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Abstract

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
msw”wmq@maaumﬂamﬂ@sjmﬁ'mzuusiad’muazaqﬂmfﬁ‘ﬁ'ﬂs:ﬁwﬁﬁnﬂmzmw
gmsumyieneilsnousniidonluionsssiuna

Investigator : Asst.Prof.Dr. Purim Jarujamrus

E-mail Address : purim.j@ubu.ac.th

Project Period : 2 Years

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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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 pl 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 (Mgz+) 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.



Repl isiin

@20 . Negatively charge

=~ Protein layer

2 Lipid layer

Rubber particle

NRL Destabilization of NRL in the presence of Mg?*

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.

Mg?* (aq) + NHj (aq) + HPO,* (aq) —> MgNH,PO, (5)............. (1)

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



A conventional approach involves Mg2+ analysis in NRL 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 (NH,Cl)/ammonium hydroxide
(NH,OH) buffer solution is required in order to control pH of the solution to be 210 facilitating
reaction between EBT and Mgz+. 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.

MgIn (aq) + Y* (aq) + H;0"(aq) — MgY? (aq) + HIn?> (aq) + H,O(D.............. (2)

(red) (blue)

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 (Caz+), 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 M92+ 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 Mgz+. In 2011, a
method and composition for quantifying magnesium ions based on conventional
complexometric titration have been patented (W0O2011139245) 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+, C02+, Ca2+
and Mn2+. However, the approach as mentioned above is costly and requires expertise to
perform (Table 2). A miniaturized complexometric titration between M92+ and EDTA is thus

considered to be a key reaction in this development.



Table 1 Selectivity study towards M92+ 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 With masking agent Without masking agent
concentration Mg"" content (mg.L") % Relative Mg"" content (mg.L") % Relative
(mg.L") 1* collection 2" collection different 1* collection 2" collection different
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

U; 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

. . Mg?*contents from added concentration of foreign ions — Mg?*contents from original NRL )
»Relative different = 5 — x 100
Mg?*contents from original NRL




2+
Table 2 Comparison of commercial test kit for Mg analysis of various samples.

Products Sample Limit of detection  Cost/test (USD) Reference
(mg.L™)
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.



Experimental
Chemicals and materials

All chemicals were analytical grade. All solutions were prepared in deionized water with
18 MQ) resistance (obtained from a Millipore Milli-Q purification system, Bedford, MA, USA).
The NRL in this research was collected from 6 areas (U;-U; and K;-K3) in Ubon Ratchathani
province (U) and Kalasin province (K). Magnesium sulfate heptahydrate (MgSO,'7H,0,
Panreac), calcium carbonate (CaCOj;, Fluka), ethylenediamine tetraacetic acid
(C10H14N2Na,Og:2H,0; EDTA, Fisher Chemical) and eriochrome black T (C,0H4,N30,SNa; EBT,
LABCONCO), ethanol 99%, v/v (C,Hs0H, Sigma-Aldrich), ammonium chloride (NH,CI, Fluka)
and ammonium hydroxide (NH,OH, Fluka) and sodium hydrogen sulfide (NaHS-xH,O, ACROS
ORGANICS) were used as reagents in the conventional complexometric titration and our
developed small-scale test kit approaches for Mg2+ identification in NRL. NH,OH, zinc oxide
(Zn0O, Carlo Erba) and tetramethyl thiuram disulfide (CgH{2N,S,;, TMTD, Sigma-Aldrich) were
used as preservatives in NRL. The following chemicals were used as received: calcium nitrate
(Ca(NO;),), potassium sulfate (K,SO,), sodium chloride (NaCl), copper(ll) sulfate pentahydrate
(CuS0O,4°5H,0), and manganese sulfate monohydrate (MnSQO,*H,0O), which were obtained from
Carlo Erba. Iron(ll) sulfate heptahydrate (FeSO,:7H,O, Unilab), zinc sulfate heptahydrate
(ZnS0,4°7H,0, Fluka), concentrated nitric acid 65%, v/iv (HNOj, 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



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+
. . . 2+ 2+ + 3+ 2+ 2+ L
and interfering ions (Cu , Mn , K, Fe , Zn , Ca 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 (m’.s") 8.0
Acetylene flow rate (m3.3_1) 2.5

Preparation of reagents

Conventional method

ISO 17403: 2014(E) [15] was applied as a conventional method with slight modification.
Briefly, CaCO, (0.500 g) was dissolved in 1 L of DI water (5 X 10° moI.L_1) as a primary

standard for standardization. EDTA (1.86 g) was dissolved in 1 L of DI water (5 X 10'3 moI.L'1).



The equivalent mole ratio between M92+ standard and the EDTA solution is 1:1. pH of the
system was adjusted to be 10.5 by using 0.06 moI.L_1 NH,CI/NH,OH buffer solution (which was
prepared by dissolving 67.5 g of NH,CI in 250 mL of DI water). After that, 570 mL of 25%, w/w
NH,OH were added to NH,CI 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 X 10-4 moI.L_1). A

masking agent, NaHS.xH,O (1.68 g) was dissolved in 100 mL of DI water (0.3 moI.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 X 10'4 moI.L'1 EBT
indicator with the EBT:DI volume ratio of 3:10. Reagent B was 5.48 X 10_3 moI.L_1 EDTA which
was prepared by dissolving EDTA (0.02 g) ito a 0.06 moI.L'1 NH,CI/NH,OH buffer (6.67 mL),

followed by addition of 0.3 moI.L'1 NaHS.xH,O (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 1ISO 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 moI.L'1 NH,4CI/NH,OH 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 X 10_4 moI.L_1 EBT indicator (1.0
mL) was dropped into the NRL solution. The 0.3 moI.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



5 X 10" mol.L” EDTA solution (which was standardized with 5 X 10" mol.L" CaCOs) 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 HNO; (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 HNO; (2%, v/v) prior to the FAAS analysis.

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

Mgz+ analysis by undergoing complexation with the foreign ions in the NRL solution. In this
. . i 3+ 2+ 2+ + 2+ 2+ +

study, the investigated ions were Fe , Cu , Mn , K, Zn , Ca 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 U, 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

-1

mg.L .

Instruction 2 s i ¢
Step 1: Suck a reagent A by dropper 'Y l % 2
which was volumetric marked to a reaction

3 |
Instruction R ‘ —

of magnesium content in natural rubber latex (NRL) | Step 2 Use s provided spoon to scoop NRL to & reaction bottle (from step ° e

Field test kit based on colorimetry for identification
1), after that mix thern together, then the purple color of NRL solution will be

3 observed by raked ohor chart 1. (n the absence of Mg™ in NRL, color (After added reagent A) (After added reagent B)
ona ENC L
S ‘ somen The retationship between number of reagent 8

will not change to purple colod) e of «
Number of Concentration Number of Concentration
drop of reagent | of magnesium | drop of reagent | of magnesium

C L} (men) s L
] = =0 I
Avar reapet A wiition 1 50 1 550
2 100 12 600
Step 3 : Drop reagent B, drop by drop (count a number of reagent 8 used) a
) reaction bottle (from step 2) drop by drop. Mix each drop at 10 second, then 3 150 13 650
the blue color of NRL solution will be observed by naked eyes on color chart A 200 14 700
2
L ‘@ 5 250 15 750
w £ 6 300 16 800
‘,.‘_‘T‘mé*:fi = 7 350 17 850
[S559) ==} PR 8 400 18 %00
9 aso 19 950
Step 4 : Count a rumber of drop of reagent B used from step 3, which wil
relate to the concentration of magnesium in the unit of myL showing in Table 10 500 20 1000
below Note: 1 drop = 50 mg/L

Fig 3. The instruction of “Field test kit based on colorimetry for determination of magnesium

content in natural rubber latex (NRL)”

|
‘”1

':'_!x 2
0N

i
L_4

1. Addition of optimized reagent 2. Addition of NRL sample 3. Addition of reagent B (16
A (which was marked the level  (comparing with standard color drops) 1 drop = 50 mg.L'! Mg*
on the dropper of reagent A  chart 1 shown in Fig 3) (comparing with standard color
bottle) in the reaction bottle chart 2 shown in Fig 3)

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 M92+ (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 NH,OH and mixture of 0.2%, w/v NH,OH,
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 (U,-Uj3) and
Kalasin province (K;-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.

12



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, Hlnz-) 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/dropis 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).



Due to the fact that, EDTA is a limiting reagent in the complexometric titration reaction
for M92+ 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 (B)
where a drop of reagent B was found with [3 = 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 Number of drops of reagent B
Mg (mg-L") a drop of reagent B* = 25 a drop of reagent B** = 50 mg-L" of Mg"* a drop of reagent B*** = 100 mg-L" of Mg""
mg-L" of Mg”*
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° mol-L" EDTA, ** containing 5.48 x 10" mol-L" EDTA, *** containing 10.98 x 10" mol-L" 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 MgZ+) and (1 drop of reagent B = 100

mgL-1 of Mgz+) on our developed test kit

Area of Mg2+ content by complexometric %Relative difference (n = 3) from our developing test kit
NRL titration (mg-L™") (n=3) 1 drop of reagent B = 50 mg-L" of Mg"’ 1 drop of reagent B = 100 mg-L" of Mg”’
u2 7485+ 7.1 0.3 6.9
U2 7709 £ 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 3225 +44 8.5 24.0
u3 375.2 £ 26.1 6.6 6.6

Mg2*contents from complexometric titration — MgZ*contents from our developing method
%Relative difference =] & p & ping 1% 100
Mg2+contents from complexometric titration
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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

Before addition of reagent B

(NRL sample and reagent A were

applied in the reaction bottle)

After addition of reagent B

Standard color chart of pH

paper

10

20

30

40

50

60

0.02

0.03

0.04

0.04

0.05

0.05

i R B B

(pH 7-8)

B =

D WS
(pH 10-11)

13

12

1"
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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

Before addition of reagent B

After addition of reagent B

(NRL sample and reagent A were

applied in the reaction bottle)

Standard color chart of pH

paper

70

80

90

100

0.05

0.05

0.05

0.06

O mw o e
(pH 7-8)

L - - -

(pH 10-11)

13

12

"

10
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[29] Buffer capacity was calculated by this equation;

Cpoy X Cp f = Buffer capacity

B =23 Coon + Ca Cpon = Concentration of base (M)

Cyz = Concentration of salt (M)

In this experiment, we used 3.67 M NH,OH and 1.274 M NH,CI as basic and salt solutions for

buffer preparation.

s 3.67 X 1.274
T T 367+ 1.274

53 4.676
o (4.944

= 2.3 %0946
=2.17 M/pH

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 U, and U;. The results obtain from t-test showed ty,; = 1.02 whereas t;i.. = 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 Mg”* content (mg.L")
FAAS method Complexometric titration method
U, 746.90 + 0.002 748.48 £ 7.07
U, 800.02 + 0.008 770.90 * 8.22
U, 873.81 = 0.001 812.17 + 3.62
U, 283.12 £ 0.001 306.18 + 5.30
U, 342.55 + 0.001 322.52 + 4.39
U, 363.89 + 0.001 375.13 £ 26.08

U, and U; 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

2+ + 2+ 2+ +
, K, Zn , Ca , and Na ) were

potential foreign ions in the NRL solution (Fe3+, Cu2+, Mn
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 U, and U, 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
(t,.,=6.42and t = 2.78). Furthermore, the analytical recoveries were also in an acceptable

stat critical

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* Found by Spiked Total Complexometric Developed Test Kit % Relative
(mg.L") FAAS elements (mg.L") titration (mg.L")n=3  without masking agent different
(mg.L™) (mg.L") n=3
Drop mg.L”

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 15 2 35 584.07 + 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
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Table 11 Recovery study by comparison between complexometric titration and our developed test kit (n=3)

Area of NRL Mg2+ content by Our developed test kit
complexometric titration (mg.L'1) Number of drops Mg2+ content Average of Mg2+ %
(1 drop=50 mg.L'1) (mg.L'1) content (mg.L'1) Recovery
Original U, 748.48 + 7.07 15 750 750.0 -
15 750
15 750
U, added 40 mg.L'1 770.90 + 8.22 16 800 800.0 101.3
of Mg~ 16 800
16 800
U, added 80 mg.L_1 812.17 £ 3.62 17 850 850.0 102.4
of Mg~ 17 850
17 850
Original U, 431.96 + 0.84 10 500 500.0 -
10 500
10 500
U, added 40 mg.L_1 488.49 + 14.55 11 550 550.0 101.9
of Mg”" 11 550
11 550
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Table 11 (Continue)

Area of NRL Mg2+ content by Our developed test kit
complexometric titration (mg.L'1) Number of drops Mg2+ content Average of Mg2+ %
(1 drop=50 mg.L'1) (mg.L'1) content (mg.L'1) Recovery
U, added 80 mg.L'1 560.30 + 6.05 12 600 583.3 100.6
of Mg 11 550
12 600
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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 NH,OH, 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 NH,OH which has a pungent smell as well as causing environmental
pollution and respiratory system irritation when released into the atmosphere [26]. Ammonia
solution (NH,OH) 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), (reduction of free Mg2+, Fig 6) [27].

ol Repulsion

OH"

OH" a
ulsion oH

OH

h ‘
Repulsion

S 4
= .

OH-

4.

on: OH OH on- OH
i T

oi fon Fop- Tomr
on-)

OH" \OH',\OH’A OH-_OH
on "on o "on-
On 2

OH OH OH OH
OH" OH OH" OH- -

OH
The addition of NH,OH as preservative reagent

Fig 6 The proposed mechanism when NH,OH 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 NH,OH, 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 NH,OH. 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

Mg”" content by

Our developed test kit

complexometric titration Number of drops Average of Mg2+ % Relative
(mg.L") (1 drop=50 mg.L") content (mg.L") differrent
Original NRL 775.3 £ 9.25 15 750.0 -3.3
15
15
NRL preserved with 0.2% NH,OH 500.7 £ 4.39 10 500.0 -0.1
10
10
11 550.0
NRL preserved with 0.2% NH,OH,
611.7 £ 14.01 11 -10.1
0.025% ZnO and 0.025%TMTD
11
U, was used as model sample in this study
) ) Mg?* contents from our developing test kit — Mg?* contents from complexometric titration)
%Relative different = | ] % 100

The results from these two methods showed t

Mg?2*contents from complexometric titration

=1.02 and t

stat critical
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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 M92+ 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 M92+ determination in NRL was evaluated by analyzing
real samples from U,, U, and K;-K; 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 6 months of reagent A 6 months of reagent B
complexometric titration  Average of Mg2+ % Relative Average of Mg2+ % Relative
(mg.L'1) content (mg.L'1) differrent content (mg.L'1) differrent
U, Original NRL 719.1+£3.3 683.3 -5.0 700.0 -2.7
NRL mixed with 611.7£14.0 566.5 -7.4 566.5 -7.4
preservatives®
Us Original NRL 667.1£7.5 633.3 -5.1 615.5 -7.6
NRL mixed with 582.4+1.4 600.0 +3.0 600.0 +3.0

preservatives®

*Preservatives is a mixed solution of 0.2%NH,OH, 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 = |

Mg?* contents from our developing method — Mg?*contents from complexometric titration)
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Table 14 Real sample application of NRL using our developed test kit

Area Mg”* content by complexometric titration Subject  Our developed test kit % Relative
(mg.L") Number of drops  Mg”* content (mg.L™) different
U, 523.1 £ 13.0 1 11 550 +5.14
2 12 600 +14.70
3 11 550 +5.14
U, 465.1 £ 6.9 1 10 500 +7.50
2 9 450 -3.25
3 10 500 +7.50
K, 518.0 £ 11.4 1 11 550 +6.18
2 11 550 +6.18
3 11 550 +6.18
Ky 4911 +£2.8 1 10 500 +1.81
2 10 500 +1.81
3 10 500 +1.81
Ks 558.4 £+ 6.4 1 10 500 -10.46
2 10 500 -10.46
3 10 500 -10.46

The results from these two methods showed t_,, = 0.009 and t

Relative different = |

Mg?* contents from our developing method — Mg?*contents from complexometric titration )
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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 Mg2+ content by Our developed test kit

sample complexometric Number of drops Mg2+ content

titration (mg-L") (1drop=50 mg.L")  (mg.L”)

CRL* 55.54 + 3.34 1+1 50.00 £ 50.00

CRL** 54.25 + 1.27 11 50.00 + 50.00

(U, 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 (U,) 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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developed for determination of magnesium content in natural rubber latex (NRL). The miniaturized
complexometric titration between Mg?* and EDTA without any masking agent was a key reaction in this
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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 17403:
2014(E)) method. The proposed technique provides a low-cost, rapid, simple, selective and on-site
analysis of magnesium content in NRL.

Natural rubber latex (NRL)
Green chemistry
Complexometric titration

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction Magnesium (Mg2*) is one of the most important components

suppressing NRL performance and quality, e.g. by direct interaction

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 product of Para rubber
tree) is exported [1,2]. The major component in NRL is cis-1,4-
polyisoprene with non-rubber components such as carbohy-
drates, 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 pl of 4.8) and the hydrolysis of R-Lecithin phospho-
lipid on the NRL surface [4] (Fig. 1a). A critical step in production of
NRL with high quality is identification of NRL components.

* Corresponding author.
E-mail address: purim.j@ubu.ac.th (P. Jarujamrus).

http://dx.doi.org/10.1016/j.polymertesting.2017.01.023
0142-9418/© 2017 Elsevier Ltd. All rights reserved.

of Mg?* with the carboxylate ions contained in the NRL. This pro-
duces 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, Mg?* ions can form primary valence linkages be-
tween the interface of adjacent latex particles. This can initiate
flocculation and further lead to destabilization of NRL [5] Fig. 1b.

Mg?* concentration is limited to within 40 mg L~ prior to
distribution to manufacturers such as glove and condom com-
panies [6]. Normally, removal of Mg?* in rubber is performed based
on a precipitation reaction, e.g. by addition of excess amount of
ammonium phosphate (>5 times of Mg?* concentration) to rubber
latex solution. Alternatively, diammonium hydrogen phosphate
(DAHP) can be used for precipitation of Mg?* with the related re-
action shown in Eq (1) [7,8] and Fig. 1c.
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Fig. 1. Carboxylate ions contained in the NRL a) the proposed mechanism between
Mg?* ions and NRL b) Elimination of Mg?* by adding DAHP into NRL c).

Mg’ (aq) + NHs(aq) + HPO4* (aq) > MgNH,PO4(s) 1)

A conventional approach involves Mg?* analysis in NRL based

on the complexometric titration with ethylenediamine tetraacetic
acid (EDTA, HoY%"), 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, facili-
tating reaction between EBT and Mg?*. 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 Mg?" analysis in NRL.

Mgin~ (aq) + Y*~(aq) + H30" (aq) —~MgY>" (aq) + HIn? " (aq)
(red) (blue)

+ H,0(l)
(2)

Apart from the well controlled pH of the solution facilitating
interaction between Mg?* and EDTA, a masking agent is also added
to prevent foreign ions, such as potassium (K*), sodium (Na®),
calcium (Ca®*), zinc (zn®"), iron (Fe**), copper (Cu**) and man-
ganese (Mn?") interfering complexation between Mg?* 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 cy-
anide compounds are very toxic. Therefore, development of a
cyanide-free method for determination Mg?* 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 Mg?" detection from 36
to 126 mg L1, which is in good agreement with the results ob-
tained from atomic absorption spectrometry. Unfortunately, they
found that the presence of zinc and cadmium at high levels inter-
fered wih the determination of Mg?*. In 2011, a method and
composition for quantifying magnesium ions based on conven-
tional complexometric titration was patented (W02011139245)
using NaHS as a selectively precipitating interfering metal ions in
NRL instead of using KCN as mentioned above | 12]. Afterwards, [SO
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) [13—15] was
established in 2014. However, the reported approaches are still
complicated in terms of multiple steps of analysis including need
for sample pretreatment before analysis, reagent volume con-
sumption (>105 mL), resulting in more waste and potential inter-
ference ions in NRL if a masking agent was not applied (Table 1.).
Moreover, many reagents are needed for analysis which also re-
quires 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~ [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 detec-
tion 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~! without interference from foreign ions such as Fe?*,
cu®*, Ni%*, Zn?*, Co?*, Ca®* and Mn?*. However, the approach as
mentioned above is costly and requires expertise to perform
(Table A). A miniaturized complexometric titration between Mg?*
and EDTA is thus considered to be a key reaction in this
development.

In this work, a simple (no requirement of skill for analysis, not
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Selectivity study towards Mg?* compared with the other metal ions (Zn?*, Ca>*, Fe**, Cu®*, Mn?*, K™ and Na™ tested using complexometric titration reported in the tolerance
concentration (mg.L 1) (n = 3).

Interference  Tolerance concentration (mg.L~') ~ With masking agent Without masking agent
Mg?* content (mg.L ') % Relative different  Mg?* content (mg.L 1) % Relative different
1st collection 2nd collection 1st collection 2nd collection
Original NRL ~ — 52402 +11.89 256.16 +299 — 53481 + 1740 289.87 +2337 —
Zn** 793.62 470.60 + 2.85 — -9.86 611.60 + 2.47 — +14.36
Ca?* 955.82 545.10 + 3.72 - +4.02 565.40 + 7.03 — +5.72
Fe** 157.52 - 27260 +1.26 +6.42 = 31520 + 7.13 +8.74
Cu?* 244.14 - 23250+ 153 923 - N.D. .
Mn?+ 53.93 - 267.90 + 0.77 +4.58 - 330.90 + 3.48 +14.15
K* 217129 - 23520+ 7.16 -8.18 - 22890 + 2332 -21.03
Na* 1356.97 - 239.50 + 2.72 6.50 - 225.50 + 7.63 22.21

U; 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 h, therefore, NRL is needed to collect several time to accomplish the experiment.

3 ¢ 2+, ioi - . i
%Relative different — Mg?* contents from original NRL — Mg?* contents from added concentration of foreign ions ) % 100.

Mg”* contents from original NRL

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 mag-
nesium content in NRL was established. The novelty of this work is
the use of a miniaturized complexometric titration between Mg?*
and EDTA (even without using masking agent) which were
designed according to the concept of ‘Green chemistry’ reducing
waste generation, and minimizing use of chemicals and con-
sumption 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 the 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.

2. Experimental section
2.1. Chemicals and materials

All chemicals were analytical grade. All solutions were prepared
in deionized water with 18 MQ resistance (obtained from a Milli-
pore Milli-Q purification system, Bedford, MA, USA). The NRL in this
research was collected from 6 areas (U;-Uz and K;-K3) in Ubon
Ratchathani province (U) and Kalasin province (K). Magnesium
sulfate heptahydrate (MgSO4-7H,0, Panreac), calcium carbonate
(CaCo0s, Fluka), ethylenediamine tetraacetic acid
(Cy0H14N2Na05+2H,0; EDTA, Fisher Chemical) and eriochrome
black T (C2Hi2N307SNa; EBT, LABCONCO), ethanol 99%, v/v
(CyHs0H, Sigma-Aldrich), ammonium chloride (NH4Cl, Fluka) and
ammonium hydroxide (NH40H, Fluka) and sodium hydrogen sul-
fide (NaHS-xH,0, ACROS ORGANICS) were used as reagents in the
conventional complexometric titration and our developed small-
scale test kit for Mg?" identification in NRL. NH4OH, zinc oxide
(ZnO, Carlo Erba) and tetramethyl thiuram disulfide (CgH12N2Sa,
TMTD, Sigma-Aldrich) were used as preservatives in NRL. The
following chemicals were used as received: calcium nitrate
(Ca(NOs3)), potassium sulfate (K;SOg4), sodium chloride (NaCl),
copper(ll) sulfate pentahydrate (CuSO4-5H,0), and manganese
sulfate monohydrate (MnSO4-H,0), which were obtained from
Carlo Erba. Iron(II) sulfate heptahydrate (FeSO4+7H>0, Unilab), zinc
sulfate heptahydrate (ZnSO4-7H,0, Fluka), concentrated nitric acid
65%, vlv (HNO3, Sigma-Aldrich) were used in interference study.
Paraffin oil purchased from LABCONCO was used in the acid

digestion method of FAAS analysis. Serum container (10 mL) and
eyes drop bottles (10 mL) were obtained from a pharmacy store in
Ubon Ratchathani and used as containers for reagents A and B,
respectively. Plastic coffee spoons obtained from a local super-
market in Ubon Ratchathani were used as sampling spoons.

2.2. Instruments

A flame atomic absorption spectrophotometer (PinAAcle 900T;
Perkin Elmer, US) equipped with hollow cathode lamps (HCL) was
exploited to determine concentrations of Mg?" and interfering ions
(Cu?*, Mn?*, K, Fe3*, zn?*, Ca*" and Na*) in NRL samples for
method validation with the operated conditions shown in Table 2.

2.3. Preparation of reagents

2.3.1. 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 x 102 mol L") as a primary standard. EDTA
(1.86 g) was dissolved in 1 L of DI water (5 x 10~ mol L™!). The
equivalent mole ratio between Mg?* standard and the EDTA solu-
tion is 1:1. pH of the system was adjusted to be 10.5 by using
0.06 mol L~ NH4Cl/NH40H 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 NH40H were added to NH4Cl solution and brought up
to 1 L with DI water. An indicator was prepared by dissolving EBT
(0.1 g) in 100 mL of 75%, v/v ethanol (216 x 10~% mol L™1). A
masking agent, NaHS.xH,0 (1.68 g) was dissolved in 100 mL of DI
water (0.3 mol L™1).

Table 2
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 2483/62
Mn 279.5/66
K 766.5/116
Na 589.0/77
Slit width (nm) 0.7

Air flow rate (m>s~1) 8.0
Acetylene flow rate (m>s ') 25
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2.3.2. Test kit based colorimetry

The small-scale test kit was developed based on the conven-
tional method. The approaches were based on complexometric
titration between Mg?* 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 (~0.18 g). Re-
agent A was 2.16 x 10~% mol L' EBT indicator with the EBT:DI
volume ratio of 3:10. Reagent B was 5.48 x 10> mol L' EDTA
which was prepared by dissolving EDTA (0.02 g) ito a
0.06 mol L' NH4Cl/NH40H buffer (6.67 mL), followed by addition
of 0.3 mol L™! NaHSxH,0 (3.33 mL) as a masking agent. The
droplets of reagents A and B were generated by using eye drop
bottles (~0.065 mL.drop ).

24. Method validation

Complexometric titration was performed with slight modifica-
tion 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~' NH4CI/NH40H 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 x 10~ mol L~ EBT indicator (1.0 mL) was
dropped into the NRL solution. The 0.3 mol L~! 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
5 x 10~> mol L~! EDTA solution (which was standardized with
5 x 1073 mol L' CaCO3) until the red solution vanished and
became pure blue. This titration approach was evaluated by com-
parison with FAAS which is a reliable technique with high accuracy
and precision. The sample preparation for FAAS analysis was per-
formed with slight modification [21,22] by transferring NRL (0.25 g)
to 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 and diluted with
HNOj3 (2%, v/v) prior to the FAAS analysis.

For interferences study, a masking agent was added in order to
reduce interference in Mg?* analysis by undergoing complexation
with the foreign ions in the NRL solution. In this study, the inves-
tigated ions were Fe3*, Cu**, Mn?*, K*, Zn?*, Ca** and Na' at
concentrations of 50, 100, 150, 250, 500, 750, 1000 and 1500 mg L
respectively. The results obtained from the complexometric titra-
tion with the masking agent were then compared with those ob-
tained without the masking agent. NRL number of U3 was used as
model sample in this study. As the NRL can be stable for approxi-
mately 4 h, fresh NRL was collected freshly several times during the
experiment in order to prevent the NRL coaggulating.

For the test kit application (Figs. 2—3), 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 resulting in the purple color observed by
naked eye, as shown by the color chart 1 in Fig. 2. Reagent B was
then added drop by drop and shaken (every 10 s) to the solution
until the blue color of NRL solution was observed, see also the color
chart 2 in Fig. 2. The number of drops was recorded. For accuracy
study, the recovery test was performed by spiking Mg?t to NRL
solution at concentrations of 40 and 80 mg L.

2.5. 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 NH40H, 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).

2.6. 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 Mg?* determination.
The results were compared with that obtained by the conventional
complexometric titration method.

Samples were collected from several regions in Ubon Ratch-
athani province (Uz-U3) and Kalasin province (K;-K3), Thailand. In
each analysis, identification of Mg?* was performed by applying
the developed test kit, which was operated by three different users.
The results were averaged and compared with those obtained by
the conventional complexometric titration method.

3. Results and discussion
3.1. Optimization of the developed test kit

The optimized sample amount scooped by using a small spoon
was 0.1731 + 0.02 g (Table B1) and the optimized reagent volume
dropped by using an eye drop bottle was 0.065 + 0.004 mL
(Table B2). In this study, reagent A (EBT, HIn?>") was applied as an
indicator; while the EDTA, buffer solution and masking reagents
were mixed in 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 Mg?*, as analysis has to be carried out before addition
of EDTA, as demonstrated in equation (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' of Mg?* in
DI water. The optimized number of droplets was three drops (Fig
Bla) 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 B1b). 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.

EDTA is a limiting reagent in the complexometric titration re-
action for Mg?* determination. The stoichiometric amount of EDTA
to react Mg?>" with theoretical concentrations of 25, 50 and
100 mg L™! corresponded to the optimized number of droplets for
reagent B being 1 drop per 50 mg L~ of Mg?* (with the volume of
~0.065 mL including buffer solution and masking reagents), details
and explanation are shown in Tables B3 and B4. This condition was
obtained by taking in account solution miscibility and buffer ca-
pacity (B) where a drop of reagent B was found with f§ = 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 Table B5.

3.2. Validation of the developed test kit

Comparison of the analysis results between complexometric
titration (standard method) and FAAS techniques (reference
method) was made for Mg?* content in NRL samples obtained from
U; and Us. The results obtain from t-test showed tgq = 1.02
whereas titica = 2.78 revealed that there is no statistical difference
between these two methods with a confidence level of 95%
(Table 3). Due to the simplicity and lower analysis cost, the titration
method was selected as the benchmark method for determination
of Mg?* in NRL samples. In addition, our test kit was developed
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2.3.2. Test kit based colorimetry

The small-scale test kit was developed based on the conven-
tional method. The approaches were based on complexometric
titration between Mg?* 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 (~0.18 g). Re-
agent A was 2.16 x 10~% mol L' EBT indicator with the EBT:DI
volume ratio of 3:10. Reagent B was 5.48 x 10> mol L' EDTA
which was prepared by dissolving EDTA (0.02 g) ito a
0.06 mol L' NH4Cl/NH40H buffer (6.67 mL), followed by addition
of 0.3 mol L™! NaHSxH,0 (3.33 mL) as a masking agent. The
droplets of reagents A and B were generated by using eye drop
bottles (~0.065 mL.drop ).

24. Method validation

Complexometric titration was performed with slight modifica-
tion 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~' NH4CI/NH40H 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 x 10~ mol L~ EBT indicator (1.0 mL) was
dropped into the NRL solution. The 0.3 mol L~! 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
5 x 10~> mol L~! EDTA solution (which was standardized with
5 x 1073 mol L' CaCO3) until the red solution vanished and
became pure blue. This titration approach was evaluated by com-
parison with FAAS which is a reliable technique with high accuracy
and precision. The sample preparation for FAAS analysis was per-
formed with slight modification [21,22] by transferring NRL (0.25 g)
to 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 and diluted with
HNOj3 (2%, v/v) prior to the FAAS analysis.

For interferences study, a masking agent was added in order to
reduce interference in Mg?* analysis by undergoing complexation
with the foreign ions in the NRL solution. In this study, the inves-
tigated ions were Fe3*, Cu**, Mn?*, K*, Zn?*, Ca** and Na' at
concentrations of 50, 100, 150, 250, 500, 750, 1000 and 1500 mg L
respectively. The results obtained from the complexometric titra-
tion with the masking agent were then compared with those ob-
tained without the masking agent. NRL number of U3 was used as
model sample in this study. As the NRL can be stable for approxi-
mately 4 h, fresh NRL was collected freshly several times during the
experiment in order to prevent the NRL coaggulating.

For the test kit application (Figs. 2—3), 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 resulting in the purple color observed by
naked eye, as shown by the color chart 1 in Fig. 2. Reagent B was
then added drop by drop and shaken (every 10 s) to the solution
until the blue color of NRL solution was observed, see also the color
chart 2 in Fig. 2. The number of drops was recorded. For accuracy
study, the recovery test was performed by spiking Mg?t to NRL
solution at concentrations of 40 and 80 mg L.

2.5. 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 NH40H, 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).

2.6. 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 Mg?* determination.
The results were compared with that obtained by the conventional
complexometric titration method.

Samples were collected from several regions in Ubon Ratch-
athani province (Uz-U3) and Kalasin province (K;-K3), Thailand. In
each analysis, identification of Mg?* was performed by applying
the developed test kit, which was operated by three different users.
The results were averaged and compared with those obtained by
the conventional complexometric titration method.

3. Results and discussion
3.1. Optimization of the developed test kit

The optimized sample amount scooped by using a small spoon
was 0.1731 + 0.02 g (Table B1) and the optimized reagent volume
dropped by using an eye drop bottle was 0.065 + 0.004 mL
(Table B2). In this study, reagent A (EBT, HIn?>") was applied as an
indicator; while the EDTA, buffer solution and masking reagents
were mixed in 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 Mg?*, as analysis has to be carried out before addition
of EDTA, as demonstrated in equation (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' of Mg?* in
DI water. The optimized number of droplets was three drops (Fig
Bla) 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 B1b). 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.

EDTA is a limiting reagent in the complexometric titration re-
action for Mg?* determination. The stoichiometric amount of EDTA
to react Mg?>" with theoretical concentrations of 25, 50 and
100 mg L™! corresponded to the optimized number of droplets for
reagent B being 1 drop per 50 mg L~ of Mg?* (with the volume of
~0.065 mL including buffer solution and masking reagents), details
and explanation are shown in Tables B3 and B4. This condition was
obtained by taking in account solution miscibility and buffer ca-
pacity (B) where a drop of reagent B was found with f§ = 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 Table B5.

3.2. Validation of the developed test kit

Comparison of the analysis results between complexometric
titration (standard method) and FAAS techniques (reference
method) was made for Mg?* content in NRL samples obtained from
U; and Us. The results obtain from t-test showed tgq = 1.02
whereas titica = 2.78 revealed that there is no statistical difference
between these two methods with a confidence level of 95%
(Table 3). Due to the simplicity and lower analysis cost, the titration
method was selected as the benchmark method for determination
of Mg?* in NRL samples. In addition, our test kit was developed
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Field test kit based on colorimetry for identification
of magnesium content in natural rubber latex (NRL)
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Instruction

Step 1:Suckareagent Aby dropper 4
which was volumetric marked to a reaction |

= d==

Step 2 :Use a provided spoon to scoop NAL 10 a reaction bottle (from step
1), after that mix them together, then the purple color of NRL solution will be

2 Standard of color chart

below

observed by naked eyes on color chart 1. (in the absence of Mg™ in NRL, color w"‘“'m’ et w«e«d .' ®
will not change to purple color) .
ool 3 Number of | Concentration Number of Concentration
- drop of reagent | of magnesium | drop of reagent | of magnesium
M ogetner 8 (mg/) 8 (mg/)
== o s e 1| s | ou | s
2 100 12 600
Step 3 : Drop reagent B, drop by drop (count a number of reagent B used) a
reaction bottle (from step 2) drop by drop. Mix each drop at 10 second, then | 3 l 150 I 13 l 650
the blue color of NRL solution will be observed by naked eyes on color chart a 200 18 700
2 = =
ﬂ | 5 l 250 I 15 I 50
=
5] 6 300 16 800
@"5@ LA T B ™)
Afer reagent B additon 8 400 18 900
9 I 50 I v
Step 4 : Count a number of drop of reagent B used from step 3, which will
relate to the concentration of magnesium in the unit of mg/L showing in Table 10 500 20 1000

Note: 1 drop = 50 mg/L.

Fig. 2. The instruction of “Field test kit based on colorimetry for determination of magnesium content in natural rubber latex (NRL)".

1. The optimized reagent A was taken
by a dropper up to the marked level
into areaction bottle.

2. Addition of NRL sample by a
small spoon was used to transfer
NRL into the reaction bottle The
NRL solution was shaken together

3. Reagent B was then added drop by drop
(every 10 second) into the solution until the
blue color of NRL solution was observed,
see also the color chart 2 in Fig 2.

resulting in the purple color
observed by naked eyes, as shown
by the color chart 1in Fig 2.

Fig. 3. 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~! Mg?* (16 drops were performed).

Table 3
Comparison of Mg?* content (mg.L ') at different area of NRL between Flame
Atomic Absorption Spectroscopy, FAAS and complexometric titration (n = 3).

Area of NRL Mg?* content (mg.L ')
FAAS method Complexometric titration method

Uy 746.90 + 0.002 74848 + 7.07

Uy 800.02 + 0.008 770.90 + 8.22

Uy 873.81 + 0.001 812.17 + 3.62

Us 283.12 + 0.001 306.18 + 5.30

Us 342.55 + 0.001 322,52 +4.39

Us 363.89 £ 0.001 375.13 £ 26.08

U, and Us were collected 3 times.

based on scaling down the process for the complexometric titration
between Mg?* 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 Mg?* analysis caused by complexation with

the potential foreign ions in the NRL solution (Fe**, Cu®*, Mn?*, K™,
Zn**, Ca**, and Na*) were assessed. The resulting tolerance con-
centration (mg.L ™!, 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 pres-
ence of Cu?* where the end point of the titration could not be
identified without the masking agent. This indicates the require-
ment for addition of masking agent (here being NaHS) for improved
analysis reliability. According to the observed high tolerance con-
centrations, 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 Fe**, Cu?*, and
Mn%*. 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 C). The function of NaHS as a masking
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agent for Mg?* 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 Mg?* (hard-acid). How-
ever, 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 U; and U as well as these
samples spiked with 40 and 80 mg L' Mg?*, respectively. The
complexometric titration results were insignificantly different from
the results obtained from the test-kit approach (tsqqr = 6.42 and
teritical = 2.78). Furthermore, the analytical recoveries were also in
an acceptable range of 100.6—102.4 for NRL sample. (Table 4).

3.3. 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
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 of NH40H, 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 to 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), (reduction of free Mg?*, Fig. 4) [27]. ZnO and TMTD were
added to 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 5. When the pre-
servative solutions of 0.2%, w/v NH40H, 0.025%, w/w ZnO and
0.025%, w/w TMTD were added to the NRL samples, Mg?* content
quantified by complexometric titration was slightly decreased in

Table 4

o
ulsion o
o O _OW g on
o ¢ o on o om N ~
‘o fotrg'ar‘ ot fon";;-'on-‘
R gt oI OH oM
The addltion of NH,OH as prcscrvali\e reagent

Fig. 4. The proposed mechanism when NH4OH as preservative were performed.

the system containing 0.2%, w/v NH40H. Moreover, Mg>* content in
the treated NRL analyzed by our developed test kit was not statis-
tically different from that obtained by the complexometric titration.
This suggests that the preservatives used in NRL did not affect the
developed test kit system.

3.4. 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 Mg?* concentrations determined in both
cases were compared with the analysis obtained by using freshly
prepared reagents. The results showed good stability of both re-
agents, as shown in Table 6. Furthermore, the proposed method for
Mg?* determination in NRL was evaluated by analyzing real sam-
ples from Uy, Uz and K;-K3 with concentrations of Mg2+ within in
the ranges of 450—600 mg L~! and 500—550 mg L™, respectively.
The results for all the samples were in good agreement with the
values obtained from complexometric titration, see also Table 7.

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

Area of NRL Mg?* content by complexometric titration (mg.L~") Our developed test kit
Number of drops Mg?* content (mg.L~") Average of Mg?* content (mg.L™') % Recovery
(1drop=50mgL")
Original U, 748.48 + 7.07 15 750 750.0 =
15 750
15 750
U; added 40 mg L' 770.90 + 8.22 16 800 800.0 101.3
of Mg+ 16 800
16 800
U, added 80 mg L' 812.17 + 3.62 17 850 850.0 102.4
of Mg?* 17 850
17 850
Original U 431.96 + 0.84 10 500 500.0 .
10 500
10 500
U, added 40 mg L' 488.49 + 14.55 11 550 550.0 101.9
of Mg?* 11 550
11 550
U, added 80 mg L™' 560.30 + 6.05 12 600 583.3 100.6
of Mg?* 11 550
12 600
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Table 5
Effect of preservatives used in NRL on our developed test kit (n = 3).

Type of samples

Mg?* content by complexometric titration ~Our developed test kit

1
(mgl™) Number of drops ~ Average of Mg?* content % Relative
¢! (mg.L™") differrent
drop =50 mg L")
Original NRL 7753 £9.25 15 750.0 +3.3
15
15
NRL preserved with 0.2% NH4OH 500.7 + 4.39 10 500.0 +0.1
10
10
NRL preserved with 0.2% NH4OH, 0.025% ZnO and 611.7 + 14.01 11 550.0 +10.1
0.025%TMTD 11
11
U, was used as model sample in this study.
%Relative different — Mg?* contents from complexometric titration — Mg?*contents from our developing test kit) % 100.
= Mg?' contents from complexometric titration 2
The results from these two methods showed teq = 1.02 and teiticar = 12.71 which are not statistically different with the confidence level of 95%.
Table 6
Stability of our developed test kit (reagent A and B) (n = 3).
Area Type of sample Mg?* content by complexometric titration 6 months of reagent A 6 months of reagent B
-1
(mgL™) Average of Mg?* content % Relative Average of Mg?* content % Relative
(mgL 1) differrent (mgL 1) differrent
U, Original NRL 719.1 + 3.3 683.3 -5.0 700.0 -2.7
NRL mixed with 611.7 + 14.0 566.5 -7.4 566.5 -74
preservatives®
U;  Original NRL 667.1 7.5 633.3 -5.1 615.5 -7.6
NRL mixed with 5824+ 1.4 600.0 +3.0 600.0 +3.0

preservatives®

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.

Mg?* contents from

%Relative different = v P
Mg”* contents from complexometric titration

ic titration — Mg?*contents from our developing method) % 100.

2 Preservatives is a mixed solution of 0.2%NH40H, 0.025% ZnO and 0.025%TMTD in NRL.

Table 7
Real sample application of NRL using our developed test kit.

Area Mg?* content by complexometric titration (mg.L ) Subject Our developed test kit % Relative different
Number of drops Mg?* content (mg.L™")

U, 5231+ 130 1 11 550 +5.14
2 12 600 +14.70
3 11 550 +5.14

U 465.1 £ 6.9 1 10 500 +7.50
2 9 450 -3.25
3 10 500 +7.50

Ky 5180+ 114 1 11 550 +6.18
2 11 550 +6.18
3 11 550 +6.18

Ko 491.1 + 2.8 1 10 500 +1.81
2 10 500 +1.81
3 10 500 +1.81

Ks 5584 + 64 1 10 500 —10.46
2 10 500 -10.46
3 10 500 -10.46

o 2
%Relative different = | Mg contents from

ISR 24 .
ic titration — Mg** contents from our developing method) % 100.

Mg’* contents from complexometric titration

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%.

4. Conclusions

A simple and portable field test kit for colorimetric determina-
tion of magnesium content in natural rubber latex (NRL) was suc-
cessfully developed according to the concept of green chemistry by
reducing waste generation, minimizing use of chemicals and con-
sumption 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 ap-
proaches with low cost, simple (no requirement of skill for anal-
ysis), 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
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commercial test kits (see in Table A). Our developed test kit (even
without masking agent) can be applicable even with the presence
of potential interference ions (see also in Table C) 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 concentra-
tion; see further explanation in Table B3 and B4 providing the
detection limit of magnesium of 50 mg L~ (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 is 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 D) 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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Field test kit based on colorimetry for quantification of magnesium
content in rubber latex
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Sanoe Chairam' and Purim Jarujamrus'-*
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Ubon Ratchathani University, Ubon Ratchathani 34190, Thailand
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Rubber latex (RL) is very important economic plant in Thailand which is driven by quality
products, leading to a fundamental need for chemical analysis. A critical step in development of RL
with high quality is identification of RL components. Magnesium (Mg®*) is one of the most
important components suppressing RL performance and quality. In this work, simple, low-cost and
portable platforms of field test kit based on colorimetry detected using naked eyes was developed
for determination of Mg** content in RL. The miniaturized complexometric titration between Mg?*
and EDTA with NaHS as a 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 RL at low concentration with the detection limit being <50 mg.L™!, 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 in 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 RL.

Keywords : Magnesium (Mg?*"), field test kit, rubber latex (RL), green chemistry, complexometric
titration
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Abstract

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, 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 17403: 2014(E)) method. The proposed technique provides a low-cost, rapid,

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

Keywords: Magnesium, Test kit, Rubber latex (RL), Green chemistry, Complexometric titration

*Corresponding author. E-mail address: purim.j@ubu.ac.th



A\

\

4

n S
Simple test kit based on colorimetry for quantification of magnesium content in
rubber latex

S. Puchum!, N. Malahom?, R. Meelapsom?, A. Siripinyanond?, M. Amatathongchai?,
S. Chairam!and P. Jarujamrus!"

1 Department of Chemistry and Center of Excellent for Innovation in Chemistry, Faculty of Science, Ubon Ratchathani University, Ubon Ratchathani 34190, Thailand
2Department of Chemistry and Center of Excellent for Innovation in Chemistry, Faculty of Science, Mahidol University, Rama VI Road, Bangkok 10400, Thailand
*E-mail: purim j@ubu.ac.th

-Abstract Export industries, especially rubber, are driven by quality of products, leading i | Development of Mg?* determination in RL :
,lo 2 fundamental need for chemical analysis. In this work, simple, low-cost and ponable.l 1 Comptrmamatrs W T
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_ Mg’ content (ppm)
mbu.donmnldoﬁn method
74848 £ 7.07
77090 + 822
81217 + 362
306.18 + 5.30
32252 £ 439
37513 + 26.08

Table 3.

Type of samples
titration (ppm)

Original AL
u1 52312130

RL peeserved with 0.2%
NH.OH

RL preserved with 0.2% 1 465.1£6.9
NH,OH, 0.025% 200 and 611721401 1 5500 +10.1
Q.025%TMTD 33

51802114

Jable 4 4911228

U2 Ongeal AL 7193233

Rimiedwith 61172140 = 5665 -47 5665
{ preservatives® ! 1 | 1 !
U3 Original RL 6671275 | 6333 |_=as | 6155 B s T s e B e e e S e e e e S SR S S S e A R S e m e e e S
RLmbed with 5824 + 14 £000 +0.3 €00.0 +30 Conclusion

preservatives | 4 Simple and portable platforms of field test kit for colorimetric determination of Mg®* content in RL were successfully developed

) according to the concept of green chemistry by reducing waste generation, minimizing use of chemicals and consumption time (at

i least simple two reagents (EBT indicator for reagent A; EDTA in ammonium buffer for reagent 8) for test kit set up); No masking is
possidle

% The detection limit of Mg™*is 50 ppm {can be adjusted)
Table 5.
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