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Project Code : TRG5880007 
Project Title :  Development of field test kits based on small scale and paper based device for  

identification of magnesium content in natural rubber 
การพฒันาชุดทดสอบภาคสนามโดยอาศยัระบบยอ่ส่วนและอุปกรณ์ทีป่ระดษิฐจ์ากกระดาษ  
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Investigator : Asst.Prof.Dr. Purim Jarujamrus  
E-mail Address :  purim.j@ubu.ac.th 
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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 natural rubber latex (NRL) and concentrated rubber 
latex (CRL). 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 developed system enabled 
quantification of magnesium content in NRL at low concentration with the detection limit being 50 mg.L-1 
(or could be adjusted less than that), 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 the 
room temperature. The results obtained on real samples were in agreement with those obtained from the 
conventional complexometric titration (ISO 17403: 2014(E)) method. The proposed technique provides a 
low-cost, rapid, simple, selective and on-site analysis of magnesium content in NRL and concentrated 
rubber latex (CRL) 
 
Keywords : Magnesium (Mg2+), field test kit, natural rubber latex (NRL), concentrated rubber latex (CRL) 
complexometric titration 
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บทคดัย่อ 

ในงานวจิยันี้ได้พฒันาชุดทดสอบภาคสนามอาศยัการตรวจวดัทางสแีละอ่านผลด้วยตาเปล่าเพื่อใช้ในการ
วเิคราะหห์าปรมิาณแมกนีเซยีมในน ้ายางธรรมชาตแิละน ้ายางขน้ การย่อส่วนปฏกิริยิาของการไทเทรตสารประกอบ
เชงิซ้อนระหว่างแมกนีเซยีมกบักรดเอทลินีไดเอมนีเตตตระอะซตีกิโดยไม่ใชส้ารก าบงัตามแนวทางของเคมสีเีขยีว 
เป็นหวัใจหลกัของพฒันาชุดทดสอบนี้เพื่อลดการใช้สารเคมที าใหเ้กดิของเสยีน้อยลง มคีวามง่าย ราคาถูก มคีวาม
รวดเรว็ในการทดสอบ  จากผลการทดลองพบว่าชุดทดสอบภาคสนามทีพ่ฒันาขึน้มขีดีจ ากดัต ่าสุดในการวเิคราะหห์า
ปรมิาณแมกนีเซยีมในน ้ายางธรรมชาตทิี่เท่ากบั 50 มลิลกิรมัต่อลติร (สามารถปรบัใหต้ ่ากว่านี้ได้) โดยในแต่ละครัง้
ของการทดสอบจะใชต้วัอยา่งน ้ายางเพยีง  0.18 กรมั (ใชช้อ้นขนาดเลก็ในการตกั) ใชส้ารเคมน้ีอยกว่า 1.5 มลิลลิติร 
(น้อยกว่าวิธมีาตรฐานถึง 70 เท่า) สารเคมใีนชุดทดสอบที่พฒันาขึ้นที่มอีายุการใช้งานมากกว่า 6 เดือนที่
อุณหภูมหิอ้ง  นอกจากนี้ยงัพบว่าไอออนรบกวนทีเ่ป็นองค์ประกอบภายในน ้ายางไม่มผีลต่อการวเิคราะห ์และเมื่อ
เปรยีบเทยีบผลการวเิคราะห์ที่ได้จากชุดทดสอบภาคสนามที่พฒันาขึน้กบัเทคนิคการไทเทรตเชงิซ้อนที่ปราศจาก
การใช้ไซยาไนด์ตามวธิมีาตรฐานขององค์การมาตรฐานสากลภายใต้เลขมาตรฐานหมายเลขที่ 17403:2014 (E) 
พบว่าให้ผลสอดคลอ้งกนั ชุดทดสอบภาคสนามที่พฒันาขึน้นี้มปีระสทิธภิาพที่ด ีใช้ง่าย ราคาถูก รวดเรว็ ไม่ต้อง
อาศยัผู้เชี่ยวชาญในการวเิคราะห์ ไม่ต้องเตรยีมตวัอย่าง สามารถท าการวเิคราะห์ภาคสนามในการวเิคราะห์หา
ปรมิาณแมกนีเซยีมในน ้ายางธรรมชาตแิละน ้ายางขน้ไดเ้ป็นอย่างด ี
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Simple test kit based on colorimetry for quantification of magnesium content in natural 

rubber latex (NRL) and concentrated rubber latex (CRL) by miniaturized complexometric 
titration without using masking agent 

 

Introduction: 

Para rubber tree (Hevea brasiliensis Muell. Arg.) is a very important economic plant in 

Thailand where over three million tons a year of Natural Rubber Latex (NRL, the products of 

Para rubber tree) is exported [1,2]. The major component in NRL is cis-1,4-polyisoprene with 

non-rubber components such as carbohydrates, proteins and lipid based medium for bacteria 

growing. pH values of normal NRL solution range from 6 to 7 [3,4]. Under this condition, the 

surface of NRL particles will become negatively charged due to the presence of carboxylate 

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

the NRL surface [4] (Fig. 1a). A critical step in production of NRL with high quality is 

identification of NRL components. Magnesium (Mg2+) is one of the most important components 

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

ions contained in the NRL. This produces insoluble, un-hydrated and un-ionized magnesium 

soap and insoluble magnesium hydroxide in the aqueous phase. Both of these phenomena 

invariably cause destabilization of NRL. Furthermore, Mg2+ ions can form primary valence 

linkages between the interface of adjacent latex particles. This can initiate flocculation and 

further lead to destabilization of NRL [5] Fig. 1b. 
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Fig. 1 Carboxylate ions contained in the NRL a) the proposed mechanism between Mg2+ ions 

and NRL b)  

Mg2+ concentration is limited to within 40 mg.L-1 prior 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 of Mg2+ with the related reaction 

shown in Eq 1 [7-8] and Fig. 2.  

 

 

                               

Fig. 2 Elimination of Mg2+ by adding DAHP into NRL  

a) b) 
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A conventional approach involves Mg2+ analysis in NRL based on the complexometric 

titration with ethylenediamine tetraacetic acid (EDTA, H2Y
2-), 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 

(NH4OH) 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 2 [8] for Mg2+ analysis in NRL. 

 

 

Apart from the well controlled pH of the solution facilitating interaction between Mg2+ 

and EDTA, 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 EDTA in NRL. 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 NRL is still a challenge.  

Satheinperakul et al. (2008) [11] have reported 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 36-126 mg.L-1 which is in good agreement with 

the results obtained from atomic absorption spectrometry. Unfortunately, they found that the 
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presence of zinc and cadmium in high levels interfered the determination of Mg2+. In 2011, a 

method and composition for quantifying magnesium ions based on conventional 

complexometric titration have been patented (WO2011139245) using NaHS as a selectively 

precipitating interfering metal ions in NRL instead of using KCN as mentioned above [12]. 

Afterwards, the ISO 17403: 2014(E), Rubber-Determination of magnesium content of field and 

concentrated natural rubber latices by titration (cyanide-free method by using NaHS as a 

masking agent) [12-15] has also been established in 2014. However, the reported approaches 

are still complicated in terms of multiple steps of analysis including demand of sample 

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

and potential interference ions in NRL if masking agent was not applied (Table 1). Moreover, 

many reagents are needed for analysis which also requires skill to perform in the laboratory.  

Nowadays, two types of test kit for magnesium detection based on colorimetry have 

been commercially available. One is 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 [16-19]. Moreover, interference from calcium and strontium was not observed. 

Another 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 [20]. 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+. However, the approach as mentioned above is costly and requires expertise to 

perform (Table 2). A miniaturized complexometric titration between Mg2+ and EDTA is thus 

considered to be a key reaction in this development. 
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Table 1 Selectivity study towards Mg2+ compared with the other metal ions (Zn2+, Ca2+, Fe3+, Cu2+, Mn2+, K+ and Na+ tested using complexometric 

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

Interference Tolerance 

concentration 

(mg.L-1) 

With masking agent Without masking agent 

Mg2+ content (mg.L-1) % Relative    

    different 

Mg2+ content (mg.L-1) % Relative    

    different 1st collection 2nd  collection 1st collection 2nd  collection 

Original NRL - 524.02 ± 11.89 256.16 ± 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 

Fe3+ 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 

   U3 was used as model sample in this 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   

%𝐑𝐞𝐥𝐚𝐭𝐢𝐯𝐞 𝐝𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐭 = [
𝐌𝐠𝟐+𝐜𝐨𝐧𝐭𝐞𝐧𝐭𝐬 𝐟𝐫𝐨𝐦 𝐚𝐝𝐝𝐞𝐝 𝐜𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐟𝐨𝐫𝐞𝐢𝐠𝐧 𝐢𝐨𝐧𝐬  −  𝐌𝐠𝟐+𝐜𝐨𝐧𝐭𝐞𝐧𝐭𝐬 𝐟𝐫𝐨𝐦 𝐨𝐫𝐢𝐠𝐢𝐧𝐚𝐥 𝐍𝐑𝐋 )

𝐌𝐠𝟐+𝐜𝐨𝐧𝐭𝐞𝐧𝐭𝐬 𝐟𝐫𝐨𝐦 𝐨𝐫𝐢𝐠𝐢𝐧𝐚𝐥 𝐍𝐑𝐋
] × 𝟏𝟎𝟎
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Table 2 Comparison of commercial test kit for Mg2+ analysis of various samples. 

Products Sample Limit of detection 

(mg.L-1) 

Cost/test (USD) Reference 

A Sea water 20 0.3699 [16] 

B Sea water 30 0.3922 [17] 

C Sea water 100 0.5198 [18] 

D Sea water 15 0.3998 [19] 

E Variety of samples 1.5 4.6050 [20] 

F NRL, CRL < 50 0.1620 Proposed 

method 

NRL= Natural rubber latex 
CRL= Concentrated rubber latex 
 

In this work, 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 magnesium 

content in NRL was established. The novelty of this work is that miniaturized complexometric 

titration between Mg2+ and EDTA (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 was applied 

for investigation of the effect of the presence of potential interference ions, preservatives used 

in NRL and possibility for practical use in concentrated rubber latex (CRL). Stability of reagents 

applied in the kit and the analysis performances in real samples were investigated and 

discussed.  
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Experimental 

Chemicals and materials 

All chemicals were analytical grade. All solutions were prepared in deionized water with 

18 MΩ resistance (obtained from a Millipore Milli-Q purification system, Bedford, MA, USA). 

The NRL in this research was collected from 6 areas (U1-U3 and K1-K3) in Ubon Ratchathani 

province (U) and Kalasin province (K). Magnesium sulfate heptahydrate (MgSO47H2O, 

Panreac), calcium carbonate (CaCO3, Fluka), ethylenediamine tetraacetic acid 

(C10H14N2Na2O82H2O; EDTA, Fisher Chemical) and eriochrome black T (C20H12N3O7SNa; EBT, 

LABCONCO), ethanol 99%, v/v (C2H5OH, Sigma-Aldrich), ammonium chloride (NH4Cl, Fluka) 

and ammonium hydroxide (NH4OH, Fluka) and sodium hydrogen sulfide (NaHSxH2O, ACROS 

ORGANICS) were used as reagents in the conventional complexometric titration and our 

developed small-scale test kit approaches for Mg2+ identification in NRL. NH4OH, zinc oxide 

(ZnO, Carlo Erba) and tetramethyl thiuram disulfide (C6H12N2S4, TMTD, Sigma-Aldrich) were 

used as preservatives in NRL. The following chemicals were used as received: calcium nitrate 

(Ca(NO3)2), potassium sulfate (K2SO4), sodium chloride (NaCl), copper(II) sulfate pentahydrate 

(CuSO45H2O), and manganese sulfate monohydrate (MnSO4H2O), which were obtained from 

Carlo Erba. Iron(II) sulfate heptahydrate (FeSO47H2O, Unilab), zinc sulfate heptahydrate 

(ZnSO47H2O, Fluka), concentrated nitric acid 65%, v/v (HNO3, Sigma-Aldrich) were used in 

interference study. Paraffin oil purchased from LABCONCO were used in acid digestion method 

of FAAS analysis . Bottle of serum container (10 mL) and eyes drop bottle (10 mL) were 

obtained from a pharmacy store in Ubon Ratchathani which were used as containers for 
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reagent A and B, respectively. Plastic coffee spoons obtained from local supermarket in Ubon 

Ratchathani were used as sampling spoons. 

Instruments 

A flame atomic absorption spectrophotometer (PinAAcle 900T; Perkin Elmer, US) 

equipped with hollow cathode lamps (HCL) was exploited to determine concentrations of Mg2+ 

and interfering ions (Cu2+, Mn2+, K+, Fe3+, Zn2+, Ca2+ and Na+) in NRL samples for method 

validation with the operated conditions shown in Table 3. 

Table 3 The operating conditions of FAAS 

FAAS parameter Wavelength (nm)/ Lamp current (mA) 

Mg 285.2/84 

Ca 422.7/86 

Zn 213.9/67 

Cu 324.8/89 

Fe 248.3/62 

Mn 279.5/66 

K 766.5/116 

Na 589.0/77 

Slit width (nm) 0.7 

Air flow rate (m3.s-1) 8.0 

Acetylene flow rate (m3.s-1) 2.5 

 

Preparation of reagents 

Conventional method  

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

Briefly, CaCO3 (0.500 g) was dissolved in 1 L of DI water (5  10-3 mol.L-1) as a primary 

standard for standardization. EDTA (1.86 g) was dissolved in 1 L of DI water (5  10-3 mol.L-1). 
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The equivalent mole ratio between Mg2+ standard and the EDTA solution is 1:1. pH of the 

system was adjusted to be 10.5 by using 0.06 mol.L-1 NH4Cl/NH4OH buffer solution (which was 

prepared by dissolving 67.5 g of NH4Cl in 250 mL of DI water). After that, 570 mL of 25%, w/w 

NH4OH were added to NH4Cl solution brought up to 1 L with DI water. An indicator was 

prepared by dissolving EBT (0.1 g) into 100 mL of 75%, v/v ethanol (2.16  10-4 mol.L-1). A 

masking agent, NaHS.xH2O (1.68 g) was dissolved in 100 mL of DI water (0.3 mol.L-1). 

 Test kit based colorimetry   

 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). The optimized procedure was as follows; 

Samples were transferred by plastic spoons (0.18g). Reagent A was 2.16  10-4 mol.L-1 EBT 

indicator with the EBT:DI volume ratio of 3:10. Reagent B was 5.48  10-3 mol.L-1 EDTA which 

was prepared by dissolving EDTA (0.02 g) ito a 0.06 mol.L-1 NH4Cl/NH4OH buffer (6.67 mL), 

followed by addition of 0.3 mol.L-1 NaHS.xH2O (3.33 mL) as a masking agent. The droplets of 

reagent A and B were generated by using eye drop bottles (0.065 mL.drop-1). 

Method validation 

 Complexometric titration was performed with slight modification according to ISO 17403: 

2014(E) [15]. Briefly, 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/NH4OH buffer solution (2.0 mL) was then added to control 

the NRL solution pH within the range of 10.0-10.5. Next, 2.16  10-4 mol.L-1 EBT indicator (1.0 

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

the solution and also diluted in water (100 mL).  The solution was then titrated with the standard 
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5  10-3 mol.L-1 EDTA solution (which was standardized with 5  10-3 mol.L-1 CaCO3) until the 

red solution vanished and became pure blue. This titration approach was evaluated by 

comparison with FAAS which is a reliable technique with high accuracy and precision. The 

sample preparation for FAAS analysis was performed with slight modification [21-22] by 

transferring NRL (0.25 g) into a test tube followed by addition of concentrated HNO3 (65% v/v) 

(4.0 mL). The solution was heated in an oil bath at 165 C resulting in a transparent solution 

which was then cooled down and diluted with HNO3 (2%, v/v) prior to the FAAS analysis.  

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 NRL solution. 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 hours, fresh 

NRL was collected freshly several times during the experiment in order to prevent the NRL 

coaggulating. 

For the test kit application (Fig 3-4), reagent A was transferred by a dropper up to the 

marked level into a reaction bottle. Then, a small spoon was used to transfer NRL into the 

reaction bottle. The NRL solution was shaken together resulting in the purple color observed by 

naked eye, as shown by the color chart 1 in Fig 3. Reagent B was then added drop by drop 

and shaken (every 10 second) to the solution until the blue color of NRL solution was observed, 

see also the color chart 2 in Fig 3. The number of drops was recorded. For accuracy study, the 
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recovery test was performed by spiking Mg2+ to NRL solution at concentrations of 40 and 80 

mg.L-1.  

 

 

Fig 3. The instruction of “Field test kit based on colorimetry for determination of magnesium 
content in natural rubber latex (NRL)” 

 

Fig. 4 The operation of developed test kit based on colorimetry using naked eyes for 
determination of magnesium content in natural rubber latex (NRL) operated in NRL sample 
containing 775 mg.L-1 Mg2+ (16 drops were performed) 
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Study of preservatives in NRL on our developing test kit 

 The preservative solutions of 0.2%, w/v NH4OH and mixture of 0.2%, w/v NH4OH, 

0.025%, w/w ZnO and 0.025%, w/w TMTD, respectively, were added to the NRL sample. Mg2+ 

content in the treated NRL was then quantified and the result was compared with that obtained 

by the conventional method (complexometric titration). 

Stability test for reagents (A and B) 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. 
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Results and Discussion 

Optimization of the developed test kit 

The optimized sample amount scooped by using a small spoon was 0.1731 ± 0.02 g 
(Table 4) and the optimized reagent volume dropped by using an eye drop bottle was 0.065 ± 
0.004 mL (Table 5). In this study, reagent A (EBT, HIn2-) was applied as an indicator; whilst, 
the EDTA, 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 2.  

Table 4 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 

Average weight of NRL sample/sampling is 0.1731 ± 0.0200 g  
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Table 5 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 

Average weight/drop is  0.065 ± 0.004 g  

 

 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 (Fig 5a) since the use of 
>3 drops resulted in precipitation of NRL 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 eye. However, the 
addition of three drops into practical NRL samples resulted in precipitation of NRL since EBT 
was dissolved in ethanol which precipitated NRL (Fig 5b). 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. 

 

        

Fig  5  Variation of number of EBT droplets (1-8 drops) containing 50 mg.L-1 Mg2+ in DI water 

a) and precipitation of NRL sample when 3 drops of EBT were applied b). 
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Due to the fact that, EDTA 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 
solution and masking reagents), detail of information and explanation shown in Table 6 and 7. 

This condition was obtained by taking in account solution miscibility and buffer capacity (β) 

where a drop of reagent B was found with β = 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 8.   
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Table 6 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 

Mg2+ (mgL-1) 

Number of drops of reagent B 

a drop of reagent B* = 25 

mgL-1 of Mg2+ 

a drop of reagent B** = 50 mgL-1 of Mg2+ a drop of reagent B*** = 100 mgL-1 of Mg2+ 

50 2 1 1 

100 4 2 1 

150 5 3 2 

200 8 4 2 

250 10 5 3 

* containing 2.74 x 10-3 molL-1 EDTA, ** containing 5.48 x 10-3 molL-1 EDTA, *** containing 10.98 x 10-3 molL-1 EDTA 
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Table 7 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  

Area of 

NRL 

Mg2+ content by complexometric 

titration (mgL-1) (n=3) 

%Relative difference  (n = 3) from our developing test kit 

1 drop of reagent B = 50 mgL-1 of Mg2+ 1 drop of reagent B = 100 mgL-1 of Mg2+ 

U2 

U2 

U2 

U3 

U3 

U3 

748.5 ± 7.1 

770.9 ± 8.2 

812.2 ± 3.6 

306.2 ± 5.3 

322.5 ± 4.4 

375.2 ± 26.1 

0.3 

3.8 

4.7 

14.3 

8.5 

6.6 

6.9 

3.8 

10.8 

30.6 

24.0 

6.6 

 
 
 
 
 
 
 

%𝐑𝐞𝐥𝐚𝐭𝐢𝐯𝐞 𝐝𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐜𝐞     = [
𝐌𝐠𝟐+𝐜𝐨𝐧𝐭𝐞𝐧𝐭𝐬 𝐟𝐫𝐨𝐦 𝐜𝐨𝐦𝐩𝐥𝐞𝐱𝐨𝐦𝐞𝐭𝐫𝐢𝐜 𝐭𝐢𝐭𝐫𝐚𝐭𝐢𝐨𝐧 −  𝐌𝐠𝟐+𝐜𝐨𝐧𝐭𝐞𝐧𝐭𝐬 𝐟𝐫𝐨𝐦 𝐨𝐮𝐫 𝐝𝐞𝐯𝐞𝐥𝐨𝐩𝐢𝐧𝐠 𝐦𝐞𝐭𝐡𝐨𝐝)

𝐌𝐠𝟐+𝐜𝐨𝐧𝐭𝐞𝐧𝐭𝐬 𝐟𝐫𝐨𝐦 𝐜𝐨𝐦𝐩𝐥𝐞𝐱𝐨𝐦𝐞𝐭𝐫𝐢𝐜 𝐭𝐢𝐭𝐫𝐚𝐭𝐢𝐨𝐧
] × 𝟏𝟎𝟎 
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Table 8 The monitoring of pH in our developing test kit system 
Number of 

droplets 

of reagent B 

Total 

concentration 

of buffer 

presented in 

reagent B (M) 

Color change of pH paper Standard color chart of pH 

paper Before addition of reagent B 

(NRL sample and reagent A were 

applied in the reaction bottle) 

After addition of reagent B 

 

10 0.02  

 

 
 

               (pH 7-8) 

 

 
 

 

20 0.03  
 

30 0.04  
 

40 0.04  
 

50 0.05   
 

 

60 0.05  
               (pH 10-11) 
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Table 8 (Continue) 
Number of 

droplets 

of reagent B 

Total 

concentration 

of buffer 

presented in 

reagent B (M) 

Color change of pH paper Standard color chart of pH 

paper Before addition of reagent B 

(NRL sample and reagent A were 

applied in the reaction bottle) 

After addition of reagent B 

 

70 0.05  

 

 

 
                (pH 7-8) 

 

 
 

 

80 0.05  
 

90 0.05  
 

100 0.06  
              (pH 10-11) 
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[29] Buffer capacity was calculated by this equation; 
 

                              
 
In this experiment, we used 3.67 M NH4OH and 1.274 M NH4Cl as basic and salt solutions for 
buffer preparation. 
 

 
 

                                                            
 

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 NRL 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 9).  
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Table 9 Comparison of   Mg2+ content (mg.L-1) at different area of NRL between Flame Atomic 

Absorption Spectroscopy, FAAS and complexometric titration (n=3) 

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

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 

 

Due to the simplicity and lower analysis cost, the titration method was selected as the 

benchmark method for determination of Mg2+ in NRL 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 foreign ions in the NRL solution (Fe3+, Cu2+, Mn2+, K+, Zn2+, Ca2+, and Na+) 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 1. 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 
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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 NRL samples. 

Note that the result revealed relatively low tolerance concentrations for Fe3+, Cu2+, and Mn2+. 

However, the concentrations of these ions in the real NRL are very much lower than the 

studied concentrations [8, 23-24] (see further explanation in Table 10). The function of NaHS 

as a masking agent for Mg2+ analysis in NRL 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 NRL are mostly soft acids favorably interacting with      HS-. The resulting 

complexes are stable and not likely to react with EDTA. [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 of Mg2+ 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 tcritical = 2.78).  Furthermore, the analytical recoveries were also in an acceptable 

range of 100.6- 102.4 for NRL sample. (Table 11). 
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Table 10 Our developed test kit (without masking agent) performed with the presence of potential interference ions in NRL sample 

Elements Reported* 

(mg.L-1) 

Found by 

FAAS  

(mg.L-1) 

Spiked 

elements 

(mg.L-1) 

Total 

(mg.L-1) 

Complexometric 

titration (mg.L-1) n=3 

Developed Test Kit 

without masking agent  

n=3 

% Relative 

different 

Drop mg.L-1 

Original NRL** 

(Mg) 

 

- - - 0 571.572 ±   2.38 12 600 4.97 

Fe 0.27 57.6 60 117.6 576.85 ± 11.00 12 650 13.72 

Cu 0.27 1.5 2 3.5 584.07  ±  6.02 12 600 4.97 

Mn 7.45 4.9 5 9.9 578.51   ± 2.40 12 600 4.97 

K 816 1215.8 1300 2515.8 573.31  ± 13.79 13 650 13.72 

Zn 16.02 42.3 50 92.3 573.41  21.27 13 650 13.72 

Ca 8.9 905.4 150 1055.4 593.67 ± 3.35 13 650 13.72 

Na 966 870.7 1000 1870.7 555.06 ± 23.80 13 650 13.72 

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

** NRL from U3 sample 

 

 

 



24 
 

Table 11 Recovery study by comparison between complexometric titration and our developed test kit (n=3) 

Area of NRL Mg2+ content by 

complexometric titration (mg.L-1) 

Our developed test kit 

Number of drops 

(1 drop=50 mg.L-1) 

Mg2+ content 

(mg.L-1) 

Average of Mg2+ 

content (mg.L-1) 

% 

Recovery 

Original U1 

 

748.48 ± 7.07 15 

15 

15 

750 

750 

750 

750.0 - 

U1 added 40 mg.L-1 

of Mg2+ 

770.90 ± 8.22 16 

16 

16 

800 

800 

800 

800.0 101.3 

U1 added 80 mg.L-1 

of Mg2+ 

812.17 ± 3.62 17 

17 

17 

850 

850 

850 

850.0 102.4 

Original U2 

 

431.96 ± 0.84 10 

10 

10 

500 

500 

500 

500.0 - 

U2 added 40 mg.L-1 

of Mg2+ 

488.49 ± 14.55 11 

11 

11 

550 

550 

550 

550.0 101.9 
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Table 11 (Continue) 

Area of NRL Mg2+ content by 

complexometric titration (mg.L-1) 

Our developed test kit 

Number of drops 

(1 drop=50 mg.L-1) 

Mg2+ content 

(mg.L-1) 

Average of Mg2+ 

content (mg.L-1) 

% 

Recovery 
 

U2 added 80 mg.L-1 

of Mg2+ 

560.30 ± 6.05 12 

11 

12 

600 

550 

600 

583.3 100.6 
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Effect of preservatives in NRL on our developed test kit 

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

during storage and transportation by addition of preservatives to the samples. Short-term 

preservation involves a few days storage of liquid samples prior to further processing. The 

related additives are anticoagulant in NRL. A mixture of 0.2%, w/v NH4OH, 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 of NH4OH which has a pungent smell as well as causing environmental 

pollution and respiratory system irritation when released into the atmosphere [26]. Ammonia 

solution (NH4OH) 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+, Fig 6) [27].  

 

 

Fig 6 The proposed mechanism when NH4OH as preservative were performed 

 

ZnO and TMTD were added in NRL as secondary preservatives which stabilize NRL 

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 
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12. When the preservative solutions of 0.2%, w/v NH4OH, 0.025%, w/w ZnO and 0.025%, w/w 

TMTD were added to the NRL samples, Mg2+ content quantified by complexometric titration 

was slightly decreased in the system containing 0.2%, w/v NH4OH. Moreover, Mg2+ content in 

the treated NRL analyzed by our developed test kit was not statistically different from that 

obtained by the complexometric titration. This suggests that the preservatives used in NRL did 

not affect the developed test kit system.  
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Table 12 Effect of preservatives used in NRL on our developed test kit (n=3) 

Type of samples Mg2+ content by  

complexometric titration 

(mg.L-1) 

Our developed test kit 

Number of drops 

(1 drop=50 mg.L-1) 

Average of Mg2+ 

content (mg.L-1) 

% Relative    

  differrent 

Original NRL 775.3 ± 9.25 15 

15 

15 

750.0 -3.3 

NRL preserved with 0.2%  NH4OH 500.7 ± 4.39 10 

10 

10 

500.0 -0.1 

NRL preserved with 0.2% NH4OH, 

0.025% ZnO and 0.025%TMTD 

 

611.7 ± 14.01 

11 

11 

11 

550.0 

 

 

-10.1 

U2 was used as model sample in this study   

 

%Relative different = [
Mg2+contents from our developing test kit −  Mg2+contents from complexometric titration)

Mg2+contents from complexometric titration
] × 100 

 

The results from these two methods showed tstat = 1.02 and tcritical  = 12.71 which are not statistically different with the confidence level of 95% 
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Stability of reagents (A and B) and real samples application 

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 13. 

Furthermore, the proposed method for Mg2+ determination in NRL was evaluated by analyzing 

real samples from U1, U2 and K1-K3 with concentrations of 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 14. 
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Table 13 Stability of our developed test kit (reagent A and B) (n=3) 

Area Type of sample Mg2+ content by 

complexometric titration 

(mg.L-1) 

6 months of reagent A  6 months of reagent B 

Average of Mg2+ 

content (mg.L-1) 

% Relative  

   differrent 

 Average of Mg2+ 

content (mg.L-1) 

% Relative   

   differrent 

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

NRL mixed with 

preservatives* 

611.7±14.0 566.5 -7.4  566.5 -7.4 

U3 Original NRL 667.1±7.5 633.3 -5.1  615.5 -7.6 

NRL mixed with 

preservatives* 

582.4±1.4 600.0 +3.0  600.0 +3.0 

*Preservatives is a mixed solution of 0.2%NH4OH, 0.025% ZnO and 0.025%TMTD in NRL 

For 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  

 

%Relative different = [
Mg2+contents from our developing method −  Mg2+contents from complexometric titration)

Mg2+contents from complexometric titration
] × 100 
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Table 14 Real sample application of NRL using our developed test kit 
Area Mg2+ content by complexometric titration 

(mg.L-1) 
Subject Our developed test kit % Relative   

     different Number of drops Mg2+ content (mg.L-1) 
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 1 11  550  +6.18 
  2 11  550  +6.18 
  3 11  550  +6.18 
K2 
 

491.1 ± 2.8 1 10  500  +1.81 

  2 10  500  +1.81 
  3 10  500  +1.81 
K3 558.4 ± 6.4 1 10  500  -10.46 
  2 10  500  -10.46 
  3 10  500  -10.46 

Relative different = [
Mg2+contents from our developing method −  Mg2+contents from complexometric titration )

Mg2+contents from complexometric titration
] × 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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Conclusions 

A simple and portable field test kit for colorimetric determination of magnesium content in 

natural rubber latex (NRL) was successfully developed according to the concept of green 

chemistry by 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). 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 [12-

15] and the other commercial test kits (see in Table 2). Our developed test kit (even without 

masking agent) can be applicable even with the presence of potential interference ions (see also 

in Table 10) and preservatives in NRL 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; see further explanation in Table 6 and 7 

providing the detection limit of magnesium being 50 mg.L-1 (or could be adjusted less than that). 

The performance of the approach meets the requirement for analysis of magnesium content in 

practical NRL 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 can be stable at room 

temperature for more than 6 months. The established approaches were not only applicable for 

NRL analysis, but it is also for practical use in concentrated rubber latex (CRL; see further 

explanation in Table 15) 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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Table 15 Study of concentrated rubber latex (CRL) using our developing test kit by comparison 

with complexometric titration (n = 3)  

Type of CRL 

sample 

Mg2+ content by 

complexometric 

titration (mgL-1) 

Our developed test kit 

Number of drops 

(1 drop = 50 mg.L-1) 

Mg2+ content 

(mg.L-1) 

CRL* 55.54 ± 3.34 1 ± 1 50.00 ± 50.00 

CRL** 54.25 ± 1.27 1 ± 1 50.00 ± 50.00 

(U2 was used as model NRL sample in this study which was contained 811.11 ± 28.40 mgL-1 of 

original Mg2+ content conducting by complexometric titration) 

CRL*: Mg2+ in NRL (U2) were removed by addition of diammonium hydrogen phosphate (DAHP) 

[7-8] 

CRL**: 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 of 25% acetic acid water [15] 

 
The results in Table 15 indicated that the established test kit were not only applicable for 

NRL analysis, but it is also for practical use in CRL even in acidic medium of CRL sample which 

is sufficient in the developed test kit (pH 7 in the system was obtained after reagent A was 

applied, then pH 10 was accomplished in the system when just one drop of reagent B was 

applied) 
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