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ABSTRACT 14 

A new microextraction method based on formation of supramolecular solvent (Ss) 15 

was developed by using of chemometric optimization method for cobalt determination 16 

with microsampling flame atomic absorption spectrometry (MS-FAAS). 1-decanol/ 17 

THF was used to obtain supramolecular solvent, which ensure the formation of 18 

micelles in the nano and molecular size and to transfer the diethyldithiocarbamate 19 

(DDTC)-cobalt(II) complex from the aqueous phase to the extraction phase media. 20 

The optimization strategy was carried out by using of Plackett-Burman Design (PBD) 21 

and Central-Composite Design (CCD). Statistically significant parameters such as 22 

pH, the volume of ligand (DDTC), the volume of supramolecular solvent (1-23 

decanol/THF) and centrifugation time were investigated by using of Plackett-Burman 24 

design. Central-composite design was used to determine optimal condition of these 25 

parameters. The optimum experimental conditions obtained were pH 6, 125 µL of 1-26 

decanol, 450 µL of THF, 300 µL of DDTC (0.1 %, w/v) and 8 min of centrifugation 27 

time. The relative standard deviation (RSD), limit of detection (LOD), limit of 28 

quantitation (LOQ) and preconcentration factor (PF) were 1.51 % (n=8, 94-98 %), 29 

1.89 µg L-1, 6.32 µg L-1 and 30 respectively. The method were applied to the certified 30 

reference materials of TMDA 53.3 water, TMDA 64.2 water, SPS-WW2 waste water, 31 

Oriental Basma Tobacco Leaves (INCT-OBTL-5) and Scallion (Salad Onion), (NCS 32 
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ZC73033) to validation. The microextraction method was also successfully applied to 33 

determine cobalt concentrations by microsampling FAAS in water, cereal, powdered 34 

beverage and fruit samples.  35 

 36 

Keywords Supramolecular solvent microextraction, Food, Flame atomic absorption 37 

spectrometry, Plackett-Burman design, Central-Composite design.  38 

 39 

 40 

1. Introduction 41 

Cobalt metal ion has biological importance due to it is one of component of vitamin 42 

B12. So, cobalt metal plays an important role in our life. However, the metal may also 43 

be harmful, if human are exposed to large amounts of cobalt. High levels of cobalt 44 

can result in lung and heart effects and dermatitis. The respiratory system of workers 45 

in cobalt industry due to cobalt metal mixed with tungsten carbide particles is the 46 

main target organ of cobalt, which are asthma, fibrosing alveolitis, and lung cancer. 47 

Other target organs include the nervous system, the thyroid gland, the hematopoietic 48 

system and the myocardium for cobalt toxicology .1,2 Cobalt is a key element that has 49 

been used for environmental and toxicological monitoring.3,4 50 

The determination of trace element species in various media has been performed 51 

by using of different sample preparation techniques.5,6 Classical liquid–liquid 52 

extraction (LLE) and solid-phase extraction (SPE) methods in analytical applications 53 

often require large amounts of organic solvents, some of which are harmful and 54 

contaminate the environment due to their high vapor pressure. Therefore, a new 55 

trend in analytical chemistry is to develop new miniaturized methodologies. A number 56 

of miniaturized microextraction methods for trace metal ions7,8 and organic 57 

compounds9,10 have been developed to solve these problems. Ionic liquid-based 58 

dispersive microextraction (IL-DLLME),11,12 solid-phase microextraction,13 solidified 59 

floating organic drop microextraction (SFODME),14 bar adsorptive microextraction 60 

(BAME),15 cold-induced aggregation microextraction (CIAME),16 dispersive liquid-61 

liquid microextraction (DLLME),17-20 supramolecular solvent-based microextraction 62 

(Ss-ME),21,22 reverse micelle coacervate-based microextraction23 etc. are widely 63 

used in recent years as a sample pretreatment technique. 64 

Page 2 of 27RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



3 

 

 Ss-ME has been applied to the determination of hydrophobic organic 65 

compounds,24 metals25 and anionic species26 which are mainly from environmental 66 

and biological liquid samples. Supramolecular solvents (Ss) are nano-structured 67 

liquids which are generated from the amphiphiles. Supramolecular structures are 68 

water-immiscible liquids and are made up of aggregates such as micelles in the bulk 69 

aqueous phase. Large supramolecular aggregates dispersed in a continuous phase 70 

like water. The driving forces for the extraction are hydrophobic interactions, 71 

hydrogen bonding, e.g., between the hydrophobic metal complex and aggregates. 72 

Trace metal ions in the form of their hydrophobic metal complexes can be easily 73 

extracted into the surfactant rich phase from the aqueous solution.27  74 

 Generally two different strategies for optimization of analytical methods have 75 

been used as a screening way, which are one factor-at-a-time (OFAT) and 76 

chemometric methods such as response surface methodology (RSM) based on 77 

statistical design of experiments (DOE).28, 29  78 

 The traditional analytical methods used to determine organic compounds or 79 

metals from different samples based on usually one-factor-at-a-time (OFAT) 80 

approach. The effect of each parameter individually was studied while holding the 81 

other parameters at a specific value. The OFAT method has some drawbacks such 82 

as requiring long period of time, neglecting the effect of interactions with other 83 

species and screening a large amount of target analyte. The RSM based on 84 

statistical design of experiments (DOE) takes into account interactions between the 85 

studied variables and concludes more accurate combinations and also, provides 86 

optimum analytical data can be produced from the chemometric calculations.28 87 

Plackett-Burman design (PBD) and central composite design (CCD) under statistical 88 

design of experiments (DOE) methods are used in RSM for screening process 31.  89 

 The applications of chemometric methods are becoming widespread 90 

application, owing to the availability of designed statistical data in separation and 91 

preconcentration studies for metals at trace level. Instead of doing more experimental 92 

studies, the using of the optimal experimental design is effective for studying fewer 93 

experiments. These designs are useful in avoiding experiments performed under 94 

optimum conditions, for which unsatisfactory results might occur 32.  95 

 In order to use these advantages of Ss-ME techniques and chemometric 96 

optimization methods, this paper describes a Ss-ME procedure combined with 97 
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microsampling flame atomic absorption spectrometry (MS-FAAS) for separation and 98 

preconcentration of trace level of cobalt in water, cereal, powdered beverage and fruit 99 

samples.  100 

 101 

 102 

2. Experimental 103 

2.1. Materials 104 

Cobalt stock solution (1000 mg L-1) was prepared by dissolving appropriate amounts 105 

of Co(NO3)2.6H2O in ultra-pure water and was diluted daily for obtaining reference 106 

and working solutions. A solution of % 0.1 (w/v) sodium-diethyldithiocarbamate 107 

(Sigma-Aldrich, US) solution used as chelating reagent to form metal complex with 108 

Co(II) was prepared with using ethanol.  109 

The pH values were adjusted by addition of phosphate buffer solutions (0.1 110 

mol L-1 H2PO4
−/ 0.1 mol L-1 H3PO4) for pH 2 and ammonium buffer solutions (0.1 mol 111 

L-1 NH4
+/0.1 mol L-1 NH3) for 6 and 8. 1-decanol/THF, 30 % (v/v) H2O2 and 65 % 112 

HNO3 were used for digestion of cereal, powdered beverage and fruit samples. All 113 

glassware used were kept in HNO3 (10 %) overnight and washed with tap water and 114 

then washed with ultra-pure water before using.  115 

The validation of this procedure was checked by studying of TMDA 53.3 water 116 

(National Water Research Institute, Ontario, Canada), TMDA 64.2 water (National 117 

Water Research Institute, Ontario, Canada), SPS-WW2 waste water (Spectrapure 118 

Standards AS, Oslo, Norway), Oriental Basma Tobacco Leaves (INCT-OBTL-5) 119 

((Institute of Nuclear Chemistry and Technology, Poland) and Scallion (Salad Onion), 120 

(NCS ZC73033) (LGC Standards, Teddington, Middlesex, UK), certified reference 121 

materials. 122 

 123 

2.2. Instruments 124 

Perkin-Elmer 3110 Flame atomic absorption spectrometer equipped with hollow 125 

cathode lamp was used for cobalt absorbance measurements. Air-acetylene was 126 

used as an atomizing medium; all measurements were carried out without 127 

background correction. All instrumental parameters were adjusted as recommended 128 

by the manufacturer. Micro-sampling introduction system was home-made material 129 

which was made from Teflon and connected to FAAS nebulizer.23 Ultrasonic water 130 
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bath (Sonorex) was used to form the formation of micelles and to transfer the 131 

diethyldithiocarbamate-cobalt(II) complex from the aqueous phase to the extraction 132 

phase. The separation of aqueous and organic phase was achieved via a centrifuge-133 

Hettich Rotina 38 equipped with an angle rotor (8 x 50 mL, 5000 rpm). The pH values 134 

were determined with a model Nel pH 900 digital pH meter equipped with combined 135 

glass electrode. Ultra-pure water (18.2 MΩ cm) obtained from Millipore water 136 

purification device was used in all cases (standard solution preparation and dilutions).  137 

 138 

2.3. Software 139 

Minitab13.2 (Minitab Inc., State College, PA) statistical software program was 140 

used to process the experimental data of PBD and CCD. And also, STATISTICA 141 

software program was used to draw graphics.  142 

The relationships of analytical parameters with each other were graphed to 143 

evaluate the results using the STATISTICA 7.0 statistical software package 144 

developed by Stat Soft. 145 

 146 

2.4. Supramolecular Solvent-based Microextraction (Ss-ME) Procedure  147 

Preconcentration studies for cobalt(II) were carried out using 10 mL of synthetic 148 

solutions. 10 mL of aqueous sample solution containing 100 µg L-1 Co (II) and 2.5 mL 149 

acetate buffer (pH: 6.0) was placed in a 50 mL conical centrifuge tube. Then, 0.3 mg 150 

sodium-diethyldithiocarbamate (Na-DDTC) solution prepared in ethanol was added 151 

as chelating reagent to form Co(II) metal complex into the sample solution. After the 152 

formation of Co(DDTC)2 complex, 450 µL of tetrahydrofuran and 125 µL of 1-decanol 153 

was rapidly injected into the solution. A cloudy solution (supramolecular solvent, 1-154 

Decanol/THF/H2O) was formed by keeping of ultrasonic bath for 1 min. Then, this 155 

cloudy solution was centrifuged at 4000 rpm for 8 min and the fine droplets sediment 156 

at the upper of the conical test tube was obtained by centrifugation. The lower water 157 

phase was taken up with a pipette and discarded. A small droplet of extraction 158 

solution (about 150 µL) containing target analyte was completed to 500 µL with 159 

methanol. The 100 µL of this sedimented solution was taken with a micropipette and 160 

the analyzing of the cobalt was performed by micro-sampling introduction system 161 

connected to FAAS nebulizer. Continuous aspiration mode was used in all 162 

measurements.  163 
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 164 

2.5. Sample Preparation and Applications 165 

The developed method was applied to the fortified water certified reference materials, 166 

which are TMDA 53.3 water, TMDA 64.2 water and SPS-WW2 waste water, Oriental 167 

Basma Tobacco Leaves (INCT-OBTL-5) and Scallion (Salad Onion), (NCS ZC73033) 168 

for verifying the validity of the proposed method. The cereal samples (corn, heat, 169 

green lentil, barley and vetch) and the powdered beverage samples (lemon-flavored, 170 

cherry-flavored, rosehip-flavored powdered beverages) were acquired from 171 

supermarket in Kayseri, Turkey. The fruit samples (Vibirnum opulus-guelder rose, 172 

grape and plum) were collected from a town in Kayseri, Turkey.  173 

Cereal and fruit samples were washed with tap water and then with ultra-pure 174 

water, several times to remove impurities. Then, samples were dried in a drying 175 

oven. The samples were separately ground in an agate mortar to obtain a 176 

homogeneous sample. 0.25 g homogenized cereal samples were accurately weighed 177 

in 100 mL of beakers. The samples were digested by using a mixture of concentrated 178 

HNO3 (65 %, 10 mL) and H2O2 (30 %, 5 mL) on hot a plate at 100 ºC. This solution 179 

was evaporated on the hot plate until to dryness. This procedure was repeated once 180 

more, till clear transparent solutions were obtained. Blank samples without analyte 181 

but with the same amount of acids were subjected to the same digestion procedure. 182 

After cooling, the residue was transferred to the 50 mL conical-bottom glass 183 

centrifuge tube by using ultra-pure water. The mixture was then filtrated cellulose 184 

nitrate membrane filter of 0.45 µm size and 47 mm diameter (Osmonics, 185 

Westborough, MA, USA). The sample pH was adjusted to diluted sodium hydroxide 186 

(0.01 mol L-1) solution and 6.0 using buffer solution and then, developed Ss-ME 187 

procedure was applied.  188 

 189 

 190 

3. Results and discussion  191 

3.1 Optimization Strategy  192 

It is necessary to optimize some important parameters that may affect the yield of 193 

cobalt recovery. So, optimization studies was started by selecting the low (-) and high 194 

(+) values of pH (P), the volume of ligand (L), the volume of 1-decanol (D), the 195 

volume of THF (T) and centrifugation time (C). Minimum and maximum ranges of the 196 
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five variables were determined for optimization of the method (Table 1). 197 

Optimizations were performed in two steps by using of Plackett–Burman design 198 

(PBD) and Central Composite Design (CCD) multivariate techniques. 199 

 200 

3.2. Plackett–Burman design (PBD)  201 

PBD study with sixteen runs was developed to determine the influence of 202 

experimental variables on the microextraction efficiency of cobalt in the Ss-ME 203 

technique. The sample pH (P), the volume of 1-decanol (D), the volume of ligand (L), 204 

the volume of THF (T) and centrifugation time (C) were selected for optimization of 205 

the Ss-ME method. As can be seen from Table 2, the volume of 1-decanol (D), the 206 

volume of ligand (L) and the volume of THF (T) were the most important parameters. 207 

Table 2 showed that the maximum recovery of Co(II) was observed at lower (-) level 208 

of the 1-decanol, THF and ligand volumes, while the pH and centrifuge time were at 209 

high level (experiment 1 and 16). When the 1-decanol, THF and ligand volumes were 210 

at (+) level, the percent recovery for Co(II) was 74–83 % (experiment 4 and 5). So, 1-211 

decanol, THF and ligand volumes had highly important effects on recovery of Co(II) 212 

and the higher (+) level of these parameter had negative effects on the % recovery of 213 

Co(II). But, the pH and centrifuge time had no significant effects on the formation and 214 

extraction of Co(DDTC)2 complex. Pareto Chart (Fig. 1) was used in order to identify 215 

the interactions and significant effects on the % recovery of Co(II) (p = 0.05). The 216 

resulted data of the developed method were evaluated by analysis of PBD and 217 

visualized by using standardized (p~ 95.0 % confidence interval) effects in Pareto 218 

chart. 219 

 220 

3.3 Central composite design (CCD) 221 

After screening the variables that had not any effect, the remaining four factors that 222 

had significant effect on the Co(II) recovery were optimized to provide the maximum 223 

recovery by applying the central composite design (CCD). The sample pH, the 224 

volume of 1-decanol (D), the volume of ligand (L), and the volume of THF (T) were 225 

evaluated as the most important parameters. The CCD design had twenty four 226 

different experiment designs with three central points were obtained. Variables and 227 

recoveries were shown for each different design in Table 3. It was observed that at 228 

low level of D (-), the recoveries of Co (II) were not at maximum value (experiments 229 
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2, 3, 6, 7, 10, 11, 14 and 15, Table 3). The maximum recovery values were obtained 230 

at (+) level of D (experiments 1, 4, 8, 12, 16, 18, 20, 22 and 24). The recoveries of 231 

Co(II) were not high at low levels of D and T (-) (experiments 2 and 3). The results 232 

indicated that the minimum volumes of D and T were not enough for the extraction of 233 

Co(DDTC)2 complex. Maximum recoveries of Co(II) were obtained at high volumes of 234 

D (1-decanol) and T (THF). The maximum recoveries for Co(II) were obtained at 235 

average levels of pH, 1-decanol volume and THF volume (experiment 22) and all four 236 

variables (aP
2, bD

2, cL
2 and dT

2) (experiment 1).  237 

 The study of estimated three dimension surfaces response for variables ([D–238 

L], [T–D] and [pH–D] was estimated by quadratic equation, indicated that the 239 

maximum recovery of Co(II) was observed 6 for pH, 300 µL for ligand volume, 125 µL 240 

for 1-decanol volume, 450 µL for THF volume as optimum values (Fig. 2a, b, c). 241 

 242 

3.4. Influence of Sample Volume 243 

After the optimal values were determined utilizing PPD and CCD experimental 244 

designs, the effect of sample volumes were studied to investigate the recovery of 245 

cobalt in different sample volumes ranging from 10 to 40 mL to obtain high 246 

preconcentration factor. 33-39 The results were shown in Fig. 3. It was found that the 247 

maximum recoveries could be obtained up to 15 mL. But, the recoveries decreased 248 

with increasing sample volume. Thus, sample volume of 15 mL was selected as a 249 

suitable sample volume. The maximum recovery % was found to be with starting 250 

sample volume up to 15 and the preconcentration factor (PF) was calculated as 30 251 

considering the last volume is 500 µL.  252 

 253 

3.5. Influence of Coexisting Ions 254 

Due to the interference effect of coexisting ions, 40-47 determinations of metals at 255 

trace levels by instrumental methods are very difficult. Because, the interferences 256 

compete with other ions for chelating with ligand and give rise to the co-extraction 257 

(solvent extraction of two or more compounds, simultaneously) with Co(II). In order to 258 

determine the effect of some common coexisting ion interferences, model solutions 259 

were prepared that contain 0.1 µg mL-1 Co(II) and different amount of interference 260 

ions (alkali, alkaline earth and other ion and metal ions) and the procedure given in 261 

Section 2.4 was applied to these solutions. The tolerance limits of the coexisting ions 262 
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that found experimentally were given in Table 4. As can be seen, the interferences 263 

had no obvious influence on the determination of the cobalt recovery % up to the 264 

maximum amount. 265 

 266 

3.6. Method validation 267 

The analytical performance of the Ss-ME method was investigated in determining of 268 

Co(II), under the optimal conditions obtained by using of the statistical design of 269 

experiments (DOE) method. A calibration curve was obtained by preconcentration 270 

series of cobalt solutions added in increasing concentrations according to the 271 

developed microextraction method. The linear dynamic range (LDR) was obtained 272 

between 1 and 10 µg mL-1 for cobalt and the correlation coefficient (R2) was found as 273 

0.998. Calibration curve equation was A= 0.0019 + 0.047C, where A is the 274 

absorbance (peak area) and C is cobalt concentration in µg mL-1. The relative 275 

standard deviation (RSD) was found 1.51 % for eight replicate cobalt measurements 276 

(94-98 %). The limit of detection defined as CL =3SB/m (where CL, SB, and m are the 277 

limit of detection, standard deviation of the blank and slope of the calibration graph, 278 

respectively), was 1.89 µg L-1. 48 The limit of quantification (LOQ) value was 6.32 µg 279 

L-1. 280 

 Under the optimized conditions, addition-recovery test was applied to the 281 

determination of cobalt metal of cereal and powdered beverage samples. As shown 282 

in Table 5, the recoveries of cobalt ranged from 93 % to 100 % and obtained final 283 

values that determined by the presented microextraction method-microsampling 284 

FAAS were in a good agreement with the added values. 285 

 The method was also evaluated by performing certified reference materials 286 

(CRMs) which were TMDA-53.3 water, TMDA-64.2 water SPS-WW2 waste water, 287 

Oriental Basma Tobacco Leaves (INCT-OBTL-5) and Scallion (Salad Onion), (NCS 288 

ZC73033) and assessed whether the results of cobalt were compatible with the 289 

certified reference material contents. Table 6 shows the results from the analysis of 290 

CRMs in optimum condition. It can be said that the results obtained are in a good 291 

agreement in terms of cobalt contents with the CRMs. That is, the results shown 292 

Table 6 confirm the validity of the proposed method.  293 

 294 

 295 

Page 9 of 27 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



10 

 

3.7. Application to real samples 296 

The proposed Ss-ME procedure was successfully applied to the determination of 297 

cobalt contents of cereal, fruit and powdered beverage samples obtained from 298 

Kayseri, Turkey. The cobalt concentrations in samples were given Table 7. 299 

 300 

3.8. Comparison with Other Microextraction Methods 301 

A comparison of the represented method with other approaches reported in the 302 

literature for determination of cobalt in different real samples by microextraction 303 

procedure is given in Table 8. In comparison with other preconcentration methods, 304 

RSD, PF/EF and LOD obtained by the Ss-ME method are comparable to or better 305 

than other reported microextraction methods. The supramolecular microextraction 306 

combined with microsampling flame atomic absorption spectrometry has been 307 

previously developed and reported for the determination of Co(II) in water samples 308 

via OFAT and with Co(II)-N-Benzoyl-N,N-diisobutylthiourea chelates. 51 The 309 

analytical figures of presented work is better than our OFAT study for cobalt(II) (Table 310 

8). Chemometric optimization procedure for presented work has some advantages 311 

including time saving procedure and neglecting the effect of interactions with other 312 

species to OFAT procedure.Therefore, the Ss-ME method with chemometric 313 

optimization that is developed with microsampling-FAAS can be used for the 314 

determination of cobalt in water, cereal fruit and powdered beverage samples.  315 

 316 

 317 

4. Conclusions 318 

The presented method offers a new combination of Ss--ME method with 319 

chemometric optimization  for the preconcentration of cobalt in water, cereal, fruit and 320 

powdered beverage samples by microsampling FAAS. PBD and CCD designs 321 

provide fast and efficient experiments and also less consumption of organic solvents 322 

that are used during the optimization of variables. Instead of using more toxic organic 323 

solvents that damage the environment, we also used supramolecular solvent referred 324 

as a "green solvent" as extraction solvent in the microextraction study. The proposed 325 

method is a green method because very small amounts of organic solvents (1-326 

decanol: 125 µL, THF: 450 µL) are used. Target analytes can be analyzed with 327 

microsampling FAAS in very small final sample volume (100-150 µL). This 328 
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microextraction procedure is a quite easy, rapid and low-cost technique. 329 

Furthermore, this procedure can also be easily applied in many laboratories for 330 

separation and preconcentration of cobalt in different real samples. 331 

 332 

 333 
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 427 

 428 

 429 

Figure Captions 430 

Fig. 1 Pareto chart for the significance of response of the variables: P: pH, D: 1-431 

decanol volume, L: Ligand volume, T: THF Volume, C: Centrifugation time.  432 

Fig. 2 Three dimension surface response for % recovery of Co(II) (a). Interaction D 433 

(µL)-L (µL), (b). T (µL)-D (µL) and, (c). pH-D (µL).  434 

Fig. 3 The Effect of sample volume on the recovery of Co. (Experimental conditions: 435 

pH 6; the volume of DDTC (0.1 %): 300 µL; the volume of 1-decanol 125 µL; the 436 

volume of THF: 450 µL; Centrifugation time 8 min.; n=3). 437 
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Fig. 1 462 

 463 

 464 

 465 

 466 

 467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

 475 

 476 

 477 

 478 

 479 

Page 15 of 27 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



16 

 

 480 

 481 

Fig. 2a 482 
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Fig. 2c 524 
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Fig. 3 547 
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Table 1 Variable and levels used for the Plackett–Burman designs in the factorial 566 

design. 567 

Parameters Symbols Variable Levels 

  Low ( - ) High (+) 

pH P 2 8 

Volume of 1-decanol (µL) D 50 200 

Volume of Ligand (% 0.1, µL) L 50 500 

Volume of THF (µL) T 100 800 

Centrifugation time (min.) C 2 10 

 568 

 569 

 570 
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 572 

 573 
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 576 
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 584 
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 587 
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Table 2 Plackett-Burman experimental design (PBD) and the results of Co recovery 592 

Study 

Number 

P D L T C Recovery, % 

1 + - - - + 97 

2 + + - - - 87 

3 + + + - - 83 

4 + + + + - 83 

5 - + + + + 74 

6 + - + + + 82 

7 - + - + + 60 

8 + - + - + 93 

9 + + - + - 72 

10 - + + - + 88 

11 - - + + - 74 

12 + - - + + 92 

13 - + - - + 91 

14 - - + - - 94 

15 - - - + - 105 

16 - - - - - 106 
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 596 

 597 
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Table 3 Central 23+ orthogonal composite design (n = 3) for pH (P), the volume of 1-607 

decanol (D), the volume of ligand (L) and volume of THF (T). 608 

Study 

Number 

A (P) B (D) C (L) D (T) Recovery, % 

1 aP
2 bD

2 cL
2 dT

2 100 

2 - - - - 93 

3 + - - - 81 

4 - + - - 98 

5 + + - - 95 

6 - - + - 81 

7 + - + - 63 

8 - + + - 103 

9 + + + - 91 

10 - - - + 88 

11 + - - + 73 

12 - + - + 104 

13 + + - + 80 

14 - - + + 80 

15 + - + + 80 

16 - + + + 104 

17 + bD
3 + + 91 

18 aP
1 bD

2 cL
2 dT

2 105 

19 aP
2 bD

1 cL
2 dT

2 0 

20 aP
2 bD

4 cL
2 dT

2 105 

21 aP
2 bD

2 cL
1 dT

2 0 

22 aP
2 bD

2 cL
3 dT

2 104 

23 aP
2 bD

2 cL
2 dT

1 0 

24 aP
2 bD

2 cL
2 dT

3 104 

aP
1=2, aP

2=6, bD
1=0, bD

2=125, bD
3=200, bD

4=275, cL
1=0, cL

2=300, cL
3=700, dT

1=0, 

dT
2=450, dT

3=1150. 

 609 

 610 

 611 
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 612 

 613 

 614 

 615 

 616 

Table 4 Tolerance limits of some coexisting ions (pH 6; the volume of DDTC (0.1 %): 617 

300 µL; the volume of 1-decanol 125 µL; the volume of THF: 450 µL; centrifugation 618 

time 8 min.; n=3). 619 

 620 

 621 

 622 

 623 

 624 

 625 

 626 

 627 

 628 

 629 

 630 

 631 

 632 

 633 

 634 

Matrix Ions Added as Concentration, mgL-1 Recovery, % 

Ca2+ Ca(NO3)2.4H2O 2000 101 ± 3 

Mg2+ Mg(NO3)2.6H2O 2000 103 ± 4 

K+
, Cl- KCl 2500 102 ± 2 

Na+ NaNO3 2000 94 ± 2 

SO4
2- Na2SO4 2000 102 ± 3 

Mn2+ Mn(NO3)2.4H2O 20 105 ± 4 

Cr3+ Cr(NO3)3.9H2O 10 93 ± 2 

Cd2+ Cd(NO3)2.4H2O 20 101 ± 2 

Zn2+ Zn(NO3)2.6H2O 20 99 ± 2 

Ni2+ Ni(NO3)3·6H2O 10 96 ± 4 
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 635 

 636 

 637 

Table 5 Addition/Recovery test for Co(II) for cereal samples (pH 6; the volume of 638 

DDTC (0.1 %): 300 µL; the volume of 1-decanol 125 µL; the volume of THF: 450 µL; 639 

centrifugation time 8 min; n=5). 640 

Samples Added 

µµµµg 

Founda 

µµµµg 

Recovery 

(%) 

Vetch 0 0.35 ± 0.02 - 

1 1.29 ± 0.02 96 

2 2.36 ± 0.05 100 

Wheat 0 0.37± 0.03 - 

1 1.31 ± 0.03 96 

2 2.32 ± 0.03 98 

Lemon-flavored powdered beverage 0 BDLb - 

1 0.94 ± 0.06 94 

1.5 1.39 ± 0.07 93 

a Mean ± standard deviation 

b BDL= Below the detection limit. 

 641 

 642 

 643 

 644 

 645 

 646 

 647 

 648 

 649 

 650 

 651 

 652 

 653 

 654 
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 655 

 656 

Table 6 The analysis results for certified reference materials (pH 6; the volume of 657 

DDTC (0.1 %): 300 µL; the volume of 1-decanol 125 µL; the volume of THF: 450 µL; 658 

centrifugation time 8 min; n=5). 659 

Certified Reference Material 
Certified 

value 
Found 

Recovery 

(%) 

TMDA-53.3 

Water - Trace Elements, (mg L-1) 
0.252 

0.258 ± 

0.013a 
102 

TMDA-64.2 

Water-Trace Elements, (mg L-1) 
0.253 

0.260 ± 

0.009 a 
103 

SPS-WW2 

Waste Water-Trace Metals, (mg L-1) 
0.300 

0.310 ± 

0.010 a 
103 

Oriental Basma Tobacco Leaves 

(INCT OBTL-5), (mg kg-1) 

0.981 1.019 ± 

0.002 a 

104 

Scallion (Salad Onion), (NCS 

ZC73033), (mg kg-1) 

0.59 ± 0.04 0.61 ± 0.03 103 

   a Mean ± standard deviation 660 

 661 

 662 

 663 

 664 

 665 

 666 

 667 

 668 

 669 
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 671 

 672 

 673 

 674 

 675 
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 676 

Table 7 The determination of cobalt in cereal, fruit and powdered beverage samples 677 

(pH 6; the volume of DDTC (0.1 %): 300 µL; the volume of 1-decanol 125 µL; the 678 

volume of THF: 450 µL; centrifugation time 8 min; n=5). 679 

Samples Found, µg g-1 

Green Lentils 1.68 ± 0.16a 

Corn 5.32 ± 0.04 

Barley 1.32 ± 0.12 

Cherry-flavored powdered beverage BDLb 

Rosehip-flavored powdered beverage BDL 

Vibirnum opulus-guelder rose BDL 

Grape BDL 

Plum BDL 

a Mean ± standard deviation 

b BDL= Below the detection limit. 

 680 

 681 

 682 

 683 

 684 

 685 

 686 

 687 

 688 

 689 
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Table 8 Comparison of analytical features of the developed method with other microextraction method. 690 

a Enrichment factor, b Limit of detection, c RSD Relative standard deviation, FAAS: Flame atomic absorption spectrometry, GFAAS: 691 

Graphite furnace atomic absorption spectrometry, DLLME: Dispersive liquid–liquid microextraction, SFODME: Solidified Floating 692 

organic organic drop microextraction, ISFME: In situ solvent formation microextraction, DLPME: Dispersive liquid phase 693 

microextraction, UA-IL-ME: ultrasonic assisted-ionic liquid based-liquid–liquid microextraction, Ss-ME: Supramolecular solvent 694 

based microextraction. 695 

 696 

 697 

Analytical Technique Chelating reagent / 
Extraction phase 

Matrix EF / PFa LOD b (µg 
L−1) 

RSDc (%) Ref 

DLLME-FAAS Br-TAO/ methanol/ 
carbon tetrachloride 

Water 16 0.9 2.3-5.8 29 

SFODME-GFAAS PAN/1-undecanol Water 502 0.4 4.6 12 
ISFME-FAAS 5-Br-BADAP 

/[Hmim][BF4]/NaPF6 
Water 50 0.97 2.4 30 

DLPME- GFAAS PAN /acetone/carbon 
tetrachloride 

Water, Rice 101 0.021 7.5 44 

UA-IL-ME-FAAS H2L/[HMIM][PF6] 
/acetone 

Water 48-56 1.9-4.4 1.8–3.8 45 

Ss-ME -FAAS PAN/decanoic acid/THF Water 58 4.2 2.1-3.8 49 
Ss-ME -FAAS PAN /[Hmim][PF6]/ 

etanol 
Water 118 0.1 2.9 50 

Ss-ME -FAAS N-Benzoyl-N,N-
diisobutylthiourea/1-
decanol/THF 

water samples 40 1.29 3.2 51 

Ss-ME-FAAS DDTC/1-decanol/THF Water, Cereals, 
Fruit, Powdered 
beverage 

30 1.89 2.4 This work 
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