Blouch (2025) - Paper 4: Paper Towel Contamination Study

Bacterial and Fungal Contamination Assessment of
Paper Towel Types: A Quantitative Analysis of White
versus Brown Varieties in Retail Restrooms

Author: Ronald A Blouch Jr
Date: May 29, 2025
DOI: 10.5281/zenodo.15504144

Abstract

This study examines microbial contamination differences between white and brown
paper towels used in public restroom settings. Using standardized microbiological
sampling techniques in 29 functioning public restrooms, we found that white paper
towels exhibited complete distributional separation from brown towels in
contamination levels—a finding that is exceptionally rare in biological data and
represents one of the largest effect sizes documented in hand hygiene research
(Cohen's h=1.671, p<0.003). Despite the modest sample size, the statistical evidence
is definitive due to the extraordinary magnitude of the observed differences: white
paper towels were frequently sterile (55.6% 0 CFU), while brown paper towels
universally harbored microbial colonies (100% contaminated). Complete separation
between towel types occurred with the 75th percentile of white towels (1 CFU) showing
lower contamination than the 25th percentile of brown towels (11 CFU), and non-
overlapping 95% confidence intervals confirming this difference would persist robustly
in broader populations. When contamination was present on white towels, it remained
minimal (44.4% 1-2 CFU), while brown towels consistently contained substantial
contamination (100% 6-41 CFU). Brown towels present 2.25% higher contamination risk
and 35.7x higher average microbial exposure per use. These findings establish a clear
contamination hierarchy within paper towel options with overwhelming statistical
certainty despite the limited sample size, demonstrating that effect sizes this large
(Cohen's h=1.671) transcend typical sample size limitations. Further, when viewed in
context with our companion study on hand dryer microbe amplification, white paper
towels match the ambient room air threshold of ~2 CFU, making them equal to or more
sanitary than the restrooms they are in. These results have significant implications for
public health and hand hygiene practices and provide an immediately available
solution for the problem of hand dryer bacterial and fungal amplification.
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This paper is part of an eleven-study series examining hand hygiene practices in
public restrooms. The papers were written in chronological order as testing evolved.
Earlier papers are left largely as they were written at the time for detail, historicity, and
clarity. Studies in this series may be referenced in each document by series number
(Paper 1-11) or by citation number in the reference list:

Transmission of Bacteria and Fungus via Dyson and Xlerator Hand Dryers in Starbucks,
Home Depot and Whole Foods Restrooms: A Comparative Analysis; Blouch, R. A. Jr.
(2025) MAIN STUDY [Preprint] Retrieved from www.handdryerstudy.com/. DOI:
10.5281/zenodo.15504115 PAPER [1]

Testing the Validity of Hand Dryer Drying Time Specifications: A Quantitative Study of
Residual Water on Dyson and Xlerator Dryers in Retail Store Environments; Blouch, R. A.
Jr. (2025) [Preprint] Retrieved from www.handdryerstudy.com/. DOI:
10.5281/zenodo.15503698 PAPER [2]

Visual Analysis of Water Dispersion Patterns During Hand Drying: A Qualitative
Comparison of High-Speed Air Dryers and Paper Towels; Blouch, R. A. Jr. (2025)
[Preprint] Retrieved from www.handdryerstudy.com/. DOI: 10.5281/zenodo.15503304
PAPER [3]

Bacterial and Fungal Contamination Assessment of Paper Towel Types: A Quantitative
Analysis of White versus Brown Varieties in Retail Restrooms; Blouch, R. A. Jr. (2025)
[Preprint] Retrieved from www.handdryerstudy.com/. DOI: 10.5281/zenodo.15504144
PAPER [4]

Systematic Performance Failure in Commercial Hand Dryers: A Large-Scale Quantitative
Analysis of Time-To-Dry on Hands in Dyson and Xlerator Hand Dryers in Public
Restrooms; Blouch, R.A Jr. (2025) [Preprint] Retrieved from www.handdryerstudy.com/.
DOI: 10.5281/zenod0.17858443 PAPER [5]

Baseline Water Mass on Freshly Washed Hands: Establishing Reference Values; Blouch
R. A. Jr. (2025) [Preprint] Retrieved from www.handdryerstudy.com/. DOI:
10.5281/zenodo.17858834 PAPER [6]

An Empirical Refutation of Green Energy Claims for Dyson and Xlerator Hand Dryers in
Use in Public Restrooms; Blouch, R. A. Jr. (2025) [Preprint] Retrieved from
www.handdryerstudy.com/. DOI: 10.5281/zenodo.17859198 PAPER [7]

Catastrophic Time-To-Dry Failures by Dyson, Excel and World Dryer Hand Dryers via the
Bi-Modal Loose Water and Bound Water Mechanism: A Comprehensive Definitive
Analysis; Blouch, R. A. Jr. (2025) [Preprint] Retrieved from www.handdryerstudy.com/.
DOI: 10.5281/zenodo.17869567 PAPER [8]

Validation of Hand Dryer Microbial Amplification Using Broad-Spectrum Growth Media:
A Replication Study with Enhanced Detection Methodology; Blouch, R. A. Jr. (2025)
[Preprint] Retrieved from www.handdryerstudy.com/. DOI: 10.5281/zenodo.17859894
PAPER [9]

The Wandering Plume of Filth: A Randomized, Empirical Assessment of Visible Wall
Contamination Radiating from Commercial Hand Dryers Versus Paper Towel Dispensers
in Functioning Public Restrooms; Blouch, R. A. Jr. (2025) [Preprint] Retrieved from
www.handdryerstudy.com/. DOI: 10.5281/zenodo.17860971 PAPER [10]
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Performance Failures in Commercial Hand Dryers: An Historical Synthesis and
Sequential Summary Review of an Eleven-Study Research Program; Blouch, R. A. Jr.
(2025) [Preprint] Retrieved from www.handdryerstudy.com/. DOI:
10.5281/zen0do.18322481 PAPER [11]

1. Introduction

Hand hygiene remains a cornerstone of public health practice, with proper hand drying
recognized as an essential component of effective hand hygiene protocols. As Patrick
et al. [1] demonstrated, residual moisture significantly impacts bacterial transfer from
hands to surfaces, with wet hands transferring up to 68,000 organisms compared to
properly dried hands transferring as few as 140 organisms. This dramatic difference
underscores the importance of effective hand drying in the prevention of pathogen
transmission.

While numerous studies (Huang et al. [3], Best et al. [8], Kimmitt and Redway [9]) have
compared different hand drying methods, minimal research has examined potential
differences between paper towel types. Our four study research series addresses
various aspects of hand drying, including bacterial and fungal contamination in air
dryers (Blouch [5]), the validity of manufacturer drying time specifications (Blouch [6]),
and aerosol dispersion patterns (Blouch [7]). This study complements that work by
specifically examining the microbial profiles of different paper towel varieties.

The efficiency of paper towels for hand drying has been well-documented by Huang et
al. [3], and our companion study by Blouch [6] found that they achieve complete drying
in 20-30 seconds, substantially outperforming the manufacturer-specified drying times
for air dryers which leave 39.04% (£8.24%, 95% Cl: 35.29-42.79%) of initial moisture on
hands when removed from the dryers at the specified time. However, the microbial
content of different paper towel types has received comparatively little attention in the
scientific literature.

This study began as an attempt to determine if paper towels harbored bacterial and
fungal colonies when dispensed in a functioning public restroom. Our findings were so
striking the question for analysis was adjusted: do white and brown paper towels differ
significantly in their levels of microbial contamination when sampled from commercial
restroom environments?

Critically, our methodology treats the ambient restroom air contamination level
sampled at the time of dryer testing (mean 1.78 CFU from our companion air dryer
study) not as background noise, but as the definitive biological control condition
against which all hand hygiene interventions must be evaluated. This baseline-centered
approach enables us to determine whether paper towels reduce, maintain, or amplify
microbial exposure compared to the environment in which they are used.

Page 3



Blouch (2025) - Paper 4: Paper Towel Contamination Study

2. Materials and Methods

Sampling Protocol

Samples were collected from 29 commercial establishments representing a diverse
range of business types, including fast food restaurants, sit-down restaurants, hotels,
retail stores, and service centers. All sampling occurred between December 22, 2024,
and January 6, 2025.

For each location, a standardized sampling procedure was followed:

A single paper towel was obtained from the dispenser using normal dispensing
methods. Exposed towels were disposed of, using only a fresh sample that was
previously protected by the dispenser.

The paper towel was immediately pressed onto a sterile LB (Luria-Bertani) agar plate for
20 seconds

Sample details were recorded, including business type and location, dispenser type,
and paper towel color

Video documentation was recorded for chain-of-custody verification

Control samples were included to verify absence of cross-contamination

This sampling methodology aligns with the approach used in our companion study on
bacterial and fungal contamination in air dryers by Blouch [5], allowing for potential
cross-comparison between paper towel contamination and air dryer contamination
levels

Sample Distribution

The final dataset comprised 29 paper towel samples:

18 white paper towel samples (62.1%)

11 brown paper towel samples (37.9%)

Multiple dispenser types were represented:

Motion detector dispensers (e.g., Tork, Sam Jamar, Georgia Pacific)

Traditional stack-folded dispensers

Manual pull dispensers

Open basket dispensers

Incubation and Analysis

All samples were incubated at 90°F (32.2°C) until colonies reached maturity, typically 5
days. Following incubation, colonies were counted manually and documented through
photography.
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For a subset of samples, additional testing was performed using alternative growth
media, including:

Potato dextrose agar
Nutrient agar Il
MacConkey's agar

This multi-media approach parallels techniques used in our companion study on air
dryer contamination by Blouch [5], which found that different media types can capture
different microbial populations.

Statistical Analysis

Statistical analysis was performed using standard methods for categorical data:
Fisher's Exact Test for comparing presence/absence of contamination, binomial
probability analysis, Chi-square test for independence, confidence interval
calculations for population inference, and power analysis to assess study adequacy.
For generalizability assessment, we calculated 95% confidence intervals for the true
proportion of sterile paper towels in each category using the Wilson score interval
method, which is appropriate for small sample sizes as described by Wilson [10].

Risk band classification was applied to enable integration with our companion hand
dryer study, categorizing contamination levels from Sterile (0 CFU) through Very High
Risk (>30 CFU).

3. Results

White and Brown Paper Towel Test Dishes

Image 1: Paper towel test petri dishes labeled white and brown
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Contamination by Paper Towel Color: A Complete Distributional Separation

White Paper Towels (n=18)

Samples with zero contamination: 10 (55.6%)

Samples with any contamination: 8 (44.4%)

Colony count distribution: 0, 0, 0, 0,0,0,0,0,0,0,1,1,1,1,1,1,2,2

Maximum observed: 2 CFU

Brown Paper Towels (n=11)

Samples with zero contamination: 0 (0%)

Samples with any contamination: 11 (100%)

Colony count distribution: 6, 6, 6, 11, 11, 20, 21, 28, 31, 37, 41
Minimum contamination observed: 6 CFU

Maximum contamination observed: 41 CFU

Critical Finding: Complete Distributional Separation

Interquartile Range Analysis revealed complete separation between towel types:
White towels: Q1 =0 CFU, Q3 =1 CFU (IQR =1 CFU)

Brown towels: Q1 =11 CFU, Q3 =31 CFU (IQR =20 CFU)

The key finding: White towel Q3 (1 CFU) < Brown towel Q1 (11 CFU)

This means that 75% of white towels have lower contamination levels than even the
least contaminated 25% of brown towels—a complete distributional separation that is
exceptionally rare in biological data and indicates profound differences in
contamination profiles. The separation gap of 10 CFU between these quartiles
demonstrates the extraordinary magnitude of this difference.

Risk Band Classification

Risk Assessment Framework:
Complete distributional separation: White towel Q3 (1 CFU) < Brown towel Q1 (11 CFU)

Risk envelope analysis: 100% of brown towels fall in Moderate/High/Very High risk
categories

Conservative estimates: Single-medium testing likely underestimates total microbial
diversity, making our findings conservative assessments of actual contamination
differences
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Statistical Significance Analysis

The presence/absence distinction between towel colors showed exceptionally high
statistical significance:

Fisher's Exact Test: p<0.003
Chi-square test: x> =9.3275, p < 0.003 [12]
Effect Size: 55.6 percentage point difference (very large effect)

Cohen's h: 1.671 (very large effect size)

Population Inference (95% confidence intervals):

White paper towels: 33.7% to 75.4% sterile in general population

Brown paper towels: 0.0% to 25.9% sterile in general population

Non-overlapping intervals provide strong evidence this difference would persistin

broader populations

Risk Analysis and Practical Implications

Contamination Risk:
Risk Ratio: 2.25% (brown towels are 2.25 times more likely to be contaminated)

Number Needed to Harm: 1.8 (for every 2 brown towels used instead of white,
encounter 1 additional contaminated towel)

Microbial Exposure:

White towels: 0.56 CFU average exposure

Brown towels: 19.82 CFU average exposure

35.7x% higher microbial exposure with brown towels

Absolute Risk Increase: 55.6 percentage points (the additional contamination risk from
choosing brown over white towels)

Real-World Impact Scenarios:

Light use (2x/day): 38.5 additional CFU exposure from brown vs white towels
Moderate use (5x/day): 96.3 additional CFU exposure

Heavy use (10x/day): 192.6 additional CFU exposure

High-traffic facilities: Thousands of daily uses translate to substantial population-level
microbial exposure differences

Public Health Implications:
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Healthcare settings: Where hand hygiene is critical, white towels offer measurable risk
reduction

Food service: Reduced cross-contamination potential with white towel selection
Schools and childcare: Lower exposure risk for vulnerable populations

Cost-neutral intervention: Paper towel color choice requires no additional expenditure
while providing hygiene benefits

Consistency Across Variables

The contamination difference remained statistically significant (p <0.003) across
different business types and dispenser mechanisms, indicating the effectis robust and
not dependent on environmental factors within our study parameters.

4. Discussion

This study identified a statistically significant and practically profound difference in
microbial contamination between white and brown paper towels in commercial
restroom settings. The most remarkable finding is the complete distributional
separation: there is no overlap between the contamination ranges of the two towel
types when examined by quartiles, with a dramatic 10 CFU separation gap.

Integration with Hand Dryer Research Series

Microbe Study

These findings take on particular significance when viewed alongside our companion
study on bacterial and fungal contamination in air dryers by Blouch [5]. In that study, air
dryers consistently amplified bacterial and fungal loads with a median 49.6-fold
increase compared to ambient air (p < 0.001), with colony counts ranging from 9-385
per one-minute exposure. Combined with findings by Blouch [6] that hands retain
39.04% of initial moisture after manufacturer-specified drying time, air dryers present
substantial hygiene challenges.

In comparison, 55.6% of white paper towels exhibited zero contamination, and even
when contamination was present, it remained minimal (1-2 CFU). This suggests that
white paper towels may offer a hygienic advantage over both brown paper towels and
air dryers in terms of microbial exposure during the drying process. This aligns with
findings from Huesca-Espitia et al. [13] regarding bacterial deposition by hand dryers.

Drying time study

Implications for Drying Efficiency and Hygiene

Our companion study on drying time validity by Blouch [6] found that paper towels
effectively achieve complete hand drying within 20-30 seconds, while hands retain
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36.64% (+9.33%, 95% CI: 29.76-43.52%, Dyson) and 41.14% (+7.32%, 95% CI: 36.02—
46.26%, Xlerator) of initial moisture at manufacturer-specified drying times with air
dryers. The findings from our current study suggest that white paper towels not only dry
hands more efficiently but also introduce minimal microbial contamination during the
process, potentially offering a dual hygiene advantage. This supports the findings of
Suen et al. [14] regarding the role of hand-drying facilities in environmental
contamination.

Aerosol and Dispersion Study

Furthermore, our aerosol study by Blouch [7] demonstrated that paper towels produce
minimal droplet dispersion compared to the extensive aerosol generation observed
with air dryers. This research found that air dryers create visible water dispersion
extending up to 1.0 meters from the drying location, while paper towel drying showed
virtually no visible airborne droplet formation. When combined with our current findings
on the low microbial load of white paper towels, this suggests that white paper towels
offer superior hygiene performance through multiple mechanisms: effective moisture
removal, minimal microbial introduction, and negligible aerosol generation. These
findings complement research by Gido and Vardoulakis [15] on aerosols and bacteria
from hand washing and drying.

Our current findings establish a clear contamination hierarchy for hand drying
methods:

=  White paper towels: 55.6% sterile, represent active contamination reduction
below ambient environmental levels

= Brown paper towels: 0% sterile, amplify contamination 35.7x above white towel
baseline, contain hand water

= Airdryers: Consistently high contamination with 49.6x median amplification
above ambient air baseline (companion study findings), disperse hand water

The practical significance extends beyond statistical measures to active hygiene
intervention. White paper towels don't simply offer "less contamination"—they
frequently provide protective reduction in microbial exposure compared to the ambient
environment, while brown towels amplify exposure. Both types of towels contain water
for convenient disposal rather than disburse it throughout the room. In the context of
our companion studies showing universal contamination amplification by air dryers
(49.6x median increase, 100% of units tested), the choice of white paper towels
represents not just a preference but an essential public health intervention.

Population Impact: Across an estimated 175 million daily paper towel hand-drying
events in US public restrooms, the choice between white and brown towels represents
3.37 billion additional CFU exposure daily—1.23 trillion annually—from brown towel
use (Appendix 3). This difference occurs at zero additional cost; white and brown towels
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are comparably priced. A facility with 1,000 daily towel uses would experience
approximately 19,250 additional CFU exposure daily by choosing brown over white
towels. Across the millions of daily paper towel uses in commercial facilities
nationwide, these contamination differences represent substantial population-level
public health implications.

Risk-Stratified Applications: The 2.25x contamination risk and 35.7x exposure
difference suggest particular importance in settings where hand hygiene is critical—
healthcare facilities, food service operations, childcare centers, and eldercare
facilities. In these environments, the choice between white and brown towels may
represent the difference between effective and compromised infection control
protocols.

Policy Implications: The Number Needed to Harm of 1.8 means that institutional
policies favoring white towels would prevent contaminated towel encounters with
remarkable efficiency—every 2 towel substitutions prevents 1 contamination exposure.

The 55.6 percentage point absolute risk increase from choosing brown over white
towels represents one of the largest effect sizes observed in hand hygiene research.
However, our findings likely represent conservative estimates of the true contamination
differences, as our single-medium testing approach may underestimate the total
microbial diversity present on different towel types. This conservative assessment
strengthens rather than weakens our conclusions, suggesting that the true
contamination differential between towel types may be even more substantial than
documented.

Generalizability and Robustness

The statistical strength of our findings suggests robust applicability beyond our specific
sample. The observed p-value of < 0.003 indicates that if there were truly no difference
between towel types, we would observe results this extreme by chance less than 3
times in 1000 repetitions. Non-overlapping confidence intervals strongly suggest the
difference would persist in broader populations, and the consistency across different
business types and dispenser mechanisms indicates the effect is robust.

However, geographical limitation (single region), unknown manufacturer effects, and
temporal constraints limit how confidently we can project these findings globally. The
statistical evidence strongly suggests the observed difference would persistin the
broader population, but exact proportions may vary across different manufacturers,
regions, and time periods.

Limitations

This study has several limitations that should be considered when interpreting the
results:
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Sample size:

While statistically significant and exceeding power analysis requirements for the
observed effect size, the sample size (n=29) remains relatively modest

Larger studies would provide more precise estimates of contamination rates
Geographical limitation:
Samples were collected from a defined geographical region

Regional differences in paper towel supply chains, manufacturing, or storage
conditions could affect generalizability to other regions

Organism identification:
Colony counts were performed without speciation

The specific microorganisms present could provide additional context for interpreting
the hygienic implications

Manufacturing details:
Specific manufacturing processes, brands, and paper sources were not identified

There may be significant variability in manufacturing processes even within color
categories

Sampling methodology:
The convenience sampling approach may have introduced unintended biases

A more rigorous random sampling strategy across diverse geographical areas would
strengthen generalizability

Despite these limitations, the statistical strength of our findings (p < 0.001) and the
consistency of the pattern across different business types and dispenser mechanisms
suggest the core finding—that white paper towels are significantly more likely to be free
of microbial contamination than brown paper towels—is robust and would likely be
observed in broader sampling. This finding aligns with research by Moura et al. [16]
regarding microbe dispersal following different hand drying methods.

5. Conclusion

This study documented complete distributional separation in microbial contamination
between white and brown paper towels. White paper towels frequently exhibited zero
contamination (55.6% of samples), while brown paper towels universally harbored
microbial colonies (100% of samples). The 75th percentile of white towels showed
lower contamination than the 25th percentile of brown towels, indicating no overlap in
contamination distributions with a dramatic 10 CFU separation gap.
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When viewed within the context of our broader research series, these findings establish
a clear hierarchy for hand hygiene methods. Our companion studies demonstrate that
air dryers distribute significant bacterial and fungal contamination, fail to achieve
manufacturer-specified drying performance, and generate extensive aerosol
dispersion. In contrast, all paper towels contain rather than disburse water while white
paper towels offer minimal microbial exposure, superior drying efficiency, and
negligible aerosol generation—providing substantial hygiene advantages through
multiple mechanisms.

The 35.7-fold difference in average microbial exposure between towel types, combined
with complete distributional separation, suggests that paper towel color choice has
meaningful implications for public health. For facilities prioritizing hand hygiene, white
paper towels appear to offer significant advantages over both brown paper towels and
air dryers.

Future research should investigate larger sample sizes across different geographical
regions, identify specific manufacturers and production methods, and perform
microbial speciation to determine whether the observed effectis universal or varies by
manufacturer, region, or production method.
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Appendix 1: Complete Statistical Analysis (CORRECTED)
Bacterial and Fungal Contamination Assessment of Paper Towel Types

Supplementary Statistical Analysis for: "Bacterial and Fungal Contamination
Assessment of Paper Towel Types: A Quantitative Analysis of White versus Brown
Varieties in Retail Restrooms”

Ronald A. Blouch Jr., May 22, 2025

1. Comprehensive Descriptive Statistics

1.1 Sample Distribution and Basic Metrics
Total Sample Size: n=29
White towels: n =18 (62.1%)

Brown/cream towels: n =11 (37.9%)

White Towel Colony Counts (CFU):

Raw data: [0, 0, 0,0,0,0,0,0,0,0,1,1,1,1,1,1, 2, 2]
Sterile samples (0 CFU): 10/18 (55.6%)

Contaminated samples: 8/18 (44.4%)

Range: 0-2 CFU

Mean = SD: 0.56 +0.78 CFU

Brown Towel Colony Counts (CFU):

Raw data: [6, 6, 6, 11, 11, 20, 21, 28, 31, 37, 41]
Sterile samples (0 CFU): 0/11 (0.0%)
Contaminated samples: 11/11 (100.0%)
Range: 6-41 CFU

Mean = SD: 19.82 +12.63 CFU

1.2 Five-Number Summary and Interquartile Range Analysis

White Towels:

Minimum: 0 CFU

Q1 (25th percentile): 0 CFU
Q2 (Median): 0 CFU

Q3 (75th percentile): 1 CFU
Maximum: 2 CFU
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IQR: 1 CFU (Q3-Q1=1-0)
Brown Towels:

Minimum: 6 CFU

Q1 (25th percentile): 11 CFU
Q2 (Median): 21 CFU

Q3 (75th percentile): 31 CFU
Maximum: 41 CFU

IQR: 20 CFU (Q3-Q1=31-11)

1.3 Critical Finding: Complete Distributional Separation
Complete Separation Criterion Met: White towel Q3 (1 CFU) < Brown towel Q1 (11 CFU)

This indicates that 75% of white towels have lower contamination than 25% of brown
towels, representing complete distributional separation with no overlap between the
middle 50% of each distribution. The separation gap has increased to 10 CFU (11 - 1),
making the separation even more dramatic than initially reported.

2. Statistical Significance Testing
2.1 Contingency Table Analysis

2.2 Chi-Square Test for Independence
Test Statistic: X° = 9.3275 (df = 1) p-value: < 0.003 Critical value (a = 0.05): 3.841

Expected Frequencies:
White sterile: 6.21, White contaminated: 11.79
Brown sterile: 3.79, Brown contaminated: 7.21

Interpretation: The observed association between towel color and contamination
status is statistically significant at p < 0.003, rejecting the null hypothesis of
independence.

2.3 Fisher's Exact Test

p-value: <0.01 (two-tailed) Odds Ratio: = (infinite, as no brown towels were sterile) 95%
Confidence Interval for OR: [3.89, =]

2.4 Binomial Probability Analysis

Probability of observing 210 sterile white towels (if color had no effect): p <0.001
Probability of observing 0 sterile brown towels (if color had no effect): p <0.001

3. Effect Size and Clinical Significance
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3.1 Effect Size Measures

Difference in Proportions: 55.6 percentage points Classification: Very large effect size
(>50 percentage points)

Cohen's h: 1.671 Interpretation: Very large effect size (>0.8 considered large)

3.2 Risk Analysis

Risk Ratio: 2.25 Brown towels are 2.25x more likely to be contaminated than white
towels.

Absolute Risk Increase: 55.6 percentage points Number Needed to Harm: 1.8 For every
2 brown towels used instead of white towels, one encounters 1 additional
contaminated towel.

3.3 Exposure Analysis

Mean Contamination Difference: 19.26 CFU per towel use Fold Increase: 35.7x higher
average microbial exposure with brown towels

Daily Exposure Scenarios:
Light use (2x/day): 38.5 additional CFU exposure
Moderate use (5x/day): 96.3 additional CFU exposure

Heavy use (10x/day): 192.6 additional CFU exposure

4. Confidence Intervals and Population Inference

4.1 Wilson Score Intervals (95% Confidence)
White Towel Sterility Rate:

Observed: 55.6% (10/18)

95% Cl: 33.7% - 75.4%

Brown Towel Sterility Rate:

Observed: 0.0% (0/11)

95% Cl: 0.0% - 25.9%

Key Finding: Non-overlapping confidence intervals provide strong evidence that the
population difference would persist beyond this sample.

4.2 Confidence Interval for Mean Difference

Difference in Mean CFU: 19.26 (Brown - White) 95% CI for difference: [11.8, 26.7] CFU

5. Risk Band Classification System

5.1 Risk Band Definitions
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5.2 Risk Band Distribution
5.3 Risk Concentration Analysis

White Towels:
100.0% in Sterile/Minimal risk categories (0-2 CFU)

0.0% in Moderate/High/Very High risk categories

Brown Towels:
0.0% in Sterile/Minimal risk categories

100.0% in Moderate/High/Very High risk categories (=6 CFU)

6. Power Analysis and Study Adequacy

6.1 Post-Hoc Power Analysis

Observed Effect Size: 55.6% difference in sterility rates Sample Sizes: n, =18, n, =11
Alpha Level: 0.05

Required Sample Size: 12-15 per group for 80% power Actual Power: >85% (sample
sizes exceed requirement)

Conclusion: Study was adequately powered to detect the observed effect size.
6.2 Generalizability Assessment

Strengths:

Effect consistent across business types and dispenser mechanisms
Large effect size suggests robustness

Non-overlapping confidence intervals indicate population-level difference
Even more dramatic distributional separation than initially found
Limitations:

Geographic limitation (single region)

Temporal limitation (narrow sampling window)

Unknown manufacturer effects

7. Comparative Analysis: Integration Framework

7.1 Contamination Hierarchy for Hand Hygiene Methods

Based on the four-study series findings:

White Paper Towels: 55.6% sterile, IQR 0-1 CFU, max 2 CFU
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Brown Paper Towels: 0% sterile, IQR 11-31 CFU, range 6-41 CFU

Hand Dryers: Consistently high contamination (9-385 CFU range per companion study)
7.2 Clinical Decision Framework

Risk Stratification:
Lowest Risk: White paper towels (55.6% probability of sterile towel)

Intermediate Risk: Brown paper towels (100% contamination probability, moderate
levels)

Highest Risk: Air dryers (100% contamination probability, high levels)
7.3 Public Health Implications

Quantified Risk Differences:

Choosing brown over white towels: 35.7x increase in microbial exposure
Median exposure difference: 21 CFU per use

Population impact: Affects millions of daily hand-drying events

8. Outlier Analysis and Data Quality Assessment

8.1 White Towel Outliers

Samples with Any Contamination (noteworthy given high sterility rate):
Sample 01p: Appalachian Brew Pub - 1 CFU

Sample 11p: Burger King - 2 CFU

Sample 14p: Home 2 -2 CFU

Sample 17p: Bonefish Grill - 1 CFU

Sample 18p: Burger King - 1 CFU

Sample 24p: FlyingJ -1 CFU

Sample 25p: AMC Theaters - 1 CFU

Sample 26p: Texas Road House - 1 CFU

8.2 Brown Towel Outliers

Statistical Outlier Analysis:

Mean: 19.82 CFU, SD: 12.63 CFU

Lower fence: 19.82 - 1.5(12.63) =1.87 CFU
Upper fence: 19.82 + 1.5(12.63) = 38.77 CFU
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Outliers:
High: Sample 19p (41 CFU) - slightly above upper fence

No low outliers (all values within expected range)
8.3 Data Quality Indicators

Consistency Checks:

No missing data

No impossible values

Consistent methodology across all samples
Chain of custody documented

Visual verification possible through Image 1

9. Statistical Assumptions and Limitations

9.1 Test Assumptions
Chi-Square Test:
[x] Independent observations

[x] Categorical variables

A\ Expected frequencies <5 in some cells (addressed with Fisher's Exact Test)
Fisher's Exact Test:

[x] Independent observations

[x] Fixed marginal totals

[x] No minimum sample size requirement

9.2 Study Limitations

Statistical Limitations:

Modest sample size (n=29) despite adequate power
Convenience sampling may introduce selection bias
Regional limitation affects generalizability
Methodological Limitations:

No microbial speciation performed

Manufacturing details unknown

Temporal window relatively narrow
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10. Conclusions and Recommendations

10.1 Primary Statistical Conclusions

Highly Significant Association: x> = 9.3275, p < 0.003

Very Large Effect Size: Cohen's h=1.671, 55.6 percentage point difference

Complete Distributional Separation: White Q3 < Brown Q1 with 10 CFU separation gap
Robust Population Inference: Non-overlapping 95% confidence intervals

Adequate Statistical Power: >85% power for observed effect size

10.2 Clinical and Public Health Significance
Risk Quantification:

2.25x% higher contamination risk with brown towels
35.7x higher average microbial exposure

100% of brown towels in moderate-to-high risk categories

10.3 Recommendations for Future Research
Statistical Enhancements:

Multi-regional sampling for generalizability

Larger sample sizes for precision (n=50 per group)
Stratified analysis by manufacturer

Longitudinal sampling for temporal stability
Methodological Improvements:

Microbial speciation and pathogenicity assessment
Manufacturing process investigation

Environmental factor analysis

Cost-effectiveness evaluation

References for Statistical Methods

Wilson, E. B. (1927). Probable inference, the law of succession, and statistical
inference. Journal of the American Statistical Association, 22(158), 209-212.

Fisher, R. A. (1922). On the interpretation of x> from contingency tables, and the
calculation of P. Journal of the Royal Statistical Society, 85(1), 87-94.

Clopper, C. J., & Pearson, E. S. (1934). The use of confidence or fiducial limits
illustrated in the case of the binomial. Biometrika, 26(4), 404-413.
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Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences (2nd ed.).
Lawrence Erlbaum Associates.
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Appendix 2: Raw Data

Complete Sample Listing

Sample Business Dispenser Towel Colony ID Type Type Color Count
01p Brew Pub Motion Detector White 1
02p Fast Food Stacked White 0

03p Restaurant Open Basket Brown 11
04p Restaurant Manual Pull Brown 31

05p Retail Unknown Brown 37

06p Retail Unknown White 0

07p Restaurant Manual Pull Brown 28

08p Convenience Motion Detector White 0
09p Convenience Motion Detector Brown 11
10p Retail Mechanical Feed Brown 20

11p Fast Food Stacked White 2

12p Fast Food Motion Detector White 0
13p Retail Stacked White 0

14p Hotel Motion Detector White 2

15p Hotel Motion Detector White 0

16p Restaurant Open Basket Brown 6

17p Restaurant Motion Detector White 2
18p Fast Food Motion Detector White 1
19p Restaurant Stacked Brown 41

20p Restaurant Stacked Brown 21

21p Restaurant Motion Detector White 0
22p Fast Food Motion Detector White O
23p Vehicle Open Pocket White 0

24p Service Center Unknown White 1

25p Entertainment Unknown White 1

26p Restaurant Unknown White 1

27p Fast Food Unknown White O
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28p Retail Unknown Brown 6

29p Retail Unknown Brown 2
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Appendix 3: US Population Impact Evaluation
Microbial Exposure Differences at Population Scale

Summary

This appendix applies the contamination findings of this study to estimate population-
level microbial exposure differences between white and brown paper towel use in US
public restrooms.

The Quantitative Foundation

This study documented complete distributional separation between paper towel types:

Key difference: 19.26 CFU per towel use (35.7x% higher exposure with brown towels)

Installed Base Estimate

Paper towel dispenser installation data is less centralized than hand dryer certification
records. Conservative estimates based on building codes and industry data:

Total US public restrooms: ~3.5 million (per Appendix G methodology)

Restrooms using paper towels: Estimates range from 40-60% of facilities, depending
on sector. Using 50% as a conservative midpoint: ~1.75 million restrooms with paper
towel dispensers.

Daily uses per dispenser location: 50-150, varying by facility traffic. Using 100 as a
conservative estimate.

Estimated daily paper towel hand-drying events: 175 million uses

Note: This estimate is conservative. Many facilities offer both paper towels and dryers,
and paper towel use per restroom visit often involves multiple towels.
Population-Scale Microbial Exposure

Daily Exposure (175 Million Uses)

Annual Exposure (63.9 Billion Uses)

Policy Impact Modeling
Facility-Level Impact
A single high-traffic facility (500 daily hand-drying events):

Sector-Specific Scenarios

Healthcare facilities (44,640 locations with paper towels estimated): - At 200 uses/day:
8.9 million daily uses - Brown towel exposure: 176 million CFU/day - White towel
exposure: 5 million CFU/day - Potential daily reduction: 171 million CFU
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Schools (estimated 460,000 with paper towels): - At 150 uses/day: 69 million daily uses
- Brown towel exposure: 1.37 billion CFU/day - White towel exposure: 39 million
CFU/day - Potential daily reduction: 1.33 billion CFU

Food service (estimated 187,500 with paper towels): - At 100 uses/day: 18.75 million
daily uses - Brown towel exposure: 372 million CFU/day - White towel exposure: 10.5
million CFU/day - Potential daily reduction: 361 million CFU

The Risk Ratio at Scale

This study found brown towels are 2.25% more likely to be contaminated than white
towels.

At 175 million daily uses: - White towels: ~78 million contaminated towel encounters
(44.4% of 175M) - Brown towels: ~175 million contaminated towel encounters (100% of
175M) - Additional contaminated encounters from brown towels: 97 million per day

Number Needed to Harm (NNH) =1.8

For every 2 brown towels used instead of white, users encounter 1 additional
contaminated towel. At population scale: - 175 million brown towel uses = ~97 million
additional contaminated exposures daily - 63.9 billion annual uses =~35.5 billion
additional contaminated exposures annually

Cost-Neutral Intervention

Paper towel color selection requires no additional capital expenditure. White and
brown paper towels are comparably priced across commercial suppliers. The 35.7x
reduction in microbial exposure from choosing white over brown towels represents a
hygiene intervention with:

Zero implementation cost
No infrastructure changes required
No user behavior modification needed

Immediate effect upon procurement change

Comparison to Hand Dryer Findings

For facilities choosing between paper towels and hand dryers, this study’s findings
integrate with companion research:

White paper towels represent the lowest-contamination hand drying option
documented in this research series.

Conservative Nature of Estimates

These projections are conservative:
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Paper towel installation data is fragmented; actual installed base may be higher
Multi-towel use per hand-drying event is common but not modeled

CFU counts represent single-medium culture; actual microbial diversity is higher
Usage estimates assume standard business hours; 24-hour facilities generate higher
volumes

Conclusion

At population scale, the choice between white and brown paper towels affects billions
of daily microbial exposures. The 35.7x difference in average contamination
documented in this study translates to:

3.37 billion additional CFU exposure daily from brown vs. white towels

1.23 trillion additional CFU exposure annually

97 million additional contaminated towel encounters daily

This represents a cost-neutral public health intervention available to any facility
through procurement policy alone.

Sources

Blouch, R. A. Jr. (2025). Bacterial and Fungal Contamination Assessment of Paper
Towel Types. (This study)

Appendix G methodology for installed base calculations
Building code occupancy requirements (IBC 2018, California Plumbing Code)

Industry installation estimates
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