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First approach, a simple, low-cost and portable field test kit based on colorimetry 

with detection by naked eye was developed for determination of magnesium content in 

rubber latex (RL). The miniaturized complexometric titration between Mg2
+ and EDTA 

without any masking agent was a key reaction in this development, which was designed 

according to the concept of green chemistry by reduction of waste generation and 

chemical and time consumption. The system enabled quantification of magnesium content 

in RL at low concentration with the detection limit being <50 mg L-1
, small sample 

volume uptake (0.18 g, sampling by a small spoon) and use of <1.5 mL reagent volume 

which was >70 times less than that applied in the conventional method. Moreover, with 

the presence of potential interference ions, greater selectivity towards magnesium was 

observed. Furthermore, the reagents used in our developed test kit were stable for 

>6 months at room temperature. The results obtained on real samples were in agreement 

with those obtained from the conventional complexometric titration (ISO 17 403: 2014(E)) 
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method. The proposed technique provides a low-cost, rapid, simple, selective and on-site 

analysis of magnesium content in RL. 

Second approach describes a simple complexometric titrations for analytical 

detection by measuring the length of color change on indicator treated thread. A novel 

thread-based analytical device (µTAD), fabricated from 15 cm of untreated cotton thread, 

provide an easy-to-use platform for the rapid measurement of analyte concentrations in 

aqueous solutions. Threads was fixed to a box platform to allow capillary wicking of 

liquid samples, free from contact with outside surfaces. In this method, interaction 

between deposited reagents and analytes within samples produces colored zones of 

differing lengths on the threads within only a few minutes. The length of the colored 

zones analyzed by unaided human eyes using the printed scales correlates with the 

concentrations of the analytes in the samples. Complexometric titration using µTAD was 

also proposed for Mg2+ monitoring in rubber latex samples. Threads were firstly 

pretreated with Eriochrome Black T (EBT). Two threads were then treated with two 

different concentrations of ethylenediaminetetraacetic acid (EDTA) in N-cyclohexyl-3-

aminopropane sulfonic acid (CAPS) buffer at pH 10. They were then tied together to 

make a central knot before being affixed to a supporting of box platform for ready to 

analysis. 6 µL of sample solution was then applied to as prepared µTAD. The length of 

purple color product generating on thread was proportional to the concentration of Mg2+ 

in samples provided working concentration range of 25-1000 mg. L- 1
• Greater selectivity 

toward Mg2+ compared with potential interference ions was examined. Furthermore, our 

developed µTAD was applied for analysis of real samples which showed results being in 

agreement with those obtained by classical titrations. 
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CHAPTERl 

INTRODUCTION 

1.1 The importance and source of this research 

Para rubber tree (Hevea brasiliensis Muell. Arg.) (Figure 1.1) is a very important 

economic plant in Thailand where over three million tons a year of Rubber Latex (RL, the 

products of Para rubber tree) is exported [l, 2]. 

Figure 1.1 Para rubber tree (Hevea brasilliensis) 

The major component in RL is cis-1, 4-polyisoprene with non-rubber components 

such as carbohydrates, proteins and lipid based medium for bacteria growing. pH values 

of normal RL solution range from 6 - 7 [3,4]. Under this condition, the surface of RL 

particles will become negatively charged due to the presence of carboxylate ions of 

protein (Alpha-globulin with pl of 4.8) and the hydrolysis of R-Lecithin phospholipid on 

the RL surface [4] (Figure 1.2). 
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Figure 1.2 Carboxylate ions contained in the RL. 

2 

A critical step in production of RL with high quality is identification of RL 

components. Magnesium (Mg2l is one of the most important components suppressing RL 

performance and quality, e.g. by direct interaction of Mg2+ with the carboxylate ions 

contained in the RL. This produces insoluble, un-hydrated and un-ionized Mg2+ soap and 

insoluble Mg2+ hydroxide in the aqueous phase. Both of these phenomena invariably 

cause destabilization of RL. Furthermore, Mg2+ ions can form primary valence linkages 

between the interfaces of adjacent latex particles. This can initiate flocculation and further 

lead to destabilization ofRL [5] Figure 1.3. 

Deslabilillltlon of :\'RL in the presence of '.\1gl• 

Figure 1.3 The mechanism between Mg2+ ions and RL. 
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Mg2+ concentration is limited to within 40 mg.L- 1 pnor to distribution to 

manufacturers such as glove and condom companies [6]. Normally, removal of Mg2+ 

content in rubber is performed based on a precipitation reaction, e.g. by addition of excess 

amount of ammonium phosphate (>5 times of Mg2+ concentration) to rubber latex 

solution. Alternatively, diammonium hydrogen phosphate (DAHP) can be used for 

precipitation ofMg2+ with the related reaction shown in Eq. 1.1 [7-8] and Figure 1.4. 

Mg2+ (aql + NH3(aq) + HPO/-(aq) (1.1) 

Figure 1.4 Elimination of Mg2+ by adding DAHP into RL. 

A conventional approach involves Mg2+ analysis in RL based on the complexometric 

titration with ethylenediamine tetraacetic acid (EDT A, H2 Y2
-), disodium salt (soluble 

form) using eriochrome black T (EBT) as an indicator. Since dissociation of EDT A 

disodium salt and EBT depends on pH of the medium, addition of ammonium chloride 

(N&Cl)/ammonium hydroxide (N&OH) buffer solution is required in order to control 

pH of the solution to be 2: 10 facilitating reaction between EBT and Mg2+. At the end 

point of the reaction, the solution color changes from red to blue, according to the reaction 

shown in Eq. 1.2 [8] for Mg2+ analysis in RL. 
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(1.2) 

Apart from the well-controlled pH of the solution facilitating interaction between 

Mg2+ and EDT A, the masking agent is also added to prevent foreign ions, such as 

potassium (K+), sodium (Na+), calcium (Ca2+), zinc (Zn2+), iron (Fe3+), copper (Cu2+) and 

manganese (Mn2+) interfering complexation between Mg2+ and EDT A in RL. Potassium 

cyanide (KCN) is a common masking agent used in the standard method [9-10]. However, 

it is well known that cyanide compounds are very toxic. Therefore, development of a 

cyanide-free method for determination Mg2
+ in RL is still a challenge. 

The first approach, a simple (no requirement of skill for analysis, not demanding 

sample pretreatment before analysis), low-cost (small sample and reagents volume 

uptake) and portable field test kit based on colorimetry using naked eye for determination 

of Mg2
+ content in rubber latex (RL) was established. The novelty of this work is that 

miniaturized complexometric titration between Mg2+ and EDT A (even without using 

masking agent) which were designed according to the concept of "Green chemistry" 

reducing waste generation minimizing use of chemicals and consumption of time (at least 

simple two reagents (EBT indicator for reagent A; EDTA in ammonium buffer for reagent 

B) for test kit set up). The developed test kit will be applied for investigation of the effect 

of the presence of potential interference ions, preservatives used in RL and possibility for 

practical use in concentrated rubber latex (CRL). Stability of reagents applied in the kit 

and the analysis performances in real samples will be investigated and discussed. 

Moreover, novel concept and application of low-cost, portable and field-based using 

microfluidics thread based analytical device (µTAD) will also be established using naked 

eye for determination of Mg2
+ content in RL as second approach. Complexometric 

titrations for analytical detection by measuring the length of color change on indicator 

treated thread. A novel thread-based analytical device (µTAD), fabricated from 15 cm of 

untreated cotton thread, provide an easy-to-use platform for the rapid measurement of 

analyte concentrations in aqueous solutions. Threads were fixed to a box platform to 

allow capillary wicking of liquid samples. In this method, interaction between deposited 
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reagents and analytes within samples produces colored zones of differing lengths on the 

threads within only a few minutes. The length of the color zone analyzed by unaided 

human eyes using the printed scales correlates with the concentrations of the analytes in 

the samples. Complexometric titration using µTAD was proposed for Mg2+ monitoring in 

RL samples. Threads were firstly pretreated with EriochromeBlack T (EBT). Two threads 

were then treated with two different concentrations of Ethylenediaminetetraacetic Acid 

(EDTA) in N-cyclohexyl-3-aminopropanesulfonic acid (CAPS) buffer at pH 10. They 

were then tied together to make a central knot before being affixed to a box platform for 

ready to analysis. 6 µL of sample solution was then applied to as prepared µTAD. The 

length of purple color product generating on thread was proportional to the concentration 

ofMg2+ in samples. 

1.2 Objective 

1.2.1 To develop a simple test kit based on colorimetry for quantification of Mg2
+ 

content in RL by miniaturized complexometric titration without using masking agent. 

1.2.2 To develop a low cost microfluidic thread-based analytical device (µTAD) for 

determination ofMg2
+ content in RL. 

1.3 Research scope 

1.3.1 First approach; the development of a simple test kit based on colorimetry for 

quantification of Mg2+ content in RL by miniaturized complexometric titration without 

using masking agent. 

This part involves the development of a simple, low-cost and portable field test 

kit based on colorimetry with detection by naked eyes for determination of Mg2+ content 

in rubber latex (RL). The miniaturized complexometric titration between Mg2+ and EDTA 

without any masking agent was a key reaction in this development, which was designed 

according to the concept of green chemistry by reduction of waste generation and 

chemical and time consumption which will provide a low-cost, rapid, simple, selective 

and on-site analysis ofMg2
+ content in RL. The following parameter will be exanimated; 



1.3.1.2 Optimization of the developed test kit 

1) Optimization of sample and reagent volume 

2) Optimization of condition for reagent A and B 

1. 3 .1. 3 Validation method of the developed test kit 

1.3 .1.4 Study of interferences our developing test kit 

1. 3 .1. 5 Study of preservatives in RL on our developing test kit 

6 

1.3.1.6 Stability test for reagents and application of the developed test kit for 

practical sample analysis 

1. 3. 1. 7 Study of concentrated rubber latex ( CRL) using our developed test kit 

1.3.2 Second approach; The development of a low cost microfluidic thread-based 

analytical device (µTAD) for determination ofMg2+ content in RL. 

A novel concept and application of low-cost, portable and field-based using 

microfluidics thread based analytical device (µTAD) will also be established based on 

colorimetry using naked eye for determination of Mg2
+ content in RL. Complexometric 

titrations for analytical detection by measuring the length of color change on indicator 

treated thread. A novel thread-based analytical device (µTAD), fabricated from 15 cm of 

untreated cotton thread, provide an easy-to-use platform for the rapid measurement of 

analyte concentrations in aqueous solutions. Threads was fixed to a supporting 

polypropylene sheet to allow capillary wicking of liquid samples. In this method, 

interaction between deposited reagents and analytes within samples produces colored 

zones of differing lengths on the threads within only a few minutes. The length of the 

colored zones analyzed by unaided human eyes using the printed scales correlates with 

the concentrations of the analytes in the samples. Complexometric titration using µTAD 

will also proposed for Mg2
+ monitoring in RL samples. Threads were firstly pretreated 

with EriochromeBlack T (EBT). Two threads were then treated with two different 

concentrations of ethylenediaminetetraacetic acid (EDTA) in CAPS buffer at pH 10. 

They were then tied together to make a central knot before being affixed to a supporting 

polypropylene sheet for ready to analysis. 6 µL of sample solution was then applied to as 

prepared µTAD. The length of purple color product generating on thread was proportional 

to the concentration of Mg2
+ in samples. The following parameters will be examined; 



1.3.2.1 Validation of our developed preparation ofRL sample for proposed 

µTAD operated by flame atomic absorption spectrophotometer 

(FAAS) 

1.3.2.2 Study of characteristics of thread 

1.3.2.3 Study of wicking property of threads 

1.3.2.4 Optimization ofreagent conditions and their mechanism on µTAD 

1.3.2.5 Effect ofreagent volume on our developed µTAD 

1.3.2.6 Study of interferences on developed µTAD 

1.3.2.7 Analytical characteristics and method validation of developed µTAD 

for Mg2
+ detection in RL 

1) Study of working range and Limit of quantification (LOQ) 

2) Study of validation of develop µTAD and real sample application 

1.4 Research site 

7 

Department of Chemistry, Faculty of Science, Ubon Ratchathani University, 

Ubon Ratchathani, Thailand. 



CHAPTER2 

LITERATURE REVIEWS 

2.1 Conventional method for determination of magnesium ions in RL 

A conventional approach involves Mg2+ analysis in RL based on the complexometric 

titration with ethylenediamine tetraacetic acid (EDTA, H2Y2
-), disodium salt (soluble 

form) using eriochrome black T (EBT) as an indicator. Since dissociation of EDTA 

disodium salt and EBT depends on pH of the medium, addition of ammonium chloride 

(NH4Cl)/ammonium hydroxide CNH40H) buffer solution is required in order to control 

pH of the solution to be :::: 10 facilitating reaction between EBT and Mg2+. At the end 

point of the reaction, the solution color changes from red to blue, according to the reaction 

shown in Eq. 1.1 and 1.2 [8]. Apart from the well-controlled pH of the solution facilitating 

interaction between Mg2+ and EDT A, the masking agent is also added to prevent foreign 

ions interfering complextion between Mg2
+ and EDT A in RL. 

In 1998, Karunanayake et al. [9-10] described a method used for determination Mg2+ 

contents in RL by complexometric titration and used Potassium cyanide (KCN) is a 

common masking agent used in the standard method. However, it is well known that 

cyanide compounds are very toxic. Therefore, development of a cyanide-free method for 

determination Mg2
" in RL is still a challenge. 

In 2008, Satheinperakul et al. [ 11] methods for magnesium determination in natural 

rubber latex based on the potentiometric titration with a Hg-EDTA electrode. Masking 

agents were not applied since they disturbed the end point of the titration. Their methods 

showed linearity range for Mg2
+ detection from 36 to 126 mg L-1, which is in good 

agreement with the results obtained from atomic absorption spectrometry. Unfortunately, 

they found that the presence of zinc and cadmium at high levels interfered with the 

determination ofMg2
+. 
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In 2011, Cheewasedtham et al. [12] a method and composition for quantifying 

magnesium ions based on conventional complexometric titration was patented 

(W02011139245) using NaHS as a selectively precipitating interfering metal ions in RL 

instead of using KCN as mentioned above. 

In 2014, ISO 17403:2014(£) [13-15] Rubber-Determination of magnesium 

content of field and concentrated natural rubber lattices by titration (cyanide free method 

by using NaHS as a masking agent) was established.However, the reported approaches are 

still complicated in terms of multiple steps of analysis including need for sample 

pretreatment before analysis, reagent volume consumption (> 105 mL ), resulting in more 

waste and potential interference ions in RL if a masking agent was not applied (Table 

2.1 ). Moreover, many reagents are needed for analysis which also requires skill to 

perform in the laboratory. 

Therefore, in this approach a simple, low-cost and portable field test kit based 

on colorimetry with detection by naked eyes for determination of Mg2
+ content in rubber 

latex (RL) was developed based on a miniaturized complexometric titration between Mg2+ 

and EDT A without using masking agent. 



Table 2.1 Selectivity study towards Mg2+ compared with the other metal ions {Zn2+, Ca2+, Fe:s+, Cu2+, Mn2+, IC and Na+ tested 

using complexometric titration reported in the tolerance concentration (mg.L.1) (n=3). 

Interference Tolerance With masking agent Without masking agent 
concentration Mgl+ content (mg.L-1) % Relative Mg2+ content (mg.L-1) % Relative 

(mg.L-1) 1"' collection 2,,.. collection different 1" collection z...i collection different 
Original - 524.02 ± 11.89 256.16 ± 2.99 - 534.81 ± 17.40 289.87 ± 23.37 -
NRL 
zn2+ 793.62 470.60 ± 2.85 - -9.86 611.60 ± 2.47 - +14.36 

Ca2+ 955.82 545.10 ± 3.72 - +4.02 565.40 ± 7.03 - +5.72 
Fe}+ 157.52 - 272.60 ± 1.26 +6.42 - 315.20±7.13 +8.74 

Cu2+ 244.14 - 232.50 ± 1.53 -9.23 - N.D. -
Mn2+ 53.93 - 267.90 ± 0. 77 +4.58 - 330.90 ± 3.48 +14.15 

K+ 2171.29 - 235.20 ± 7.16 -8.18 - 228.90 ± 23.32 -21.03 

Na• 1356.97 - 239.50 ± 2. 72 -6.50 - 225.50 ± 7.63 -22.21 

UJ was used as model sample in thi.s study 
N.D. (Not detectable; end point of the titration cannot be accomplished) 
Due to the NRL can be stable around 4 hours, therefore, NRL is needed to collect several time to accomplish the experiment 

o/i R 1 . d.fti _ [Mg2+ contents from original NRL - Mg2+ contents from added concentration of foreign ions)] 
o e ative i erent - M 2+ f . . 1 NRL :x 100 g contents rom or1gma 

-0 
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2.2 Test Kit based colorimetry for determination of Mg2+ contents in various samples 

(First approach) 
Two types of test kit for Mg2

+ detection based on colorimetry have been 

commercially available. 

In 2013, Sigma Aldrich's company [16] proposed the type of the commercial test kit 

is based on an enzymatic assay performed in a 96 well flat-bottom plate coupled with 

spectrophotometer detection at 450 nm . The assay involves specific interaction between 

glycerol kinase enzyme and Mg2
" which results in a linear range of 1.5-7.5 mg.L-1 without 

interference from foreign ions such as Fe2+, Cu2+, Ni2+, Zn2
+, Co2

+, Ca2+ and Mn2
+. 

In 2016, Marine Depot's company [17-20] have reported the field test kit in seawater 

based on complexometric titration without addition of masking agents. A limit of 

detection (LOD) is found within the range of 15-100 mg.L-1
. Moreover, interference from 

calcium and strontium was not observed. However, the approach as mentioned above is 

costly and requires expertise to perform (Table 2.2). 

Table 2.2 Comparison of commercial test kit for Mg2
+ analysis of various samples. 

Limit of 

Products Sample detection Cost/test (USD) Reference 

(mg.L-1) 

A Sea water 20 0.3699 [15] 

B Sea water 30 0.3922 [16] 

c Sea water 100 0.5198 [ 17] 

D Sea water 15 0.3998 [18] 

E 
Variety of 

1.5 4.6050 [19] 
samples 

F RL,CRL < 50 0.1620 Proposed method 
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Recently, novel microfluidic thread-based analytical devices (µTAD) have been 

developed due to the platform is capable if transporting aqueous and non-aqueous fluids 

via capillary action and possess desirable properties for building fluid transport pathway 

in microfluidic devices [21].Capillary channels for liquid transport provided by the fiber 

gaps between thread: avoid the requirement of external power sources or pumps (The 

capillary flow within strand of a thread is effectively confined to ID, because the aspect 

ratio (length: diameter) of thread is high). Moreover, Thread enables us to fabricate 3D 

thread-based microfluidic device which encompass complicated microfluidic channel 

compared to 2D paper-based assay lateral flow system. It can be manipulated easily by 

globally used process such as sewing, knitting and weaving. These techniques could in 

principle be exploited for mass production of µ T AD[22]. Threads can be swan onto 

various support materials to form fluid transport channels without the need for the 

patterned hydrophobic barriers essential for paper-based microfluidic devices[23]. 

Furthermore, threads offer more choices of materials than paper. Although paper can be 

formed using fibers other than cellulose, it would be more expensive and difficult to make 

with the current paper making technology [24]. These advantages allow µTAD to be 

portable analysis with low cost, low-volume and easy-to-use with the potential to be 

applied in many disciplines such as agricultural and environmental monitoring analysis. 

Development and application ofµ TAD are thus considered to be a key target. 

2.3 Microfluidic thread-based analytical device, µTAD and its applications 

(Second approach) 

2.3.1 µTAD based on electrochemical detection 

In 2012, Wei et al.[25] a novel detection system with a low-cost thread-based 

microfluidic device for CEEC analysis was successfully demonstrated. Instead of using 

liquid channel for sample separation, thin polyester threads of various diameters are used 

as the routes for separating the samples with electrophoresis. Hot-pressed PMMA chip 

with protruding sleeper structures are adopted to set up the polyester threads and for 
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electrochemical detection of the ion samples on the thread. Plasma treatment greatly 

improves the wetability of thin threads and surface quality of the threads. The measured 

electrical currents on plasma treated threads are I 0 times greater than the threads without 

treatment. Results indicate that nice redox signals can be obtained by measuring ferric 

cyanide salt on the polyester thread. The estimated detection limit for EC sensing of 

potassium ferricyanide (K3Fe(CN)6) is around 6.25 µM using the developed thread-based 

microfluidic device for determination of mixed ion samples (Cr, Br" and r) and bio-

sample in industrial or environmental applications, respectively. 

In 2015, Agustini et al.[26] proposed the construction of a low cost 

microfluidic thread-based electroanalytical device (µTED), employing extremely cheap 

materials and manufacturing process free of equipments. The microfluidic channels were 

built with cotton threads and the estimated cost per device was only $ 0.39. The flow of 

solutions ( 1.12 µL s-1
) is generated spontaneously due to the capillary forces, eliminating 

the use of any pumping system. To demonstrate the analytical performance of the µTED, 

a simultaneous determination of acetaminophen (ACT) and diclofenac (DCF) was 

performed by multiple pulse amperometry (MP A). A linear dynamic range (LDR) of 10 to 

320 µmol L- 1 for both species, limit of detection (LOD) and limit of quantitation (LOQ) of 

1.4 and 4.7 µmol L-1 and 2.5 and 8.3 µmo] L-1 to ACT and DCF, respectively, as well as 

an analytical frequency of 45 injections per hour were reached. Therefore, the proposed 

device was shown potential to expand the use of µTAD, due to its simplicity, low cost and 

good analytical performance. 

In 2015, Glavan et al.[27] described the adaptive use of conventional stainless 

steel pin used in unmodified form or coated with carbon paste as working, counter, and 

quasi-reference electrodes in electrochemical device fabricated using cotton thread or 

embossed omni phobic RF paper to contain the electrolyte and sample. For some 

applications, these pin electrodes may be easier to modify and use than printed electrodes, 

and their position and orientation can be changed as needed. Electroanalytical device 
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capable of multiplex analysis (thread-based arrays or 96-well plates) were easily 

fabricated using pins as electrodes in either thread or omniphobic RF paper (Figure 2.1 ). 

CE WE RE 

__ (-.. .. · .. 

CE WERE 

Figure 2.1 Schematic representation of the process used for the fabrication of 

electrochemical cells in embossed omniphobic RF paper. 

From previous researches were demonstrated about electrochemical detection which 

provide high accuracy and sensitivity. However, this detection system is limited for 

electro active analytes and need expensive instrument for detection system. Colorimetric 

method has attracted interest as an alternative method due to its rapidity, simplicity and 

low cost and practicality in on-site analysis, for the color related to the concentration of 

target can be observed directly by naked eyes, without the need of expensive or 

sophisticated instruments. 

2.3.2 µTAD based on colorimetric detection 

In 2010, Li et al. [28] describes a new and simple concept for fabricating low-

cost, low-volume, easy-to-use microfluidic device using threads. Thread has been used to 

fabricate 3D and Semi-quantitative microfluidic analytical device. An advantage of using 

thread as the liquid transporting channels is that it does not need patterned barriers. The 

developed thread-based and thread-paper-based device have potential applications in 

human health diagnostics, environmental monitoring, and food safety analysis, and are 

particularly appropriate for the developing world or remote areas, because of their 

relatively low fabrication costs (Figure 2.2). 
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Figure 2.2 (A) Three parallel colorimetric measurements of serially diluted N02 

solution samples. (B) the concentration calibration curve of N02-. 
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In 2010, Reches et al. [29] also demonstrates three designs for diagnostic 

assays that use different characteristics of the thread. The first two designs the "woven 

array" and the "branching design"stake advantage of the ease with which thread can be 

woven on a loom to generate fluidic pathways that enable multiple assays to be performed 

in parallel. Moreover, they demonstrated the ability to perform colorimetric assays using 

the three devices by performing colorimetric assays for analytes in samples. For the 

detection, high intensity of thread can indicated high concentration of analytes in sample 

(Figure 2.3). 
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Figure 2.3 Colorimetric assays performed using the (A) woven array device, (B) 

branching device, (C) sewn array design. 
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In 2011, Ballerini et al. [30] have been studied about the use of thread as a 

flexible and low-cost substrate for the rapid grouping of blood. The use of a capillary 

substrate such as thread for blood grouping utilizes the sensitivity of the flow resistance of 

large particles in narrow capillary channels to separate agglutinated red blood cells 

(RBCs) from plasma. The principle of chromatographic separation is also exploited in this 

study via the use of suitable dyes to enhance the visual detection of the agglutinated RBCs 

and the serum phase; surprising and encouraging outcomes are obtained. Using a thread-

based device, the ABO and Rh groups can be successfully determined with only 2 µL of 

whole blood from a pricked fingertip within 1 min and without pre-treatment of the blood 

sample. It is hoped that a new, inexpensive, rapid and simple method may provide an 

easy-to-use blood grouping platform well suited to those in developing or remote regions 

of the world (Figure 2.4). 



a 

Figure 2.4 The use of thread as a flexible and low-cost substrate for the rapid 

grouping of blood. 
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In 2012, Zhou et al. [31] were demonstrated lateral-flow immunochromato-

graphic assays are low-cost, simple-to-use, rapid tests for point--0f-care screening of 

infectious diseases, drugs of abuse, and pregnancy. However, lateral flow assays are 

generally not quantitative, give a yes/no answer, and lack multiplexing. In this research 

were introduce the immunochromatographic assay on thread (ICA T) in a cartridge format 

that is suitable for multiplexing. The ICA T is a sandwich assay performed on a cotton 

thread knotted to a nylon fiber bundle, both of which are precoated with recognition 

antibodies against one target analyte. Upon sample application, the assay results become 

visible to the eye within a few minutes and are quantified using a flatbed scanner. Assay 

conditions were optimized, the binding curves for C-reactive protein (CRP) in buffer and 

diluted serum were established and a limit of detection of 377 µM was obtained. The 

possibility of multiplexing was demonstrated using three knotted threads coated with 

antibodies against CRP, osteopontin, and leptin proteins. The performance of the ICAT 

was compared with that of the paper-based and conventional assays. The results suggest 

that thread is a suitable support for making low-cost, sensitive, simple-to-use, and 

multiplexed diagnostic tests (Figure 2.5). 
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Figure 2.5 Immunochromatographic Assay on Thread. 
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In 2015, Nilghaz et al. [32] developed blood typing diagnostic based on a 

polyester thread substrate it has shown great promising for use in medical emergencies 

and in impoverished regions. The device is easy to use and transport, while also being 

inexpensive, accurate, and rapid. This research used a fluorescent confocal microscope to 

delve deeper into how red blood cells were behaving within the polyester thread-based 

diagnostic at the cellular level, and how plasma separation could be made to visibly occur 

on the thread, making it possible to identify blood type in a single step. Red blood cells 

were stained and the plasma phase dyed with fluorescent compounds to enable them to be 

visualized under the confocal microscope at high magnification. The mechanisms 

uncovered were in surprising contrast with those found for a similar, paper-based method. 

Red blood cell aggregates did not flow over each other within the thread substrate as 

expected, but suffered from a restriction to their flow which resulted in the 

chromatographic separation of the RBCs from the liquid phase of the blood. It is hoped 

that these results will lead to the optimization of the method to enable more accurate and 

sensitive detection, increasing the range of blood systems that can be detected. 

Form above section, development and applications of µTAD as mentioned 

above were mainly focused on diagnostics applications based on simple quantitative and 

semiquantification colorimetry using naked eye for yes/no answer and quantitative 

information when combined with electronic detection system (digital camera, scanner or 

camera smart phone coupled with image processing software operated by computer,), 
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respectively[22-23]. Because colorimetric method is a common technique used for 

analysis without requirement of complex instrumental design and implementation, thus 

contributing to the analytical decentralization for that of applications. [33]. Moreover, 

thread can also be used with porous materials such as paper for improved sensitivity of 

semiquantitative colorimetric assay. [22] 

In 2016, Gonzalez et al. [34] described a novel microfluidic thread-based 

analytical device (TP AD) to detect glucose through a colorimetric assay. Using 

commercially available nylon thread, the TP AD was trifurcated into three channels 

terminating at analysis sites consisting of circular zones of chromatography paper. The 

zones were spotted with glucose of different concentrations. A solution of GOx, HRP, and 

KI wicks through the nylon thread via capillary action to the analysis sites where a 

yellow-brown color is observed indicating oxidation of iodide to iodine. The simplicity of 

the fabrication technique allows for the design and fabrication of many devices with new 

designs within only 2-3 hours (Figure 2.6). 
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Figure 2.6 µTPAD to detect glucose through a colorimetric assay. 

In 2017, Gonzalez et al. [35] described a simple and low cost µTAD to assess 

the activity of acetylcholinesterase (AChE). Fabrication of the device consists of two 

platforms, both with a nylon thread trifurcated into three channels terminating at open 

analysis sites at the end of the thread. 5, 5'-Dithiobis-(2-nitrobenzoic acid) (DTNB) was 

spotted and dried on the analysis sites. Acetylthiocholine iodide (ATC) (or cysteine, Cys), 
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is transported through an inlet channel of the nylon thread by capillary action due to the 

hydrophilic nature of nylon. AChE is transported through the other inlet channel and 

mixes with the ATC (or Cys) as they travel up to the analysis sites. As the solution 

reaches the analysis sites, an intense yellow color change occurs indicating the reaction of 

the thiol with DTNB to produce the yellow anion TNB2
-. The sites are then dried, 

scanned, yielding a linear range of inverse yellow mean intensity versus substrate 

concentration. An IC 50 value (1.74 nM) with a known inhibitor, neostigmine bromide 

(NB), is obtained on the device. The multiplex design enables triplicate data collection in 

a device that is easy to use. µTAD have great potential to be employed in a myriad of tests 

including point-of-care (POC) diagnostic devices for resource-challenged settings (Figure 

2.7). 

Figure 2.7 Photograph of µTAD after 18 minutes of AChE reaction time. 

In 2016, S. Sateanchok et al.[36] described the thread based analytical device as 

an analytical platform with mobile phone has been developed as green chemical analysis 

for the assay of anionic surfactant. The platform involves microfluidic behavior. The 

thread composing a bunch of cotton fibers could serve as channel that allows anionic 

surfactant to move along. The part of the thread containing anionic surfactant could be 

seen blue when threated with methylene blue while the part without anionic surfactant 
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showed no blue. The platform could be then photo taken. A plot of log value of 

concentration of anionic surfactant versus the move distance along the thread exhibits 

linear: y = 129x + 371; 1- = 0.999 where x being log (SDS concentration) and y being 

distance (Figure 2.8). 

Mobile phone camera Computer software 

Figure 2.8 The proposed cotton thread based analytical device. 

In 2017, S. Sateanchok et al. [37] described a cost-effective assay for 

antioxidant using simple cotton thread combining paper based device with mobile phone 

detection. Standard and sample solutions flow along a bunch of cotton thread treated with 

sodium hydroxide via microfluidic behaviors without external pumping. The total 

phenolic contents in the green tea samples were found to be 48-105 mg/g, with %RSD of 

less than 10 for that of higher 50 GAE mg/g and IC 50 values of the samples studied were 

25-50 mg/L. The results obtained by the developed methods agree with that of the 

standard methods.The developed assays for total phenolic content and antioxidant 

capacity employing Folin-Ciocalteu and DPPH reagents, respectively, have been 

demonstrated for real tea samples. The developed systems should be possible for at site 

assay, especially being useful in some remote areas and places with limited budget 

situations (Figure 2.9). 
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Figure 2.9 The platform of simple cotton thread combining paper based device with 

mobile phone detection. 

However, a senous limitation of relying on electronic device is that the color 

hardware varies between models. This can potentially generate difference in hue, 

lightness and saturation, which can create errors. These errors reduces the reliability of 

colorimetric result interpretation (different users of the same devices may obtain different 

interpretation of the same color). [24] 

To solve that problem, the semi quantitative analysis on µTAD by ruler was easier 

to detect by naked eyes without an electronic tools was established. In this method, 

interaction between deposited reagents and analytes within samples produces colored 

zones of differing lengths on the threads within only a few minutes. However, the 

combination of colorimetric assays with length measurement significantly reduces the 

reliance on electronic devices for result interpretation, and therefore reduces errors from 

this source. 

2.3.3 Measurement of length of the colored zones 

In 2014, Nilghaz et al. [38] describes a simple and semi-quantitative method for 

analytical detection by measuring the length of colour change on indicator treated threads 

using a ruler. Thread-based analytical device (µTAD), fabricated from two types of 
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threads (cotton and polyester), provide an easy-to-use platform for the rapid measurement 

of analyte concentrations in aqueous solutions. In this method, interaction between 

deposited reagents and analytes within samples produces coloured zones of differing 

lengths on the threads. The length of the coloured zones correlates with the concentrations 

of the analytes in the samples. Furthermore, the length measurement method can be 

applied to perform simultaneous assays to quantify the concentrations of different 

biomarkers present within the same sample. Finally, the mechanism of the length 

measurement method on thread-based sensors was also discussed. A comparison of this 

method with the currently used thread-based colorimetric method showed that the results 

of the length measurement method can be interpreted without the need of electronic 

equipment, making it well suited for use in developing regions with a lack of trained 

professionals (Figure 2.10 - 2.12). 

c 
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Figure 2.10 A schematic illustration of the microfluidic thread-based analytical 
device fabricated for the length measurement method. 
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Figure 2.11 Nitrite assays performed on polyester(A) and cotton(B) threads using the 

length measurement method. 
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Figure 2.12 Protein assays performed using the length measurement method on 

polyester (A) and cotton thread (B). 

Application of µTAD is particularly favored in point-of-need settings that 

require rapid analysis with low cost and simple operation while many of these 

applications are relevant to diagnostics in developing countries where resources and 

experts are limited, numerous applications exist in the developed world as well, for 

instance environmental application. Therefore, in second approach was investigated a 

novel concept and application of low-cost, portable and field-based using microfluidics 

thread based analytical device (µTAD) will also be established based on colorimetry using 

naked eye for determination of Mg2+ content in RL. 



3.1 Instrumentation 

CHAPTERJ 

EXPERIMENTAL 

Table 3.1 Instrumentation for characterizations and colorimetric measurements. 

Instruments Model Company 

Atomic absorption spectrometer PinAAcle 900T Perkin Elmer 

Polarized light microscope Axio Scope Al Zeiss 

Camera of iPhone iPhone7 Plus Apple 

Chula smart lens 20x Chula Smartlens Chula Smartlens Group 

Digital camera Olympus OMD EMlO Olympus 

mark II with Olympus 

M. Zuiko Digital ED 

45 mm fl .8 lens 

Digital vernier caliper VCD-20 (0-200 mm.) Hummer 

Stainless steel metal ruler - -
with 15 cm/0.15 cm 

3.2 Materials 

Table 3.2 Materials for our developed µTAD. 

Materials Model Company 

Threads 100% cotton Venus 



3.3 Reagents and Chemicals 

Table 3.3 List of reagent, grade and their suppliers. 

Chemicals 

Magnesium Sulfate Heptahydrate (MgS04 · 7H20) 

Ethylenediaminetetraacetic acid disodium salt dihydrate 

(C10N2Na20g ·2H20, EDTA) 

Sodium hydrogen sulfide (NaHS. xH20) 

Eriochrome Black T (C20H12N307SNa) 

Ethanol (C2HsOH) 

Ammonium chloride (NH4Cl) 

Ammonium hydroxide (NH40H) 

Acetic acid (CH3COOH) 

Diammonium hydrogen sulfide DAHP) 

Calcium nitrate (Ca(N03)) 

Potassium sulfate (K2S04) 

Iron(II) sulfate (FeS04) 

Zinc sulfate heptahydrate (ZnS04. 7H20) 

Copper sulfate pentahydrate (CuS04. 5H20) 

Nitric acid 65% (HN03) 

Manganese sulfate (MnS04) 

Sodium hydroxide (NaOH) 

Paraffin oil 

Sodium phosphate monobasic 

(NaH2P04 ·2H20) 

N-cyclohexyl-3-aminopropane sulfonic acid 

(C9H19N03S, CAPS) 

Supplier 

Panreac 

LABCONCO 

Acros 

LABCONCO 

Sigma-Aldrich 

Fluka 

Fluka 

Sigma-Aldrich 

Carlo Erba 

Carlo Erba 

Carlo Erba 

Carlo Erba 

Carlo Erba 

Carlo Erba 

Sigma-Aldrich 

Carlo Erba 

Carlo Erba 

LABCONCO 

Carlo Erba 

LABCONCO 

26 



27 

3.4 First approach; The development of a simple test kit based on colorimetry for 

quantification of Mg2+ content in RL by miniaturized complexometric titration without 

using masking agent was proposed. 

Work in this part involves the development of a simple, low-cost and portable field 

test kit based on colorimetry with detection by naked eyes for determination of Mg2+ 

content in rubber latex (RL). The miniaturized complexometric titration between Mg2+ and 

EDT A without any masking agent was a key reaction in this development, which was 

designed according to the concept of green chemistry by reduction of waste generation 

and chemical and time consumption which will provide provides a low-cost, rapid, 

simple, selective and on-site analysis of Mg2+ content in RL. 

3.4.1 Preparation of reagents 

3 .4.1.1 Conventional method (Complexometric titration) 

ISO 17403: 2014(E) [15] was applied as a conventional method with 

slight modification. 

Calcium carbonate (CaC03) solution (0.005 mol.L-1) 

0.50 g of CaC03 was dissolved in 1.0 L of deionized water in beaker to 

give a 0.500 mol.L-1CaC03 solution. 

Ethylenediaminetetraacetic acid disodium salt dihydrate, EDT A 

(C10N2Na20s ·2H20) solution (0.005 mol.L-1
) 

1.86 g of EDTA was dissolved in 1.0 L of deionized water in beaker to 

give a 0.500 mol.L-1 EDTA solution. 

Ammonium buffer solution pH 10.0 (0.06 mol.L-1) 

67.50 g ofNH4Cl in 250.0 mL of deionized water. After that, 570.0 mL 

of 25%, w/w NH40H were added to NH4Cl solution and brought up to 1.0 L with 

deionized water. 

Eriochrome Black T, EBT (C20H12N30 7SNa) as indicator solution 

(2.16 x 10-4 mol.L-1) 

0.10 g of EBT was dissolved in 100.0 mL of 75%, v/v ethanol give a 
2.16 x 10-4 mol.L-1 EBT solution. 



28 

Sodium hydrogen sulfide (NaHS.xH20) solution (0.3 mol.L"1) 

1.68 g ofNaHS.xH20 was dissolved in 100.0 mL of deionized water in 

beaker to give a 0.3 mol.L-1 NaHS.xH20 solution. 

3.4.1.2 Test kit based on colorimetry method (our proposed) 

The small-scale test kit was developed based on the conventional 

method. The approaches were based on complexometric titration between Mg2+ and 

EDTA using NaHS as a masking agent (or without any masking agent). 

ReagentA 

2.16x104 mol.L-1 of EBT indicator with the EBT: DI water volume 

ratio of 3:10 

ReagentB 

0.02 f of EDT A was dissolved in 6.67 mL of0.06 M ammonium buffer 

solution pH 10.0. Followed by addition of 0.3 M NaHS.xH20 (3.33 mL) as a masking 

agent to give a reagent B. (Total volume was 10.0 mL) 

3.4.2 Optimization of the developed test kit 

3.4.2.1 Optimization of sample and reagent volume 

The small spoon (Figure. 3 .1) was used selected use as sample 

container of our developed test kit. The amount of sample using this small spoon was also 

investigated by weighting RL sample which was recorded and reported in terms of 

average with standard deviation (x ± S.D.) (n=20). 

Figure 3.1 Small spoon used to scoop sample (RL) 
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Glass bottles with glass dropper and eye dropper (Bottle plastic; Figure. 

3.2) were established to be reagent A and B volume, respectively for our developed test 

kit. The volume ofreagent A and B were also investigated. 

Figure 3.2 Glass bottles with glass dropper and eye plastic dropper 

3.4.2.2 Optimization of condition for reagent A and B 

In this study, reagent A (EBT, Hln2") was applied as an indicator; 

whilst, the EDT A, buffer solution and masking reagents were mixed into reagent B. 

Reagent A needs to be separated from the system prior to analysis due to the poor 

solubility of the indicator in the reagent B matrix, as well as the complexation between the 

indicator and Mg2+ as analysis has to be carried out before addition of EDT A as 

demonstrated in Eq. 1.2. (CHAPTER 1) 

Reagent A was obtained by variation of a number of droplets ( 1-8 drops) 

applied in different bottles each of which had already been filled in with 50 mg.L-1 of 

Mg2+ in DI water. In addition, Study about dilution of EBT in DI water (EBT:DI water) 

was shown in the ratio in the range from 1 : 10 to 10: 10. 

For reagent B was optimized by the stoichiometric amount of EDTA to 

react Mg2+ with theoretical concentrations of 25, 50 and 100 mg.L-1 corresponded to the 

optimized number of droplets for reagent B being 1 drop per 50 mg.L-1 of Mg2+ (with the 

volume of -0.065 mL including buffer solution and masking reagents). 
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For the test kit application, The instruction of "Field test kit based on 

colorimetry for identification of Mg2+ content in RL was shown in Figure. 3.3. Firstly, 

Reagent A was transferred by a dropper up to the marked level into a reaction bottle. 

Then, a small spoon was used to transfer RL into the reaction bottle. The RL solution was 

shaken resulting in the purple color observed by naked eye, as shown by the color chart 

1.1 in Figure 3.3. Reagent B was then added drop by drop and shaken (every 10 s) to the 

solution until the blue color of RL solution was observed, see also the color chart 2 in 

Figure 3.3 Count a number of drop of Reagent B used, which will relate to the 

concentration of Mg2+ in the unit of mg. L-1
• (Note: 1 drop:::::: 50 mg. L-1). 

Instruction 
Field test kit based on colorimetiy for identification 
of ITll!nesium content In natural rubber latex (NRL) 

"'· ... ..... • . 
::::--... ,_. 

-

Stilp4 ((klt ........ 

"t1.11t !c ttlt.· .:01v;"""'1'A" (j .,.,,..-.-v,., l'W :.n' ,.._;. ,... 

}t."11; ")>."".'":$';fl 4 

....... f8 
ll'ICI l,,...U 

(m:;"'U-.thOO 

""'"- ""'".._, ""'I"""'" 
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Figure 3.3 The instruction of "Field test kit based on colorimetry for identification of 

Mg2+ content in RL. 



31 

3.4.3 Method validation of the developed test kit 

The RL samples consist of natural rubber latex (NRL) and concentrated rubber 

latex (CRL). CRL are NRL which was prepared by removal of some Mg2+ presented in 

NRL using an addition of diammonium hydrogen phosphate and/or preserved with 

anticoagulant reagents. 

For NRL sample, Complexometric titration was performed with slight 

modification according to ISO 17403: 2014(E) [15]. Briefly, Natural rubber latex, NRL 

(2.0 g) was transferred into a conical flask followed by addition of 100 mL of DI water. 

0.06 mol.L-1 NH4Cl/NH40H buffer solution (2.0 mL) was then added to control the RL 

solution pH within the range of 10.0-10.5. Next, 2.16 x 10-4 mol.L-1 EBT indicator 

(1.0 mL) was dropped into the RL solution. The 0.3 mol.L-1 masking agent (1.0 mL) was 

added into the solution and also diluted in water (100 mL). The solution was then titrated 

with the standard 5xl0-3 mol.L-1 EDTA solution (which was standardized with 5xl0-3 

mol.L-1 CaC03) until the red solution vanished and became pure blue. In addition, this 

titration approach was evaluated by comparison with FAAS which is a reliable technique 

with high accuracy and precision. 

For CRL sample, Complexometric titration was performed with slight 

modification according to ISO 17403: 2014(E) [15]. Briefly, CRL sample (10.0 g) was 

transferred into a breaker followed by addition of 10 mL of DI water. Next, 25% acetic 

acid (5.0 mL) was then added to digest the CRL sample within serum. Pipette 10.0 mL of 

serum into a conical flask and added 0.06 mol.L-1 NH4Cl/NH40H buffer solution 

(4.0 mL) was then added to control the CRL solution pH within the range of 10.0-10.5. 

After that, 2.16 x 10-4 mol.L-1 EBT indicator (1.0 mL) was dropped into the RL solution. 

The 0.3 mol.L-1 masking agent (1.0 mL) was added into the solution and also diluted in 

water (100 mL). The solution was then titrated with the standard 5x10-3 mol.L-1 EDTA 

solution (which was standardized with 5xl0-3 mol.L-1 CaC03) until the red solution 

vanished and became pure blue. In addition, this titration approach was evaluated by 

comparison with FAAS which is a reliable technique with high accuracy and precision. 
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The sample preparation for FAAS analysis was performed with slight 

modification [21-22] by transferring 0.25 g of RL (Figure 3.4a) into a test tube and then 

4.0 mL of 65% v/v HN03 were applied to the test tube as shown in Figure 3.4b. The 

solution was heated in an oil bath at 165 °C (Figure 3.4c) resulting in a transparent 

solution which was then cooled down and diluted with HN03 (2%, v/v) prior to the 

FAAS analysis as shown in Figure 3.4d. 

Figure 3.4 The preparation of RL sample for determination of Mg2+ by FAAS 

method. 

3.4.4 Study of interferences in RL on our developing test kit 
In this study, the investigated ions were Fe3+, Cu2+, Mn2+, K+, Zn2+, Ca2+ and 

Na+. The tested concentrations of the foreign ions were 50, 100, 150, 250, 500, 750, 1000 

and 1500 mg.L-1
, respectively. The results obtained from the complexometric titration 

with the masking agent were then compared with those obtained without the masking 

agent. NRL number of U3 was used as model sample in this study. As the NRL can be 

stable for approximately 4 h, fresh NRL was collected freshly several times during the 

experiment in order to prevent the NRL coagulating. 

3.4.5 Study of preservatives in RL on our developing test kit 

The preservative solutions of 0.2%, w/v and mixture of 0.2%, w/v 

0.025%, w/w ZnO and 0.025%, w/w TMTD, respectively, were added to the RL 

sample. Mg2+ content in the treated RL was then quantified and the result was compared 

with that obtained by the conventional method (complexometric titration). 
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3.4.6 Study of stability test for reagents and application of the developed test kit 

for practical sample analysis 

Reagents A and B were left at room temperature for 6 months prior to the 

application with the test kit for Mg2
+ determination. The results were compared with that 

obtained by the conventional complexometric titration method. 

Samples were collected from several regions in Ubon Ratchathani province 

(U2-U3) and Kalasin province (K1-K3), Thailand. In each analysis, identification of Mg2
+ 

was performed by applying the developed test kit, which were operated by three different 

users. The results were averaged and compared with those obtained by the conventional 

complexometric titration method. 

3.4.7 Study of concentrated rubber latex (CRL) using our developing test kit 

In this thesis, two types (CRL-Type A and CRL-Type B) of CRL sample were 

studied. CRL-Type A are Mg2
+ in NRL were removed by addition of diammonium 

hydrogen phosphate (DAHP) [7-8] and CRL-Type Bare clear serum with acidic medium 

(pH 3) was obtained from CRL by diluting 10 g of CRL with 10.0 mL of water and 

coagulate with 5.0 mL of25% acetic acid water [15]. 

3.5 Second approach; the development of a low cost microfluidic thread-based analytical 

device (µTAD) for determination ofMg2
+ content in RL 

3.5.1 Preparation of reagents 

3.5.1.1 Conventional method (Complexometric titration [15]) 

All reagents used in conventional method were same as reagent 

mentioned in section 3.4.1.1 

3. 5. l. 2 µTAD based on colorimetry method (our proposed) 

The µTAD was developed based on miniaturized complexometric 

titration without using masking agent 

Eriochrome Black T, EBT (C20H12N301SNa) as indicator solution 
(2.16 x 10-4 mol.L-1) 

0.1 g ofEBT was dissolved in 100mLof75%, v/v ethanol. 



N-cyclohexyl-3-aminopropanesulfonic acid, CAPS (C9H19N03S) 

as buffer solution pH 10.0 (9.99x10-3 mol.L-1) 

2.21 g of CAPS was dissolved in 1000 mL of deionized water. 

Mixture solution of various concentrations (mg. L-1) of EDTA in 

CAPS (C9H19N03S) pH 10.0 solution 
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The concentrations of EDTA in CAPS solution were 6.17, 8.23, 

10.29, 20.57, 30.86, 41.14 mM and demand of weight at various concentrations were 

shown in Table.3.4. Next, EDTA was dissolved in 25 mL of CAPs buffer solution. The 

mixture need to be tuned to basic condition at pH 10.0 by adding of 1 M NaOH until the 

pH was around 10.0 before then the volume was adjusted to final of 25 mL. 

Table 3.4 Weight of solid EDTA and dissolved in 25 mL of CAPS buffer at pH 

10 reporting in concentration (mM). 

Concentration of EDT A Weight of EDTA (g) in 25 mL of CAPS 

(mM) buff er at pH 10 

6.17 0.0573 

8.23 0.0764 

10.29 0.0955 

20.57 0.1909 

30.86 0.2092 

41.14 0.2790 

3.5.2 Preparation of RL samples 

3.5.2.1 Digestion ofRL samples for conventional method (Complexometric 

titration) 

For complexometric analysis, the digestion of RL samples was reported 

method of concentrated rubber latex (CRL) from IS017403:2014 [15]. 10.0 g ofRL was 

transferred into a breaker followed by addition 1.0 mL of 25% v/v acetic acid. The 
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separation between serum and sludge was occurred. Around 2.4 mL of Clear serum ofRL 

was obtained at pH 4-5. 

3.5.2.2 Digestion ofRL samples for developed µTAD method 

For developed µTAD, RL samples were collected in Ubon Ratchathani 

province. Before analysis on developed µTAD, a simple sample preparation of RL was 

developed by modification from ISO 17403:2014, method of concentrated rubber latex 

(CRL) [15]. RL samples were transferred into micro centrifuge tubes and digested by 25% 

v/v acetic acid. RL serum was obtained in acidic condition at pH 4-5. After that, pH ofRL 

serum was adjusted the pH to be 7 before analysis by transferring RL serum 100 µL into a 

micro centrifuge tube. CAPS buffer solution (500 µL) and 1 mol.L-1 NaOH (50 µL) were 

then added, respectively as demonstrated in Figure 3 .5 

Moreover, our developed µTAD was also applied determine Mg2+ 

contents in water sample (such as tap, canal and mineral waters). The water samples 
without pretreatment including tap and canal waters were collected and mineral water was 
obtained from local super market at Warin Chamrap, Ubon Ratchathani, Thailand. (See 
also the result in Appendix B). 

Figure 3.5 Our developed preparation of RL sample based on digestion method 

which was modified from ISO 17403: 2014(E). [15] 



3.5.3 Method validation of our developed preparation of RL sample for 

proposed µTAD operated by flame atomic absorption spectrophotometry (FAAS) 
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From section 3.4.2.2, the separation between serum and sludge was occurred. 

The sample preparation for FAAS analysis was performed with slight modification [21-

22] by transferring 0.25 g of original RL, serum and sludge into an each test tube and then 

4.0 ml of 65 % v/v HN03 were applied to the test. The solution was heated in an oil bath 

at 165 °C resulting in a transparent solution which was then cooled down and diluted with 

HN03 (2%, v/v) prior to the FAAS analysis. 

3.5.4 Study of physical properties of threads 

3.5.4.1 Study of percentage of cotton on threads 

In this study, four types (A,B,C and D) of commercial threads will be 

investigated for fabricating µTAD. 15 cm of thread samples were weighted and reported 

as W0. Next, threads sample was then immersed in 10 mL of 70% of sulfuric acid for 

20 min. Insoluble fraction of threads were washed with deionized water and dried at room 

temperature. Dried fraction of threads were weight and reported as W. Last, percentage of 

cotton was calculated by ((W0-W) x100)/W0 whereas, W0 and W are a dried weight of 

thread before and after immersing in sulfuric acid, respectively. (Figure 3.6) 

.... .... :.;. ;,.. . . .. . 
4\ . 'ii. ' l . 

. -
Figure 3.6 Producer our method for investigated of percentage of cotton on threads. 

3.5.4.2 Study of diameter measurement of threads 

For diameter of threads (80%, 90%, 100% cotton and polyester thread) 

investigation, the digital vernier caliper was used to measure a diameter of various threads 

(n=lO) and which was reported in terms of average with standard deviation (x ± S.D.) 
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Figure 3.7 Digital vernier caliper. 

3.5.5 Study of wicking property of threads used for fabrication of µTAD 

In this study, the wicking properties of the thread both as untreated and treated 

with chemical treatment were investigated. The method for removal of wax covered on 

thread using byNa2C03 as a chemical treatment as demonstrated in Figure 3.8. 

After that, 3 µL of the red color solutions of food dye was applied to these 

threads (untreated and treated of threads), length 10 cm for 1 minute thereafter we 

measured the average rate of wicking of the threads before untreated and after treated with 

a ruler scale. 

UI llll ml:' of .... ,co, 
in 50 ml.,. .• , hoilrd 

cm of thrr•d.• wrrr c.i 
and immerwd in boiled 
s.,co, for min 

Tllrrads w•rr w•slled 
"ith deiooi:t.rd water 
uatU pH in Ille nmgt" 

.... drird ., .. , 

room temprntnrr for 
2houn 

Figure 3.8 The removal of wax covered on thread using by Na2C03 as a chemical 

treatment. 
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3.5.6 Optimization of reagent conditions on µTAD 

Study of condition of EDT A in two medium were in DI (as Condition A) and 

CAPS buffer solution (as Condition B) Mg2+ standard solution in range of 0, 25, 50, 250, 

750 and 1000 mg. L-1 were tasted and measured the length of color change. Concentration 

ofEDTA in CAPS buffer solution was optimized. The concentrations ofEDTA in CAPS 

solution were 6.17, 8.23, 10.29, 20.57, 30.86, 41.14 mM in CAPS buffer solution. The 

mixture need to be tuned to basidic condition at pH 10.0 by adding 1 M ofNaOH until 

adjust to pH around 10.0. In experiment, the test solution was tested with the standard 

solution of Mg2+; concentration were 0, 25, 50, 100, 500, 750 and 1000 mg. L-1 and 

interpreted by measuring the length of color change on indicator treated thread(soaked 

threads with EBT for 10 minute and leave it dry). 

3.5.7 Fabrication and operating procedures of complexometric titration on 

µTAD 

Our developed µTAD were prepared by using untreated I 00% cotton threads 

with the diameter of 300 ± 0.2 µm as a substrate material which can be wicked by the 

sample solution according to capillary action without use of external pumping devices. 

The threads were cut by a scissor to a length of 15 cm as shown in Figure 3 .9. 

Cutting 

Polypropylene sheet 
µTADs 

Figure 3.9 Fabrication of box platform was used in develop µTAD. 
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For operating procedures, µTADs in all analyses were prepared by usmg 

untreated 100% cotton threads with the diameter of 300 ± 0.2 µm as substrate materials 

which can be wicked by the sample solution according to capillary action without use of 

external pumping devices. The threads were cut by a scissor to a length of 15 cm. 

Complexometric analysis employed a foam sheet holder as the support which was 

fabricated by cutting a foam sheet with the dimension of 15 cm x 15 cm. A millimeter 

scale ruler was also made on the foam sheet. Step 1: threads (15 cm) were initially soaked 

into EBT (2.16 x 10-4 M) for 10 min and then dried at room temperature. Step 2: two 

threads were further modified by addition of 3 µL of EDT A with different concentrations 

(8.23 and 30.86 mM) in CAPS solution at pH 10, which changed the thread color from 

red wine to blue. Step 3: both threads were tied together with a central knot before being 

attached to a box prior to analysis (threads treated with 8.23 and 30.86 mmol L-1 of EDT A 

were vertically aligned for detection of low range of Mg2
+ concentration and the other 

thread treated with 30.86 mmol L-1 of EDTA was horizontally aligned for detection of 

high range of Mg2+ concentration, respectively). Step 4: the sample (6 µL) can be added 

onto the crossing threads and the length of the color change can be measured with a ruler 

(summation of length from the central knot: Up and down for detection of low range of 

Mg2
- concentration, left and right for detection of high range of Mg2+ concentration). The 

analyte in samples then reacted with indicator reagents deposited on µT ADs. This 

instantly produced the length of red-violet color zone on µTAD being proportional to the 

concentration ofMg2+ in samples (Step 5) as demonstrated in Figure 3.10. 
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STIP 1 

rroamsbMI 

Cottmda...i 

STIP: 

STIP3 

Figure 3.10 Operating procedures of complexometric titration on developed µTAD. 

3.5.8 Optimization of regent volume on developed µTAD 

Reagent volume on develop µTAD was investigated in the range of 1.0, 2.0, 

3.0, 4.0, 5.0 and 6.0 µL were investigated by micropipette. Using 41.14 mM ofEDTA in 

CAPS buffer solution (pH=lO.O) at various volumes (µL) were dropped onto as prepared 

threads. (EBT was soaked for 10 min) and observed the length of generating color (blue 

color). 

3.5.9 Study of interferences on µTAD 

Study of selectivity towards Mg2+ and chloride ion compared with potential 

interference ions was investigated. In complexometric analysis of Mg2+ ,the investigated 

cations were Fe3+, Cu2+, Mn2+, K+, Zn2+, Ca2+, Na+ and the anions were OH-, so/-, N03-, 

Pol- and er. The tested concentrations of each ion were 10, 20, 30, 40, 50, 60, 70, 80, 

90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 750 and 1000 mg.L-1 containing 50 and 

250 mg.L-1 for low and high range ofMg2+ detection, respectively. 



3.5.10 Analytical characteristics of developed µTAD 

3.5.10.1 Study of working range 

41 

Standard solution of Mg2+ were prepared by diluting amount of Mg2+ 

with deionized water to give working solution in the range of 25 to 1000 mg mL-1
, with 

the three triplicate measurements. The tasted of this present work were carried out under 

the optimized conditions (reagent volume: 3 µL; sample volume: 6 µL; 8.23 mM and 

30.86 mM of EDTA in CAPS buffer solution was vertically and horizontally aligned for 

low and high concentration of Mg2+). In interpretations of this reaction was observed by 

measure of change color from purple to blue on µTAD. 

3.5.10.2 Study of limit quantification (LOQ) 

The LOQ was evaluated from lowest concentration of Mg2 + at which 

can detected by naked eyes using developed µTAD considering from the length of color 

change on µTAD. 

3.5.10.3 Study ofrecovery on µTAD 

For recovery test, RL sample was spiked with 50 and 100 mg.L- 1 of 

standard Mg2+. Moreover, for water samples are consist of tap, canal and mineral waters 

were spiked with 100 mg.L-1 of standard Mg2+.(see also the result in Appendix B) 

3.5.11 Method validation of the µTAD and real sample application 

For validation method, complexometric titration was performed with slight 

modification according to ISO 17403: 2014(E) [15]. Briefly, serum ofRL (2.4 g) (method 

for preparation was shown in section 4.3.2) was transferred into conical flask followed by 

addition of 0.06 mol.L-1 NH4Cl/NH40H buffer solution (2.0 mL) and 2.16xl0-4 mol.L-1 

EBT indicator (1.0 mL) was dropped into the sample solution. The solution was then 

titrated with the standard 5xl0-3 mol.L-1 EDTA solution (which was standardized with 

5xl0-3 mol.L-1 CaC03) until the red solution vanished and became pure blue. 

For real RL samples application, the proposed method for Mg2+ determination 

in RL was evaluated by analyzing real sample from Ubon Ratchathani province. 



CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 First approach; The development of a simple test kit based on colorimetry for 

quantification of Mg2
+ content in RL by miniaturized complexometric titration without 

using masking agent 

4.1.1 Optimization of the developed test kit 

4 .1.1. 1 Optimization of sample and reagents volume 

The optimized sample amount scooped by using a small spoon was 

0.1731 ± 0.02 g (Table 4.1.) and the optimized reagent volume dropped by using an 

eye drop bottle was 0.065 ± 0.004 mL (Table 4.2). 

Table 4.1 Optimization of sample weight per sampling by using a spoon (n = 20). 

Replication Weight (g) Replication Weight (g) 

1 0.1741 11 0.1967 

2 0.1495 12 0.1760 

3 0.1759 13 0.1657 

4 0.1528 14 0.1789 

5 0.1431 15 0.1683 

6 0.1742 16 0.1793 

7 0.1981 17 0.1953 

8 0.1795 18 0.1841 

9 0.1863 19 0.1698 

10 0.1645 20 0.1507 
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Table 4.2 Optimization of volume of reagent B (weight/drop). 

Replication Weight (g) Replication Weight (g) Replication Weight (g) 

1 0.070 6 0.063 11 0.062 

2 0.067 7 0.067 12 0.066 

3 0.066 8 0.065 13 0.064 

4 0.062 9 0.065 14 0.064 

5 0.065 10 0.065 15 0.067 

4.1.2 The condition of reagents on developed test kit 

In this study, reagent A (EBT, Hln2
-) was applied as an indicator; whilst, the 

EDT A, buffer solution and masking reagents were mixed into reagent B. Reagent A 

needs to be separated from the system prior to analysis due to the poor solubility of the 

indicator in the reagent B matrix, as well as the complexation between the indicator 

and Mg2
+ as analysis has to be carried out before addition of EDTA as demonstrated in 

equation 1. 2. 

The optimized condition for reagent A was obtained by variation of a 

number of droplets (1-8 drops) applied in different bottles each of which had already 

been filled in with 50 mg. L-1 of Mg2+ in DI water. The optimized number of droplets 

was three drops (Figure 4.la) since the use of>3 drops resulted in precipitation ofRL 

whilst using of 1-2 drops led to low color intensity of the end point of the titration 

reaction which is difficult to see by naked eyes. However, the addition of three drops 

into practical RL samples resulted in precipitation of RL since EBT was dissolved in 

ethanol which precipitated RL (Figure 4. lb). EBT solution was thus diluted with DI 

water with the selected EBT:DI water ratio of 3:10, which was marked at the level 

shown on the dropper for sampling of reagent A. Due to the fact that, EDT A is a 

limiting reagent in the complexometric titration reaction for Mg2+ determination. The 

stoichiometric amount of EDTA to react Mg2
+ with theoretical concentrations of 25, 

50 and 100 mg.L-1 corresponded to the optimized number of droplets for reagent B 

being 1 drop per 50 mg.L-1 of Mg2
+ (with the volume of -0.065 mL including buffer 
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solution and masking reagents), detail of information and explanation shown in Table 

4.3 and 4.4. 

a. : b. 

-1 
Figure 4.1 Variation of number of EBT droplets (1-8 drops) containing 50 mg.L 

Mg2+ in DI water a) and precipitation of RL sample when 3 drops of 

EBT were applied b ). 

Table 4.3 The stoichiometric amount of EDTA in the reagent B to react Mg2+ 

with theoretical concentration of 25, 50 and 100 mg.L-1• 

Amount of Number of drops of reagent B 
Mg2+ a drop of reagent 

(mg·L-1) B* = 25 mg·L-1 

ofMg2+ 

50 2 
100 4 

150 5 
200 8 

250 10 

*containing 2.74 x 10-3 M EDTA 

* * containing 5 .48 x 10·3 M EDT A 

***containing 10.98 x 10-3 M EDTA 

a drop of reagent a drop of reagent 

B** = 50 mg·L-1 B*** = 100 mg·L-1 

ofMg2+ ofMg2+ 

1 1 
2 1 
3 2 
4 2 
5 3 
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Table 4.4 Comparison of percentage error between 1 drop of reagent B (1 drop of 

reagent B::: 50 mgL-1 of Mg2+) and (1 drop of reagent B =100 mgL-1 of 

Mg2+) on our developed test kit. 

Mgz+ content by %Relative difference (n = 3) 
Area of complexometric from our developing test kit 

RL titration <mg· L 1
) 1 drop of reagent B 1 drop of reagent B 

(n=3) =50 mg·L-1 of Mg2+ =100 mg·L-1 of Mg2+ 

U2 748.5 ± 7.1 0.3 6.9 

U2 770.9 ± 8.2 3.8 3.8 

U2 812.2 ± 3.6 4.7 10.8 

U3 306.2 ± 5.3 14.3 30.6 

U3 322.5 ± 4.4 8.5 24.0 

U3 375.2 ± 26.1 6.6 6.6 

This condition was obtained by taking in account solution miscibility and 

buffer capacity a drop of reagent B was found 2.17 M per 0.1 pH 

unit. This is sufficient for the resistance to pH change in the developed test kit as well 

as being applicable even when excess amount of reagent B was applied, see also in 

(Table 4.5). 
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Table 4.5 The monitoring of pH in our developing test kit system. 

Total 
Number of concentration 

f olor _______________ , 

droplets 
of reagent B 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

of buffer 
presented in 

reagent B (M) 

0.02 

0.03 

0.04 

0.04 

0.05 

0.05 

0.05 

0.05 

0.05 

0.06 

Before addition of reagent B 
(RL sample and reagent A were 

applied in the reaction bottle) 

(pH 7-8) 

.____ __________ _l__ ________ ______ ....L. .• __ --- -- -· 
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(at pH 10-11) 
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4.1.3 Validation of the developed test kit 
Comparison of the analysis results between complexometric titration 

(standard method) and FAAS techniques (reference method) was made for Mg2
+ 

content in RL samples obtained from U1 and U3. The results obtain from t-test showed 

tstat = 1.02 whereas tcritical = 2. 78 revealed that there is no statistical difference between 

these two methods with a confidence level of 95%. (Table 4.6) 

Table 4.6. Comparison of Mg2+ content (mg.L-1
) at different area of RL between 

Flame Atomic Absorption Spectroscopy, FAAS and complexometric 

titration (n=3). 

Area of Mg2+ content (mg.L-1
) 

RL FAAS method Complexometric titration method 

U1 746.90 ± 0.002 748.48 ± 7.07 

U1 800.02 ± 0.008 770.90 ± 8.22 

U1 873.81 ±0.001 812.17±3.62 

U3 283.12 ± 0.001 306.18 ± 5.30 

U3 342.55 ± 0.001 322.52 ± 4.39 

U3 363.89 ± 0.001 375.13 ± 26.08 

U1 and U3 were collected 3 times 

4.1.4 Effect of interferences on our developed µTAD 

For interferences study, a masking agent was added in order to reduce 

interference in Mg2
+ analysis by undergoing complexation with the foreign ions in the 

RL solution. Due to the simplicity and lower analysis cost, the titration method was 

selected as the benchmark method for determination of Mg2
+ in RL samples. 

In addition, our test kit was developed based on scaling down the process 

for the complexometric titration between Mg2+ and EDTA with [13-15] without NaHS 

as a masking agent. In order to study the ability of NaHS to be used as a masking 

agent, interferences in Mg2
+ analysis caused by complexation with the potential 
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c. . . . h RL l . (F 3+ C 2 ' M 2+ K+ Z 2+ C 2+ d N +) 1ore1gn ions m t e so ut1on e , u , n , , n , a , an a were 

assessed. 

The resulting tolerance concentration (mg.L-1
, which was defined as the 

added concentrations of foreign ions that reveal significant changes of % error to be 

within ± 10%) data are shown in Table 4.7. The % error values obtained from 

complexometric titration using the masking agent were lower than those obtained 

without masking agent, especially with the presence of Cu2+ where the end point of the 

titration could not be identified without the masking agent. This indicates the 

requirement for addition of masking agent (here being NaHS) for improved analysis 

reliability. According to the observed high tolerance concentrations, it can be 

concluded that the investigated ions could not interfere the analysis of practical RL 

samples. Note that the result revealed relatively low tolerance concentrations for Fe3
+, 

Cu21
, and Mn2+. However, the concentrations of these ions in the real RL are very 

much lower than the studied concentrations [8, 23-24] and see further explanation in 

Table 4.8. 

The function of NaHS as a masking agent for Mg2+ analysis in RL can be 

explained by formation of complexes with foreign metal ions according to the Hard-

Soft acid-base reaction. Na+ can be considered as hard acid and HS- is soft base which 

does not prefer to react with Mg2
+ (hard-acid). However, interference ions in RL are 

mostly soft acids favorably interacting with HS-. The resulting complexes are stable 

and not likely to react with EDT A. [25]. These investigations corresponded to the 

results obtained in reported works [13-15]. Therefore, the evaluated complexometric 

titration was further used as the reference method by comparison with our developed 

test kit for quantification ofMg2
+ from U1 and U2 as well as these samples spiked with 

40 and 80 mg.L-1 Mg2
+, respectively. The complexometric titration results were 

insignificantly different from the results obtained from the test-kit approach (tstat = 

6.42 and tcriticaz = 2.78). Furthermore, the analytical recoveries were also in an 

acceptable range of 100.6- 102.4 for RL sample (Table 4.9). 



Table 4.7 Selectivity study towards Mg2+ compared with the other metal ions (Znz+, Ca2+, Fe3+, Cu2+, Mn2+, K+ and Na+ tested 

using complexometric titration reported in the tolerance concentration (mg.L-1) (n=3). 

lnterf erence Tolerance With masking agent Without masking agent 

concentration Mg1+ content (mg.L-1) % Relative Mg1+ content (mg.L-1) % Relative 
(mg.L·1) l ' 1 collection 2•d collection different t •• collection 2•d collection different 

Original RL - 524.02 ± l l .89 256.16 ± 2.99 - 534.81±17.40 289.87 ± 23.37 -
Zn2 • 793.62 470.60 ± 2.85 - -9.86 611.60 ± 2.47 - +14.36 
Ca2+ 955.82 545.10 ± 3.72 - +4.02 565.40 ± 7.03 - +5.72 

157.52 - 272.60 ± 1.26 +6.42 - 315.20 ± 7.13 +8.74 
Cu2+ 244.14 - 232.50 ± 1.53 -9.23 - N.D. -
Mn2 ' 53.93 - 267.90 ± 0.77 -+4.58 - 330.90 ± 3.48 +14.15 

K• 2171.29 - 235.20 ± 7.16 -8.18 - 228.90 ± 23.32 -21.03 
Nat 1356.97 - 239.50 ± 2.72 -6.50 - 225.50 ± 7.63 -22.21 

UJ was used as model sample in this study 

N.D. (Not detectable; end point of the titration cannot be accomplished) 

Due to the RL can be stable around 4 hours, therefore, RL is needed to collect several time to accomplish the experiment 

/(I e at1ve I terent = x 100 o/R 1 . [Mg2+contents from original RL - Mgz+contents from added concentration of foreign ions)] 
Mg2+contents from original RL 

.,i::. 
\0 



Table 4.8 Our developed test kit (without masking agent) performed with the presence of potential interference ions in RL 

sample. 

Developed Test Kit 

Reported* Found by Spiked Total Complexometric without masking 

Elements (mg.L-1) FAAS elements (mg.L-1) titration (mg.L-1) agent n=3 

(mg.1..-1) (mg.L-1) n=3 

Drop mg.L-1 

Original RL** 

(Mg) - - - 0 571.572 ± 2.38 12 600 

Fe 0.27 57.6 60 117.6 576.85 ± l l .00 12 650 

Cu 0.27 1.5 2 3.5 584.07 ± 6.02 12 600 

Mn 7.45 4.9 5 9.9 578.51 ±2.40 12 600 

K 816 1215.8 1300 2515.8 573.31 ± 13.79 l3 650 

Zn 16.02 42.3 50 92.3 573.41 21.27 13 650 

Ca 8.9 905.4 150 1055.4 593.67 ± 3.35 l3 650 

Na 966 870.7 1000 1870.7 555.06 ± 23.80 13 650 

* [23-24] operated by inductively coupled plasma (ICP) atomic emission spectroscopy technique and FAAS 

** RL from UJ sample 

% Relative 

different 

4.97 

13.72 

4.97 

4.97 

13.72 

13.72 

13.72 

13.72 

Vt 
0 
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Table 4.9 Recovery study by comparison between complexometric titration and 

our developed test kit (n=3) 

Our developed test kit 

Area of Mg2+ content by Number of Mg2+ Average 

RL complexometric drops content ofMg2+ % Recovery 

titration (1 (mg.L-1) content 
(mg.L-1) mg.L-1) (mg.L-1) 

Original U1 748.48 ± 7.07 15 750 750.0 -

15 750 

15 750 

U1 added 770.90 ± 8.22 16 800 800.0 101.3 
40 mg.L-1 16 800 

ofMg2
" 16 800 

U1 added 812.17±3.62 17 850 850.0 102.4 
80 mg.L-1 17 850 
ofMg2+ 17 850 

Original U2 431.96 ± 0.84 10 500 500.0 -
10 500 

10 500 

U2 added 488.49 ± 14.55 11 550 550.0 101.9 
40 mg.L-1 11 550 
ofMg2+ 11 550 

U2 added 560.30 ± 6.05 12 600 583.3 100.6 
80 mg.L-1 11 550 
ofMg2+ 12 600 

4.1.5 Effect of preservatives in RL on our developing test kit 

In general, preservation of RL can be long-term with the aim to maintain 

RL quality during storage and transportation by addition of preservatives to the 

samples. Short-term preservation involves a few days storage of liquid samples prior 
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to further processing. The related additives are anticoagulant in RL. A mixture of 

0.2%, w/v NH40H, 0.025%, w/w ZnO and 0.025%, w/w TMTD are normally used in 

formulation processes in Thailand as alternative to the sole use ofNH40H which has a 

pungent smell as well as causing environmental pollution and respiratory system 

irritation when released into the atmosphere [26]. Ammonia solution (NH40H) is 

conventionally added into the samples as a primary preservative in the concentration 

ranging from 0.2 to 0.5%, w/v which can inhibit reaction with bacteria under high pH 

condition and precipitate Mg(OH)2 (reduction of free Mg2
+, Figure 4.2) [27]. 

Fig. 4.2 The proposed mechanism when NH40H as preservative were performed. 

ZnO and TMTD were added in RL as secondary preservatives which 

stabilize RL dispersed system. ZnO and TMTD can preserve natural rubber latex (by 

inhibiting bacteria growth) in the presence of small amounts of ammonia [4, 28]. The 

results are shown in Table 4.10. When the preservative solutions of 0.2%, w/v 

NH40H, 0.025%, w/w ZnO and 0.025%, w/w TMTD were added to the RL samples, 

Mg2+ content quantified by complexometric titration was slightly decreased in the 

system containing 0.2%, w/v NH40H. Moreover, Mg2+ content in the treated RL 

analyzed by our developed test kit was not statistically different from that obtained by 



53 

the complexometric titration. This suggests that the preservatives used in RL did not 

affect the developed test kit system. 

Table 4.10 Effect of preservatives used in RL on our developed test kit (n=3). 

Type of Mgz+ content by Our developed test kit 

samples complexometric Number of drops Average of % Relative 

titration (mg.L-1
) (1 drop:::::: 2+ Mg content differrent 

50 mg.L-1) (mg.L-1) 

Original 775.3 ± 9.25 I5 750.0 +3.3 

RL I5 

I5 

RL' 500.7 ± 4.39 10 500.0 +O.I 

IO 

10 

6I l.7 ± I4.0I I I 550.0 +IO.I 
RL** 11 

I I 

U2 was used as model sample in this study. 

RL*: Original RL preserved with 0.2% NRtOH. 

RL** : Original preserved with 0.2% NHiOH, 0.025% ZnO and 0.025%TMTD. 

%Relative different 

_ Mg2+contents from complexometric titration - Mg 2+contents from our developing test kit) 
- [ Mg2+contents from complexometric titration ] 

x 100 

The results from these two methods showed tstat = 1.02 and 1.critical = I2.7I which are 

not statistically different with 95% confidence level. 
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4.1.6 Effect of stability of reagents and real sample application of the 

developed test kit 
Stability of reagents applied in the developed test kit method was studied. 

Reagent A and B were left at room temperature for 6 months. The resulting Mg2
+ 

concentrations determined in both cases were compared with the analysis obtained by 

using freshly prepared reagents. The results showed good stability of both reagents, as 

shown in Table 4.11. 

Samples were collected from several regions in Ubon Ratchathani province 

(U2-U3) and Kalasin province (K1-K3), Thailand. In each analysis, identification of 

Mg2+ was performed by applying the developed test kit, which were operated by three 

different users. The results were averaged and compared with those obtained by the 

conventional complexometric titration method. 

Table 4.11 Stability of our developed test kit (reagent A and B) (n=3). 

Mg2+ 6 months 6 months 

content by of reagent A of reagent B 

Area Type of complexo- Average % Average O/o 

sample metric ofMg2+ Relative ofMg2+ Relative 

titration content differrent content differrent 

(mg.L-1) (mg.L-1) (mg.L-1) 

U2 Original RL 719.1±3.3 683.3 -5.0 700.0 -2.7 

RL mixed 611.7±14.0 566.5 -7.4 566.5 -7.4 

U3 with 667.1±7.5 633.3 -5.1 615.5 -7.6 

preservatives* 582.4±1.4 600.0 +3.0 600.0 +3.0 

*Preservatives is a mixed solution of0.2%NRiOH, 0.025% ZnO and 0.025%TMTD 

in RLFor stability test of Reagent A, the reagent B was freshly prepared. On the other 

hand, for stability test of Reagent B, the reagent A was freshly prepared. 

Furthermore, the proposed method for Mg2+ determination in RL was 

evaluated by analyzing real samples from U1, U2 and K1-K3 with concentrations of 
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Mg2+ within in the ranges of 450-600 mg.L-1 and 500-550 mg.L-1
, respectively. The 

results for all the samples were in good agreement with the values obtained from 

complexometric titration, see also Table 4.12. 

Table 4.12 Real sample application of RL using our developed test kit. 

Area Mgz+ content by Our developed test kit O/o 
complexometric Subject Number Mgz+ content Relative 

titration (mg.L-1
) of drops (mg.L-1) different 

U1 523.1 ± 13.0 1 11 550 +5.14 

2 12 600 + 14.70 

3 11 550 +5.14 

U2 465.1±6.9 1 10 500 +7.50 

2 9 450 -3.25 

3 10 500 +7.50 

K1 518.0±11.4 I 11 550 +6.18 

2 11 550 +6.18 

3 11 550 +6.18 

Kz 491.1 ±2.8 1 10 500 +1.81 

2 10 500 + 1.81 

3 10 500 + 1.81 

K3 558.4 ± 6.4 I 10 500 -10.46 

2 10 500 -10.46 

3 10 500 -10.46 

%Relative different 

Mg2 +contents from complexometric titration - Mg2 +contents from our developing method) 
= [ Mg 2+contents from complexometric titration ] 

x 100 

The results from these two methods showed tstat = 0. 009 and tcritical = 3. 18 which are 

not statistically different with the confidence level of 95%. 
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Figure 4.3 The operation of developed test kit based on colorimetry using naked 

eyes for identification of Mg2+ content in rubber latex (RL) operated in 

RL sample containing 775 mg.L-1 Mg2+. 

Table 4.13 Effect of concentrated rubber latex (CRL) using our developing test 

kit by comparison with complexometric titration (n = 3). 

Type ofCRL Mg2+ content by Our developed test kit 

sample complexometric Number of drops Mg2+ content 

titration (mg·L-1) (1drop::::50 mg.L-1) (mg.L-1) 

CRL-TypeA 55.54 ± 3.34 1 50.00 

CRL-Type B 54.25 ± 1.27 1 50.00 

(U2 was used as model RL sample in this study which was contained 811.11 ± 

28.40 mg·L-1 of original Mg2+ content conducting by complexometric titration). 

CRL-Type A: Mg2+ in RL (U2) were removed by addition of diammonium hydrogen 

phosphate (DAHP) [7-8]. 

CRL-Type B: Clear serum with acidic medium (pH 3) was obtained from CRL* by 

diluting 10 g ofCRL* with 10.0 mL of water and coagulate with 5.0 mL of25% acetic 

acid water [15]. 



4.2 Second approach; the development of a low cost microfluidic thread-based 

analytical device (µTAD) for determination ofMg2
+ content in RL 

4.2.1 Validation of our developed preparation of RL sample for proposed 

µTAD operated by flame atomic absorption spectrophotometer (FAAS) 
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In table 4.14, the result were demonstrated successful of our developed 

preparation of RL sample that suggested this method can digested Mg2
+ into serum. 

The concentration of Mg2
+ of original and serum of RL were 582.9 ± 0.0002 and 

534.4 ± 0.0011 mg.L-1 revealed that there is no difference. Furthermore, for Mg2
+ in 

sludge ofRL was less occurred. 

Table 4.14 Method validation of our developed preparation of RL sample for 

proposed µTAD operated by FAAS 

Concentration of Mg2+, mg.L-1 

Sample Flame Atomic Absorption spectrophotometer 

(FAAS) (mg.L-1) 

Original RL 582.9 ± 0.0002 
Serum ofRL 534.4 ± 0.0011 
Sludge ofRL 26.5 ± 0.0003 

*FAAS (PinAAcle 900T; Perkin Elmer, US) equipped with hollow cathode lamps 

(HCL) of Mg at 285.2 nm with lamp current at 84 mA with operating conditions as 

followed; slit width 0.7 nm, air flow rate and acetylene flow rate at 8.0 and 2.5 m3.s-1
, 

respectively 

4.2.2 Characterization of threads on our developed µTAD 

4.2.2.1 Effect of percentage of cotton on thread 

Four types of threads are A, B, C and D were investigated percentage 

of cotton on threads. From Figure 4.4, solubility of various threads was occurred. For 

sample A-C, threads were soluble, small fraction of thread is insoluble and dark 

precipitation, respectively. In contrast, thread of sample D was insoluble. Moreover, in 
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table 4.15, percentage of cotton on thread of different type show that sample A,B and 

C are 100%, 90% and 80% cotton, respectively, whereas sample D is non-cotton. 

Figure 4.4 Produce for testing percentage of cotton in thread. 

Table 4.15 The percentage of cotton on various threads. 

Sample WO (g) W(g) Percentage of cotton Type of thread 
in thread 

((W0-W)x100)/W0 

A 0.0247±0.0082 - - 100% cotton 

B 0.0301±0.0151 0.0028±0.0012 90.70 90% cotton 

c 0.0238±0.0079 0.0051±0.0017 78.57 80% cotton 

D 0.0175±0.0058 0.0173±0.0065 1.14 Non cotton 

4.2.2.2 Effect of diameter measurements of threads 

The average±S.D. diameter of threads (cotton 80%, cotton 90%, 

cotton 100%, polyester 100%) measured by using digital vernier caliper were 300 ± 

0.5, 290 ± 0.1, 300 ± 0.2 and 180 ± 0.1 µm, respectively (Table 4.16). 



Table 4.16 The measurement of diameter of various types of thread using Vernier caliper (n=lO). 

Sample Replication of diameter measurements of thread (µm) Average 

1 2 3 4 5 6 7 8 9 10 (µm) 

Cotton 80% 

Sample l 340 360 300 270 330 340 I 310 280 330 330 320 

Sample 2 310 330 400 270 290 180 210 380 340 340 300 

Sample 3 310 240 310 320 260 280 I 300 340 270 360 300 
I 

Cotton 90% 

Sample I 320 290 320 290 270 280 300 290 290 290 290 

Sample2 280 290 290 300 300 290 280 300 290 280 290 

Sample 3 300 300 270 290 290 310 300 310 300 290 300 

Cotton 

100% 

Sample l 340 310 270 300 310 270 290 300 300 290 300 

Sample 2 280 290 290 330 300 300 270 320 300 290 300 

Sample 3 290 300 310 310 290 290 330 340 320 320 310 

Polyester 

Sample 1 210 210 190 210 160 180 190 190 180 200 190 

Sample 2 150 180 160 160 170 160 I 180 190 190 170 170 

Sample 3 160 180 180 170 180 180 I 180 190 180 190 180 

S.D. 

(µ.m) 

0.284 
0.815 
0.369 

0.157 
0.081 
0.117 

0.204 
0.176 
0.176 

0.162 
0.137 
0.088 

I 

I 
l 

I 
I 

Average :I: S.D. 

(µm) 

300±0.5 

290± 0.1 

300± 0.2 

180 ± 0.1 

VI 

'° 
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4.2.3 Effect of wicking property of the threads 

For wicking property study, we also examined four different types of thread 

(cotton 80%, cotton 90%, cotton 100%, polyester 100%) were utilized for fabricating 

µTAD (for wicking fluid in thread for fabricating µTAD). To perform, The firstly 

were cotton 80%, cotton 90%, cotton 100% and polyester 100% threads; It's have 

average diameter of 300±0.5, 290±0.1, 310±0.2 and 180±0.1 µm, subsequently. The 

fibers structures of thread are therefore different; the rate of transport of fluids and 

liquid penetration are different. The wicking properties of the threads with untreated 

and treatment with 10 mg.L-1 of Na2C03 for covered wax removal were examined in 

order to ensure the reproducibility of our results on µTAD. This is because fluid 

wicking rate along thread relies on the surface properties of theirs fibbers. Any surface 

heterogeneity will result in uneven rates of wicking. Moreover, natural cotton thread 

(un-mercerized) is hydrophobic [39]. To allow the wicking of aqueous solution on 

cotton threads, a chemical treatment is required to remove surface contaminants. 

Conversely, the synthetic, polyester thread is inherently hydrophilic, allowing aqueous 

liquids to wick by capillary action between fibers. The wicking rate (distance, cm/min) 

of threads before and after treated measured according to a ruler scale were shown in 

Figure 4.5 and Table 4.17. 80% cotton did not wick before treatment because of the 

thread hydrophobicity as mentioned above. After treatment, 80% cotton increased the 

wicking rate. However, the wicking rates for 90% cotton, 100% cotton and 100% 

polyester decreased after treatment. This can be explained by the degeneration of the 

fiber structures after treatment. The result show that the most suitable thread of 

wicking rate was 100 % cotton thread due to the good wicking and dyeing properties, 

which was selected for µTAD fabrication in this study. Note that 100% polyester 

showed the best wicking property but it is hard to dye which is not suitable for the 

measurement of length of color zone on µTAD. 
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Gt 300 ± 0.2 11m 
Gt 180 ± 0.1 Jim 

7.0 -Gt 2!>0 ± 0.1 Jim •• - 6.0 = ·5 
5.0 -s u Gt 300 ± 0.5 Jim - 4.0 

u = OS 3.0 -fl'} Q 
2.0 

1.0 

0.0 
Cotton 80% Cotton 90•/e Cotton 100% Polyester 

Type of threads 

Figure 4.5 Wicking properties of untreated thread (•) and treated thread (•), 

(n=3). 

Table 4.17 Wicking property of the threads. 

Type of threads Untreated (cm/min) Treated (cm/min) 

cotton 80% 0.00 ± 0.00 2.76 ± 0.38 • .. . ·-

cotton 90% 4.62 ± 0.42 3.47 ± 0.64 

cotton 100% 5.38 ± 0.30 5.33 ± 0.59 

polyester 100% 

Note: Red color solution of food dye (3 µL) was added into central each thread (each 

with the length of 10 cm) using a micropipette for 1 minute and measurement by 

stainless steel metal ruler with 15 cm/0.15 cm. 
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4.2.4 Optimization of reagent conditions and their mechanism on µTAD 
For complexometric method, the optimized condition used in our developed 

µTAD for complexometric analysis of Mg2+ was based on conventional benchmark, 

ISO 17403: 2014(E) [15] and our previous study [7] using EBT, EDTA and 

NH4Cl/NH40H buffer solution. A well known reaction mechanism for the Mg2+ 

analysis in aqueous (water and RL sample) solution is determined by EDTA titration 

after the sample has been buffered to pH 10 with EBT indicator, can serve as indicator 

in this titrations. The purple complex between Mg2+ and EBT will be formed before 

titration. At end point, after complex between Mg2+ and EDT A is completed. EBT will 

return to blue color as an original form Eq.1.1 in CHEAPTER 1. To develop the 

simple complexometric titrations for analytical detection by measuring the length of 

color change on indicator treated thread. From preliminary study on µTAD (data not 

shown), the evaporation of ammonium buffer on µTAD is a main problem for the 

complexometric titration on µTAD. Thus, CAPS buffer was replaced and used as 

buffer for titration on µTAD. The mechanism for the complexometric titration on 

µTAD is described in Eq.4.1-4.3. Threads were firstly pretreated with EBT (H2In-), 

which the purple color was observed (Figure 4.6 and Eq.4.1). 

Figure 4.6 Purple color on thread after dipped thread with EBT. 

purple 
H1In-(aq) B Hin2-(aq) 
pH <6.3 

(red) 
6.3 < pH < 11.6 

(blue) 

(4.1) 

µTAD was then treated with EDT A in CAPS buffer at pH 10 where 

the purple color on µTAD as previous step was changed to blue color due to the 
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deprotonation of EBT and fully-protonated form of EDT A (Y4
) is ready to react with 

Mg2+ (Figure 4. 7 and Eq.4.2). 

Figure 4. 7 Blue color on thread after dropped EDT A (Y4
) in CAPS to thread. 

H2In-(aq) + Y4-(aq) + Off(aq) Hln2-(aq) + Y4-(aq) + H20(1) (4.2) 

Next, sample solution containing Mg2+ was then applied to as 

prepared µTAD. The length of purple color zone was again generated on µTAD 

(Figure 4.6 and Eq.4.3) due to the fact that the formation constant between Mg2+ and 

EDTA is higher (stable) than Mg2+ and EBT (Kf of [MgY2
-] (7.1 x 108

) and Kf of 

[Mgln-] (1.0 x 107
) [ 40]. At end point, after complexation between Mg2+ and EDTA is 

completed. As EDT A is limiting agent, the remained Mg2+ will form with EBT, result 

in the purple color again (Figure 4.8 and Eq.4.3). 

ecolor 

Figure 4.8 Purple color zones in blue color after dropped sample (Mg2
) to the 

thread. 

From previous section, it's corresponded to the zoom up pictures 

obtained from microscope. Therefore, the concentration of EDT A and suitable pH are 

key element on this developed reaction on µTAD. (Figure 4.9) 
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Figure 4.9 The pictures obtained from microscope at along thread type (a) and 

cross section type (b), respectively. 

To prove the mechanism and function of EDT A in suitable pH 

(threads were then tied together for clear observation), thread were pretreated with 

EBT. After that, µTAD was then treated with EDTA in CAPS buffer at pH 10 and 

EDTA in DI water at pH 6. It is clearly seen that only condition with EDT A in suitable 

pH (condition A) can be observed the length of purple color zone in the presence of 

Mg2+ (Figure 4.10). Furthermore, the condition B (EDTA in CAPS buffer) was further 

investigated the effect ofEDTA in CAPS buffer at pH 10.0 by comparison between in 

the presence of EDT A and in the absence of EDTA in CAPS buffer at pH 10 for 

performing complexometric titration on µTAD as demonstrated in Table 4.18 It is 

clearly seen that the length of purple color product generating on µTAD was 

proportional to the various concentration of Mg2+ for both presence and absence of 

EDTA in CAPS buffer at pH 10. The length of purple color product at every 

concentration of Mg2+ occurred in the absence of EDT A in CAPS buffer at pH 10 

condition was higher than that of the presence ofEDTA in CAPS at pH 10 and limited 

at 750 mg.L-1 Mg2+ since no complexation between Mg2+ and EDTA corresponding to 

our proposed mechanism as mentioned above. This observation can confirm that the 

concentration of EDT A in suitable pH are key element on this developed 

complexometric titration on µTAD. 
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Figure 4.10 Effect of EDTA in different diluents for performing complexometric 

titration on µTAD. 

Table 4.18 Effect of the presence and absence of EDTA in CAPS buffer (pH 10.0) 

for performing complexometric titration on µTAD. 

Concentration Length ccm) of purple color change 
ofMg2+ The presence of EDT A in The absence of EDT A in 
(mg. L-1) CAPS buffer cpH 10.0> CAPS buffer cpH 10.0) 

Blank* 0 0 

50* 0.6 0.8 

250** 2.1 2.5 

500** 2.5 4 

750** 3 4.7 

1000** 3.4 4.7 

Note: Measurement by stainless steel metal ruler with 15 cm/0.15 cm. 

*Using EDTA 8.23 mM and **Using EDTA 30.86 mM 
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The optimization of EDT A concentration in CAPS buffer at pH 10 for 

fabrication of complexometric titration on µTAD was examined as demonstrated in 

Table 4.19. The studied EDTA concentrations were in the range of 6.17- 41.14 mM. 

The suitable concentration ofEDTA were 8.23 mM and 30.86 mM ofEDTA in CAPS 

solution at pH 10 for low (25-100 mg.L-1
) and high range (250-1000 mg.L-1

) of Mg2+ 

detection, respectively, considering from proportional length of purple color product 

generated on µTAD provided wide working range of Mg2+ detection. 

Table 4.19 Optimization of EDTA concentration (mM) for complexometric 

titration on µTAD. 

Concentration of Length (cm) of purple color change 
Mg2+ Concentration of EDTA (mM) 

(mg. L-1) 6.17 8.23 10.29 20.57 30.86 41.14 

0 N.D. N.D. N.D. N.D. N.D. N.D. 

25 0.7 0.6 N.D. N.D. N.D. N.D. 

50 1 0.8 0.8 N.D. N.D. N.D. 

100 1.3 1.3 1.2 1.1 N.D. N.D. 

250 - - - 2 1.5 1.1 

300 - - - 2.3 1.8 1.8 

500 - - - 3.1 2.2 2.2 

750 - - - - 2.7 2.8 

1000 - - - - 3.7 4 

Note: Measurement by stainless steel metal ruler with 15 cm/0.15 cm. 

* N.D. defined as "Not detectable" ;the length of purple color zone was not generated 

on µTAD 

- defined as the length of purple color zone was fully generated along µTAD, 

indicating that the concentration of EDT A is limited 
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Therefore, box platform of µTAD was designed and fabricated as 

mentioned in Figure 4.11. These devices consisted of two threads which were 

pretreated with EBT and then treated with different concentration of CAPS buffer at 

pH 10. Both threads were then tied together with a central knot before being attached 

to a box platform prior to analysis. The small sample ( 6 µL) can be added onto the 

crossing threads and the length of the color change can be measured with a ruler 

(summation oflength from the central knot: Up and down for detection of low range 

of Mg2+ concentration, left and right for detection of high range of Mg2+ 

concentration). The analyte in samples then reacted with indicator reagents deposited 

on µTADs. This instantly produced the length of purple color zone on µTAD being 

proportional to the concentration ofMg2+ in samples. 

30.86 mmol L·1 ofEDTA l\·as horizontally aligned 
for bigb range concentration of !\fg{ll) 

(250-1000 mgL-1) 

Figure 4.11 The images illustrate that different concentrations of Mg2+ produced 

a color zone of differing length on developed µTAD for 

complexometric analysis. 
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4.2.5 Effect of reagent volume 

For reagent volumes, liquid wicking tests were carried out by applying 

aqueous solutions of color solution to the threads. There are six different volumes of 

color solution a wide range of volume from 1.0 to 6.0 µL were introduced onto the 

central of the threads and observing by length of color change on µTAD with ruler 

scale. Ultimately, the solution of 3 µL wicked along the threads and filled the device 

within one minute. A 3 µL solution was introduced onto the threads with a 

micropipette; the test solution rapidly wicked along the threads. 

4.2.6 Effect of foreign ions on the distance change of added ions at various 

concentrations containing of Mg2+ in RL sample 

Effect of foreign ions on the length of color change of added ions at various 

concentrations containing of Mg2+ at low range and high range of Mg2+ detection were 

investigated considering from deviation of length of purple color measurement of 

Mg2+ standard at 50 mg.L-1 and 250 mg.L-1 without foreign ions were 0.71 cm± 0.10 

cm and 2.08 cm± 0.20 cm (n = 10), respectively (deviation of length of color change 

of added ions was less than SD of Mg2+ standard). The results shown in Table 4.20 

that no interference from foreign ions only interference by hydroxide ions (Off) at 

low range of Mg2+ detection which can be sorted out by pH adjustment before sample 

applications. Effect of foreign ions on the length of color change of added Off at 

10 mg.L-1 containing of Mg2+ at low range of Mg2+ detection was investigated 

considering from deviation of length of purple color measurement compared to bare 

Mg2+ standard at 50 mg.L-1 without foreign ions. The negative deviation of length of 

color change of added ions was higher than SD of bare Mg2+ standard. The mechanism 

can be explained by Eq. 4.4. 

However, the concentrations of these ions in the real water samples and 

rubber latex are very much lower than the studied concentrations. [15] 
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Table 4.20 Effect of foreign ions on the length of color change of added ions 

containing 50 mg L-1 and 250 mg L-1of Mgz+ 

Foreign Compounds Low range of Mg2+ High range of Mgz+ 

ions detection at 50 mg.L-1 detection at 250 mg.L-1 

Tolerance Distance Tolerance Distance 

concentration error concentration error 

(mg.L-1) (cm) (mg.L-1) (cm) 
K,_ K2S04 700.0 0.02 750.0 0.11 

Na+ Na2S04 90.0 0.05 450.0 0.10 

Fe2+ FeS04.7H20 50.0 0.06 250.0 0.12 

Mn2+ MnS04 150.0 0.02 200.0 0.05 

Ca2+ Ca(N03)2 20.0 0.01 500.0 0.09 

Cu2+ CuS04.5H20 50.0 0.06 150.0 0.05 

zn2f ZnS04 80.0 0.01 200.0 0.03 

Off NaOH 10.0 -0.38 20.0 0.11 

sol- MgS04.7H20 140.0 0.02 150.0 0.11 

N03- Ca(N03)2 72.2 0.01 140.0 0.05 

PO/- NaH2P04.2H20 50 0.01 300.0 0.14 

er NaCl 250 0.01 1000.0 -0.20 

Note: Measurement by stainless steel metal ruler with 15 cm/0.15 cm. 

*Length measurement of Std. 50 mg.L-1 was 0.71cm±0.10 cm (n = 10) 

Length measurement of Std. Mg2+ 250 mg.L-1 was2.08 cm± 0.20 cm (n = 10) 

4.2.7 Analytical characteristics and method validation of developed µTAD 

for Mgz+ detection in RL 

4.2. 7.1 Working range and Limit of quantification (LOQ) 

Working range performed on developed µTAD for complexometric 

analysis ofMg2+ determination was demonstrated in Appendix A The linearity ranges 
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of the calibration curves (length of purple color (cm) and concentration of Mg2+ 

(mg.L-1)) for complexometric analysis of Mg2+ were found to be 25-225 mg.L-1 

(Figure 4.12(a), Table. 21 and Al) and 300-1000 mg L-l(Figure 4.12(b), Table 2.1 

and A.2) with a good precision of intraday and interday (%RSD <6) (Table 4.22). 

Moreover, the LOQ was evaluated from lowest concentration of Mg2+ (25 mg.L-1
) 

which can be observed the length of color change on µTAD by naked eyes. 

0 

4 ,,.-.., (b) e 
""' -§ 3 
u 

..!2 2.5 

2 p,. 
i..... 
0 1.5 ...... 

..i:: 
1 

..!2 
Cl) 0.5 

0 
0 

y = 0.007lx + 0.2443 
R2 = 0.9917 

100 200 

200 

Concentration ofMg2+(mg.L-1) 

400 600 

y=0.0017x + 1.6063 
R2 = 0.9958 

800 1000 

Concentration og Mg2+ (mg.L·1) 

1200 

Figure 4.12 The images illustrate that working range performed on developed 

µTAD ofMg2+ determination for low range concentration of Mg2+(a) 

and high range concentration of Mg2+(b). 
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Table 4.21. The illustration of working range of Mg2
+ detection (threads treated 

with 8.23 and 30.86 mmol L-1 of EDTA were vertically aligned for 

detection of low range of Mg2+ concentration and the other thread 

treated with 30.86 mmol L-1 of EDTA was horizontally aligned for 

detection of high range of Mg2+ concentration, respectively). 

The length of purple color (cm), n=3 

Range Cone. of Mg2+ (mg L-1
) Up&Down Left & Right 

0 N.D. N.D. 

25 0.4 ± 0.38 N.D. 

50 0.6 ± 0.00 N.D. 

75 0.8 ± 0.03 N.D. 

Low 100 1.0 ± 0.00 N.D. 

150 1.4 ± 0.06 N.D. 

200 1.6 ± 0.06 N.D. 

225 - N.D. 

250 - 1.8 ± 0.06 

300 - 2.1±0.08 

400 - 2.3 ± 0.06 

500 - 2.5 ± 0.00 

High 750 - 3.0 ± 0.06 

1000 - 3.3 ± 0.06 

1250 - -
1500 - -

Note: Measurement by stainless steel metal ruler with 15 cm/0 .15 cm and the length 

of the purple color change can be measured with a ruler (summation oflength from the 

central knot: Up and down for detection oflow range ofMg2
+ concentration, left and 

right for detection of high range of Mg2
+ concentration) 

* N.D. defined as "Not detectable" ;the length of purple color zone was not generated 

on µTAD and - defined as the length of purple color zone was fully generated along 

µTAD, indicating that the concentration ofEDTA is limited 
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Table 4.22 The %RSD of intraday and interday at low and high range. 

%RSD 

Range Concentration of lntraday lnterday 
Mg2+ (mg.L-1) precision Precision 

Low 50 0.0 0.0 

100 0.0 4.8 

High 250 3.0 2.4 

750 1.9 1.7 

4.2.7.2 Validation of develop µTAD method and real sample application 

The developed complexometric titration on µTAD was applied for 

analysis of Mg21 in real RL samples shown in table 4.23. Complexometric titration was 

selected as the conventional technique for Mg2
+ analysis which showed results being in 

agreement with our µTAD approach. Moreover, the recovery of the developed µTAD 

for spiked RL and waters sample are good and acceptable. 



Table 4.23 Determination of Mg2+ in real samples using proposed µTAD compared with classical complexometric titration 

method (n=3) 

Mg2+ content by 

Type of sample complexometric titration 

(mg.L"1) 

RLno.l 351.24± 2.65 

RLno.1* 402.09 ± 2.86 

RL no.l ** 459.67 ± 2.65 

* RL no.l : RL added 50 mg.L"1 ofMg2+ 

** RL no.I : RL added 100 mg.L-1 ofMg2+ 

Average of distance 

of purple color (cm) 

2.18 ± 0.02 

2.28 ± 0.02 

2.52 ± 0.02 

Our developed µTAD 

Average ofMg2+ 

content (mg.L-1) %Recovery % Relative error 

351.18 ± 16.03 - -0.01 

406.74 ± 16.03 101.38 1.15 

453.03 ± 16.03 100.41 -1.45 

-...J w 



CHAPTERS 

CONCLUSIONS 

First approach, the development of a simple test kit based on colorimetry for 

quantification of Mg2+ content in RL by miniaturized complexometric titration without 

using masking agent was investigated. A simple and portable field test kit for colorimetric 

determination of magnesium content in rubber latex (RL) was successfully developed 

according to the concept of green chemistry by reducing waste generation, minimizing the 

use of chemicals and consumption of time (at least simple two reagents (EBT indicator for 

reagent A; EDTA in ammonium buffer for reagent B) for test kit set up). These were 

found to be effective and non-instrumental approaches with low cost, simple (no 

requirement of skill for analysis), not demanding sample pretreatment before analysis, 

small sample volume uptake (0.18 g, sampling by a small spoon) and use of <1.5 mL 

reagent volume which was >70 times less than when compared with conventional 

methods and the other commercial test kits. Our developed test kit (even without masking 

agent) can be applicable even with the presence of potential interference ions (see also in 

Table 4.8) and preservatives in RL due to the effect of minimizing scale of reagents and 

sample. Moreover, the EDTA concentration in reagent B could be adjusted for matching 

with theoretically expected magnesium concentration. The performance of the approach 

meets the requirement for analysis of magnesium content in practical RL samples which 

can be performed within a minute and observed by naked eye based on comparison with a 

color chart. Moreover, our developed test kit is stable at room temperature for more than 

6 months. The established approaches were not only applicable for RL analysis, but it is 

also for practical use in concentrated rubber latex since our developed test kit in terms of 

reagent B can provide enough buffer capacity system (even one drop was applied into the 

sample) which is suitable for acidic samples such as CRL. 
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Second approach, described the development of a low cost microfluidic thread 

analytical device (µTAD) for determination of Mg2
+ content in RL. A developed µTAD, 

fabricated from untreated cotton thread based on complexometric titrations provide an 

easy-to-use platform for rapid measurement of magnesium concentrations in rubber latex 

by measuring the length of color change on indicator treated thread. In this method, 

interaction between deposited reagents and analytes within samples produces colored 

zones of differing lengths on the threads within only a few minutes analyzed by unaided 

human eyes using the printed scales correlates with the concentrations of the analytes in 

the samples. Furthermore, the analysis of real samples using the developed µTAD were 

agreed well with those obtained by classical titrations. Our developed system can 

facilitate a rapid, simple, sensitive (providing a low detection limit and wide dynamic 

range of detection: a significant reduction in the Mg2
+ LOD is achieved by in situ pre-

concentration (multiple applications of the testing zone on µTAD). Moreover, our 

developed µT ADs to be used as length measurement could lead toward the development 

of other interesting analytes with broad applications, offering a convenient and cost-

effective alternative to the conventional laboratory-based equipment. 
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APPENDIX A 

The images illustrate that low and high range concentration of 

Mg2+ detection on developed µTAD for complexometric analysis 
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Figure A.1 The images of illustrate blank a) and low range concentration of 

Mg2+detection 25b), SOc), 75d) and lOOe) mg L·1, respectively, on 

developed µTAD for complexometric analysis. (Photo taken by 

lphone7 combine with Chula smart lens) 
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Figure A.2 The images illustrate that high range concentration of Mg2+ detection 

250a), 300b), SOOc), 750d) and lOOOe) mg L-1, respectively, on developed 

µTAD for complexometric analysis (Photo taken by digital camera, 

Olympus). 
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APPENDIXB 

The result of Mg2+ content in water samples by using developed µTAD 



Table B.1 Determination of Mgl+ in real water samples using proposed µTAD compared with conventional 
complexometric titration method. 

Complexometric titration Proposed method 

Concentration O/o Length of red- Concentration % 

Sample ofMg2+ Recovery violet color (cm) of Mg2+ Recovery 
(mg.L-1) (mg.L.1) 

Tap water l.32 ± 0.70 - 0.0 - -
Spiked 100 mg L-1 95.23 ± 0.60 94.0 LO 98.04 ± 0.03 -

ofMg2+ 

Canal water 10.12 ± 1.50 - 0.0 - -
Spiked 100 mg L-1 109.20 ± 0.90 99.2 1.05 103.91±3.80 -

ofMg2+ 

Mineral water 54.96 ± 0.69 - 0.70 51. 78 ± 11.17 -
Spiked I 00 mg L-1 151.12± l.35 97.5 1.20 162.89 107.3 

ofMg2+ 

% Relative 
different 

-
-3.0 

-
-4.8 

5.8 

7.8 

Mg2 +contents from our developed method - Mg2+contents from complexometric titration 
%Relative difference = [ ] x 100 

Mg2+ contents from complexometric titration 

00 
0\ 
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APPENDIXC 

Effect of interference of complexometric reaction on µTAD 



• 
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Effect of foreign ions on the length of color change of added metal ions (M2+) 

at various containing of Mg2
' at low and high range of Mg2

+ detection on developed 

µTAD was described in Eq. C.1. 

*Mgln-(aq) is excess 

M2+ means other metal in RL such as Ca2+ and Mn2+ 

That no interference from foreign ions because the concentrations of these ions 

in the rubber latex are very much lower than the studied concentrations. [ 15] 
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k - "el/,.....,...,_ S9(lOl7} 16'CH57 1'1 

Mr(aq)+ NH,(aq) +HP0,2-(aql-MsNH.PO,(s) (1) 

A convetitlon.11 approach lllVlllMs MJ'• la NRl 

on lhe complecomelric wilh ethylenedl.lmine tetr.tileelic 
acid (EDTA. H2F). disodium salt (soluble bm) usins eriodlrome 
black T (EBT) as an illdicatof. Sine. dissocialion of EOTA disodium 
salt and EBI' depends on pH of the medium. ... ition of o11mmonium 
chloride {NH.tCl)l•mmonium hydroxide {NH.OH) bufl'cr solution is 
Rquiml in order to control pH or lhe solution to be ;;?: 10. f.tcili-
tolting ttolCtion betwttn EBT .ind Mg2+. At the end point of the 
ttxtion. Ille solution color from reel 10 blue. accordins 10 

rNCtion shown in Eq (2} for Mj-• m.ilysis In NRL 

Miln- (aq) + + H,o·caq1-MIY2-caql + H1n2- (aq) 
emf) (blw) 

+ HzO(I) 
(2) 

APolft from the well controlled pH or 1he solucion f.cilit'11ing 
inler.iiction betwem Mg2• and EDTA.• maskingagc111 iulsoadded 
to prevt'fll forripl ions. such as pot.mium (K•). sodium (N.t >). 
c<lkium ccr·). Zinc {Zn2·). iron (Fe,.). copper ccu2·) and man-

(Mn2•) interfering complecation belwffn Mgl• and EDTA 
in NRL Pot.lSSium cyanide (KCN) is a common m.islcing agent used 
In the sundard method 19.101. However. it is -n known th.it cy-
anide compounds att wry toxic. Therefore. dewlopmenl or a 
cy.nide-frtt method for determln.ttion Mg2• In NRL is stin .i 
clwlcngie. 

Sarhrinpmllcul et al (2008) ( 11) h'1ve reported melhods for 
magnrsium drtttmination in n.11ural rubber latex based on Ille 
po1en1iomctric 1itr.ition with a Hg-EOl'A clect!Qde. M.sking .igents 
were not applic!d siin they disturbed the encl poinl or the titr.ltion. 
Thrir lineMky ,.,. for Mg .. detection from 36 
10 126 mg L-1• whidl is in good with the mulls ob-
tained from .ltomic lbsorption spectrometry. Un!Ortunately, they 
f«1nd lhat the pmence ol zinc and Qdmium •t high levels illler· 
ftred wih lht cleccnnin.ttion of Mg2+. In 2011. a meihod .ind 
composition for quantiCyins magnesium ions on 
lionoll cornpltllometri titr.ltion - (W020lt139245) 
using ,.,,.HS as • sctecti\<el,y prccipitatina in1erftting metal iOl1s in 
NRL instNd ol using KCN as ( 121. Afterwards, ISO 
17403: 2014(E). Rubber-Determination of magnesium conient of 
llcld .ind conttn1tated natural rubber latices by lilration {cy•niclc-
rrtt rne1hod by using NIMS as • mmins •1tnt) (l)-151 was 
est.iblished in 2014. rile reported .tpproadJes are stiD 
complicated in rerms of sttps of analysis induding nttd 
for 5"mple pretrtatmeat befott analysis. reqpnt volume con-
sumption{> 105 mulling In mort w.- and potentlil Inter· rcrmcc ions in NRL ii• INSklna agent w.1S llOl o11PPlied (T.ible 1.i 
Momiver. many art nteded for an.llysls which also re-
quitts stiU to perform In tilt imoruory. 

Nowid41ys. two cypes of ttst kit for magnesium detection b.1sed 
on colorimttry tuft btta commtrdally One is the field 
test lclr In seawater blsed on compltxometric titration wkhout 
addition or masking agents. A limit or dettctioa (I.OD) is round 
willlin the 15-lOOm& L-1111>-191.Moreowr, iMerferentt 
from alcium and strondum- not observed. Another type of the 
commercill tat kit is based on 1n enzymatic MSIY performed In 1 
96 -11 Oat-boltom plait coupled with spectrophotomettr det«-
Uon at450IVl'l a5Sil)' lmiolvc:s $pe(llk lnter.Ktlon bdweell 
gtycerol kinast enzyme .md Mg2• whiclt results in a lillffr range of 
1.5-7.51111 L- 1 without from l'oreip lorls such as rr·. 
ctl2•, w•, zr+, eo2•, Cil+ •ncl Mn2•. Howtver, the approichas 
mmtioned allovt is CO$lly incl ttqUim txpe?rtise to perform 
(T.lble A). A miniaturized compleromelrlc lltr.1Uon between Mi• 
.ind EDl'A is lhus considered to be a reaction in this 
dcwlopmnlL 

In this work. a simple (no requirement ol skil for aN!ysis. not 
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'Wik 1 
.._,. widl 1ht oihrrmtu1 iOfts(Zn ... c.J•. f(>'•.co/•.Mft1•. K' w ltSlfd.sina<OmPlf-utc licw.cion inctw coirro111tt 

CDACfll!r.ahon 1.,.i.-•)(n. n 

1$1 cdleclioll 2lld colk<tlon I SC collttCion 2nd <'Ol1«tion 

Origin&I NU. - 524.112 :l 11.19 256.16 :l 2.99 - 514.11 :l 11.40 2119.87 :l :23.17 -
Za" 79).Q 470.60aUS -9.116 611.liO :t 2A7 +14.JG 
c_.h 9S5.B2 545.10 :t 3.72 +4112 SGS.-40,. 7.03 +S.72 ... IS7.52 272.60 :l 1.26 +6.42 115.20 :t 7.IJ +8.74 
cil· 244.14 232.SO :l 1.53 -9.23 NJ). 
Mn'• SJ.93 267.90 :tC.77 +4..51 JJ0.90 :l 3.A8 + 14.15 
IC' 2171.29 2ls.20 % 7. 16 -8.18 228.90 :t 23.32 -2U>J 
N.t· IJ5697 2l9.50 :t 2.72 -6.SO 22S50:t 7.6J -2221 

u, w• used u mockl '"""*in dois study. 
N.D. (Noc dfc«Ublt: poior ot1ht licr.rclon ,_. bt .._llsh<d). 
Out IO cht MRI.can bt sul* .-ound."' NRLis nHdNI CO<OllM lilllf lht txlltri-

di"-nl , ..... __ ......, __ ..,. • ......, _ _,, __ ,,,,..._,] • IOCI. """'-"°" UO< • ._,. ___ _ 

samplt ptttttatment befou analysis). low-cost (small 
sample and ttagencs volume up1.1lce) and portable tesc kit 
based on colori""'ry using naked t!'1C ror dttermiD.llion or mag-
nesium content in NRl. was Tbr of this work Is 
the use ol a minialuriztcl comp!m>mctric titration between Mg2• 
and EOTA (even wilhout usins maslcin& agtfl() which were 
designed .acmrdins to the conctpt of 'Green chemistry" l"l!ducina 
waste gener .. lon. and minlmaing use of and con-
sumption ol lirnr (at least simplt two tta&Mts (EST indicator ror 
reagent A: EDTA in .immonlum butrer for re.igent 8) for tnt kil set 
up). The developed mt kit Wi$ applied ror invesliption of the 
eff«t of 1he pmera of interfettnee ions. 
used in NRL md die possibUity ror pr.xtie.ll use In conantrned 
rubber lalt'X (CRL). Stabiliry ol l'HjelltS applied in Ille kit and the 
.arulysis in re.ii samples - inftSri&.i!H .incl 
discussed. 

2.1. Clwmknls ""' 

All cbtmic.lls were analytic.ii gr.ldc. All solutions wett pttp.ittd 
in drioniud w.ier with 18 MO resisWlcf (obtlined rrom 1 Milli-
pore Mlli-Q purific.idon system. Becll'ord. MA. USA). The NRL in this 
rese.irch was collectff from 6 .ireas (UrllJ .ind KrKJ) In Ubon 
R.Mchlttwll province (U) and ICalasin province (K). 
sulf.llt heptal!Jdr.re (M&S0.·7Hl<). P.Jnttac). alcium CMbonate 
(CiCO). Flub). ethylenecl.lmine tetraacetlc ilc:id 

EDTA. Fish« Chmlial) and 
T EBT. LAllCONCO). ellwnol 991. Y/Y 

(CzffsOH, Sigma-Aldrich). ammonium cbloride Fluka) and 
ammonium hydroxide {NH4<)H. Auka) and sodium l!Jdro,tn sul-
fide (N.lHS•xHi(). ACROS ORGANICS) Woert used .is re.1Jenl5 in the 
conwntional complcxomC!tric 1itraion Ind our smaR-
sale test kit for Mj• idenlific.ltion in NRL NH.t<>H. zinc oxide 
(ZnO. CMlo Erba) ilnd letr.imethyl tbiuram disulfide 
TMTD. 5i1ma-Aldrich) wett used as pmM'atives in NRL The 
rollowinl were used as ttmwd: cilcium 
(Ca(NOJ)2). poumum sulf.lCe sodium chloride (N.iel). 

sulrm pen1ahydrate CCUSO.·SHz(>). and 
(MnS0..·Hi0). which were obtainrd rrom 

Carlo Erba. ll'Oll{ll) sulfate hept.ihydrate zinc: 
sulfate heptah)'drate (Zl'ISO..· 7Hz(>. Flulca). conc:cntr.itl?d nitric acid 

vfv (HNO,. Sipl.l·Aldrkh) were used In 5tucly. 
Paraffin oil purchased from LABCONCO was used In lhe ilc:id 

cli&estion method or FAM .inalysis. Strum cont.liner ( 10 ml) .ind 
drop bollles ( 10 ml) wc:tt obi.lined from .i pharmacy stou in 

Ubon Ratchathani .00 used .is for reagm1s A and B. 
rtSpK!iwly. PL1Sric colTee 5f>OODS obtainrd from a loal super-
nwkct in Ubon R.ltdlathani were used as sampling spoons. 

2.2. lnstnunrnts 

A ftame .itomic: ab5o111tion sp«trophotometer (PinMde 900T: 
Perkin Elmer. US) equipped with hollow Calhode lamps (HCl) was 
exploitrd rodetmnineconttntr.uionsofMJ2• and ions car•. Mfl2+. K+. fel•. zn2+. ca2• and Na•) in f.IRL samples for 
method validation wid'l 1he operaied conditions shown in 2. 

2.3. lftpanition of rN&ftllS 

2.3.L eon-tionGI method 
ISO 17403: 2014(E) I 151 was applifd as a coiwentional method 

wilh sliJhl modi6cuion. Briefly. UCO, (O.SOO g) WU dlssolved in 
I l d DI water (5 x 10-1 mol l -·) as a primary st.ndard. EDTA 
(1.86 &) was dissolved in I l of DI waler (S x 10-1 mol L- 1). Tbr 
equiv.ilml mole racio betwftll Mi2• st.indard and 1he EDTA solu-
tion is 1; I. pH ol 1he system was acljustt!d to be 1-0.5 by usins 
0.06 mol l- 1 N"4CIJNH40H bulkr soluiion (whictl was prtpared by 
dissolvins 675 s of""40 In 250 ml of DI Afler 1hat. 570 ml 
ol lsx. w/w NH.OH were addrd 10 N"4CI solution and broulht up 
to 1 L wi1h DI waler. All indic*r was by dissolvins £BT 
(0.1 g) In 100 ml ol 75S. Y/v etbanol (2.16 x 10-4 mol L-1). A 
masli:ing .,mi. twlS.xHz(> (l68 g) was dissolved in 100 mL of DI 
water(0.3 mol 

FMSp.ar-

Ms 
Zn 
Cu 
Ft 
Mo 
K 
Ha 
Slit width (IWll) 
Alrflow .. l•'..s-•1 
A<.iylew low r• Im' _.-•1 

285.2/84 
422.718$ 
213.ll/67 
324.11/89 
241.)/Q 
m.5184 
*5/116 
5l9Jl{77 
0.7 
s.o 
u 
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2.3.2. Ttsl ltir basH colorlmerry 
The small-sc.ale test kit was dl'vl'loped based on the C'Ol'IVl'll-

tional method. The ..,roachl's Wl'fl' based on complexometric 
titr.ation betwffn Mg2• .and EDTA using as a INSking agent 
(or without •1"6' masking agent). The optimiztel procedure was as 
follows: Samples -re tr.ansferrm by plastic spoons (-().18 1). 
agent A was 2.16 >< 10-4 mol L-1 EST indicator with the E81':DI 
volume ratio or 3:10. B was 5.48 " 10·> mol L- 1 EDTA 
which was prepared by dissolving EOTA (0.02 g) Ito .a 
0.06 mo1 L -I buffer (6.67 ml). rollowed by addition 
of 0.3 mol L-1 NaHS.xHz(> (3.33 ml) as a masking agent. Thi' 
droplets of A .and B -re sitntt.ated by usini drop 
bottles ( --0.06S mLdrop· 1). 

2.4. Mttltod wfidorion 

Complt>lometric titration was pcrformrd with slight modifica-
tion .xcord!ni 10 ISO 17403: 2014(£) I Briefly, NRL (2.01>-
transfmed into a conical Rask followed by addilion ol 100 ml of DI 
water. 0.00 mol L-1 buffer solution (2.0 ml) was 
then .1dded IO control the NRl solution pH within or 
10.0-10.S. Next. 2.16 >< 10_. mol L-1 EBT indic.uor (1.0 ml) was 
dropped into &hi' NRL solulion. The o.3 mol L- 1 maskin& astlll 
( 1.0 ml) w.as Mlded ilo lhc solution and also dill.Med in water 
(100 ml). The solution was &hen titrated with the standard 
5 >< 10-J mo! L-1 EDTA solution (which was SIM\dmtized with 
5 >< 10-J mol L-1 '-1<'.0J) until the red solution vanished .and 
bC(.amt pin blue. This titration .appro.ach was cvalualrd by 4.'0m-
parison with FMS whidl is a reliable t«hnique with hi&h accuracy 
.-id precision. The s.ample for FAAS .aSYlysis was per-
formed with slight moclilication (21.221 bylransferring NRL(0.2!5 g) 
to a test lube followed by addition of concen1rated HNO) (65l v/v) 
(4.0 ml). The solution was he.ated in an oil IMth .at 165 •c resulting 
in .i tr.ansp.arent solution which w.as cooled .and diluted with 
HNO, (2X. v/¥) prior to the FMS an.alysis. 

for study • .a m.asking •sent w.as .added in order IO 
reduce inlttfett!K'e in MSZ• aiY!ysis by undergoing complclwtion 
wilh the foreign ions in the NRL solution. In this study, &he inws-
tig.ated Ions were Fe,., cu1•, Mnl•. K•, Zn2•, c.2• .aod N.a• at 
conttfltrations or 50. 100, 150. 250, 500. 750.1000 and 1500 mg L-1, 
resptetivl'ly. The l'l'SUIU obltlined from the compltllOlnl'lric ticra-
tlon with the masking .aiem were then compared with those ob-
ljjncd without Che maskiftc .111. NRL number of u, was used IS 
model sample ill 1his study. As the NRL can be stable for approJli-
m.ately 4 h.fresh Nil wascollececd fmhlysever.al times during the 
experiment in order to the NRL cwggulollinJ. 

For the test khppliution(f"IV- 2-3). tt.aient A was transferttd 
by a dropper up to the m.adced IC'YCI into .a ruccion .i 
small spoon w.as used co transfer NRL Into the reaction botde. The 
NRL $Olution was sh.alcrn rcsulthl& in &he purple color obsetved by 
n.akcd eye, .as shown by lht color chart l in Fig. 2. Re.aaent B w.n 
tbm added drop by drop Mid shaken ( evftY 10 s) to chi' sol11tion 
1111111 tbe blul' color olNRL solution was obserwd. see also lhl' color 
chart 2 in fig. 2. The number or drops was monled. For .accur.acy 
study, lhe rl'COWfY test WIS performed by spilQns Mi• to NRL 
solution at concentralions or 40 and 80 ms L-1• 

2.5. SIUdy Df pmel'Wlliwrs Ill M«. on Olll' dtwlopUtg ttSl ttt 

The prcserv.alive solutions ol 02'. wf'I Nff40H and mixUIR of 
0Jl. W/Y NH.<)H, 0.025l, W/W Zn0 and 0.02Sl, W(w 1MTD. 
respectlwly, - .added IO the NRL sample. Mj-• Contml In the 
tre.ated NRL w.as then qu;indficd .and the result w.as compan:d wkh 
tMt ob<aincd by tbe conwotioJNI mtlhod (complexomttric 
dtr.adon). 

2.6. Srabitity ltst for rrogtnts (A Md BJ and application of the 
dtlll'lopH trst kit for pmaical sample analysis 

Re•nts A .ind B wctt ten ,Jt room temperature for 6 months 
prior to the application with the tesc kit for Mg2• determination. 
The results were compared wilh th.al obt.ained by the convention.ll 
complexometric titration mclhod. 

Samples were coll«too from several regions in Ubon Ra1ch-
.ith.ani province (UrU,) and Kal.asin province (KrKl). Th.all.and. In 
e.ach .-i.alysis. iclenlillc.ation of Mg2• was performed by .applying 
the devcloped lest kit, which was operatrd by three different users. 
The results avttazed and compared wilh lhosl' obt.ained by 
the COOYention.al complelcomclric tllr.;ition method. 

1 Reulll and discussion 

3.1. Opdmlzotlon of rlw dtwlofled rtsr lcir 

The oprimizcd s.ample amounl S4.'00pcd by using a small spoon 
was 0.1731 :t: O.D2 a CT.Ible B 1) Mid the opcimizcd reazent volume 
dropped by usirt& .;in drop was O.D65 :t: 0.004 ml 
fT.ablt 82). In this srudy. tt.aigenc A (EBT. Hln2") was ;ipplied .is .an 
indic.ator: while the EDTA. buffer solution and maski111 l'ea&flllS 

mixed in rc.agt"nt B. Re.agent A needs to be scpar.;ited from the 
system prior to i!Nlysis due 10 the poor solubilityofthe indieator In 
thf rt.ll&"llt B m.urix. as -u as th' complex.alion the 
lndic.aaor and Mjl• ,.is .JN!ysis hastobec.anicd out befottadditlon 
ofEDTA. as demonstrated in equation (2). 

The oprimiztel condition for tt'l'f't A ms obtained by varillion 
of .a numbrr of clropleU ( 1-8 drops) ;ipplicd In dilTrRnt bottles 
each olwtlich had .ilreadybeen filled in With so mgL-1 otMJ2• in 
DI water. The op&imized number or droplets was th"' drops (Fis 
Bia) sira the use ol >3 drops resulted In precipiUtion of NRl 
whilstuslngofl-2 drops led IOlowcolorilllensltyoftheend point 
of the titration reaction which is difficult to Stt by nBl'd l')'f. 
However, Ille .addilion of three drops into pr.actic.al NRI. s.amples 
resulted in prtdpitation ofNRL sil'l(C EBT wu diuolved in ctlNnol 
which precipitated NRL (Fi& Bl b). EBT solution was thus diluted 
with DI w.ater wilh the selected EBT:DI water mio of 3:10, which 
was marked .at the shown on the dropper for sampling ol 

EOTA Is a limir!ni reagent in the complexiometrk: ritr.ation 
Klion for Mg2• determination. The stoiclriometric .oount of EDTA 
to react Mi• with lheomical concentrations of 25. 50 and 
100 mg 1.- 1 corresponclcd to the oplimlud number ol droplets for 
reagent B being I drop per SO mg L-1 of Mg2• (with the volume ol 

mL includi111 buffer solLMion and maski111 delails 
.;ind expi.nation .att shown In Tables 83 .and 84. This 4.'0ndition -
obl•ined by taking in olCt0\11\t sohllion miscibility .and bull'er a-
p.Kity (II) wheru dropolrea,rnt Bwas found wilh IS• 2.17 M per 
0.1 pH uniL This Is suftident for 1he resist.ance to pH chan,e In tbe 
developed lest kil as well as be!ni applicable even whm 
amount of reapnr B was applied, SH also T.abll' BS. 

3.2. Volidafioll of rlit dtwfOf)tCf fat ldl 

Comptlfison of the .inalysls mults between complCllOfneCri 
ritt.ation (SIM\d.ard mcdlod) Mid FMS 1cchniques (reference 
method) was maclf for Mj-• content In NRL samples obtained from 
U1 .ind u,_ The mulls om.In rrom Mest showed to. • 1.D2 
whttNs • 2.78 ttW&ll'd thM mm is no sw.istial dill'erence 
between thew two methods with .a confidence lewl of 9SS 
fr.able 3). Due to the simplicity and lower .Jmlysis cost. the dtralion 
mtdlod was selected as the bfnchmadc !Mlhod for cletmnination 
of In NRL s.amples. In .addition. our test tit WIS developed 
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1. The opcimiiled naaait A was tlkm 
by a 4'oppcr 1lp ID die mmked 
ialo • ttaclioo bolde. 

2. Addil:ioa of NIU. slqllt by a 
smll spooa - .ecS to nmler 
NIU. illo ltie readioe bolde The 

l. Rn,ea1 B - dim added map by map 
(C\'a)' 10 seciced) .. die .... mi die 

color of NIU. solulioa - observed. 
see also die color dlllt 2 iD Fe 2. NIU. solulioa - ... toee6er reMiot ii tbe pmJlle colcr 

obsaYcd by aa1ced C)'CS, • -.... 
by tbe color dlllt I ID F. 2 . 

... 1 tbtaprmlon - llit lmod • ....n-y usl11 .....S t')llS ................... _....... __ ........... nibbtrlnfo (NIL)-•od Ill NII. samplt 
t1111llinins77S-.L- 1 Mi• (16dr11PS-porfanned} 

,._, 
Mfl-• ...... .,. .II dill'erml _. ol NR1. bdWftll FIMnr 

Alomic: Allsorpcioll Sptarwopy. fillAS..,. <llMIP<•ncak tilt.UO. (n • 
ArNofNRL wr·-1...µ- 1) 

u, 7<1UOaCl.llOIZ 
u, ICIQ.Ol2 • G.OOI 
u, m.11 • 0.001 
u, 21112 • G.001 
u, l42.5S • G.001 
u, )IJ.lt • G.001 

741.41a7117 
7'0.90al.22 
112.17al.Q 
J06.11 • s.JO 
:nJ.52 • 431 
37'.13. XCJI 

b.\sed on scalins down tht process Jor tht complelornetric citration 
between Mt}+ and EDTA 'With I 13-ISi/without NaHS ;is a m;isklng 
11tnt. In to study the ability of NaHS io bf used .is ai masJcinS 
11tnt. lnterfmnces in M,2• analysis mised by complex.Ilion with 

the poteneial foreign ions In the NRL solution (Fel+. cuJ•, Mnz., K•. 
1.Jll•. ca2•. Md Nan were assessed. The resullin& tolerance con-
Cftltration(ms,L-1. wbidl was drinedas the added conantratioM 
offorcign ions tlwt reveal signillantclwlges ofl mortobewichin 

tOX) data ill\' shown In Table 1. The l error v.alues obtained from 
compleaometric titration usil\l lhe nwldns loMr wn 
lhose obt.ained wilhout mastins .,._ especially with 111t pm-
ence of eu2• wheR the end point of w titration could not be 
idmrified wilhout 111e nwkins This incfiatcts the require-
men1 rot addilion of maslcin& aaent (here btinl; N.aHS) for impmwd 
analy$is reliablllly. According to the observed high IOler.ance con· 
centrations. ii c.an be concluded tlwll tht inwstiplC!d iorlS could not 

the analysis of prxtic.il NRL samples. Nole that the mull 
l'e'Vfiled low rokr.1nce concentr.itlons for Fei.. cu2•. and 
Mn2•. Howevtt. tht CORCHtr.llions of these iollS in the re.al NRL Me 
very much lower di.an the studied COllCftllr.itions (8.23.24) 
further apl.JnMion in Table ci The runction .JS a masking 
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agent ror Mg2• malysis in NRl an expbined by fonn.Jlion ol 
complexes with f0ttip metal ions accordin& to tht HMCl-Soft .acid-
base reaction. an br consiclettd • IWd .acid and HS- is soft 
base which does not prefer to react with Mg2• (lurd-.lcid). How-
ever, interference ions in NRL are mostly soft .acids rawirably 
lnteraaing with HS". l't'SUlling compkxes are and not 
likely to react with EDTAl25f. Theseinvntiptionscorrnponded to 
tM rrsults obtained in rrponed works I 13- ISJ. 

Tllertl"ott. tht evaluated complexometric titrMion was further 
used as tht refertnc:e method by COQllMrison with our 
h!St kit for qu.111tiflcmon ofMg2• from U1 and Ua as -11 as thtse 

spllctd wlth 40 .ind 80 1111 L- 1 Mj•, respcctiwly. The 
complmlmetric tkradon results -re insigniftanrly difrcttnt from 
tht mutts obWned from the test-kit appl'INCh (t.. • 6.42 and 
foldnll .. 2.78). dw analytical ttOMries were also in 
m riflie o( IOD.6-102.4 for NRL wnple. (Tablr 4). 

3.3. E/fecf of prtSfn'Qli"fS in NRL on ltst kit 

In ,eneral. presenr.Mion of NIL c.111 be kllli·tttrll wilh lhe aim to 
maintdin NRL qu•lity during SlOf'tlSt and transportation by .idclition 
o( prewrwtives to tht wmpln. Short-tmn inll!Olves a 
few clays storaie of liquid samples prior to further processini. The 
ret.ted idditives are in NRL A mixture of o.21. w/v 
N"40H, 0.0251 wjw ZnO .:Ind 0.0251 w/w 1MTD w: nomvlly 
used in formulation processes in 111.\il.lnd as altemariw 10 the sole 
use o( which has .:11 pungmt smell iS iS causins 
environmental pollution and respirarory system irrit.:1tion when 
rele.:ISed into the .:1tmosphere l26f. solution (NH.OH) Is 
conventioMDy added to rht samples as a primary pttSttVa!iw in 
the concentr<ltion rangins from o.2 to O.S1 wfv which c.vi inhibit 
re.xtion with bacteria under hisJI pH tondition .:Ind precipitate 
Mg(OHb (reduction ol frtt Mg2•, Fig. 4) 127J.ZnOme!1MTD were 
added to NRL .is SttOndiry preservatives wtlicll Slibilize NRL 
dispersed system. ZnO and TMtD can preserve natwal ru*r 
(by inhibitin& bacteria srowth) in the pmena of srNll amounts ol 
ammoni01 l4.2SJ, are sllown in Table 5. When t!M: pre-
serwtiYI! solulions or 0.2%, w/v NH.oH. 0.025%. w/w ZnO •ml 

wtw TMtD -re .idclect to the NRL s.unples. Mg2• content 
quantified by compleoometric titration was sli&fltly decreased in 

the system conlollinini o.21 wtv NHPt Moreover, Mg2• content in 
the tRJted NRL •n.Jlyud by our developed test kit WOIS not $t.JliS· 
tiGlly diffem1t from th.lit obtained by the complexomelrlc titr.nion. 
This suisests that the preservatiYH used in NRL did not .affect the 
dtYl!loped tesl kit system. 

3.4. Stability of rragrnts (A and BJ and rNI sample$ applicoeion 

Stability o( oipplitd in the lest kit method 
w.ls studied. Re.igent A and B wm: left at room temperalUre for 6 
mon1hs. Tht resultins Mg2• conct'Rlr.a.tions determined in bolh 
cases were compared with the anoilysis oblained by usin& freshly 
prepa1'd re•nts. The mules sllo\wd good subiliiy of bo(ll re-
agtncs, as shown in T.ible 6. Furthermore, the proposed method for 
t.fi2• detenninoicion in NRL WiS evollluated by anoilyzin& real wn· 
pies from u., lh and K1-KJ widl concmtritions of Mr• within in 
the ransrs ol 450-600 mg L" 1 and 500-550 mg L-1• resp«tlyely. 
The results for all lhe samples wttt in goocl with the 
values from complexometric titration. Stt also Table 7. 
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A simple and field kll l"or colorimrtric cldennina. 
tion of rmgncsblm COllltnt ill Mhnl rubber laCex (NRL) was suc-
cessfully developed <l«Olding to Ille of grttn chemislry by 
redlJCin& wmae mlnlmlzin& use of chl!mlcals and mn-
sumplion of time (•I simple IWO tttlgClllS (EBT indialor rot 

EDTA In •llllllOllium bufrer for re.lgellt B) for ttse kil sea 
up). Thfsf - found IO be dr«tiw and ap-
pnaKhrs wldi low cost. (no of slcDI ror afloll.. 
ysis). noc dtlNlnclng s.mple pretrc.amena before Slmll 
s..-iplnolume upt•la:(0.18 g. wnpling bya SINll spoon) .md use 
of <LS ml voluDR which was >70 times less th.In when 
comJ)ittd with convencioflil medlods 112-15) •nd che ocher 
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commercial test kits (see in Table Our tesr kit (even 
without masking agent) can be applicable even with the presence 
of potential interfettnee ions (see also in Table C) and pttservatives 
in NRL due to the effect of minimizing sc.lle of reagents and sample. 
Moreover, the EDTA concentration in reagent B could be adjusted 
for matching with theoretically l!Xpected magnesium concentra-
tion; see further explanation in T.lble 83 .lnd 84 providing the 
dettction limit or magnesium of SO mg L- 1 (or could be adjusted 
less than that). The performance of the approach meets the 
requirement for an;111ysis of magnesium content in practical NRL 
samples which can be performed within a minute and observed by 
naked eye b.lsed on comparison with a color chart Moreover. our 
developed test kit Is stable at room for more than 6 
months. The established approaches were not only applicable for 
NRL but it is also for practical use In concentr•ted rubber 
latl!X (CRL; see further explanation in Table 0) since our developed 
test kit in terms or reagent B can provide enough buffer capaciry 
system (even one drop was applied into the sample) which Is 
suitable for acidic samples such as CRL 
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Appendix A. Supplementary data 

Supplementary data related to this article can be found at http:// 
dx.doi.org/I0.1016/j.polymertesting.2017.01.023. 
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Dear Nullhapom Malahom; Rattapol Meelapsom; Atiiaya Siripinyanond; Maliwan Amaiatongchai; 
Sanoe Chairam; Purim Jarujamrus, 

The 13th Asian Conference on Analytical Sciences (ASIANALVSIS XIII) will take place at The 
Emprc$s International Conven1ion Cenier, Chiang Mai, the Kingdom of Thailand from 8-11 
December 2016. The ASIANALYSlS Xlll aims to provide a timely fonun for the analytical 
scientists to disseminate their recent research works, 10 exchange the ideas and experiences on a 
broad range of analytical sciences. Moreover, it passionately pursues the spirit of international 
collaboration and friendship. 

On behalf of lhe organizing committee, it is my great pleasure to inform you that your paper 
entitled "Field test kit based on colorimetry for quan&ification of magnesium content in rubber 
latex" has been accepted for pmentation at ASIANALYSIS XIII. 

Please visit our website at httn;l!asinnalysis!3.cmu.ac.th fOJ the latest information. 

I thank you very m11th for your conin'bution to the ASIANAL YSIS XIII. We look forward to 
welcoming you in Chiaq Mai, Thailand. 
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Kate Gtudpan 
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Fidd test kit bawd on colorimetry for quantification of magnesium 

conltnt in rubber latex 

Nunhlpom Malahom1• Rattapol Mttlapsom1• Ati11ya Siripioyanond1, Maliwan 
Sanoc: l·hairam1 and Purim JllUjamru.s1·• 

149 

I {)qlortllmll of C'Mmi.U'J' anJ of F.xttlknl for /llllOlvlion in Clrcmblry. Fo"'11J• of Scierr«, 
Uhon Ral<'lrolbani Unhwsln·. Uhon Ratrlulfhanl J4/90, Thal/anti 

: of Chrmis"'' anJ C clltn- of for lnncnwtiOll in Chrmistr'):. Foe11l(\' 11/ J.fuliiJo/ 
l!nil'cnll]•. Romo I'/ Road. Banlllcok J 0400. 71mi/anJ 

•£-ntail: pt1rim.j(aubu.ac.th 

Rubber latex (RL) is very imponaDt economic plant in Thailand which is driven by qu:ility 
products. leading 10 a fundamcnt31 need for chemical anaJysis. A critical step in dcl-clopmcnt of RL 
with high qu:ility is identification of RL components. t.fagnesium (Mg2') is one of the most 
important components suppressing RL pcrfonn:mcc and In this work, simple. low-cost and 
ponablc platforms of field test kit b:lsc:d on colorimetry detected using naked eyes was developed 
for determination of Mg:· content in RL. The miniaturized complcxomctric titration between Mg:-
:ind EDTA with N3HS as a m:asking agcnr was a key rc3ction in lhis dC\·clopmcnr which was 
designed according to the concept of green chcmisb)' by reduction of wasic generation :ind 
chemical and time consumption. The developed system enabled quantification of 1n3gncsium 
content in RL at low concentration with lhc dctec:tion limit being <SO mg.L·'. sm311 sample \'Olume 
upt3kc (0.18 s. sampling by a small spoon) and use of <l.S mL rc3gent ,·olumc which was >70 
rimes less tlwi that applied in the corl\'cntional mcshod. Moreover, \\ilh the presence of potcnti•tl 
interference ions, grC3tcr sclccti\·ity towards magnesium was observed. Funhcrmorc, lhc reagents 
used in our developed test kit were St3blc for >6 mon1hs al the room temperature. The results 
obtained in real samples were in agreement wilh those obtained from the convcnlion:il 
complcxomctric titration (ISO 17403: 2014(£)) method. The proposed technique pro,idcs a low· 
cost. rapid, simple. sclcctivc and on·sitc analysis of magnesium content in RL 

Ke,""Words: Magnesium cM!f••, field test kit. rubber laacxcRL>. grc:m chemistry. complcxomctric 
titralion 
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Simple test kit based on colorinetry for quantification of 
content in rubber latex 
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