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Abstract

In this study, a magnetic metal-organic framework functionalized with
8-aminoquinoline was synthesized to monitor and measure arsenic in rice and
tuna samples consumed in the Iranian market. After identifying
the nanoadsorbent by FT-IR, SEM, TEM, VSM, XRD, CHN, DLS, Zeta potential
and BET methods, parameters affecting adsorption and desorption were
optimized. Optimization of the extraction process was performed by
the experimental design method based on a three levels Box-Behnken design.
Then the desired method was validated and finally, the synthesized adsorbent was
used to monitor and measure arsenic in rice and tuna samples consumed in the
Iranian market. The optimal extraction conditions were: pH of
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the sample solution, 3.6; adsorption time, 12 minutes; nanoadsorbent dose, 16
mg; type and concentration of elution solvent, 0.06 M nitric acid; elution time, 8.5
minutes; eluent volume, 0.8 ml. Under the optimal conditions,
the detection limit of the method was equal to 0.01 ug/l, and the method exhibited
good accuracy in the analysis of the sample with the confirmed concentration.

Under the optimal conditions, the desired method was evaluated in order to
monitor and measure arsenic in rice and tuna samples available in the Iranian
market, and very good results were obtained.
The most important advantages of the present method are its simplicity, easiness,
time saving and high accuracy.
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4. Speciation

1. Heavy Metals
2. Matrix Effect
3. Sample Cleanup

(\&-y) Ai9uiuns 9 3u0 o louls — IS JLw = sl (ouls (S Iige 4yl

—~

w9 Uil Jghieds 228 b Jole (puablito (JI - 518 Cgzlz 5,008

de—rY Lo — obl&o.b 9 4.»S.$)



D2V Lo — Obls.o.b 9 4.»54)

—

0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

@l i oy IS (1) sl T a5 ol (1) gy, S
(53539 MTA) S5 o pgeigol (NAOH) seas o s
(TEOS) wlSekwgiysl Josil 15 (3905359 ¥+ ) 4o ]
(355l 9IS mrocs (NHo-H2BDC) ol SJs 5 giel ¥
el S 25 (HCH) ol S0 595000 il
B3 L (B-AQ) ol5ieS sl A 5 25 s o] S 9il5es
5 g el S e 05,8l gl ol

oS i el (ETAAS) (slo)s S sadl wi miwiishs olKiws
5 P95 90 A pureal dilelw Ly AA-220 Jus L Varian
5 gl VAYIY (6,505l zge Job b ST cae¥ 3155l
aspme L 390 olKius .l OB ) M g5 jsee SIS Jobo
Joe T 5565 G5 Aloles s GTALL0 Jue _2ul,S 8,55 o]
sy Ly 5 738/388 ogls 0o ys b 04551 515 .55 ASC-6100
s oslisl Sl LS lyieas akdo 2l es YO+ oz
S (oo g 05— ;g See Vo a el 55 o
S Ve s MO(NOg)y o o) S e ¥ -
S5 ot solial " sloews ;5] locas PANOg), ,d
3 Sl b slageuly 5 358 (S 9l> 055 ;0 Seiwl 8,00
saosliiul gles Ll s (V) Jgom oS wald YU (s iy S5

Sl ) aaad (51 ETAAS olSicus (5,18 daal pudi ) Jgua

Table 1. Operating conditions of the ETAAS instrument for
arsenic determination.

Time (s)

Temperature

(°C)

Ramp | Hold

Injection of 75 5 25 250
modifier

Injection of
sample
Drying 120 5 20 250
Drying 260 2 10 250
Ashing 1000 1 20 250

Atomization 2000 0 3 0 (read)
Cleaning 2400 0 5 250

2. Autosampler
3. Chemical Modifier
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1. Metal-Organic Framework (MOF)
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Figure 1. A schematic representation of the nanoadsorbent synthesis.
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Figure. 2. FTIR spectrum of the synthesized nanoadsorbent.
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Figure 3. (a) FESEM and (b) TEM micrographs of the nanoadsorbent.
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Figure 4. VSM curves for the various steps of nanoadsorbent synthesis.
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Figure 6. Zeta potential at different pH of Fe;0, MIL-101 (Cr) and MMIL-101(Cr)-AQ.
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Table 2. The studied variables and their levels in the adsorption and elution steps.

Adsorption step

Elution step

A: pH of sample
B: Uptake time (min)
C: Sorbent dosage (mg)
A: Eluent concentration (mol L)
B: Eluent volume (mL)

C: Elution time (min)

Level
Lower Upper
2.0 3.5 5.0
5.0 10.0 15.0
10.0 15.0 20.0
0.01 0.06 0.1
0.5 0.75 1.0
5.0 7.5 10.0
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Figure 8. The estimated response surfaces for the adsorption step.
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Figure 9. The estimated response surfaces for the elution step.
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Table 3. Effect of interfering ions on the extraction efficiency of arsenic.

Potentially interfering ions

Tolerable concentration ratio X/As(111)

Cd**
AP
cr¥
Mn?*

Recovery (%)

20000 96.6 £5.8
30000 98.9+6.0
20000 97.4+4.9
15000 98.0+£35

200 99.5+4.8
20000 98.6+4.4
20000 97.8+5.2
10000 99.2+59
10000 98.5+45
1000 97.8+6.0
1000 95.7+3.3
1000 96.5+4.6
1000 98.0+54

750 97.5+6.3

700 96.4+£5.0
1000 95.9+47

750 98.4+5.2
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Figure 10: Reusability study of the nanoadsorbent.
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Table 4. Determination of arsenic in the certified reference material under the optimum conditions.

Concentration

Certified

NIST SRM 1568a rice flour

0.29 (ng g”)

0.28+0.02 96.5

(\&+Y) Aigmanss 9 340 o loud — 2939w Jw = Oyl (ouhs (s Iddeo 43 yalas

—~

9 il Jsbiiods 03 )3 Jole unblise JT- 30 ozl 5001

e

De—FY o — o)) Kon g 4555



—

v ‘f; T 8 e (8 SLadigad ju ST (e (a3 0 Jgun

3\\' - Table 5. Determination of arsenic in tuna fish and rice samples.
5 3

'\ ':'j) Rice 1 30.2,9.1 50.0 75.3,7.2 90.2

%‘_ : Rice 2 24.5,85 50.0 72.0,6.4 95.0
%\ j‘) Rice 3 15.1,7.6 50.0 64.5, 6.0 98.8

I o Rice 4 70.3,10.2 50.0 123,7.9 105
% 3 Rice 5 53.4,7.5 50.0 105, 5.6 103
ﬂ Rice 6 40.2,9.5 50.0 87.3,4.8 94.2

- Canned tuna 1 75.9,7.5 50.0 118, 6.0 84.2
—3; Canned tuna 2 64.1, 6.8 50.0 110, 4.5 91.8
9 Canned tuna 3 59.5,9.2 50.0 103, 8.3 87.0
—B Canned tuna 4 81.1, 10.5 50.0 133, 8.0 104
'% Canned tuna 5 69.2, 6.9 50.0 117,7.1 95.6
3 Canned tuna 6 45.6,9.2 50.0 97.1,6.8 103

9 All Concentrations are based on ng g™ il ong gt asly o la cdale ole
4
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Table 6. Comparison of the current research with those of reported methods used for extraction/determination of arsenic.

Method Instrument | LOD?| SC® | PF°® Ref.
MOF-199/Fe;0,@DTC nanocomposite ETAAS 1.2 235 240 [10]
Streptococcus pyogenes immobilized on Sepabeads SP 70 HGAAS 13 7.3 36 [29]
Modified Al,O3 nanoparticles ETAAS 1.81  0.287 750 [30]
Alternaria solani coated Diaion HP-2MG resin HGAAS 11 8.5 35 [31]
3-(2-aminoetr;r3]/lozijr?fiir;3) ,\rlJlmeggtll_ rSnethoxysiIane ICP-MS 15¢ 8.01° 10 [32]
MMIL-101(Cr)-AQ ETAAS 10 220 3125  Currentresearch
ang L > Sorption capacity (mg g™).
°Preconcentration factor. 9 These values are for As(V) ions.
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