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Abstract
The studies of any possiblity that heavy metals such as copper (Cu), lead (Pb), cadmium (Cd), chromium (Cr), iron (Fe), zinc (Zn), manganese (Mn) and nickel (Ni) and other azo dyes such as Reactive Orange 16, Red 106 and Yellow 42 will interfere the measurement of RB5 using the differential pulse cathodic stripping voltammetry (DPCSV) technique are described. This study is a part of method development for voltammetric determination of RB5 which will be used to analyze wastewaters from batik industry. A 2 mg/L RB5 was firstly scanned under the optimum parameters, followed by addition of a series of concentration from 2 to 5 mg/L of each metals and other reactive azo dyes standard solutions into voltammetric cell containing 2 mg/L RB5. Results show that the present of 2 mg/L Fe, 3 mg/L Cu  and more than 3 mg/L Ni, Mn, Pb, Cd, Zn and Cr have interfered the measurement of 2 mg/L RB5. All azo dyes at 2 mg/L level interfered the measurement of RB5.
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Abstrak
Kajian mengenai kemungkinan logam berat seperti kuprum (Cu), plumbum (Pb), kadmium (Cd), kromium (Cr), besi (Fe), zink (Zn), mangan (Mn) dan nikel (Ni) serta pewarna azo yang lain seperti Reaktif Orange 16, Red 106 and Yellow 42 mengganggu pengukuran RB5 menggunakan teknik Differential Pulse Cathodic Stripping Voltammetry (DPCSV) diterangkan. Kajian ini sebahagian daripada pembangunan kaedah voltammetrik yang akan digunakan dalam penentuan voltammetrik RB5 di dalam air sisa dari industri batik. Pada awalnya, RB5 yang berkepekatan 2 mg/L diimbas menggunakan parameter-parameter optima dan diikuti pengimbasan setiap logam berat dan pewarna azo reaktif lain yang ditambah dengan siri kepekatan 2 sehingga 5 mg/L yang dimasukkan ke dalam sel voltammetrik yang mengandungi 2 mg/L RB5. Keputusan menunjukkan kehadiran 2 mg/L besi, 3 mg/L kuprum dan lebih daripada 3 mg/L Ni, Mn, Pb, Cd, Zn and Cr mengganggu pengukuran 2 mg/L RB5. Semua pewarna reaktif pada kepekatan 2 mg/L mengganggu pengukuran RB5. 
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Introduction
Reactive Black 5 (RB5) or [2,7-naphthalenedisulfonic acid, 4-amino-5-hydroxy-3,6-bis ((4 - ( (2 (sulfooxy) ethyl) sulfonyl)  phenyl) azo)-tetrasodium salt], which its structure is shown in Figure 1 is categorized as reactive vinyl sulphonate azo dye. The chemical formula is C26H25N5O19S6.4Na and molecular weight (MW) is991.82 g/mol. It contains two –N=N- bonds and two vinylsulphone as the reactive groups. The two azo groups acts as the chromophores to enable the dyes to absorb light in the visible spectrum and responsible for the corresponding colours [1] whereas the reactive groups are covalently bonded with –OH or –NH2 groups that present on the fibers to give excellent wash fastness property [2, 3].
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Figure 1.   Chemical structure of RB5


Textile industry is considered as one of the major water consumers as it utilizes large volume of water and chemicals for wet processing of the textiles and thus contributes to the river pollution [4, 5]. Homemade batik industry is a part of this textile industry. Preliminary studies show that discharged wastewaters from the homemade batik industry contain dyes, heavy metals, grease, wax, suspended solid (TSS) and have high chemical oxygen demand (COD) [6, 7]. Heavy metals such as copper (Cu), lead (Pb), cadmium (Cd), chromium (Cr), iron (Fe), zinc (Zn), nickel (Ni) were literiturely reported present in the wastewaters from batik and textile industries [8, 9, 10]. 

This paper describes the studies of any possiblity that these heavy metals and other azo dyes will interfere the measurement of RB5 using the differential pulse cathodic stripping voltammetry (DPCSV) technique in attempt to develope voltammetric determination of RB5 in the wastewaters from batik industry. Information on the possible interfering azo dyes were obtained from a carried out survey among local batik manufacturers. 

Materials and Methods
Materials and Reagents
All chemicals used were analytical reagent grade quality and the solutions were prepared in the deionized water. RB5 dye standard (MW = 991.82 gmol-1) was obtained from Sigma Aldrich. For preparation of 200 mg/L RB5 stock solution, 20 mg RB5 standard was dissolved in 100 mL volumetric flask. Standard working solution of 20 mg/L was prepared by appropriate dilution of the stock solution. Reactive Red 42, Reactive Yellow 106 and Reactive Orange 16 dyes solution were prepared by the same procedure as the RB5 preparation. 20 mg/L standard solution of each Cu (II), Pb (II), Cd (II), Cr (II), Ni (II), Fe (II), Mn (II) and Zn (II) were prepared by diluting 2 mL of the 1000 mg/L stock solution in 100 mL volumetric flask. BRB solution as the supporting electrolyte was prepared in 1000 mL deionized water, which composed of mixture of 2.47 g boric acid, 2.30 mL glacial acetic acid and 2.70 mL ortho-phosporic acid. 0.1 M sodium hydroxide was used to adjust the pH of the BRB solution to the desired value and high purity mercury, 99.999% was used for HMDE.

Instrumentations
The voltammetric experiments were carried out using VA 757 Computrace Metrohm Voltammetric Analyzer with 663 VA Stand, consisted of Multi-Mode Electrode (MME) and a 40 mL capacity voltammetric cell. The MME consists of a HMDE as the working electrode (WE), a platinum wire as the auxiliary electrode (AE) and an Ag/AgCl as the reference electrode (RE). The VA 757 was connected to a computer for data processing and for all pH measurements, Hanna Instruments Microprocessor pH meter was employed.

Differential Pulse Stripping Voltammetry Measurement
9 mL of BRB solution at pH 2.5 was put into voltammetric cell and purged by a stream of purified nitrogen for at least 15 minutes to remove dissolved oxygen. 1 mL of 20 mg/L RB5 dye was then spiked to give a final concentration of 2 mg/L and the solution was repurged for 2 minutes. The optimum operational parameters applied for the voltammetric measurements were initial potential (Ei) = +250 mV, final potential (Ef) = -600 mV, scan rate (v) = 5 mV/s, accumulation time (tacc) = 80 s, accumulation potential (Eacc) = 0 mV and pulse amplitude = 75 mV. For investigation the response of peak height (Ip) and peak potential (Ep) of 2 mg/L RB5, a series of concentration from 2 to 5 mg/L of the metal standard solutions were spiked into the voltammetric cell. The relative error (%) for each spiked concentration of these metals to the Ip of RB5 dye was then calculated. The same procedures were applied for studying the effect of other azo dyes such as Reactive Orange 16, Reactive Yellow 42 and Reactive Red 106  to the Ip and Ep of 2 mg/L RB5. 

Results and Discussion
The possible interfering heavy metals were spiked into the voltammetric cell containing 2 mg/L RB5 standard solution in BRB solution at pH 2.5 and scanned using optimum experimental conditions, as previously mentioned. The effect of these interfering substances on Ip and Ep has been observed. The RB5 solution without any added heavy metals and other azo dyes gave three cathodic peaks which the dominant second cathodic peak appeared at -65.50 mV with Ip of 224 nA, as shown in Figure 2. For addition of Cu, Pb, Cd and Cr, a single peak was obtained at +100 mV, -320 mV, -500 mV and -610 mV, respectively together with the RB5 peak. The voltammograms are shown in Figure 3 to Figure 6. The decreasing Ip of the second reduction peak of RB5 with increasing concentrations of these metals are due to their competing ability with the RB5 to be adsorbed at the mercury electrode surface [11, 12].
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Figure 2. 	Cathodic stripping voltammograms of 2 mg/L RB5 dye obtained in BRB solution at pH 2.5. Parameter conditions; Ei = +250 mV, Ef = -600 mV, v = 5 mV/s, tacc = 80 s, Eacc = 0 mV, and pulse amplitude = 75 mV
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Figure 3. 	Plot of RB5 and Cu peak height against concentration of Cu in voltammetric cell containing 2 mg/L RB5 standard solution. Insert: Voltammograms of the study
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Figure 4. 	Plot of RB5 and Pb peak height against concentration of Pb in voltammetric cell containing 2 mg/L RB5 standard solution. Insert: Voltammograms of the study
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Figure 5. 	Plot of RB5 and Cd peak height against concentration of Cd in voltammetric cell containing 2 mg/L RB5 standard solution. Insert: Voltammograms of the study
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Figure 6. 	Plot of RB5 and Cr peak height against concentration of Cr in voltammetric cell containing 2 mg/L RB5 standard solution. Insert: Voltammograms of the study


For the suitable selectivity of any developed  method  upon any interfering substances, the relative error should be ±10 % [13]. The relative errors for the RB5 response with the addition of 2 mg/L of each  heavy metals were -9.91 %, -3.52 %, -4.68 % and -2.38 % for Cu, Pb, Cd and Cr, respectively and -15.32 %, -8.37 %, -8.09 % and -7.14 % were obtained for 3 mg/L addition of respective Cu, Pb, Cd and Cr. The results are shown in Table 1. 
	

Table 1.  Effect of Cu, Pb, Cd and Cr on the peak height (Ip) of 2 mg/L RB5
	Possible Interfering
Heavy Metals
	Concentrations
(mg/L)
	Relative Error/
Signal Changes
(%)
	Note

	
Cu
	
2.0
3.0
4.0
	
-9.91
-15.32
-22.07

	
No interference
Interfere
 Interfere

	Pb
	2.0
3.0
4.0
	-3.52
-8.37
-14.98

	No interference
No interference
Interfere

	Cd
	2.0
3.0
4.0
	-4.68
-8.09
-11.91

	No interference
No interference
Interfere

	Cr
	2.0
3.0
4.0
	-2.38
-7.14
-12.38
	No interference
No interference
Interfere



          

None reduction peak appeared within the used potential range for Fe, Ni, Mn and Zn, which shows that  no other redox reaction  was took place within the potential range. The relative errors for RB5 dye responses with the 2 mg/L addition of Fe, Ni, Mn and Zn were -10.81 %, -4.39 %, -3.62 % and -2.27 %, respectively, as shown in Table 2. For addition of 3 mg/L of these respective heavy metals, the obtained relative errors were –14.60 %, -7.89 %, -9.95 % and -5.91 %. From the results, it shows that 3 mg/L Cu and more than 2 mg/L Fe have interfered to 2 mg/L RB5 measurements. Recent report stated that the maximum concentration of Cu, Pb and Cd in batik wastewater are 0.57, 0.20 and 0.01 mg/L [14] which are considered very low content to interfere the measurement of RB5 using developed voltammetric technique.


Table 2.  Effect of Fe, Ni, Mn and Zn on the peak heigth (Ip) of 2 mg/L RB5
	Possible Interfering
Heavy Metals
	Concentrations
(mg/L)
	Relative Error/
Signal Changes
(%)
	Note

	
Fe
	
2.0
3.0
4.0

	
-10.18
-14.60
-21.24

	
Interfere
Interfere
Interfere

	Ni
	2.0
3.0
4.0
	-4.39
-7.89
-14.47

	No interference
No interference
Interfere


	Mn
	2.0
3.0
4.0
	-3.62
-9.95
-14.48

	No interference
No interference
Interfere

	Zn
	2.0
3.0
4.0
	-2.27
-5.91
-11.36
	No interference
No interference
Interfere
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Figure 7.	Plot  of RB5 and Orange 16 peak height against concentration of Orange 16 in voltammetric cell containing 2 mg/L RB5 standard solution. Insert: Voltammograms of the study


The other azo dyes used for this study were Reactive Orange 16, Reactive Yellow 42 and Reactive Red 106. These three dyes have been used based on the results of carried out survey among batik manufacturers and dye sellers at Kota Bharu and Pantai Cahaya Bulan area  which show that these dyes are mostly used in batik processing. A series of 2 to 6 mg/L standard solution of these azo dyes were spiked into the voltammetric cell containing 2 mg/L RB5 standard solution and scanned using the optimum instrumental parameters. The voltammograms of RB5 with the additions of Orange 16, Yellow 42 and Red 106  with the present of 2 mg/L RB5 are shown in Figure 7 to Figure 9, respectively.
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Figure 8. 	Plot  of RB5 and Yellow 42 peak height against concentration of Yellow 42 in voltammetric cell containing 2 mg/L RB5 standard solution. Insert: Voltammograms of the study
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Figure 9. 	Voltammograms of RB5 with concentration of 2 to 6 mg/L of Red 106 in voltammetric cell containing 2 mg/L RB5 standard solution
[bookmark: _GoBack]

The addition of 2 mg/L Orange 16 dye gave a new a new peak which is appearently observed at Ep of +17.90 mV. At the same time the RB5 peak deminished gradually. With addition of 2 to 6 mg/L of Yellow 42 dye, a new shoulder appeared with addition of 2 to 4 mg/L Yellow 42 and a new peak at Ep of +0.00 mV appeared on the voltammograms when 5 mg/L of Yellow 42 was added. RB5 peak gradually deminished as same as happened when Orange 16 was added. For Red 106 dye, only new shoulder appeared with the addition of standard solution eventhough its concentration has been increased. It was observed that the presence of 2 mg/L standard solution of these azo dyes has caused the Ip of RB5 dye to decrease significantly and very high relative errors percentage have been obtained. These results are shown in Table 3.

Table 3.   Effect of other azo dyes on the peak height (Ip) of 2 mg/L RB5
	Possible Interfering Azo Dyes
	Concentrations
(mg/L)
	Relative Error/
Signal Changes
(%)
	Note

	
Orange 16
	
2
3
	
-21.92
-52.05

	
Interfere
Interfere

	Red 106
	2
3
	-12.80
-18.00

	Interfere
Interfere


	Yellow 42
	2
3
	-13.24
-18.72
	Interfere
Interfere




Conclusion
It was concluded that the present of 2 mg/L Fe, 3 mg/L Cu and 4 mg/L of Ni, Mn, Pb, Cd, Zn and Cr have interfered the measurement of 2 mg/L RB5. 2 mg/L of Reactive Orange 16, Red 106 and Yellow 42 dyes also already interfered the 2 mg/L RB5 measurement.
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