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Abstract
The need to develop an analytical procedure for the determination of pollutants in the 

Lacantun River at the “Montes Azules” Biosphere Reserve led to the evaluation of different 

extraction techniques. Because sediments are easier to preserve than water or biota, the 

evaluation of the quality of the water was assessed by analyzing the collected sediments. 

In order to preserve pristine rivers, water quality evaluation is fundamental. The Lacantun 

River borders the “Montes Azules” Biosphere Reserve, located in the state of Chiapas in 

Southwest Mexico. It is one of the few, perhaps the only, pristine river in Mexico. Due 

to the geographical location of the river, sampling and sample preservation result 

problematic. Sampling and analyzing the sediments in order to evaluate water quality 

was deemed the only solution for a sustained, monitoring of the river. In order to analyze 

the possible pollutants (polyaromatic hydrocarbons (16), organochlorine pesticides (11), 

organophosphorus pesticides (6) and permethrin) two extraction procedures where 

evaluated: Focused Microwave Extraction (FMWE) and Ultrasonic Bath Extraction (USBE). 

Both extraction techniques were compared with the classical Soxhlet Extraction (SE). In 

order to establish the optimum extraction conditions for USBE and FMWE techniques, a 

series of experiments guided by full factorial and fractional factorial designs were made. 

Both extraction techniques meet the validation criteria of determining a) coefficients 

above 0.7 in all cases and above 0.98 for 90% of the selected analytes; b) an RSD below 

30% in all cases and c) a percentage of recovery between 70% and 130%. The microwave 

extraction and the ultrasonic extraction did not show a statistically significant difference 

for the extraction of PAH´s with MW<170g/mol; the Soxhlet extraction presented 

an efficiency 40% lower. For the rest of the PAH’s (MW>170g/mol) there are no great 

differences between the extraction techniques. For the organochlorine pesticides the 

microwave extraction produced the best results, compared to the ultrasonic and the 

Soxhlet extraction which presented 8% and 20% lower efficiencies, respectively. The 

ultrasonic extraction gave the best results for the organophosphorus pesticides, whereas 

the microwave extraction and the Soxlet extraction showed efficiencies 8% and 40% 

lower. There was no significant statistical difference between the evaluated extraction 

techniques for permethrin. In the case of analytes extraction, the technique with the best 

efficiency was ultrasonic extraction. Additionally, it is also the most versatile technique 

due to its simple operation and fast extraction times when many samples are analyzed; 

also, it is cost-efficient and does not take up much laboratory space.

Keywords: sediments, focused microwave extraction FMWE, ultrasonic bath USBE extraction, 
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1. Introduction
The “Montes Azules” Biosphere Reserve in the 

state of Chiapas in Southwest Mexico is bordered by 
the Lacantún river. This river is one of the few –perhaps 
the only –river in Mexico, that has preserved its pristine 
conditions due to very low demographic concentration 
and the natural rainforest conditions of the area.

Currently, lands in the area surrounding the 
Reserve are under pressure to be used for farming and 
stockbreeding –a rather common phenomenon regarding 
Mexico’s natural reservoirs.. These activities will 
deteriorate water quality, in order to preserve the site it is 
necessary to ascertain a pollution base line and monitor 
it periodically.

Due to the very low concentration of pollutants 
expected in the river water it is necessary to use systems 
that can concentrate persistent organic pollutants (POP´s), 
so that either the biota or the sediments remain. so that 
leaves either the biota or the sediments. The location of 
the Biosphere Reserve renders the sampling strategy 
critical. It is far away from the region’s airports, which 
makes it very difficult to preserve biota samples cold 
all throughout transportation; because river sediments 
are better suited to withstand rough transportation 
conditions, water quality evaluation is done by means of 
sediment analysis. 

Sediment analysis can be conveniently used to 
estimate point sources for pollutants that, upon being 
discharged into surface waters, do not remain in solution 
but are rapidly adsorbed by particulate matter, thereby 
escaping detection by water monitoring[1]. Due to their 
low aqueous solubility and highly hydrophobic nature, 
POP´s tend to associate with particulate matter and to 
accumulate in the sediments. Thus, river sediments that 
contain large pools of organic matter can constitute a 
significant repository for POPs[2,3].

Among the different methods available for the 
extraction of pollutants from sediments, microwave 
assisted extraction (MWAE) and ultrasonic bath (UB) 

techniques promised to provide the best recoveries 
-number of samples, water content, and type of 
pollutants expected where the main considerations –for 
the purposes of this project. 

Both methods were evaluated using the classical 
Soxhlet extraction technique as a comparison standard. 

2. Experimental

2.1. Reagents and chemicals
The solvents acetone and dichloromethane 

(pesticide grade), hexane (>95%, HPLC grade) and 
methanol (HPLC grade) were supplied by J.T. Baker. 
Magnesium silicate used for cleaning extracts was 
60-100 mesh (Fluorisil®, J.T. Baker) and was heat-
activated at 105 °C for 48 h. The magnesium silicate 
was then cooled and stored in a desiccator. Anhydrous 
sodium sulphate was supplied by J.T. Baker. Powdered 
copper (1 µm) 99% was purchased from Sigma Aldrich. 
The copper powder was activated with a 10% HNO

3 

solution and consecutively rinsed first with distillated 
water and then with acetone; prior to use, it was dried by 
an air current. Lauric acid (99.9%) used for standardizing 
Fluorisil® was supplied by Fluka. 4,4-dibromobyphenyl 
(>98%) used as a surrogate was purchased from Sigma 
Aldrich. Benzo[a]antracene d-12 obtained from 
Cambridge Isotope Laboratories was used as internal 
standard.

Sixteen PAHs standards (>98%): indene (Ind), 
naphthalene (Nap), biphenyl (Byp), dibenzofuran 
(Dbf), dibenzotiophene (Dbt), acenaphthene (Ace), 
acenaphthylene (Acy), fluorene (Flu), phenanthrene 
(Phe), anthracene (Ant), fluoanthene (Flt), pyrene (Pyr), 
benzo[a]anthracene (B[a]A), benzo[a]pyrene (B[a]P), 
benzo[k]fluoranthene (B[k]F) and dibenzo[a,h]anthracene 
(DB[a,h]A) were obtained from Sigma Aldrich. 

Eleven organochlorine pesticides standards 
(>98%): lindane, heptachlor, aldrin, p,p-DDE, p,p-DDD, 
p,p-DDT, dieldrin, endrin, mirex, methoxychlor and 
endosulphan (96% endosulphan I and 4% endosulphan 
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II); and six organophosphorus pesticides standards 
(>98%): methyl-parathion, parathion, malathion, 
phosalone, methyl-azinphos and coumaphos, were 
obtained from Alltech. A permethrin standard (78% cis-
permethrin and 20% trans-permethrin) was purchased 
from Chem Service. 

2.2. Sample collection and preparation of 
sediment material

Sediment samples from the confluence of tributary 
rivers coming from the “Montes Azules” Biosphere 
Reserve and the Lacantun were collected and transported 
preserved on ice to the laboratory. Dried, homogenized 
sediment was used for the optimization and comparison 
experiments. The sediment was dried at 105°C for 
24 hours and then it was crushed and passed through a 
2 mm mesh. The main physicochemical properties of the 
homogenized sediment are presented in Table 1.

2.3. Extraction procedures
As the extraction optimization and comparison of 

the extraction procedures is the main objective, it would 
be discussed in depth in section 2.7. For the evaluation 
of the best extraction procedure the following techniques 
were studied: atmospheric pressure focused microwave 
extraction and ultrasonic bath extraction. Those 
techniques were compared to the Soxhlet extraction, 
being this a well know method that is commonly used 
as comparison standard for other extraction techniques.

2.4. Clean-up of the extracts
Before the clean-up step, the extracts were filtered 

using qualitative grade filter paper Whatman #4, they 
were then placed on an 40°C ± 5°C water bath and were 
evaporated to a 2-3 mL volume with a gentle N

2
 current. 

The clean-up consisted in the removal of molecular 
sulfur and other polar injector reactive compounds that 
would be removed with the Fluorisil® cartridge. 

Sulphur removal was performed by adding to the 
extract 2 g of activated powdered copper and shaking it 
for 1 minute. The extract was filtered and concentrated 
to 1 mL with a gentle N

2
 current. 

A 10 mL cartridge with a 2-3 mm fat-free cotton 
layer at the bottom was filled with 1 g of anhydrous 
sodium sulphate and 2 g ± 0.1 g of Fluorisil® (Lauric acid 
value 93.5). The cartridge was conditioned with 10 mL 
of methanol, then the sediment extract was transferred 
to the cartridge and was left to soak the adsorbent for 
1 minute, after that, the extract was eluted using 15 mL of 
acetone/dichloromethane (1/1, v/v); finally, the volume 
was reduced to 1 mL with a gentle N

2
 current.

2.5. GC-MS conditions
The extracts were analyzed on a HP-6890 gas 

chromatograph coupled to a HP-5973 mass selective 
detector (Agilent Technologies, CA, USA). A 25m 
x 0.25mm i.d. with a 0.25µm film thickness ZB-5 
5%-phenyl-95%-dimethylpolysiloxane capillary column 
was used. The temperature program was as follows: initial 

Table 1. Physicochemical properties of the homogenized sediment.

Parameter Parameter

pH (CaCl2) 7.3 Sand (w/w%) 67.5

TOCa (%) 22.5 Slit (w/w%) 28.7

EC (µs) 220 Clay (w/w%) 3.8
aTotal organic carbon.

2.2.1. Fortification of samples
No more than 300 g of homogenized sediment 

was deposited in a 1L bowl flask in a rotary evaporator. 
A sufficient volume of a mixture consisting of acetone/
methanol (1/1, v/v) was added to cover the sediment; 
then, a known amount of standards analyte mixture 
solution was added in order to obtain an approximate 
concentration of 50 ng/g for all the analytes on the 
sediment once the solvent was evaporated. The solvent 
evaporation was done by maintaining the water bath 
temperature at 60°C ± 5°C and keeping an intense 
rotation in order to favor the appropriate homogenization 
and adsorption of the analytes on the sediment particles. 
This process takes about 4 to 5 hours to be completed. 
Finally, the sediment was left for 15 days under room 
temperature conditions to obtain “aged sediment”.
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Table 2. Physicochemical properties of the analytes and the target ions and qualifier ions for the GC-MS.

Compound
MW  

(g/mol)
Log 

KOW

Vapor 
pressure 

(Pa)  
25°C

Water 
solubility 

(mg/L) 
25°C

R.T. 
(min)

Target 
ion  

(m/z)

Qualifier 
ion  

(m/z)

Qualifier 
ion  

(m/z)

Qualifier 
ion  

(m/z)

Qualifier 
ion  

(m/z)

Indene 116.16 2.9 150 30 3.42 116 115 89

Naphthalene 128.17 3.3 11 31 4.21 128 129 127

Biphenyl 154.21 3.98 1.2 6.94 5.31 154 153 155

Acenaphthylene 152.19 4.07 3.86 3.93 5.83 152 151 153

Acenaphthene 154.21 3.98 0.59 1.93 6.06 153 153 152

Dibenzofuran 168.19 3.18 2.32 3.0 6.31 168 139

Fluorene 166.22 4.18 0.04 1.98 6.84 166 165 167

Lindane* 290.83 3.3 5.6x10-3 7.3 8.29* 183 181 109

Dibenzothiophene* 184.26 n.a. n.a. 1.4 8.29* 184 186 139

Phenanthrene 178.23 4.45 0.09 1.2 8.53 178 179 176

Anthracene 178.23 4.45 2.26x10-3 0.76 8.63 178 176 179

Methyl-parathion 263.20 3.0 2x10-4 55 9.40 109 125 263 79 93

Heptachlor 373.32 5.44 4x10-2 0.056 9.51 100 272 274

Malathion 330.35 2.75 3.1x10-3 148 10.03 173 125 127 93 158

Aldrin 364.91 6.5 3x10-3 0.027 10.13 66 263 220

Parathion 291.3 3.83 8.9x10-4 12.4 10.28 109 97 291 139 155

4,4-dibromobiphenyla 312.01 5.47 6x10-5 n.a. 10.49 312 310 314

Fluoranthene 202.26 4.9 6.6x10-4 0.26 11.04 202 201 203

Pyrene 202.25 4.88 3.3x10-4 0.77 11.52* 202 200 203

Endosulphan I 406.95 3.13 8.3x10-4 0.32 11.55* 195 339 341

p,p-DDE 318.03 6.51 8x10-4 0.12 12.01 246 248 176

Dieldrin 380.91 3.7 2.4x10-5 0.14 12.07 79 263 279

Endrin 380.91 3.2 2.67x10-5 0.24 12.53 67 345 250

Endosulphan II 406.95 3.13 8.3x10-4 0.32 12.80 337 339 341

p,p-DDD 320.04 6.02 0.18 0.09 12.97 235 237 165

p,p-DDT 354.49 6.91 2.5x10-5 0.006 13.79 235 237 165

Benzo[a]anthracene 228.29 5.61 2.93x10-6 0.01 14.82 228 229 226

Benzo[a]anthracene d-12b 240.29 n.a. n.a. n.a. 14.82 240 239 241

Methoxychlor 345.65 5.83 8x10-5 0.1 15.09 227 228 152 114 274

Phosalone 367.81 4.01 1.5x10-5 1.4 15.65* 182 184 367 121

Methyl-azinphos 317.32 2.96 5x10-7 28 15.72* 160 132 93 104 105

Mirex 545.54 5.28 n.a. 0.085 15.88 272 237 274 270 239

Cis-permethrin 391.28 6.1 2x10-3 0.2 16.83 183 184 163 165

Trans-permethrin 391.28 6.1 2x10-3 0.2 17.05* 183 184 163 165

Coumaphos 362.77 3.86 1.3x10-5 1.5 17.05* 362 226 210 109 97

Benzo[k]fluoranthene 252.31 6.06 1.28x10-8 7x10-4 17.46 252 253 125

Benzo[a]pyrene 252.31 6.05 7.46x10-7 2x10-3 18.06 252 253 125

Dibenzo[a,h]anthracene 278.40 6.84 1.33x10-8 5x10-4 20.39 278 139 279
aSubrogade, bInternal standard, *Non-real coelution between the compounds, the target ions and qualifier ions are unique or predominant for a selected compound, n.a.: not available.
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column temperature of 60°C (held for 1 min), 30°C/min 
to 150°C, 10°C/min to 220°C (held for 1 min), 10°C/min 
to 300°C (held for 5 min). Helium was used as carrier gas 
at a constant flow rate of 1 mL/min. The split/splitless 
injector was set at 270°C and operated in the splitless 
mode (purge delay 0.5 min, purge flow 30 mL/min). 
Splitless injection (1 µL) was performed by an HP-6890 
automatic injector (Agilent Technologies, CA, USA). The 
temperature of the ion source and the mass spectrometer 
transfer line where maintained at 180°C and 290°C, 
respectively. The detection was operated in the selective 
ion monitoring (SIM) mode (electron impact: 70 eV). The 
target ions and the qualifier ions used for quantification 
are presented in Table 2. A typical chromatogram of a 
500 ng/mL standard analyte mixture obtained under these 
conditions is presented in Figure 1. 

2.6. Validation parameters and quality control
All the standard solutions were prepared in 

an acetone/dichloromethane (1/1, v/v) mixture. The 
instrumental calibration curve was made by injecting 
three times each of the seven different analyte 
concentrations covering a concentration range between 
50 and 1000 ng/mL. The relative area vs. concentration 

Figure1. Chromatogram of a standard analytes mixture. Concentration: 500 ng/mL.

was plotted; benzo[a]antracene d-12 was used as 
the internal standard. A monthly calibration control 
solution was injected; a maximum variation of 10% 
on the response was set as a limit for recalibrating the 
instrument. Permethrin, DDT and endosulphan were 
quantified as the sum of all their isomers.

The method linearity was evaluated by making 
dilutions of the fortified sediment with non-fortified 
sediment in such proportions that, once prepared the 
samples, the concentrations on the extracts would fall on 
a range between 50 and an 500 ng/mL, which corresponds 
to a concentration on the sediment in a range between 
5 an 50 ng/g. For the USBE and the FMWE extractions, 
seven concentration points per triplicate were made; 
for the Soxhlet extraction only 3 concentration points 
were prepared, as it was unnecessary to add more points 
because the technique’s standards are well established.

In order to evaluate the limit of detection (LOD) 
and the limit of quantification (LOQ), additional 
calibration curves at lower concentrations were made. 
The concentration was lowered until the ratio signal/
noise was below 3. The LOD and LOQ were calculated 
interpolating those calibration curves that included at least 
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the five lower concentrations[4]. The LOD concentration 

was interpolated from the calibration curve at a response 

point at Y
0
 + 3S

0
 while the LOQ at Y

0
 + 10S

0
; where 

Y
0
 and S

0
 corresponded to the intercept and the standard 

deviation of the calibration curve. Finally, sediment 

samples were fortified in order to be in a concentration 

similar to the LOD and LOQ once extracted and were 

analyzed five times; a correct detection and a relative 

standard deviation below 30% were set as acceptable 

criteria in order to define the LOD and LOQ of the 

method respectively. 

The percentage of recovery was evaluated by a 

surrogate (4,4-dibromobyphenyl); a known amount of this 

compound was added to each sample before the extraction 

process. A percentage of recovery between 70% and 130% 

was the criteria for not rejecting the sample.

Before each batch injection process or every 

12 hours the liner reactivity was evaluated. The percentage 

of degradation of p,p-DDT into its isomers (p,p-DDD and 

p,p-DDE) was calculated using the following equation:

%deg radation of DDT
area DDD area DDE

area DDD area

⋅ ⋅ =

=
⋅[ ] + ⋅[ ]

⋅[ ] + ⋅DDDE area DDT[ ] + ⋅[ ]








100

         (1)

When the degradation percent was greater than 

15% the liner was replaced.

2.7. Establishment of the extraction conditions 
and optimization

In order to establish the optimum extraction 

conditions for the ultrasonic bath and the focused 

microwave extraction techniques, a series of experiments 

guided by full factorial and fractional factorial designs 

were made. The solvents studied were selected according 

to some official methods and publications[5-20] describing 

the extraction of a particular group of compounds from 

soils. Each extraction technique had its particular factors 

and ranges that were evaluated as is described on the 

following paragraphs. After each extraction procedure, 

clean-up of the extracts was performed as mentioned in 
section 2.3. 

2.7.1. Focused microwave extraction
An atmospheric pressure focused microwave 

extraction system Prolabo-Maxidigest 350 able to 
supply 300 W maximum microwave power was used. 
Ten grams of the prepared sediment were packed in a 
thimble made of qualitative grade paper filter Whatman 
#4. The cartridge was placed in the extraction tube, the 
solvent mixture was added, the condenser was attached 
and the equipment was programmed to follow the 
respective irradiation cycles. The factors evaluated in 
this extraction technique were: the number of extractions, 
the extraction solvent mixture (acetone/hexane 1/1, v/v, 
acetone/dichloromethane 1/1, v/v), the volume of the 
extraction solvent mixture, the irradiation time and the 
non-irradiation period between the irradiation cycles.

2.7.2. Ultrasonic bath extraction
A Sper Scientific-100005 (50W, 45 KHz) 

ultrasonic bath was used. Ten grams of the prepared 
sediment were deposited in a 50 mL glass beaker which 
was then covered with aluminum paper. The glass beaker 
was placed on the ultrasonic bath and a sufficient water 
quantity was deposited into the bath in order to cover 
tree quarters of the beaker (the water in the bath should 
be well above the volume of the solvent in the beaker), 
this condition was maintained constant during all the 
experiments –this is a critical factor because it affects the 
ultrasound transmission from the transducer to the sample. 
The factors evaluated were: the number of extractions, 
the extraction solvent mixture (acetone/hexane 1/1, v/v, 
acetone-dichloromethane 1/1, v/v), the volume of the 
extraction solvent mixture and the irradiation time.

2.7.3. Soxhlet extraction
The Soxhlet extraction was carried out based on 

the conditions established by[21]. Ten grams of prepared 
sediment were weighed into the extraction thimble and 
extracted with 40 mL of acetone-dichloromethane (1/1, 
v/v) for 6 h at 10-12 cycles per hour. 
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2.8. Comparison between the extraction 
techniques 

A precisely weighed prepared sediment sample 
was analyzed five times by each optimized extraction 
technique. Student t-test, analysis of variance (ANOVA) 
and the respective post-hoc tests were performed in 
order to determine significant differences between the 
extraction techniques.

3. Results and discussion

3.1. Optimization of the extraction techniques

3.1.1. Focused microwave extraction
The focused microwave equipment program can 

only support the adjustment of increments in 30 W of 
microwave power and time intervals of one minute; this 
is due to the fact that the total irradiation time corresponds 
to the number of irradiation cycles for one minute at 
30 W of microwave power applied to the sample. For 
each experiment the first irradiation minute was done 
with a 60 W microwave power output in order to elevate 
the mixture temperature close to its boiling point after 
the first irradiation cycle. A microwave power of 30 W 
was set in order to bring the solvent mixture near boiling 
point, higher power outputs caused solvent projections 
and lose of sample.

Considering there were 5 defined factors for this 
extraction technique, performing a 25 factorial design 
would result in making 32 experiments and even if this 
design has a maximum resolution between the factors, 
it cannot assure that the optimum conditions would 
be in the selected factor ranges, so performing such 
a high resolution factorial design is not appropriate 
for screening purposes due to the waste of time and 
laboratory resources. For screening purposes, lower 
resolution designs should be used. Even if they have 
confounded the interaction factors responses, they are 
able to discern between the responses of the principal 
factors. This extraction technique was developed in three 
factorial designs, the factors and the ranges evaluated are 
summarized in Figure 2.

Figure 2. Factorial designs carried out in order to establish the 
extraction conditions using focused microwaves. The factors and 
ranges evaluated for a specific design are presented. SV: extraction 
solvent volume. #E: number of extractions.

After performing the experimental design, the 
amount extracted of each analyte was calculated. The 
effect of the factors and interactions for each analyte was 
calculated with the following equation:

factor efect C
n

C
n

i
n

i
n

⋅ =








 −









=

+
=

−Ε Ε1 1                                (2)

where C + and C – correspond to the measured 
concentration of an analyte at the higher and lower factor 
level of the corresponding experiments, respectively. 
The most significant factors for each analyte could thus 
be identified. However, the main purpose was to identify 
the best extraction conditions for all the analytes; in 
order to do so, the desirability index for each experiment 
was calculated using the following equation:

D d d dm m= • •( )1 2
1

....                                                 (3)

where d
i 
corresponds to the individual desirability index 

of an analyte in a particular experiment and m to the 
total number of observations. The individual desirability 
index varies between a range of 0 ≤ d

i
 ≥ 1, the value of 

1 was assigned to the highest concentration in the design 
experiments for a specific analyte, besides, a value of 0 
was assigned to the lowest concentration; relative to the 
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highest and to the lowest concentrations the values of 
the individual desirability indexes for an analyte were 
calculated. With these, the desirability index for each 
experiment that involved a particular combination of 
factor levels could be observed. 

The first design performed was a 25-2 fractional 
factorial design; this design was done in 8 experiments 
-the combinations of the factor levels and desirability 
indexes are shown in Table 3. As can be observed, the 
highest desirability indexes are obtained when using 
acetone/dichloromethane (1/1, v/v) solvent mixture and 
two extractions, the lower indexes can be observed in 
all the cases in which the non-irradiation period was 
1 minute. The solvent mixture shows a high effect 
over the extraction of PAHs and pesticides due to the 
difference between the dipolar moment of hexane 
(0.8 D) and dichloromethane (1.14 D). Dichloromethane 
shows a better solubilizing effect over pesticides since 
it has more affinity to their polarity and structure when 
compared to hexane, which predominantly shows good 
results for the extraction of PAH´s. Higher numbers of 
extractions improve the extraction recoveries because the 
extraction equilibrium is displaced; however this effect 
can be replaced by performing higher irradiation times, 
as was demonstrated in the next designs. In the surface 
response plot of this design (Figure 3) we can observe 

that irradiation periods of one minute are not favorable 
as the solvent cannot be cooled fast enough and in the 
next irradiation cycle the temperature reaches the boiling 
point of the solvent mixture producing explosions and 
loses of the analytes. 

As the best solvent mixture consists of acetone/
dichloromenthane (1/1, v/v) the rest of the experiments 
were performed using this mixture. A second design 
of higher resolution (24-1) was made, the desirability 
indexes and combinations of the factor levels can be 
observed in Table 4. Incrementing the irradiation time 
is favorable for improving the extraction; the opposite 
effect is observed when the non irradiation period is 
greater than 4 minutes, where the solvent mixture reaches 
a temperature that is not close to the boiling point in the 
next irradiation cycle. Maintaining these conditions 
has a considerable impact on the extraction efficiency, 
as can be observed in Figures 4 and 5. There is not a 
high difference between the desirability indexes when 
two extractions using a volume of 20 mL (Figure 3) and 
40 mL (Figure 5) of extraction solvent are compared; 
by performing the experiment with only one extraction 
with 40 mL of extraction solvent the desirability index 
is significantly lower (graph not shown). This effect is 
logical as it is well known that incrementing the number 
of extractions displaces the extraction equilibrium. 

Table 3. Combination of factor levels and the obtained desirability 
indexes for the 25-2 design.

Experiment
Factor Desirability

indexA B C D E

1 - - - + + 0.25

2 + - - - - 0.45

3 - + - - + 0.96

4 + + - + - 0.82

5 - - + + - 0.25

6 + - + - + 0.25

7 - + + - - 0.11

8 + + + + + 0.76
A: total irradiation time (2-4 min). B: non-irradiation period between irradiation cycles 
(1-3 min). C: Extraction solvent mixture ([+] acetone/hexane 1/1, v/v) and ([-] acetone/
dichloromethane 1/1, v/v). D: volume of the solvent extraction mixture (20-40 mL). E: 
number of extractions (1-2).

Figure 3. Surface response plot for the 25-2 design of the focused 
microwave extraction. The desirability index as function of the non-
irradiation period and the total irradiation time maintaining constant 
40 mL solvent extraction volume, two extractions and acetone/
dichloromethane (1/1, v/v) as extracting solvent is plotted.
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With this experimental design, two more factors can 
be defined: a non-irradiation period of 3 minutes and 
two extractions using a 20 mL volume of the extraction 
solvent, resulting more suitable for the reduction of 
the amount of organic solvents used. However, the 
hypothesis that with higher irradiation periods the 
extraction could be improved remains, suggesting that 
one simple extraction is needed. This was studied using 
a complete 22 factorial design in which the evaluated 
factors were the irradiation period in a range between 8 
and 12 minutes and the number of extractions between 
one and two. The surface response plot (Figure 6) 
demonstrates that raising the irradiation time does not 
have an effect over the extraction performance, so there 
is no sense in investing more time performing longer 
extractions that could lead to the degradation of some 
analytes, also the difference between using one or two 
extractions is more evident with this design as it exposes 
a high resolution between the factors. 

By these series of experiments the optimum 
experimental extraction conditions were established: 9 
minutes of irradiation time, the first minute at a 60 W 
power output and the rest at 30 W; a non-irradiation 
period of 3 minutes; and two consecutive extractions 
using 20 mL of acetone/dichloromenthane (1/1, v/v) as 
extraction solvent. In Figure 7 the extraction time vs. 
irradiation power and the bulk solvent temperature is 

Table 4. Combination of factor levels and the obtained desirability 
indexes for the 24-1 design.

Experiment
Factor Desirability 

indexA B C D

1 - - - - 0.27

2 + - - + 0.68

3 - + - + 0.30

4 + + - - 0

5 - - + + 0.57

6 + - + - 0.87

7 - + + - 0.51

8 + + + + 0.51
A: total irradiation time (4-8 min). B: non-irradiation period between irradiation cycles 
(3-6 min). C: number of extractions (1-2). D: volume of the solvent extraction mixture 
(20-40 mL).

Figure 4. Surface response plot for the 24-2 design of the focused 
microwave extraction. The desirability index as function of the non-
irradiation period and the total irradiation time maintaining constant 
20 mL solvent extraction volume, two extractions and acetone/
dichloromethane (1/1, v/v) as extracting solvent is plotted.

Figure 5. Surface response plot for the 24-2 design of the focused 
microwave extraction. The desirability index as function of the non-
irradiation period and the total irradiation time maintaining constant 
40 mL solvent extraction volume, two extractions and acetone/
dichloromethane (1/1, v/v) as extracting solvent is plotted.

Figure 6. Surface response plot for the 22 design of the focused 
microwave extraction. The desirability index as function of the total 
irradiation time maintaining constant the non-irradiation period at 
3 minutes, 20 mL solvent extraction volume, two extractions and 
acetone/dichloromethane (1/1, v/v) as extracting solvent is plotted.
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plotted. One extraction is carried in 33 minutes so the 
overall extraction process for one sample is carried out in 
about 90 minutes considering cooling and handling. The 
solvent temperature is maintained at a constant range 
during the extraction between 41°C and 47°C as shown 
in Figure 7; the solvent temperature is kept from reaching 
boiling point because that would result in partial analytes 
loss.

3.1.2. Ultrasonic bath extraction
Based on the results observed on the focused 

microwave extraction, a mixture of acetone/
dichloromethane (1/1, v/v) was used in all the 
experiments for the optimization of the ultrasonic bath 
extraction. The three remaining factors -number of 
extractions, solvent volume and irradiation time- were 
evaluated by a 23 factorial design. The evaluated ranges 
of the irradiation time and the extraction volume were 
established in a ± 50% range of the maximum and 
minimum parameters set in previous works for some 
group of compounds[13,16-19]; also, two to four extractions 
were evaluated based on previous experiences and on the 
well known enhancement of the extraction by means of a 
higher number of consecutive extractions. As the factor 
ranges for this extraction technique were greater than 
those for the focused microwave extraction, 4 central 
points were added to the factorial design study in order 
to increment the precision for the discrimination of 
significant factors. As the ultrasonic bath extraction has 
more variability due to the multiple factors that affect 

the ultrasonic energy transmission[22-24], this design was 
performed in four blocks of three experiments in order 
to evaluate the variability between days. The desirability 
indexes for the experiments are shown on Table 5. The 
higher desirability indexes are observed when four 
consecutive extractions with 30 mL of solvent are used; 
the desirability index is a little higher when 3 minutes of 
irradiation is applied; however, once the surface response 
plot is generated, the optimum conditions are observed 
after 10 minutes of irradiation. This difference in the 
desirability index between the irradiation time is small 
enough that the extraction could be done at any irradiation 
period without a high variability on the results, as can 
be observed on Figure 8 where a practically constant 
desirability index is obtained when the solvent volume is 
near 30 mL. The surface response plot demonstrates that 
there is a considerable robustness for some parameters 
in the extraction; this orients the analyst as to where the 
focus in future extractions should be placed. The solvent 
volume has a critical role over the extraction because 
it acts as a medium of transmission for the ultrasonic 
energy applied to the sample; a volume barely higher 
than that of the sample volume does not allow efficient 

Figure 7. Focused microwave extraction cycle. The time vs. the 
irradiation power and the bulk solvent temperature of the optimized 
extraction method is plotted.

Table 5. Combination of factor levels and the obtained desirability 
indexes for the 23 design.

Experiment Block
Factor Desirability 

indexA B C

1 * * * 0.56

2 1 - + + 0.92

3 + - - 0.35

4 * * * 0.65

5 2 + + - 0.40

6 - - + 0.60

7 - + - 0.40

8 3 * * * 0.64

9 + - + 0.81

10 - - - 0.19

11 4 + + + 0.90

12 * * * 0.56
A: irradiation time (3-15 min). B: volume of the solvent extraction mixture (15-30 mL). 
C: number of extractions (2-4). *Denotes a central point of the experimental design, 
the value of that factor is the center value of the factor range.
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Figure 8. Surface response plot for the 24-2 design of the focused 
microwave extraction. The desirability index as function of the 
irradiation time and the solvent volume, maintaining constant four 
extractions and acetone/dichloromethane (1/1, v/v) as extracting 
solvent is plotted. The optimum experimental selected conditions 
are marked with an arrow.

ultrasonic energy transmission ; this results in a poor 

diffusion of the analytes into the medium, as can be read 

from Figure 8. The selected experimental conditions for 

this extraction were: 30 mL of acetone/dichloromethane 

(1/1, v/v) as extracting solvent; 10 minutes of irradiation 

time; and four consecutive extractions. 

3.2. Validation parameters

3.2.1. Instrumental and method linearity 
In all the cases the instrumental linearity was 

acceptable when a determination coefficient (R) greater 

than 0.98 (data not shown) was obtained. In the method 

linearity, most of the analytes showed a determination 

coefficient greater than 0.98; however, some others 

presented lower determination coefficients, but in all 

the cases they were higher than 0.70 (data not shown), 

which was set as the lowest acceptable value due to the 

sample and method variability, this criterion was taken 

from the Horwitz trumpet graph[25] that establishes the 

maximum accepted relative standard deviation (RSD) as 

function of the sample concentration; for our working 

concentrations, the RSD should be lower than 30%. All 

the method calibration curves were compared to the 

instrumental calibration curves in order to evaluate the 

effect of the matrix interferences. An ideal behavior 

Figure 9. Instrumental and method calibration curves for benzo[a]
anthracene.

Figure 10. Instrumental and method calibration curves for methyl-
parathion.

was observed for most of the cases in which the method 
calibration curves had a similar or lower slope as 
compared with the instrumental calibration curve (this 
can be observed for benzo[a]anthracene in Figure 9). 
A lower slope of the method calibration curve than that 
of the instrumental calibration curve is indicative of a 
lower extraction efficiency; however, this behavior 
could also be attributed to the loss of the analytes during 
the fortification process, due to volatilization during 
the aging period or to irreversible adsorptions over the 
sediment components. A matrix response suppression 
was discarded because of the universal character of the 
detector. On the other hand, a matrix interference was 
observed as a higher response of the method calibration 
curve, this was observed for methyl-parathion 
(Figure 10) and phosalone (graph not shown) using 
focused microwave extraction, thus, for this technique 
those compounds were not included on the comparative 
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Table 6. LOD and LOQ for the ultrasonic bath extraction method.

Compound LOD
(ng/g)

LOQ
(ng/g) Compound LOD

(ng/g)
LOQ

(ng/g)

Lindane 1.1 3.8 Indene 0.02 0.05

Heptachlor 0.8 2.6 Naphtalene 0.02 0.06

Aldrin 0.6 1.9 Bypehenyl 0.01 0.02

Dieldrin 0.6 2.0 Acenaphthylene 0.01 0.02

Endrin 1.5 4.9 Acenaphthene 0.01 0.02

Mirex 1.4 4.7 Dibenzofurane 0.01 0.05

Methoxychlor 0.4 1.3 Fluorene 0.01 0.05

p,p-DDT 0.4 1.3 Dibenzothyophene 0.01 0.02

p,p-DDE 0.5 1.6 Phenanthrene 0.004 0.01

p,p-DDD 1.1 3.7 Anthracene 0.005 0.02

Methyl-parathion 1.4 4.5 Fluoranthene 0.01 0.04

Parathion 2.6 8.7 Phyrene 0.02 0.05

Malathion 1.7 5.6 Benzo[a]anthracene 0.02 0.06

Phosalone 0.7 2.3 Benzo[k]fluoranthene 0.03 0.06

Methyl-azinphos 11.0 36.0 Benzo[a]phyrene 0.06 0.2

Coumaphos 29.0 97.0 Dibenzo[a,h]anthracene 0.005 0.16

Permethrin 0.95 3.1
LOD: limit of detection; LOQ: limit of quantification. n = 5, RSD < 30%.

study. It can be observed on Figure 10 that using only 
microwave extraction some interferences were extracted, 
this effect is significant at lower analyte concentration 
levels. Despite that all the analytes had a determination 
coefficient greater than 0.7, comparing the calibration 
curves evidenced that methyl-parathion and phosalone 
are interfered, so plotting the method curves should 
be necessary to demonstrate the absence of interfering 
compounds; to determine an adequate working interval; 
and to verify the percentages of recovery at different 
concentration levels.

3.2.2. LOD and LOQ
Because USBE turned out to be the most 

versatile extraction technique for all the analytes, only 
the corresponding LOD and LOQ are presented, (see 
section 3.3). As can be seen in Table 6, the PAH´s present 
significantly lower LOD and LOQ than the pesticides, 
this behavior is attributable to the lower fragmentation of 
the molecule in the mass spectrometer, due to the higher 
stability of the conjugated rings of the PAH´s, which 

generate a higher number of fragments of a specific m/z 
relation (molecular ion in the case of PAH´s); thus, the 
total ion current is reduced for these species.

3.3. Comparison between the extraction 
techniques 

An ANOVA test was performed to the sample 
concentrations of the evaluated extraction techniques; 
previously, the hosmoscedasticity of the data was 
demonstrated using Levene’s test[26]. For the analytes 
in which ANOVA suggested a significant difference 
between the means, Fisher’s least significant difference 
(LSD) post-hoc test was performed[27]. Based on the 
statistical results, for each analyte, a value of 100% 
was assigned to those which presented the highest 
concentration obtained in the evaluated extraction 
techniques; the rest of the analytes evaluated by other 
extraction techniques were assigned a percentage 
relative to the maximum of each type. Figure 11 presents 
the relative extraction efficiencies of the techniques for 
each analyte. By these, it could be easy to identify the 
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Figure 11. Relative extraction efficiencies of the evaluated techniques for each analyte. A value of 100% is assigned to the highest extracted 
concentration of the analyte in the evaluated techniques; the remaining percentages are assigned in relation to the best one. Phosalone and 
Methyl-parathion were not included using microwave extraction due to the extraction of interferences. 

Figure 12. Relative extraction efficiencies of the evaluated techniques 
for the groups of compounds. (A): PAH´s with a molecular weight 
below 170g/mol. (B): PAH´s with a molecular weight above 170 g/mol. 
OP-P: organophosphorus pesticides. OC-P: organochlorine pesticides.

Figure 13. Relative extraction efficiencies of the evaluated techniques 
for all the analytes.

best extraction technique for a specific analyte; however, 
most of the analysis are multicomponent so it is more 
convenient to visualize the extraction efficiencies 
including all the analytes. 

Based on the results presented in Figure 11, the 
relative extraction efficiency per group of compounds 
can be calculated (Figure 12). Five groups of compounds 
were established: the organophosphorus pesticides, the 
organochlorine pesticides, the piretroid pesticides and 
the HAP´s, this last was divided into two groups; the low 
molecular weight PAHs (MW<170 g/mol) and the PAHs 
with a MW>170g/mol. This subdivision between the PAHs 
was made as consequence of the experimental results, the 
PAH´s whith a MW<170g/mol are more volatile than 
the rest of the PAH´s which are less volatile and more 
lipophilic. As can be seen in Figure 12, Soxhlet extraction 
is less efficient for PAH´s with MW<170g/mol, due to 
the high volatility of these compounds. It is convenient 
to remember that most of these compounds have the 
ability to sublime at laboratory conditions. The remaining 
PAH´s can be extracted either by focused microwave 
or ultrasonic bath, showing slightly better results in 
the focused microwave extraction. The organochlorine 
pesticides are best extracted using focused microwave; 
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Table 7. Consumed time during the sample preparation by three extraction techniques.

Ultrasonic extraction Microwave extraction Soxhlet extraction

# of Samples 1 6 1 6 1 6

Extraction 40 min 40 min 80 min 480 min 360 min 2160 min

Clean-up 10 min 60 min 10 min 60 min 10 min 60 min

Concentration 180 min 180 min 120 min 120 min 90 min 90 min

Total time 3.8 h 4.7 h 3.5 h 11 h 7.7 h 3.8 h

however, the ultrasonic bath extraction presents only a 

10% lower efficiency, which could be increased using a 

more powerful ultrasonic bath or a ultrasonic probe which 

can supply 400 W. Focused microwave extraction is not 

very recommendable for the organophosphorus pesticides; 

it was determined that the extraction efficiency is 40% 

lower compared to the other extraction techniques. This 

behavior could be accounted to the rise in the degradation 

kinetics of these analytes, which are known to hydrolyze 

more easily than other pesticides or to favor irreversible 

adsorptions with the polar groups of the humic-acids 

present in sediments. Finally it can be observed that 

permethrin can be extracted by any technique. 

Taking into account the relative extractions 

of all the analytes, a relative extraction efficiency per 

extraction technique can be established. It can be seen 

in Figure 13 that the ultrasonic bath extraction has the 

highest results; nevertheless, the focused microwave and 

the Soxhlet extraction only presented 8% and 14% lower 

efficiencies respectively, which could be non-significant 

for environmental purposes at low concentration levels. 

Analyzing other steps in the sample preparation such as 

the clean-up and the concentration of the extract, it can be 

observed (Table 7) that the fastest technique for analyzing 

one sample is the focused microwave; however, for 

environmental monitoring in which the number of samples 

may be very large, the advantage of using an ultrasonic bath 

is evidenced. Considering six samples (maximum ultrasonic 

bath capacity) the overall sample preparation time can be 

done in less than 5 hours, while with the focused microwave 

and the Soxhlet extraction the sample preparation is 

performed in up to eleven and forty hours respectively.

4. Conclusions
The development and optimization of the 

simultaneous extraction of PAH´s and pesticides was 
done using factorial designs. These are helpful in 
establishing the extraction conditions when numerous 
factors are involved; simultaneously evaluating the 
interaction between the selected factors cannot be 
done with so few experiments when analyzing one 
variable at a time; by means of these, time and resource 
investment lower considerably, and there is a high level 
of confidence that the optimum extraction conditions 
can established. The methods using the extraction 
techniques meet the validation criteria by showing 
determination coefficients above 0.7 in all cases 
and above 0.98 in 90% of the selected analytes, the 
RSD was below 30% in all cases and the percentage 
of recovery was between 70% and 130%. In focused 
microwave extraction, compounds that interfered with 
the detection of phosalone and methyl-parathion were 
also extracted; however, this can be solved by modifying 
the chromatographic conditions. 

The microwave extraction and the ultrasonic 
extraction did not show a statistically significant 
difference on the extraction of PAH´s with MW<170g/
mol; the Shoxhlet extraction presented an efficiency 
40% lower. For the rest of the PAH´s (MW>170g/mol) 
there are no great differences between the extraction 
techniques. For the organochlorine pesticides the 
microwave extraction produced the best results, while the 
ultrasonic and the Soxhlet extraction have efficiencies 
8% and 20% lower. The ultrasonic extraction gave the 
best results for the organophosphorus pesticides, whereas 
the microwave extraction and the Soxhlet extraction 
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showed efficiencies 8% and 40% lower. There was no 

significant statistical difference between the evaluated 

extraction techniques for permethrin.

For the extraction of all the analytes, the extraction 

technique with the best efficiencies was the ultrasonic 

extraction. Additionally, it is also the most versatile 

technique due to its easy handling and fast extraction 

when many samples are analyzed; also, it implies low 

operation costs and does not require an unconvenient 

amount of laboratory space.
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