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Can Cola Clean Toilet?

—Influencing Factors and Mathematical Modeling of Carbonated Beverage Cleaning Performance

Chen Qizhou, Ouyang Jinpeng, Wu Hongyu
Guangdong Guangya High School, Huadu, Guangzhou, China

Abstract

Cleaning toilets with carbonated beverages is a widely known life hack, yet people often pour
or dilute them arbitrarily without scientific basis. This study addresses this practical problem
by focusing on calcium phosphate [Caz(POy)s], the main component of toilet stains. Through
controlled variable experiments, we systematically investigated the effects of temperature (10-60°C),
the mixing ratio of cola to water (1 : 3 to pure cola), and soaking time (5-30 seconds) on cleaning
performance. We adopted image grayscale analysis to quantify the change in gray value before and
after cleaning, eliminating subjective judgment errors. Based on experimental data, we established
univariate regression models, an exponential temperature model, and a multiple linear regression
model to quantitatively reveal the influence of each factor on cleaning effectiveness. The results show
that cleaning performance is positively correlated with all three factors, with temperature having
the most significant effect, following an exponential growth trend. Using the multiple regression
model, we derived optimal cleaning strategies for three common scenarios: household cleaning, cost-
effective cleaning, and room-temperature operation, providing scientific and actionable guidance for
daily use. This study transforms empirical life experience into a quantifiable mathematical model,

demonstrating the powerful role of mathematical modeling in solving real-world problems.

Keywords: carbonated beverages; cleaning; chemical reaction; linear regression
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import matplotlib

matplotlib.use ("TkAgg")

import numpy as np

import pandas as pd

import os

from PIL import Image

import matplotlib.pyplot as plt

from matplotlib.widgets import RectangleSelector

from matplotlib.font_manager import FontProperties

class ROI_Selector:
def __init__(self, image_path):
self.image_path = image_path
self.img = Image.open(image_path).convert('RGB"')
self.ax = None

self.roi = Nomne # (x1, yl, x2, y2)

self.fig None

def onselect(self, eclick, erelease):
"% e AR % AR
x1, y1 = int(eclick.xdata), int(eclick.ydata)
x2, y2 = int(erelease.xdata), int(erelease.ydata)
self.roi = (min(x1l, x2), min(yl, y2), max(xl, x2), max(yl, y2))
print (f"Selected: {self.roil}")
# XA YWEY
plt.close(self.fig)

def select_roi(self):
"R TEBRGPEFAPEERE, REEM LA
self .fig, self.ax = plt.subplots(l, figsize=(8, 6))
self.ax.imshow(self.img)
self .ax.set_title(f"Drag a square to select - {os.path.basename(self.
image_path)}")
self.ax.axis('off"')
# A EEDVLEE S
rs = RectangleSelector(self.ax, self.onselect,
useblit=True,
button=[1], # &« %
minspanx=5, minspany=5,

spancoords='pixels',
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def

def

R EALIRICRAR A

interactive=False)
plt.show(block=True) # % {F f 7 4 1k

return self.roi

compute_gray (image_path, roi):

"R AR S Y KB F M R B (0-285)

img = Image.open(image_path).convert('L') # % 4 K& /& [&

x1, y1, x2, y2 = roi

crop = img.crop((x1l, y1, x2, y2))
arr = np.array(crop)

mean_gray = np.mean(arr)

return mean_gray

main ()

N e SRS s e

img_folder = "./math_exp" # FHRBE R X
output_csv = "./gray_values.csv" # X 1 CSV XX {F

f commommerooEE e e e e

# FKEPTAHE R X

img_ext = ('.jpg', '.jpeg', '.png', '.bmp', '.tif')
img_files = [f for f in os.listdir(img_folder) if f.lower().endswith(img_ext)]

img_files.sort ()

if not img_files:
print ("R REEH K X, FREHE! ")

return

results = []
for img_file in img_files:
img_path = os.path.join(img_folder, img_file)
try:
selector = ROI_Selector (img_path)
roi = selector.select_roi()

if roi is None:

print(£"Jf P BUH #% #: {img_file}, B ™

continue

gray_val = compute_gray(img_path, roi)

print (£"{img_file}: F 3 Kk E = {gray_val:.2f}")

results.append ({
"filename": img_file,

"gray_mean": round(gray_val),

26
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7
82 "roi_x1": roil[O],
83 "roi_y1": roil[1],
84 "roi_x2": roil[2],
85 "roi_y2": roil3]
86 b
87 except Exception as e:
88 print (£" & # {img_file} W H 4 : {e}, B ™)
89
90 if results:
91 df = pd.DataFrame(results)
92 df .to_csv(output_csv, index=False, encoding='utf-8-sig')
93 print (F"\n# # Z k! £ FECHHF £: {output_csv}i")
94 else:

95 print ("R A KA EBETE K. ™)
96
o7 | if __name__ == "__main__":

98 main ()

B Bt
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