull. 44 (2002) 122.

[14] C.P. Dougherty, S.H. Holtz, J.C. Reinert, L. Panyacosit, D.A. Axel-
rad, T.J. Woodruff, Environ. Res. 84 (2000) 170.

[15] N. Yamashita, Y. Urushigawa, S. Masunaga, M.l. Walash, A.
Miyazaki, J. Environ. Anal. Chem. 77 (2000) 289.

[16] E.D.R. Vieira, J.P.M. Torres, O. Malm, Environ. Res. 86 (2000) 174.

[17] P.E. Key, A.L. Patey, S. Rowling, A. Wilbourn, F.M. Worner, J.
AOAC Int. 80 (1997) 895.

[18] M. Mihayara, M. Murayama, T. Suzuki, Y. Saito, J. Agric. Food
Chem. 41 (1993) 221.

[19] J.S. Holler, L.W. Yert, D.G. Patterson, A.L. Smrek, L.L. Needham,
J. Chromatogr. 206 (1981) 617.

[20] T. Kalajzic, M. Bianchi, B. Gawlik, H. Muntau, A. Kettrup, Ann.
Chim. 89 (1999) 257.

[21] K. Li, J.M.R. Belanger, M.P. Llompart, R.D. Turpin, R. Singhvi,
J.R.R. Pa&, Spectroscopy 13 (1996/7) 1.

[22] S. Thompson, H. Budzinski, K. LeMenach, M. Letellier, P. Gar-
rigues, Anal. Bioanal. Chem. 372 (2002) 196.

[23] O.S. Fatoki, R.O. Awofolu, J. Chromatogr. A 983 (2003) 225.

[24] L.J. Fitzpatrick, J.R. Dean, M.H.I. Comber, K. Harradine, K.P. Evans,
J. Chromatogr. A 874 (2000) 257.

[25] L.J. Fitzpatrick, J.R. Dean, Anal. Chem. 74 (2002) 74.

[26] D. Martens, M. Gfrerer, T. Wenzl, A. Zhang, B.M. Gawlik, K.-
W. Schramm, E. Lankmayr, A. Kettrup, Anal. Bioanal. Chem. 372
(2002) 562.

[27] E.G. Van der Velde, W. de Haan, A.K.D. Liem, J. Chromatogr. 626
(1992) 135.

[28] S. Bowadt, B. Johansson, Anal. Chem. 66 (1994) 667.

Wiley & Sons Ltd., Chichester, 1998.

[30] O. Zuloaga, N. Etxebarria, L.A. Fernandez, J.M. Madariaga, Quim.
Anal. 20 (2001) 131.

[31] J. Evans, R.H. Kaake, M. Orr, M. Watwood, J. Soil Contam. 7 (1998)
589.

[32] A. Hubert, K.D. Wenzel, W. Engelwald, G. Schuurmann, Rev. Anal.
Chem. 20 (2001) 101.

[33] O.P. Heemken, N. Theobald, B.W. Wenclawiak, Anal. Chem. 69
(1997) 2171.

[34] AOAC Official Methods of Analysis, Pesticide and Industrial Chemi-
cal Residues, AOAC International, Arlington, VA, USA, 1995 (Chap-
ter 10).

[35] R.H. Brown, I. Mueller-Harvey, J. AOAC Int. 82 (1999) 1369.

[36] N.N. Ntonifor, R.H. Brown, I. Mueller-Harvey, J. Agric. Food Chem.
50 (2002) 6295.

[37] F.F. Kay, A soil survey of the University Farm, Sonning, Berks,
1936.

[38] INSTAT Plus version 1.5, Statistical Services Centre, The University
of Reading, Reading, UK, 2001; websitettp://www.rdg.ac.uk/ssc/
software/instat/instat.html

[39] E. Prichard, Quality in the Analytical Chemistry Laboratory, John
Wiley & Sons, Chichester, 1995, p. 80.

[40] European Commission 2000, SANCO/3029/99 rev. 4: Residues:
Guidance for generating and reporting methods of analysis in support
of pre-registration data requirements for Annex Il (part A, Section 4)
and Annex Il (part A, Section 5) of Directive 91/414, Directorate
General Health and Consumer Protection; adopted 13 July 2000;
website: http://www.europa.eu.int/comm/food/fs/gis/pro/wrkdoc/
wrkdocl2en.pdf

[41] P. Manirakiza, A. Covaci, S. Andries, P. Schepens, Int. J. Environ.
Anal. Chem. 81 (2001) 25.

[42] R.J.B. Williams, G.W. Cooke, J. Agric. Sci. 59 (1962) 275.

[43] I. Mukherjee, M. Gopal, J. Chromatogr. A 754 (1996) 33.

[44] N. Nakada, T. Isobe, H. Nishiyama, K. Okuda, S. Tsutsumi, J. Ya-
mada, H. Kumata, H. Takada, Bunseki Kagaku 48 (1999) 535.

[45] U.S. Environmental Protection Agency, Test Methods for Evaluating
Solid Wastes SW846, third ed., Washington, DC, December 1996;
website: http://www.epa.gov/epaoswer/hazwaste/test/main.htm

[46] G. Filek, W. Lindner, Z. Lebensm. Unters. Forsch. 202 (1996) 19.

[47] M.T. Prytula, S.G. Pavlostathis, Water Sci. Technol. 33 (1996)
247.

[48] Sanaterre 200ttp://www.sanaterre.com/guidelines/dutch.htm


http://www.rdg.ac.uk/ssc/software/instat/instat.html
http://www.rdg.ac.uk/ssc/software/instat/instat.html
http://www.europa.eu.int/comm/food/fs/ph_ps/pro/wrkdoc/wrkdoc12_en.pdf
http://www.europa.eu.int/comm/food/fs/ph_ps/pro/wrkdoc/wrkdoc12_en.pdf
http://www.epa.gov/epaoswer/hazwaste/test/main.htm
http://www.sanaterre.com/guidelines/dutch.htm

	Simple and surprisingly effective one-step extraction-cleanup by Soxflo for DDT and its metabolites from environmental samples
	Introduction
	Experimental
	Reagents and apparatus
	Soil samples
	Soxhlet extractions
	Soxflo extractions
	Spiking method
	Gas chromatography-mass spectrometry
	GC-MS analysis
	Statistical analysis

	Results and discussion
	Soil characteristics
	Pilot study: Soxflo versus Soxhlet extractions of a spiked soil sample
	Matrix-enhanced degradation of DDT in the absence of a cleanup
	Development of a charcoal cleanup procedure
	One-step extraction-cleanup of spiked soil and peat samples
	Validation of one-step extraction-cleanup with soil and sediment CRMs
	Detection limits
	Soxflo versus other extraction methods
	An interlaboratory comparison: implications for environmental data

	Conclusions
	Acknowledgements
	References


