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Abstract
In this paper, indigo carmine (IC) was proposed as a highly accurate and sensitive colorimetric chemosensor for the determination and detection of mercury (II) (Hg2+), which is a very toxic and dangerous pollutant. The chromogenic probe (IC) in the aqueous medium shows a change of color from indigo to light blue in interaction with Hg2+. The linear range and detection limit of Hg2+ were 0.15-20.2 μM and 0.06 μM, respectively. Also, the relative standard deviation (RSD) based on ten replicates calculated for two different concentrations of 7.4 μM and 15.8 μM of Hg2+ was 2.1% and 1.4%, respectively. The proposed method has advantages such as: simplicity, low cost, high accuracy, wide linear concentration range, low limit of detection, high sensitivity and selectivity, without any separation and pre-concentration steps, can be used in neutral water media. The concentration of Hg2+ in tap water, mineral water and plasma samples can be easily detected and determined using this method. It should be noted that this ideal colorimetric chemosensor for Hg2+ is reported for the first time.
Keywords: chromogenic probe, chemosensor, Mercury (II) detection, Indigo Carmine (IC).

I. Introduction
	The development of selective and sensitive chemosensors is an important assignment for detecting transition metal ions, which play important roles in chemical, biological, medicinal, and environmental processes [1, 2]. Among them, the most toxic and ubiquitous heavy-metal ions of pollutants, Mercury ion (Hg2+) arising from a variety of natural and anthropogenic sources, has attracted a particular attention [3, 4]. Water-soluble divalent mercuric ion (Hg2+) can cause several serious diseases such as the brain damage, gastrointestinal system diseases, nephropathy and neurological diseases even at very low concentrations since they can easily enter the body through the skin or the esophagus [5, 6]. The United States Environmental Protection Agency (EPA) has set a maximum Hg2+ contaminant level in food and drinking water at 0.002 ppm (0.01 µM) [7].  
	Common methods for detecting Hg2+ include atomic absorption spectrometry (AAS) [8], inductively coupled plasma optical emission spectrometry (ICP-AES) [9], inductively coupled plasma mass spectrometry (ICP-MS) [10] and High-Performance Liquid chromatography (HPLC) [11] have been explored. These practices do not offer a cost-effective, rapid and real time-monitoring system for Mercury ions [12]. In this regard the colorimetric chemosensors are a powerful tool for the sensing of Mercury ions [13]. Therefore, development of simple colorimetric chemosensor that can selectively sense Hg2+ in aqueous media is significant. 
[bookmark: _Hlk50914819]	Indigo carmine (3,3'-dioxo-2,2'-bis-indolyden-5,5'-disulfonic acid, IC) (scheme 1) is an available commercial dye with promising features that make it suitable for use as a chemosensor. Previously we have reported some spectroscopic applications of Indigo Carmine in the determination of some cations [14-16]. IC as a fluorescent and colorimetric chemosensor was used for the detection of Cu2+ and HPO42- in H2O/DMSO media [17].
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Scheme 1. Structure of IC.

II.  Experimental
A. Chemical substances and reagents  
	All chemicals with analytical grade were purchased from Merck and used as soon as received. Indigo Carmine dye, di sodium salt, was used for preparing the solutions. The solution of Hg2+ and all cations, including Na+, K+, Mg2+, Ca2+, Sr2+, Ba2+, Fe2+, Fe3+, Co2+, Ni2+, Cu2+, Zn2+, Ag+, Cd2+, Pb2+ was prepared with its nitrate salt in deionized water.  

B. Apparatus
	Shimadzu 1601 PC UV-Vis spectrophotometer with 10.0 mm diameter quartz cuvettes was used to record and measure all absorption spectra. Deionized water was used in the reference cell. A Jenway 3510 digital pH meter calibrated with two standard buffer solutions was used to measure pHs. Using a 50 μL Hamilton syringe, the desired amount of analyte solution was introduced into the cuvette.

C. Measurement methods 
	Stock solutions of IC and Hg(NO3)2 were prepared with concentrations of 1.0 × 10-3 M and  1.0 × 10-2 M in deionized water, respectively.  Then, 3-540.0 µL of Hg(NO3)2 solution with a concentration of 0.1 mM was added to 2.0 mL of IC with a concentration of 25.0 µM. They were mixed and then the UV-vis spectra were taken at room temperature. 

III. Results and discussion

Different metal ions were added to the IC and the UV-vis absorption spectra were investigated. Only Hg2+ showed a distinct spectral change at 610.0 nm and a color change from indigo to light blue. Other species like Na+, K+, Mg2+, Ca2+, Sr2+, Ba2+, Al3+, Cd2+, Sn2+, Pb2+, Bi3+, Ti2+, Cr3+, Mn2+, Fe2+, Fe3+, Co2+, Ni2+, Cu2+, Zn2+, Ag+, and Ce3+ did not show changes in the spectrum and color of IC solution (Fig.1).
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Fig. 1. (a) Absorption spectrum, (b) The color changes of IC (25.0 µM) with the different metal ions (1.0 equiv.) at 1.0 mM HEPES buffer solution (pH = 7.0) in aqueous media.
	
	The interaction of IC with Hg2+ was studied by UV–vis titration (Fig. 2). Upon the addition of Hg2+ to IC, the absorption band at 610.0 nm gradually decreased and a new absorption band appeared at 666.5 nm. An obvious isosbestic point at 640.5 nm indicated the interaction between IC and Hg2+. The molar extinction coefficient of the peak at 610.0 nm is 3.58 × 104 M-1cm-1 and the new peak at 666.5 nm is 4.36 × 103 M-1cm-1, indicating a mercury-based d-d transition. Therefore, the blue color can be considered a metal-to-ligand charge transfer (MLCT) mechanism. 
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Fig. 2. UV–vis IC spectrum (25.0 μM) with stepwise addition of Hg2+ (0.15–21.26 μM) at pH = 7.0 (1.0 mM HEPES buffer solution) in aqueous media; 
right inset: corresponding IC color change upon addition of 21.26 μM Hg2+ (left to right).

	To determine the stoichiometry of IC binding with Hg2+, Benesi-Hildebrand analysis [18]. It was done using absorption titration data (Fig. 3). While suggesting that the complex formation between IC and Hg2+ has the stoichiometric ratio of 1:1 (Eq. 1). Based on the UV–vis titration data, the binding constant for IC with Hg2+ was estimated to be 2.77×103 M-1 from Benesi-Hildebrand equation. 

Eq. 1                	



Fig. 3. Benesi-Hildebrand plot of IC (1/(A0-A) change at 610.0 nm versus 1/[Hg2+] function) based on 1:1 binding stoichiometry with Hg2+.

	In order to apply to the environmental systems, the pH dependence of IC in the absence and presence of Hg2+ was performed at different pH (2.5-12.6) (Fig. 4). In the pH range (2.5-7.0), IC showed no change without the presence of the Hg2+ ions. The increase of in absorption caused by the addition of Hg2+ ion was observed at pH 7.0. This result guarantees its use in environmental conditions (pH 5.2-9.0) without any change in Hg2+ detection. Therefore, pH 7.0 was chosen for all colorimetric measurements.


Fig. 4. Effect of the pH on the absorbance changes of IC (25.0 μM) in the absence and the presence of 
Hg2+ (20.2 μM) at 610.0 nm in aqueous medium.

	To evaluate the response time of the IC chemosensor to Hg2+, the interaction time of the IC sensor with Hg2+ is shown in Fig. 5. After adding Hg2+ to the standard IC solution, the reaction occurs within the first few seconds, and the adsorbance remains constant for the next 40 min and does not change significantly at 610.0 nm. Based on the above evidence, the IC sensor is able to detect Hg2+ in aqueous medium with a very short response time.


Fig. 5. Time effect on the absorbance changes of IC (25.0 μM) in the presence of Hg2+ (20.2 μM) 
at 610.0 nm during 40.0 min, at pH = 7.0 (1.0 mM HEPES buffer solution) in aqueous media.

	There is a linear relationship between UV–vis absorbance and Hg2+ concentration in the range of 0.15–17.36 μM. The regression equation for the data is A610.0 = 0.8766–0.025CHg (μM), which is an acceptable perfect linear relationship with R2 = 0.9901 (Fig. 6). The limit of detection (3δ/slope, δ: blank standard deviation) and the limit of quantification (10δ/slope) for the measurement of Hg2+ were calculated as 0.06 and 0.22 μM, respectively. The relative standard deviation for two concentrations of Hg2+, 7.4 and 15.8 μM (n = 10) was 2.1 % and 1.4 %, respectively.


Fig. 6. Linear proportional relationship between the absorbance of IC solution (25.0 μM) at 610.0 nm and Hg2+ concentration (μM), at pH = 7.0 (1.0 mM HEPES buffer solution) in aqueous medium.

	The selectivity of IC during the detection of Hg2+ in the presence of metal cations was examined. As can be seen in Fig. 7, the presence of the above species in the media had no effect on the detection of Hg2+. Several studied species did not change the absorbance of the binary mixture of IC and Hg2+ (1:1) at pH = 7.0 in aqueous media. These results indicated that IC can be used as a potential chemosensor for the detection of Hg2+ with high selectivity.
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Fig. 7. Effect of coexisting substances on (a) Absorption spectrum, (b) absorbance of IC (25.0 μM) in the presence of Hg2+ (20.2 μM), at (1.0 mM HEPES buffer solution, pH = 7.0) in aqueous media.

	To study the performance and application of the proposed method, different real samples were analyzed to further distiguish the effectiveness of the method. Due to the high sensitivity and selectivity, our method can be an achievement for the detection of Hg2+ in different samples. Since no amount of Hg2+ could be detected in the samples during the use of the sensor, recovery experiments with spiking Hg2+ were performed to validate the developed method. The samples were analyzed in triplicate and the relative standard deviation values in the recovery experiments indicate an acceptable level of precision for the proposed method. The obtained recovery values were satisfactory between 96.00 % and 103.90 %, which indicates the high accuracy and reliability of the present method. As mentioned in Table 1, it can be concluded that the proposed method is compatible and suitable for determining the concentration of Hg2+ in real samples. These results show that this chemosensor has a high potential for quantitative and qualitative analysis of Hg2+ in real samples.

Table. 1. Hg2+ recovery test in real samples at different spiking levels with our proposed method.
	Sample
(n = 3)
	Hg2+ (μM)
	Average recovery (%)
	Relative error (%)

	
	Amount added
	Amount found
	
	

	Tap water
	0.00
	-
	-
	-

	
	4.00
	3.98 ± 0.02
	99.50 
	-0.50

	
	8.00
	8.31 ± 0.05
	103.90
	3.00

	
	10.00
	10.15 ± 0.03
	101.50
	3.88

	Mineral water
	0.00
	-
	-
	-

	
	4.00
	3.95 ± 0.03
	98.75 
	-1.25

	
	8.00
	8.08 ± 0.02
	101.00
	1.00

	
	10.00
	9.76 ± 0.04
	96.00 
	-2.40

	plasma
	0.00
	-
	-
	-

	
	4.00
	4.01 ± 0.04
	100.25
	0.25

	
	8.00
	8.06 ± 0.05
	100.75
	0.75

	
	10.00
	10.10 ± 0.06
	101.00
	0.06




IV. Conclusion
	In summary, we introduced a highly sensitive colorimetric chemosensor that provides the detection as well as determination of Hg2+ as an important toxic and hazardous pollutant with excellent selectivity and accuracy in aqueous media. More importantly, this sensor enables the detection of trace concentrations of Hg2+ qualitatively at room temperature. The high selectivity of the developed sensor for Hg2+ in the presence of different cations enables detection and determination of Hg2+ in complex matrices of samples. Compared to other methods, the proposed method has advantages such as simple, fast, without separation and pre-concentration, low costs, high accuracy, wide linear range of concentrations, low detection limit, high sensitivity, compatibility, and excellent selectivity. Therefore, these results indicate that IC may contribute to the development of a chemosensor to detect Hg2+ using a colorimetric method in an aqueous solution.

References

[1] B. Kaur, N. Kaur, S. Kumar, “Colorimetric metal ion sensors – A comprehensive review of the years 2011–2016,” Coord. Chem. Rev., vol. 358, pp. 13-69, 2018.
[2] G. Guzzi, A. Ronchi, P. Pigatto, “Toxic effects of mercury in humans and mammals,” Chemosphere, vol. 263, pp. 127990, 2021.
[3] H.F. Cheng, Y.A. Hu, “Mercury in municipal solid waste in China and its control: a review,” Environ. Sci. Technol., vol. 46, pp. 4695-4696, 2012.
[4] D. Naftz, C. Angeroth, T. Kenney, B. Waddell, N. Darnall, S. Silva, C. Perschon, J. Whitehead, “Anthropogenic influences on the input and bio-geo-chemical-cycling of nutrients and mercury in Great Salt Lake, Utah USA,” Appl. Geochem., vol. 23, pp. 1731-1744, 2008.
[5] T. Takeuchi, N. Morikawa, H. Matsumoto, Y. Shiraishi, “A pathological study of Minamata disease in Japan,” Acta Neuropathol., vol. 2, pp. 40-57, 1962.
[6] V. Bhardwaj, V.M. Nurchi, S.K. Sahoo, “Mercury toxicity and detection using chromo-fluorogenic chemosensors,” Pharmaceuticals, vol. 14, pp. 123, 2021. 
[7] Mercury Update: Impact on Fish Advisories, EPA Fact Sheet EPA-823-S2-01-011, EPA, Office of Water, Washington, DC, 2001.
[8] C. Yu, “Interference from soluble iron on mercury determination in water by cold vapor atomic absorption spectrometry (CV-AAS) with sodium borohydride as reductant,” Anal. Sci., vol. 37, pp. 1181-1184, 2021.
[9] M. Faraji, Y. Yamini, M. Rezaee, “Extraction of trace amounts of mercury with sodium dodecyle sulphate-coated magnetite nanoparticles and its determination by flow injection inductively coupled plasma-optical emission spectrometry,” Talanta, vol. 81, pp. 831-836, 2010.
[10] G. Chen, H.W. Chen, X.Z. Jin, H.T. Chen, “Determination of ultra-trace amount methyl-, phenyl- and inorganic mercury in environmental and biological samples by liquid chromatography with inductively coupled plasma mass spectrometry after cloud point extraction preconcentration,” Talanta, vol. 77, pp. 1381-1387, 2009.
[11] Z.B. Gao, X.G. Ma, “Speciation analysis of mercury in water samples using dispersive liquid-liquid microextraction combined with high-performance liquid chromatography,” Anal. Chim. Acta, vol. 702, pp. 50-55, 2011.
[12] L.N. Suvarapu, S.O. Baek, “Recent studies on the speciation and determination of mercury in different environmental matrices using various analytical techniques,” Int. J. Anal. Chem., Vol. 2017, pp. 1-28, 2017.
[13] A. Loredo, L. Wang, S. Wang, H. Xiao, “Single atom switching as a general approach to designing colorimetric and fluorogenic probes for mercury ions,” Dyes Pigm., vol. 186, pp. 109014, 2021.
[14] H. Tavallali, E. Shaabanpur, P. Vahdati, “A highly selective optode for determination of Hg (II) by a modified immobilization of indigo carmine on a triacetylcellulose membrane,” Spectrochim. Acta A Mol. Biomol. Spectrosc., vol. 89, pp. 216-221, 2012.
[15] A. Massoumi, H. Tavallali, “Kinetic Spectrophotometric Determination of Vanadium by Catalytic Effect on the Indigo Carmine-Bromate Reaction,” Anal. Lett., vol. 31, pp. 193-206, 1998.
[16] H. Tavallali, A. Massoumi, “Simultaneous kinetic spectrophotometric determination of vanadium(V) and iron(III),” Talanta, vol. 47, pp. 479-485, 1998.
[17] H. Tavallali, G.Deilamy-Rad, A. Moaddeli, K. Asghari, “Indigo Carmine-Cu complex probe exhibiting dual colorimetric/ fluorimetric sensing for selective determination of mono hydrogen phosphate ion and its logic behavior,” Spectrochim. Acta A Mol. Biomol. Spectrosc., vol. 183, pp. 319-331, 2017. 
[18] H. A. Benesi, J. H. Hildebrand, “A spectrophotometric investigation of the interaction of iodine with aromatic hydrocarbons,” J. Amer. Chem. Soc., vol. 71, pp. 2703-2707, 1949.


6.6766666666666659	3.3433333333333324	2.2322222222222217	1.6766666666666665	1.3433333333333333	1.1211111111111107	0.96238095238095223	0.84333333333333327	0.75074074074074071	0.67666666666666653	0.58142857142857129	0.5099999999999999	0.45444444444444437	0.40999999999999992	0.37363636363636366	0.34333333333333332	0.31769230769230766	0.29571428571428565	0.27666666666666667	0.25999999999999995	0.23988505747126435	0.22276595744680849	0.20801980198019798	0.19518518518518518	0.18391304347826085	0.17393442622950817	0.16503875968992246	0.15705882352941175	0.1498601398601398	0.14333333333333331	0.13738853503184711	0.13195121951219513	0.12695906432748535	0.12235955056179774	0.11810810810810811	0.11526315789473683	0.11256410256410253	0.11	0.10756097560975608	0.10523809523809523	0.10302325581395348	0.10090909090909091	9.8888888888888887E-2	9.6956521739130427E-2	9.5106382978723397E-2	9.3333333333333324E-2	9.1632653061224492E-2	0.09	8.8431372549019588E-2	8.6923076923076908E-2	8.5471698113207525E-2	8.4074074074074051E-2	8.2727272727272705E-2	8.1428571428571433E-2	8.0175438596491219E-2	7.8965517241379318E-2	7.779661016949152E-2	7.6666666666666647E-2	7.5573770491803277E-2	7.4516129032258058E-2	7.3492063492063484E-2	7.2499999999999981E-2	7.1538461538461523E-2	7.0606060606060603E-2	6.9701492537313434E-2	6.8823529411764686E-2	6.7971014492753612E-2	6.7142857142857129E-2	6.6338028169014074E-2	6.5555555555555547E-2	6.4794520547945197E-2	6.4054054054054052E-2	6.3333333333333325E-2	6.2631578947368413E-2	6.1948051948051933E-2	6.1282051282051268E-2	6.0632911392405044E-2	0.06	5.9382716049382715E-2	5.8780487804878032E-2	5.8192771084337347E-2	5.7619047619047625E-2	5.7058823529411752E-2	5.6511627906976745E-2	5.5977011494252868E-2	5.5454545454545444E-2	5.4943820224719088E-2	5.4444444444444434E-2	5.3956043956043954E-2	5.3478260869565211E-2	5.3010752688172041E-2	5.2553191489361703E-2	5.2105263157894738E-2	5.1666666666666659E-2	5.1237113402061843E-2	5.0816326530612244E-2	5.0404040404040402E-2	4.9999999999999989E-2	4.9603960396039593E-2	4.9215686274509785E-2	4.8834951456310678E-2	4.8461538461538459E-2	4.8095238095238087E-2	4.7735849056603767E-2	4.7037037037037037E-2	188.6792452830199	88.495575221239122	56.818181818181984	50.50505050505069	41.32231404958678	31.446540880503203	25.706940874036032	22.026431718061676	20.120724346076472	17.331022530329296	14.727540500736385	12.468827930174573	12.690355329949242	12.853470437017998	12.755102040816322	11.778563015312136	10.787486515641856	10.834236186348869	9.6525096525096501	8.6730268863833508	8.9686098654708566	7.9428117553613973	7.4404761904761925	7.4404761904761925	6.8634179821551164	6.195786864931847	5.7208237986270039	5.6980056980056988	5.2603892688058931	4.9309664694280082	4.909180166912126	4.677268475210477	4.6425255338904377	4.409171075837742	4.2283298097251594	4.1152263374485596	3.9729837107667869	3.7481259370314852	3.6523009495982479	3.6036036036036041	3.5198873636043646	3.443526170798898	3.4411562284927739	3.3749578130273372	3.3046926635822871	3.2992411745298589	3.2362459546925573	3.1826861871419485	3.125976867771179	3.0835646006783848	3.0367446097783182	2.9850746268656718	2.9463759575721871	2.9095141111434391	2.9120559114735007	2.8710881424059722	2.8320589068252624	2.8074115665356545	2.8097780275358248	2.7716186252771617	2.7412280701754383	2.7070925825663243	2.679528403001072	2.656748140276302	2.6315789473684212	2.6048450117218023	2.6034886748242645	2.5799793601651189	2.556237218813906	2.5284450063211126	2.5322866548493286	2.5113008538422905	2.4943876278373662	2.4709661477637761	2.4479804161566707	2.4319066147859925	2.4125452352231607	2.4061597690086622	2.4044241404183699	2.3872045834328004	2.3866348448687353	2.3803856224708406	2.3663038334122102	2.346866932644919	2.3310023310023311	2.3185717597959661	2.3046784973496202	2.2893772893772897	2.292000916800367	2.2784233310549102	2.2639800769753227	2.2522522522522523	2.2381378692927485	2.238638907544213	2.2291573785109229	2.2182786157941439	2.2089684117517119	2.1992522542335604	2.1862702229995628	2.1853146853146854	2.1767522855899002	2.1635655560363478	2.1537798836958864	2.1445421402530562	2.1249468763280919	(1/[Hg2+]) (µM-1) 


1/(A0-A)  at  610.0 nm



IC	2.65	5.25	6.94	9	11.53	12.55	0.80400000000000005	0.8387	0.88600000000000001	0.79349999999999998	0.76449999999999996	0.39279999999999998	Hg	2.65	5.25	6.94	9	11.53	12.55	0.2228	0.52339999999999998	0.5575	0.46749999999999997	0.46009999999999995	0.21269999999999997	pH


Abs. at 610.0 nm




Hg 610nm	0	0	0	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	0.89639999999999997	0.87880000000000003	0.85099999999999998	0.81799999999999995	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	0.42580000000000001	Time (min.)


Absorbance





0.14977533699450823	0.29910269192422739	0.44798407167745158	0.59642147117296229	0.74441687344913154	0.89197224975223022	1.0390895596239487	1.1857707509881423	1.3320177602368031	1.4778325123152711	1.7199017199017199	1.9607843137254906	2.2004889975550124	2.4390243902439028	2.6763990267639901	2.912621359223301	3.1476997578692494	3.381642512077295	3.6144578313253009	3.8461538461538467	4.1686631528509821	4.4890162368672399	4.8072346501665884	5.1233396584440225	5.4373522458628845	5.7492931196983985	6.0591827148896193	6.3670411985018731	6.672888474101728	6.9767441860465116	7.2786277236903114	7.5785582255083179	7.8765545831414103	8.1726354453627188	8.4668192219679614	8.6757990867579906	8.8838268792710728	9.0909090909090917	9.2970521541950131	9.502262443438914	9.7065462753950342	9.9099099099099099	10.112359550561798	10.31390134529148	10.514541387024609	10.714285714285714	10.913140311804009	11.111111111111112	11.308203991130823	11.504424778761063	11.699779249448126	11.894273127753305	12.087912087912091	12.280701754385964	12.472647702407002	12.663755458515283	12.854030501089325	13.043478260869566	13.232104121475052	13.419913419913419	13.606911447084235	13.793103448275865	13.978494623655914	14.163090128755366	14.346895074946467	14.529914529914533	14.712153518123667	14.893617021276597	15.074309978768579	15.254237288135593	15.433403805496829	15.61181434599156	15.789473684210529	15.966386554621851	16.142557651991616	16.317991631799167	16.492693110647185	16.666666666666668	16.839916839916839	17.012448132780086	17.184265010351968	17.355371900826444	0.8911	0.8851	0.87880000000000003	0.87660000000000005	0.87219999999999998	0.86460000000000004	0.85750000000000004	0.85099999999999998	0.84670000000000001	0.8387	0.82850000000000001	0.81620000000000004	0.81759999999999999	0.81859999999999999	0.81799999999999995	0.8115	0.80410000000000004	0.80369999999999997	0.79279999999999995	0.78110000000000002	0.78490000000000004	0.77049999999999996	0.76200000000000001	0.75819999999999999	0.75070000000000003	0.73499999999999999	0.72160000000000002	0.72089999999999999	0.70630000000000004	0.69359999999999999	0.69269999999999998	0.68259999999999998	0.68100000000000005	0.66959999999999997	0.65990000000000004	0.65339999999999998	0.64470000000000005	0.62960000000000005	0.62260000000000004	0.61890000000000001	0.61229999999999996	0.60599999999999998	0.60580000000000001	0.60009999999999997	0.59379999999999999	0.59330000000000005	0.58740000000000003	0.58220000000000005	0.57650000000000001	0.57210000000000005	0.56710000000000005	0.56140000000000001	0.55700000000000005	0.55269999999999997	0.55300000000000005	0.54810000000000003	0.54330000000000001	0.54049999999999998	0.54020000000000001	0.53559999999999997	0.53159999999999996	0.52700000000000002	0.5232	0.52	0.51639999999999997	0.51249999999999996	0.51229999999999998	0.50880000000000003	0.50519999999999998	0.50090000000000001	0.50149999999999995	0.49819999999999998	0.4955	0.49170000000000003	0.4879	0.48520000000000002	0.4819	0.48080000000000001	0.48049999999999998	0.47749999999999998	0.47739999999999999	0.4763	[Hg2+] µM


Abs. at 610.0 nm



image5.png
®)

0.9

%
S

@

5N e v v on
s 3 & & &

wWu 019 3¢ "SqV

"o e n vy
S 3333

IC-Hg* + other catib

T q
S 33

»uEqIosqY

=
]

+£90
+8v
+uz,
+Tno
HIN

+€d
+00d
+TUIN
+61D
+UL
+e1d
+70d
+zus
+T00
HEIV
sug
418
+Te)
BN
1

+eN
+T3HOL

320 360 400 440 480 520 560 600 640 680 720 760 800

=

‘Wavelength




image1.png




image2.png
Absorbance

300

400

500 600
Wavelength (nm)

700

800




image3.png
Hcgicig el icgc gicgcgicdicdioficgodcodododicodicod i acalic

Nat <K& MgZCaZl 812 Ba2t AP’ €A% sn2t pp2t -Bidt -Ti2t Cr3t Mn?'Fe2t Fedt Cot N2t Cut Hg* Zn%




image4.png
Absorbance

12

o s aw
Wavelength (nm)




