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Materials

Abstract

This experiment specifically aims to address the lack of accessible methods for Oxygen
detector by investigating methylene blue, a redox-driven color change agent, as a simple, low-

RESULT

Preperation of Methylene Blue Solution

Methylene blue solution
Vitamin C (Ascorbic acid) (0.2g each)
Distilled water
Hydrochloric acid (2 M HCI)

Control samples of leucomethylene blue that were not exposed to oxidizing agents, but were exposed to the air

cost, and visual tool to indicate oxygen levels, a plausible solution for hazardous water in A methylene blue solution was prepared by dissolving 0.1 g of methylene blue (ALDON, Hydrogen peroxide (3ml)) Zl}swed no significant absolrbam; ;Emge Oglisib!g color Slﬂf(;ejf;ﬂnfu;;ling ttllllat gxidatign
Hinkley due to oxygen concentration. 25 g, model #1S22075) in 500 mL of water, resulting in a 0.00062529 M solution. From leutfehold ]?:Sacg &31111) id not occur spontaneously, and that external oxidizing conditions drove the observed responses.
In Hinkley, long-term exposure to hexavalent chromium (Cr(VI)), +6 oxidation state of the this stock, 4 mL was transferred into a 20 mL plastic cap vial (Cadbibe, model #20 mL Flastic ngo‘;p;r( mL) Spsettop Bt dats cellectil st AP0 wra A BTsn mAbowels dass ncxeasaabrranne
metal chromium posing serious health risks, especially cancer (lung, nasal, intestinal). plastic cap vial-50pcs) containing 1 mL of water.The subsequent dilution (4 mL solution + Burette Following oxidant exposure, quantitatively validate the observed visual color changes.
Galvanic, Polarographic electrochemical sensors for detecting oxygen, which are more 1 mL water) enhances the consistency of the reaction through every experiment that Beaker Both oxidation reactions proceeded in less than 20 seconds, demonstrating the rapid responsiveness

o ; Y M 2 i i i i i UV-Vis spectrophotometer . T ; B
expensive and require specialized knowledge, limiting access and lead to a lack of awareness of prRcesded tutihenn B sined 20 Tk vial proyRies a £ onid e eryUnaEn RIUItonng Burette of the rreshylene hiue redox system and its suitability as a fast visual indicator.

uniformity and reproducibility between trials. Colorimeter

the hazard posed by oxygen concentration.

Inspired by the health crisis in Hinkley due to oxygen concentration, this experiment
specifically aims to address the lack of accessible methods for oxygen detectors by
investigating methylene blue, a redox-driven color change agent, as a simple, low-cost, and
visual tool to indicate oxygen levels.

Bleach produced a stronger oxidation response, with absorbance of the wavelength in the wavelength range of,
and reacted less than about 8seconds.

Hydrogen peroxide reflects a far slower and more gradual reaction

=Bleach reflects a greater oxidative strength and higher redox potential in the graph

However, at high hypochlorite concentration, the oxidant no longer stopped at the regeneration of the dye and
instead degraded the methylene blue chromophore, leading to irreversible loss of color.

ORP detector

Experiment 1: Reduction of Methylene Blue

Experimental results showed that exposure to OXidiZing agents caused an immediate and VA LE After hypochlorite oxidized leucomethylene blue back to methylene blue, excess bleach further oxidized the
visible color change from colorless to blue, confirming electron transfer and oxidation. Using Ir}dp?ngffltvfﬂalgﬁ# e dependent Variable f"’an“'r‘:fe iovlpme Biue snlatinilil gafrdlne methylene blue itself, destroying its light-absorbing conjugated structure. As a result, the solution turned
methylene blue can signal the presence of oxidizing conditions in water, modeling a real- ,5’?2,*‘5‘;‘;1 oé‘ﬁfa{;i,i;gl 008 gjl’}vitg;ﬁ,m g‘fo}glg Df)vimmjn Cuovimmin . oo e4os00 Hie (ALDgN, 25 ¢ model #132é0%5}+500n§ of colorless due to oxidative bleaching of the dye. (2ml of Bleach)
world oxidative pollution screening tool for oxidative water conditions, offering potential £ , . " e distlled warer)inthe vial
: g : : : - Vitamin C was chosen as it acts as a reducing agent that facilitates the wave]engﬂ'l 1 mL of 2M Hydrochloric acid (ALDON, model
apphcatlons in environmental monitoring. conversion of methylene blue to leucomethylene blue. Its ability to #1S17019)*4 ’
donate electr akes it effective for this reducti cti . : ' % 2 * -
t‘:enjoiirfe o?l;liﬂrirll'ocficlln?c ;:id‘:sasull;eld cfnsl:;:n? ;T;ﬁz?Q M HC1 %gfiff [t;l\; :ﬁfﬂa{l p(fli(;} ?({:i[té,ﬂr:g ?ﬁégﬂgocﬁ CO“CIUSIOH and D ISCUSSIOH
Goal plastic cap vial-50pcs) *2 ‘ o = oy o
(left to right) 0.02g of vitamin c, 0.01g of vitamin ¢, 0.005g of vitamin C, no vitamin C
To design and evaluate a simple, low-cost, and visual redox indicator system using PROCEDURE . | The leucomethylene blue solution was prepared using varying concentrations of methylene
methylene blue that can signal the presence of oxidizing conditions in water. it e RESULT blue, Vitamin C, and hydrochloric acid to determine the optimal conditions for rapid and
. a2, . ) . o e ® complete reduction.
E‘Ondke} ling I'eal-zl\&’ Ol"id OXIdERHVC. p(:!lHUOIl Fesndnios BUChasngsEbsErERI e each vial containi ng5?‘n$1’ c?f ?r?eStl%y(l)eg:z %l{a;;icgﬂ?oiﬂm?ﬁgfg w:f::i' az?ril(f grtx?l of Hydrochloric acid :j PE S 98% of MB was reduced The optimal combination to create the Leumethlyne solution using the methylene blue dye
INKIEY grounawater contaminaton case. ’ ' ’ was 5 mL methylene blue solution(0.1 g of methylene blue (ALDON, 25 g, model
12 r L
. . " @ #1S22075)+500ml of distilled water) in the vial, 0.2 g of Vitamin C (It’s Just!, model
Hvpothesis based on the color change, compare the color change and determined the best leucomethylene blue g 0.0%¢ of Vitamin C was selected g ; ? ’
P experiment of each concentration was tested for 3 times, for a consistent reaction £ os l:.o stgan dardize the amount of #JVITC), and 1 mL of 2M Hydrochloric acid (ALDON, model #1517019)
< s 10
We hypothesize that after creating a leucomethylene blue from a methylene blue UV-Vis spectroscopy was used to monitor absorbance changes in the solution over time 04 - methylene blue available for By adding two different Oxidative agents: 2ml 3% USP hydrogeq peroxidc_e (up&up, #245-
solution, exposure to oxidizing agents such as hydrogen peroxide or bleach will " reduction. 07-0177)*1, and 2ml household Bleach (Clorex, #30966) to two different vials containing
0 5 \ the Leucomethylene blue solution, Spectrophotometric data collected at 470 nm and

CEPPRPPEDE PSP

lead to a visible color change for detection. Oxidizing agents promote the loss of
electrons from leucomethylene blue, which then oxidizes back to methylene blue,
producing a visible color change. The detection of oxidizing conditions and redox

635nm showed a clear increase in absorbance following oxidant exposure. Visual color
concentration has been depicted by the absorption, oxidative Bleach consistently produced
a stronger oxidation response than hydrogen peroxide. Although bleach causes irreversible

Time (5)

Experiment 2: Effect of Acid Concentration

mechanisms using the redox equilibrium of the Methylene blue dye is an indicator S Methylene Blue Reaction Time by Hydrochloric RESULT degradation of the dye, the reaction still remains useful for detecting oxidative conditions
of oxygen concentration and a plausible indicator for ROS-generating water — P — Acid Sglution Volume because it produces a clear and observable color change.
. . Independent Varial mL methylene blue solution{0.1 g of methylene blue , 0 . . . . .
pollutants like hexavalent chromium. ) e b T e 5 Variation in hydrochloric acid .
e 20 ml._plastic cap val (Cadbibe, model #20 mi. plastic cap vial- 8 oncentration produce s success emons e methylene blue-leucomethylene blue
(R et - 8 i C produced minimal This study fully d trated that th thylene blue-1 thylene bl
el g differences in the final redox state redox system can function as a simple, low-cost, and rapid visual indicator of oxidizing
PROCEDURE ecomscn™ £ X of the solution. However, increased conditions in water by showing the visible color changes as a result of the reduction-
§ s0 acidity significantly reduced oxidation behavior
BaCkgl'Ollﬂd/Reseal'Ch 1)Add each Oml, 0.5ml, Iml, 1.5ml of 2M Hydrochloric acid (ALDON, model < reaction time by facilitating These findings indicate that the redox equilibrium of methylene blue can be exploited as
#1S17019) to each vial that contains 5ml of methylene blue solution with 0.02g of S omdchon Fyschom Add Hyrechione A Hyrochione Ac electron transfer and stabilizing the a practical proxy for detecting oxidative environments in water. It effectively signals
g el gl e st i vitamin C, and Iml of water. ] Ackifcilon:  Salidkndom  Setumenilent  Sekilondbmi leucomethylene blue intermediate. conditions that favor the generation of reactive oxygen species (ROS), which are central to

Groundwater contamination in Hinkley, California, where long-term 2)Repeat the process for 3 times, and time the reaction with a smartwatch for every

: : —8—lstuy —8=—2ndty =@=3rduy the toxicity of many environmental pollutants. This approach is particularly relevant when
reaction that is measured.

modeling oxidative pollution scenarios such as the groundwater contamination observed in
Hinkley, where hexavalent chromium drives oxidative stress through redox cycling and ROS

exposure to hexavalent chromium (Cr(VI)) released by Pacific Gas and Electric
Company led to severe health outcomes.

The toxicity of Cr (VI) is due to its higher oxidation state and solubility in : : : e ion, - di
Y . g : ty Experiment 3: Effect of Acid Concentration . _ Overall, this research demonstrates that a methylene blue—based redox indicator can serve
water. The increase in cancer on people was considered the most serious Go Direct Colorimeter was used as a visual, accessible screening tool for oxidative water conditions, offering potential

problem, especially for people who used to drink or are exposed to polluted VARIABLE Z?)lif-tcelmug:;ﬁ;jbi);%f;gxfgﬂ&f applications in environmental monitoring and educational demonstrations of redox-driven
water regularly. The current study demonstrates that intraperitoneal T a— - EOXICIIW- The reSUlthah{lgte.the hS{FOﬂleﬁlsg_ﬂd establish a foundation for further
administration of Cr(VI) to rats over 5 days can induce DNA damage in Independent Variable e Varatie Control EVELOPIIENL toWale DX1Gatve PO oL NG CAtons

. . - : 2 : 2 sets of original methlyene blue solution[{5
perzlpheral blood. lym. phocytes and omdatwf: stress in the l.1ver and kidneys. 9ml hydrogen peroxide 3%USP(up&up, color change, absorbance in 475nm ML methylene blue solution(0.1 g of '
Inside the body, it is gradually reduced to trivalent chromium, Cr(III), through #245-07-0177)*1 wavelength in the Methylene Blue Egg;%gg)e;é%m&?d?lqﬁfg & mO?.el " without oxidation agent 1ml of Household bleach 1ml of Hydrogen peroxide

- . : . 2ml h hold Bleach(Cl #30966)*1 i + of distilled water) in the

a series of chemical reactions. The ROS, a byproduct of the reduction process, olsehald Bleach(Clorex, #30066) Sglution vial, 0,09 g of Vitamin C (It Just], model Bibli
&S ; , 0. |, moc ibliography
1s a highly reactive molecule that can attack various parts of the cell, #JVITC) .1 mL of 2M Hydrochloric acid 0g 02 0.0312g 02 0.0142g02

. L (ALDON, model #IS17019)}X4] : :
partlcular ly DNA. They can break DNA strands, a]ter md1v1dual bases, Sl.lCh das PROCEDURE _ Hall, F. H., & Marple, A. L. (1975). Determination of axygen by methylene blue method. Analytical Chernistry, 47(6), 912-913. https://doi.org/101021/2c603552030
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by producing 8-oxo-dG, and disrupt the stability of entire chromosomes.
When cells experience repeated or severe DNA damage, the repair systems
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. due to indirect usage of Chromium Oxide(Cr(IV))chemical, the experiment was conducted using alternative oxidizing hitps://doi.org/10.1021/ed076p970

may fail! CauSiIlg mutations to a‘ccumu'late over tj'rne' Accunlu'lated mutations agents SU.Ch as b]'ea'dl a'nd hydrogen peroxide. Patlolla, A. K., Bames, C., Yedjou, C., Velma, V. R., & Tchounwou, P. B. (2009). Oxidative stress, DNA damage, and antioxidant enzyme activity induced by hexavalent chromium in Sprague—Dawley rats.
i the risk of cancer because they can alter important genes that control AR e
INCLEASC Y ; o b . B ] ) 1) A control sample containing leucomethylene blue without an oxidizing agent was measured to account for spontaneous Singh, V., Singh, N, Verma, M., Kamal, R , Tiwari, R, Chivate, M.S., Rai, S. N, Kumar, A. Singh, A, Singh, M. P Vamanu, E. & Mishra, V. (2022). Hexavalent-chromium-induced oxidative stress and the
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2) Add 1 mL of hyd_rogen pel’OXj.dﬂ, 1ml of household Bleach to each_ Yatsimirskii, K. B., Labuda, Y. A, & Zakrevskaya, L. N. (1986). Oscillating system in the catalytic oxidation of ascorbic acid. Doklady Physical Chemistry, 285, 4-6.
. v e . . . Ong]_nal Leucomet_hyiene Blue Solution(experilnent 2) in a 20mL plastic Vla] ;’uan, ‘f’d Sun, Y., Zhang, |, & Zhang, Q. (2019). Experimental solubility and thermodynamic aspects of methylene blue in different solvents. Science of the Total Environment, 668, 1020-1030.
This case demonstrates how oxidizing contaminants in water can harm 3) place each of the mixtures into the plastic cuvettes and insert them into Go Direct Colorimeter slot to determine the e e T . . . )
_ 5 . AL absorbance Of ﬂle COIOI' Char.lge at 475 nm Wavelength Chemistry Talk. (n.d.). Oridizing an ucing agents. Retrieved January 9, 2023, from hetps:/'chemis org/oxidizing-reducing-agents/
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Original Galvanic, Polarographic electrochemical sensors, original methods to | . uiation (Example for 1 mL of H209) o e
f - - % - 0a 08 National Oceanic and Atmospheric Administration. {n.d.). What is hypoxia?
detect oxygen are higher cost, require specialized knowledge of the equipment | The oxygen-equivalent of 1 mL of 8% H.O. was determined based on the stoichiometric relationship 2H.0. - 2H.0 + O, 475nm o 4 W hitps./ ocennservice noaa,gov hazardy hyporia/ e
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Methylene blue offers a promising solution THER TWET TME (9 il sl oo Uil ome- MOkl 013005 oreliml
= . 6 6 7 mv EBSCO Research Starters. {n.d.). The Erin Brockovich-PG&E case.
due to its well-characterized redox - 0s bt s ehsco.comresearch:startery v/ brockovich-pee-case
behavior. In its oxidized form, methylene [ g B
blue is deep blue, while its reduced form is i — iy i | | Future Plan
. : Pd/g-CyN, 04 | 04 | 22
Leucomethylene blue (CI6HI9NS3S). It is a — |
colorless solution, but turns into a deep /CEI:L ° 02 o . . .
dark blue color when it is oxidized. It is one Y ey T ———— _ I)Due to the toxicity of Chromium Oxide(Cr(IV))chemical,
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The experiment was conducted using alternative oxidizing agents such
as bleach and hydrogen peroxide. Future results will include testing data

of the classes of phenothiazines where the
ring hydrogens at positions 3 and 7 have

) . — ORP -196mV 727mv 567mv y : : ‘ ) . .
been replaced by dimethylamino groups. T —— using testing result with application in real life.
: . L. N . 2)While the current experiment focuses on oxidative aquatic
In this experiment, vitamin C (ascorbic acid) is used as a reducing agent to o8 1\ o : : :
convert methylene blue into leucomethylene blue. Ascorbic acid readily i, | 91.16074% oxidized back to methylene blue by adding 1ml of bleach environments, future work could extend this approach to detecting low
donates electrons’ efflcienﬂy d_rlvmg the reduction reaction. o E i 82.22% oxidized back to the methylene blue solution by adding 1ml of hydrogen peroxide solution | OXYyg€n concentrations. This would enable low-cost momtorlng of both
The Hydrochloric acid provides the necessary acidic conditions to enhance the 3 P 91.704% oxidized back to the methylene blue solution by adding 2ml of Hydrogen Peroxide hypoxic and oxidative water conditions.
reduction process and stabilize the leucomethylene blue. The 2M | - b 98.67% of leucomethlyne blue oxidized back to methylene blue and then suddenly turned colorless  3)Instead of hydrochloric acid, determining the concentration a more
concentration ensures efficient and reproducible reduction. PPN PP PR TNeeerpsarresttaoRaee TR SRR AR result of dye destruction by hypochlorite. accessible acid such as vinegar could make the system more practical

and user-friendly for the general public.



