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Selective extraction and determination of urinary nickel in foundry workers with the aid of a magnetic

ion imprinted polymer
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Abstract

A new type of magnetic ion imprinted polymer nanoparticles was employed to quickly extract, concentrate, and
measure Ni(ll) ions in urine samples from foundry workers. The Box-Behnken design and response surface
methodology were used to optimize the parameters that affect the preconcentration process. The main factors
considered for sorption optimization were pH value (8), sorption time (10 min), and the amount of magnetic
imprinted polymer (7 mg). The elution step was optimized by investigating four variables: type, volume, and
concentration of the eluent, as well as elution time. Mentioned parameters were 3.8 mL of HCI 0.9 M, for 5 min.
After the sorption and elution steps, flame atomic absorption spectrometry was used to quantify the Ni(ll)
ions.Equilibrium isotherms were studied, and two models were utilized to analyze the equilibrium sorption data.
The results showed that the sorption process followed the Langmuir model. The maximum monolayer capacity
and the Langmuir constant were49.3 mg g and 0.205 L mg™, respectively. Ultimately this nanosorbent was
successfully applied to the selective determination of urinarynickel in foundry workersand satisfactory results
were obtained. Under the optimalcondition the limit of detection and the relative standard deviations was 0.25 pg
L and were equal or less than 9.5%, respectively.

Keywords: Magnetic ion imprinted polymer nanoparticles; Ni(ll) ions; Response surface methodology; Selective
extraction; Urine samples.
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Fig. 2. The FT-IR spectra of (a) FesO4 (blue) FesO.@VTES NPs (red), (b) unleached (blue) and leached ion
imprinted polymer NPs (red).
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Fig. 3. The High-angle X-ray diffraction pattern of (a) Fes04 NPs, (b) Fes0.@VTES NPs, (c) unleached and (d)

leached ion imprinted polymer NPs.
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Fig. 4. Thermogravimetric Analysis/Differential Thermal Analysis (TGA/DTA) r (a) Fes:0.@VTES

nano particles, (b) leached and (c) unleached ion imprinted polymer nano particles.
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Fig. 5. Scanning electron microscopy images of (a) FesO4 NPs, (b) FesO.@VTES NPs and (c) ion imprinted

polymer NPs.
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Fig. 6. EDX spectrum of (a) unleached and (c) leached ion imprinted polymer NPs (values beside peaks represent

the portion of each element in percent)
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Table 1. Experimental variables and levels of the Box-Behnken design (BBD) in sorption and elution steps.

Level

Lower Central Upper

Uptake step A: pH 5.0 6.5 8.0
B: Sorption time (min) 5.0 10.0 15.0

C: Sorbent amount (mg) 3.0 6.5 10.0

Elution step A: Eluent concentration (mol L) 0.1 0.8 15

B: Eluent volume (mL) 2.0 35 5.0

C: Elution time (min) 2.0 4.5 7.0
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Table 2. Experiments designed to optimize the uptake step by BBD

BLOCK oH Sorpztrlnoirr:)tlme Sorbe(nr; g;nount Sorption%
1 6.5 5 10 50
2 6.5 10 6.5 80
3 5 15 6.5 45
4 8 10 10 95
5 6.5 15 10 60
6 6.5 10 6.5 79
7 6.5 10 6.5 78
8 5 5 6.5 40
9 5 10 10 55
10 5 10 3 50
11 6.5 5 3 50
12 8 15 6.5 85
13 8 5 6.5 83
14 6.5 10 6.5 82
15 8 10 3 85
16 6.5 15 3 55
17 6.5 10 6.5 81
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Table 3. Analysis of Variance (ANOVA) of the uptake optimization model

Source Sum of Squares | Df Mean Square F-Ratio P-Value®
A: pH 3120.5 1 3120.5 1248.20 <0.0001
B: Uptake time (min) 60.5 1 60.5 24.20 0.0079
C: Sorbent amount (mg) 50.0 1 50.0 20.00 0.0111
AA 0.592105 1 0.592105 0.24 0.6520
AB 2.25 1 2.25 0.90 0.3965
AC 6.25 1 6.25 2.5 0.1890
BB 1234.8 1 1234.8 493.92 <0.0001
BC 6.25 1 6.25 2.5 0.1890
CC 350.592 1 350.592 140.24 0.0003
Lack-of-fit 28.5 3 9.5 3.80 0.1149
Pure error 10.0 4 2.5
Total (corr.) 4948.47 16
“P<0.05 considered as significant
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Sorption% = -100.454 + 10.4524*pH + 14.4357*Sorption time +8.13605*Sorbent amount + 0.166667*pH"2 —
0.1*pH*Sorption time + 0.238095*pH*Sorbent amount - 0.685*Sorption time~2 + 0.0714286*Sorption
time*Sorbent amount - 0.744898*Sorbent amount"2

a Standardized Pareto Chart
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b Estimated Response Surface _
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Fig. 7. (a) Pareto chart of the main effects in the BBD (uptake step). AA, BB and CC are the quadratic effects of
the pH, sorption time and sorbent amount, respectively. AB, AC and BC are the interaction effects between pH
and sorption time; pH and sorbent amount and sorption time and sorbent amount, respectively. (b) The estimated
response surface and two-dimensional contour plot of pH and sorbent amount.
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Table 4. Experiments designed to optimize the elusion step by BBD

BLOCK Eleunt C(zrll;)entratlon Eluer(mrtn vLo)Iume Elut(lr(T)]ri]nt)lme Recovery%

1 0.8 3.5 4.5 99

0.8 35 4.5 97
3 0.8 3.5 4.5 98
4 15 5 4.5 70
5 0.1 5 4.5 60
6 0.8 2 7 75
7 0.8 5 7 80
8 0.8 5 2 82
9 0.8 35 4.5 96
10 0.1 35 7 59
11 15 3.5 7 69
12 0.8 35 4.5 100
13 15 2 4.5 65
14 0.1 35 2 50
15 0.8 2 2 67
16 15 3.5 2 61
17 0.1 2 4.5 55




giind (55l dingy Joo (ANOVA) il ls 5 JUT -0 Jsox

Table 5. Analysis of Variance (ANOVA) of the elusion optimization model

Source Sum of Squares | Df Mean Square F-Ratio P-Value®

A: Eluent concentration 210.125 1 210.125 84.05 0.0008

B: Eluent volume 112.5 1 112.5 45.00 0.0026

C: Elution time 66.125 1 66.125 26.45 0.0068
AA 2819.01 1 2819.01 1127.61 <0.0001

AB 0.0 1 0.0 0.00 1.0000

AC 0.25 1 0.25 0.10 0.7676

BB 390.066 1 390.066 156.03 0.0002

BC 25.0 1 25.0 10.00 0.0341

CcC 644.803 1 644.803 257.92 0.0001

Lack-of-fit 27.75 3 9.25 3.70 0.1193

Pure error 10.0 4 2.5
Total (corr.) 4652.24 16
"P<0.05 considered as significant
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Recovery% = -59.0901 + 92.4541*Eleunt concentration + 35.4444*Eluent volume + 21.4176*Elution time -
52.8061*Eleunt concentration®2 + 0.0*Eleunt concentration*Eluent volume - 0.142857*Eleunt
concentration*Elution time - 4.27778*Eluent volume”2 - 0.666667*Eluent volume*Elution time

- 1.98*Elution time”2
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Fig. 8. (a) Pareto chart of the main effects in the BBD (elution step). The variables AA, BB, and CC represent the
quadratic effects associated with eluent concentration, eluent volume, and elution time, respectively. The terms
AB, AC, and BC denote the interaction effects that occur between eluent concentration and eluent volume, eluent
concentration and elution time, as well as eluent volume and elution time, respectively. (b) The estimated response

surface and two-dimensional contour plot of eluent volume vs. elution time.
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Table 3. The tolerance limit of potentially interfering ions in the determination of Ni(ll) ions.

Potentially interfering ions Toler?at;:g %ﬁﬁ?gaﬁon Recovery (%)
Na* 10000 101+£3.2
K* 10000 99.3+42
Ca? 1000 98.6 +3.5
Mg?* 1000 99.0+41
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Cu?* 1000 97.6+2.38
Mn?2* 1000 98.1+3.0
Zn* 1000 97.0+44
Pb?* 1000 96.9+3.8
Co?* 1000 97.1+28
Fe3* 1000 98.5+3.2
Cr3* 1000 99.3+5.0
Sn?* 1000 98.3+4.2
Hg?* 750 96.9+3.3
Cr 10000 102 £3.9
Br 5000 97.1+4.2
NOs 2000 98.0+2.9
AsOs* 2000 96.0+5.2
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Table 4. Urinary Ni(ll) determination using FesO.@11P NPs.

Obtained value .
Sample | Age (ug LY) RSD (%)

1 28 19.4 5.8
2 33 7.0 7.9
3 29 6.5 8.3
4 38 3.9 9.5
5 30 7.2 9.0
6 25 5.3 7.6
7 27 5.0 5.9
8 32 5.7 7.3
9 33 6.3 6.4
10 26 6.5 9.2
11 42 6.4 8.6
12 35 19.5 5.0
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Table 5. Comparison of the method used in the present study with other methods for extracting and measuring
nickel ions

Detection Sorbent LoD® | pLr | EXtraction Sorpt.lona RSD st aies
system time (min) | capacity (%)
Bulk ion 5 0-
FAAS imprinted 1.6 100 200 1.3 34 [v-]
polymer
FAAs | lonimprinted |5 | 03- . 104 | 41 | Iva
polymer 25
lon imprinted 3.0-
FAAS sol-gel 0.9 ' 180 3.4 4.2 [v-]
; 100
material
Fes0.@I1IP 1.0- .
FAAS MNPs 0.25 300 15.0 49.3 7.5 This work
“ mglg
b All concentrations are based on pg/L
DLR=Daynanim Linear Range
LOD= Limit of Detection
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