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Abstract
The cationic interference in the analysis of mercury at trace level by Cold Vapor Atomic Absorption Spectroscopy (CVAAS) is investigated. The estimation of mercury is always prone to different forms of interferences due to several factors. Different cations (Na+, K+, Fe2+, Zn2+, Cr3+, Co2+, Ni2+, and Cu2+) are examined as possible interferents in the analysis of mercury by CVAAS under specific conditions. The affect of varying concentrations of different metal solutions were monitored by CVAAS using single standard calibration with a 10 ppb Hg solution. Na+, Fe2+, Zn2+, K+ did not show any affect due to their presence in the detection of mercury while Co2+, Ni2+, Cu2+ had a marked influence on mercury recovery and can be suggested as possible interfering agents for this method of Hg analysis.
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Introduction

Heavy metals (e.g. mercury) even at trace levels are proven toxic elements and can cause serious human health disorders (Kagaya et al. 2004; Hatje et al., 1998; Bidone et al., 1997; Bidone et al., 1997). For this reason the determination of smallest traces of mercury has great importance in toxicology. The presence of mercury and methyl mercury are also considered as bioindicators of ecosystem health (Vieira L. M. et al. 2011). It has become necessary for laboratories to develop rapid, robust and economical methods of analysis to deliver the results with high accuracy and precision.

Mercury is considerably volatile and its analysis is cumbersome. Total mercury concentrations in natural waters range from 0.2 to 100 ng/L (Cossa et al., 1995; Manahan, 1994), while the methyl mercury level is known to be even lower, around 0.05 ng/L (Manahan, 1994; Horvat et al., 1993). Nevertheless, mercury in contaminated environmental materials may exist at levels of µg/L. Simple and convenient methods are required to permit the determination of Hg (II) in contaminated samples. Several analytical techniques exist to determine mercury at trace levels including inductively coupled plasma mass spectrometry, inductively coupled plasma atomic emission spectroscopy, cold vapor atomic absorption spectroscopy (CVAAS), cyclic voltametry, differential pulse voltametry and anodic stripping voltametry, etc. (Krishna et al., 2012; Guney et al., 2011; Červený et al., 2007; Wurl et al., 2001; Neto et al., 2000; Neto et al., 1999; Karunasagar et al., 1998; Manzoori et al., 1998; Ugo et al., 1998; Magalhaes et al., 1997; Miekeley and Amato, 1997; Sakamoto et al., 1997; Canela et al., 1996; Schitzer et al., 1995; Andrade and Bueno, 1994; Saouter, 1994;  1993; Campos et al., 1993; Liang and Bloom, 1993; Schmit et al., 1991; Temmerman et al., 1990; Dumarey et al., 1985; Scott and Ottaway, 1981; Vijayakumar et al., 1980; Toffaletti and Savory, 1975). Among these techniques, cold vapor atomic absorption spectroscopy is widely used for trace analysis of mercury (Barrera et al., 1997; Katiuska et al., 1996) with merits such as simplicity, high sensitivity, relatively low cost, accuracy and little interference effects (Afkhami and Khalafi, 2005) on the cost of poor precision (Eaton et al., 1995).
According to the type of matrix, the sample solution is first treated so that the mercury is present in ionic form in acid solution. A reducing agent is dispensed into the sample solution and mercury is reduced to the metallic state. Sodium borohydride (NaBH4) solution is used almost exclusively as the reducing agent. Sodium borohydride liberates hydrogen on contact with acids. The following equation represents simplification of the reduction process.


Hg2+   +    2BH4ˉ                                   Hg   +    H2 ↑   +    B2H6
Since mercury has an appreciable volatility even at ambient temperature, metallic mercury vapor is driven out of the sample solution and transported by an inert carrier gas to the quartz cell where its absorption is measured. This is the underlying principle of cold vapor atomic absorption spectroscopy.

Interference in an analysis is as important as the analysis itself. Some interference in mercury analysis by CVAAS has been reported earlier, according to which, the addition of a sodium hypochlorite solution was effective to reduce the sulfide interference in the determination of organic mercury as well as inorganic mercury by CVAAS in an alkaline medium (Kagaya et al., 2004). Similarly, Sodium chloride present in the sample matrix was reported to affect the mercury signal in CVAAS (Hasse et al., 1998). In another study, chloride interference was removed by oxidizing the sample by photocatalysis in the presence of 0.01 mol/L potassium persulfate, which is necessary to eliminate the interference of Clˉ ions and to inhibit the reduction of Hg (II) by ultraviolet radiation exposure during the digestion phase. The interference of chloride ions is due to complex formation with mercury (HgCl42-) (Silva et al., 2005). It is also interesting to note that some methods have been developed on the basis of interferences. For example, a method has been devised for the indirect determination of iodide based on its interference with the determination of mercury (Afkhami and Khalafi, 2005; Haase and Broekaert, 2002; Sun and Julshamn, 1987; Kuldvere, 1982). The possibility of interference from metal cations in the analysis of mercury by CVAAS has been investigated earlier but the reported concentration of the metal ions is 0.5 ppm, which did not show any interference (Silva et al., 2005). In this study higher concentrations of metal ions have been explored with novel interference patterns.
Sulfide concentrations as high as 20 ppm, do not interfere with the recovery of added inorganic mercury in aqueous solution (Csuros and Csuros, 2002). Agents like soluble sulfides (Willey, 1987; Whang et al., 1982; Metzner, 1977), sodium sulfide with iron sulfate (Bostick et al., 1988; Bostick and Evansbrown, 1988; Willey, 1987) and cyanide (Cotton and Wilkinson, 1966) stabilize or form complexes with mercury. However there is evidence that sulfide ions do interfere (Kagaya et al., 2004) and in fact a method has been reported in which the estimation of sulfide ions is based on its interference in the analysis of mercury by cold vapor technique (Afkhami and Khalafi, 2005). Sulfide interference is eliminated by the addition of KMnO4 (Csuros and Csuros, 2002). Another way of masking sulfide interference is by adding hypochlorite solution, the results of which suggest that the elimination of sulfide interference is due to the oxidation of sulfide to sulfate by hypochlorite. Therefore, it is established that the presence of sulfate ions do not interfere in the analysis (Kolthoff and Sandell, 1952). This study is confined to cationic interference confronting in the analysis of mercury by cold vapor atomic absorption spectroscopy.

Materials and Methods
All measurements were recorded on a double beam atomic absorption spectrophotometer (Perkin - Elmer AAnalyst 700) equipped with cold vapor atomizer (Perkin Elmer MHS-15 mercury hydride system) with argon as a carrier gas. All the chemicals used were ‘AR’ grade obtained from Fisher Scientific and Merck.

The assay for sodium borohydride (NaBH4) was higher than 96% (fine granulated product for synthesis). A 1000 ppm mercury standard solution of AAS reagent was used (i.e. 4.98 mmol/L Mercuric Nitrate in 5 M HNO3). Other chemicals used include, HCl (11.5 M.), KMnO4, H2SO4 (98%), HNO3 (65%) and NaOH.
Mercury stock solution (1000 ppm) was diluted to 1.0 ppm with deionized water, when required. Stock solutions of 1000 ppm strength of different metal ions such as K, Fe, Zn, Cr, Co, Ni, Cu were prepared from KCl, (NH4)2SO4.FeSO4.6H2O, Zn3(PO4)2.4H2O, CrCl3.6H2O, CoSO4.7H2O, NiSO4.6H2O, and CuSO4.5H2O salts respectively. In order to avoid hydrolysis in metal stock solutions, 5 ml of concentrated 37% HCl solution was added. A sample solution in this study refers to a solution containing standard amount of Hg (II) (i.e. 10 ppb) along with a specific concentration of the metal ion under investigation.

Dilutions of 200 ppm, 400 ppm, 600 ppm and 800 ppm were prepared in 100 ml volumetric flasks from the 1000 ppm stock solution, with the addition of one drop of 5% KMnO4 solution and 1 ml of 1.0 ppm standard Hg solution using a micropipette, to give a final solution of 10 ppb Hg concentration. Potassium permanganate was added to reduce possible interference due to sulfide ions (Csuros and Csuros, 2002). 10 ppb Hg standard solution was also prepared in a similar fashion without the addition of any metal ion. The solutions were analyzed with AAS using MHS 15 system. The lamp current was set at 6 mA, with an integration time of 25 s. The linear calibration mode was selected, while peak area was used for all calculations. The slit bandwidth was kept at 0.7 nm, at low slit height. The argon gas was purged at 3.0 bar and plunger was held for 5-10 s for each run.

All over 10 mL aliquot of 10 ppb Hg (II) calibration standard was used. 3% NaBH4 was prepared in 1% NaOH solution. One drop of 5% KMnO4 solution was added as stabilizing agent in each analysis run. 10 ml of acid mixture (prepared by adding 5 ml of conc. H2SO4 and 2.5 ml of conc. HNO3 and 92.5 ml of distilled water) was also added prior to the reduction step.
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Results and Discussion
The analysis of sample solutions revealed very interesting facts. All the metal ions were scanned up to 1000 ppm with 10 ppb of added Hg (II). No evidence was found for any interference by Na (I) and K (I) in this scanned concentration range as shown in figure 1 and table 1. Sodium alone was scanned up to 10000 ppm, with no noticeable interference. Despite the fact that sodium is generally non-interfering in most of the analysis, its concentration is scanned up to 10,000 ppm in order to ensure the validity of this technique for analysis of mercury in sea water samples. The concentration of Na in sea water averages around to 10600 ppm (Girard, 2005).
Similarly, no evidence was found for any interference offered by Fe (II), and Zn (II) in the investigated concentration range of 1.0 – 1000 ppm, as depicted by table 1 and figure 1. Percent recovery values obtained for Hg (II) at different metal ion concentrations for non-interfering metals average out to a value near to 100%.
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However, in case of Cr (III) the recovery of Hg (II) decreased with an increase in Cr (III) concentration from 1.0 ppm to 1000 ppm (Table 1 and Figure 2). Initially there is a rapid decrease in Hg signal with increasing Cr (III) concentration but after 100 ppm a gradual decrease is observed. The results for Co (II) are similar to that for Cr (III) but the recovery is significantly low. At 50 ppm of Co (II), the Hg (II) signal is nearly reduced to half and beyond 100 ppm insignificant signals for Hg (II) are recorded (Table 1 and Graph 2). There is an inverse relation between Chromium concentration and Hg signal. This relationship is confirmed by correlation study between Cr (III) concentration and mercury recovery. Same is the case of Cobalt (Table 2 & 3). The correlation coefficients for Cr and Co are -0.8542 and -0.7243 respectively. The maximum interference in this study was observed for Ni (II) ion, as its presence at 30 ppm level reduced the mercury signals drastically (Table 1 and Figure 2).

Among the cations Cu (II) showed unique pattern. Initially the recovery of Hg (II) is gradually lowered as the Cu (II) concentration is increased, but after 300 ppm of Cu (II) concentration, the Hg (II) signal gradually rises, in direct proportion with Cu (II) ions, forming an overall curve (Table 1 and Figure 2).

Copper has been identified as an interferent in CVAAS analysis of mercury but at lower concentrations of copper ions, such as 10 ppm the effect is insignificant on Hg recovery (Csuros and Csuros, 2002).

There are a number of possibilities that may have resulted in the lowering of Hg (II) signal. After the Hg (II) solution is introduced in the reaction flask, two important processes occur: 
1. Reduction of Hg (II) to atomic mercury vapors.

2. Transportation of mercury vapors to the cell.

It is possible that the interfering cations interfere in one or in both of the mentioned steps.  Considering the first step, where the interfering cation may have started competing with the Hg (II) ions for reduction. In such interference, two factors are very crucial. One is the reduction potential of the interfering cation, the other is its concentration. The cation with a high reduction potential should cause more interference in the analysis than the other cations, but such a trend is not observed. The second factor is concentration. It is also possible that the interferent is preferentially reduced prior to Hg (II) ions because of being present in a greater concentration. If such is the case then the Hg (II) signal should be inversely proportional to the interferents concentration, which is clearly observed in case of Co (II), Cr (III) and Ni (II) (Table 2 and 3). The third and more obvious possibility (also supported by literature) is the association of the metal ions with the reduced form of mercury. It is also possible that the reduced metal and mercury bind with each other through amalgamation, blocking the delivery of mercury vapors to the absorption cell. The amalgamation of mercury with cobalt is already reported (Paklepa et al., 2001), which could be a possible reason for the interference due to cobalt. Similarly, under ambient conditions, silver, gold, copper, zinc, and aluminum readily form amalgams with liquid or gaseous elemental mercury (Ebadian, 2001; Andren and Nriagu, 1979).
The aim of this study is to discover and report cationic interferences in the trace level analysis of mercury by cold vapor atomic absorption spectroscopy and not to quantify the impact of the interferences as it could vary on a case to case basis. This is the reason why only single standard calibration is adopted during all the experiments with multiple replicates.
Conclusion

Among the investigated cations, Na+, K+, Fe2+, and Zn2+, did not show any interference in mercury analysis by Cold Vapor Atomic Absorption spectroscopy, while Cr3+, Co2+, Ni2+, and Cu2+ significantly reduced the mercury signal, forming characteristic patterns. The correlation coefficients corroborate that Co (II) and Cr (III), are preferentially reduced prior to the Hg (II) ions because of being present in a greater concentration. The interference due to of Ni (II) and Cu (II) could be due to amalgamation or competitive inhibition or both. It is also important to mention here that there is a possibility that if the experimental conditions are varied then this interference pattern may or may not be observed. This is to say that the above mentioned results are valid only for the experimental conditions set in this experiment. The obtained information is very important and could help to decide whether to separate the interferents from the sample matrix or to mask them prior to the analysis. Therefore, as a consequence of this study, the use of cold vapor technique is not recommended for mercury analysis if the samples contain high amounts of Cr3+, Co2+, Ni2+ and Cu2+.
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Figure 1: Profile for cations that do not prominently affect mercury recovery.

	S. No.
	Conc. of Cations / ppm
	                                        % Recovery of Hg(II) In presence of

	
	
	Na
	K
	Fe
	Zn
	Cr
	Co
	Ni
	Cu

	1
	0
	101.0
	95.3
	99.0
	93.0
	95.0
	109.0
	94.8
	96.0

	2
	200
	100.5
	98.0
	97.0
	100.0
	77.0
	12.0
	ND
	36.0

	3
	400
	111.0
	98.3
	93.0
	107.0
	75.0
	10.0
	ND
	31.0

	4
	600
	112.0
	109.2
	90.0
	109.5
	73.0
	7.7
	ND
	37.0

	5
	800
	104.0
	89.8
	91.0
	112.0
	71.0
	4.0
	ND
	43.0

	6
	1000
	96.0
	105.1
	92.0
	114.0
	68.8
	0.8
	ND
	49.0


ND: Not Detected
Table 1: Recoveries of 10 ppb Hg (II) at different concentrations of cations.
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Figure
2: Interfering affect of cations on recovery of mercury.

	Sample No.
	Chromium Concentration

ppm
	Hg % Recovery

	1
	0
	95.0

	2
	200
	77.0

	3
	400
	75.0

	4
	600
	73.0

	5
	800
	71.0

	6
	1000
	68.8


Correlation Coefficient = -0.8542

Table 2
Correlation profile of Hg recovery with Chromium
	Sample 

No.
	Cobalt Concentration ppm
	Hg % Recovery

	1
	0
	109.0

	2
	200
	12.0

	3
	400
	10.0

	4
	600
	7.7

	5
	800
	4.0

	6
	1000
	0.8


Correlation Coefficient = -0.7243
Table 3
Correlation profile of Hg recovery with Cobalt
