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Abstract

In this study an efficient, relatively simple and fast method based on the
extraction of organic gas steam liquid extraction (OGS-LE) was presented for
extraction and determination of trace amounts of lead in aqueous solutions.
For this purpose, ammonium pyrrolidine dithiocarbamate (APDC) as a
complexing agent and methyl isobutyl ketone (MIBK) as extracting solvent
was used, Also, the effect of parameters on the extraction recovery such as
the volume of organic solvent, the molar ratio of the extracting agent relative
to lead metal, the pH of the aqueous phase, the extraction time and the
temperature of the heating chamber were investigated. Determination of
number of experiments, statistical analysis of data and optimization of lead
ion extraction were performed using central composite design (CCD) and
response surface methodology (RSM).Under optimal conditions, the limit of
detection (LOD) and limit of quantification of the method (LOQ) are 0.13
ugLl™" and 0.43 ugL™', respectively, the relative standard deviation is 3.7
percent and the analysis curve is linear in the range of 0.5 to 10 ugL ™.
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Figure 1. Schematic of OGS-LE method.
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Figure 3. The influence of solvent type on the recovery of lead.
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Table 1. Investigated variables, their levels for central composite design.

JEes (sla pie -1 +1

pH of aqueous solution 1 45

volume of organic solvent (mL) 15 35

heating chamber temperature(°C) 75 90

molar ratio of the extracting agent relative to lead metal 5 15
extraction time (min) 5 20

@y ) A0l o ouelcuuds sla =l 9 LAui}:lLa",T b Y Jyaa

Table 2. The design of experiments and responses for extraction of lead.

Run P V(mL) T(°C)
1 45 35 75
2 2.8 25 83
3 45 35 90
4 2.8 25 83
5 2.8 25 83
6 45 35 90
7 45 35 90
8 1.0 35 75

L(M) M(min) Recovery%
15 5 12
10 13 83
5 5 11
10 13 85
10 13 86
15 20 27
5) 20 16
15 5 19
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10 1.0 35 90 5 5 23
11 2.8 2.5 83 15 13 76
12 2.8 25 83 10 13 77
13 2.8 25 83 10 13 85
14 1.0 35 75 15 20 33
15 1.0 35 90 5 20 21
16 45 35 90 15 5 19
17 2.8 25 83 10 13 86
18 2.8 25 83 10 13 85
19 2.8 25 83 10 13 86
20 1.0 1.5 75 15 5 18
21 1.0 15 90 5 5 25
22 45 1.5 75 15 20 16
23 1.0 15 90 5 20 26
24 45 1.5 90 5 5 11
25 45 15 90 15 20 18
26 1.0 85 75 5 5 21
27 1.0 15 75 15 20 23
28 2.8 25 65 10 13 83
29 1.0 15 90 15 20 24
30 45 25 83 10 13 18
31 45 15 75 5 20 11
32 2.8 1.9 83 10 13 83
33 45 8IS 75 5 5 8

34 45 L3 90 5 20 13
35 2.8 25 83 10 30 81
36 2.8 25 83 10 5 71
37 1.0 1.5 90 15 5 18
38 1.0 25 83 10 13 29
39 45 15 90 15 5 22
40 45 15 75 15 5 7

41 1.0 15 75 5 20 28
42 1.0 315 75 5 20 32
43 1.0 315) 90 15 20 35
44 2.8 25 83 10 13 78
45 2.8 25 100 10 13 88
46 45 Si5) 75 5 20 16
47 1.0 15 75 5 5 16
48 45 1.5 75 5 5 11
49 45 S15) 75 15 20 23
50 1.0 35 90 15 5 30
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Table 3. The analysis of variance for extraction of lead.

-value
prob>F

Model 43911.35
P 771.88 1
\% 100.39 1
T 74.73 1
L 81.85 1
M 326.30 1
PL 47.53 1
VL 63.28 1
TL 47.53 1
™ 75.03 1
e 8841.62 1
L2 47.98 1
M2 79.81 1
Residual 423.47 37
Lack of Fit 332.59 30
Pure Error 90.88 7
Cor. Total 44334.82 49

3659.28 319.73 < 0.0001 significant
771.88 67.44 <0.0001
100.39 8.77 0.0053
7473 6.53 0.0149
81.85 7.15 0.0111
326.30 2851 <0.0001
4753 4.15 0.0488
63.28 5.53 0.0241
4753 4.15 0.0488
75.03 6.56 0.0147
8841.62 772,53 <0.0001
47.98 4.19 0.0478
79.81 6.97 0.0120
11.45
11.09 0.8540 0.6517 Signr;?itcam
12.98
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Figure 4. 3D response surface plots for extraction of lead .
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Table 4. Comparison of the published preconcentration methods for the lead ions with the proposed method.

LOD RSD

Method (lngD/]F\:)
MDSPE/FAAS 1.5-200
DLLME 5-190
DLLME-DES-FAAS 1-40
SPE-FAAS 15-100
SADSPE 4-100
SFOD-ME 0.2-10
OGS-LE 0.5-10
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