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Abstract

A co-precipitation method was developed to separate and pre-concentrate Ni(II), Cu(II) and Zn(II) ions using an organic co-precipitant, chrysin without adding any carrier element termed as carrier element-free co-precipitation (CEFC).  Analytes were determined using flame atomic absorption spectrometry (FAAS). The influence of analytical conditions, such as pH of the solution, quantity of co-precipitant, standing time, centrifugation rate and time, sample volume, and interference of concomitant ions were investigated over the recovery yields of the trace metals. The limit of detection, the limit of quantification and linearity range obtained from the FAAS measurements were found to be in the range of 0.64 to 0.86                µg L–1, 2.13 to 2.86 μg L–1 and 0.9972 to 0.9989 for Ni(II), Cu(III) and Zn(II) ions, respectively. The precision of the method, evaluated as the relative standard deviation (RSD) obtained after analyzing a series of 10 replicates, was between 2.6% to 3.9% for the trace metal ions. The proposed procedure was applied and validated by analyzing river water reference material for trace metals (SLRS-5) and spiking trace metal ions in some water samples.  The recoveries of the analyte metal ions were between 94.7-101.2%. 
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Abstrak

Suatu kaedah proses ko-pemendekan telah dibangunkan untuk pemisahan dan pra-pemekatan ion Ni(II), Cu(II) dan Zn(II) menggunakan ko-pemendak organic, krisin tanpa penambahan sebarang elemen pembawa,  dikenali sebagai ko-pemendakan bebas elemen pembawa (CEFC).  Analit ditententukan menggunakan spektrometri serapan atom nyala (FAAS).  Pengaruh keadaan analisis, seperti pH larutan, amaun ko-pemendak, masa berdiri, kadar dan masa pengemparan, isipadu sampel, dan gangguan ion iringan telah dikaji ke atas hasil perolehan semula logam surih.  Had pengesanan, had kuantitatif dan julat kelinearan yang diperoleh daripada pengukuran FAAS ialah antara 0.64 - 0.86 µg L–1, 2.13 - 2.86 μg L–1 dan 0.9972 - 0.9989,  masing-masing untuk ion Ni(II), Cu(III) and Zn(II).  Kepresisan kaedah yang dibangunkan telah dinilai berdasarkan sisihan piawai relatif (RSD) yang diperoleh setelah menganalisis 10 replikat sampel (2.6-3.9%) untuk ion logam surih.  Prosedur cadangan telah digunakan dan dan ditentusahkan dengan menganalisis bahan air sungai rujukan untuk logam surih (SLRS-5) dan menambahkan ion logam surih ke dalam beberapa sampel air.  Perolehan semula analit ion logam ialah antara 94.7-101.2%.
Kata kunci: Ko-pemendakan bebas elemen pembawa, pra-pemekatan, krisin, Ion logam surih, FAAS
Introduction
Pollution from heavy metals, in environment is one of the main sources of contamination. Small quantities of these elements are common in our environment and actually necessary for good health, but large quantities of them may cause acute and chronic poisonousness. Heavy metal ions toxicity can result in damaged of central nervous function, low of energy levels, harm the blood composition, lung, liver and kidney [1, 2]. Due to these reasons analysis and determination of trace metal ion concentrations in environmental samples is one of the best significant areas of the analytical chemistry [3, 4]. 
Flame atomic absorption spectrometry (FAAS) is a significant technique for determination of trace heavy metal ions, because of its lower costs and easy instrument procedure [4, 5]. Two chief limitations in FAAS determinations of trace metal ions are lower levels of analytes than the limit of detection FAAS instrument and positive or negative effects of interferences ions on the signal of the analyte ions [6, 7]. To solve these two problems, many separation/preconcentration methods, including ion exchange [8], adsorption [9, 10], solvent extraction [11, 12], membrane filtration [13, 14], solid phase extraction (SPE) [15, 16], electro-analytical techniques [17, 18], co-precipitation [19, 20], etc. can be applied. Among these techniques, the co-precipitation process has many significant benefits which include effective, selective, simple and economical procedure. In addition high enrichment factors can be achieved and analytes can be separated from the matrix medium. A precipitate can be obtained by using a suitable inorganic and organic ligand in the separation and preconcentration method. 

Several inorganic co-precipitants such as erbium hydroxides [21], zirconium [22], thulium [23] and organic ligands, commonly dithiocarbamates [24], 3-benzyl-4-p-nitrobenzylidenamino-4,5-dihydro-1,2,4-triazole-5-on (BPNBAT) [4], 3-ethyl-4-(p-chlorobenzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one (EPHBAT) [5], triazole derivative (2-{4-[2-(1H-indol-3-yl)ethyl]-3-(4-chlorobenzyl)-5-oxo-4,5-dihydro-1H-1,2,4-triazol-1-yl}-N-aryl methylidene acetohydrazid) [7] have been widely applied. In recent years, the carrier element-free                            co-precipitation (CEFC) procedure has been established for separation and preconcentration of heavy metals. The CEFC procedure has various benefits for preconcentration of trace metal ions such that in this procedure the pollution and adsorption risks for the target analytes from a carrier element can be removed [4].

Flavonoids are widely distributed between higher plants as secondary metabolites. Flavonoids organize one of the most typical classes of compounds including hydroxyl groups linked to ring structures [25]. These molecules are owned by a large family of compounds with a shared diphenylpropane structure (C6C3C6) with different degrees of hydroxylation, oxidation and substitution.  Flavonoids have been described to be able to interfere with the activities of enzymes involved in reactive oxygen species generation, quenching free radicals, chelating transition metals and rendering them redox inactive [26, 27]. 
In this work, we carried out the CEFC procedure by using a flavonoid compound  chrysin (5,7-Dihydroxy-2-phenyl-4H-chromen-4-one) (Figure 1), as an organic co-precipitant without any carrier- element for pre-concentration and determination of Ni(II), Cu(II) and Zn(II) metal ions in tap, river and lake water samples. The effects of several analytical parameters such as pH of the aqueous solution, quantity of chrysin, sample volume, standing time, and centrifugation rate and time were examined on the recovery of the metal ions studied. The procedure was validated by analyzing river water reference material for trace metals (SLRS-5) and spiked water samples.
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Figure 1. Chemical structure of chrysin

Materials and Methods
Chemicals and Reagents
All vessels were immersed in diluted nitric acid for more than 12 h before use. Deionized water (18.2 MΩ) was obtained from a Simplicity 185, Millipore Merck (Darmstadt, Germany) water filtration system and used for preparation of the standards and sample solutions. Stock solutions (1 g L−1) of Ni(II), Cu(II) and Zn(II) and absolute ethanol (99.8%) was purchased from Merck (Darmstadt, Germany). 5,7-Dihydroxy-2-phenyl-4H-chromen-4-one (chrysin 97%),  sodium hydroxide (NaOH ≥ 98%), nitric acid (HNO3 65%) were all purchased from Sigma–Aldrich  (St. Louis, MO, USA). In this work, chrysin (Scheme 6.1), used as a co-precipitating reagent, 0.2% (w/v) chrysin solution was prepared by dissolving it in ethanol. Hydrochloric acid (HCl 37%) was purchased from Fluka Chemika (Buchs, Switzerland). River water reference material for trace metals (SLRS-5) was purchased from National Research Council Canada (Ottawa, Canada). 
Sample Preparation

River water samples were collected from Skudai River, Johor Bahru, Malaysia. River water samples were filtered through Advantec filter paper (0.45 µm) and acidified to pH 1 with concentrated HCl for storage prior to usage. Lake and tap water samples were taken from UTM Lake and Chemistry research laboratory (UTM, Johor Bahru, Malaysia), respectively. Lake and tap water samples were filtered off by using Millipore cellulose acetate membrane filter (pore diameter 0.45 µm) and acidified to pH 2 with 2 M HNO3. The triplicate measurements were performed through FAAS analysis for all the water samples. 
Instruments 

A Perkin-Elmer AAnalyst 400 flame atomic absorption spectrometer (Waltham, MA USA), equipped with hollow cathode lamps for nickel, copper and zinc with a deuterium lamp for background correction was used for analysis. The hollow cathode lamps were operated at 8 mA and the wavelength was set at 232.0, 324.75 and 213.9 nm for Ni(II), Cu(II) and Zn(II), respectively. The flame composition was operated with an acetylene flow rate of 1.8 L min−1 and air flow rate of 10 L min−1. A Metrohm model 713 (Herisau, Switzerland) pH-meter with a combined glass electrode was used for pH measurements. A Sigma 3-16P centrifuge (Sigma laborzentrifugen GmbH, Germany) was employed to centrifuge the solutions.

Co-Precipitation Method 
In this method, three trace metal ions were examined simultaneously. Firstly, a mixture of the metal ion solution consisting of 50 mg L–1 of Ni(II), 30 mg L–1 of Cu(II) and 20 mg L–1 of Zn(II) ions was prepared. Then 0.5 mL of this solution was added to 50 mL of an aqueous solution. In the present case, the working solution consists of 25 µg of Ni(II), 15 µg of Cu(II) and 10 µg of Zn(II) ions. The solution was placed in a centrifuge tube, and the pH of the solutions was adjusted to 6 by using dilute HCl and NaOH solutions. Then 2 mL of the                            co-precipitating reagent (chrysin) (0.2%, w/v) was added. After standing for 20 min, the solutions were centrifuged at 3000 rpm for 20 min. The supernatant was removed. The precipitate remained adhering to the tube was dissolved with 1 mL of conc. HNO3. The final volume was adjusted to 3 mL with deionized water, and then the levels of analytes in the final solution were determined by using FAAS.
Analytical Performance of the CEFC Method

The analytical performance of the proposed separation and pre-concentration method based on CEFC was evaluated for limit of detection (LOD), limit of quantification (LOQ), and precision from the results obtained using FAAS measurements.
Method Validation and Applications to Real Samples

The recovery of the ions investigated from several water samples were performed to assess the accuracy of the proposed co-precipitation procedure using chrysin for the separation and preconcentration of Ni(II), Cu(II) and Zn(II) ions.  For this purpose different amounts of Ni(II), Cu(II) and Zn(II) ions were spiked in 150 mL of water samples (tap, river and lake water) after confirming the non-presences of these ions. River water reference material for trace metals (SLRS-5), as a certified reference material, was also used for the method validation.
Result and Discussion
Effects of pH

The pH influence is one of the most significant analytical factors on the recovery of analytes on the                          co-precipitation of trace metal ions [28, 29]. The effects of pH on the recoveries of Ni(II) and Cu(II) and Zn(II) metal ions were examined in the solution pH range of 1–10 under optimum conditions. As it is seen from            Figure 2, quantitative recovery values (> 93%) were obtained for coprecipitation of the analyte ions with chrysin as co-precipitation reagent in the pH range of 6 to 10, thus further experiments were performed at pH 6. For subsequent work during this investigation involving general applications, pH 6 was selected as a working medium. 
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Figure 2. Effect of pH on the recoveries of analyte ions (N: 3, sample volume: 50 mL, amount of chrysin: 6 mg (3 mL 0.2% (w/v)), standing time: 20 min, centrifugation rate: 3000 rpm, centrifugation time: 20 min)
Effects of Amounts of Co-Precipitating Reagent 
To obtain the effect of the quantity of chrysin on the coprecipitation of Ni(II), Cu(II) and Zn(II) metal ions, the tests were carried out using different chrysin amounts ranging from 0−10 mg (0–5 mL, 0.2% (w/v)) under optimum conditions. It was observed that the recovery of the Ni(II), Cu(II) and Zn(II) metal ions increased with an increase in the quantity of chrysin complexing reagent, up to a certain level and then levels off. The recovery for Ni(II), Cu(II) and Zn(II) metal ions was below 10%, when no chrysin was added to the solution. However, the recovery of the three metal ions increased rapidly with increasing quantity of chrysin, but after reached the optimal quantity of complexing reagent (6 mg, 3 mL, 0.2% (w/v) of chrysin); there was no change in the recovery yields (Figure 3). On this basis, 6 mg of chrysin as complexing reagent was added to the solutions for all subsequent works.

[image: image3]
Figure 3. Effect of quantity of chrysin on the recoveries of analyte ions (n: 3, sample volume: 50 mL, pH: 6, standing time: 20 min, centrifugation rate: 3000 rpm, centrifugation time: 20 min)

Effect of Sample Volume
In order to achieve high preconcentration factor, sample volume is one of the significant factor [30, 31]. For example, the concentrations of Ni(II), Cu(II) and Zn(II) metal ions in real samples are very low, the optimization of sample volume is required to obtain high preconcentration factors for the analysis of a real sample using presented coprecipitation procedure. Based on this, the influence of sample volume on the quantitative recoveries of the analyte ions was examined in the sample volume range of 25–200 mL under optimum conditions. As can be seen from Figure 4, the recovery values decreased significantly after 150 mL sample volume.  Thus, the sample volume was optimized as 150 mL in the application of the method for tap, river and lake waters. The enrichment factor (EF) was determined to be 50 (150 mL sample volume which was finally reduced to a final volume 3 mL).


[image: image4]
Figure 4. Effect of sample volume on the recoveries of analyte ions (n: 3, amount of chrysin: 6 mg, pH: 6, standing time: 20 min, centrifugation rate: 3000 rpm, centrifugation time: 20 min) 

Effect of Standing Time, Centrifugation Rate and Time
To optimum experimental conditions, the effect of the standing time, centrifugation time and centrifugation rate on the recoveries of analyte ions were also examined. For this purpose the effect of standing time on the recovery of the metal ions was examined in the range of 5–60 min (Figure 5). The quantitative recoveries of target analytes were achieved after a standing period of about 20 min for Ni(II), Cu(II) and Zn(II) metal ions were co-precipitated with chrysin as the co-precipitation reagent. Thus 20 min standing time was used for subsequent studies.   

[image: image5]
Figure 5. Effect of standing time on the recoveries of analyte ions (n: 3, amount of chrysin: 6 mg, pH: 6, sample volume: 50 mL, centrifugation rate: 3000 rpm, centrifugation time: 20 min) 
The precipitates were centrifuged in the range of 1000–3500 rpm in order to determine the optimum centrifugation rate. The quantitative recoveries of analytes were achieved after 3000 rpm of centrifugation rates. Therefore, for further tests centrifugation rate of 3000 rpm was applied. The results are given in Figure 6 for Ni(II), Cu(II) and Zn(II) metal ions were coprecipitated with chrysin as coprecipitation reagents. 
The effect of centrifugation time on the recoveries of metal ions was investigated in the range of 1–30 min at 3000 rpm (Figure 7). Quantitative recoveries of Ni(II),Cu(II) and Zn(II) metal ions were obtained after 20 min. For remaining studies, 20 min centrifugation time and 3000 rpm was applied.

[image: image6]
Figure 6. Effect of centrifugation rate on the recoveries of analyte ions (n: 3, amount of chrysin: 6 mg, pH: 6,  sample volume: 50 mL, standing time: 20 min, centrifugation time: 20 min)
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Figure 7. Effect of centrifugation time on the recoveries of analyte ions (n: 3, amount of chrysin: 6 mg, pH: 6, sample volume: 50 mL, standing time: 20 min, centrifugation rate: 3000 rpm)

Effects of foreign ions 

The impact of foreign ions is a notable factor for quantitative recoveries of metal ions from real samples [30, 32]. Analytes exist in real samples together with different matrix ions. The effects of some cations and anions on the recoveries of Ni(II), Cu(III) and Zn(II) metal ions were studied at pH 6. High concentrations of some cations and anions and some transition metals have not interfere in the FAAS determination of Ni(II), Cu(II) and Zn(II) metal ions coprecipitation with chrysin as the co-precipitation reagent (Figure 8). Therefore, the CEFC procedure could be used to the real samples involving high content of foreign ions at tolerable concentration levels. 

[image: image8]
Figure 8. Influences of some foreign ions on the recoveries of analyte ions under optimum conditions (n: 3, amount of chrysin: 6 mg, pH: 6, sample volume: 50 mL, standing time: 20 min, centrifugation rate: 3000 rpm)
Analytical Performance of the CEFC Method 

Relative standard deviations (RSD) reflect the precision of the method and it was found to be 3.9% for Ni(III), 2.6% for Cu(II) and 3.4% for Zn(II) ions.  Ten replicates were used using model solutions containing 25 μg of Ni(II), 15 μg of Cu(II) and 10 μg of Zn(II) ions. The limit of detections (LOD), defined as the concentration that gives a signal equivalent to three times the standard deviation of 10 replicate measurements of the blank samples, were found to be 0.86, 0.64 and 0.72 µg L–1, for Ni(II), Cu(II) and Zn(II) ions, respectively.  The LOQ was defined as ten times the standard deviation of 10 replicate measurements of the blank samples [33], were obtain to be 2.86, 2.13 and 2.40 µg L–1, for Ni(II), Cu(II) and Zn(II) ions, respectively. 
Method Validation and Applications to Real Samples
The proposed CEFC method using chrysin to determine the Ni(II), Cu(II) and Zn(II) metal ions in water samples including tap, river and lake water were applied. In order to determine the metal ions, different amounts of examined ions were spiked to these samples. As can be seen Table 1, a good agreement was obtained between the spiked and found analyte ion amounts, so the proposed procedure could be successfully practical for separation and pre-concentration of trace amounts of Ni(II), Cu(II) and Zn(II) metal ions in water samples, with recovery of 94.66 - 101.2% using chrysin as co-precipitation reagents.  Satisfactory precision (RSD < 7%) was obtained for the proposed procedure using FAAS for determination.
The accuracy of the proposed method was verified by analyzing certified reference materials, River water reference material for trace metals (SLRS-5).  The results from the presented method (Table 2) revealed good agreement with the certified values for the investigated analyte ions. 
The results from the presented method revealed good agreement with the certified values for the investigated analyte ions. Equally, the Student’s t-test was useful to results of the suggested method and certified values (Table 3). At the 95% confidence level tcritical is 4.30, and tcalculated values are lower than tcritical for all practical result of three metal ions. Hence there was no significant difference between the founded values and certified values for 95% confidence level.
Table 1. Spiked recoveries of analyte ions from water samples (n: 3, pH: 6, sample volume: 150 mL, amount of chrysin: 6 mg, final volume: 3 mL)
	Element
	
	Tap water
	River water
	Lake water

	
	Added (μg)
	aFound (μg)
	Recovery (%)
	Found (μg)
	Recovery (%)
	Found (μg)
	Recovery (%)

	Ni(II)
	0
	0
	–
	0
	–
	0
	–

	
	10
	9.91 ± 0.6
	99.1
	9.94 ± 0.9
	99.4
	9.92 ± 0.8
	99.2

	
	15
	14.2 ± 3.13
	94.6
	14.5 ± 5.4
	96.6
	14.30 ± 3.4
	95.33

	Cu(II)
	0.0
	0
	–
	0
	–
	0
	–

	
	6
	5.82 ± 1.2
	97
	6.07 ± 1.48
	101.2
	5.95 ± 1.34
	99.16

	
	12
	11.8 ± 3.55
	98.3
	11.95 ± 6.5
	99.6
	11.86 ± 4.4
	98.83

	Zn(II)
	0
	0
	–
	0
	–
	0
	–

	
	3
	2.87 ± 2.09
	95.7
	2.95 ± 1.69
	98.3
	2.91 ± 1.37
	97

	
	6
	5.76 ± 2.25
	96
	5.68 ± 5.8
	94.7
	5.72 ± 5.06
	95.33


amean± RSD%
Table 2. Application of the CEFC method to the standard reference material (n: 3, volume of CRM-SLRS-5 River water: 50 mL, quantity of chrysin: 6 mg, final volume: 3 mL)
	Metals
	Certified value
(µg kg–1)
	aFound value
(µg kg–1)
	Recovery
(%)

	Ni
	0.476 ± 0.064
	< LOD
	-

	Cu
	17.4 ± 1.3
	17.28 ± 1.5
	99.31

	Zn
	0.845 ± 0.095
	0.824 ± 0.6
	97.51


                       amean ± standard deviation

Table 3. Statistical evaluation of the results obtained in the accuracy study (Table 2) using student's t-test
	Metals 
	aµ
	bM
	|µ–M|
	cS
	dtcalculated

	Ni
	0.476 
	-
	-
	-
	-

	Cu
	17.4 
	17.28
	0.12
	1.5
	0.138

	Zn
	0.845 
	0.824
	0.021
	0.6
	0.060


                                                a: Certified value; b: Mean based on three replicate determinations (n: 3); c: standard deviation;                                                  

                                d:[image: image10.png]
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. 
Comparison of the Developed CEFC Method with Other Methods

A comparison of the recommend developed CEFC procedure with other coprecipitation procedures is summarized in Table 4 in terms of some optimization parameters. The parameters achieved were comparable to those presented by other procedures in the literature. The recommended co-precipitation method developed by using the new organic coprecipitating reagent chrysin without any carrier element has relatively high pre-concentration factors and low LOD when compared to other reported literature methods (Table 4). 

Table 4: Comparison of the developed CEFC method with other co-precipitation method using FAAS

	Co-precipitating reagent
	Studied elements
	EF
	LOD (µg L−1)
	Ref.

	Chrysin
	Cu(II), Ni(II), Zn(II)
	50
	0.64, 0.86, 0.72
	This work

	ICOTMA
	Cu(II)
	50
	0.56
	[7]

	Zirconium(IV) hydroxide
	Cu(II), Ni(II)
	25
	1.55, 2.50
	[22]

	BTEB
	Ni(II)
	50
	0.46
	[29]

	CTAB
	Cu(II)
	10
	1.36
	[30]

	MEFMAT
	Cu(II)
	50
	1.49
	[31]

	IMOTFAH
	Ni(II)
	50
	1.21
	[32]


LOD: Detection Limit; EF: enrichment factor; Chrysin: 5,7-Dihydroxy-2-phenyl-4H-chromen-4-one; ICOTMA: (2-{4-[2-(1H-indol-3-yl)ethyl]-3-(4-chlorobenzyl)-5-oxo-4,5-dihydro-1H-1,2,4-triazol-1-yl}-N-rylmethylidene acetohydrazid); BTEB: 1,2-bis-(2-tosylethoxy) benzene; CTAB: (N-cetyl N,N,N trimethyl ammonium bromide; MEFMAT:2-{[4-(4-fluorophenyl)-5-sulphanyl-4H-1,2,4-triazol-3-yl]methyl}-4-{[(4-fluorophenyl)methylene] amino}-5-(4-methylphenyl)-2,4-dihydro-3H-1,2,4-triazol-3-one; IMOTFAH: 2-{4-[2-(1HIndol-3-yl)ethyl]-3-(4-methylbenzyl)-5-oxo-4,5-dihydro-1H-1,2,4-triazol-1-yl}-N0-(3-fluoro-phenylmethyliden) acetohydrazide
Conclusion
In order to determine the levels of nickel, copper and zinc in aquatic samples, a simple, fast, and low cost separation and preconcentration procedure based on CEFC was established. In accordance with this purpose for the occurrence of the precipitate only organic ligand, chrysin was used without needing a carrier element. Hence, the contamination risk for the analytes ion from a carrier element was eliminated. After being optimized the investigational factors and validated the method, it was applied to determine nickel, copper and zinc in tap, river and lake water samples. 
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