Analytical
Methods

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Anal tical Royal Society of Chemistry peer review process and has been

M th d y accepted for publication.

e o s Ll Accepted Manuscripts are published online shortly after

p— - acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

l(’msm apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

or any consequences arising from the use of any information it

contains.

[y RO~YAL SOCIETY
OF CHEMISTRY www.rsc.org/methods


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of 26 Analytical Methods

©CoO~NOUTA,WNPE

| HPLC-VWD determination

300 4

One-step | ..

=~ |microwave-| "

assisted | - MU\ |
Wﬁmwh N

extraction

CMX

T T T T T T T T
25 5 75 10 125 15 175 20
Time (min)




©CoO~NOUTA,WNPE

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Analytical Methods Page 2 of 26

Development of a one-step microwave-assisted extraction procedure

for highly efficient extraction of multiclass fungicidesin soils

Yared Merdass® Jing-fu Liu**and Negussie Megersa

®State Key Laboratory of Environmental Chemistry d@fwbtoxicology, Research Center for
Eco-Environmental Sciences, Chinese Academy ofnSes P.O. Box 2871, Beijing 100085,
China

PDepartment of Chemistry, Addis Ababa UniversityDPBox 1176, Addis Ababa, Ethiopia

*Corresponding author
E-mail: jfliu@rcees.ac.cn

Fax: +86 10 62849192



Page 3 of 26

©CoO~NOUTA,WNPE

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Analytical Methods

Abstract

A one-step microwave-assisted extraction (MAE) pthoe for highly efficient multiresidue
extraction of seven fungicidegymoxanil, metalaxyl, mandipropamid, folpet, chldralonil,
kresoxim-methyl and famoxadoni soil was developed. The trace residue levelthesoil
were determined by high performance liquid chrometphy (HPLC) with variable wavelength
detection (VWD). Parameters affecting the MAE psscsuch as the type and volume of the
extraction solvent, irradiation power, temperaturgdiation time, moisture and salt addition
were optimized. Under the optimal conditions, estitm efficiencies in the range of 7299.4%
were obtained for all the fungicides studied. Thethnd was linear over the range of 0.01a80

g ! with correlation coefficientsrf) between 0.9989 and 0.9999. LODs (S/N = 3) and £0Q
(S/N = 10) obtained varied from 0.0006 to 0.0Qi5g * and 0.002 to 0.00fg g *, respectively.
The proposed method has been successfully apmigtet analysis of real soil samples and
acceptable recoveries from 57.5 to 122% with RSD54% were obtained. The overall results
have been compared with the Soxhlet, shake-fladkutnrasonic solvent extraction techniques.
Thus, the method developed could efficiently beduse selective extraction and determination

of the target analytes from the complex soil masic
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1. Introduction

Fungicides belong to one of the classes of pesscidhich are used to control plant diseases
caused by various kinds of fungi and play a grek in increasing agricultural productivity.
They can be applied directly to the soil or sprayeer the crop fieldé* However, the
widespread use of pesticides has resulted in tegepce of their residues in the environment
posing potential risks to both animals and hunfans.

Analytical methods available in the scientific tature for the selective isolation of
fungicides in soil are scaréeln the actual practice, however, the choice of dmalytical
technique used for the detection of pesticidegringly dependent on polarity of the analyte.
Nonpolar pesticides with high Id¢ow are preferably analyzed by Gas chromatography {¢C)
while polar pesticides are amenable by liquid ctatmgraphy (LC}:°

In order to determine the pesticide residues at tmmcentrations, sample pretreatment
methods which usually employ various extraction arldan-up procedures are always
challenging and mandatoty Traditionally, extraction of trace levels of peade residues from
the complex soil matrices mainly employs Soxhled ahake-flask methods? However, these
methods usually generate too much solvent wastds aa@ also labor intensive and time
consuming® Recently, a number of alternative methods suckadis phase micro-extraction
(SPME)*2 supercritical fluid extraction (SFEY;*® pressurized liquid extraction (PLEY!®
ultrasonic solvent extraction (USE};*° and microwave assisted extraction (MAE)'*?®are
commonly in use for extraction of pesticides in.sSMIAE was introduced in 1986 by Ganzler et
al?” and has been successfully applied to extract ozgaminpounds from various solid and

liquid matrices’®?* Compared to the traditional extraction techniqusbAE has several
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advantages such as reduction of extraction time soldent consumption as well as the
possibility of running multiple samplés.

Despite the great number of MAE publications, thABJfor the extraction otymoxanil,
metalaxyl, mandipropamid, folpet, chlorothalonilegoxim-methyl and famoxadonesoils was
not published elsewhere. These different classefumgicides were in use in Ethiopia for
decades. Therefore, the aim of this work was teelbgva faster, efficient, easier, less expensive
and sensitive method based on a one-step MAE ®qgtlantitative and selective determination
of cymoxanil, metalaxyl, mandipropamid, folpet, chidratonil, kresoxim-methyl and
famoxadone from soil samples using HPLC-VWD detection. Expemtal parameters
influencing the MAE procedure were all optimizediats applicability was evaluated using real
environmental soil samples collected from intensigdicultural sites in Ethiopia.

2. Experimental

2.1. Chemicals and Reagents

Cymoxanil, metalaxyl, mandipropamid, kresoxim-méthiamoxadone, and folpet standards
with purity > 98.0% were purchased from Dr. Ehrerfsr GmbH (Augsburg, Germany) while
chlorothalonil (purity, 99.7%) was supplied by A&tandard, Inc. (New Haven, USAjig. 1
lists the chemical structure, common name, molecular weigt logKow of all the fungicides
studied.HPLC grade solvents such méexane, acetone, ethyl acetate, methanol andraicé¢o
were obtained from Fisher Scientific (New JerseygA)Y Sodium chloride (GR grade) and
anhydrous sodium sulfate (AR grade) were receiveah fSinopharm Chemical Reagent Co., Ltd
(Shanghai, China). Ultrapure water was producedabwilliQ water purification system

(Millipore, Billerica, MA, USA).
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2.2. Instrumentation

An Agilent 1200 HPLC system (Agilent Technologi&anta Clara, CA, USA) equipped with a
quaternary pump, vacuum degasser, auto sampleraaiadle wavelength detector was
employed to perform chromatographic analysis. Amlekg TC-Cg column (250 mm x 4.6 mm
i.d., particle size 5 um) was used for separatioth® analytes. Data acquisition and processing
were achieved using Agilent LC ChemStation softw@&ev. B.04.01) throughout the analysis.
2.3. Chromatographic conditions

A mixture of acetonitrile and water (60:40, v/v)suatilized as mobile phase and delivered at the
flow rate of 1.0 mL min® in isocratic mode. The column temperature was tamad at 3C°C.
The detection wavelength was programmed as follamvsally held at 232 nm for cymoxanil,
220 nm (5 min) for metalaxyl, 229 nm (7 min) for migpropamid, folpet, and chlorothalonil,
225 nm (12 min) for kresoxim-methyl, and finally28m (14 min) for famoxadone. The sample
volume of 20uL was injected and eluted for 18 min run time arf@l r@in post run time. For all
the target analytes, the baseline separation wiasneld under these chromatographic conditions
and the peak area was used as an instrumentalnssspQuantification of the pesticides was
performed by external calibration with pesticidexed standard solutions, using 10 calibration
points.

2.4. Preparation of the standard solutions

Stock standard solutions (100 mg")Lwere prepared by transferring 2.50 mg of eaclthef
fungicide standards in 25 mL volumetric flask amgsdlving in methanol. The working standard
(10 mg 'Y and calibration standard solutions (6:61mg L") were prepared by mixing
individual stock solution and appropriate dilutith methanol. All the standard solutions were

stable and stored in a refrigerator &CGAwhen not in use.
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2.5. Sample collection

Six intensive representative horticultural sites Hthiopid were selected and a real
environmental soil sampleswvere collected and processed as described in taeiopsly
published worlké®

2.6. Preparation of the spiked soil samples

All the soil samples collectédvere tested and no fungicides under study wasceete For
recovery determination assays, the spiked soil kst 0.5ug g* spiked level were prepared
by adding25 pL of 10 pg mL™ mixed pesticides working standard solutton0.5 g portion of
soil weighedon the aluminum sheetsing 100puL micro syringe with a blunt needle (Shanghai
Gaoge Industrial and Trading Co., Ltd, Chirfr blanks®® 25 pL of methanol was added in a
similar way. The samples were allowed to stand to air dry at roomperature and thereafter
were extracted by MAE.

2.7. MAE procedure

CEM MARSS5 microwave accelerated reaction systemMdEorp., Matthews, N.C., USA) was
used in a temperature-controlled mode which allowgdo 40 extraction vessels to be irradiated
simultaneously. To perform MAE procedure, 0.5 gtipor of the soil sample was accurately
weighed into an aluminum sheet and was transfequeghtitatively to the extraction vessel
followed by addition of NaCl (10%, w/w) and.@ (10%, v/w). Subsequently, 5 mL ethyl
acetate was added, as an extraction solvent, an@xtraction vessels were closed. After the
samples were agitated, by shaking manually for a,?hthe extraction was performed using
irradiation power of 1600 W (100% output) for 15nmihe oven temperature program was set
up as follows: ramped to FC within 2 min, and held at 9T for 13 min. After the extraction

was completed, the vessels were allowed to coadm temperature in 15 min before they were



Page 9 of 26

©CoO~NOUTA,WNPE

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

Analytical Methods

opened® The supernatant was filtered utilizing a Buchnemrfel packed with a GF/C grade
glass microfiber filter obtained from Whatman (Mstighe, UK) overlaid by 2.0 g of anhydrous
sodium sulfate, which had been previously washeti &imL of the same solvehtThen, the
funnel was thoroughly rinsed withk® mL extraction solvent and the clean extract olgéiwas
evaporated to dryness using N-EVAPTM 112 Nitrogeaorator (Organomation Associates,
Inc., Berlin, MA, USA) keeping the water bath at ¥D. The residues were then re-dissolved in
200 pL methanol, and finally 2QiL of the resulting solution was injected into th@ltC-VWD
system for analysis without a need for further lap proceduré? The pesticides recoveries
(R, %) were calculated from the chromatographiaais®

2.8. USE procedure

A soil sample (0.5 g) and 7.5 mL of ethyl acetatravplaced in the 50 mL Erlenmeyer flask.
After shaking the contents manually for 1 min, #wél samples were exposed to the USE (80
kHz, 100 W) in KQ-600DE single-frequency ultrasodieaner (Kunshan Ultrasonic Instruments
Co., Ltd, China) for 10 min and performed in trigiie* Initially, the instrument temperature
was set at 30C and did not exceed 4% in any experiment After each extraction period,
extracts were collected in a vial containing 1.6fgl00 mesh copper powder and processed as
described in section 2.7.

2.9. Shake-flask extraction

To a 50 mL Erlenmeyer flask, 0.5 g soil sample wassferred and 20 mL of ethyl acetate was
added'® The content of the flask was then shaken mechiéyifar 5 h using KS 501 digital
shaker (IKA"-Werke GmbH & Co. KG, Germany) at room temperat{#® °C).The extracts

were collected, filtered and evaporated to drynied®wing similar procedure in section 2.7.
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2.10. Soxhlet extraction

To the extraction thimble).5 g soil samplavas transferreénd extracted with 150 méthyl
acetate for 5 lon an oil bath at 110 °€.The resulting extract was filtered and concentraed
[5 mL using IKA°RV10 rotary evaporatotiA ®-Werke GmbH & Co. KG, Germany 50 °C
under a pressure of 250 mbar at 100 g finally processed as described in section 2.7.

3. Resultsand discussion

3.1. Optimization of MAE procedure

The purpose of this experiment was to establishofitenal MAE conditions using minimum
sample and solvent amounts in a short time of aisly For the closed vessel extraction
systems, the major parameters affecting the pdsti@xtraction efficiency by MAE are
temperature, irradiation time, irradiation poweature and solvent volunfé?®** Experiments
were performed in five replicates (n =5) and thé&aztion efficiencies were evaluated from
recoveries (R, %¥* However, the optimization results obtained couldyét compared since
there is no literature reports available for thens&ind of fungicides analyzed using MAE in
soil .

3.2. Effect of the extraction solvents

MAE is generally performed with the same solvensediin the traditional extractidf.
However, the optimal extraction solvents for MAEgat always be deduced directly from those
used in conventional procedur@sHence, MAE efficiency of acetone and ethyl acetass
tested and the results are showrrig. 2(A). Compared to ethyl acetate, acetone resultedein th
lowestrecoverieg< 33%) for cymoxanil and folpet. Furthermore,arder to get the necessary
solvation characteristics and microwave heating,dthyl acetate and acetone were mixed with

n-hexane in 1.1, v/v ratio. However, thexoveryof folpet drastically decreased (< 13%) in both
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ethyl acetate-hexane (1:1, v/v) and acetone-hexare v/v). Therefore, for all the analytes
tested, ethyl acetate exhibited the highiesbverieg> 57%) and it was selected for subsequent
analysis.

The volume of extraction solvent is also anotherapeeter that influences MAE
efficiencie$®*” and it is often in the range of 10-30 mL for agkinsample amount between 1
and 5 ¢*° In this work, different volumes of ethyl acetaite the range of 2.5 to 10 mL (2.5, 5,
7.5, 10), with the solvent-matrix ratio (v/w) o0f15:10:1, 15:1 and 20:1, respectively, were
evaluated. The results displayed kig. 2(B) revealed that the extraction efficiencies of
cymoxanil, metalaxyl and chlorothalonil were optiméhen 5 mL ethyl acetate was used and
significantly decreased when the volume was eithereased or decreased. In MAE, a higher
solvent volume may result in lowegcoveries® However, changing the volume of ethyl acetate
has not appreciably influenced the extraction efficies of mandipropamid, folpet, kresoxim-

methyl and famoxadone. Therefore, 5 mL of ethytaeawas selected for further studies.

10
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(A) 120-

B CMvX
H MTL
VNP
ErLT

Bl CLT
B KSM
I FMX

Recovery (%)

ACE EA ACE-HEX EA-HEX
(1:1, viv) (1:1, viv)

Extraction solvent

(B) 100 -

B cMX
B MTL
I MNP
LT

Bl CLT

B KSM
I RV

Recovery (%)

25 5.0 7.5 10.0
Volume (mL)

Fig. 2 Effect of (A) nature and (B) volume of extractiooh&nt on the MAE efficiency (n = 5).
Error bar: relative standard deviation, RSD, %. évimtions: ACE, acetone; EA, ethyl acetate;
HEX, hexane; CMX, cymoxanil; MTL, metalaxyl; MNP, amdipropamid; FLT, folpet; CLT,
chlorothalonil; KSM, kresoxim-methyl; FMX, famoxade. Extraction conditions: soil amount,
0.5 g; spiked concentration level, u§ g*; irradiation power, 800 W (100% output); irradati

time, 15 min; and temperature, 90.

11



Page 13 of 26 Analytical Methods

©CoO~NOUTA,WNPE

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

3.3. Effect of the microwave parameters
Irradiation power is the most crucial microwavegraeter which influences the MAE efficiency
in closed extraction vesséisand hence it needs to be carefully optimized. €hieve this
objective, 0.5 g soil sample was extracted usiffgrdint microwave power settings between 400
W and 1600 W (100 % output) at 90 for 15 min and the observed results are presenteid).
3(A). For 400-800 W setting, sample was irradiatedo@t W (100 %) for 8 min and then at 800
W (100 %) for 7 min at 90C. Similarly, for 400-800-1600 W setting, sampleswaadiated
sequentially at 400 W (100 %), 800 W (100 %) an@01®/ (100 %) for 5 min each at 9C. A
guantitativerecoverie{> 60 %) were obtained for all fungicides by usargirradiation power of
1600 W (100% output) and it was selected as opfimediation powef??°

Optimization of temperature is also important amity influence the MAE proced$>® In
this study, the influence of temperature was stlifiem 70 to 110C at intervals of 20C (70,
90, and 110) and the results are displayedrim 3(B). Except for mandipropamid, all the
fungicides studied exhibited significant increase the recoverieswhen the temperature
increased from 70 to . This could be due to increase of the diffusiatyhe solvent into the
internal parts of the matrix which may also inceeaesorption of the components from the
active sites of the matr® However, increasing temperatures beyond®®@resulted in the

decrease ofecoverieswhich might be due to the evaporation losses featnaction vessefs:*’

Therefore, an optimal temperature of@was chosen the successive studies.

12
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concentration level, 0.56g g*; and solvent volume, 5 mL ethyl acetate.

Page 14 of 26

Fig. 3 Effect of (A) irradiation power and (B) tempenawon the MAE efficiency (n =5). For

error bars and abbreviations refer to Fig. 2. Etioa conditions: soil amount, 0.5 g; spiked

13
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The influence of time on MAE process needs to kertanto account in a similar manner to
the other extraction techniqu&sThus, the influence of irradiation time was evibdaby
varying the time between 5 and 25 min at an inteo¥f® min (5, 10, 15, 20, and 25) and the
results obtained are indicated Fing. 4. For most of the fungicides, increasing irradiattone
from 5 to 15 min resulted in the increaseretoveriesand further increase beyond 15 min
showed decrease irecoveries The experimental results confirmeldat the irradiation time
significantly influenced the recovery of the targetalytes in soil even though it has been
reported that irradiation time is not a significdattor for the MAE of organic compound in
environmental matrices’> Thus, 15 min was used as optimal irradiation tioreMAE of all

fungicides in soil.

100
| = N T —Bl—CMX
90 4 i T —— MTL
] —e— MNP
80 —&—FLT
Q ] —w—CLT
— —<4—KSM
e ] —»—FMX
3  60-
(&)
q) -
0 50 4
40
30 -
20 I L] L]

I I
5 10 15 20 25

Irradiation time (min)

14



©CoO~NOUTA,WNPE

243
244
245
246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

Analytical Methods Page 16 of 26

Fig. 4 Effect of irradiation time on the MAE efficien€y = 5). For error bars and abbreviations
refer to Fig. 2. Extraction conditions: soil amqudis g; spiked concentration level, g g™
solvent volume, 5 mL ethyl acetate; irradiation pow800 W (100% output); and temperature,
90°C.

3.4. Effect of moistureand salt addition

The moisture of the matrix may also influence th&Bvefficiency and hence it should be taken
into account. For this purpose, soil moisture ldativeen 5 and 20%,B (v/w) at an interval of
5% H,O (5, 10, 15 and 20) was used in order to invediga effect on the extractibility of the
analytes in soil under optimal MAE conditions. Ider to do this, an approriate volume of water
was added to 0.5 g soil transfred to an extractiessel. The results ifig. 5 (A) clearly
indicated that 10% moisture level showed enhanbedecoveries(> 74%) of all the studied
fungicides except folpet and chlorothalonil (< 63&#jich exhibited a slight decrease. In most of
the cases, the matrix moisture improved the extnacecovery’” Therefore, 10% moisture level
in the matrix showedecoverieq> 57%) for all fungicides studied and was seledtgdptimal
MAE efficiency.

In the final MAE optimization procedure, the infhee of salt was studied between 5 and
20% NacCl (5, 10, 15 and 20, w/w) was studied kegfine optimal 10% (v/w) moisture level in
the matrix. In order to achieve this objective, @.50il sample was transfered to extraction
vessel and an appropriate amount of NaCl was addddhe moisture level adjusted to 10 %
(v/w) by adding water. As can be seen fréig. 5(B), addition of asalt generally influenced
extractability of the analytes, and the use of 1R8I (w/w) at the presence of 10% (v/w)
moisture level in the matrix resulted in the highesoverie(> 72%) and it was selected as the

optimal MAE condition.

15
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Fig. 5 Effect of (A) water content and (B) salt additiom the MAE efficiency (n = 5). For error
bars and abbreviations refer to Fig. 2. Extractmmnditions: soil amount, 0.5 g; spiked
concentration level, 0.Ag g™; solvent volume, 5 mL ethyl acetate; irradiatiaower, 800 W

(100% output); irradiation time, 15 min; and tengiare, 9C°C.
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272 3.5 Validation of the proposed M AE method
273 In order to evaluate the practical applicabilitytbé proposed method, the critical validation
274  parameters such as linearity, limit of detectioh©@s), limit of quantifications (LOQSs),
275  repeatability and reproducibility were studied déinel results are summarizedTiable 1
276 Tablel Analytical performances of the proposed MAE metfadsoil samples

Linearity Regression Correlation LOD LOQ Rept’ Repd”
Fungicide (ug o) equation coefficient ¢)  (ugg”) (ugg’) (RSD, %) (RSD, %)
Cymoxani 0.01-10 y = 790.7x- 24.58 0.9997[10° 0.000¢ 0.00: 3.5 10
Metalaxy 0.01-10 y=222.2x+2.2 0.9999[10° 0.001¢ 0.00¢ 3.7 12
Mandipropami 0.01-10 y=91.2x + 5.3 0.9992[10° 0.001¢ 0.00¢ 2.3 54
Folpe 0.0310 y=1389.2x +18.0 0.9996[10° 0.000¢ 0.00: 2.4 9.8
Chlorothaloni 0.01-10 y =218.1x- 2.8¢ 0.9993[10° 0.000¢ 0.00: 3.8 6.0
Kresoxim-methy  0.01-10 y=302.3x + 4.8 0.9998[10° 0.001¢ 0.00¢ 3.0 5.9
Famoradon 0.01-10 y = 546.3x- 7.3¢ 0.9989[10° 0.001¢ 0.00¢ 5.7 7.8
277 °*Repeatability anfreproducibility (spiked level, 0.g g™*; n = 5).
278 °“Numbers in parentheses indicate the number of redilim points from which the calibration
279 curves were prepared.
280 Linearity study was conducted using the soil saspfeked at ten concentration levels in the
281 range of 0.02410 ug g™ and five replicates measurements were carriedongach fortification
282 level. The peak areas of each analyte were plait@ihst the concentrations, and least squares
283  linear regression analysis was performed to detexrthe slope, y-intercept and the correlation
284  coefficient ¢?) of the standard plots’ The results confirmed a good linear relationsheépueen
285  analytical signal and their corresponding conceistnabetween 0.01 and 1Qg g* with
286  correlation coefficientsrf) in the range of 0.998 to 0.999 for all the furggs studied.

17



Page 19 of 26 Analytical Methods

©CoO~NOUTA,WNPE

287

288

289
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291

292

293

294

295

296

297

298

299

300

301

302

LODs were determined by decreasing spiked condesrigathe of analytes in the soil until
the signal-to-noise ratio (S/N) of 3, and LOQs weeeived from LODs to give S/N of I0The
low LODs and LOQs obtained in the range of 0.0@08.0015ug g+ and 0.002 to 0.008g g,
respectively demonstrated the analytical capabitifythe proposed MAE technique with
increased sensitivity.

The precision of the technique was evaluated imgeof repeatability (within-day RSD, %)
and reproducibility (between-day RSD, %) in threm-tonsecutive daysln each case, five
replicates soil samples at QU g™ fortification level were analyzed under the opfifveAE
conditions’ The repeatability was observed to vary from 2.%.@% and reproducibility from
5.4 to 12% for all the fungicides studied. Therefothe results obtained confirmed that the
precision was acceptable based on the RSD, % vafube repeatability and reproducibility.

The selectivity of the method was evaluated byyaiad) a blank soil sample to demonstrate
the absence of possible interferences introduaad the organic compounds extracted from the
soil matrix with analyte> Under these chromatographic conditions, no endmgesources of
interference were observed in the soil, and regolutf all the fungicides was satisfactofyid.

6).
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Fig. 6 HPLC-VWD chromatograms obtained from a blank (A)l apiked soil samples at Qug
g (B) and 2.0ug g* (C) after MAE under optimum conditions. For abbegidns refer to Fig.
2.

3.6. Application of the proposed method to real soil samples

In view of the quite satisfactory validation resuttescribed above, the practical applicability of
the proposed MAE-HPLC-VWD method was tested usialgl fsoil samples collected from six
intensive horticultural sites in EthiopiaNone of the analytes was detected in all soil $asap
For recovery studies, these soil samples were giké.5 and 2.Qlg g concentration levelS
and therecoveriesin the range of 60.0 +1.0 to 122.0 £ 14.2 and /057 to 111.0 + 13.6
respectively were obtainedgble 3. These results could further be used as a bastgaw
conclusion that the matrices of the real soil samplo not have significant effects on the
proposed method. Therefore, the developed MAE 1igdenis suitable for extraction of
multiclass fungicides in soikig. 6 shows a typical MAE-HPLC-VWD chromatogram obtained

after MAE of all fungicides studied in soil.
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1

2

2 318 Table2 Pesticides recoveries (R, %) and relative standaviation (RSD, %) values for soil samples spikediféerent levels under

5 319  optimum MAE conditions (n = 5)

6

7 Cymoxanil Metalaxyl Mandipropamid Folpet Chlorothalonil Kresoxim-methyl Famoxadone

8 Spiked

9 Sample N

10 (Mgd) Detected R RSD Detected R RSD Detected R RSD Detected R RSD Detected R RSD Detected R RSD Detected R RSD
11 (Mggh) (B ()  (ggH) ) (W) (gg) (W) () (Mggh) (W) (%) (Mgg) (W) (%)  (ugg) (W) (W) (bgg) () (%)
12 T1 nd - - nd - - nd - - nd - - nd - - nd - - nd - -
ﬁ 05 05 102 82 05 960 14 0.6 120 84 0.4 880 13 04 740 55 0.6 122 10 0.5 102 14
15 1.5 740 6.3 1.6 805 12 1.9 935 3.6 15 770 10 1.6 785 7.4 1.9 945 89 1.6 79.07.2
16 T nd - - nd - - nd - - nd - - nd - - nd - - nd - -
17 05 0.4 900 23 0.4 90.0 54 05 980 6.7 04 720 3.6 0.4 740 7.6 05 100 4.6 04 207 56
18 1.6 800 1.8 1.8 200 1.1 20 975 24 16 810 29 1.7 855 2.1 21 104 3.9 1.6 579 70
;’8 AL° nd - - nd - - nd - - nd - - nd - - nd - - nd - -
21 05 0.4 840 5.1 0.4 840 93 05 960 13 03 640 6.1 03 620 84 05 106 6.9 0.3 620 0 3
22 1.6 810 1.7 1.8 910 23 2.0 985 3.2 13 630 12 1.8 875 2.8 2.2 110 1.8 1.3 650 3.8
23 A2° nd - - nd - - nd - - nd - - nd - - nd - - nd - -
24 0.5 0.4 820 36 05 920 6.3 05 106 25 03 680 9.0 0.3 640 5.2 0.6 118 4.9 0.3 66.05.1
gg 1.6 815 0.7 1.8 89.0 98 2.0 974 44 31 670 12 1.8 200 2.9 22 11 3.7 1.2 206 11
27 z1° nd - - nd - - nd - - nd - - nd - - nd - - nd - -
28 0.5 0.5 980 3.0 05 100 5.3 05 106 37 30 600 29 0.4 740 3.4 0.6 114 43 04 072 11
29 1.3 655 8.8 1.6 810 84 1.8 895 7.8 1.2 755 6.4 1.2 615 13 1.9 940 86 1.3 665 14
30 72 nd - - nd - - nd - - nd - - nd - - nd - - nd - -
31 0.5 05 102 5.1 05 106 1.9 0.6 110 1.0 03 806 76 0.4 720 10 0.6 18 2.2 0.4 840 27
gg 1.3 655 8.8 1.7 830 74 1.9 970 23 3 1. 635 98 1.2 61.0 13 1.9 970 35 14 956 76
34 320

35 a . c . . .

36 321 not detected’Taji river, “Atsebela river and’Ziway lake area soil samples.
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3.7. Comparison of the proposed MAE with other sample preparation techniques

For comparison purpose, recoveries of the proposedstep MAE was compared with three

sample preparation techniques such as shake-fBsthlet and USE as described in sections

from 2.8 to 2.10. Theesultsobtained are summarized irable 3.When compared to athe

extraction techniques, MAE provided the highestoveriesfor cymoxanil, metalaxyl, folpet,

and kresoxim-methyl. However, for mandipropamid ahtbrothalonil, Soxhlet extraction gave

the highestrecoveriesfollowed by MAE. Therefore, MAE demonstrated superéextraction

capabilities for most of the fungicides studiednirsoil using only 5 mL of ethyl acetate and an

irradiation power of 1600 W (100% output) for 15mmi

Table3 Comparison of the proposed one-step MAE methodifferent sample preparation

techniques for extraction of target fungicides freoil samples

Recoveries (spiked level, O g*; n = 5)

Fungicide Shake-flask Soxhlet USE MAE
Cymoxanil 51.6 (8.7) 84.4 (2.3) 48.2 (6.4) 89.9 (2.3)
Metalaxyl 57.8 (18) 88.6 (5.1) 67.4 (8.1) 89.9 [5.4
Mandipropamid 86.8 (11) 105.6 (10) 87.2 (3.1) 98.9)
Folpet 49.4 (8.1) 56.4 (13) 61.6 (3.8) 72.7 (3.6)
Chlorothalonil 65.6 (7.2) 80.6 (3.0) 71.8(9.6)  TBl1.6)
Kresoxim-methyl 96.3 (7.0) 94.5 (5.1) 88.6 (6.1) .D@1.6)
Famoxadone 75.4 (2.5) 73.7 (2.3) 77.9 (4.2) 728) (5

data in parentheses indicate RSD, %.
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4. Conclusions

A one-step multiresidue method that combines MAEhWVHPLC-VWD was proposed for the

simultaneous determination of seven fungicidesoih ©ver 72% of all the studied fungicides
were successfully extracted using only a small arhotiorganic solvent (5 mL ethyl acetate) in
quite short time (15 min). The developed extracpoocedure was simple, rapid, efficient, and
significantly produced less waste solvent compdcethe conventional extraction techniques.
Moreover, the method demonstrated low LOD and gmmalyte recoveries, and provided clean
extracts that avoided the need for further clean-Tipe applicability of the technique was
evaluated and found to be suitable for the efficiand selective extractions as well as
guantitative determination of the target analytes.
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