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Buildera Application Note AN-15004

Bluetooth® Temperature and Humidity Logger 
Enables Mold-Risk Prediction and Prevention

Problem Summary

Predicting mold risk in water-damaged structures is key to mold prevention. Using a three-step 
process, this application note illustrates how wireless logging predicted mold risk following a roof 
leak in an upscale apartment complex. Over a two-month period, a Bluetooth temperature and 
humidity logger continuously recorded the ambient moisture of the affected dwelling. Using a 
smartphone to retrieve the recorded samples, relative humidity and humidity ratio were important 
predictors of mold risk and time-to-mold. Correlating humidity parameters to distinct remediation 
phases such as demolition, drying, and reconstruction was also possible. As a result of data post-
processing and vigilant monitoring to predict mold risk, the property owner and tenants averted 
a serious mold problem. 

Case Facts

•	 Mold Risk: Roof leak during December 2014 storm infiltrated an occupied apartment
•	 Dwelling Type: 264-unit multi-family dwelling in the San Francisco, CA Bay Area
•	 Original Construction Completion Date: Fall 2014
•	 Floors: Five stories, including two-level reinforced-concrete parking structure
•	 Framing: 2x6 wood-frame construction with engineered truss, low-slope roof
•	 Wireless Logger: Onset® HOBO® MX1101 Bluetooth Temperature and Humidity Logger
•	 Logging Duration: Approximately two months

Highlights

• Predict risk and prevent mold
• Measure psychrometric parameters
• Understand humidity ratio
• Employ best logging practices
• Protect tenants and structures
• Document insurance claims

Audience 

• Building inspectors
• Environmental engineers
• General contractors
• Homeowners
• Mold-remediation consultants
• Plumbing & HVAC contractors
• Property & maintenance managers
• Restoration & drying specialists
• Superintendents

Figure 1 (right). Download, view, and share 
temperature and relative-humidity data using 
the HOBO MX1101 logger with the HOBOmobile® 
App for iOS® and Android®.

Greg Lowitz
Founder & CEO
Buildera
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Introduction

Two months after tenants occupied a new San Francisco Bay Area apartment complex, 1.5 inches 
of rain fell within a 12-hour period [1]. High-intensity bursts concentrated runoff from a large 
surface area. A blocked drain impeded free discharge as water accumulated on the low-slope 
roof with parapets [2].

Roof inspectors discovered a plastic water bottle submerged in one drain and a gasket failure on 
the overflow drain. These combined defects caused invasive water damage to a fifth-floor living 
room, utility closet, and bedroom partition, directly beneath the main and backup roof drains 
(Figures 2-3). 

Water permeated the ceiling insulation, wallboard seams, and joints. Runoff also seeped through 
the ceiling-fan junction box, smoke detector, and fire sprinkler escutcheons, causing an electrical 
short that sounded the fire alarm. The ceiling consisted of a double layer of 5/8” gypsum drywall 
for both fire protection and sound insulation. Throughout the night and until daybreak, workers 
directed excess roof water into nearby drains, mitigating further damage to the dwelling, 
contents, and floors below. Given the six conditions for mold (left sidebar), experts followed a 
three-step process to predict—and ultimately prevent—the onset of mold.

Figures 2-5 (left to right): Apartment roof leak 
on December 3, 2014 permeated the living room 
and utility closet of a fifth floor in an upscale 
apartment complex. Powerful blowers circulated 
air to accelerate drying and reduce mold risk. 

Six Conditions for Mold

When water permeates a building, mold 
spores germinate quickly, sometimes within 
a few days. Understanding the conditions 
and leveraging predictive models for mold 
risk are essential to early prevention. Six 
conditions for mold are key, yet only the last 
three are readily controllable [3-5]:

Food Source and Nutrients – Many items 
serve as food sources and nutrients for 
mold, including: wood, paper products, 
drywall, most common building materials, 
and organic matter such as dust and oils.

Mold Spores – Thousands of mold species 
exist, making them virtually impossible to 
eliminate.

Optimal Temperature – Mold can grow 
between 32-122 ºF (0-50 ºC). Optimal 
temperature is between 68-86 ºF, which 
coincides with typical indoor temperatures. 
With sufficient available moisture and 
oxygen, mold can grow near freezing 
temperatures—consider moldy bread in a 
refrigerator at 37ºF (3ºC).

High Moisture – High moisture promotes 
mold growth. Reducing ambient moisture is 
among the most expedient and controllable 
processes using air conditioners, blowers, 
dehumidifiers, and material removal.

Stagnant Air – Stagnant air encourages 
mold growth. Air circulation evaporates 
damp surfaces, which lowers the effective 
temperature, slowing onset of mold and 
mildew. It may also reduce the amount 
of organic particulates settling on wet 
surfaces.

Time – The longer adverse conditions 
persist, the faster mold will grow. Acting 
decisively after water intrusion is critical to 
prediction and prevention.
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Three Steps to Predict and Prevent Mold

Step 1: Survey and Document Moisture Damage

The first step was to survey and document the extent of moisture damage. Remediation personnel 
from Restoration Management Company (RMC) electronically scanned the ceiling, walls, and 
floor during the morning of December 3, 2014. Using a Fluke® Thermal Imager, the IR sensor 
distinguished thermal shifts from evaporative cooling. Although visual inspections identified 
some of the water damage, the thermal imager detected hidden moisture-related temperature 
gradients invisible to the naked eye [6].

The thermographer validated IR thermal measurements with a separate hand-held Protimeter® 
Surveymaster® moisture meter. Using a combination of non-invasive and pin-type moisture 
measurements, the moisture meter evaluated the relative moisture content of building materials, 
such as sub-flooring, drywall, and framing [7]. According to Delmhorst, moisture content of 
gypsum board in excess of 1% EMC is compromised, which correlates to 90%-95% relative 
humidity (RH) [8-9]. Together, the thermal imager and moisture meter bounded the extent of the 
water damage, identifying high-risk mold zones. This step was essential to estimate repair costs 
and authorize removal of significant portions of wet drywall and insulation.

Step 2: Establish Baseline Moisture Measurements

The second step was to deploy a data logger to record and establish baseline moisture levels prior 
to remediation. Using initially a USB-type HOBO UX100-011 Temperature and Humidity Logger 
[10], recording commenced at 4:00 AM on December 3, 2015 at five-minute intervals—just hours 
after the leak first appeared.

Within 36 hours, RMC established a floor-to-ceiling containment area and stripped away all wet 
gypsum board and insulation to the bare studs (Figure 4, page 2). A dehumidifier and multiple 
blowers began to dry the wet area (Figure 5, page 2). Establishing baseline moisture conditions 
to validate the drying process was essential to predicting mold risk over time.  

However, due to physical security concerns and dwelling-access restrictions during the 
remediation period, on December 8, 2014 at 5:30 PM, engineers installed a HOBO MX1101 
Bluetooth Temperature and Humidity Logger [11]. With a new wireless logger in place, engineers 
remotely downloaded measurements using a mobile phone from outside the dwelling. This 
reduced worker disruption and tenant security concerns while allowing daily progress checks 
and ongoing mold-risk analysis.

Based on an initial evaluation of results between December 3-8, 2014, the Bluetooth logger 
sampling interval was increased to 10 minutes. This allowed nearly two months of continuous 
temperature and humidity logging, including statistics such as min/max and standard deviation. 
Continuous logging captured dynamic changes and trends in the environment that random 
sampling would have otherwise missed. This digital thumbprint provided tenants and drying 
specialists with invaluable insight and forensic evidence throughout the entire remediation 
process—from initial leak to construction completion. 

Both loggers ran concurrently for the duration of the project, providing redundancy in the event of 

Figure 6 (above): Bluetooth Temperature and 
Humidity logger recorded 84,000 measurements 
with painless downloading to a mobile phone for 
immediate visual trending of temperature and 
relative humidity.

Select wireless logger features include:

• Wireless communication via low-power 
Bluetooth Smart Technology

• Easy deployment and offloading using free 
HOBOmobile App for mobile phones

• Visual, audible high and low alarms
• 84,000-measurement storage
• ± 0.2 ºC and ± 2% RH accuracy
• Find me/audible pager
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damage or theft of the primary wireless logger. Small measurement differences were consistent 
with unit-to-unit accuracy specifications.

Step 3: Analyze, Monitor, Act

At frequent intervals, engineers wirelessly downloaded the latest temperature and humidity 
samples via a mobile phone to analyze environmental changes. Upon transferring the raw files to 
a laptop, HOBOware computed dew point and humidity ratio in grains of water vapor per pound 
of dry air (7000 grains = one pound). For ease of comparison, Figure 7 combines four parameters 
on a single graph.

Relative-humidity measurements were no substitute for direct moisture measurements of wet 
building materials, but they served as a proxy for overall mold risk. Historically, relative humidity 
(RH) has been the de facto predictor of mold risk due to its wide acceptance and availability of 
economical data loggers. However, relative humidity is a function of temperature, which hides 

Temperature, RH, Dew Point, Humidity Ratio (gpp) vs. Time
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Figure 7 (below): Combined graph compares 
four parameters: temperature, relative humidity 
(%), dew point (calculated), and humidity ratio 
in grains per pound (calculated). Annotations 
include select events throughout the remediation 
period. The lack of activity in late December 
was due to worker vacations during the holiday 
season.
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the true air moisture content. For example, the air moisture content at 55% RH and 74 ºF is 22% 
higher compared to 68 ºF. Thus, while the 55% RH level is constant, the amount of water vapor 
is disproportionately higher at 74 ºF compared to the modest 8.8% temperature differential. This 
difference in ambient moisture amplifies microorganism growth, increasing mold risk.

Figure 8 (left) visualizes mold risk qualitatively as a function of dew point—the temperature at 
which water vapor in the air condensates into liquid water (RH=100%). Thus, as the ambient 
temperature approaches the dew point of a surface, condensation will form, creating a dangerous 
condition for rapid mold growth. However, this graphic provides no time component to frame the 
risk. Is the risk of mold days, weeks, or months away? How does this influence the remediation 
plan or timeline?

In an effort to provide a more quantitative time-based risk prediction, researchers at the Image 
Permanence Institute at the Rochester Institute of Technology (RIT) developed an online calculator 
to estimate mold risk in terms of Time to Mold, or TTM. The proprietary algorithm uses any two of 
three variables to compute the other, including relative humidity, temperature, or dew point [13].

Figure 9 (below) plots Time to Mold (Days) vs. Relative Humidity (%) as family of curves (isopleths) 

Time to Mold (Days) vs. Relative Humidity (%)
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Figure 9 (right): Based on the Rochester Institute 
of Technology (RIT) IPI Dew Point Calculator, this 
figure estimates the risk in Time to Mold (Days) 
versus relative humidity (%) and temperature.
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©2015 BuilderaFigure 8 (above): Adapted from Schell [12], this 
figure shows the psychrometric relationship 
between  dew point and humidity ratio. Risk of 
mold increases as dew point rises above 57 ºF (14 
ºC), equivalent to 70 gpp humidity ratio.
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for different temperatures. Below approximately 70% RH for the temperature range of 50-80ºF, 
the time-to-mold in days is high (>5 months), which equates to a lower short-term mold risk. 
Above 70% RH, however, the time-to-mold decreases exponentially, approaching just five-to-ten 
days at 85% RH, and two-to-three days at 90-100% RH. Moreover, these curves assume a well 
controlled environment and do not account for daily fluctuations that may affect germination and 
growth rate.

In [14], and in subsequent email correspondence between the authors, Kenneth Elovitz, P.E., 
makes compelling arguments that measuring relative humidity is an ambiguous predictor of 
mold potential, and that ambient moisture expressed as specific humidity (SH) and equilibrium 
moisture content (EMC) of the target building material are more potent predictors. For example, in 
[15], Petty states that SH “should be below 56-76 gpp, above which mold spores tend to amplify 
in indoor environments.” Note that at typical indoor dry-bulb temperatures, specific humidity and 
humidity ratio (defined below) are nearly equal, and are sometimes used interchangeably.

An improved mold-risk predictor is the contour heat map of Figure 10, which adds the important 
humidity ratio as a second variable [10]. ANSI/ASHRAE Standard 55-2013 defines humidity ratio 
as “the ratio of the mass of water vapor to the mass of dry air in a given volume,” commonly 
expressed in the US as grains per pound (gpp), and elsewhere as kg/kg or g/kg. Humidity ratio 

Relative Humidity (%) vs. Humidity Ratio (gpp)
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Figure 10 (below): Contour map developed by 
the author correlates ambient relative humidity 
(Y-axis) with humidity ratio (X-axis) over the 
2-month logging period. Dark-red areas indicate 
higher incidence of samples, whereas light yellow 
areas indicate relatively fewer samples. High 
relative humidity does not always correlate to 
high humidity ratio and vice-versa. Qualitatively, 
mold risk increases when relative humidity and 
humidity ratio intersect above the dashed red 
line, derived from the Rochester Institute of 
Technology (RIT) Image Permanence Institute 
mold-risk model.

http://www.buildera.com
http://www.buildera.com/bluetooth-temperature-humidity-logger-mold-prediction-prevention-an-15004/%3Frq%3Dbluetooth
http://www.buildera.com


P/N BD-AN-90300-15004EN VER 1.0 REV MAR 10, 2015 
PAGE 7 OF 11

builderaTM
SCAN QR CODE WITH MOBILE PHONE FOR ONLINE VERSION

BUILDERA | 570 EL CAMINO REAL STE 150-415 | REDWOOD CITY, CA 94063-1262 | USA
WWW.BUILDERA.COM | US TOLL-FREE 1(888) 888-3111 | INTERNATIONAL +1 (650) 587-6738

is independent of temperature and normally referenced to atmospheric pressure at sea level. 
Corrections are possible to compensate for changes in pressure, but are immaterial for this study, 
as the actual elevation was near sea level in this case. That said, for low to moderate elevations, 
compensating for pressure does not materially affect the mold-risk outcome, hence this factor is 
sometimes ignored [16].

Figure 10 (page 6) shows that actual conditions existed where relative humidity was moderate 
(60% range), but humidity ratio approached the mold risk zone (61-76 gpp). Conversely, samples 
occurred at higher relative humidity (70% and above), but where total moisture was more moderate 
(50 gpp). For brief periods, some samples broached the high-risk zone, where RH exceeded 68% 
and humidity ratio exceeded 62 gpp. Left unabated, mold could germinate and thrive.

Using logger temperature and relative-humidity samples, it was possible to derive humidity-ratio 
measurements in grains per pound (gpp) using data conversion software. Figure 11 shows that 
during the first several hours after logging began, humidity ratio increased from 73 gpp, peaking 
to nearly 82 gpp at 2:05 PM on December 3, 2014. According to Figures 8-10, if left untreated, 

Humidity Ratio (gpp) vs. Time
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Figure 11 (below): Humidity ratio in grains per 
pound plotted over time. Periods of high humidity 
correspond to specific events, including the initial 
leak, as well as reconstruction processes creating 
additional water vapor, such as drywall taping, 
texturing and painting.
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sustained humidity at elevated levels would likely lead to mold growth. As a sanity check, the 
relative humidity also ranged between 65-70% at room temperature, which is also within the 
range of commonly cited thresholds conducive to mold growth. Keep in mind that the actual 
moisture profile of the affected building materials was much higher than indicated by ambient 
measures alone, hence the priority on circulating air while attempting to dehumidify the damp 
areas.

Fittingly, SI Restoration of Maryland emphasizes the urgency to capture and analyze humidity 
ratio during remediation. “Many property managers will see water damage restoration companies 
using moisture-testing equipment and believe that everything is dry. Sadly most water damage 
restoration companies do not follow the IICRC S500 guidelines correctly even though they 
promise they will. The one rule that is always missed is using the grains-per-pound (gpp) rule. 
This rule is so important that many court cases involving mold growth after water damage are 
lost by restoration companies due to the fact that the gpp moisture readings were not taken.” [17]

Digging Deeper: Correlating Mold Risk to Remediation Events

Referring back to the temperature and relative humidity plots in Figure 7 (page 4), one notes 
a dramatic change after the first day, where the RH dropped to a local minimum of 54% at an 
ambient temperature of 76ºF at 8:30 AM on December 4, 2014. This was a result of short-term 
dehumidification of the affected area using the combination of a Phoenix™ R200 dehumidifier 
and multiple Viking™ 2200EX blowers to circulate air. Concurrent with this effort, roofers removed 
the blockage in one of the drains and attempted to tighten and seal the gasket to prevent future 
leaks in the overflow drain.

At first glance, the rapid drop in relative humidity could be misconstrued to indicate a significantly 
dryer (safer) ambient state. However, that drop coincided with a sharp increase in ambient 
temperature from the dehumidifier. Upon examining the more transparent humidity ratio to 
gauge overall ambient moisture, absolute humidity levels remained elevated for at least the first 
week despite some slight decline. Indeed, humidity ratio fluctuated between 65-75 gpp, with 
some peaks exceeding those limits on the upper and lower ends. This indicated that elevated 
ambient moisture persisted despite the initial dehumidification attempt.

On December 5, 2014, it was apparent that despite retightening of the drain gaskets, the drains 
continued to leak during subsequent rainfall, defeating earlier attempts to dry the area. Between 
December 5 and December 12, 2014, the drywall remained off while the roofers repaired the roof 
for a second time. After a subsequent storm revealed that there were no further leaks, contractors 
replaced the insulation and drywall on December 12, 2014. After the humidity ratio returned to a 
moderate 50 gpp level on December 14, 2015, an upward trend began in total moisture, peaking 
at over 57 gpp on the morning of December 17, 2014.

At approximately 11:30 PM on December 16, 2014, a night inspection revealed extensive 
condensation between the carpeting and the protective plastic. Water was seen beading under 
the plastic, trapping moisture between the carpet and the plastic sheeting. To better assess the 
surface moisture conditions of the carpeting, engineers temporarily installed a third HOBO data 
logger  (UX100-023), this time with a tethered external sensor [18]. Placing the sensor between 
the carpeting and the sheeting provided a localized measurement of the humidity. Documentation 
was subsequently provided to the property management company for insurance purposes.

Figure 13 shows that the relative-humidity level was nearly 96%, and that the ambient temperature 

Figure 12 (above): Buildera installed a HOBO 
UX100-023 logger with an external tethered 
sensor. High humidity between the carpet 
and protective sheeting created a dangerous 
condition for rapid mold growth.

Figure 13 (above): Close-up of logger display shows 
high relative humidity and temperature approaching 
the dew point. Overnight, the logger reached 100% 
relative humidity as the ambient temperature hit the 
dew point, causing condensation on the carpet.
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had virtually reached dew point. Overnight, the relative humidity finally reached 100%, equating 
to a humidity ratio of 86 gpp. As Figure 10 (page 6) predicts, the combination of high relative 
humidity and high humidity ratio was a red alarm for imminent mold—in as little as 48 hours. At 
first it was unclear whether this was a new moisture source, or a situation where the protective 
plastic was acting as a vapor barrier, trapping sub-floor and ambient moisture, and ultimately 
condensing from the converging temperature and dew point. Regardless of the source, however, 
the wet carpet called for immediate action to prevent further deterioration and onset of mold.

The next morning, contractors once again removed portions of the drywall to inspect for possible 
leaks. None were found, and a dehumidifier and fans ran for several days to dry the area. This 
time, workers removed and disposed of the carpeting and pad to ensure thorough drying of the 
sub-floor, and to mitigate risk of mold.

This event was evident in Figure 11 (page 7), which recorded a precipitous drop in humidity ratio 
to a range of 42-47 gpp between December 17 and December 19, 2014. Significant amounts 
of water filled the bottom of a commercial barrel. At the end of 2014, inspectors cleared the 
dwelling for final reconstruction. Moisture spikes between January 12-14, 2015 related to water-
vapor out-gassing from taping and texturing drywall, as well as subsequent painting and touch-
ups. After nearly two months since the first roof leak on December 3, 2014, continuous data 
logging predicted mold risk, driving specific actions to prevent further damage. Inspectors later 
cleared the dwelling for full reoccupancy during the last week of January, 2015.

Summary

This application note examined how a Bluetooth temperature and humidity logger provided 
valuable forensic insight into moisture-related damage from a roof leak at a new apartment 
complex. Following a three-step process, investigators used a combination of relative humidity 
and humidity ratio as key predictors of mold risk, leading to preventive actions and remedies. 
Rapid response within the first 24-36 hours was crucial to preventing further moisture damage, 
including the onset germination of mold. Temperature and relative-humidity data loggers—
when combined with psychrometric analysis—proved invaluable to track and detect changes 
in moisture conditions over time. Conversion to humidity ratio in grains per pound provided an 
important understanding of total air moisture and drying effectiveness, independent of ambient 
temperature or relative humidity.
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Look Beyond the Numbers

During the course of researching and 
writing this application note, the 

author exchanged several emails with 
environmental expert Doug Nishimura, 
a senior research scientist with the RIT 
Image Permanence Institute. Although 
the IPI calculator was originally intended 
for museum preservationists and the 
professionals responsible for ensuring 
acceptable indoor air quality to safeguard 
historical assets, the author saw the 
potential to extend its use more broadly 
in mold remediation incidents. As the 
lead developer of the IPI/RIT Dew-Point 
calculator, Doug shared important insights 
on his research effort behind this project.

Looking beyond the numbers, Doug 
emphasized that the varied conditions for 
sustained mold growth are so complex that 
any practical accepted model must balance 
the best science, empirical evidence, and 
professional judgment. Doug understood 
that, in an attempt to guide engineers and 
architects with simple quantitative advice, 
the holy grail of a single rule of thumb was 
woefully overrated. The notion, for example, 
that relative humidity should be kept 
below 65-70%  to prevent mold or asset 
deterioration was all too simplistic.

Hence, Doug’s approach included research 
into biological processes, coupled with 
models derived and improved upon from 
leading experts in their respective fields. 
This led to important findings that for a given 
relative humidity or moisture level, there is 
a range of temperatures most conducive 
to mold growth, outside which, biological 
reproductive processes decelerate or stop 
altogether. Empirical field evidence further 
challenged existing curve-fitting algorithms 
and lab models. The IPI/RIT mold models in 
this paper are, therefore, approximate risk 
predictors and are for illustrative purposes. 
No doubt, the IPI model will continue to 
evolve as science and experience coalesce, 
tempered always with a dose of professional 
judgment and practical sense. After all, a 
model so complex that compliance is low is 
not a practical model in the real world.
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Notices

Buildera provides this application note for informational purposes only and makes no warranty 
express or implied. Each moisture situation is unique and may require different approaches to 
remediation with sometimes conflicting expert opinion. Always consult a remediation specialist 
trained in best practices, and check current building codes and industry standards prior to 
demolition, construction, remodeling, or repairs.

The author welcomes your feedback and insights. Please direct all inquiries, suggestions, and 
corrections regarding this application note to greg.lowitz+AN15004@buildera.com.
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